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a g a r  p la te s .

F ig . 2 .1 6 . In o cu la ted  b lood a g a r  p la te  follow ing fiv e  d ay s
a n ae ro b ic  in cu b a tio n .

F ig . 2 .1 7 . D iagram atic  re p re s e n ta t io n  of te s t s  u s e d  fo r
id e n tif ic a tio n  of b a c te r ia l iso la te s .

F ig . 2 .1 8 . API s t r ip s  follow ing ino cu la tio n  of b a c te r ia l
su sp e n s io n  (ab o v e) an d  follow ing 24 h  in cu b a tio n  
a n d  ap p lica tio n  of re a g e n ts  (b e lo w ).

F ig . 2 .1 9 . B iochem ical p ro file  o b ta in ed  from  F ig . 2 .1 8 .

F ig . 2 .2 0 . Im p reg n a te d  d isc s  in  w ells, u s e d  in  M initek
a n ae ro b ic  sy s te m , follow ing 24 h  an ae ro b ic  
in c u b a tio n  a n d  ad d itio n  of re a g e n ts .

F ig . 2 .2 1 . T ach o p h o r an d  c h a r t  r e c o rd e r  u s e d  fo r  a n a ly s is  of
p la q u e  ac id  a n io n s .

F ig . 2 .2 2 . Exam ple of t r a c in g  u s e d  in  c a lib ra tio n , o b ta in ed  from
s ta n d a rd  ac id  so lu tio n s , a] fo rm ate , b ]  p y ru v a te ,  
c] p h o s p h a te , d ] la c ta te , e] su c c in a te , f ]  a c e ta te , 
g ] p ro p io n a te .

F ig . 3 .1 . D iagram atic  r e p re s e n ta t io n  of ex p erim en ta l p ro toco l
follow ed in  re p ro d u c ib il i ty  s tu d y .

F ig . 3 .2 . T ro u g h  a re a  of ap p lian ce  show ing  enam el sec tio n
a n d  fo u r  enam el s la b s .

F ig . 3 .3 . Mean (SD ) pH re sp o n se  of n a tu ra l  to o th  ( s q u a re )  an d
enam el s lab  (c irc le )  p laq u e  to  10 % su c ro se  
m o u th r in se , n=3.

F ig . 3 .4 . A pp lication  of 10 % su c ro se  so lu tion  to  tro u g h  a re a
of a p p lia n ce , u s in g  p la s tic  d ro p p e r  b o tt le .

F ig . 3 .5 . T ro u g h  a re a s  of ap p lian ce  in s e r te d  in to  s e p a ra te
g la ss  b e a k e rs ,  each  co n ta in in g  a  su c ro se  so lu tio n .

F ig . 3 .6 . Mean (SD) p laq u e  pH re sp o n se  to  one ( s q u a r e ) ,  two
(c irc le )  a n d  th re e  ( tr ia n g le )  m inute e x p o su re  to  a 
10 % su c ro se  so lu tio n , n=3.

F ig . 3 .7 . Mean (SD ) p laq u e  pH re sp o n se  to  u n ila te ra l 10 %
su c ro se  ap p lica tio n , on ex p o sed  ( s q u a re )  a n d  
u n e x p o se d  (c irc le )  s id e s , n=2 .

F ig . 4 . D ie ta ry  a sse ssm e n t of " ty p ic a l day" fo r  e ach  s u b je c t,
show ing  in ta k e  of food an d  b e v e ra g e s , an d
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F ig . 5 .1 . 

F ig . 5 .2 .

F ig . 5 .3 . 

F ig . 5 .4 .

F ig . 5 .5 .

F ig . 5 .6 .

F ig . 5 .7 .

F ig . 5 .8 .

F ig . 5 .9 . 

F ig . 5.1C 

F ig . 5.11 

F ig . 5.12

ap p lica tio n s  of 10 % su c ro se  so lu tio n  to  ap p lian ce  
te s t  s i te s .

B ovine enam el s la b , coated  w ith  v a rn is h ,  le av in g  an  
ex p o sed  enam el window of ap p ro x im a te ly  2 x 2 mm.

D iagram atic  r e p re s e n ta t io n  of p re p a ra t io n  of S t r e p . 
m u tans cells fo r  in  v itro  te s t in g  of th e ir  cariogen ic  
p o te n t ia l .

D iagram atic  r e p re s e n ta t io n  of in cu b a tio n  of bov ine  
enam el s lab s  w ith  s u b s t r a te  an d  S t r e p . m utans s t r a in .

Mean (SD ) to ta l acid  an ion  c o n ce n tra tio n  (nm ol/m g 
w et w eigh t b a c te r ia )  a t 24 h , fo r  S t r e p . m utans 
s t r a in s  iso la ted  from  S u b jec ts  A - G, n=4.

Mean pH m easu rem en ts  a t  each  sam pling  time from  
0 - 24 h  d u r in g  in cu b a tio n  w ith  5 % w /v  su c ro se , fo r  
S t r e p . m u tans s t r a in s  from  S u b jec ts  A - G , n=4.

Mean (SD ) ch an g e  in  calcium  co n ce n tra tio n  (mM) of 
s lu r r y  of S t r e p . m utans a n d  s u c ro se , in c u b a ted  w ith  
b o v in e  enam el s la b , o v e r 24 h  p e r io d s , fo r  s tr a in s  
from  S u b jec ts  A - G, n=4.

Mean (SD ) ch an g e  in  to ta l m ineral lo ss  (Az -  % vol 
min x  pm) from  bov ine  enam el s la b s , in c u b a ted  
w ith  su c ro se  an d  s t r a in s  of S t r e p . m utans from  
S u b jec ts  A - G, n=6 .

P lo t of m ean to ta l ac id  an ion  c o n ce n tra tio n  (nmol 
p e r  mg w et w e ig h t b a c te r ia )  a t  24 h  fo r  each  S t r e p . 
m utans s t r a in  a g a in s t m ean in  s i tu  Az sco re  
(% vol min x  |jL m ) of th e  su b je c t from  whom th e  s t r a in  
w as iso la ted . r= 0 .9 9 , n=6 .

P lo t of m ean minimum pH va lu e  fo r  each  S t r e p . 
m u tans s t r a in  a g a in s t mean in  s i tu  Az sco re  
(% vol min x  pm) of the  su b je c t from  whom th e  
s t r a in  w as iso la ted . r= -0 .9 5 , n=6 .

P lo t o f mean ch an g e  in  calcium  c o n ce n tra tio n  (mM) a t 
24 h  fo r  each  S t r e p . m utans s t r a in  a g a in s t m ean in  
s i tu  Az sco re  (% vol min x  pm) of th e  su b je c t from  
whom th e  s t r a in  was iso la ted . r= 0 .9 1 , n=6 .

P lo t of m ean bov ine  enam el Az sco re  (% vol min x  pm) 
a t  48 h  fo r  each  S t r e p . m utans s t r a in  a g a in s t m ean in  
s i tu  Az sco re  (% vol min x  pm) of th e  su b je c t from  
whom th e  s t r a in  was iso la ted . r= 0 . 66 , n=6 .

P lo t of m ean to ta l acid  an ion  c o n ce n tra tio n  (nmol p e r  
mg w et w e ig h t b a c te r ia )  a t  24 h  fo r  e ach  S t r e p . 
m utans s t r a in  a g a in s t DMFS sco re  of th e  su b je c t from  
whom th e  s t r a in  was iso la ted . r= 0 .9 2 , n=6 .
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F ig . 5 .13 

F ig . 5 .14

F ig . 5 .15

F ig . 6 .1 . 

F ig . 6 .2 .

F ig . 6 .3 .

F ig . 6 .4 .

F ig . 6 .5 .

F ig . 6 . 6 .

F ig . 6 .7 .

P lo t of m ean minimum pH v a lu e  fo r  each  S t r e p . 
m u tans s t r a in  a g a in s t DMFS sco re  of th e  su b jec t from  
whom th e  s t r a in  was iso la ted . r= -0 .8 4 , n=6 .

P lo t of m ean ch an g e  in  calcium  co n ce n tra tio n  (mM) 
a t  24 h  fo r  each  S t r e p , m utans s t r a in  a g a in s t DMFS 
sco re  of th e  su b je c t from  whom th e  s t r a in  was iso la ted  
r= 0 .8 1 , n=6 .

P lo t of m ean bov in e  enam el Az sco re  (% vol min x  pm) 
a t  48 h  fo r  each  S t r e p . m utans s t r a in  a g a in s t DMFS 
sco re  of th e  su b je c t from  whom th e  s t r a in  was iso la ted  
r= 0 . 75, n=6 .

Tw elve enam el s lab s  m ounted  on t ro u g h  a re a  of 
a p p lia n c e .

Mean p e rc e n ta g e  d is tr ib u tio n  of Gram p o s itiv e  an d  
n e g a tiv e  cocci a n d  b ac illi, fo r  all s u b je c ts ,  u n d e r  
NP an d  SP co n d itio n s , a t  2 - 48 h o u rs ,  n=8 .

Mean (SD ) to ta l c o u n ts  (logxQ cfu  p e r  mm2 enam el 
s u r fa c e )  fo r  a ll s u b je c ts , u n d e r  NP a n d  SP 
co n d itio n s , a t  2 - 48 h o u rs , n=8 .

Mean m icrobial co u n ts  ( lo g TO cfu  p e r  mm2 enam el 
su r fa c e )  of Gram p o s itiv e  a n d  n e g a tiv e  cocci an d  
b ac illi, an d  to ta l c o u n ts , fo r  all s u b je c ts ,  u n d e r  
NP co n d itio n s , a t 2 - 48 h o u rs , n=8 .

Mean m icrobial co u n ts  (lo g 10 c fu  p e r  mm2 enam el 
su r fa c e )  of Gram p o s itiv e  an d  n e g a tiv e  cocci an d  
b ac illi, a n d  to ta l c o u n ts , fo r  a ll s u b je c ts ,  u n d e r  
SP co n d itio n s , a t  2 - 48 h o u rs ,  n=8 .

Mean d iffe ren c e  in  m icrobial c o u n ts  (lo g 10 c fu  p e r  
mm2 enam el su r fa c e )  of Gram p o s itiv e  a n d  n eg a tiv e  
cocci an d  b ac illi, an d  to ta l c o u n ts , b e tw een  SP an d  
NP p la q u e s , fo r  all s u b je c ts ,  a t  2 - 48 h o u rs ,  n=8 .

Mean p e rc e n ta g e  d is tr ib u tio n  o f Gram p o s itiv e  a n d  
n e g a tiv e  cocci an d  b ac illi, u n d e r  each  tre a tm e n t 
co n d itio n , a t  2 , 7 a n d  21 d a y s , n=6 .
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Sum m ary of some of th e  d iffe re n c e s  w ith in  th e  S tr e p - 71
tococcus m utans g ro u p . From  R u sse ll (1987).

E ffect of m ethod of p la q u e  d is p e rsa l  on p red o m in an t 125
cu ltiv ab le  m icro flo ra , n=16.

E ffect of d ilu tio n  r u n  fo r  v o r te x  m ixed sam ples on 126
p red o m in an t cu ltiv ab le  m ic ro flo ra , n=8 .

E ffect of d ilu tio n  ru n  fo r  v o r te x  m ixed an d  so n ica t-  127
ed  sam ples on p red o m in an t cu ltiv ab le  m icro flo ra ,
n=8 .

P redom inan t cu ltiv ab le  p laq u e  m icro flo ra , iso la ted  128
from  10~3 an d  10-4  d ilu tio n s  of v o r te x  m ixed 
sam p les , n=8 .

P red o m in an t cu ltiv ab le  p laq u e  m icroflo ra  iso la ted  129
from  10~4 an d  10“5 d ilu tio n s  of v o r te x  m ixed an d  
so n ica ted  sam p les , n=8 .

S ta tis tic a l a n a ly s is  of e ffe c ts  of fa c to rs  on 130
iso la tion  of p la q u e  m icroorgan ism s in  re p e a ta b il i ty  
e x p e r im e n t.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  147
one w eek p la q u e  o b ta in ed  from  n a tu ra l  to o th  s u r fa c e s ,
in  fiv e  S u b je c ts , A - E, n=4.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  150
one w eek p la q u e  o b ta in ed  from  enam el se c tio n s , in  
fiv e  S u b je c ts , A - E , n=4.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  153
one w eek p laq u e  o b ta in ed  from  enam el s la b s , in  five  
S u b je c ts , A - E , n=4.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  156
one w eek p laq u e  o b ta in ed  from  a c ry lic  s u r fa c e s ,
in  fiv e  S u b je c ts , A - E, n=4.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  159
one w eek p laq u e  o b ta in ed  from  each  s u r fa c e , fo r  
all S u b jec ts  com bined, n=20.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  161
one w eek p laq u e  sam ples from  each  s ite  on n a tu ra l
to o th  s u r fa c e , fo r  all S u b jec ts  com bined, n=5.
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163

164

165

166

168

182

183

184

185

186

187

188

188

% p red o m in an t cu ltiv ab le  m icroflora iso la ted  from  
one w eek p la q u e  sam ples from  each  s ite  on enam el 
se c tio n s , fo r  a ll S u b jec ts  com bined , n=5.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  
one w eek p laq u e  sam ples from  each  enam el s lab  
p o s itio n , fo r  all S u b jec ts  com bined , n=5.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  
one w eek p laq u e  sam ples from  each  a c ry lic  p o s itio n , 
fo r  all S u b jec ts  com bined, n=5.

S ta tis tic a l a n a ly s is  of e ffe c t of s u r fa c e , p o sitio n  
a n d  su b je c t on % p red o m in an t cu ltiv ab le  p laq u e  
m ic ro flo ra .

Tooth  s u rfa c e  an d  enam el s lab  p laq u e  pH re sp o n se  to  
10 % su c ro se  ap p lica tio n  in  th r e e  su b je c ts .

Mean (SD ) of to o th  su rfa c e  an d  enam el s lab  p laq u e  
la c ta te  / a c e ta te  ra t io , b e fo re  an d  6 min a f te r  
10 % su c ro se  a p p lica tio n , n=3.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  
enam el sec tio n  p laq u e  a f te r  3 w eeks ' 5 % an d  10 % 
su c ro se  a p p lic a tio n s , n=12 .

% p red o m in an t cu ltiv ab le  m icro flo ra  iso la ted  from  
enam el s lab  p laq u e  a f te r  3 w eeks ' 5 % a n d  10 % 
su c ro se  a p p lic a tio n s , n=12 .

% p red o m in an t cu ltiv ab le  m icro flo ra  iso la ted  from  
enam el sec tio n  an d  s lab  p laq u e  a f te r  3 w eeks ' 5 % 
a n d  10 % su c ro se  a p p lic a tio n s , n=24.

S ta tis tic a l a n a ly s is  of e ffe c t of tre a tm e n t, 
p o s itio n , r u n  an d  s ide  on p e rc e n ta g e  m icrobial 
co u n ts  in  5 % an d  10 % su c ro se  p la q u e , o b ta in ed  
from  enam el sec tio n s  a n d  s la b s .

Mean m icrobial co u n ts  (1 o g 1G cfu/m m 2 enam el s lab  
s u r fa c e )  of enam el s lab  p la q u e  a f te r  3 w eeks ' 5 % 
a n d  10 % su c ro se  a p p lic a tio n s , n=12 .

S ta tis tic a l a n a ly s is  of e ffe c t of tre a tm e n t, 
p o s itio n , r u n  a n d  s id e  on lo g 10 m icrobial co u n ts  
in  5 % an d  10 % su c ro se  p la q u e , o b ta in ed  from  
enam el s la b s .

C hange in  dem inera lisa tion  p a ra m e te rs  of enam el 
sec tio n s  follow ing 3 w eeks ' 5 % a n d  10 % su c ro se  
a p p lic a tio n s , n=12 .

S ta tis tic a l an a ly s is  of e ffe c t of tre a tm e n t, p o s itio n , 
r u n  a n d  s id e  on enam el d em inera lisa tion  p a ra m e te rs  
follow ing 3 w eeks' 5 % an d  10 % su c ro se  ap p lica tio n s .
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T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

. 27. 5 % su c ro se  p laq u e  pH re sp o n se  in  each  of th re e  189
ex p erim en ta l r u n s ,  an d  m ean pH re s p o n se , follow ing 
im m ersion in  5 % an d  10 % su c ro se  fo r  one m inu te .

.28 . 10 % su c ro se  p laq u e  pH re sp o n se  in  each  of th re e  190
ex p erim en ta l r u n s ,  an d  m ean pH re s p o n se , follow ing 
im m ersion in  5 % an d  10 % su c ro se  fo r  one m inute .

.29 . ApH of 5 % a n d  10 % su c ro se  p la q u es  in  each  of th re e  191 
ex p erim en ta l r u n s ,  an d  mean ApH, follow ing im m ersion 
in  5 % an d  10 % su c ro se  fo r  one m inu te .

.30 . 5 % su c ro se  p laq u e  ac id  an ions (nm ol/m g w et w eigh t 192
p la q u e ) b e fo re  an d  6 m inu tes follow ing im m ersion 
in  5 % a n d  10 % s u c ro se , fo r  one m in u te , n=3.

.31 . 10 % su c ro se  p laq u e  acid  an ions (nm ol/m g w et w eigh t 193
p la q u e ) b e fo re  an d  6 m inu tes follow ing im m ersion 
in  5 % an d  10 % s u c ro se , fo r  one m inu te , n=3.

.32 . Mean Az (% vol min x  pm) of enam el sec tio n s  o b ta in -  203
ed  from  e ig h t te e th ,  follow ing in  v itro  dem in era lis
a tio n  fo r  one w eek , n=5.

.33 . Mean Az (% vol min x  pm) of enam el sec tio n  p o s itio n s  204
o b ta in ed  from  s ix  n o n -a b ra d e d  te e th ,  follow ing in  
v itro  d em in era lisa tio n  fo r  one w e ek , n=2 .

.34 . O verall Az (% vol min x  pm) of enam el sec tio n  205
p o s itio n s  from  n o n -a b ra d e d  te e th ,  follow ing one w eek 
in  v itro  d em in e ra lisa tio n , n=12 .

.35 . O verall Az (% vol min x  pm) of enam el sec tio n  205
p o s itio n s  from  a b ra d e d  te e th ,  follow ing one w eek in  
v itro  d em in e ra lisa tio n , n=2 .

.1 . S a liv a ry  c o u n ts  of S t r e p . m utans an d  L actobacillus  241
s p p . (lo g 1Q cfu  /ml sa liv a ) on th re e  o ccasio n s, w ith  
m ean c o u n ts , an d  DMFS sco re s  of S u b jec ts  A - G.

.2 . Mixed stim u la ted  s a liv a ry  flow ra te  (m l/m in ), 243
s a liv a ry  b u f fe r in g  c ap a c ity  a n d  p la q u e  la c ta te  / 
a c e ta te  ra tio  b e fo re  a n d  6 min follow ing ap p lica tio n  
of 10 % s u c ro se , on th re e  o ccasio n s, fo r  S u b jec ts  
A - G.

.3 . % p red o m in an t cu ltiv ab le  p laq u e  m icroflora iso la ted  245
from  enam el sec tio n s  on le ft a n d  r ig h t  s id es  of 
a p p lian ce , u n d e r  all tre a tm e n t co n d itio n s , fo r  all 
S u b jec ts  com bined.

.4 . % p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  246
from  enam el s lab s  on le f t  an d  r ig h t  s id es  of 
a p p lian ce , u n d e r  all tre a tm e n t co n d itio n s , fo r  all 
S u b jec ts  com bined.
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278
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283

284

% p red o m in an t cu ltiv ab le  p la q u e  m icroflora  iso la ted  
from  each  enam el sec tio n  p o s itio n , u n d e r  all t r e a t 
m ent co n d itio n s , fo r  all S u b jec ts  com bined.

% p red o m in an t cu ltiv ab le  p laq u e  m icroflo ra  iso la ted  
from  each  enam el s lab  p o s itio n , u n d e r  a ll tre a tm e n t 
co n d itio n s , fo r  all S u b jec ts  com bined.

% p red o m in an t cu ltiv ab le  p la q u e  m icroflo ra  iso la ted  
from  enam el se c tio n s , u n d e r  P ro toco l I (N P ), fo r  
S u b jec ts  A - G.

% p red o m in an t cu ltiv ab le  p la q u e  m icroflo ra  iso la ted  
from  enam el s e c tio n s , u n d e r  P ro toco l II (S P ) , fo r  
S u b jec ts  A - G.

% p red o m in an t cu ltiv ab le  p la q u e  m icroflora iso la ted  
from  enam el s e c tio n s , u n d e r  P ro toco l III  ( SPM ), fo r  
S u b jec ts  A - E.

% p red o m in an t cu ltiv ab le  p la q u e  m icroflo ra  iso la ted  
from  enam el s e c tio n s , u n d e r  each  tre a tm e n t co n d itio n , 
fo r  fiv e  S u b je c ts , A - E, com bined.

% to ta l cu ltiv ab le  p laq u e  m icroflo ra  iso la ted  from  
enam el se c tio n s , u n d e r  each  tre a tm e n t co n d itio n , 
fo r  a ll S u b jec ts  com bined.

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  
from  enam el s la b s , u n d e r  P ro toco l I (N P ), fo r  
S u b jec ts  A - G.

% p red o m in an t cu ltiv ab le  p laq u e  m icroflo ra  iso la ted  
from  enam el s la b s , u n d e r  P ro toco l II (S P ) , fo r  
S u b jec ts  A - G.

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  
from  enam el s la b s , u n d e r  P ro toco l III (SPM ), fo r  
S u b jec ts  A - E.

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  
from  enam el s la b s , u n d e r  each  tre a tm e n t co n d itio n , 
fo r  fiv e  S u b je c ts , A - E, com bined.

% to ta l cu ltiv ab le  p laq u e  m icroflo ra  iso la ted  from  
enam el s la b s , u n d e r  each  tre a tm e n t co n d itio n , fo r  
all S u b je c ts , com bined.

S ta tis tic a l an a ly s is  of e ffe c t of s id e , p o s itio n , 
r u n ,  su b je c t an d  tre a tm e n t cond itions on p red o m in an t 
cu ltiv ab le  p laq u e  m icroflora  iso la ted  from  enam el 
s e c t io n s .

S ta tis tic a l an a ly s is  of e ffe c t of s id e , p o s itio n ,
r u n ,  su b je c t an d  tre a tm e n t cond itions on p red o m in an t
cu ltiv ab le  p laq u e  m icroflora iso la ted  from  enam el s la b s .
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285

289

290

291

292

293

294

295

296

297

298

298

299

T otal m icrobial co u n ts  (lo g lf> cfu/m m 2 enam el 
s u r f a c e ) , an d  a b so lu te  co u n ts  of p red o m in an t 
cu ltiv ab le  p laq u e  m icroflora  iso la ted  from  enam el 
s la b s , u n d e r  each  tre a tm e n t co n d itio n , fo r  
S u b jec ts  A - G.

T o tal m icrobial co u n ts  (lo g lf> cfu  /mm2 enam el 
s u r f a c e ) , a n d  a b so lu te  co u n ts  of p red o m in an t 
cu ltiv ab le  p laq u e  m icroflora iso la ted  from  enam el 
s la b s , u n d e r  each  tre a tm e n t co n d itio n , fo r  S u b jec ts  
A - E com bined.

S ta tis tic a l a n a ly s is  of e ffe c t of p o s itio n , s id e , 
r u n ,  su b je c t a n d  tre a tm e n t co n d itions on lo g 1Q 
m icrobial co u n ts  of p red o m in an t cu ltiv ab le  m icro
f lo ra , an d  to ta l lo g TO m icrobial c o u n t, in  p laq u e  
iso la ted  from  enam el s la b s .

D em ineralisation  p a ra m e te rs  o b ta in ed  from  enam el 
s e c tio n s , u n d e r  P ro toco l I (N P ), fo r  S u b jec ts  
A - G.

D em ineralisation  p a ra m e te rs  o b ta in ed  from  enam el 
s e c tio n s , u n d e r  P ro toco l II (S P ) , fo r  S u b jec ts  
A -  G.

D em ineralisation  p a ra m e te rs  o b ta in ed  from  enam el 
s e c tio n s , u n d e r  P ro toco l III  ( SPM ), fo r  S u b jec ts  
A - E.

D em ineralisation  p a ra m e te rs  o b ta in ed  from  enam el 
se c tio n s , u n d e r  all tre a tm e n t cond itions com bined, 
fo r  S u b jec ts  A - G.

S ta tis tic a l an a ly s is  of e ffe c t of p o s itio n , s id e , 
r u n ,  su b je c t a n d  tre a tm e n t cond itions on enam el 
dem in erah sa tio n  p a ra m e te r s .

N um ber of enam el s ite s  in  each  p ro file  g ro u p , an d  
to ta l nu m b er of enam el s i te s ,  fo r  S u b jec ts  A - G.

N um ber of enam el s ite s  in  each  Az g ro u p , an d  to ta l 
n u m b er of enam el s i te s ,  fo r  S u b jec ts  A - G.

N um ber of enam el s ite s  in  each  p ro file  g ro u p , fo r  
each  tre a tm e n t cond ition .

N um ber of enam el s ite s  in  each  Az g ro u p , fo r  each  
tre a tm e n t cond ition .

Mean p ro p o rtio n s  of th e  p red o m in an t m icroflora 
a sso c ia te d  w ith  each  Az g ro u p , fo r  each  tre a tm e n t 
co n d itio n .
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302

305

306

307

309

323

327

328

330

331

332

333

334

335

P e rc e n ta g e  iso la tion  f re q u e n c y  of p red o m in an t 
o rgan ism s iso la ted  from  p laq u e  a sso c ia te d  w ith  each  
Az g ro u p , fo r  each  tre a tm e n t co n d itio n .

M edian, m ean an d  ra n g e  of p ro p o r tio n s  of S t r e p . 
m u ta n s , in  each  Az g ro u p , fo r  each  tre a tm e n t 
co n d itio n .

M edian, m ean an d  ra n g e  of p ro p o r tio n s  of 
L ac tobac illu s  in  each  Az g ro u p , fo r  each  tre a tm e n t 
co n d itio n .

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora iso la ted  
from  enam el s ite s  in  each  lesion  p ro file  g ro u p , fo r  
all S u b jec ts  a n d  tre a tm e n t co n d itions com bined.

% p red o m in an t cu ltiv ab le  p la q u e  m icroflora  iso la ted  
from  enam el s ite s  in  each  Az g ro u p , fo r  all 
tre a tm e n t co n d itions com bined, fo r  S u b jec ts  A - G.

% to ta l cu ltiv ab le  p la q u e  m icro flo ra  iso la ted  from  
enam el s ite s  in  each  Az g ro u p , fo r  a ll S u b jec ts  
com bined .

S ta tis tic a l an a ly s is  of re la tio n sh ip  b e tw een  p r e 
dom inant cu ltiv ab le  p la q u e  m icroflo ra  a n d  enam el 
d em in e ra lisa tio n .

Mean n u m b er of e x p o su re s  p e r  d a y  to  fe rm en tab le  
c a rb o h y d ra te , d u r in g  each  ex p erim en ta l r u n ,  a n d  fo r  
all ru n s  com bined, fo r  each  S u b jec t.

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  
from  norm al an d  a b ra d e d  enam el sec tio n  s u r fa c e s , 
u n d e r  P ro toco l I (N P ).

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  
from  norm al an d  a b ra d e d  enam el se c tio n s , u n d e r  
P ro toco l III (SPM ).

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora iso la ted  
from  norm al an d  a b ra d e d  enam el s lab  s u r fa c e s , u n d e r  
P ro toco l I (N P ).

% p red o m in an t cu ltiv ab le  p laq u e  m icroflora  iso la ted  
from  norm al a n d  a b ra d e d  enam el s lab  s u r fa c e s , u n d e r  
P ro toco l III (SPM ).

S ta tis tic a l an a ly s is  of e ffe c t of enam el s u r fa c e , 
tre a tm e n t co n d itio n s , p o s itio n , s id e  an d  r u n  on 
p red o m in an t cu ltiv ab le  p laq u e  m icroflo ra.

C oun ts  (lo g io  cfu/m m 2 enam el su rfa c e )  of p red o m in an t 
cu ltiv ab le  m icro flo ra , a n d  to ta l m icrobial c o u n ts , 
in  p laq u e  iso la ted  from  norm al a n d  a b ra d e d  enam el 
s lab  s u r fa c e s , u n d e r  P ro toco l I (N P ), n=6 .
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T ab le  4 .4 6 .

T ab le  4.47

T ab le  4 .4 8 . 

T ab le  4 .4 9 . 

T ab le  4 .5 0 .

T ab le  4 .5 1 .

T ab le  4 .5 2 .

T ab le  4 .5 3 .

T ab le  4 .5 4 .

T ab le  4 .5 5 .

T ab le  4 .5 6 .

T ab le  5 .1 .

T ab le  5 .2 .

C oun ts (lo g TO cfu /m nf2 enam el su rfa c e )  of p red o m in an t 336 
cu ltiv ab le  m icro flo ra , an d  to ta l m icrobial c o u n ts , 
in  p laq u e  iso la ted  from  norm al an d  a b ra d e d  enam el 
s lab  s u r fa c e s , u n d e r  P ro toco l III (SPM ), n=6 .

S ta tis tic a l an a ly s is  of e ffe c t of enam el s u r fa c e , 337
tre a tm e n t co n d itio n s , p o s itio n , s id e  an d  ru n  on 
lo g TO m icrobial co u n ts  of p red o m in an t cu ltiv ab le  
p laq u e  m icroflo ra.

D em ineralisa tion  p a ra m e te rs  from  norm al an d  a b ra d e d  338 
enam el s u r fa c e s , u n d e r  P ro toco l I (N P ), n=9.

D em ineralisation  p a ra m e te rs  from  norm al an d  a b ra d e d  338 
enam el s u r fa c e s , u n d e r  P ro toco l III (SPM ), n=9.

D em ineralisa tion  p a ra m e te rs  from  norm al a n d  a b ra d e d  339 
enam el s u r fa c e s , u n d e r  P ro toco ls  I an d  III com bined, 
n=18.

S ta tis tic a l an a ly s is  of e ffe c t of enam el s u r fa c e , 
tre a tm e n t co n d itio n s , p o s itio n , s id e  an d  r u n  on 
enam el dem inera lisa tion  p a ra m e te rs .

339

N um ber of enam el s ite s  in  each  Az g ro u p , fo r  norm al 340 
an d  a b ra d e d  s i te s ,  fo r  all tre a tm e n t cond itions 
com bined .

N um ber of enam el s ite s  in  each  lesion  p ro file  g ro u p , 
fo r  norm al an d  a b ra d e d  s i te s ,  fo r  all tre a tm e n t 
cond itions com bined.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  
norm al enam el s i te s ,  in  each  Az g ro u p , fo r  b o th  
tre a tm e n t cond itions com bined.

% p red o m in an t cu ltiv ab le  m icroflo ra  iso la ted  from  
a b ra d e d  enam el s i te s ,  in  each  Az g ro u p , fo r  b o th  
tre a tm e n t cond itions com bined.

S ta tis tic a l an a ly s is  of re la tio n sh ip  b e tw een  p r e 
dom inant cu ltiv ab le  p laq u e  m icroflo ra  an d  enam el 
d em in e ra lisa tio n , fo r  a b ra d e d  a n d  n o n -a b ra d e d  s ite s  
com bined .

Log10 v iab le  co u n ts  of S t r e p . m utans a d d ed  to  v ia ls  
fo r  in cu b a tio n  w ith  5 % w /v  su c ro se  an d  5 % w /v  
so rb ito l, on each  of fo u r  o ccasio n s, fo r  S u b jec ts  
A - G a n d  T yp e  C u ltu re  (NCTC 10449).

Mean (SD ) ac id  an ion  c o n ce n tra tio n  (nm ol/m g w et 
w e ig h t b a c te r ia )  a t  a ll sam pling  tim es from  0 - 24 h , 
w ith  5 % w /v  su c ro se  fo r  S t r e p . m utans s tra in s  
from  S u b jec ts  A - G an d  T y p e  C u ltu re , n=4.

340

341

342

344

389

390
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T able

T ab le

T ab le

T ab le

T ab le

T ab le

T able

T able

T ab le

T ab le

T ab le

.3 . P ro p o rtio n  of la c ta te  an d  a c e ta te , e x p re s s e d  as a  394
p e rc e n ta g e  of th e  to ta l a c id , a t  each  sam pling  time 
from  0 - 24 h ,  u n d e r  su c ro se  co n d itio n s , fo r  S t r e p . 
m utans s t r a in s  from  S u b jec ts  A - G an d  T y p e  C u ltu re .

.4 . pH m easu rem en ts  a t each  sam pling  time from  0 - 24 h ,  396
d u r in g  in c u b a tio n  w ith  5 % w /v  s u c ro se , fo r  S t r e p . 
m utans s t r a in s  from  S u b jec ts  A - G a n d  T y p e  C u ltu re , 
n=4.

.5 . Mean minimum an d  fin a l pH v a lu es  o b ta in ed  from  S t r e p .400 
m utans s t r a in s  from  S u b jec ts  A - G an d  T y p e  C u ltu re , 
d u r in g  in cu b a tio n  w ith  5 % w /v  su c ro se , n=4.

. 6 . C hange in  calcium  co n ce n tra tio n  (mM) of s lu r r y  o v e r 401
24 h  p e rio d s  follow ing in cu b a tio n  of S t r e p . m u ta n s ,
5 % w /v  su c ro se  an d  b o v in e  to o th  s la b , fo r  S u b jec ts  
A -  G an d  T y p e  C u ltu re , n=4.

.7 . Az (% vol min x  pm) of enam el sec tio n s  o b ta in ed  401
from  b o v in e  s lab s  in c u b a te d  fo r  48 h  w ith  S t r e p . 
m u tans a n d  5 % w /v  s u c ro se , fo r  S u b jec ts  A - G an d  
T y p e  C u l tu re , n=6 .

. 8 . L a c ta te , a c e ta te  an d  to ta l acid  an ion  co n cen tra tio n  404
(nm ol/m g w et w e ig h t b a c te r ia )  o v e r 24 h ,  w ith  5 % 
w /v  s o rb ito l, fo r  S t r e p . m utans s tr a in s  from  
S u b jec ts  A - G, an d  T y p e  C u ltu re , n=2.

.9 . P ro p o rtio n  of la c ta te  an d  a c e ta te , e x p re s s e d  as  a 411
p e rc e n ta g e  of th e  to ta l a c id , a t  each  sam pling  time 
from  0 - 24 h ,  u n d e r  so rb ito l co n d itio n s , fo r  
S t r e p . m utans s t r a in s  from  S u b jec ts  A - G a n d  T ype  
C u ltu re .

.10 . pH  m easu rem en ts  a t  each  sam pling  tim e from  0 - 24 h ,  412
d u r in g  in cu b a tio n  w ith  5 % w /v  so rb ito l, fo r  
S t r e p . m utans s t r a in s  from  S u b jec ts  A - G an d  T y p e  
C u ltu re , n= 4 .

.11 . C hange  in  calcium  c o n ce n tra tio n  (mM) of s lu r r y  o v e r 415
24 h  p e rio d s  follow ing in cu b a tio n  of S t r e p . m u ta n s ,
5 % w /v  so rb ita l an d  bov in e  to o th  s la b , fo r  S u b jec ts  
A - G an d  T y p e  C u ltu re , n=4.

.12 . Az (% vol min x  |^m) of enam el sec tio n s  o b ta in ed  from  415
b o v in e  s lab s  in c u b a te d  fo r  48 h  w ith  S t r e p . m utans 
an d  5 % w /v  so rb ito l, fo r  S u b jec ts  A - G an d  T ype  
C u ltu re , n=6 .

.13 . R eg re ss io n  a n a ly s is  of re la tio n sh ip  b e tw een  in  424
v itro  c a r io g en ic ity  p a ra m e te rs  a n d  sa liv a ry  
c h a r a c te r is t ic s ,  a n d  DMFS a n d  m  situ_ dem in era lis
a tio n  s c o re s .

21



T able

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T ab le

T able

T ab le

.1 Mean (SD ) p red o m in an t cu ltiv ab le  p laq u e  flo ra  448
e x p re s s e d  as  a  p e rc e n ta g e  of th e  toteil f lo ra , 
a t  2 - 48 h ,  fo r  S u b jec t A , u n d e r  each  tre a tm e n t 
c o n d itio n , n= 4 .

.2 . Mean (SD ) m icrobial co u n ts  (lo g ao cfu  p e r  mm2 enam el 451
s lab  su r fa c e )  of p red o m in an t p laq u e  m icro flo ra , a t  
2 - 48 h ,  fo r  S u b jec t A , u n d e r  each  tre a tm e n t 
cond ition  n=4.

.3 . S ta tis tic a l a n a ly s is  of e ffe c t of tim e, tre a tm e n t, 454
p o sitio n  an d  s id e , on p e rc e n ta g e  p red o m in an t p laq u e  
m icroflo ra  iso la ted  from  S u b jec t A , a t  2 - 48 h .

.4 . S ta tis tic a l an a ly s is  of e ffe c t of tim e, tre a tm e n t, 455
p o sitio n  an d  s id e  on m icrobial co u n ts  of p red o m in an t 
p la q u e  m icroflo ra  iso la ted  from  S u b jec t A , a t  
2 - 48 h .

.5 . Mean (SD ) p e rc e n ta g e  d is tr ib u tio n  of A. o d o n to ly ticu s  456
an d  ca ta la se  p o s itiv e  an d  n e g a tiv e  d iv isions of A. 
v is c o s u s In a e s lu n d ii , a t  2 - 48 h  fo r  S u b jec t A, u n d e r  
each  tre a tm e n t co n d itio n , n=4.

. 6 . Mean (SD) p red o m in an t cu ltiv ab le  p laq u e  flo ra  457
e x p re s s e d  as  p e rc e n ta g e  of th e  to ta l m icro flo ra , 
a t  2 -  48 h ,  fo r  th re e  s u b je c ts ,  u n d e r  NP an d  SP 
co n d itio n s , n=8 .

.7 . T o tal cu ltiv ab le  p laq u e  f lo ra , e x p re s s e d  as  p e rc e n t-  459
age  of th e  to ta l m icro flo ra , a t  2 - 48 h ,  fo r  th re e  
su b je c ts  com bined, u n d e r  NP a n d  SP co n d itio n s , n=8 .

. 8 . Mean (SD ) m icrobial co u n ts  (lo g 10 c fu  p e r  mm2 enam el 461
slab  su r fa c e )  of p red o m in an t p laq u e  m icroflo ra  a t  
2 - 48 h ,  fo r  th re e  su b je c ts  com bined, u n d e r  NP an d  
SP c o n d itio n s , n=8 .

.9 . S ta tis tic a l an a ly s is  of e ffe c t of tim e, tre a tm e n t, 463
p o s itio n , s id e  a n d  su b je c t on p e rc e n ta g e  p red o m in an t 
p laq u e  m icro flo ra , iso la ted  from  th re e  s u b je c ts , a t 
2 - 48 h .

.10 . S ta tis tic a l an a ly s is  of e ffe c t of tim e, tre a tm e n t, 464
p o s itio n , s id e  an d  su b je c t on m icrobial co u n ts  of 
p red o m in an t p laq u e  m icro flo ra , iso la ted  from  th re e  
s u b je c ts ,  a t  2 - 48 h .

.11 . Mean (SD ) p red o m in an t p la q u e  f lo ra , e x p re s s e d  as  470
p e rc e n ta g e  of to ta l m icro flo ra , a t  2 , 7 an d  21 d a y s , 
from  one s u b je c t, u n d e r  each  tre a tm e n t co n d itio n , n=6 .

i. 12. T o ta l p la q u e  flo ra  e x p re s s e d  as  p e rc e n ta g e  of to ta l 472
m icroflo ra  a t  2 , 7 a n d  21 d a y s , from  one su b je c t, 
u n d e r  each  tre a tm e n t co n d itio n , n=6 .
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T ab le  6 .1 3 . Mean (SD ) m icrobial co u n ts  (lo g 10 cfu  p e r  mm2 enam el 475 
s lab  su r fa c e )  of p red o m in an t iso la tes  from  p laq u e  
o b ta in ed  from  one s u b je c t, a t  2, 7 an d  21 d a y s , u n d e r  
each  tre a tm e n t co n d itio n , n=6 .

T ab le  6 .1 4 . S ta tis tic a l a n a ly s is  of e ffe c t of tim e, tre a tm e n t, 477
p o sitio n  an d  s id e  on p e rc e n ta g e  p red o m in an t 
cu ltiv ab le  f lo ra , from  p laq u e  o b ta in ed  from  one 
s u b je c t ,  a t  2 , 7 an d  21 d a y s .

T ab le  6 .1 5 . S ta tis tic a l a n a ly s is  of e ffe c t of tim e, tre a tm e n t, 478
p o sitio n  a n d  s id e  on m icrobial co u n ts  of p red o m in an t 
cu ltiv ab le  f lo ra , from  p laq u e  o b ta in ed  from  one 
s u b je c t ,  a t  2 , 7 a n d  21 d a y s .

'•■■..i'.y D r  S  h  
r :.( -■ --Xr ;; ■■ • ■■ ,
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SUMMARY.

Two th e o rie s  e x is t  r e g a rd in g  th e  m icrobial aetio logy  of dented c a r ie s , 

nam ely  th e  Specific  an d  Non Specific  P laq u e  H y p o th ese s . Almost eill 

hum an s tu d ie s  h av e  in v o lv ed  e ith e r  c ro s s -s e c tio n a l o r longitud ined  d e s ig n s , 

w ith  co n se q u e n t lim itations a sso c ia te d  w ith  b o th  te c h n iq u e s . T h e re fo re , 

an  in  s itu  model w as d e s ig n e d  to  overcom e some of th e se  p ro b lem s, and  

w hile m ost s tu d ie s  h av e  exam ined on ly  th e  re la tio n sh ip  b e tw een  p laq u e  

m icro flo ra  an d  enam el d em in e ra lisa tio n , in  th is  s tu d y ,  m any o th e r  fa c to rs  

th o u g h t to  in flu en ce  th e  developm ent of c a r ie s  w ere  also  in v e s t ig a te d . 

T h ese  in c lu d ed  d ie t ,  s a liv a ry  c o u n ts  of S t r e p . m utans an d  lactobac illi, 

s a liv a ry  flow ra te  a n d  b u f fe r in g  c a p a c ity , as well as p re v io u s  caries  

e x p e r ie n c e .

P re lim in a ry  s tu d ie s  exam ined th e  re p ro d u c ib il i ty  of ex p erim en ta l m ethods, 

com pared  p laq u e  m icroflo ra  o b ta in ed  from  enam el specim ens m ounted on an 

in t r a -o r a l  ap p lian ce  to  th a t  from  th e  n a tu ra l  d e n titio n , an d  exam ined th e  

s u sc e p tib il i ty  of enam el to  d em in e ra lisa tio n . R esu lts  show ed little  

v a r ia tio n  b e tw een  re p e a t  id e n tif ic a tio n s  from  num erous su b -d iv is io n s  of one 

o rig in a l p laq u e  sam ple. F u r th e r ,  no q u a lita tiv e  d iffe ren c e  in  m icroflora 

b e tw een  p la q u es  a sso c ia te d  w ith  n a tu ra l  a n d  ex o g en o u sly  d e riv e d  to o th  

s u r fa c e s  w as fo u n d . S ince enam el su sc e p tib il i ty  was fo u n d  to  b e  as 

v a ria b le  w ith in  one to o th  as  b e tw een  te e th ,  i t  was co n sid e red  a p p ro p r ia te  

to  em ploy sec tio n s  from  d if fe re n t te e th  in  su b se q u e n t s tu d ie s .

As th e  in itia l w ork  show ed th a t  fa c to rs  su c h  as su b je c t an d  seq u en ce  of 

ex p erim en ta l ru n s  a ffe c te d  th e  r e s u l ts  to  some e x te n t ,  th e  s ta t is tic a l 

p ack ag e  ch o sen  fo r  a n a ly s is  of th e  e ffe c t of d if fe re n t tre a tm e n t p ro toco ls  

an d  p la q u e  m icroflo ra  on enam el d em in era lisa tio n , took  th e se  o th e r  

v a r ia b le s  in to  acc o u n t.

T he in  s itu  s tu d y  was p e rfo rm ed  u s in g  sev en  v o lu n te e r s , an d  a ttem p ted  to  

d e te rm in e  th e  re la tio n sh ip  b e tw een  p laq u e  m icroflora a n d  enamel 

d em in e ra lisa tio n , u n d e r  norm al cond itions an d  w ith  e x tra -o ra l  su c ro se  

s t r e s s in g ,  b o th  w ith  a n d  w ith o u t in o cu la tio n  of th e  s u b je c t’s own S t r e p . 
m u ta n s . R esu lts  show ed th a t  co n sid e rab le  in te r - s u b je c t  v a r ia tio n  e x is te d , 

in  te rm s of p la q u e  m icroflora  an d  dem in era lisa tio n . S u crose  cau sed  no 
s ig n if ic a n t e ffe c t on  p laq u e  m icroflo ra  com position b u t ,  o v e ra ll, was
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a sso c ia te d  w ith  a s lig h t in c re a se  in  d em in e ra lisa tio n , com pared to  

u n s t r e s s e d  p la q u e . S uccess  of S t r e p . m utans im plan ta tion  was v e ry  

v a r ia b le , as  show n b y  p ro p o r tio n a l c o u n ts  of th is  o rgan ism  in  p laq u e  

sam ples, a lth o u g h  in  all s u b je c ts ,  iso la tio n  f re q u e n c y  ro se  follow ing 

im p lan ta tio n . O v era ll, th e  com bination of im p lan ta tion  an d  su c ro se  
a p p lica tio n  re s u lte d  in  s ig n if ic a n tly  g re a te r  d em in era lisa tio n .

In  g e n e ra l , th e  iso la tion  f re q u e n c y  of S t r e p . m utans was s ig n ific an tly  

h ig h e r  in  p laq u e  a sso c ia te d  w ith  g re a te r  am ounts of m ineral lo s s , w ith  

m ean an d  m edian p ro p o r tio n s  show ing  a sim ilar t r e n d .  L actobacillus sp p . 

p ro p o r tio n s  w ere s ig n if ic a n tly  h ig h e r  in  p la q u e  a sso c ia ted  w ith  th e  g re a te s t  

am ount of d em in e ra lisa tio n . V eillonella fe ll in  m ean p ro p o rtio n  w ith  

in c re a s in g  d em in e ra lisa tio n , an d  no t r e n d  w as s e e n , in  th is  r e g a r d ,  in 

re la tio n  to  A c tinom yces.

H ow ever, th e se  r e s u l ts  re la te  o n ly  to  m icrobial co u n ts  a t  th e  en d  of th e  

th r e e  w eek ex p e rim en ta l p e r io d . H ence , a  s tu d y  on th e  m icroflora  of 

d ev e lo p in g  p laq u e  d u r in g  th is  p e rio d  was p e rfo rm ed . As th e  to ta l 

m icrobial co u n t in c re a se s  d u r in g  th e  e a r ly  s ta g e  of p laq u e  g ro w th , enam el 

s la b s , from  w hich ab so lu te  co u n ts  can  b e  o b ta in e d , w ere u s e d , as 

p ro p o r tio n a l c o u n ts  alone can  b e  m islead ing  w hen th e  to ta l co u n t is 

v a ry in g . T h ese  e a r ly  s tu d ie s  show ed a  ch an g e  from  a S trep to co ccu s  - to  

a n  A ctinom yces - dom inated  p laq u e  w ith  tim e, an d  fo u n d  no d iffe ren ce  

b e tw een  su c ro se  a n d  u n s t r e s s e d  p laq u e  w ith  r e g a rd  to  p ro p o r tio n a l an d  

f in a l a b so lu te  b a c te r ia l c o u n ts , b u t  d em o n stra ted  th a t  th e  maximum 

b a c te r ia l  m ass was ach iev ed  more ra p id ly  in  su c ro se  p la q u e .

T h e  re s u l ts  of th e  s tu d ie s  in  th is  th e s is  a re  in  k e e p in g  w ith  th o se  of o th e r  

w o rk e rs , an d  s u g g e s t  th a t  S t r e p . m utans h a s  a  m ajor ro le  in  in itia tio n  of 

d em in e ra lisa tio n , w hile lactobacilli a re  a sso c ia te d  w ith  more ex ten s iv e  

le s io n s , a n d  may b e  im p o rtan t in  th e  p ro g re s s io n  of e s ta b lish e d  le s io n s . 

H ow ever, in  some p laq u e  sam ples a sso c ia ted  w ith  dem in era lisa tio n , b o th  

S t r e p . m utans an d  lactobac illi w ere  iso la ted  in , a t  m ost, neg lig ib le  am ounts, 
im p ly ing  th a t  o th e r  ac idogen ic  o rgan ism s a re  capab le  of p ro d u c in g  

d em in e ra lisa tio n .

One of th e  re a so n s  fo r  th e  fa ilu re  to  d em o n stra te  a  d ire c t  co rre la tio n  
b e tw een  S t r e p . m utans co u n t an d  lev e l of dem ineralisa tion  a t  in d iv id u a l
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s ite s  may b e  due  to  v a ria b le  p a th o g e n ic ity  of th e  o rg an ism , an d  th is  

p o s s ib il ity  was in v e s t ig a te d  w ith  an  in  v itro  s tu d y  of th e  cariogen ic  

p o te n tia l of d if f e re n t s t r a in s  of th e  o rgan ism . T h is  show ed a s ig n ific an t 

co rre la tio n  b e tw een  th e  cario g en ic  p o te n tia l of in d iv id u a l s tr a in s  an d  th e  

n a tu ra l  an d  ex p erim en ta l c a r ie s  e x p e rien c e  of th e  su b je c ts  from  whom th e  

s t r a in s  w ere  iso la ted . S im ilarly , th e  DMFS sco re s  of su b je c ts  c o rre la ted  

w ith  th e  in  s i tu  r e s u l t s , b u t  none of th e  o th e r  c h a ra c te r is t ic s  commonly 

u se d  as s c re e n in g  te s t s  (nam ely  s a liv a ry  m icrobial c o u n ts , s a liv a ry  flow 

r a te  an d  b u f f e r in g  c a p a c ity , an d  d ie t)  show ed a s ig n if ic a n t c o rre la tio n  w ith  

d em in era lisa tio n  le v e ls . T he re s u l ts  s u g g e s t  th a t  in  v itro  a sse ssm en t of 

ca rio g en ic  p o te n tia l of S t r e p . m utans may b e  a  u se fu l ad d itio n a l sc re e n in g  

te s t  in  th e  d e tec tio n  of c a r ie s - r is k  in d iv id u a ls .

T h e  ap p lian ce  model developed  an d  te s te d  in  th is  th e s is  o ffe rs  b en e fits  

o v e r  co n v en tio n al ex p erim en ta l d e s ig n s , in  th a t  ra p id  dem ineralisa tion  can 

b e  p ro d u c e d  b y  s t r e s s in g  te s t  s ite s  w ith o u t a ffe c tin g  th e  s u b je c t’s n a tu ra l  

d e n titio n . D iffe re n t tre a tm e n t cond itions can  b e  ap p lied  to  th e  two s id es  

o f th e  ap p lian ce  d u r in g  each  ex p erim en ta l r u n ,  so th a t  th e  in flu en ce  of 

g e n e ra l in t r a -o r a l  co n d itio n s  on th e  r e s u l ts  will b e  m inim ised. In  

a d d itio n , a c c u ra te  p laq u e  sam pling  from  d is c re te  enam el s ite s  is  re a d ily  

ach ie v a b le , an d  th e  u se  of enam el s lab s  of know n su rfa c e  a re a  allows 

m icrobial a b so lu te  c o u n ts , in  ad d itio n  to  th e  more g e n e ra lly  re p o r te d  

p ro p o r tio n a l c o u n ts , to  b e  c a lcu la ted . F in a lly , m ineral lo ss can be  

a s s e s s e d  a c c u ra te ly  b y  em ploying th in  enam el sec tio n s  fo r  w hich  p r e -  and  

p o s t-e x p e r im e n ta l q u a n tif ic a tio n  of m ineral c o n ten t is  p o ss ib le .

A lth o u g h  th e  m u ltifac to ria l n a tu re  of d e n ta l c a r ie s  m eans th a t  a  de fin itiv e  

c a u s e -a n d -e f fe c t  re la tio n sh ip  b e tw een  sp ec ific  m icroorganism s a n d  in itia tio n  

o f d em inera lisa tion  can n o t be  e s ta b lish e d  in  th e  hum an o ra l en v iro n m en t, 

th e  r e s u l ts  of th e  s tu d ie s  in  th is  th e s is  a re  in  k e e p in g  w ith  th e  f in d in g s  of 

p re v io u s  w o rk e rs , in  s u g g e s tin g  th a t  S t r e p . m utans a n d  lactobacilli p la y  a 

g r e a te r  ro le  th a n  o th e r  p laq u e  o rgan ism s in  th e  in itia tio n  an d  developm ent 

of d em in e ra lisa tio n . F u tu re  s tu d ie s  u s in g  th is  m odel, in v o lv in g  la rg e r  

s u b je c t n u m b e rs , may p ro v id e  f u r th e r  in fo rm ation  re g a rd in g  e a r ly  p laq u e  
developm ent a n d  th e  m icrobial ae tio logy  of d e n ta l c a r ie s , a n d  in  a d d itio n , 

th e  u se  of th e  ap p lian ce  model may b e  e x te n d e d , fo r  exam ple, to  inc lude  

in v e s tig a tio n  in to  th e  e ffe c t of an tim icrob ia l a g e n ts .
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ABBREVIATIONS.

A A ctinom yces

ABB A naerob ic  Blood B ro th

c fu  co lony fo rm in g  u n its

C h . C h a p te r

cm cen tim etre

cm2 s q u a re  cen tim etre

conc. c o n ce n tra tio n

A in c rem en t of

A z  in c rem en t of to ta l m inera l lo ss

DMFS d e c a y e d , m issin g  a n d  filled  p e rm an en t to o th

s u r f a c e s .

e g  fo r  exam ple

FAP f lu o ra p a tite

F ig . F ig u re

g  gram

h  h o u r

HAP h y d ro x y a p a tite

ie  th a t  is  to  s a y

kV  k ilovo lt
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L . L actobacillus

L a c t . L ac tobac illu s

LB L esion  B ody

lb s pounds

lo g  decim al logarithm

lo g 10 decim al logarithm

m m inute

mA m illiam pere

mbar m illibar

min m inute

m in. m ineral

ml millilitre

mg milligram

mm m illim etre

mm2 square m illim etre

mM millimole

jjlA microampere

Hg m icrogram

jjJ. m icrolitre
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jju h  m icrom etre

MSB m itis s a liv a r iu s  b a c itra c in  a g a r

n  n u m b er

NCTC N ational C ollection of T y p e  C u ltu re s

nmol nanom ole

ND n o t d e tec ta b le

NP norm al p laq u e

NS n o t s ig n if ic a n t

p  p ro b a b ili ty

p .  p a g e

pH  n e g a tiv e  decim al log  of m olar h y d ro g e n  ion

c o n ce n tra tio n

pK a n e g a tiv e  decim al lo g  of d isso c ia tio n  c o n s ta n t

p p .  p a g e s

ppm  p a r t s  p e r  million

rpm  rev o lu tio n s  p e r  m inute

s  seco n d

S . S trep to co ccu s

SD S ta n d a rd  d ev ia tio n

SL se lec tiv e  fo r  lactobac illi
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s p . sp ec ie s

SP su c ro se  p la q u e

SPM su c ro se  p la q u e  w ith  inocu la tion  of S t r e p . m utans

s p p . sp ec ie s  (p lu ra l)

S t r e p . S trep to co ccu s

SZ S u rface  Zone

TYCSB try p t ic a s e  y e a s t  c y s tin e  su c ro se  b a c itra c in

v o l. volum e

w /v  w e ig h t p e r  volum e

w t. w e ig h t

& an d

°C d e g re e  C elsius

% p e rc e n t

< le ss  th a n

> g r e a te r  th a n

± p lu s  o r  m inus

+ve p o s itiv e

-v e  n e g a tiv e
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CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

1 . 1 .  In trod u ction .

D en ta l c a r ie s  is  a d isea se  of th e  m inera lised  t is s u e s  of th e  te e th  cau sed  b y  

th e  ac tio n  of m icroorgan ism s on fe rm en tab le  c a rb o h y d ra te s  (K idd  & 

J o y s to n -B e c h a l, 1987) r e s u l t in g  in  localised  d e s tru c tio n  of th e  to o th  t i s s u e s .

As th e  d e n ta l h a rd  t is s u e s  a re  m ore r e s is ta n t  to  d e s tru c tiv e  in flu en ces  

th a n  a n y  o th e r  t i s s u e ,  more is  p ro b a b ly  know n ab o u t i ts  p rev a len ce  

th ro u g h o u t th e  ag es  th a n  w ith  a n y  o th e r  d ise a se . C aries a p p e a rs  to  have  

b e e n  p r e s e n t ,  a lth o u g h  r a r e  in  Homo s a p ie n s , s in ce  th e  P le is to scen e  p e rio d  

in  E u ro p e , an d  d u r in g  th e  P alaeo lith ic  an d  M esolithic p e rio d s  ca ries  was 

n o t uncom m on, w ith  one s tu d y  on sk u lls  from  th e  M esolithic p e rio d  

show ing  th a t  4 % of th e  te e th  w ere  cario u s  (H ard w ick , 1960). In  B rita in  

th e  p re v a le n c e  of c a r ie s  show ed little  v a r ia tio n  u n til  th e  Iro n  Age w hen it  

ro se  m ark ed ly  b u t  fe ll ag a in  in  th e  A ng lo -S axon  p e rio d  follow ing th e  

w ith d raw a l of th e  Romans an d  th e  concom itant ch an g e  in  d ie t (Moore & 

C o rb e tt ,  1971).

T h ro u g h o u t th is  p e rio d  th e  m ost f r e q u e n t  s ite  of a t ta c k  was a t  o r  n e a r  th e  

am elo-cem ental ju n c tio n  of th e  to o th . B y  th e  17 th  c e n tu ry  th e  ca ries  

p re v a le n c e  h ad  in c re a se d  ag a in  a n d  th e re  was ev id en ce  of a  change  

to w ard s  th e  m odern p a t te r n  of c a r ie s  a t ta c k , w ith  th e  in te rs t i t ia l  co n tac t 

a re a s  a n d  occlusa l f is s u re s  b e in g  m ore f r e q u e n t ly  in v o lv ed  (H ardw ick , 

1960). T h ese  t r e n d s  co n tin u ed  a n d  b y  th e  second  h a lf  of th e  19th 
c e n tu r y  th e  p re v a len c e  an d  d is tr ib u tio n  of le sions w ere  sim ilar to  th a t  

fo u n d  in  th e  E n g lish  p o p u la tio n  in  th e  e a r ly  1980s (H ollow ay, 1983).

T h e  ch an g es  w ere  a sso c ia te d  in  tim e w ith  th e  ch an g e  in  d ie t, w ith  th e  

consum ption  of s u g a r  in c re a s in g  from  alm ost zero  a t  th e  b e g in n in g  of th e  

17 th  c e n tu r y  to  90 lb s  p e r  head  b y  th e  m iddle of th e  19th  c e n tu ry .

D en ta l c a r ie s  co n tin u ed  to  r is e  in  in d u s tr ia l is e d  c o u n trie s  u n til  th e  1960s, 

w ith  th e  ex cep tio n  of th e  y e a rs  a sso c ia te d  w ith  s u g a r  re s tr ic t io n  d u r in g  

th e  Second World War w hen a re d u c tio n  in  c a r ie s  p rev a len ce  an d  s e v e r i ty



w as fo u n d  (rev iew ed  b y  S o g n n aes , 1948). S ince 1970 th e re  h a s  b e en  a 

re d u c tio n  in  th e  c a r ie s  e x p e r ien c e  in  W este rn ised  co u n trie s  (rev iew ed  b y  

D ow ner, 1984), w ith  m any s tu d ie s  r e p o r t in g  re d u c tio n s  of 50 % o r  more in  
th e  same p o p u la tio n  g ro u p s  o v e r 10-15 y e a r  in te rv a ls .

W hilst th e  c a r ie s  r a te  is  d ec lin in g  in  W estern  c o u n tr ie s , i ts  p re v a len c e  and  

s e v e r i ty  is  in c re a s in g  ra p id ly  in  u n d e rd e v e lo p e d  c o u n trie s  (rev iew ed  b y  

Sheiham , 1984) an d  th e  co st of d e n ta l tre a tm e n t in  B rita in  is s till  one of 

th e  h ig h e s t  e x p e n d itu re s  in  th e  N ational H ealth  S erv ice  (M u rray , 1983).

1 . 2 .  E arly T h eories o f C aries A etio logy .

T h e  a g e n t f i r s t  th o u g h t to  b e  re sp o n s ib le  fo r  c a rie s  lesion  form ation  was 

th e  worm . T h is  id ea  a p p e a rs  to  h av e  b e en  u n iv e rs a l a t one tim e, and  

re fe re n c e s  to  th is  h a v e  b e e n  d isco v e re d  on c lay  ta b le ts ,  from  ab o u t 5,000 

B C , e x c a v a te d  from  a n  a n c ie n t c ity  in  th e  M esopotam ian a re a  a n d  from  

C h inese  c h a ra c te rs  d a tin g  b a c k  to  a ro u n d  1,000 BC (N ew b ru n , 1983).

From  th e  en d  of th e  18 th  c e n tu ry  u n ti l  th e  m iddle of th e  19 th  c e n tu ry , 

th e  V ital th e o ry  of to o th  d ecay  was dom inant. H ere i t  was p o s tu la te d  

th a t  c a r ie s  o r ig in a te d  from  w ith in  th e  to o th  i ts e lf ,  analagous to  bone 

g a n g re n e  (N ik ifo ru k , 1985). O th e r th e o rie s  p u t  fo rw a rd  a t  th is  time 

in c lu d e d  th e  Chem ical th e o ry  of Parm ly  in  1819, a n d  th e  P a ra s itic  o r 

S ep tic  th e o ry  of E rd l (1843). T he chem ical th e o ry  p ro p o se d  th a t  an  

u n id e n tif ie d  chem ical a g e n t was re sp o n s ib le  fo r  th e  c a r ie s , an d  th a t  th e  

p ro c e ss  b e g a n  on th e  su rfa c e  of th e  enam el. S u p p o rt was g iv en  to  th is  
co n cep t b y  R o b ertso n  in  1835, who p ro p o se d  th a t  c a rie s  was cau sed  b y  

ac id  form ed b y  fe rm en ta tio n  of food p a r tic le s  a ro u n d  th e  te e th . The 

p a ra s i t ic  th e o ry  w as b a se d  on th e  fa c t  th a t  m icroorganism s h a d  b een  

d e te c te d  b y  v an  L eeuw enhoek (1632-1723) from  m ateria l ta k e n  from  carious 

c a v itie s , an d  i t  was th e re fo re  p ro p o se d  th a t  th e se  b a c te r ia  could  cause 

decom position  of th e  to o th  t is s u e s .  H ow ever no ex p lan a tio n  was g iv en  as 

to  how th e se  o rgan ism s could  d e s tro y  th e  to o th . The C hem ica l-parasitic  

th e o ry ,  a  b le n d  of th e  above two th e o r ie s ,  w as p ro p o se d  b y  W .D .M iller an d  
in  "T h e  M icroorganism s of th e  Human M outh" (M iller, 1890) he  d e sc rib e d  

h is  th e o ry  b a se d  on h is  own ex p erim en ta l w ork  an d  on p re v io u s  
com m unications from  o th e r  w o rk e rs . M iller id e n tif ie d  c a rb o h y d ra te  as  th e  

b a c te r ia l  s u b s t r a te ,  an d  n o ted  th a t  th e  decalc ifica tion  of enam el p ro d u c e d
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b y  b a c te r ia l  ac id s  was th e  m ajor fa c to r  re s u l t in g  in  d e s tru c tio n  of th e  

t i s s u e .  He fa ile d , h o w e v er, to  id e n tify  p laq u e  as  th e  so u rce  of b a c te r ia , 

a n d  assum ed  th a t  th e  ac id s  w ere p ro d u c e d  b y  th e  fe rm en ta tio n  of im pacted  

fo o d s tu ffs  b y  s a liv a ry  b a c te r ia .  G .V .B lack  (1898) c o n sid e red  th a t  th e  acid  

a t ta c k  was p ro d u c e d  b y  b a c te r ia  in  s itu  on th e  te e th .  T h is was s u p p o r te d  

b y  Williams (1898), who o b se rv e d  d e n ta l p laq u e  on th e  su rfa c e  of enam el, 

a n d  co n sid e re d  th a t  th is  w as a  m eans of lo calisin g  ac id s  p ro d u c e d  b y  

b a c te r ia  in  c o n tac t w ith  th e  to o th , a n d  of p a r t ia l ly  p re v e n tin g  th e  d ilu tion  

a n d  n e u tra lis a tio n  of th e  ac id s  b y  sa liv a .

1 . 3 .  A ltern ative T h eories o f C aries A etio logy .

A lth o u g h  c u r r e n t  th e o rie s  r e g a rd in g  th e  ae tio lo g y  of enam el ca ries  

in itia tio n  a re  s till  b a se d  on th e  m odifications b y  B lack  an d  Williams of th e  

ch em ico -p a ras itic  th e o ry  of M iller in  1890, a  n u m b er of o th e r  p ro p o sa ls  

h a v e  b e en  s u g g e s te d . T he  P ro teo ly s is  th e o ry  of G ottlieb  (1947) su g g e s ts  

th a t  th e  o rg an ic  elem ent of th e  enam el is  f i r s t  a t ta c k e d  b y  p ro teo ly tic  

b a c te r ia ,  a n d  th a t  th e  in o rg a n ic  com ponent is  th e n  su b se q u e n tly  lo s t e ith e r  

b y  ac id  d isso lu tio n  (F risb ie  & N ucko lls, 1947) o r  b y  m echanical loss of 

p h y s ic a lly  u n b o u n d  p rism s (P in c u s , 1949). A nu m b er of c ritic ism s h av e  

ho w ev er b e en  lev elled  a g a in s t th is  th e o ry , in  p a r t ic u la r  th e  fa c t th a t  th e  

o rg a n ic  com ponent com prises su c h  a  sm all f ra c tio n  of th e  enam el ( J e n k in s , 

1978).

T he P ro teo ly tic -ch e la tio n  th e o ry  h a s  b e en  p ro p o se d  b y  S chatz  (S ch a tz  & 

M artin , 1962). I t  is  s u g g e s te d  th a t  p ro d u c ts  of p ro te o ly s is  of to o th  

s u b s ta n c e , an d  p o ss ib ly  a lso  of th e  a c q u ire d  pellic le  a n d  fo o d s , may a c t as 

c h e la tin g  a g e n ts ,  re le a s in g  m ineral ions from  enam el. W hilst th e  am ount 

of c h e la tin g  a g e n ts  re le a se d  b y  p ro te o ly tic  d e g ra d a tio n  of th e  small 

o rg a n ic  p h a se  of enam el is lik e ly  to  b e  n eg lig ib le  ( J e n k in s , 1978), calcium  

chela tio n  may in d eed  o c cu r; h is to p a th o lo g ica l fe a tu re s  of enam el ca ries  

can  b e  s im ula ted  in  v itro  w ith  c h e la tin g  a g e n ts  (M ortim er & T r a n te r ,  

1971), a n d  m any n a tu ra l  ch e la to rs  (e g  la c ta te  a n d  some amino ac id s) a re  

p r e s e n t  in  p laq u e  (M<frrch e t al_., 1971).

A n in tr in s ic  co n cep t of c a rie s  ae tio logy  h as  b e en  p ro p o se d  b y  Jack so n  an d  
c o -w o rk e rs  (1973). T h ey  s u g g e s t  th a t  sp ec ific  re g io n s  of o d o n to b las ts  

w ith in  th e  p u lp  of a  to o th  a re  dam aged b y  an  auto-im m une p ro c e ss  an d
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conclude  th a t  c a r ie s  sh o u ld  b e  re g a rd e d  as  a  d e g e n e ra tiv e  d isea se . T h is  

th e o ry  is b a se d  on c ro ss-sec tio n ed  epidem iological ev id en ce  a n d  h as  b een  

c r itic is e d  b y  E d g a r (1974) a n d  S o faer (1982) on i ts  s ta t is t ic a l  an d  g en e tic  
c o n te n t .

1 . 4 .  C urrent T h eories on C aries A etio logy .

T o d ay  i t  is  u n iv e rs a lly  a cc e p ted  th a t  c a r ie s  is  a  m u ltifac to ria l p ro c e s s , 

w ith  th e  developm ent of th e  lesion  b e in g  d u e  to  an  in te ra c tio n  of th re e  

p r im a ry  f a c to r s ,  th e  h o s t ,  th e  m icroflo ra  a n d  th e  d ie t. F o r c a r ie s  to  

o c c u r , fa v o u ra b le  co n d itio n s  w ith in  each  of th e se  g ro u p s  m ust e x is t 

concom itan tly  fo r  a  su ff ic ie n t le n g th  of tim e, ie a  su sc e p tib le  h o s t, a 

c a rio g en ic  f lo ra  a n d  a  su ita b le  s u b s t r a te  (F ig . 1 . ) .

D en tal c a r ie s  m ay b e  c la ss if ie d  as  p r im a ry  enam el c a r ie s , r e c u r r e n t  caries  

a sso c ia te d  w ith  e x is t in g  r e s to ra t io n s ,  ro o t su rfa c e  a n d  d en tin e  c a r ie s . 

M any s e c o n d a ry  fa c to rs  m ay in flu en ce  th e  developm ent of le sio n s  in  th e se  

d if fe re n t  g ro u p s , a n d  th e re fo re ,  fo r  th e  p u rp o s e  of d iscu ss io n  in  th is  th e s is  

th e  te rm  d e n ta l c a r ie s  sh a ll re la te  on ly  to  p r im a ry  enam el c a r ie s , in  an  

a tte m p t to  limit th e  fa c to rs  a sso c ia ted  w ith  th is  m u ltifac to ria l d isea se .

1 . 5 .  Saliva and D ental C aries.

Whole sa liv a  is  a  m ix tu re  of th e  se c re tio n s  of th e  th re e  p a irs  of major 

s a liv a ry  g lan d s  an d  of th e  num erous m inor s a liv a ry  g la n d s . I t  also 

co n ta in s  g in g iv a l c rev ice  f lu id , v a ry in g  am ounts of b a c te r ia ,  d e sq u a ma te d  

e p ith e lia l c e lls , leu co cy te s  a n d  food d e b r is .  V aria tio n s  e x is t in  th e  

com position of th e  flu id  s e c re te d  from  th e  d if fe re n t g la n d s , an d  fa c to rs  

su c h  as  th e  flow r a te ,  d u ra tio n  an d  ty p e  of s tim u lu s , d ie t an d  time of d ay  

th e  sa liv a  is  co llected  will a lso  in flu en ce  i ts  com position (Mason & 

C hisholm , 1975).

S a liva  p la y s  a  m ajor ro le  in  m ain ta in ing  th e  norm al physio log ica l fu n c tio n s  

of th e  m outh . T h ese  in c lu d e  m astica tion  a n d  d eg lu titio n  of food , sp ee c h , 
ta s te  sen sa tio n  a n d  th e  in itia l d ig e s tio n  of c a rb o h y d ra te s . I t  is  also 
in v o lv ed  in  th e  form ation  of th e  p ro te in a ce o u s  m em brane ( th e  a cq u ired  

p e llic le ) on th e  enam el s u rfa c e  of th e  te e th ,  an d  in  th e  in itia tio n  of p laq u e  

fo rm ation  a n d  i ts  su b se q u e n t m atu ra tio n  an d  m etabolism .
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F ig . 1 .

SALIVA

TOOTH FLORA

CARIES

SALIVA SALIVA

SUBSTRATE

SALIVA

T he in ter -re la tio n sh ip  o f to o th , b acteria l m icroflora and  

su b stra te  w hich m ust in tera ct o v er  a  p eriod  o f tim e fo r  

ca ries to  d ev e lo p , w ith  th e  m odifying in flu en ce o f sa liv a . 

A dapted from  N ik iforak  (1 9 8 5 ).
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Calcium an d  p h o sp h a te  ions a re  norm ally  p re s e n t  in  sa liva  a t c o n c e n tra 

tio n s  w hich re s u l t  in  s u p e rs a tu ra t io n  of sa liv a  w ith  r e s p e c t  to  th e  

h y d ro x y a p a tite  s a lt  of th e  to o th . T he p re se n c e  of th e se  ions in  sa liva  

th e re fo re  p la y s  an  im p o rtan t ro le  in  p re v e n t in g  d isso lu tio n  of th e  enam el 
s u r fa c e  u n d e r  norm al r e s t in g  ph y sio lo g ica l co n d itio n s .

T h e  re la tio n sh ip  b e tw een  s a liv a ry  flow ra te  an d  ca rie s  h a s  re ce iv ed  much 

a t te n tio n . S tu d ies  h av e  show n th a t  s e v e re  im pairm ent of sa liv a ry  

se c re tio n  can re s u l t  in  a  m arked  in c re a se  in  th e  in c id en ce  of c a r ie s . The 

e x tirp a tio n  of s a liv a ry  g lan d s  in  r a t s  h a s  b een  show n to  r e s u l t  in  ram pan t 

c a r ie s  ev en  w hen th e  anim als w ere  fe d  a  low cario g en ic  d ie t (W eisberger 

e t a l . , 1940), and  in  man th e  re la tio n sh ip  b e tw een  s a liv a ry  flow ra te  and  

c a r ie s  h as  b een  s tu d ie d  in  g ro u p s  of p a tie n ts  re c e iv in g  ra d io th e ra p y  in  th e  

re g io n  of th e  sa liv a ry  g lan d s  an d  th o se  w ith  d e c re a se d  flow ra te s  due  to 

p a th o lo g ica l cond itions su c h  as S jo g ren s  S yndrom e. T he sev e re  

im pairm ent of s e c re tio n  is  a sso c ia te d  w ith  an  in c re a se  in  enam el an d  roo t 

su r fa c e  c a r ie s  (Karm iol & W alsh, 1975; D re izen  e t  a l . , 1977; T a la l, 1987). 

L lo ry  an d  co -w o rk e rs  (1972) h av e  show n th a t  th e  d e c rea se  in  s a liv a ry  flow 

ra te  fo u n d  in  th e se  p a tie n ts  was a lso  a sso c ia te d  w ith  a  ch an g e  in  b o th  

s a liv a ry  a n d  p laq u e  f lo ra  w ith  an  in c re a se  in  S trep to co ccu s  m utans an d  

la c to b ac illi.

One of th e  m ost im p o rtan t fu n c tio n s  of sa liv a  in  r e s p e c t  of ca ries  

p re v e n tio n  is  th e  c lea ran ce  of c a rb o h y d ra te s  from  th e  m outh . A 

th e o re tic a l s tu d y  of s a liv a ry  s u g a r  c lea ran ce  (D aw es, 1983) id e n tif ie d  th e  

th re e  m ost im p o rtan t fa c to rs  as  b e in g  th e  u n s tim u la ted  sa liv a ry  flow r a te ,  

a n d  th e  volum e of sa liv a  in  th e  m outh b o th  b e fo re  a n d  a f te r  sw allow ing. 
Dawes (1987) h as  rev iew ed  th e  m ethods availab le  to  a s s e s s  b o th  stim u la ted  

an d  u n s tim u la ted  sa liv a ry  flow ra te s  a n d  th e  physio log ical fa c to rs  w hich 

h av e  b e en  show n to in flu en ce  th e  u n s tim u la ted  flow ra te s  in  hum an 

s u b je c ts . T he  re d u c e d  sa liv a ry  flow ra te  seen  in  p a tie n ts  w ith  d r y  m outh 

re d u c e s  th e  s u g a r  c lea ran ce  a n d , p re su m ab ly , th is  c o n tr ib u te s  to  th e  

in c re a se d  c a r ie s  in c id en ce  in  su c h  su b je c ts .

A n o th e r im p o rtan t fu n c tio n  of sa liva  is i ts  a b ility  to  b u f f e r  b o th  th e  ac id s 

p ro d u c e d  b y  p la q u e  b a c te r ia  an d  th o se  e n te r in g  th e  o ra l c av ity  d ire c tly . 

Of th e  b ic a rb o n a te , p h o sp h a te  an d  p ro te in  b u f fe r in g  sy stem s in  sa liv a , 

b ic a rb o n a te  is  th e  m ost im p o rtan t, p ro v id in g  ap p rox im ate ly  85 % of th e
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to ta l b u f f e r  c ap a c ity  (Wah L e u n g , 1951). T he pH of sa liv a  is  g o v e rn ed  b y  

th e  ra tio  b e tw een  th e  com bined a n d  f re e  carb o n ic  ac id  as  e x p re s s e d  b y  th e  
H en d erso n  -H asse lb ach  eq u a tio n

[H C 0 3- ]
pH = pKa + log -------------

[ h 2c o 3 ]

w h ere  [H 2C 0 3 ] = 0 .03  x  p C 0 2 a n d  th e  pK fi ~ 6 .1 .

S ince th e  p a r t ia l  p r e s s u r e  of COa in  th e  sa liv a  is  re la tiv e ly  c o n s ta n t an d  

in  eq u ilib riu m  w ith  th a t  in  ven o u s blood w ith in  th e  g la n d s , th e  s a liv a ry  pH 

is  ch ie fly  d e te rm in ed  b y  v a ria tio n s  in  b ic a rb o n a te  co n ce n tra tio n  (N ik ifo ru k ,

1985). T he b ic a rb o n a te  c o n ce n tra tio n  is low in  u n s tim u la ted  saliva 

(D aw es, 1975) b u t  in c re a se s  w ith  flow r a te ,  an d  d iffu sio n  of b ica rb o n a te  

in to  p la q u e  may th e re fo re  b e  an  im p o rtan t m echanism  b y  w hich stim ula ted  

sa liv a  h e lp s  to  r e d r e s s  th e  fa ll in  p laq u e  pH w hich o ccu rs  a f te r  c a rb o 

h y d ra te  consum ption  (F ro s te ll ,  1974; A belson  & M andel, 1981). An 

a d d itio n a l b u f f e r in g  e ffe c t of b ic a rb o n a te  is d u e  to  th e  ch an g e  of p h a se  of 

C 0 2 in  sa liv a  from  d isso lv ed  s ta te  to  g as p h a se  (E ric so n  & M akinen,

1986). T he  rem oval of p ro to n s  b y  b ic a rb o n a te  lead s  to  an  e scap e  of C 0 2 

from  sa liv a  w hich in  tu r n  lead s  to  p ro to n  loss  from  w a te r an d  an  in c re ase  

in  h y d ro x y l ion  co n ce n tra tio n  an d  in c re a se d  pH . T h is  p h a se  change 

b u f f e r in g  th e re fo re  co n fe rs  ad d itio n a l b u f fe r in g  pow er to  th e  b ic a rb o n a te  

s y s te m .

T he  p h o sp h a te  b u f f e r  sy stem  fu n c tio n s  in  a sim ilar w ay to  th e  b ic a rb o n a te  
sy s te m , b u t  w ith o u t th e  ad d itio n a l e ffe c ts  due  to  p h a se  ch an g e . H ow ever 

th e  c o n ce n tra tio n  of th e  system  is  sm aller th a n  th e  b io ca rb o n a te  sy stem , 
a n d  th e re fo re  i ts  b u f fe r in g  pow er is le s s  th a n  th a t  of th e  l a t te r .

In  ad d itio n  to  th e se  b u f f e r  sy s tem s , o rg an ic  su b s ta n c e s  a re  p re s e n t  in  

sa liv a  w hich  may h e lp  to  re d u c e  th e  e ffe c ts  of c a rb o h y d ra te  m etabolism  b y  

p la q u e  b a c te r ia .  U rea  is th e  n itro g en o u s  en d  p ro d u c t of p ro te in  

m etabolism  an d  i ts  c o n cen tra tio n  in  sa liva  c o rre la te s  w ith  i ts  blood 

c o n c e n tra tio n  (N ik ifo ru k , 1985) . In  sa liv a , u re a  is  ra p id ly  m etabo lised  b y  

p la q u e  b a c te r ia  to  form  ammonia an d  ca rb o n  d iox ide , w ith  a n e t p ro d u c tio n  

of b a s e . T h is  so u rce  may b e  an  im p o rtan t fa c to r  in  th e  p H -r ise  p h a se  in  
th e  S tep h an  c u rv e . S tu d ies  of re n a l p a tie n ts  w ith  in c re a se d  u re a  and  

ammonia s a liv a ry  lev e ls  h av e  fo u n d  a  d e c rea se  in  c a rie s  a c tiv ity  even
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a lth o u g h  th e ir  fe rm en tab le  c a rb o h y d ra te  in ta k e  was h ig h  (d e  S to p p e laa r, 
1982).

Saliva  co n ta in s  a  n u m b er of a n tib a c te r ia l fa c to rs  b u t  w h e th e r o r n o t th e y  

p la y  a ro le  in  in flu en c in g  th e  ca rie s  p ro c e ss  is  n o t c lea r  (rev iew ed  b y  

N ik ifo ru k , 1985; E ricso n  & M akinen, 1986). T he enzym e sy stem s p re s e n t  

in c lu d e  lyzozym e w hich  can  d e s ta b ilise  th e  cell m em branes of m icro

o rgan ism s (M andel, 1987), re s u l t in g  in  th e i r  ly s is ,  an d  lac to p e r  ox idase  

w hich  o x id ise s  th io c y a n a te  to  h y p o th io c y a n ite  in  th e  p re se n c e  of h y d ro g e n  

p e ro x id e . T h is  a n ti-b a c te r ia l  sy stem  is  know n to  b e  in h ib ito ry  to w ards 

some L a c to b ac illu s , S trep to co ccu s  an d  A ctinom yces sp ec ies  (T enovuo  & 

P r u i t t ,  1984). L a c to fe rr in  e x e r ts  a  b ac te rio c id a l e ffe c t b y  s tro n g ly  

b in d in g  to  iro n  an d  th e re fo re  m aking  i t  u n av ailab le  as  a  b a c te ria l 

n u tr i t io n a l so u rc e . In  v itro  s tu d ie s  h av e  show n th a t  la c to fe r r in  is 

a n ta g o n is tic  to  S t r e p . m u ta n s , b u t  th e  s ig n ifican ce  of th is  is  n o t know n 

(N ik ifo ru k , 1985). T he p red o m in an t c lass  of im m unoglobin in  saliva  is 

s e c re to ry  im m unoglobulin A (S -Ig A ) . T h ese  an tib o d ies  in te r fe re  w ith  th e  

ad h es io n  of m icroorganism s to  o ra l s u rfa c e s  (K le in b e rg  e t  a l . , 1979) an d  

a re  th e  p r in c ip a l so u rc e  of immune a c t iv i ty  in  th e  o cclu sa l an d  b u cco - 

lin g u a l re g io n s , above th e  ce rv ica l a re a  of a  to o th . In  th e  g in g iv a l and  

app rox im al re g io n s , th e  g in g iv a l c re v ic u la r  flu id  is  th e  main so u rce  of 

immune a c tiv ity , a n d  h e re  serum  IgG , IgM a n d  IgA a re  a lso  p re s e n t .  

P o ly m orphonuclear le u c o c y te s , m acro p h ag es , T - a n d  B - lym phocy tes an d  

com ponents of th e  com plem ent sy stem  a re  a lso  fo u n d , a n d  i t  is  b e liev ed  

th a t  in  th is  reg io n  th e  immune sy stem  fu n c tio n s  b y  in te r fe r in g  w ith  

b a c te r ia l  ad h es io n , an d  a s s is t in g  th e  o p so n isa tio n , ly s is  an d  p h ag o cy to s is  of 

m ic ro o rg an ism s.

O v er th e  p a s t  tw e n ty  y e a r s , a ttem p ts  h av e  b e en  made to  p ro d u c e  a vaccine  

w hich  w ould co n fe r p ro te c tio n  a g a in s t d e n ta l c a rie s  (R u sse ll & Jo h n so n ,

1987) . As S t r e p . m utans is g e n e ra lly  c o n sid e red  to  b e  th e  b ac te riu m  most 

im plicated  in  th e  in itia tio n  an d  developm ent of cario u s  le s io n s , a tte n tio n  

h a s  b e e n  fo c u sse d  on dev elo p in g  an  a n t i - S t r e p , m utans v acc in e . V arious 
com ponents of th e  b a c te r ia l  s t r u c tu r e ,  su c h  as  g lu co sy l t r a n s fe ra s e s  and  

cell wall a sso c ia ted  p ro te in s , h av e  b e en  u se d  in  tr ia ls  in  ro d e n ts  and  
p r im a te s , a n d  some p ro te c tio n  a g a in s t d en ta l c a rie s  h a s  b e en  fo u n d  (L eh n e r 

e t  a l . ,  1980). T he immune p ro c e ss  w hich is  of im portance  in  r a t s  is 
s e c re to ry  IgA , p ro d u c e d  b y  sa liv a ry  g la n d s , w hile in  p rim a te s , p ro te c tio n  is
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a ffo rd e d  b y  IgG , w hich  is  g e n e ra lly  in  th e  form  of c irc u la tin g  an tib o d ie s

re le a se d  in to  th e  m outh v ia  th e  g in g iv a l c re v ic e , o r ,  can  b e  p ro d u c e d

locally  in  th e  g in g iv ae  (R u sse ll & Jo h n so n  1987). P rim ates  a re  co n sid e red  

to  be  a b e t te r  model fo r  hum ans th a n  ro d e n ts ,  b u t  th e re  is s till d o u b t 

c o n ce rn in g  th e  re le v an c e  of anim al r e s u l ts  e x tra p o la te d  to  hum ans (S im s, 

1985).

T h e re  is c o n c e rn , a lso , th a t  some cell wall d e r iv e d  v acc ine  may ind u ce  

a n tib o d ie s  w hich  will c ro ss  re a c t  w ith  h e a r t  m uscle, a lth o u g h  th is  h a s  no t 

b e e n  co n c lu siv e ly  p ro v e n  (H u g h es e t  a l . , 1980). Even if a  vacc ine  of 

p ro v e n  s a fe ty  re c o rd  w ere d ev e lo p ed , i t  is  u n lik e ly  th a t  th e  d isease  would 

b e  e ra d ic a te d , due  to  an tig e n ic  d r i f t  o c c u r r in g  w ith in  th e  S t r e p . m utans 

p o p u la tio n  (Beem e t a l . , 1985), an d  th e  p re se n c e  of o th e r  acidogenic  

o rgan ism s w hich  m ay also  b e  im plica ted  in  th e  ae tio logy  of c a rie s  (K rasse  

& M cBride 1984).

F u r th e rm o re , th e  e th ica l p rob lem s s u r ro u n d in g  th e  u se  of a  vacc ine  to 

co n tro l a  d isea se  w hich  is  n o t d ire c tly  l i f e - th re a te n in g , an d  th e  fa c t th a t  

d e n ta l c a r ie s  sh o u ld , in  f u tu r e ,  b e  co n tro llab le  b y  o th e r  m ethods, m eans 

th a t  vacc ine  re s e a rc h  in  hum ans h a s  n o t b een  u n d e r ta k e n , as perm ission  

fo r  su c h  tr ia ls  h a s  n o t b e en  g ra n te d  (M arsh , 1988).

1 . 6 .  T he A cquired  S a livary  P e llic le .

A th o ro u g h ly  c lean  to o th  will w ith in  seco n d s of e x p o su re  to  sa liv a  become 

c o v ered  w ith  a  th in  a ce llu la r o rg an ic  film called  th e  a c q u ire d  pe llic le . 

T he th ic k n e ss  of th is  film in c re a se s  ra p id ly  d u r in g  th e  f i r s t  two h o u rs  of 

i t s  fo rm ation  a n d  th e r e a f te r  th e  p ro c e ss  p ro c e e d s  a t  a  slow er r a te  (Sonju  

& R olla, 1973). I t  is  d e riv e d  m ainly from  s a liv a ry  p ro te in s  and
g ly co p ro te in s  w hich  se le c tiv e ly  a d so rb  on to  th e  h y d ro x y a p a tite  su rfa c e  of 

th e  to o th . S tu d ies  h av e  show n a s im ila rity  in  th e  amino acid  com position 

of p e llic les  rem oved from  th e  enam el s u rfa c e s  in  v a rio u s  re g io n s  of th e  

m outh , s u g g e s tin g  th a t  th e i r  form ation  is  a  se lec tiv e  p ro c e ss  in v o lv in g  only  
a  few  p ro te in s  w ith  a  h ig h  a ff in ity  fo r  th e  h y d ro x y a p a tite  su rfa ce  

(rev iew ed  b y  S on ju , 1986). A chem ical a n a ly s is  of 2 h o u r  pellic le  b y  
Sonju a n d  Rolla (1973) fo u n d  re la tiv e ly  h ig h  levels  of acid ic  amino acids 
an d  small am ounts of su lp h u r-c o n ta in in g  a n d  b a s ic  amino a c id s . E ggan 
(1982) h a s  re p o r te d  th a t  a  p h o sp h o -p ro te in  com ponent c o n s ti tu te s  th e
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m ajor p ro p o r tio n  of p e llic le , b u t  im m unospecific in v e s tig a tio n s  h av e  

in d ic a ted  th a t  p ro te in s  su ch  as  am ylase , lyzozym e, album in , 

g lu c o sy ltra n s fe ra s e  an d  im m unoglobulins may also  b e  p re s e n t  in  small 

am ounts (O rs ta v ik  & K ra u s , 1973; 1974; Rolla, e t  a l . , 1983).

C a rb o h y d ra te  an a ly se s  h av e  show n th a t  g lucose  com prises a  h ig h  p ro p o r tio n  

o f th e  c a rb o h y d ra te  in  th e  pe llic le . As g lucose  is  p r e s e n t  in  only  v e ry  

small am ounts in  s a liv a ry  g ly c o p ro te in s , i t  h a s  b e en  s u g g e s te d  th a t  th e  

g lucose  in  pellic le  may b e  d e riv e d  from  rem n an ts  of b a c te r ia l e x tra c e llu la r  

p o ly sa c c h a r id e s  (S onju  e t  al_., 1974).

A n u m b er of fu n c tio n s  h av e  b een  a t t r ib u te d  to  th e  a c q u ire d  pe llic le . 

T h ese  in c lu d e  [i] p ro te c tio n  of th e  u n d e r ly in g  enam el s u rfa c e ; [ii] 

in flu en c in g  th e  p ro c e ss  of b a c te r ia l  a d h es io n  to  th e  to o th  s u rfa c e ; [iii] 

a c t in g  a s  a s u b s t r a te  fo r  b a c te r ia l  m etabolism  (A rm stro n g  & H ayw ard , 

1968), an d  [iv ] fo rm ing  a  r e s e rv o ir  fo r  p ro te c tiv e  io n s , in c lu d in g  flu o rid e .

M ayhall (1970) h a s  show n th a t  a t  le a s t  some of th e  pellic le  is  r e s is ta n t  to 

a c id , a n d  i t  h a s  th e re fo re  b e e n  s u g g e s te d  th a t  th is  p ro te in aceo u s  la y e r  may 

h e lp  to  p ro te c t  th e  enam el su rfa c e  from  b a c te r ia l  an d  d ie ta ry  a t ta c k . I t  

h a s  a lso  b e en  s u g g e s te d  th a t  th e  p ro te in s  m ay a c t as  a  d iffu sio n  b a r r ie r  

r e g u la t in g  d isso lu tio n  an d  rem in e ra lisa tio n  p ro c e sse s  a n d  may p la y  a ro le  in  

s u b s u r fa c e  lesion  fo rm ation  (M oreno & Z a h ra d n ik , 1974).

T he m echanism s in v o lv ed  in  a d so rp tio n  of o ra l b a c te r ia  to  th e  a cq u ired  

pellic le  h av e  b e en  e x te n s iv e ly  s tu d ie d  (rev iew ed  b y  G ibbons, 1980; 1984) 

a n d  a re  b e liev ed  to  invo lve  sp ec ific  le c t in - ty p e  in te ra c tio n s  betw een  

s t r u c tu r e s  on th e  s u rfa c e  of th e  m icroorganism s a n d  th e  sa liv a ry  coat. 
Rolla a n d  c o -w o rk e rs  (1983), h av e  s u g g e s te d  th a t  in  ad d itio n , th e  m inor 

p ro te in  com ponents p re s e n t  in  pe lh cle  su c h  a s  im m unoglobulins, lyzozym e, 

a lbum in  a n d  g lu c o s y l tra n s fe ra s e , will a lso  in flu en ce  th e  b in d in g  of b a c te r ia  
to  th e  sa liv a -c o a ted  h y d ro x y a p a tite  s u r fa c e . T he m icroorganism s

in v o lv ed  in  th e  e a r ly  co lon isation  of th e  c leaned  to o th  su rfa c e  a n d  th e  

p ro p o se d  m echanism s in v o lv ed  in  th e ir  se le c tiv e  a d so rp tio n  to  th e  pellic le  

la y e r  will b e  d isc u sse d  in  th e  follow ing sec tio n .
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1 .7 . D ental P laque Form ation and C om position.

1 . 7 . 1 .  B acteria l A dsorption  to  th e  P ellic le  C oated S u rface.

D ental p laq u e  can  b e  d e fin ed  as a d e n se , n o n -ca lc ified  b a c te r ia l m ass, so 

firm ly  a d h e re n t  to  th e  to o th  su rfa c e  th a t  i t  r e s is ts  removed b y  s a liv a ry  
flow o r  r in s in g .

Im m ediately follow ing th e  c lean in g  of a  to o th  s u rfa c e  in  th e  o ra l c av ity , 

s a liv a ry  p ro te in s  a n d  g ly co p ro te in s  a re  se le c tiv e ly  a d so rb e d  on to  th e  

enam el su rfa c e  to  form  th e  a c q u ire d  pellic le  as  d e sc r ib e d  in  Section 1 .6 . 

A fte r  on ly  a  s h o r t  p e r io d  of e x p o su re  to  th e  norm al o ra l en v iro n m en t, 

b a c te r ia  becom e a d so rb e d  to  th is  p ro te in a ce o u s  la y e r .  T h is  a d so rp tio n  is 

b e lie v ed  to  b e  a  se lec tiv e  p ro c e ss  w ith  some b a c te r ia l sp ec ies  b e in g  

a d so rb e d  from  sa liv a  to  a  m uch g re a te r  e x te n t  th a n  o th e r s ,  ev en  a lth o u g h  

th e  fo rm er g ro u p  a re  p re s e n t  in  m uch low er p ro p o rtio n s  in  sa liv a  (v an  

H oute e t a l . , 1970; 1971; L iljem ark & G ibbons, 1971; 1972). T h is  is  in  

c o n tra s t  to  a  p re v io u s  th e o ry  w hich  s u g g e s te d  th a t  a n o n -se lec tiv e  

" e n tra p m e n t” of b a c te r ia  was in v o lv ed  in  th e  in itia l co lonisation  of th e  

to o th  (rev iew ed  b y  G ibbons & v an  H oute , 1973).

T h e  f i r s t  p h a se  in  th e  a d so rp tio n  of an  o rgan ism  is  th o u g h t to  b e  a  loose 

a sso c ia tio n  b e tw een  th e  b ac te riu m  an d  th e  p e llic le -co v e red  to o th  su rfa c e  

d u e  to  a t t r a c t iv e  v an  d e r  Waal’s fo rce s  (G ib b o n s, 1984). H ow ever as  th e  

b a c te riu m  a p p ro a ch e s  th e  su rfa c e  i t  is  re p e lle d  b y  th e  n e g a tiv e  e le c tro 

s ta t ic  c h a rg e s  p o s se s se d  b y  m ost n a tu ra l  su r fa c e s  a n d  b y  m ost b a c te r ia . 
T h is  r e s u l ts  in  a s ta te  of eq u ilib riu m , w ith  a  b a lan ce  b e tw een  th e  
a t t r a c t iv e  a n d  re p u ls iv e  fo rc e s , a n d  w ith  th e  o rgan ism  h e ld  a t  a  d is tan ce  

o f ap p ro x im ate ly  10 nm from  th e  su rfa c e  (G ib b o n s, 1984). A d so rp tio n  a t 

th is  s ta g e  is r e v e r s ib le ,  b u t  if th is  sp ace  is  b r id g e d  b y  m acrom olecules 
w hich  can  lin k  b o th  to g e th e r  b y  h y d ro g e n , e le c tro s ta tic  o r  h y d ro p h o b ic  

b o n d s  th e  a tta ch m en t th e n  becom es firm er (G ibbons e t a l . , 1985). T his 

ty p e  of ad h esio n  h a s  b e en  c lass ified  as n o n -sp e c if ic . In  c o n tra s t ,  if  
s tereochem ica l in te ra c tio n s  ta k e  p lace  w hich  invo lve  com plem entary  
com ponents of th e  b ac te riu m  an d  of th e  pellic le  su rfa c e  to  form  a "lock 

a n d  key "  m echanism , th e n  sp ec ific  ad h es io n  is  co n sid e red  to  h av e  o c c u rre d . 
O b se rv a tio n s  s u g g e s t  th a t  b a c te r ia  p o sse ss  on th e ir  s u r fa c e , le c tin -lik e  

lig a n d s , called  a d h e s in s , w hich can  in te ra c t  in  a  s tereochem ical m anner
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w ith re c e p to r s  on th e  o ra l t is su e s  (G ib b o n s, 1984). B oth  n o n -sp ec if ic  

p h y s ic a l b o n d in g  an d  sp ec ific  stereochem ica l in te ra c tio n s  a re  b e liev ed  to  be  

in v o lv ed  in  th e  a tta ch m en t of b a c te r ia  to  th e  a c q u ire d  pellic le  co v erin g  
th e  to o th  su rfa c e  (G ib b o n s, 1980; N e sb itt , 1982).

S ev e ra l s tu d ie s  h av e  s u g g e s te d  th a t  th e  h y d ro p h o b ic  p ro p e r t ie s  of b a c te r ia  

p la y  an  im p o rtan t ro le  in  th e ir  a tta ch m en t to  th e  te e th  (N esb itt a t a l . , 

1982; G ibbons & E th e rd e n , 1983; R o se n b e rg  e t a l . , 1983). G ibbons and  

c o -w o rk e rs  (1985) su rm ised  th a t  p e llic les  con ta in  m ultip le b in d in g  s ite s  fo r  

sp ec ific  s t r a in s  of o rg an ism s, some of w hich a re  h ig h -a f f in ity  an d  some 

lo w -a ffin ity  s i te s .  T h e y  s u g g e s te d  th a t ,  a lth o u g h  b a c te r ia  may a t ta c h  to 

p e llic les  w ithou t th e  invo lvem en t o f stereochem ica l a d h e s in - re c e p to r  

in te r a c t io n s , th e  s t r e n g th  of th e se  b o n d s  is low a n d  p ro b a b ly  in a d eq u a te  to  

p e rm it co lon isa tion . H ow ever sim ultaneous invo lvem ent of stereochem ical 

in te ra c t io n s  g re a t ly  in c re a se s  th e  s t r e n g th  of th e  b o n d . T h ey  also 

c o n s id e re d  th a t  th e  h ig h  d e g re e  of s e le c tiv ity  in v o lv ed  in  b a c te r ia l 

a tta ch m e n t to  th e  pellic le  su rfa c e  could  n o t b e  ex p la in ed  so lely  b y  p h y sica l 

fo rc e s  w hich  prom ote on ly  n o n -sp e c if ic  a d h es io n , b u t  m ust a lso  involve 

sp ec ific  stereochem ica l in te ra c t io n s .

T h e  b a c te r ia l a d h e s in s  in v o lv ed  in  th e se  sp ec ific  in te ra c tio n s  a re  f r e q u e n tly  

p r e s e n t  in  filam en tous su rfa c e  a p p en d a g e s  su c h  as  p ili o r  fim briae  

(G ib b o n s , 1984). T he com position of th e se  le c tin - lik e  ad h es io n s  p re s e n t  

on in d iv id u a l b a c te r ia  h a s  b e en  e x te n s iv e ly  s tu d ie d  (E llen  e t  a l . , 1980; 
C isa r  e t a l . , 1981; G ibbons & E th e rd e n , 1982) an d  th e  d iffe ren c es  in  th e ir  

com ponents is th o u g h t to  b e  re sp o n s ib le  fo r  th e  h ig h  d e g re e  of sp ec if ic ity  

in v o lv ed  in  th e  in itia l co lonisation  of th e  p e llic le -co v e red  to o th  su r fa c e .

1 . 7 . 2 .  E arly Plaque C olonisation .

T h e  f i r s t  s ta g e  in  th e  b a c te r ia l co lon isation  of su rfa c e s  in  th e  o ra l c av ity  

r e q u ire s  th e  o rgan ism  to  a d so rb  to  th e  su rfa c e  to  p re v e n t  w ash in g  aw ay b y  
th e  flow of s e c re tio n s . S tu d ies  of th e  a d h e ren c e  an d  s u b se q u e n t 

co lon isation  of th e  a c q u ire d  pellic le  b y  o ra l b a c te r ia  in  v ivo  h av e  fo u n d  
th a t  c e r ta in  sp ec ie s  p red o m in a te  in  th e  e a r ly  s ta g e s  of p laq u e  form ation  

(C a r ls so n , 1967; R itz , 1967; S o c ra n sk y  e t a l . , 1977; Moore e t a l . , 1982).
T he  a d h e re n c e  a n d  e a r ly  co lonisation  of o ra l s tre p to co c c i h a s  b een
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e x te n s iv e ly  s tu d ie d , a n d  i t  h a s  b e e n  fo u n d  th a t  c e r ta in  s tre p to co c c a l 

sp ec ie s  a d h e re  w ith  h ig h  a ff in ity  a n d  in  h ig h  n u m b ers  to  in  v itro  s a liv a ry  

p e llic le s , an d  th a t  th e se  f in d in g s  c o rre la te  w ith  th e ir  in  v ivo  ad h e ren c e  

a n d  s u b se q u e n t co lon isation  of c leaned  to o th  su rfa c e s  (v a n  H oute e t  al_., 

1971; G ibbons & v an  H ou te , 1980). T he  s tre p to co c c i w hich  in itia lly  

a d h e re  to  an d  colonise th e  pellic le  la y e r  in  h ig h  n u m b ers  b e lo n g  to  th e  

S t r e p . s an g u is  a n d  S t r e p . m itis s p e c ie s . A ctinom yces sp ec ie s  a re  also 

norm ally  p r e s e n t ,  in  m uch low er p ro p o r tio n s , am ongst th e  e a r lie s t  m icrobial 

co lo n ise rs , an d  d u r in g  th e  f i r s t  24 h o u rs  of p laq u e  form ation  u p  to  90 % of 

th e  o rgan ism s b e lo n g  to  e i th e r  s tre p to c o c c u s  o r  actinom yces (N yvad  & 

F e je rsk o v , 1986). O th e r sp ec ie s  h a v e , h o w ev er, a lso  b e en  fo u n d  in  

re la tiv e ly  h ig h  p ro p o r tio n s  in  p laq u e  le ss  th a n  48 h o u rs  o ld . T hese  

in c lu d e  V eillonella s p p . , N e isse ria  s p p . a n d  H aem ophilus p a ra in flu en zae  

(R itz , 1967; K ilian e t a l . ,  1976; S o c ra n sk y  e t a l . ,  1977).

L iljem ark a n d  co -w o rk e rs  (1986) in v e s t ig a te d  th e  re la tiv e  p ro p o rtio n s  of 

b a c te r ia  in  sa liv a  a n d  2 h o u r  p la q u e . T h e y  fo u n d  th a t  S t r e p . san g u is  and  

A ctinom yces v isco su s  w ere p re s e n t  in  m uch h ig h e r  p ro p o r tio n  in  p laq u e  

th a n  sa liv a  s u g g e s tin g  th a t  s a liv a ry  pellic le  s tro n g ly  p rom oted  th e  

a d h e re n c e  of th e se  sp e c ie s .

S o c ra n sk y  a n d  c o -w o rk e rs  (1977) h av e  d iv id ed  th e  developm ent of p laq u e  

on c leaned  to o th  su r fa c e s  in  v ivo  in to  th re e  p h a se s . T he f i r s t ,  te rm ed  
th e  p h a se  of in itia l co lon isa tion , sp a n s  th e  p e rio d  from  0 to  8 h o u rs ,  an d  

d u r in g  th is  in te rv a l  to ta l co u n ts  of 10s to  106 o rgan ism s p e r  cm2 enam el 

h av e  b e en  fo u n d  (v a n  H oute e t a l . , 1971). S can n in g  e lec tro n  m icroscopy 

of th e se  s u rfa c e s  h a s  show n th a t ,  a f te r  fo u r  h o u r s ’ e x p o su re  to  th e  o ra l 
e n v iro n m en t, on ly  a  few  coccoid o r  co cco -b ac illa ry  o rgan ism s a d h e re  to  

th e  enam el s u r fa c e , re s id in g  in  p i ts  o r o th e r  d e p re ss io n s  in  th e  su rfa c e  

(S a x to n , 1973; N yvad & F e je rsk o v , 1987). B y e ig h t h o u rs ,  localised  

m icrocolonies of coccoid an d  ro d -sh a p e d  b a c te r ia  a re  p r e s e n t ,  s h e lte re d  b y  
th e  p e rik y m a ta , w h ils t th e  r e s t  of th e  su rfa c e  is  on ly  v e r y  s p a rs e ly  

co lon ised  b y  o rg an ism s.

D u rin g  th is  p h a se  b a c te r ia  a re  a d so rb e d  on to  th e  p e llic le -co a ted  enam el 
s u rfa c e  from  sa liv a . S tu d ies  w ith  S t r e p . san g u is  a n d  S t r e p . sa liv a riu s  (v an  
H o u te , 1976) show ed th a t  d u r in g  th e  f i r s t  few  m in u te s , th e  p ro p o r tio n s  of 
sp ec ie s  p re s e n t  on th e  to o th  su rfa c e  a re  sim ilar to  th o se  fo u n d  in  sa liv a .
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H ow ever, a p ro p o r tio n a l s h if t  th e n  cakes p lace , w ith th o se  sp ec ie s  w hich 

h av e  a h ig h  a ff in ity  fo r  th e  su rfa c e  in c re a s in g , w h ils t th o se  w ith  low 

a ff in ity  a p p e a r  to  be  d e so rb e d  from  th e  s u r fa c e . T h is  s u g g e s ts  th a t  

in itia lly  th e  b a c te r ia l  a d so rp tio n  to  th e  su rfa c e  may invo lve  a  re v e rs ib le  

p h a se  of w eak a sso c ia tio n  b e fo re  a firm er a tta ch m en t o c c u rs .

T h e  p re se n c e  of b a c te r ia l ly -d e r iv e d  e x tra -c e l lu la r  p o ly sac c h a rid es  in  th e  

p la q u e  m a trix  may in flu en ce  th e  a tta ch m e n t of c e r ta in  sp e c ie s , an d  e a rly  

s tu d ie s  s u g g e s te d  th a t  g lu c a n , s y n th e s is e d  from  su c ro se , was re q u ire d  fo r 

th e  a tta ch m en t of th e  m utans g ro u p  of s tre p to co c c i to  th e  te e th  

(rev iew ed  b y  Hamada & S lad e , 1980). H ow ever, G ibbons an d  co -w o rk e rs  

(1986) fo u n d  th a t  g lu can  s y n th e s is  e n h an c e d  th e  a tta ch m en t of on ly  some 

of th e  sp ec ie s  b e lo n g in g  to  th is  g ro u p , an d  su g g e s te d  th a t  d iffe re n t 

a d h e s in s  p re s e n t  on b a c te r ia ,  an d  d if fe re n t pe llic le  re c e p to rs  a re  invo lved  

in  th e  a tta ch m en t of th e se  sp ec ie s  to  th e  s u r fa c e .

D u rin g  th e  seco n d  p h a s e , ra p id  g ro w th  of th e  p laq u e  o c c u rs . B ac te ria  

p ro li fe ra te  from  th e  ed g es  of th e  m icrocolonies to  form  m onolayers w hich 

e v e n tu a lly  fu se  w ith  each  o th e r . A fte r  one d a y , th e  su rfa c e  of th e  

m icrob io ta  is m ainly com posed of coccoid b a c te r ia ,  w ith  on ly  a few 

filam en ts  p r e s e n t .  B y 48 h o u r s ,  th e  su rfa c e  is com pletely  co v ered  b y  

d e p o s its  of coccoid a n d  filam entous b a c te r ia ,  w ith  th e  la t te r  ly in g  

p e rp e n d ic u la r ly  to  th e  to o th  su rfa c e  in  b e tw een  is la n d s  of coccoid 

m icrocolonies (N yvad  a n d  F e je rsk o v , 1986). D u rin g  th is  p h a se  to ta l 

c o u n ts  of 108 o rgan ism s p e r  cm2 a re  re a c h e d  (S o c ra n sk y  e t  a l . , 1977).

T h e  ra p id  in c re a se  in  b a c te r ia l  n u m b ers  seen  d u r in g  th is  p e rio d  is  th o u g h t 

to  b e  d u e  m ainly to  g ro w th  of th e  o rg a n ism s , w ith  ch an g es  in  th e  

p ro p o r tio n s  of sp ec ie s  ta k in g  p lace  due  to  d iffe ren c es  in  th e  r a te s  of cell 

d iv is io n , re le a se  an d  d e a th  (B eck e rs  & van  d e r  H oeven, 1982). B etw een 

e ig h t h o u rs  a n d  one d ay  an  in c re a se  in  coccoid o rgan ism s a n d  a  fa ll in  th e  
p ro p o r tio n  of filam entous b a c te r ia  is  see n . S o c ran sk y  a n d  co -w o rk e rs  

(1977) h av e  show n an  in c re a se  in  S t r e p . san g u is  levels  a n d  a d e c rea se  in  
th e  p ro p o rtio n  of A ctinom yces v isco su s  d u r in g  th is  p e r io d . T h ey  su g g e s t 
th a t  th is  is  b e ca u se  S t r e p . san g u is  becom es firm ly  a tta c h e d  e a r lie r  and  

in itia te s  cell m ultip lica tion  so o n er th a n  A ctinom yces v is c o s u s .

C o ag g reg a tio n  is  a lso  b e liev ed  to  p la y  a  ro le  in  e a r ly  p laq u e  fo rm ation .
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S tu d ies  h av e  show n th a t  m any o ra l b a c te r ia l  sp ec ie s  a re  ab le  to  a d h e re  to  

each  o th e r  (L iljem ark e t a h  , 1986), an d  i t  is  th o u g h t th a t  some organ ism s 

may becom e in c o rp o ra te d  b y  a tta c h in g  to  o th e r  b a c te r ia  a lre a d y  p re s e n t  in  

th e  p la q u e . T he im p o rtan ce  of th is  m echanism  in  th e  e a r ly  colonisation 

of p laq u e  is  u n c e r ta in , h o w ev er, an d  i t  is  fe lt th a t  in  p laq u es  o ld e r th a n  8 

-  12 h o u rs ,  th e  main fa c to r  g o v e rn in g  th e  in c re a se  in  th e  cell num ber of 

sp ec ie s  is  lik e ly  to  b e  cell g ro w th  r a th e r  th a n  co ag g reg a tio n  ( S o c ran sk y  e t 

a h ,  1977; O rs ta v ik , 1984).

T h e  th i r d  p h a se  of p la q u e  developm ent b e g in s  a f te r  48 h o u rs .  As th e  

p la q u e  a g e s , ch an g e s  in  th e  com position of th e  flo ra  ta k e  p lace  w ith  a 

s h if t  from  a  s tre p to c o c c u s -  to  an  ac tin o m y ces- dom inated p laq u e  (S yed  & 

Loesche, 1978).

T h e  m icrobial su ccess io n  seen  is b e liev ed  to  b e  due  to  a lte ra tio n s  in  th e  

en v iro n m en t w ith in  th e  p la q u e , w ith  ch an g es  in  th e  av a ilab ility  of 

n u tr ie n ts  a n d  in  th e  ox id a tio n  - re d u c tio n  p o te n tia l of th e  p laq u e  ta k in g  

p la c e . T h ese  c h a ra c te r is t ic s  may a ffe c t b a c te r ia l  g ro w th  an d  m etabolism  

a t  d if fe re n t th ic k n e sse s  of p la q u e  (M arsh  & K eevil, 1986a) an d  acco u n t fo r  

th e  s h if t  from  a p laq u e  dom inated  b y  ae ro b ic  an d  fa c u lta tiv e ly  anaero b ic  

s p e c ie s , to  one w h ere  fa c u lta tiv e ly  an ae ro b ic  a n d  o b lig a to ry  an aero b ic  

o rg an ism s p red o m in a te  a f te r  a p e rio d  of n in e  d ay s  (R itz , 1967).

C o n sid erab le  v a ria tio n  e x is ts  in  th e  com position of m atu re  p laq u e  betw een  
d if fe re n t s ite s  in  th e  o ra l c a v ity . T h is  is  d u e  in  p a r t  to  d iffe ren c es  in  

th e  p h y s ic a l c h a ra c te r is t ic s  an d  o rie n ta tio n  of th e  to o th  s u r fa c e s . In  
ad d itio n  to  v a ria tio n  e x is t in g  in  th e  com position of th e  flo ra  betw een  

f is s u re  an d  sm ooth su rfa c e  p la q u e s , co n sid e rab le  d iffe ren c es  can  also  o ccu r 

in  th e  m icrobio ta iso la ted  from  a d jacen t s ite s  on th e  same su rfa ce  
(rev iew ed  b y  Jo h n so n  & M u rp h y , 1983). T he com position of th e  flo ra  

iso la ted  from  m atu re  p laq u e  on approxim al a n d  f is s u re  s ite s  will be  

d isc u sse d  in  a  la te r  c h a p te r .

1 . 7 . 3 .  Com position o f P laque M atrix.

A lth o u g h  th e  chem ical a n d  m icrobiological com position of p laq u e  v a rie s  in  

d if fe re n t s ite s  w ith in  th e  o ra l c a v ity , c e r ta in  a sp e c ts  of i ts  s t r u c tu r e  a re
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re la tiv e ly  c o n s ta n t. Whole p laq u e  c o n s is ts  b y  volum e of a p p ro ximate ly  70 

% c e llu la r m ateria l a n d  30 % m a trix , w ith  an  o v e ra ll w a te r  co n ten t b y  

w eig h t of 82 %, of w hich  50 % is  in tra c e l lu la r  a n d  32 % e x tra c e llu la r  
( J e n k in s , 1978).

T h e  main c o n s ti tu e n ts  of th e  p laq u e  m a trix  a re  p ro te in s , g ly co p ro te in s  

d e r iv e d  from  sa liv a , an d  b a c te r ia l  p o ly sa c c h a r id e s . A n u m b er of th e o rie s  

h a v e  b e e n  p u t  fo rw a rd  r e g a rd in g  th e  o rig in  of th e se  p ro te in s ,  an d  th e se  

in c lu d e :

1] Mucin p re c ip ita tio n  due  to  th e  ac id ifica tion  of sa liv a , o r  th e  local

p ro d u c tio n  of ac id  b y  b a c te r ia l  d ep o s its  on th e  te e th .

ii] T h e  rem oval of sialic  acid  re s id u e s  from  th e  c a rb o h y d ra te  side

ch a in s  of s a liv a ry  g ly c o p ro te in s  b y  b a c te r ia l neuram in idase  

(L each , 1970).

h i]  L ocalised  in c re a se s  in  calcium  co n ce n tra tio n  (e i th e r  from

c re v ic u la r  f lu id  o r  e x is t in g  p la q u e ) r e s u l t in g  in  p re c ip ita tio n  of 

p r o te in s .

iv ]  A g g reg a tio n  of th e  re s id u a l p ro te in  co res  of g ly co p ro te in s

d e p le ted  of th e i r  c a rb o h y d ra te  s id e -c h a in s  b y  b a c te r ia l  enzym ic 

a c tiv ity  (L each , 1980).

C e r ta in  o ra l b a c te r ia  a re  ab le  to  p ro d u c e  e x tra c e llu la r  p o ly sac c h a rid e s  from  

c a rb o h y d ra te ;  M arsh  an d  K eevil (1986b) h av e  lis te d  th e se  m icrobial 

p o p u la tio n s , to g e th e r  w ith  th e  po lym ers th e y  p ro d u c e . T he form ation  of 

e x tra c e llu la r  p o ly sac c h a rid e s  from  su c ro se  b y  S t r e p . m utans h a s  b een  
e x te n s iv e ly  s tu d ie d  (rev iew ed  b y  Hamada & S lade , 1980) w ith  th e  p ro d u c ts  

fa llin g  in to  two main g ro u p s , g lu can s  a n d  f r u c ta n s ,  w hich  a re  polym ers of 
g lu co se  an d  f ru c to s e  re s p e c tiv e ly . E x trac e llu la r  enzym es called
g lu c o sy ltra n s fe ra s e s  a n d  f ru c to s y ltra n s fe ra s e s  a re  in v o lv ed  in  th e  form ation 

of th e se  p o ly m ers , an d  c leavage of th e  h ig h -e n e rg y  d isac c h a rid e  b o n d  of 

su c ro se  allows th e  po lym erisa tion  to  o ccu r w ith o u t a n y  f u r th e r  in p u t of 

e n e rg y  b e in g  re q u ire d .  Two ty p e s  of g lu can s  a re  form ed b y  S t r e p . m utans 
-  one ty p e  called  " d e x tra n "  h a s  a ( l - 6) core  lin k ag es  w ith  b ra n c h e s  of a ( l -

2 ) , a ( l - 3 )  an d  a ( l - 4 )  lin k a g e s , w h ils t th e  o th e r  called  "m utan" h a s  a  core 

a ( l - 3 )  lin k ag e  w ith  b ra n c h e s  a t  a ( l - 4 )  an d  a ( l - 6 ) (N ik ifo ru k , 1985). 
M any of th e  e x tra c e llu la r  p o ly sac c h a rid es  form ed from  su c ro se  p la y  an 
im p o rtan t ro le  as  s t r u c tu r a l  po lym ers of th e  p laq u e  m a trix . C arls  son  &
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E g e lb e rg  (1965) show ed th a t  p laq u e  form ed on su c ro se  r ic h  d ie ts  w ere 

h e a v ie r  an d  th ic k e r  th a n  th o se  fo rm ed d u r in g  g lucose su p p lem en ta tio n . 

T h is  was p re su m ab ly  due  to  an  in c re a se  in  th e  p ro d u c tio n  of e x tra c e llu la r  

p o ly sa c c h a r id e s  w hich  may prom ote ad h esio n  b e tw een  b a c te r ia  (G ibbons, 

1980) an d  in c re a se  th e  am ount of e x tra c e llu la r  m atrix  in  p la q u e . I t  h as 

b e e n  s u g g e s te d  th a t  g lu can  a c ts  as  a  d iffu sio n  b a r r ie r  in  p laq u e  an d  may 

th u s  in flu en ce  th e  ca rio u s  p ro c e ss  b y  a ffe c tin g  th e  r a te  of acid  d iffu sio n  

o u tw a rd , o r  th e  m ovem ent of s u g a rs  o r  s a liv a ry  b u f fe rs  in to  th e  p laq u e  

(C ritc h le y  e t  aL , 1967).

W hilst some m odels s u g g e s t  th a t  p laq u e  th ic k n e ss  in flu en ces  th e  pH fo u n d  

a t  i ts  in n e r  su rfa c e  follow ing su c ro se  ch allenge  (Dawes & D ibden , 1986), 

a n d  th a t  th e  p re s e n c e  of e x tra c e llu la r  p o ly sac c h a rid e s  en h an ces  th e  enam el 

d em in e ra lis in g  p o te n tia l of p laq u e  (Z ero  e t a h  , 1986), o th e r  w o rk e rs  have  

show n no co rre la tio n  b e tw een  th e  in so lu b le  p o ly sacch a rid e  co n ten t of 

p la q u e  an d  i ts  d iffu sio n  p ro p e r t ie s  (D ibden  e t a l . , 1983), an d  s tu d ie s  on 

d iffu sio n  co effic ien ts  in  p laq u e  s u g g e s t  th a t  th e  r a te  of ac id  d iffu sio n  is 

u n lik e ly  to  b e  re sp o n s ib le  fo r  th e  p ro lo n g e d  lo w ering  of p laq u e  pH 

follow ing e x p o su re  to  d ie ta ry  c a rb o h y d ra te  (McNee e t al_., 1982).

T h e  e x tra c e llu la r  p o ly sac c h a r id e s  may a c t as  an  e n e rg y  so u rce  fo r  p laq u e  

b a c te r ia  w hen no o th e r  s u b s t r a te  is  av a ilab le . F ru c ta n s  a re  g e n e ra lly  

h ig h ly  so lub le  an d  can  b e  re a d ily  d e g ra d e d  b y  th e  o rg an ism s. In  ad d itio n , 
po lym ers of mu ta n -  a n d  d e x tra n -  ty p e  may a lso  b e  b ro k e n  down a n d  u se d  

b y  th e  p laq u e  b a c te r ia  (C a r ls so n , 1986).

A n o th e r im p o rtan t fu n c tio n  of th e  e x tra c e llu la r  p o ly sac c h a rid e s  invo lves 

th e i r  ro le  in  b a c te r ia l ad h esio n  an d  a g g re g a tio n . N um erous in  vivo an d  in  
v itro  s tu d ie s  h av e  show n th a t  th e  p re se n c e  of su c ro se  m arked ly  fac ilita te s  

th e  co lon isation  of S t r e p , m utans on th e  te e th  o r o th e r  solid  su rfa c e s  

(rev iew ed  b y  Hamada & S lade , 1980). T he  m echanism  is  b e liev ed  to  

in vo lve  th e  com plex in te ra c tio n  of g lu c an , g lu c o sy ltra n s fe ra se  a n d  th e  
s u rfa c e  pe llic le . H ow ever a  r e c e n t  s tu d y  b y  G ibbons a n d  co -w o rk ers  
(1986), in v e s t ig a tin g  th e  a ttach m en t of S t r e p . m utans an d  S t r e p . so b rin u s  

sp ec ie s  to  p e llic le , fo u n d  th a t  th e  p re se n c e  of g lu can  an d  g lu co sy l
tr a n s fe ra s e  en h an ces  th e  a tta ch m en t of on ly  th e  S t r e p . so b rin u s  s t r a in s .  
T h e y  th e re fo re  conclu d ed  th a t  th e  m echanism  w as h ig h ly  se le c tiv e , an d
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s u g g e s te d  th a t  th e  s t r a in s  of S t r e p . m utans u n d e r  in v e s tig a tio n  lack ed  a 
fu n c tio n a l g lu can  b in d in g  a d h e s in .

In  ad d itio n  to  c e ll- to -s u r fa c e  a d h e re n c e , e x tra c e llu la r  p o ly sacch a rid es  a re  

a lso  th o u g h t to  b e  in v o lv ed  in  ce ll- to -c e ll b in d in g , a n d  to  p la y  a ro le  in  

th e  fo rm ation  of d e n ta l p la q u e , a s  d e sc r ib e d  in  1 .7 .2 .  M any s tra in s  of 

S t r e p . m utans a g g lu tin a te  in  th e  p re s e n c e  of d e x tr a n s ,  an d  th e se  h ig h  

m olecular w e ig h t po lym ers a re  a lso  b e liev ed  to  en h an ce  ag g re g a tio n  

b e tw een  d if fe re n t  ty p e s  of b a c te r ia l  ce lls ; B o u rg eau  an d  M cBride (1976) 

h av e  show n a g g re g a tio n  b e tw een  A ctinom yces v isco su s  an d  su c ro se -g ro w n  

S t r e p . m utans a n d  S t r e p . s a n g u is  c e lls , a n d  to  g lu can s  e lab o ra ted  b y  th e se  

s t re p to c o c c i .

J e n k in s  (1978) s ta te d  th a t  th e  m ost re le v a n t a re a  to  s tu d y  re g a rd in g  th e  

e ffe c t of p laq u e  on th e  to o th  would b e  th e  com position of th e  aqueous 

p h a se  of th e  in n e rm o st la y e rs  of p la q u e , in  c o n tac t w ith  th e  enam el o r  i ts  

p e llic le . A lth o u g h  th is  is  n o t p o ss ib le , th e  flu id  p h a se  of th e  p laq u e  as a 

whole h a s  b e e n  in v e s t ig a te d  an d  some of i ts  c o n s ti tu e n ts  estim ated  (E d g ar 

& T a te v o ss ia n , 1971; T a te v o ss ia n  & G ould, 1976). T he osm otic p re s s u re  

of th e  f lu id  is  h ig h e r  th a n  th a t  fo u n d  in  p lasm a o r sa liv a , an d  th e  

c o n ce n tra tio n  of m ost io n s , in c lu d in g  calcium  an d  p h o sp h a te  is much 

g r e a te r  th a n  th o se  in  th e  g in g iv a l f lu id  o r  sa liv a . T he en v iro n m en t of 

th e  p la q u e  th e re fo re  a p p e a rs  to  be  q u ite  d is t in c t from  th a t  e x p ec ted  on 

th e  b a s is  of f re e  eq u ilib ra tio n  w ith  sa liv a .

T h e  p rob lem s in v o lv ed  in  a tte m p tin g  to  e x tr a c t  th e  flu id  p h a se  from  th e  

p la q u e  as  a  w hole, an d  th e  fa c t th a t  m icro -env ironm en ta l d iffe ren c es  in  
th e  d is tr ib u tio n  of so lu te s  w ith in  th e  p laq u e  la y e rs  can n o t b e  m easu red  

(T a te v o ss ia n  & G ould, 1976), m eans th a t  o n ly  lim ited in form ation  is 

o b ta in ed  from  s tu d ie s  on th e  aq u eo u s p h a se  of p la q u e , an d  th a t  m ost of 

th e  d a ta  availab le  on th e  e ffe c ts  th a t  th e  s u r ro u n d in g  o ra l f lu id s  h av e  on 

th e  ph y sico -ch em ica l in te g r i ty  of enam el a re  b a se d  on s a liv a ry  estim ations 

(L a rse n  & B ru u n , 1986).

1 . 8 .  P laque M etabolism .

T he main so u rc e  of n u tr ie n ts  to  th e  o ra l m icrobio ta  is  m ixed sa liva  
(C a r ls so n , 1984). U n d e r r e s t in g  co n d itio n s , th e  co n cen tra tio n  of c a rb o -
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h y d ra te s  in  sa liv a  is  low, w ith  n itro g en o u s  b a se s  com prising  a s ig n if ic a n t 

p ro p o r tio n  of th e  availab le  n u tr ie n ts  (S re e b n y , 1984). H ow ever, s u g a r  

lev e ls  may in c re a se  1000-fo ld  follow ing th e  in ta k e  of food , an d  in  o rd e r  to  

ga in  maximum b e n e f it  from  th e se  cond itions an d  to  p re v e n t  th e  su d d en  

c h an g e s  in  s u g a r  co n ce n tra tio n  from  k illin g  th e  b a c te r ia ,  c a re fu l reg u la tio n  

of c a rb o h y d ra te  u p ta k e  a n d  m etabolism  is  r e q u ire d . S tu d ies  h av e  show n 

th a t  o ra l s tre p to co c c i a d a p t to  th e i r  " fe a s t an d  fam ine" ex is ten ce  on th e  

te e th  b y  re g u la t in g  th e i r  s u g a r  m etabolism  a t th re e  le v e ls ; i] th e  

t r a n s p o r t  of s u g a r  in to  th e  b a c te riu m , ii] th e  g lyco ly tic  p a th w ay  and  

iii] th e  co n v ers io n  of p y ru v a te  in to  m etabolic e n d -p ro d u c ts  (C a rls so n , 

1984).

S pecific  p ro te in  c a r r ie r s  p re s e n t  in  th e  cell m em brane a re  re q u ire d  fo r  th e  

t r a n s p o r t  of th e  v a rio u s  c a rb o h y d ra te s  in to  th e  cell, w ith  u su a lly  more 

th a n  one c a r r ie r - s y s te m  e x is t in g  fo r  e ach  s u g a r .  In  th e  case of g lucose , 

s tre p to c o c c i h av e  two s u c h  sy s te m s , a  p h o sp h o en o lp y ru v a te  : s u g a r  

p h o s p h o tra n s fe ra s e  sy s te m , an d  a  p ro te in - l in k e d  ac tiv e  s u g a r  t r a n s p o r t  

m echanism . T he fo rm er sy stem  h as  a  h ig h  a ff in ity  fo r  th e  s u g a r  and  

dom inates w hen th e  s u g a r  co n ce n tra tio n  is  low , w h ils t th e  la t te r  system  

o p e ra te s  a t  h ig h e r  co n ce n tra tio n  an d  low er pH  (C a rls so n , 1984). T h e re  

a re  a t  le a s t two t r a n s p o r t  sy stem s fo r  su c ro se  in  S t r e p . m u ta n s . A t low 

c o n c e n tra tio n , i t  may e n te r  th e  cell a s  s u c ro s e -6-p h o sp h a te  v ia  i ts  own 

p h o s p h o tra n s fe ra s e  sy stem  (S lee & T a n z e r , 1979), a n d  su b se q u e n tly  be  

b ro k e n  down in to  f ru c to s e  a n d  g lu co se - 6-p h o sp h a te  b y  s u c ro se - 6-p h o sp h a te  

h y d ro la s e , a  c o n s ti tu tiv e  enzym e, w ith  th e  g lu co se - 6-p h o sp h a te  th e n  
e n te r in g  th e  E m bden-M eyerhof p a th w ay . A t h ig h e r  su c ro se  c o n ce n tra tio n , 

a p ro te in - l in k e d  sy stem  is  b e liev ed  to  o p e ra te  (Ellwood & H am ilton, 1982). 

In  a d d itio n , th e  su c ro se  may b e  a c te d  u p o n  b y  e x tra c e llu la r  enzym es to  
p ro d u c e  g lu can  a n d  f ru c ta n  po lym ers as  d e sc r ib e d  in  S ection  1 .7 .3 . ,  o r may 

b e  h y d ro ly se d  b y  p laq u e  flu id  in v e r ta s e  a c tiv ity  (T a te v o ss ia n , 1982) w ith  

s u b se q u e n t b a c te r ia l u p ta k e  of th e  c o n s ti tu e n t s u g a r s .

T h e  m etabolism  of c a rb o h y d ra te  in s id e  th e  b a c te r ia l cell is  th e  most 
im p o rtan t re a c tio n  re g a rd in g  th e  ae tio logy  of c a r ie s , s in ce  th e  m etabolic 
e n d -p ro d u c ts  form ed a re  re sp o n s ib le  fo r  c re a tin g  th e  acid ic  env ironm en t 

w h ich  may r e s u l t  in  th e  d isso lu tio n  of to o th  enam el. In  m ost b a c te r ia , 
g lu co se  is  d e g ra d e d  b y  g lyco ly tic  enzym es v ia  th e  E m bden-M eyerhof p a th 
w ay , w ith  th e  p ro d u c tio n  of two p y ru v a te  m olecules from  each  molecule of
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g lu co se . T h ese  re a c tio n s  a re  c a re fu lly  c o n tro lled , an d  a re  in flu en ced  b y  

th e  a v a ilab ility  of th e  s u g a r ,  w ith  p y ru v a te  k in a se  b e in g  th e  main 

r e g u la to ry  s te p  in  s tre p to c o c c i (Iwama & Y am ada, 1980). T he p y ru v a te  

fo rm ed  b y  g ly co lysis  can  b e  d e g ra d e d  f u r th e r  in  a n u m ber of w ays 

d e p e n d in g  on w h e th e r  th e  b a c te r ia l  s t r a in  is  homo- o r h e te ro fe rm e n ta tiv e , 

a n d  on th e  co n ce n tra tio n  of s u b s t r a te  w hich  may a ffe c t enzym e a c tiv ity . 

U n d e r  co n d itions of s u g a r  s ta rv a tio n , p y ru v a te  is c o n v e r ted  in to  e thano l 

an d  ace tic  an d  form ic ac id s  b y  th e  p y ru v a te  fo rm ate -ly a se  p a th w ay . 

H ow ever if th e  s u b s t r a te  is  p r e s e n t  in  e x c e s s , m any b a c te r ia  in c lu d in g  

s t r a in s  of s tre p to c o c c i, lactobac illi an d  b ifid o b ac te ria  a re  ab le  to  p re v e n t 

th e  accum ulation  of tox ic  m etabolic in te rm e d ia te s  in  th e  cell b y  th e  

ac tiv a tio n  of sy stem s w hich  re s u l t  in  an  in c re a se  in  th e  g lyco ly tic  r a te  and  

m ore ra p id  d ra in a g e  of p ro d u c ts  from  th e  cell. T h is  m echanism , ac tiv a te d  

b y  in c re a se d  lev e ls  of f r u c to s e - 1 , 6-d ip h o s p h a te , sw itches on th e  la c ta te  

d e h y d ro g e n a se  p a th w ay  a n d  re s u l ts  in  th e  co n v ersio n  of p y ru v a te  in to  

la c ta te  m olecules (C a rls so n , 1988).

In  ad d itio n  to  th e  lev e ls  of s u b s t r a te ,  o th e r  fa c to rs  may in flu en ce  th e  

com position a n d  p ro p o r tio n  of ac id s  p re s e n t  in  th e  p la q u e . V eillonella 

sp ec ie s  a re  ab le  to  m etabolise la c ta te  in to  a ce tic  an d  p ro p io n ic  ac id s  (Mikx 

& v an  d e r  H oeven, 1975; D is tle r & K ro n ck e , 1980) an d  o th e r  b a c te r ia , 

in c lu d in g  m em bers of P ro p io n ib a c te riu m , E ubac terium  an d  A rach n ia  sp ec ie s , 

a re  a lso  ab le  to  m etabolise la c ta te . T he  o v e ra ll r e s u l t  of c a rb o h y d ra te  

catabolism  is th e re fo re  th e  p ro d u c tio n  of a n u m b er of a c id s , th e  p re se n c e  

of w hich  h av e  b e en  confirm ed b y  a n u m b er of w o rk e rs  (G ed d es , 1975; 

D is tle r  8c K ro n ck e , 1983).

T h e  p ro d u c tio n  of ac id  follow ing th e  e x p o su re  of p laq u e  to  c a rb o h y d ra te  
h a s  b e en  e x te n s iv e ly  in v e s t ig a te d , b o th  b y  m easurem en t of pH an d  b y  

q u a lita tiv e  a n d  q u a n tita tiv e  an a ly s is  of acid  an ions (rev iew ed  b y  G eddes, 
1984). T h re e  m ethods e x is t fo r  m on ito ring  th e  pH of p laq u e  follow ing th e  

fe rm en ta tio n  of c a rb o h y d ra te  in  s i tu :

i] T h e  p ro b in g  m ethod allows d ire c t  m easurem ent of d is c re te  p laq u e

sam ples in  s i tu  (S te p h a n , 1940) u s in g  e i th e r  an tim ony  o r  g lass  

e le c tro d e s .
ii]  T h e  in dw elling  e lec tro d e  te ch n iq u e  (G ra f 8c M iihlem ann, 1966)
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p e rm its  co n tin u o u s  pH m easurem ents  from  e lec tro d e  system s 
h o u sed  in  a  d e n tu re  assem bly ,

iii] T he  sam pling  m ethod em ploys an  e x te rn a l e lec tro d e  system  to

m easu re  th e  pH  of p laq u e  rem oved  from  th e  te e th  a f te r  in  s itu  
c a rb o h y d ra te  fe rm en ta tio n  (F o sd ick  e t a h , 1941).

N um erous s tu d ie s  in v o lv in g  one o r  m ore of th e se  m ethods h ave  show n th a t  

b a c te r ia l  e x p o su re  to  c a rb o h y d ra te  r e s u l ts  in  a  ra p id  fa ll in  p laq u e  pH 

follow ed b y  a g ra d u a l r e tu r n  to  r e s t in g  v a lu es  o v e r p e rio d s  a p p ro ach in g  
s ix ty  m in u tes , g e n e ra lly  d e sc r ib e d  as a  "S te p h a n  C u rv e " .

A n u m b er of o rg an ic  ac id s  a re  p ro d u c e d  follow ing th e  fe rm en ta tio n  of 

s u g a r s  b y  p laq u e  b a c te r ia ,  an d  may c o n tr ib u te  to  th e  pH re s p o n se . T he 

m ethods availab le  fo r  th e  id en tific a tio n  an d  q u an tific a tio n  of th e  acid s 

p ro d u c e d  h av e  b e en  rev iew ed  b y  G eddes (1984), a n d  h av e  show n th a t  a t  

r e s t in g  pH v a lu es  ace tic  acid  dom inates th e  sp ec tru m  w ith  la c ta te  levels 

b e in g  low. Form ic, p ro p io n ic , su cc in ic  a n d  b u ty r ic  ac id s  may a lso  b e  

p re s e n t  in  low c o n c e n tra tio n . When p laq u e  is  ex p o sed  to  c a rb o h y d ra te , a 

s ig n if ic a n t in c re a se  in  la c ta te  c o n ce n tra tio n  o c c u rs , o ften  accom panied b y  

a fa ll in  a c e ta te .

T h e  ac id  sp ec tru m  p re s e n t  in  p la q u e  m ay in flu en ce  ca rio u s  lesion  

d evelopm en t. As la c ta te  is  th e  main acid  p ro d u c e d  on e x p o su re  of p laq u e  

to  s u g a rs  an d  is  one of th e  s t ro n g e s t  ac id s  form ed (pK  3 .8 6 ) , its  

p ro d u c tio n  is th e re fo re  r e g a rd e d  as  b e in g  c ru c ia l in  re la tio n  to  th e  

developm ent of c a rie s  (C a r ls so n , 1986). A t r e s t in g  p laq u e  pH v a lu e s , th e  

ac id s  fo u n d  in  p la q u e  a re  alm ost com pletely  d isso c ia te d . H ow ever, lac tic  
ac id  p ro d u c tio n  follow ing c a rb o h y d ra te  m etabolism  r e s u l ts  in  a fa ll in  pH , 

w ith  th e  re s u l t  th a t  some of th e  h ig h  pK ac id s  may th e n  be  p re s e n t  in  
th e i r  u n d isso c ia te d  fo rm . T h ese  a c id s , in  p a r t ic u la r  a ce ta te  w hich is 

u su a lly  p re s e n t  in  re la tiv e ly  h ig h  c o n c e n tra tio n , may th e re fo re  c o n tr ib u te  

to  th e  b u f f e r  c ap ac ity  of p laq u e  an d  h e lp  re d u c e  th e  fa ll in  pH  follow ing 
e x p o su re  to  c a rb o h y d ra te  (V ra tsan o s  & M andel, 1982). T he d ire c t ro le  of 

th e  h ig h  pK ac id s  in  th e  cario u s  p ro c e ss  is  s ti l l  u n c e r ta in . F e a th e rs to n e  
a n d  c o -w o rk e rs  (1979) h av e  s u g g e s te d  th a t  a ce tic  acid  d iffu se s  in to  enamel 

in  i ts  u n io n ised  form  a t  low pH a n d  th e n  d isso c ia te s  in to  h y d ro g e n  an d  

a c e ta te  ions w hich  may a tta c k  th e  enam el c ry s ta ls .  T h is  h y p o th e s is  h as 
b e e n  s u p p o r te d  b y  G eddes an d  co -w o rk e rs  (1984) who show ed th a t  ace tic
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ac id  w as ta k e n  u p  b y  enam el, in  p re fe re n c e  to  lac tic  a c id , in  an  ac id -o n ly  

sy s te m , a n d  a  p la q u e  in cu b a tio n  m odel, an d  F e a th e rs to n e  an d  R o d g ers  

(1981) h av e  show n th a t lac tic  an d  ace tic  ac id s  a re  ab le  to  p ro d u ce  

a rtif ic ia l ca rio u s  le s io n s , w ith  m ix tu res  of th e  two ac id s  h a v in g  ad d itiv e  
d em in era lisa tio n  p r o p e r t ie s .

1 .9 .  D iet and D ental C aries.

D ie ta ry  fa c to rs  may a ffe c t th e  te e th  a t  two le v e ls ; f i r s t ,  w hile th e  to o th  
is  s till  fo rm in g , an d  th e n , once i t  h a s  e ru p te d  in to  th e  m outh .

T he  p r e -e ru p t iv e  in flu en ce  on th e  enam el of lev e ls  of v itam ins and  

m inera ls  is  s till  u n c e r ta in , b u t  i t  is th o u g h t th a t  th e i r  e ffe c t is  lik e ly  to  

b e  sm all, w ith  flu o rid e  b e in g  th e  main d ie ta ry  com ponent in flu en c in g  th e  

re s is ta n c e  of th e  d ev e lo p in g  to o th  (R u g g -G u n n , 1983). T he  p o s t-e ru p tiv e  

e ffe c ts  of d ie t a p p e a r  to  b e  m ore im p o rtan t in  re la tio n  to d en ta l c a r ie s , 

w ith  fe rm en tab le  c a rb o h y d ra te  b e in g  th e  m ost im p o rtan t d ie ta ry  fa c to r .

S ince p ra c tic a l an d  e th ic a l d iff icu ltie s  a re  e n c o u n te re d  w hen a tte m p tin g  to  

c a r r y  o u t hum an c lin ical s tu d ie s  re la t in g  d ie t to  c a r ie s , a  v a r ie ty  of 

so u rc e s  h av e  b e en  u s e d  to  o b ta in  ev id en ce  lin k in g  d ie ta ry  fa c to rs  to  th e  

in itia tio n  o r  p ro g re s s io n  of th is  d isea se . T h ese  in c lu d e  i] epidem iological 

s u r v e y s ,  ii] hum an c lin ical s tu d ie s ,  iii] anim al ex p erim en ts  a n d  iv ] 

p la q u e  pH s tu d ie s .

1 . 9 . 1 .  Epidem iological S u rv ey s.

N um erous epidem iological s u rv e y s  h av e  in v e s t ig a te d  th e  ca rie s  ex p erien ce  

of g ro u p s  of peop le  b e fo re  a n d  a f te r  an  in c re a se  in  s u g a r  consum ption . 

E v idence  is  availab le  from  s tu d ie s  on th e  ch an g e  in  d ie t w hich  o c c u rre d  in  

th e  E n g lis h  p o p u la tio n  from  M edieval to  m odern  tim es, a n d  from  more 

re c e n t  ch an g es  in  th e  av a ilab ility  of s u g a r  in  d ev e lo p in g  c o u n trie s  an d  

rem ote is la n d  com m unities. A lth o u g h  m any of th e  s u rv e y s  h av e  b een  
c r itic is e d  fo r  a  nu m b er of re a so n s , in c lu d in g  th e  invo lvem ent of d iffe re n t 

n o n -s ta n d a rd is e d  ex am in ers , th e se  w orld -w ide  s tu d ie s  h av e  show n a close 

p a ra lle l b e tw een  in c re a se d  s u g a r  consum ption  in  m any com m unities a n d  an  

in c re a se  in  ca rie s  p re v a len c e  a n d  s e v e r i ty  (rev iew ed  b y  R u g g -G u n n , 1983) .

54



S tu d ie s  in v o lv in g  g ro u p s  of peop le  e a tin g  low am ounts of s u g a r ,  e g , th e  

Hopewood H ouse C h ild ren  in  A u s tra lia  (H a rr is , 1963), th o se  a ffe c ted  b y  

th e  w ar-tim e re s tr ic t io n  of s u g a r  an d  in d iv id u a ls  s u f fe r in g  from  d iseases  

s u c h  as  H e re d ita ry  F ru c to se  In to le ra n c e , w hich  n e c e s s ita te s  a  low s u g a r  

in ta k e , h av e  show n a low er ca r ie s  e x p e rien c e  com pared w ith  o th e r  g ro u p s  

(rev iew ed  b y  N ew b ru n , 1982). H ow ever, g ro u p s  w ith  in c re a se d  e x p o su re  

to  s u g a r ,  su c h  as c o n fec tio n a ry  w o rk e rs  (A n a ise , 1978), an d  ch ild re n  on 

lo n g -te rm  s u c ro se -b a se d  m edication (R o b e rts  & R o b e r ts , 1979) h av e  b een  

fo u n d  to  h av e  a h ig h e r  c a r ie s  e x p e r ie n c e .

1 .9 .2 .  Human C lin ical S tu d ie s .

T h e  m ost fam ous hum an clin ical s tu d y  of c a r ie s  was c a r r ie d  ou t in  Sweden 

b e tw een  1945 an d  1953 a t  th e  Vipeholm H o sp ita l, an  in s t i tu te  fo r  m entally  

d e fe c tiv e  in d iv id u a ls  (G u s ta ffso n  e t  a l . , 1954). T he  aim of th e  s tu d y  was 

to  in v e s t ig a te  th e  re la tio n sh ip  b e tw een  d ie t a n d  d e n ta l c a rie s  in  a 

lo n g itu d in a l m an n er, u n d e r  re la tiv e ly  w e ll-co n tro lled  co n d itio n s . T he 

p a tie n ts  w ere  d iv id ed  in to  s ix  main t e s t  g ro u p s  a n d  one co n tro l g ro u p , an d  

a to ta l of 436 in d iv id u a ls  com pleted  th e  s tu d y . T he  main p u rp o se  of th e  

s tu d y  was to  in v e s t ig a te  how c a rie s  a c tiv ity  w as in flu en ced  b y  th e  ad d itio n  

of la rg e  su c ro se  su p p lem en ts  in  s t ic k y  o r  n o n -s t ic k y  form , e i th e r  w ith  o r  

b e tw een  m eals.

T h e  main conclusions of th e  s tu d y  w ere :

i] T he  consum ption  of s u g a r ,  ev en  a t  h ig h  le v e ls , was a sso c ia ted

w ith  on ly  a  small in c re a se  in  c a rie s  in c rem en t w hen ta k e n  on ly  

a t  meal tim es.
ii] T he  consum ption  of s u g a r ,  b e tw een  meals as well a s  a t  meal

tim es, was a sso c ia ted  w ith  a  m arked  in c re a se  in  ca rie s  in c rem en t.

iii] T he in c re a se  in  ca ries  a c tiv ity  w as g re a te s t  w hen th e  s u g a r  was

ta k e n  b e tw een  meals in  a  s t ic k y  form .

I t  is  v e r y  u n lik e ly  th a t  a  com parable s tu d y  will e v e r  b e  re p e a te d , s in ce  it 
is  now c o n sid e red  u n e th ic a l to  a l te r  d ie ts  of hum ans ex p erim en ta lly  in  

d ire c tio n s  lik e ly  to  in c re a se  c a r ie s . A lth o u g h  some a sp e c ts  of th is  s tu d y  
h av e  b e en  c r it ic is e d , in  p a r t ic u la r  th e  fa c t th a t  th e  a d u lt m entally
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d e fic ien t p a tie n ts  who w ere  in v o lv ed  w ere  n o t m atched  fo r  age  o r p re v io u s  

c a r ie s  e x p e r ie n c e , an d  w ere  g iv en  abnorm ally  h ig h  levels  of s u g a r  

su p p lem en ts , i t  is fe lt th a t  th e  main conclusions from  th e  s tu d y  a re  valid  

(R u g g -G u n n , 1983). M uch of p r e s e n t- d a y  d ie ta ry  adv ice  is  b a se d  on th e  

r e s u l ts  of th is  s tu d y  (K idd  & Jo y s to n -B e c h a l, 1987) w ith  em phasis b e in g  

d ire c te d  to  re d u c in g  th e  f r e q u e n c y  of in ta k e  of s u g a r ,  an d  a d v is in g  a g a in s t 

th e  consum ption  of s t ic k y  sw eet fo o d s.

A n o th e r la rg e  sca le  ex p erim en t on c a r ie s  in  hum ans w as c a r r ie d  ou t in  

T u r k u , F in lan d  (S ch e in in  & M akinen, 1975), th e  aim b e in g  to  s tu d y  th e  

e ffe c t on d e n ta l c a rie s  in c rem en t of n e a r ly  to ta l s u b s ti tu tio n  of su c ro se  in  

a  norm al d ie t w ith  e i th e r  f ru c to s e  o r  x y lito l. T he r e s u l ts  of th e  s tu d y  

show ed  th a t  b o th  su c ro se  a n d  f ru c to s e  w ere  ca rio g en ic , w h ils t th e  

rep lacem en t of su c ro se  b y  x y lito l re s u l te d  in  a su b s ta n tia l  re d u c tio n  in  

c a r ie s  in c id en ce . M icrobiological s tu d ie s  show ed th a t  x y lito l d id  n o t 

a ffe c t th e  p ro p o rtio n  of m ajor b a c te r ia l g ro u p s  in  d e n ta l p la q u e , b u t  d id  

re d u c e  th e  nu m b er of m ost o rg a n ism s , e sp ec ia lly  th e  acidogen ic  an d  

a c id u r ic  f lo ra , in c lu d in g  S t r e p . m u ta n s ; no a d ap ta tio n  b y  p laq u e  organ ism s 

to  p ro d u c e  acid  from  xy lito l w as o b se rv e d  d u r in g  th e  tw o -y e a r s tu d y .

T h e  r e s u l ts  from  th is  in v e s tig a tio n  s u g g e s t  th a t  i t  may b e  p o ssib le  to 

re p la ce  su c ro se  w ith  su b s ta n c e s  w hich will im p art sw ee tn ess  b u t  a re  not 

c a r io g en ic , an d  th e re  is  now in c re a s in g  in te r e s t  in  th e  u se  of th e se  

sw ee ten in g  a g e n ts  in  an  a ttem p t to  re d u c e  th e  cario g en ic  challenge to  th e  

te e th  (K idd  & Jo y s to n -B e c h a l, 1987).

S h o r t- te rm  s tu d ie s  in v o lv in g  hum an v o lu n te e rs  h av e  b e en  c a r r ie d  o u t, in  

w hich  re v e rs ib le  op tica l ch an g es  in  enam el h av e  b e en  p ro d u c e d  follow ing 

th e  r in s in g  of th e  m outh  w ith  su c ro se  so lu tio n s  fo r  p e r io d s  of 14-23 d a y s , 

a sso c ia te d  w ith  c essa tio n  of o ra l h y g ien e  (v o n  d e r  F e h r  e t a h ,  1970; 

G eddes e t a h , 1978). T h ese  s tu d ie s  s u p p o r t  th e  im portance  of f re q u e n c y  

of e x p o su re  of th e  m outh to  fe rm en tab le  c a rb o h y d ra te s  in  th e  in d u c tio n  of 

c a r ie s ,  b u t  p rob lem s w ith  sam ple size  an d  h ig h  in te r - s u b je c t  v a ria tio n  
s u g g e s t  th a t  i t  w ould n o t b e  p ra c tic a b le  to  u se  th is  model to  s tu d y  th e  

re la tiv e  c a r io g en ic ity  of d if fe re n t foods in  th e  o ra l en v iro n m en t. T hese  

s tu d ie s  will b e  f u r th e r  d isc u sse d  in  a  la te r  c h a p te r .
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1 . 9 . 3 .  Animal S tu d ie s .

T h e  im portance  of th e  local e ffe c t of d ie t on th e  m outh was conclusive ly  

d e m o n stra ted  b y  K ite an d  co -w o rk e rs  (1950) who fed  cario g en ic  d ie ts  to  

r a t s  v ia  e ith e r  th e  norm al o ra l ro u te  o r b y  stom ach tu b e  a n d  show ed th a t  

c a r ie s  d eveloped  on ly  in  th e  fo rm er g ro u p . Animal models h av e  also i] 

confirm ed  th e  p o s itiv e  c o rre la tio n  b e tw een  f re q u e n c y  of s u g a r  in ta k e  an d  

c a r ie s  s e v e r i ty  (K onig e t  aL , 1968); ii] s tu d ie d  th e  e ffe c t of d iffe re n t 

s u g a r  c o n ce n tra tio n s  on th e  levels  of c a r ie s  (H u x ley , 1977), an d  iii] 

com pared  th e  c a r io g en ic ity  of d if fe re n t ty p e s  of s u g a r s .  S uch  w ork  h a s  

show n th a t  su c ro se , g lu co se , f ru c to s e , g a lac to se , lac to se  an d  m altose a re  

all c a rio g en ic , w ith  su c ro se  b e in g  th e  m ost c a rio g en ic , w h ils t con flic ting  

r e s u l ts  h av e  b e en  o b ta in ed  fo r  s ta r c h ,  d e p e n d in g  on w h e th e r  o r  n o t is has  

b e e n  cooked p r io r  to  te s t in g  (rev iew ed  b y  R u g g -G u n n , 1983).

1 . 9 . 4 .  Plaque pH S tu d ies.

T h e  m easurem ent of p laq u e  pH b e fo re , d u r in g  a n d  a f te r  th e  consum ption  of 

food b y  hum ans h a s  b e en  u s e d  to  a s s e s s  th e  ac idogen ic  p o te n tia l of 

d if f e re n t fo o d s. T he pH can  b e  m easu red  u s in g  one of th e  m ethods 

d e sc r ib e d  in  1 .8  an d  a " S te p h a n  C urve" p ro d u c e d  b y  p lo ttin g  pH a g a in s t 

tim e. M any s u rv e y s  of sn ac k  foods a n d  p la q u e  pH h av e  b een  c a r r ie d  ou t 

(E d g a r  e t  a L , 1975; R u g g -G u n n  e t a L , 1978), an d  in  S w itze rlan d , 

c o n fe c tio n a ry  w hich  cau ses  th e  pH to  fa ll no low er th a n  5 .7  w hen 

a s s e s s e d  b y  th e  indw elling  e lec tro d e  te c h n iq u e , may b e  c lass ified  as "sa fe  

fo r  te e th "  (M iihlem ann, 1969; Im feld , 1977).

T h e  re la tiv e  ac id o g en ic ity  of d if fe re n t s u g a rs  an d  d if fe re n t co n cen tra tio n s  

of th e  same s u g a r  can  a lso  be  a s s e s s e d  u s in g  th is  m ethod , a n d  re s u l ts  
show  th a t  a  ra n g e  of acidogen ic  p o te n tia ls  e x is t ,  w ith  some s u g a rs  h a v in g  

sim ilar ac id o g en ic ity  to  su c ro se  (Im feld , 1977).

I t  h a s  re c e n tly  b e en  s u g g e s te d  th a t  w hen te s t in g  th e  cario g en ic  p o ten tia l 
of fo o d -s tu f f s ,  b y  m eans of th e  p laq u e  pH m ethod , com parison sh o u ld  be  

made w ith  p o s itiv e  an d  n eg a tiv e  c o n tro ls , a n d  th e  u se  of su c ro se  an d  
so rb ito l, re s p e c tiv e ly , h av e  b e e n  recom m ended fo r  th is  p u rp o se  b y  th e  
S c ien tific  C o n sen su s  C onference  on M ethods fo r  A sse ss in g  th e  C ariogenic 

P o ten tia l of Food (1986).
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P laq u e  pH m easu rem en ts  d e term ine  on ly  th e  acidogen ic  p o te n tia l of th e  

te s te d  fo o d s , an d  a lth o u g h  th is  may b e  e x p ec te d  to  c o rre la te  w ith  th e  

cario g en ic  p o te n tia l, o th e r  fa c to rs  may in flu en ce  w h e th e r  o r no t 

d em in era lisa tio n  will o ccu r (R u g g -G u n n , 1983). Foods may also  b e  te s te d  

u s in g  in  v itro  m odels, w hich invo lve  th e  in cu b a tio n  of th e  te s t  item  w ith  a 

s lu r r y  of p laq u e  o r  cario g en ic  b a c te r ia ,  su c h  as  S t r e p . m u ta n s , in  th e  

p re s e n c e  of an  enam el s lab  (P rim rose  e t a h , 1988). A lth o u g h  th is  m ethod 

does n o t r e p re s e n t  th e  n a tu ra l  o ra l s itu a tio n , i t  allows th e  dem inera lising  

p o te n tia l to  b e  a s s e s s e d  as well a s  th e  acidogen ic  p o te n tia l, an d  may be  
u se fu l a s  an  in itia l s c re e n in g  t e s t ,  to  b e  u s e d  in  con junction  w ith  o th e r  

m odels .

1 . 9 . 5 .  T he Im portance o f S u crose and O ther D ietary  F actors in  C aries 

A etio logy .

A lth o u g h  m any d ie ta ry  c a rb o h y d ra te s  can  b e  m etabo lised  b y  p laq u e  b a c te r ia  

to  p ro d u c e  o rg an ic  a c id s , th e  q u e s tio n  a s  to  w h e th e r  some s u g a r s ,  in  

p a r t ic u la r  su c ro se , a re  m ore cario g en ic  th a n  o th e r s ,  h as  re c e iv e d  m uch 

a t te n tio n . E vidence s u p p o r tin g  th e  in c re a se d  cario g en ic  p o te n tia l of 

s u c ro se  is  d e riv e d  from  th e  fa c t th a t  i ts  p re se n c e  in  th e  d ie t lead s  to  

in c re a se d  e x tra c e llu la r  po lym er p ro d u c tio n , th u s  fa v o u rin g  p laq u e  

accum ula tion , an d  th a t  m ost anim al s tu d ie s  h av e  show n i t  to  b e  more 

cario g en ic  th a n  m onosaccharides o r  o th e r  d is a c c h a r id e s . H ow ever, p laq u e  

pH  s tu d ie s  h av e  fo u n d  th a t  some c a rb o h y d ra te s  su c h  as  g lucose  an d  

f ru c to s e  h a v e  sim ilar c a r io g en ic ity  to  su c ro se  (F ro s te ll , 1973; Im feld , 
1977), a n d  th e  r e s u l ts  from  th e  T u rk u  s tu d y  com paring  th e  e ffe c ts  of 

su c ro se  an d  f ru c to s e  w ere in co n c lu siv e .

T h e re fo re , a lth o u g h  some re s u l ts  s u p p o r t  th e  co n cep t th a t  su c ro se  is  more 

cario g en ic  th a n  o th e r  s u g a r s ,  i ts  m ajor ro le  in  th e  ae tio logy  of c a ries  is 

b e liev ed  to  b e  due  to  th e  fa c t  th a t  i t  is  e a ten  m ore o ften  an d  in  g re a te r  

q u a n ti ty  th a n  o th e r  s u g a rs  (R u g g -G u n n , 1983).

In  ad d itio n  to  fe rm en tab le  c a rb o h y d ra te , o th e r  c o n s ti tu e n ts  of a  food may 

b e  im p o rtan t in  m odify ing  th e  p laq u e  pH  re sp o n se  (E d g a r e t a h ,  1975; 

R u g g -G u n n  e t  a d ., 1978), an d  m any s tu d ie s  h av e  in v e s tig a te d  th e

e ffe c tiv e n e ss  of " p ro te c tiv e  fa c to rs"  s u c h  a s  in o rg an ic  p h o sp h a te s  in  th e
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d ie t . H ow ever, th e  r e s u l ts  from  hum an clin ical t r ia ls  h av e  b eeen  equivocal 

(S tra lfo r s ,  1964; A sh ley  e t al_., 1974).

F a c to rs  su c h  as food c o n s is te n cy  an d  ra te  of c lea ran ce  from  th e  m outh , 

pH  an d  b u f fe r in g  p o w er, an d  m ethod of consum ption  may also  b e  im p o rtan t 

(H ollow ay, 1983) an d  th e  seq u en ce  in  w hich  c a rb o h y d ra te  an d  no n - 

ac idogen ic  foods a re  e a te n  (R u g g -G u n n , 1983) may b e  re le v a n t in  

d e te rm in in g  th e  acid ic  en v iro n m en t s u r ro u n d in g  a to o th .

1 .1 0 .  T he C arious P ro cess.

C aries  o ccu rs  as  a  r e s u l t  of th e  p ro lo n g e d  e x p o su re  of th e  to o th  su rfa ce  

to  th e  e n d -p ro d u c ts  p ro d u c e d  b y  th e  m etabolism  of p laq u e  m icroorgan ism s. 

T h e re fo re , th e  s ite s  w hich  commonly develop  lesions a re  th o se  w hich 

allow p laq u e  re te n tio n .

D u rin g  e ru p tio n , w hen th e  te e th  a re  n o t y e t  in  occlu sio n , p laq u e  can 

accum ulate  on th e i r  s u r fa c e s . T h is  r e s u l ts  in  f r e q u e n t  ep iso d es  of d e - 

an d  rem in e ra lisa tio n  a t a su b c lin ica l lev e l. When th e  te e th  re a c h  

occ lu sio n , most of th e se  a c tiv e  le sio n s  te n d  to  becom e in a c tiv e  as  th e  

m icrobial d ep o sits  on th e  s u rfa c e s  a re  r e g u la r ly  d is tu rb e d  b y  sh e e r in g  

fo rc e s  from  chew ing  an d  sa liv a  (F e je rsk o v  & T h y ls tr u p ,  1986). T he 

e x ce p tio n s  to  th is  a re  th e  p i t  a n d  f is s u re  re g io n s  w hich  rem ain  more 

s h e lte re d  from  th e se  p ro te c tiv e  in f lu e n c e s . When in te rp ro x im al co n tac ts  
a re  fo rm ed , th e  b a c te r ia l d ep o sits  a re  rem oved from  th e  co n tac t a re a , b u t 

an  id ea l s i te  fo r  p laq u e  accum ulation  develops below  th e  co n tac t p o in t, and  

th is  a re a  may p ro g re s s  to  lesion  fo rm ation .

T h e  e a r lie s t  v is ib le  change  seen  on sm ooth su rfa c e s  is loss of tra n s p a re n c y  
of th e  enam el re s u l t in g  in  an  opaque ch a lk y  re g io n  o r ”w hite  spo t"  le sio n . 

In  th e  e a r ly  s ta g e s  of lesion  form ation  th e re  is  minimal dam age to  th e  

o u te r  s u rfa c e  of enam el, b u t  co n sid e rab le  dem ineralisa tion  below th e  

s u r fa c e . (D a rlin g , 1956; Soni & B ru d e v o ld , 1959). A t th is  s ta g e  th e  

lesion  can  b e  d iv id ed  h is to lo g ica lly  in to  fo u r  zones w hich a re  u su a lly  
c lea rly  d is tin g u ish a b le  b y  lig h t m icroscopy  ( S ilv e rs to n e , 1973). A t th e  

u l t r a s t r u c tu r a l  lev e l, th e  f i r s t  a lte ra tio n  seen  is  a  s c a tte re d  d e s tru c tio n  of 

in d iv id u a l a p a ti te  c ry s ta ls  b o th  w ith in  enam el p rism s an d  a t th e ir  
b o u n d a r ie s . As th e  d isso lu tio n  p ro g r e s s e s ,  th e re  is b ro a d e n in g  of th e
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in te rc ry s ta l l in e  sp a c e s . M easurem ent of c ry s ta l  s izes w ith in  th e  lig h t 

m icroscopic  zones of a lesion  show  th a t  in  th e  su rfa c e  an d  d a rk  zon es , th e  
c ry s ta l  d iam eters  a re  la rg e r  th a n  in  so u n d  enam el. T h is  s u g g e s ts  th a t  

re c ry s ta ll is a tio n  h as  ta k e n  p lace  a n d  is  ev id en ce  th a t  th e  ca rie s  p ro c e ss  

in v o lv es  rem in e ra lisa tio n  as  well as  dem inera lisa tion  (K idd  & Jo y s to n - 

B ech a l, 1987). T he in c ip ie n t lesion  may b e  re v e r s e d  a t  th is  s tag e  if 

e ffe c tiv e  p re v e n tiv e  m easu res  a re  im plem ented.

H ow ever, if  th e  local en v iro n m en ta l fa c to rs  fa v o u rin g  dem ineralisa tion  

ou tw eigh  th o se  of rem in e ra lisa tio n  fo r  p ro lo n g ed  p e rio d s  of tim e, th e  

n u m b er of d isso lv ed  c ry s ta ls  in c re a s e s , a n d  th e  c ry s ta l  a rra n g em en t 

becom es d iso rg a n ise d . T he  calc ified  t is s u e  th e n  becom es m ore p o ro u s , th e  

su r fa c e  zone of th e  le sio n  e v e n tu a lly  b re a k s  down an d  a  c av ity  form s 

(K idd  & Jo y s to n -B e c h a l, 1987). P laq u e  can  th e n  accum ulate  w ith in  th e  

c a v ity , le ad in g  to  f u r th e r  p ro g re s s io n  of th e  le sio n .

C hem istry o f th e  C arious P ro cess.

T h e  sp a tia l a rra n g e m e n t of th e  atom s in  enam el resem b les  th e  m ineral 

h y d ro x y a p a tite  CaT 0 (P 0 4) e (O H )2 . H ow ever th e  c ry s ta ls  lack  s to ich iom etry  

due  to  d e fic iences in  th e  th re e  p r im a ry  c o n s ti tu e n ts  (ie  Ca2+, P 0 43- an d  

OH“ ) ,  an d  th e ir  rep lacem en t in  th e  la ttic e  b y  C 0 32 - , H P 0 42_ an d  tra c e  
e lem en ts . Some of th e se  io n s , p a r t ic u la r ly  c a rb o n a te , a re  re la tiv e ly  eas ily  

re le a se d  from  enam el d u r in g  d em in era lisa tio n , a n d  p o s itio n s  in  th e  la ttic e  

w h ere  C 0 32- ions a re  p re s e n t  a re  b e liev ed  to  b e  p a r t ic u la r ly  v u ln e ra b le  to  
th e  e ffe c ts  of ac id s  (F e a th e rs to n e  e t  a l . , 1979). O th e r io n s , fo r  exam ple 

f lu o r id e , may b e  in c lu d ed  in  th e  a p a ti te  p ro p e r  an d  a re  on ly  re le a se d  w hen 

th e  c ry s ta l  d isso lv es  (N ik ifo ru k , 1985).

D u rin g  th e  f i r s t  few y e a rs  a f te r  e ru p tio n  of a to o th , s e c o n d a ry  m atu ra tion  
of enam el ta k e s  p lace . T h is  may be  c o n sid e re d  to  b e  th e  r e s u l t  of th e  

o n -g o in g  d e - an d  rem in e ra lisa tio n  th a t  ta k e s  p lace  d u r in g  th e  estab lish m en t 

of th e  to o th  in  th e  o ra l c a v ity . D u rin g  th is  p h a se , m ineral is  d ep o sited  

from  th e  o ra l f lu id s  in to  th e  fin e  flu id -fille d  p o re s  in  th e  enam el, and  
th e re  is  re le a se  of th e  more re a d ily  d isso lv ed  m ineral com ponents an d  

u p ta k e  of flu o rid e  (L a rse n  & B ru u n , 1986).
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T he ph y sico -ch em ica l in te g r i ty  of enam el in  th e  o ra l en v iro n m en t is

d e p e n d e n t on the  com position an d  chem ical b e h a v io u r  of th e  s u r ro u n d in g

p la q u e  a n d  s a liv a ry  f lu id s . T he main fa c to rs  g o v e rn in g  th e  s ta b il i ty  of 

th e  enam el a p a ti te s  in  sa liv a  a re  th e  pH  a n d  c o n ce n tra tio n s  of calcium , 

p h o sp h a te  an d  flu o rid e  in  so lu tio n .

A sim plified  model of th e  ph y sico -ch em ica l equ ilib rium  b e tw een  enamel 

(h y d ro x y a p a tite  - HAP o r f lu o ra p a tite  - FAP) a n d  th e  aq u eo u s p h a se  is :

Ca10(P 0 4) 6 (O H )2 ^  10Ca2+ + 6 P 0 43 + 20H “

Ca10(P 0 4) GF 2 ^  lO C a ^  + 6 P 0 43~ + 2F~

T he  p ro d u c t  of th e  a c tiv itie s  of th e se  ions in  th e  liq u id  p h a se  g o v e rn s  

w h e th e r  o r  n o t th e  a p a ti te s  d isso lv e . A t eq u ilib riu m , th e  ion a c tiv ity  

p ro d u c t  is  r e f e r r e d  to  as th e  so lu b ility  p ro d u c t .  If  th e se  f ig u re s  a re  

ex ce e d ed , th e  so lu tion  is  s u p e r s a tu ra te d  w ith  r e s p e c t  to  th e  io n s , w hilst 

if  th e  a c tiv ity  p ro d u c t is  le ss  th a n  th e  so lu b ility  p ro d u c t ,  th e  so lu tion  is 

u n d e r s a tu r a te d  an d  th e  s a lt  te n d s  to  d isso lv e . U n d e r norm al physio log ical 

c o n d itio n s , sa liv a  is  s u p e r s a tu ra te d  w ith  re s p e c t  to  b o th  HAP an d  FAP, 

a lth o u g h  th e  lev e ls  a re  n o t h ig h  en o u g h  to  in itia te  sp o n tan eo u s

p re c ip ita tio n  of th e  s a l t s . R e s tin g  p laq u e  flu id  m ay b e  more

s u p e r s a tu ra te d  w ith  re s p e c t  to  calcium  an d  p h o sp h a te  (L a rse n  & B ru u n , 

1986).

A n in c re a se  in  h y d ro g e n  ion  c o n ce n tra tio n  in  th e  flu id  en v iro n m en t of a  

to o th  re s u l ts  in  a d e c rea se  in  h y d ro x y l c o n ce n tra tio n  a n d  co n v ers io n  of 

th e  p h o sp h a te  ionic  sp ec ie s  a s  show n in  th e  eq u a tio n :

Ca10(P 0 4) 6 (O H )2 ^  lOCa2"4" + 6 P 0 43“ + 20H"
H+ u  H"*" u

h p o 42- h 2o  
H* U 

h 2p o 4-

T h is  r e s u l ts  in  a n  in c re a se  in  th e  so lu b ility  of th e  enam el a p a ti te s  as th e re
will b e  a  sh if t  of th e  above re a c tio n  to  th e  r ig h t .  T he co n cen tra tio n  of
calcium  a n d  p h o sp h a te  ions a lre a d y  p re s e n t  in  th e  o ra l f lu id s  d e term ine  th e  

pH a t  w hich th e  aq u eo u s p h a se  is  s a tu ra te d  w ith  re s p e c t to  enamel 
a p a ti te s .  T h e  pH a t  w hich  sa liva  is  e x a c tly  s a tu ra te d  w ith  r e s p e c t  to  

a p a ti te  is  o ften  r e f e r r e d  to  as th e  ’’c ritic a l pH ’’, an d  will d ep en d  on th e
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c o n ce n tra tio n  of calcium  an d  p h o sp h a te  in  th e  p a r t ic u la r  sa liv a . C linical 

a sse ssm e n t show s th a t  th e  c ritic a l pH v a rie s  b e tw een  pH 5 .2  an d  5 .5 .

Due to  d iffe re n c e s  in  so lu b ility  p ro d u c ts  of th e  a p a t i te s , w hen saliva 

becom es u n d e rs a tu ra te d  w ith  r e s p e c t  to  HAP, i t  is  s till s u p e r s a tu ra te d  w ith  

r e s p e c t  to  FAP. T he pH  a t  w hich  sa liv a  is  e x a c tly  s a tu ra te d  w ith  

r e s p e c t  to  FAP is a ro u n d  4 .5 . If  th e  pH of th e  flu id s  s u r ro u n d in g  th e  

enam el is u n d e r  4 .5 , as may o ccu r follow ing th e  consum ption  of acidic 

f r u i t s  o r b e v e r a g e s , th e  en v iro n m en t is u n d e r s a tu r a te d  w ith  re s p e c t  to  b o th  

a p a ti te s  a n d  th e re fo re  th e  enam el te n d s  to  b e  e tch e d  aw ay le av in g  an  

e ro sio n  (L a rse n , 1973).

H ow ever, in  th e  pH ra n g e  5 .5  - 4 .5 , a s  may o ccu r in  p laq u e  flu id  in  s itu  

follow ing b a c te r ia l m etabolism  of c a rb o h y d ra te , th e  flu id  is u n d e rs a tu ra te d  

w ith  re s p e c t  to  HAP an d  s u p e r s a tu ra te d  w ith  re s p e c t  to  FAP. T his 

r e s u l ts  in  a  d ep o sitio n  of FAP a t  th e  same tim e as  HAP is  d isso lv in g . As 

th e  pH r is e s  a g a in , th e  aq u eo u s en v iro n m en t of th e  enam el su rfa ce  

g ra d u a lly  r e tu r n s  to  a s ta te  of s u p e r s a tu ra t io n  w ith  r e s p e c t  to  b o th  

a p a ti te s  an d  th is  in d u c es  re p re c ip ita t io n  of m ineral in  th e  dam aged a re a . 

H ow ever, a s  some ions may h av e  d iffu se d  aw ay from  th e  su b su rfa c e  enam el 

an d  in n e r  p laq u e  la y e r ,  th e y  would b e  u n av a ilab le  fo r  re d e p o s itio n , an d  th e  

n e t  r e s u l t  may th e re fo re  b e  a  lo ss  of m ineral from  th e  enam el.

D u rin g  th e  v e ry  e a r ly  s ta g e s  of dem in era lisa tio n  th e re  is  a  d isso lu tio n  of 
th e  o u te rm o st la y e r  of enam el a t  th e  u l t r a s t r u c tu r a l  lev e l. N um erous t in y  

p a th w ay s  b e tw een  p rism s an d  b e tw een  c ry s ta ls  a re  o pened  u p  allow ing acid  
to  d iffu se  in ,  down a  c o n ce n tra tio n  g ra d ie n t. As th e  ac id  d iffu se s  in ,  i ts  

m ig ra tion  is  lim ited as  i t  re a c ts  w ith  enam el m inerals (L a rse n  & B ru u n , 

1986).

T he  m etabolism  of c a rb o h y d ra te  b y  p laq u e  b a c te r ia  r e s u l ts  in  th e  

p ro d u c tio n  of a v a r ie ty  of o rg an ic  a c id s , as d is c u s se d  in  Section  1 .8 . An 

eq u ilib rium  e x is ts  bew een th e  u n io n ised  form  of th e se  ac id s  an d  th e  

re s p e c tiv e  an ion  a n d  h y d ro g e n  ion : HA ^  H '1" + A ", w ith  th e  equ ilib rium
g o v e rn e d  in  each  case  b y  th e  d isso c ia tio n  c o n s ta n t, Ka  fo r  th e  ac id .

F e a th e rs to n e  a n d  co -w o rk e rs  (1979) h a v e  su g g e s te d  th a t  th e  u n io n ised  form  
is  th e  p red o m in an t sp ec ie s  of th e  acid  w hich d iffu se s  in to  th e  enam el v ia
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f lu id -  filled  p o re s . As i t  d iffu se s  in , i t  d isso c ia te s  p a r tia lly  in to  h y d ro g e n  

ions an d  acid  an io n s , b o th  of w hich can a tta c k  th e  enam el c ry s ta l .  The 

d e p th  w hich th e  u n io n ised  sp ec ie s  re a c h e s  is d e p en d e n t on th e  r a te  of acid  

d isso c ia tio n , w hich is in  tu r n  d e te rm in ed  b y  th e  pH of th e  in te rn a l enamel 

flu id s  an d  th e  d isso c ia tio n  c o n s ta n t of th e  a c id . I t  is  th e re fo re  p ro p o sed  

th a t ,  in  ad d itio n  to  lac tic  a c id , h ig h  pK a ac id s  su ch  a s  ace tic  ac id  p la y  an  

im p o rtan t ro le  in  th e  ca rio u s  p ro c e ss  ( F e a th e rs to n e  & R o d g e rs , 1981), and  

th a t  th e  loss of ace tic  ac id  f r e q u e n tly  o b se rv e d  a ro u n d  th e  pH minimum of 

a S tep h an  C u rv e  is due  to  i ts  d iffu sio n  in to  enam el in  i ts  u n d isso c ia ted  

form  (G eddes e t a l . , 1984).

T h e  d iffu sio n  of a c id s  th ro u g h  th e  o u te r  la y e rs  of enam el in  th e ir  

u n io n ised  fo rm , an d  th e i r  su b se q u e n t d isso c ia tio n  in  th e  d e e p e r  la y e rs  aw ay 

from  th e  low pH of th e  ac id -fo rm in g  p la q u e  s u r fa c e , is one m echanism  th a t  

h a s  b e en  p ro p o se d  to  ex p la in  th e  p re se n c e  of th e  re la tiv e ly  in ta c t su rfa ce  

la y e r  fo u n d  in  e a r ly  enam el le s io n s . A n u m b er of m echanism s h av e  b een  

p u t  fo rw a rd  in  an  a tte m p t to  d e sc r ib e  th is  phenom enon (rev iew ed  b y  

A ren d s  & C h r is to f fe r s e n , 1986). T he p ro p o se d  m echanism s, in v o lv in g  th e  

m ineral r ic h  o u te r  la y e r  of so u n d  enam el, th e  o rg an ic  m a trix , th e  pellicle 

an d  th e  co n ce n tra tio n  g ra d ie n ts  of io n s , in c lu d in g  f lu o rid e  an d  c a rb o n a te , 

a c ro ss  th e  enam el h av e  all b e en  show n to  b e  in e sse n tia l fo r  su rfa c e  la y e r  

fo rm atio n , a lth o u g h  th e y  m ay in flu en ce  th e  r a te  of i ts  fo rm ation . O th e r 

m odels s u g g e s t  th e  im portance  of th e  p re s e n c e  of a d so rb e d  su rfa c e  

p ro te c tiv e  a g e n ts  su c h  as f lu o r id e s , s a liv a ry  p ro te in s  a n d  p o ly p h o sp h a tes  
(G ra y , 1977), o r  p ro p o se  th a t  d is so lu tio n -p re c ip ita tio n  m echanism s o p e ra te , 

w ith  th e  p a r tia lly  d isso lv ed  su rfa c e  la y e r  b e in g  co n tin u o u sly  re g e n e ra te d  b y  

calcium  an d  p h o sp h a te  ions d isso lv ed  from  th e  s u b su rfa c e  enam el (M oreno 

& Z a h ra d n ik , 1974; F e a th e rs to n e  e t  a l . , 1978).

A ren d s  an d  C h ris to ffe rs e n  (1986), h av e  re c e n tly  p ro p o se d  a new model 
w hich  ta k e s  in to  acco u n t th e  fa c t th a t  v e ry  e a r ly  le sions form ed in  vivo 

do n o t h a v e  a su rfa c e  la y e r ,  b u t  on ly  develop  th is  m in e ra l-r ich  la y e r  as 
th e  le sio n s  p ro g r e s s .  T h ey  s u g g e s t th a t  in h ib ito rs  su c h  as flu o rid e  ions 

a n d  p ro te in s  p la y  a n  im p o rtan t ro le  in  s u b su rfa c e  lesion  fo rm ation . 
Follow ing in itia l su rfa c e  d em in era lisa tio n , an  in flu x  of f lu o rid e  ions ta k es  

p lace  from  sa liv a  an d  p laq u e  in to  th e  liq u id  p h a se  of th e  p o ro u s  enam el. 
T he  co n cen tra tio n  of flu o rid e  in  th e  aq u eo u s p h a se  d e c rea se s  from  th e  
s u rfa c e  enam el in  th e  d irec tio n  of th e  lesion  f r o n t .  A d so rp tio n  of
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f lu o rid e  ions a t v a c a n t OH~ s ite s  on c ry s ta ll i te s  ta k e s  p lace  n e a r  th e  

s u r fa c e , r e s u lt in g  in  th e ir  p ro te c tio n  from  ac id  a t ta c k . D eeper in  th e  

le s io n , w h ere  th e  flu o rid e  co n ce n tra tio n  is  low er, th e  aq u eo u s p h a se  

rem ains u n d e rs a tu r a te d  w ith  re s p e c t  to  m inera l, an d  so d isso lu tio n  o c c u rs . 

T h e  form ation  of th e  m in e ra l-r ic h  su rfa c e  la y e r  is  th e re fo re  in flu en ced  b y  

th e  d e p th  to  w hich th e  flu o rid e  ions can  p e n e tr a te  th e  lesion  an d  th e  pH 
of th e  aq u eo u s p h a se  w ith in  th e  le sio n .

1 .11 .  E ffect o f F luoride on C aries.

1 .1 1 .1 .  H istorical R eview .

A t th e  b e g in n in g  of th e  20th  c e n tu ry  i t  becam e a p p a re n t th a t  an  

asso c ia tio n  e x is te d  b e tw een  s ta in in g  of th e  te e th ,  d e sc r ib e d  as  enamel 

m o ttlin g , an d  some unknow n  fa c to r  p re s e n t  in  th e  local en v iro n m en t. 

A n alysis  of w a te r  su p p lie s  fo r  tra c e  elem ents in  th e  e a r ly  1930s fo u n d  h ig h  

lev e ls  of f lu o rid e  p re s e n t  in  sam ples o b ta in ed  from  com m unities a ffec ted  b y  

th is  cond ition  (C h u rc h ill, 1931), an d  i t  was th e re fo re  p o s tu la te d  th a t  th is  

a g e n t was re sp o n s ib le  fo r  th e  o b se rv e d  a lte ra tio n s  in  th e  enam el.

P r io r  to  th is  f in d in g , a  n u m b er of r e p o r ts  h a d  d isc u sse d  th e  p o ss ib il ity  of 

a re la tio n sh ip  b e tw een  th e  m o ttlin g , o r  d e n ta l f lu o ro s is , an d  d e n ta l ca rie s  

(M cKay, 1916 a  & b ;  A in sw o rth , 1928; B u n tin g  e t  a l . , 1928). S tu d ies  
w ere  th e re fo re  d e s ig n e d  to  d e term ine  w h e th e r  a  co n cen tra tio n  of flu o rid e  

e x is te d  w hich  w as low en o u g h  to  p re v e n t  f lu o ro s is , b u t  h ig h  en o u g h  to  

h av e  a c a r io s ta tic  e ffe c t (D ean , 1945; 1954), an d  d a ta  o b ta in ed  from  th e se  
a n d  o th e r  s u rv e y s  s u g g e s te d  th a t  a  re d u c tio n  of u p  to  50 % in  ca ries  

p re v a le n c e , w ith  no f lu o ro s is  of a e s th e tic  s ig n ific a n ce , w as a sso c ia ted  w ith  
a  co n ce n tra tio n  of one p a r t  p e r  million (ppm ) flu o rid e  in  th e  d r in k in g  

w a te r .

O rig in a lly  th e  c a r io s ta tic  e ffe c ts  w ere  b e liev ed  to  b e  due  so lely  to  p r e -  

e ru p tiv e  in f lu e n c e s , w ith  th e  in c o rp o ra tio n  of f lu o rid e  in to  enam el ta k in g  

p lace  d u r in g  m ineral fo rm ation , b u t  la te r  s tu d ie s  o b se rv in g  c h ild re n  who 
h a d  m oved from  com m unities w ith  v e ry  low c o n ce n tra tio n s  of flu o rid e  in  

th e i r  w a te r  s u p p ly  to  a re a s  w ith  h ig h e r  le v e ls , fo u n d  th a t  a  p ro te c tiv e  
e ffe c t w as o b ta in ed  fo r  te e th  w hich  w ere  e ru p t in g  o r h a d  new ly  e ru p te d  a t 
th e  time of m oving (K le in , 1946). In  a d d itio n , o b se rv a tio n s  of th e  ca ries
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h is to ry  of c h ild re n  m oving from  a re a s  of h ig h  f lu o rid e  co n cen tra tio n  to  

a re a s  w ith  low lev e ls  in  th e ir  w a te r  su p p ly , fo u n d  th a t  th e  c a r io s ta tic  

e ffe c ts  of f lu o rid e  w ere g ra d u a lly  lo s t (R u sse ll, 1949). I t  th e re fo re  

becam e a p p a re n t  th a t  th e  c a r ie s - re d u c in g  e ffe c t was d e p e n d e n t on co n tin u 

ed  e x p o su re  to  f lu o r id a te d  w a te r  su p p lie s  an d  th a t  c o n s ta n t o r  p e rio d ic  

av a ilab ility  of f lu o rid e  to  in c ip ie n t le sio n s  was e sse n tia l fo r  th e  

m ain tenance  of maximum c a rie s  p ro te c tio n .

1 .1 1 .2 .  M echanism s o f A ction o f F lu orid e.

F lu o rid e  p lay s  a  m ajor ro le  in  th e  c a r ie s  p ro c e ss  due  to  i ts  e ffe c ts  on th e  

developm ent a n d  re a c t iv i ty  of th e  m inera l p h a se  of enam el, an d  i ts  a n ti

m icrobial ac tion  on th e  p la q u e  f lo ra .

T he p re se n c e  of h ig h  lev e ls  of f lu o rid e  in  th e  t is su e  flu id s  d u r in g  m ineral 

fo rm ation  is  b e liev ed  to  in c re a se  th e  s ta b i l i ty  of th e  a p a ti te  c ry s ta ls  

fo rm ed , a n d  h en ce  re d u c e  th e  so lu b ility  of th e  enam el. T he p ro p o sed  

m echanism s b y  w hich  th is  is  a ch iev ed  a re :

i] F lu o rid e  m ay a c t as a  c a ta ly s t d u r in g  m inera lisa tion  e n co u rag in g
th e  tran s fo rm a tio n  of so lub le  ca lc iu m -p h o sp h a te  p re c u r s o r  p h a se s  

in to  th e  more s ta b le  h y d ro x y a p a tite  a n d  f lu o ra p a tite  form s (Amjad 

& N ancollas, 1979).
ii] T he  p re se n c e  of flu o rid e  in  th e  t is s u e  flu id s  m ay re d u c e  th e

n u m b er of c a rb o n a te  ions in c o rp o ra te d  in to  th e  a p a ti te  (N ik ifo ruk  

e t  a l . , 1962), an d  h en ce  re d u c e  th e  so lu b ility  an d  re a c t iv i ty  of 

th e  enam el.
iii] T he  s u b s ti tu tio n  of f lu o rid e  ions fo r  h y d ro x y l g ro u p s  in  th e

la ttic e  r e s u l ts  in  im proved  c ry s ta ll in ity  of th e  a p a ti te ,  w ith  th e

form ation  of l a r g e r ,  le ss  re a c tiv e  c ry s ta ls  an d  re d u c e d  so lu b ility  

o f th e  enam el.

In  ad d itio n  to  th e se  u l t r a s t r u c tu r a l  e f fe c ts , s tu d ie s  h av e  show n th a t  th e  

consum ption  of ap p ro x im a te ly  1 ppm  flu o rid e  p e r  d ay  d u r in g  to o th  d evelop 
m ent may r e s u l t  in  th e  fo rm ation  of p rem o la rs  a n d  m olars w ith  le ss  deep  

a n d  n a rro w  f is s u re s  ( J e n k in s , 1970), an d  i t  h a s  b e en  s u g g e s te d  th a t  th is  
m ay re d u c e  th e  su sc e p tib il i ty  of th e se  s ite s  to  c a r ie s . H ow ever th e
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clin ical s ig n ifican ce  of th e se  f in d in g s  is  u n c le a r , a n d  th is  m echanism  does 

n o t acco u n t fo r  th e  o b se rv e d  re d u c tio n  in  sm ooth su rfa c e  c a r ie s .

U n til re c e n tly , th e  p r in c ip a l m echanism  fo r  th e  c a r io s ta tic  action  of 

flu o rid e  w as th o u g h t to  b e  th e  rep lacem en t of h y d ro x y l ions b y  flu o rid e  in  

th e  c ry s ta l  la t t ic e , th u s  m aking i t  le ss  so lub le  in  ac id . H ow ever, even  

w hen flu o rid e  is  p r e s e n t  in  h ig h  c o n c e n tra tio n , on ly  one te n th  of th e  OH- 

ions a re  re p la ce d  b y  f lu o rid e  (L a rse n  & B ru u n , 1986). In  a d d itio n , a 

c o n ce n tra tio n  g ra d ie n t e x is ts  a c ro ss  th e  enam el, so th a t  a lth o u g h  th e  o u te r  

10 - 50 |jjn of re c e n tly  e ru p te d  p e rm an en t to o th  enam el may h av e  a 

c o n ce n tra tio n  of ap p ro x im a te ly  3,000 ppm  f lu o r id e , th e  enam el as  a whole 

h a s  a  m uch low er lev e l of 200 - 300 ppm ; on ly  100 ppm  h ig h e r  th a n  th a t  

fo u n d  in  te e th  from  in d iv id u a ls  in  n o n -f lu o rid a te d  a re a s  (M ellberg , 1977; 

W eatherell e t a l . , 1977). T he lev e l of f lu o rid e  in  s u b su rfa c e  enam el is  

alm ost alw ays le ss  th a n  500 ppm , an d  i t  is  b e liev ed  th a t  a t  th is  

c o n c e n tra tio n  i ts  so lu b ih ty - re d u c in g  e ffe c t is  minimal (L a rse n  & B ru u n , 

1986).

C u r re n t  in fo rm ation  th e re fo re  in d ic a te s  th a t  th e  in c o rp o ra tio n  of flu o rid e  

in to  enam el does no t s ig n if ic a n tly  in flu en ce  th e  re s is ta n c e  of th e  to o th  to  

th e  cario u s  p ro c e ss  (W eatherell e t  a l . , 1984). I t  is  now b e liev ed  th a t  th e  

m ost im p o rtan t to o th -p ro te c tiv e  fu n c tio n  of flu o rid e  is  i ts  a b ility  to  a lte r  

th e  s a tu ra tio n  co n d itions in  th e  o ra l f lu id s  s u r ro u n d in g  th e  enam el, as 

d e sc r ib e d  in  S ection  1 .1 0 . T he  g re a te s t  b e n e f its  of th e se  local, o r 

to p ic a l, e ffe c ts  a re  d e r iv e d  s h o r tly  a f te r  th e  e ru p tio n  of th e  to o th  w hen 

m icrobial d ep o sits  te n d  to  accum ulate  an d  f re q u e n t  re d u c tio n s  in  p laq u e  pH 

o c c u r . T he  acid  a tta c k  r e s u l ts  in  p re fe re n tia l  d isso lu tio n  of c ry s ta ls  
c o n ta in in g  fo re ig n  ions su c h  as c a rb o n a te , an d  th e  p re se n c e  of f lu o rid e  in  

th e  s u r ro u n d in g  f lu id s  r e s u l ts  in  th e  e a r lie r  c e ssa tio n  of dem ineralisa tion  
a s  th e  pH b e g in s  to  r i s e ,  an d  th e  form ation  of la rg e r  a n d  m ore s tab le  

c ry s ta ls  w hich  a re  more re s is ta n t  to  fu tu r e  acid  a tta c k .

P a r t  of th e  c a r io s ta tic  e ffe c t of flu o rid e  is  b e liev ed  to  b e  a sso c ia ted  w ith 
th e  an tim icrob ia l p ro p e r t ie s  of th is  elem ent (H am ilton, 1977). F luoride  
e x is ts  in  th re e  form s in  p la q u e ; a s  s tro n g ly  b o u n d , loosely  b o u n d  an d  fre e  
f lu o r id e , an d  is  p r e s e n t  in  m uch h ig h e r  co n cen tra tio n  th a n  in  sa liv a . 
U n d e r acid ic  co n d itio n s , m ore f re e  f lu o rid e  ions may b e  re le a se d  from  th e  
lo o se ly -b o u n d  fra c tio n  of p la q u e . T he p re se n c e  of extracellular flu o rid e
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may in te r fe re  w ith  th e  b a r r ie r  fu n c tio n  of b a c te r ia l  ce lls , w ith  a re s u l ta n t  

d is tu rb a n c e  in  th e  g ra d ie n ts  of ions on e i th e r  s ide  of th e  cell m em brane 

a n d  a d e p re ss io n  in  ce llu la r a c tiv ity . T h is  e ffe c t is  p rom oted  b y  an  

acid ic  en v iro n m en t, an d  a re d u c tio n  in  pH may also  in c re a se  th e  u p ta k e  of 

f lu o r id e , in  i ts  p ro to n a te d  form , in to  th e  b a c te r ia l cell. Once in  th e  

cy top lasm , i t  d isso c ia te s  ag a in  to  F~ an d  H+ , w ith  th e  in c re a se  in  h y d ro g e n  

ions c au s in g  a re d u c tio n  in  ce llu la r m etabolic a c tiv ity , w h ils t th e  flu o rid e  

ions may in h ib it  g ly c o ly s is , a t  th e  eno lase  s te p ,  w ith  th e  r e s u lta n t  

re d u c tio n  in  th e  su p p ly  of p h o sp h o en o lp y ru v a te  in h ib itin g  s u g a r  t r a n s p o r t  
v ia  th e  p h o sp h o e n o lp y ru v a te -p h o sp h o tra n s fe ra se  sy stem  (Ham ilton e t a l . , 

1985).

I t  h a s  b e e n  s u g g e s te d  th a t  th e  in h ib itio n  of c a rb o h y d ra te  m etabolism  b y  

p la q u e  b a c te r ia  may r e s u l t  in  a  sh if t  in  th e  m icrobial po p u la tio n  to  le ss  

acidoph ilic  b a c te r ia ,  b u t  a  s tu d y  b y  K ilian a n d  co -w o rk e rs  (1979b) fo u n d  no 

s ig n if ic a n t ch an g e  in  th e  f lo ra  of p laq u e  o b ta in ed  from  a re a s  w ith  h ig h  

a n d  low lev e ls  of f lu o r id e .

T h e  e ffe c t of f lu o rid e  on e x tra c e llu la r  p o ly sac c h a rid e s  is  u n c e r ta in . A 

re d u c tio n  of one th i r d  of th e se  po lym ers in  p laq u e  from  su b je c ts  ex posed  

to  1 ppm  of flu o rid e  was fo u n d  in  a  s tu d y  b y  B ro u k a l a n d  Zajicek (1974). 

C arlsso n  a n d  c o -w o rk e rs  (1969) h av e  show n th a t  g lu co sy l- an d  f ru c to s y l-  

t r a n s fe ra s e s  a re  h ig h ly  in se n s itiv e  to  f lu o r id e , a n d  i t  h a s  b e en  s u g g e s te d  

th a t  th e  o b se rv e d  re d u c tio n  in  th e  e x tra c e llu la r  p o ly sac c h a rid es  m ay be  

d u e  to  th e i r  en h an ced  d e g ra d a tio n  u n d e r  th e  in flu en ce  of flu o rid e  

(S ch a c h te le , 1977).

1 .1 2 .  M icroorganism s A ssociated  w ith  C aries.

T h e re  is overw helm ing ev id en ce  th a t  th e  in itia l p h a se  of d e n ta l ca ries  

in v o lv es  d em inera lisa tion  of to o th  enam el b y  h ig h  c o n cen tra tio n s  of 
o rg an ic  ac id s  p ro d u c e d  from  m etabolism  of d ie ta ry  c a rb o h y d ra te  b y  p laq u e  
b a c te r ia  accu m u la tin g  on th e  to o th  su rfa c e  (v a n  H oute , 1980). T his 
co n cep t is  b a se d  on M iller’s ch em ico -p arasitic  th e o ry  w ith  th e  m odification 
of d e n ta l p laq u e  invo lvem ent in tro d u c e d  b y  Williams (1898) a n d  B lack 

(1898). S u b se q u en t re s e a rc h  w hich s u p p o r ts  b a c te r ia l invo lvem ent in  

c a r ie s  ae tio logy  in c lu d e s :
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i] S tu d ies  d em o n stra tin g  th a t  th e  ad d itio n  of p en ic illin  to  th e  d ie t 

of r a t s  will p re v e n t  c a rie s  (M cClure & H ew itt, 1946).

ii] S tu d ies  b y  O rland  a n d  c o -w o rk e rs  (1954; 1955) w ith  g e rm -free

anim als e s ta b lish in g  th e  n e c e s s ity  of th e  p re se n c e  of b a c te r ia  fo r  
th e  developm ent of c a ries  in  r a t s .

iii] S tu d ies  b y  K eyes an d  F itzg e ra ld  (F itz g e ra ld  & K eyes, 1960; 

K eyes, 1960) show ing  th a t  c e r ta in  " c a r ie s - r e s is ta n t” ro d e n ts  d iffe r  

from  "c a r ie s -su sc e p tib le "  ones in  la ck in g  a cariogen ic  f lo ra , and  

th a t  th e  fo rm er g ro u p  will develop  ram p an t d ecay  w hen in fec ted  

w ith  a p p ro p r ia te  b a c te r ia .

T h e  d em o n stra tio n  b y  P a s te u r ,  Koch an d  o th e r  w o rk e rs  in  th e  la te  1800s 

th a t  s in g le  m icrobial a g e n ts  w ere  th e  cau se  of d if fe re n t in fec tious 

d is e a s e s , in itia te d  a  s e a rc h  fo r  a  s in g le  c au sa tiv e  a g e n t of dented c a r ie s . 

T h e re fo re , h a v in g  show n a lin k  b e tw een  ac id  p ro d u c tio n  b y  o ra l b a c te r ia  

an d  enam el d em in e ra lisa tio n , M iller th e n  a ttem p ted  to  fin d  one o r  sev e ra l 

b a c te r ia  w hich  w ere  re sp o n s ib le  fo r  th is  acido gene s i s . He fo u n d , 

h o w ev er, th a t  m ost, if  n o t a ll, of th e  b a c te r ia l  iso la tes  he  te s te d  in  v itro  

w ere  capab le  of fe rm e n tin g  c a rb o h y d ra te  to  low pH , an d  concluded  th a t  

d e n ta l c a r ie s  w as b ac te rio lo g ica lly  n o n -sp e c if ic  an d  d e p e n d e n t on th e  

accum ulation  of a c id -p ro d u c in g  b a c te r ia  fo r  i ts  in itia tio n  (rev iew ed  b y  

L oesch e , 1982).

T he  re la tio n sh ip  b e tw een  p laq u e  q u a n tity  a n d  d e n ta l c a ries  a c tiv ity  is 

ho w ev er u n c le a r . Some s tu d ie s  h av e  show n th a t  p o o r o ra l h y g ien e  te n d s  

to  c o rre la te  p o s itiv e ly  w ith  ca rie s  in c rem en t o r  p a s t  c a ries  e x p e rien ce  (de  
Paola e t a l . , 1968; A ndlaw , 1978), an d  i t  is  e v id en t th a t  c a ries  o ccu rs  
esp ec ia lly  on a re a s  of te e th  w here  p laq u e  accum ulates m ost re a d ily  an d  in  
th e  h ig h e s t  am ounts (v a n  H oute , 1980). C o n v erse ly , o th e r  in v e s tig a tio n s  
h av e  show n th a t  m any in d iv id u a ls  rem ain  c a r ie s - f re e  d e sp ite  u n fav o u rab le  

o ra l h y g ie n e , o r  a te n d e n c y  to  form  eq u al o r ev en  h ig h e r  am ounts of 
p laq u e  th a n  c a r ie s -a c tiv e  su b je c ts  (M andel & Z engo, 1973).

One p ro p o se d  ex p lan a tio n  fo r  th is  lack  of c le a r -c u t re la tio n sh ip  betw een  
p la q u e  m ass an d  d e n ta l c a r ie s  a c tiv ity  is  th a t  p la q u es  v a r y  in  th e ir  
m icrobial com position, an d  th e r fo re  in  sp ite  of b e in g  p re s e n t  in  eq u al 

am o u n ts , th e y  may v a r y  in  th e ir  c a r io g en ic ity .
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T h e  f r e q u e n t  iso la tion  of B acillus (L ac to b ac illu s) ac idoph ilu s from  cario u s  

d e n tin e  (Howe & H a tch , 1917) an d  th e  a b ility  of th is  organ ism  to  p ro d u ce  

ac id  an d  a r tif ic ia l c a r ie s  in  in  v itro  m odels, led  to  a b e lie f th a t  th is  

ac idogen ic  an d  a c id u ric  o rgan ism  was th e  p r in c ip a l b a c te r ia l aetio logical 

a g e n t of c a r ie s  (K lig le r, 1916). H ow ever, as q u a n tita tiv e  c u ltu ra l 

te c h n iq u e s  im p ro v ed , i t  becam e a p p a re n t th a t  lac tobac ilh  w ere d iff icu lt to  

d e te c t  in  p laq u e  sam ples a n d  w ere  g re a t ly  o u tn u m b ered  b y  o th e r  acidogen ic  

o rgan ism s su c h  as S trep to co ccu s  sp ec ie s . In  1924, C larke  iso la ted  a  

s tre p to c o c c u s  w hich o c cu red  more f r e q u e n tly  th a n  lac tobac ilh  in  e a r ly  

ca rio u s  le s io n s . He nam ed th e  o rgan ism  S t r e p . m utans an d  show ed th a t  i t  

was ab le  to  a d h e re  to  a to o th  s u r fa c e , an d  could  p ro d u c e  a rtif ic ia l caries  

w hen in c u b a te d  w ith  te e th  in  a g lucose  b ro th .  H ow ever, o th e r  

re s e a rc h e r s  w ere  u n ab le  to  re p ro d u c e  C la rk e ’s d a ta , an d  th e  p o ten tia l 

c a r io g e n ic ity  of S t r e p . m utans rem ained  la rg e ly  n e g lec te d  u n til  th e  1960s 

w hen in te n se  in v e s tig a tio n  of th is  sp ec ie s  w as re v iv e d .

C o n flic tin g  op in ions s till  e x is t a s  to  w h e th e r  on ly  a  small n u m ber of 

sp ec ific  p la q u e  o rgan ism s a re  re sp o n s ib le  fo r  th e  in itia tio n  of c a r ie s , o r 

w h e th e r  le sio n s  can b e  p ro d u c e d  b y  v a rio u s  com binations of th e  m any 

acidogen ic  b a c te r ia  p re s e n t  in  p la q u e . T he two g ro u p s  of o rgan ism s th a t  

h a v e  b e en  sp ec ifica lly  im plicated  in  th e  ae tio logy  of enam el ca rie s  a re  

S t r e p . m utans an d  la c to b ac ilh . T he follow ing sec tio n s  will sum m arise th e  

ev id en ce  ad v an ced  to  s u p p o r t  th e  ro le  of th e se  b a c te r ia  in  ca ries  

in itia tio n , an d  th is  will b e  followed b y  a d iscu ss io n  of th e  fin d in g s  in  
fa v o u r  of th e  n o n -sp e c if ic  h y p o th e s is . In  s u b se q u e n t sec tio n s  th e  s tu d ie s  

in v e s t ig a tin g  th e se  th e o rie s  will b e  d e sc r ib e d  in  g re a te r  d e ta il, an d  th e ir  

lim itations d is c u s se d .

1 .1 2 .1 .  S trep tococcu s m utans and C aries.

T h e  m utans s tre p to co c c i a re  an  an tig e n ica h y  a n d  g en e tica lly  h e te ro g en eo u s  

g ro u p  of non -m otile , c a ta la se -n e g a tiv e  Gram p o sitiv e  cocci w hich 

c h a ra c te r is tic a lly  fe rm en t m annitol an d  u su a lly  so rb ito l, in  ad d itio n  to  
o th e r  s u g a rs  (M ickalek & M cGhee, 1982). T h ey  h av e  b e en  s e p a ra te d  in to  

s ix  g en o ty p es  o r  su b sp e c ie s  (C o y k en d all, 1983; B e ig h t on e t  a l . , 1984), five  
b io ty p e s  (S h k la ir  & K eene, 1974; 1976) a n d  e ig h t s e ro ty p e s  (B ra t th a h ,
1970; P e rc h  e t  a l . , 1974 ; B eigh ton  e t a l . , 1981). I t  h a s  b e en  p ro p o sed  
th a t  th e  s ix  g en o ty p es  sh o u ld  b e  e lev a ted  to  sp ec ies  level (C oy k en d all,

69



1983; S ch le ife r e t a l . , 1984), an d  a b r ie f  sum m ary of some of th e  

b io log ical fe a tu re s  of th e  S t r e p . m utans g ro u p  of b a c te r ia  is  show n in  

T ab le  1. S t r e p . m utans ( s e ro ty p e s  c / e / f )  an d  S t r e p , so b rin u s  (s e ro ty p e s  

d i g )  a re  th e  sp ec ie s  m ost commonly fo u n d  in  hum ans (Emilson & 

T h o rse liu s , 1988), w ith  se ro ty p e  c s tra in s  b e in g  most f r e q u e n tly  iso la ted , 

follow ed b y  d an d  e , w h ils t th e  o th e rs  a re  on ly  v e ry  r a r e ly  en co u n te re d  

( Hamada e t a l . ,  1976; Thom son e t a l . ,  1980; C arlsso n  e t a l . , 1985). For 

th e  p u rp o se s  of d iscu ss io n  in  th is  th e s is ,  th e  te rm  S t r e p . m utans shall 

r e f e r  to  th e  m utans g ro u p  of s tre p to co c c i a s  a w hole, u n le ss  p a r tic u la r  

re fe re n c e  is o th e rw ise  m ade.

Ecological s tu d ie s  h av e  show n th a t  S t r e p . m utans co lonises th e  m ouths of 

in fa n ts  on ly  a f te r  to o th  e ru p tio n  an d  d isa p p e a rs  from  th e  m outh following 

th e  e x tra c tio n  of all th e  te e th  (N ik ifo ru k , 1985). H ow ever i ts  p rev a len ce  

in  ed en tu lo u s  d e n tu re  w e a re rs  is  sim ilar to  th a t  fo u n d  in  d e n ta te  su b jec ts  

(Em ilson & T h o rse liu s , 1988), th u s  s u p p o r tin g  th e  th e o ry  th a t  S t r e p . m utans 

is  u n ab le  to  p e r s is t  in  th e  o ra l c av ity  in  th e  ab sen ce  of a n o n 

d esq u am atin g  su rfa c e  (C a rls so n  e t  ah  , 1969). T he o rgan ism  does no t 
colonise th e  n a tu ra l  te e th  u n ifo rm ly , b e in g  iso la ted  more f r e q u e n tly  from  

f is s u re s  a n d  in te rp ro x im a l s u rfa c e s  th a n  from  b u cca l a n d  lin g u a l sm ooth 

s u r fa c e s . S tu d ies  u s in g  s tre p to m y c in -re s is ta n t m u tan ts  of S t r e p . m utans 

h av e  show n th a t  i t  does n o t re a d ily  s p re a d  from  one to o th  su rfa c e  to  

a n o th e r  (S v a n b e rg  & K ra sse , 1981) . T h ese  f in d in g s  may b e  due  to  i ts  low 

s a liv a ry  co n ce n tra tio n  an d  i ts  re la tiv e ly  w eak ab ility  to  a d so rb  to  te e th  

(G ibbons & v an  H oute , 1975).

T h e  te rm  "T he Specific  P laque H ypo th esis"  was in tro d u c e d  b y  L oesche 

(1976) to  d e sc rib e  th e  concep t th a t  d e n ta l c a rie s  is  a  d isease  in  w hich 

sp ec ific  m icroorganism s p la y  a  m ajor aetio log ical ro le . M any re s e a rc h e rs  

b e liev e  th a t  S t r e p . m utans is  s tro n g ly  a sso c ia ted  w ith  th e  in itia tio n  and  
developm ent of hum an d e n ta l c a r ie s  (rev iew ed  b y  v an  H oute , 1980; 

Hamada & S lade , 1980; L oesche , 1982; Emilson & K ra sse , 1985) an d  th e  

follow ing f in d in g s  h av e  b e en  ad v an ced  to  s u b s ta n tia te  th e i r  a rg u m en t:

i] S t r e p . m utans in fec tio n  o ften  p re c e d e s  th e  developm ent of ca ries

(Ik e d a  e t  a l . , 1973; K ohler e t  a l . ,  1981).
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G enotype II III IV U nknow n

Species 

Bio ty p e  

S e ro ty p e

m utans

I & IV

c e f

r a t tu s  so b r in u s  c r ic e tu s

II IV & VI

d  g  h

III

fe ru s

unknow n

F erm en ta tio n

M annitol + + +

S o rb ito l + + +

R affinose  + + +

M elibiose + ± +

Ammonia from  
a rg in in e  -  -  -

G row th  in
b a c itra c in  + + +

G uanosine &
cy to sin e  mole % 3 6 - 3 8

+

+

+

+

+ + +
+  +  -

—  +

+

+

+

+

+

+

unknow n

+ + -

41 -  43 44 -  46 42 - 44 43 - 45

Cell wall G lucose G alactose G lucose G lucose G lucose
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T able 1 . Sum m ary of some of th e  d iffe ren c es  w ith in  th e
S trep to co c cu s  m utans g ro u p . From  R u sse ll (1987).
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ii]  T he  o rgan ism  is  iso la ted  in  h ig h e r  n u m b ers  from  cario u s  lesions 

th a n  from  so u n d  s u rfa c e s  (H oerm an e t al_. , 1972; D uchin  & van  
H oute , 1978).

iii] A c o rre la tio n  is  o ften  fo u n d  b e tw een  ca ries  p re v a len c e  and  

in c id en ce  an d  S t r e p . m utans lev e ls  in  b o th  p laq u e  an d  saliva  

(L oesche e t al_., 1975; Z ick e rt e t a h , 1982; A la luusua  & 
R en k o n e n , 1983).

iv ]  C o rre la tio n s  o ften  e x is t b e tw een  th e  p ro g re s s io n  of carious 

le sio n s  an d  S t r e p . m utans lev e ls  (Z ick e rt e t  a l . , 1982).

v ]  S t r e p . m utans p ro d u c e s  h ig h  lev e ls  of m u lti-su rfa ce  ca ries  in  

an im als, in  c o n tra s t  w ith  o th e r  sp ec ie s  of d e n ta l b a c te r ia  w hich 

a re  le ss  cario g en ic  (Ham ada & S lade , 1980).

T h e  p a th o g e n ic ity  of S t r e p . m utans h a s  a lso  b e e n  e x te n s iv e ly  s tu d ie d  

(rev iew ed  b y  Hamada & S lade , 1980; v an  H oute , 1980; Bow den e t a l . , 

1984; Emilson & K ra sse , 1985) an d  some of i ts  biochem ical p ro p e r tie s  

w hich  a re  b e liev ed  to  b e  of im portance  in  re la tio n  to  th e  in itia tio n  and  

developm ent of c a r ie s  in c lu d e :

i] T he  p ro d u c tio n  from  su c ro se  of e x tra c e llu la r  p o ly sacch a rid es  

w hich  may m ediate i ts  a d h e re n c e  to  to o th  su rfa c e s  (Ham ada & 

S lade , 1980).
ii] T he  fo rm ation  of in tra c e llu la r  p o ly sacch a rid e  e n e rg y  re s e rv e s  

(Em ilson & K ra sse , 1985).
iii] T he  ra p id  m etabolism  of s u g a rs  to  o rg an ic  a c id s , p a r tic u la r ly  

la c tic  acid  (M inah & L oesche , 1977; v an  d e r  H oeven & F ra n k e n ,

1982).
iv ]  T he  a b ility  to  in itia te  an d  m ain tain  m icrobial g ro w th  a n d  to  

co n tin u e  acid  p ro d u c tio n  a t  low pH levels  (H a rp e r  & L oesche , 

1984).

1 .1 2 .2 .  L actobacilli and C aries.

T h e  lac tobac illi a re  a  g ro u p  of n o n -s p o r in g , u su a lly  non-m otile , ca ta lase  
n e g a tiv e  Gram p o s itiv e  b ac illi of v a ria b le  le n g th  (Konem an e t a h  , 1983). 
T he  g en u s  is  d iv id ed  in to  two g ro u p s  d e p e n d e n t on th e  p ro d u c ts  form ed 

from  g lucose  m etabolism , w ith  th o se  p ro d u c in g  more th a n  65 % lac tic  acid  
b e in g  c lass ified  as  hom oferm en ta tive , an d  th o se  fo rm ing  le ss  th a n  65 %
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la c tic  ac id  an d  s ig n if ic a n t am ounts of c a rb o n  d iox ide , ace tic  ac id  an d  

e th a n o l, b e in g  r e f e r r e d  to  as h e te ro fe rm e n ta tiv e  (H a rd ie , 1983). The 

hom oferm en ta tive  sp ec ie s  a re  L . a c id o p h ilu s , L . s a l iv a r iu s , L . case i and  

L . p la n ta ru m , an d  sp ec ie s  b e lo n g in g  to  th e  h e te ro fe rm e n ta tiv e  g ro u p  
in c lu d e  L . ferm entum  a n d  L . b r e v i s .

L ac tobac illu s  s p p . h av e  b e e n  im plicated  in  th e  ae tio logy  of d en ta l caries  

fo r  m any d e c a d e s , a n d  some of th e  ev id en ce  w hich h a s  b e en  p u t  fo rw ard  

to  s u p p o r t  i ts  ro le  in  re la tio n  to  c a r ie s  developm ent is  as follows:

i] L actobac illu s  s p p . a re  fo u n d , o ften  in  h ig h  n u m b e rs , in  n e a r ly  all 

ca rio u s  cav itie s  (rev iew ed  b y  v an  H oute , 1980).

ii] T h e ir  p ro p o r tio n s  in  p laq u e  an d  sa liv a  a re  o ften  p o s itiv e ly  

c o rre la te d  w ith  c a r ie s  a c tiv ity  (L oesche & S y ed , 1973; B u rn e tt  e t 

a l . , 1976).

iii] L actobac illu s  s p p . h av e  a h ig h  ac id  p ro d u c tio n  ra te  an d  a re  

ex trem ely  a c id u ric  o rg an ism s, b e in g  ab le  to  in itia te  an d  m aintain 

g ro w th  a t  low pH le v e ls , a n d  p ro d u c e  lac tic  ac id  in  conditions 

below  pH 5 .0  (H a rp e r  & L oesche , 1984).

iv ]  Some s tr a in s  of lactobacilli a re  ab le  to  p ro d u c e  ca ries  in  

gno tob io tic  r a t s , a lth o u g h  n o t to  th e  same e x te n t a s  S t r e p . 

m utans (rev iew ed  b y  L oesch e , 1982).

v ] E x tra -  a n d  in tra c e l lu la r  p o ly sac c h a rid e s  can  b e  sy n th e s is e d  from  
d ie ta ry  su c ro se  b y  c e r ta in  lac to b ae illu s  sp ec ie s  (rev iew ed  b y  

E d w ard sso n , 1986).

L ac tobac illu s  s p p . h av e  a re la tiv e ly  low a ff in ity  fo r  th e  to o th  su rfa c e  (v an  
H oute e t a L , 1972) a n d  su rfa c e  d e fe c ts  su c h  as  cario u s  lesions m ay fa v o u r 

th e  re te n tio n  of th is  o rgan ism . In  ad d itio n , th e  low pH of th e se  s ite s  

will a lso  se le c t fo r  th e se  a c id u r ic  b a c te r ia ,  allow ing them  to  m ultip ly  in  

th e  acid ic  cond itions w ith in  a lesion .

L ac toba^h lus s p p . a re  on ly  r a r e ly  iso la ted  from  p laq u e  p r io r  to  th e  
developm ent of c a r ie s , an d  a re  o ften  a b se n t from  p laq u e  o v e rly in g  in c ip ien t 

le s io n s . Some w o rk e rs  h av e  th e re fo re  a rg u e d  th a t  th e  p re se n c e  of 
lactobac illi in  a  cario u s  lesion  is  an  o p p o rtu n is tic  p ro life ra tio n  r a th e r  th a n  

a  cau sa l e v e n t (Jo h n so n  & Colman, 1986), a n d  th a t  th e se  o rgan ism s may
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n o t b e  in v o lv ed  in  th e  in itia tio n  of c a r ie s , b u t  may c o n tr ib u te  to  th e  

p ro g re s s io n  of a lre a d y  e x is t in g  lesions (rev iew ed  b y  L oesche , 1982).

A n u m b er of ex p erim en ta l s tu d ie s  h av e  show n a p o s itiv e  co rre la tio n  

b e tw een  th e  n u m b er of lac to b ac ilh  in  sa liva  an d  th e  in ta k e  of d ie ta ry  

c a rb o h y d ra te  ( J a y ,  1947; F e a th e rs to n e , 1960). S a liv a ry  lactobacillus 

co u n ts  h av e  th e re fo re  b e e n  u se d  to  m onitor th e  e ffe c tiv en e ss  of d ie ta ry  

co u n se llin g  (rev iew ed  b y  K arja la in en , e t a l . , 1987) w ith  some s tu d ie s  

show ing  an  a lte ra tio n  in  th e  level of th is  o rgan ism  a sso c ia ted  w ith  changes 

in  th e  in ta k e  of d ie ta ry  s u g a rs  (rev iew ed  b y  S te c k se n -B lic k s , 1987). 

O th e rs  h o w ev er, h av e  b een  un ab le  to  d em o n stra te  a  p o s itiv e  co rre la tio n  

(K ra s se , 1954) o r  h a v e  o n ly  show n a w eak asso c ia tio n  b e tw een  th e se  two 

p a ra m e te rs  (C ro s s n e r ,  1984; S te c k se n -B lic k s , 1987). A lso, i t  h as been  

s u g g e s te d  th a t  o th e r  fa c to rs  in  th e  o ra l c a v ity  su c h  as  in c re a se d  m icrobial 

re te n tio n  s ite s  a n d  re d u c e d  sa liv a ry  flow ra te  an d  b u f fe r in g  cap ac ity  

(P a rv in e n  & L arm as, 1981; H e in tze , 1984) may also  b e  closely  re la te d  to  

h ig h  lac to b ac illu s  c o u n ts .

1 . 1 2 . 3 .  R elationsh ip  o f O ther Plaque O rganism s to  C aries.

P laq u e  b a c te r ia ,  o th e r  th a n  S t r e p . m utans an d  lac tobac illi, h av e  b een  

s tu d ie d  le ss  th o ro u g h ly  fo r  th e ir  re la tio n sh ip  w ith  d e n ta l c a r ie s , (rev iew ed  

b y  v an  H oute , 1980; E d w ard sso n , 1986), an d  th e  r e s u l ts  o b ta in ed  h a v e , in  

m any c a se s , b e en  equ iv o ca l.

S t r e p . san g u is  an d  S t r e p . m itis a re  p ro m in en t m em bers of th e  p laq u e  flora, 

a re  ac id o g en ic , an d  some s tra in s  h av e  th e  a b ility  to  p ro d u c e  in t r a -  an d  
e x tra c e llu la r  p o ly sac c h a rid es  an d  to  c re a te  enam el lesions in  gno tob io tes 
(rev iew ed  b y  E d w ard sso n , 1986). H ow ever, in  v itro  s tu d ie s  h av e  show n 

th e y  p ro d u c e  le ss  acid  an d  a re  le ss  a c id u ric  th a n  S t r e p . m utans (rev iew ed  

b y  L o esch e , 1982), c re a te  few er an d  le ss  s e v e re  lesions in  anim al models 

(v a n  H oute , 1980), an d  hum an s tu d ie s  h av e  fa iled  to  fin d  a p o s itiv e  
re la tio n sh ip  b e tw een  S t r e p . san g u is  o r  S t r e p . m itis an d  ca ries  a c tiv ity  

(B ow den e t  a l . , 1976; D re izen  & B row n, 1976).

A ctinom yces sp ec ie s  a re  also  p re s e n t  in  la rg e  n u m b ers  in  m atu re  p laq u e  

a n d  a re  o fte n  fo u n d  in  p laq u e  o v e rly in g  ca ries  lesions (L oesche & S yed , 
1973). H ow ever, little  d a ta  e x is ts  r e g a rd in g  th e ir  asso c ia tio n  w ith  th e
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in itia tio n  of c a r ie s , b u t  th e  in fo rm ation  th a t  is  availab le  s u g g e s ts  th e y  do 

n o t p la y  a  m ajor ro le  in  th e  ae tio logy  of enam el ca ries  (Bow den e t a l . , 

1976; H ard ie  e t a l . , 1977; M inah & L oesche , 1977), a lth o u g h  th e y  have  

b e en  im plicated  in  re la tio n  to  th e  in itia tio n  of ro o t su rfa c e  ca ries  (S yed  e t 
a L ,  1975).

C and ida  sp ec ie s  g e n e ra lly  c o n s ti tu te  on ly  a  small f ra c tio n  of th e  p laque  

f lo ra  (T h eilad e  et^ al_., 1974). In  v itro  s tu d ie s  h av e  show n th a t  th e y  a re  

ac idogen ic  an d  a re  ab le  to  s u rv iv e  an d  m etabolise c a rb o h y d ra te  a t pH s in  

th e  v ic in ity  of 5 .0  (L o esch e , 1982) . T h ey  h av e  b e en  iso la ted  from  carious 

d e n tin e  (H odson & C ra ig , 1972) an d  some s tu d ie s  have  show n an  a sso c ia t

ion b e tw een  s a liv a ry  levels  of Candida a n d  ca rie s  p re v a len c e  (B anoczy ,

1983). I t  is  p ro b a b le  th a t  th e  re la tio n sh ip  re f le c ts  th e  a b ility  of Candida 

to  colonise th e  low pH en v iro n m en t s u r ro u n d in g  a  cario u s  le s io n , a lth o u g h  

th e  asso c ia tio n  b e tw een  Candida an d  c a r ie s  developm ent rem ains u n c lea r .

V eillonella sp ec ies  a re  th e  m ost p ro m in en t Gram n eg a tiv e  sp ec ies  p re s e n t  

in  su p ra g in g iv a l p laq u e  sam ples. T h e y  a re  u n ab le  to  fe rm en t common 

d ie ta ry  c a rb o h y d ra te , b u t  can  u tilise  o rg an ic  a c id s , su c h  as  lac tic  a c id , as 

an  e n e rg y  so u rc e . T he  m etabolism  of lac tic  ac id  to  w eaker ac id s  su ch  as 

a c e tic , p ro p io n ic  an d  form ic (D is tle r  & K ro n ck e , 1980) may re d u c e  p laq u e  

a c id ity  an d  th e re fo re  m odify th e  cario g en ic  p o te n tia l of th e  m icroflo ra. 

A ttem p ts to  c o rre la te  ve illonella  a n d  c a r ie s  a c tiv ity  h av e  p ro d u c e d  

co n flic tin g  r e s u l t s ,  w ith  a p o s itiv e  c o rre la tio n  b e in g  n o ted  in  one s tu d y  

(M azzarella & S h k la ir , 1960) b u t  n o t in  o th e rs  (Sims & S n y d e r , 1958; 

M inah & L oesche , 1977). T he p re se n c e  of th is  o rgan ism  may re f le c t th e  

h ig h  a c id ity  an d  cario g en ic  p o te n tia l of an  en v iro n m en t, o r th e  o rgan ism  

m ay m etabolise th e  lac tic  acid  to  su c h  an  e x te n t th a t  i t  re d u c e s  th e  
cario g en ic  p o te n tia l an d  th u s  se lec ts  fo r  le ss  a c id u ric  o rgan ism s (L oesche, 

1982). A s tu d y  b y  Mikx an d  co -w o rk e rs  (1972) show ed th a t  th e  ad d itio n  

of veillonella  to  a  S t r e p . m utans flo ra  su b s ta n tia lly  re d u c e d  th e  inc idence  

of c a rie s  in  gno tob io tic  r a t s .

A lth o u g h  s t ro n g  ev id en ce  e x is ts  w hich  s u g g e s ts  th a t  S t r e p . m utans an d  

lactobacilli a re  o ften  a sso c ia ted  w ith  th e  in itia tio n  an d  developm ent of 
c a r ie s , an d  S t r e p . m utans a p p e a rs  to  p o sse ss  all th e  biochem ical 
c h a ra c te r is t ic s  b e liev ed  to  b e  of im portance  in  th e  p a th o g en ic ity  of th is  

d isea se  (L oesche , 1982), o th e r  p laq u e  o rgan ism s also  p o sse ss  some of th e se
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cario g en ic  p ro p e r t ie s ,  an d  will p la y  a  ro le  in  th e  developm ent of le s io n s . 

In d iv id u a l s p e c ie s , o r  com binations of o rg a n ism s , may p o sse ss  the  n e c e s sa ry  

c h a ra c te r is t ic s  to  en ab le  them  to  p ro d u c e  lesions in  th e  ab sen ce  of S t r e p . 

m u tans an d  la c to b ac illi, an d  some of th e  ev id en ce  s u p p o r tin g  "T he  Non
sp ec ific  P laq u e  H y p o th esis"  is  sum m arised  below :

i] M any o ra l b a c te r ia  in c lu d in g  s tre p to c o c c i, lactobacilli, 

actinom yces a n d  y e a s ts  a re  ac idogen ic  a n d  a re  fo u n d  in  re la tiv e ly  
h ig h  n u m b ers  in  th e  o ra l c a v ity .

ii] C om parison of p laq u e  from  c a r ie s -a c tiv e  an d  c a r ie s -in a c tiv e  

p a tie n ts  h as  show n th a t  th e  to ta l acidogen ic  nu m b ers  of p laq u e  

o rgan ism s is  h ig h e r  in  th e  fo rm er g ro u p  (E d w ard sso n , 1986).

h i]  In  ad d itio n  to  S t r e p . m u ta n s , m any o th e r  o ra l b a c te r ia  in c lu d in g

S t r e p . s a n g u is , S t r e p . m itis , A . v isco su s  an d  A . n aes lu n d ii a re  also 

ab le  to  p ro d u c e  e x tra c e llu la r  p o ly sa c c h a r id e s , to  v a ry in g  e x te n ts , 

in  th e  p re se n c e  of su c ro se  (M inah & L oesche , 1977).
iv ]  S ev e ra l g ro u p s  of o rgan ism s in  d e n ta l p laq u e  su ch  as  S t r e p . 

m u ta n s , S t r e p . m itis , S t r e p . s a n g u is , A . v isco su s  a n d  L . case i have  

th e  a b ility  to  p ro d u c e  in tra c e llu la r  p o ly sac c h a rid e s  (G ibbons & 

S o c ra n sk y , 1962). E ndogenous m etabolism  of th e se  polym ers 
w ould m ain tain  ac id  p ro d u c tio n  in  p la q u e  fo r  lo n g  p e rio d s  in  th e  

ab sen ce  of exogenous s u g a r  s o u rc e s .
v ]  In  ad d itio n  to  S t r e p . m utans a n d  lac to b ac illi, m any o th e r  p laq u e  

o rgan ism s in c lu d in g  some s t r a in s  of S t r e p . s a n g u is , S t r e p . 
s a l iv a r iu s , S t r e p . m itio r, A . v isco su s  an d  A. n aes lu n d ii a re  capab le  

of p ro d u c in g  c a r ie s , to  v a rio u s  e x te n ts ,  in  gno tob io tic  r a t s .

1 .1 2 .4 .  C ariogem d ty  M odels.

T h e  com plexity  of th e  b a c te r ia l com m unity fo u n d  on enam el s u r fa c e s , th e  

d iff icu ltie s  in v o lv ed  in  a c c u ra te  rem oval an d  id en tific a tio n  of o rgan ism s 

from  cario u s  an d  c a r ie s - f re e  s i te s ,  th e  prob lem s a sso c ia ted  w ith  d iagnosis  
of e a r ly  le s io n s , an d  th e  fa c t  th a t  m any o th e r  fa c to rs  in c lu d in g  enam el 

s u sc e p tib il i ty , d ie ta ry  an d  s a liv a ry  c h a ra c te r is t ic s  also  p la y  a  m ajor ro le  in  
th e  ae tio logy  of c a r ie s , m akes i t  ex trem ely  d iff icu lt to  s tu d y  th e  

re la tio n sh ip  of b a c te r ia  to  th e  in itia tio n  of c a r ie s  a n d , in  p a r t ic u la r ,  to  
a tte m p t to  im plicate sp ec ific  g ro u p s  of o rgan ism s in  i ts  ae tio logy .
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H ow ever, s in ce  th e  a p p ro p r ia te  tre a tm e n t an d  p re v e n tiv e  m easu res ad o p ted  

to  deal w ith  th is  d isea se  may be  in flu en ced  b y  w h e th e r  th e  n o n -sp ec if ic  o r 

sp ec ific  concep t is  fo llow ed, e x te n s iv e  re s e a rc h  h a s  b een  u n d e r ta k e n  in  an  

a tte m p t to  re so lv e  th is  p roblem  b u t  a t p re s e n t  th e  r e s u lts  rem ain 

eq u iv o ca l. T h ese  s tu d ie s  h av e  in v o lv ed  i] in  v itro  in v e s tig a tio n s , ii] 

anim al m odels, an d  iii] hum an epidem iological a n d  ex p erim en ta l s tu d ie s .

1 .1 2 .5 .  In  v itro  S tu d ies.

In  ad d itio n  to  w h e th e r  a  b ac te riu m  is  p r e s e n t  in  h ig h  n u m b e rs , th e  

c o n tr ib u tio n  of th e  d if fe re n t p laq u e  o rgan ism s to  ca ries  in itia tio n  may also 

b e  d e p e n d e n t on th e  e x te n t of i ts  acid  p ro d u c tio n  a t v a rio u s  pH levels and  

on th e  low est pH a t w hich  i t  can  fe rm en t c a rb o h y d ra te  an d  rem ain  v iab le .

T he r e s u l ts  o b ta in ed  from  in  v itro  s tu d ie s  m ay b e  u se d  to  s u p p o r t  b o th  th e  

n o n -sp e c if ic  an d  sp ec ific  h y p o th e se s , s in ce  th e y  show th a t  m any o ra l 

b a c te r ia  a re  ab le  to  p ro d u c e  ac id s  from  c a rb o h y d ra te  (E llen & O nose, 1978; 

v a n  H ou te , 1980), b u t  th a t  some s t r a in s  of S t r e p . m utans an d  lactobacilli 

a re  more acid  to le ra n t th a n  a v a r ie ty  of o th e r  p la q u e  sp ec ies  su c h  as 

S t r e p . s a n g u is , S t r e p . s a liv a riu s  an d  A ctinom yces v isco su s  (H a rp e r & 

L o esch e , 1984), b e in g  ab le  to  in itia te  an d  m ain tain  p la q u e  g ro w th  a n d  to  

co n tin u e  to  p ro d u c e  lac tic  acid  a t low pH lev e ls .

1 .1 2 .6 .  Animal M odels.

Follow ing th e  developm ent of th e  anim al models w hich d em o n stra ted  th e  

ab so lu te  req u ire m e n t of b a c te r ia  in  th e  ae tio logy  of c a rie s  (d e sc r ib e d  in  

S ection  1 .1 2 . ) ,  th e se  sy s te m s , u s in g  gno tob io tic  a n d  conven tional r o d e n ts , 
w ere  u se d  to  determ ine  th e  cariogen ic  p o te n tia l of d if fe re n t o ra l b a c te r ia  

(rev iew ed  b y  v an  H oute , 1980). I t  was fo u n d  th a t  n o t all a c id -p ro d u c in g  
o rgan ism s w ere ab le  to  in d u ce  c a r ie s , an d  th a t  some sp ec ies  could  p ro d u ce  

dem inera lisa tion  on ly  on spec ific  s ite s  on a to o th  su rfa c e . I t  th e re fo re  
becam e a p p a re n t th a t  in  ad d itio n  to  i ts  acidogen ic  p o te n tia l, an  o rgan ism ’s 

a b ility  to  a d h e re  to  su rfa c e s  an d  to  com pete w ith  o th e r  m em bers of th e  
m icrobial p o p u la tio n  may p la y  a  s ig n if ic a n t ro le  in  d e te rm in in g  i ts  
dem in era lis in g  p o te n tia l. S tra in s  of S t r e p . m utans w ere  alm ost alw ays 

fo u n d  to  b e  cario g en ic  in  r a t s  fe d  a  h ig h  su c ro se  d ie t, w h ils t o th e r  
s tre p to c o c c i, lactobacilli a n d  actinom yces w ere more v a ria b le  in  th e ir

77



c a r io g e n ic ity . T he  sp ec tru m  of o rgan ism s capab le  of p ro d u c in g

d em in era lisa tio n  was sm aller in  h a m ste rs  th a n  in  r a t s  (rev iew ed  b y  R osen , 

1984). G en era lly  th e  c a r ie s  in d u c ed  b y  th e se  o th e r  o rgan ism s was m uch 

le ss  s e v e re  th a n  w ith  S t r e p . m utans a n d  was v ir tu a lly  ex c lu s iv e ly  r e s tr ic te d  
to th e  to o th  f is s u re s  (v a n  H ou te , 1980).

Animal models h av e  also  allowed v a ria tio n s  in  th e  m icrobial t r a i t s  of 

b a c te r ia l sp ec ie s  to  b e  s tu d ie d  in  an  a ttem p t to  d isco v e r w hich a re  

im p o rtan t in  re la tio n  to  c a r io g en ic ity ; m ost in v e s tig a tio n s  h ave  b een  

co n d u c ted  w ith  S t r e p . m u ta n s . E nzym e-defic ien t m u tan ts  h av e  show n th a t  

re d u c e d  acidogen ic  p o te n tia l due  to  d e fec tiv e  la c ta te  d eh y d ro g en ase  

(H illm an, 1978) an d  d im inished  e x tra c e llu la r  an d  in tra c e l lu la r  polym er 

p ro d u c in g  cap ab ilities  (F reedm an  e t a l . , 1979; T a n z e r e t  al_., 1976) h ave  

re s u lte d  in  re d u c e d  c a r ie s  e x p e r ie n c e .

S tu d ie s  on m icrobial in te ra c tio n s  in v o lv in g  th e  inocu la tion  of more th a n  

one b a c te r ia l  ty p e  in to  gno tob io tic  anim als h av e  show n th a t  some 

com binations may p ro d u c e  h ig h e r  ca r ie s  r a te s  th a n  th o se  fo u n d  w hen th e  

o rgan ism s a re  in o cu la ted  s e p a ra te ly , w h ils t in  o th e r  cases  th e  in te ra c tio n  

be tw een  b a c te r ia  may re d u c e  th e  cario g en ic  ch a llen g e ; fo r  exam ple th e  

lac tic  acid  p ro d u c e d  b y  S t r e p . m utans may b e  c o n v e r ted  in to  w eaker 

o rg a n ic  ac id s  b y  V eillonella sp ec ies  (rev iew ed  b y  E d w ard sso n , 1986).

S ince th e  th ic k n e ss  an d  m ineral com ponent of m onkey enam el m ore c losely  
resem b les  th a t  of hum ans th a n  does ro d e n t enam el, cond itions fo u n d  in  

hum ans a re  b e t te r  sim ulated  in  m onkey m odels. L o n g itud inal in v e s t

ig a tio n s  com paring  th e  ca rie s  a c tiv ity  of S t r e p . m utans in fe c te d  m onkeys 
an d  u n in o cu la ted  c o n tro ls , b o th  on h ig h  cario g en ic  d ie ts , h av e  fo u n d  m uch 

h ig h e r  lev e ls  of c a rie s  in  th e  S t r e p . m utans - in o cu la ted  anim als (B ow en, 
1969). T he im portance  of S t r e p . m utans in  ca ries  ae tio logy  h a s  also b een  

su p p o r te d  b y  im m unisation ex p erim en ts  (Bowen e t aL , 1975; L eh n e r e t a l . , 

1977) w hich  h av e  show n a re d u c e d  in c id en ce  of c a ries  in  m onkeys g iv en  

S t r e p . m utans v a c c in e s .

1 .1 2 .7 .  Human S tu d ies.

A lth o u g h  m uch ev id en ce  can  b e  ga in ed  from  m  v itro  an d  anim al s tu d ie s , 

cau tio n  m ust b e  e x e rc ise d  in  a tte m p tin g  to  e x tra p o la te  th e  r e s u l ts  of th e se
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ex p e rim en ts  to  th e  hum an s itu a tio n . N um erous epidem iological su rv e y s  

h av e  th e re fo re  b een  u n d e r ta k e n  in  an  a ttem p t to  asso c ia te  th e  p re se n c e  of 

sp ec ific  b a c te ria  in  d e n ta l p laq u e  o r  sa liv a  w ith  th e  in itia tio n  of c a r ie s . 

Most of th e se  s tu d ie s  h av e  fo cu sed  on s tre p to co c c i an d  lactobacilli and  

h av e  b e en  co n d u c ted  in  e i th e r  a  c ro s s -se c tio n a l o r lo n g itu d in a l m anner 
(rev iew ed  b y  M ikkelsen e t  al_., 1981; L oesche e t a L , 1984; M arsh & 

M artin , 1984; B o y ar & B ow den, 1985; E d w ard sso n , 1986).

S ev e ra l c ro s s -s e c tio n a l s tu d ie s  h av e  re v ea led  a p o s itiv e  co rre la tio n  betw een  
th e  p re se n c e  a n d  lev e ls  of S t r e p . m u ta n s , from  e ith e r  s a liv a ry  o r p laque  

sam p les , an d  th e  p re v a le n c e  of d e n ta l c a rie s  (L oesche e t aL , 1975; Klock 

& K ra ss e , 1977) a n d  some h av e  show n an  asso c ia tio n  b e tw een  sa liv a ry  

lac to b ac illu s  co u n ts  an d  th e  p re se n c e  of cario u s  lesions (Klock & K rasse , 

1977; Z ick e rt e t  aL , 1982) . H ow ever th e se  s tu d ie s  do n o t allow a cau se - 

a n d -e f fe c t  re la tio n sh ip  to  be  e s ta b lis h e d , s in ce  th e se  b a c te r ia  may colonise 

o r  becom e p ro m in en t w ith in  th e  com m unity on ly  once a lesion  h a s  been  

in i t ia te d , as  a  re sp o n se  to  ch an g es  in  env iro n m en ta l co n d itio n s .

L o n g itu d in a l epidem iological s u rv e y s  enab le  m ore a c c u ra te  a ssessm en t to  be  

made of th e  re la tio n sh ip  of sp ec ific  b a c te r ia l p o p u la tio n s  to  th e  in itia tio n  

of c a r ie s . H ere  p la q u e  sam pling  from , an d  exam ination  o f, in itia lly  so u n d  

to o th  su rfa c e s  a re  c a r r ie d  o u t a t  r e g u la r  in te rv a ls ,  allow ing th e  

developm ent of c a r ie s  to  b e  re la te d  to  th e  levels  of p a r t ic u la r  spec ies  

p r e s e n t  ju s t  b e fo re  th e  c lin ical d e tec tio n  of th e  le s io n . H ow ever, 
lo n g itu d in a l s tu d ie s  a re  v e ry  tim e-consum ing , la b o u r in te n s iv e  and  

e x p e n s iv e , b e in g  lim ited b y  th e  le n g th y  co u rse  of th e  d isea se , an d  th e  
p rob lem s a sso c ia ted  w ith  th e  d e tec tio n  of e a r ly  c a r ie s . L arg e  num bers of 

te e th  h av e  to  b e  in c lu d ed  in  th e  s tu d y , an d  d iff icu ltie s  a re  e x p e rien ced  in  
a c c u ra te  an d  re p e a te d  p laq u e  sam pling  from  d is c re te  s ite s  w ithou t 

contam ination  from  ad jac e n t a r e a s . L e n g th y  an d  ex p en s iv e  m icrobiological 

p ro c e d u re s  a re  in v o lv ed  in  th e  id en tifica tio n  of th e  p laq u e  iso la te s . As a 

r e s u l t ,  on ly  a  re la tiv e ly  small n u m ber of lo n g itu d in a l s tu d ie s  h av e  b een  

c a r r ie d  o u t, a n d  th e  r e s u l ts  o b ta in ed  re la tin g  th e  developm ent of caries  

w ith  sp ec ific  o rgan ism s h av e  b een  in co n c lu siv e .

A lth o u g h  m any of th e  lo n g itu d in a l s tu d ie s  s u p p o r t  a  ro le  fo r  S t r e p . 
m u tans in  th e  developm ent of ca ries  (rev iew ed  b y  L oesche e t a l . , 1984), 
a n d  in  some cases  an  in c re a se  in  th e  p laq u e  levels  of S t r e p . m utans h as
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b e en  fo u n d  s h o r t ly  b e fo re  c a r ie s  d e tec tio n  ( Ik e d a  e t a h , 1973; K ohler e t 

a L ,1 9 8 1 ) , m ost h av e  show n th a t  th e  in c re a se  of th is  sp ec ies  took p lace 

e i th e r  a t th e  time of c a r ie s  d iag n o sis  o r  a t  a  la te r  s ta g e  in  th e  

developm ent of th e  lesion  (H ard ie  e t a h  , 1977; L oesche & S tra ffo n , 1979). 

Some lesio n s  d eveloped  in  th e  p re se n c e  of only  low levels  of S t r e p . 

m u tans (M asuda e t a l . , 1979) o r  in  th e  ab sen ce  of d e tec tab le  levels  of th is  

o rgan ism  (H ard ie  e t a l . , 1977; L oesche & S tra f fo n , 1979) w h ils t in  o th e r  

c ases  s ite s  rem ained  c a r ie s - f re e  d e sp ite  b e in g  co v ered  b y  p laq u e  co n ta in in g  

h ig h  lev e ls  of S t r e p . m utans (L oesche & S tra f fo n , 1979; Loesche e t a l . ,

1984). An in c re a se  in  p laq u e  lactobacilli h as b een  o b se rv ed  a t th e  time 

of c a r ie s  d iag n o sis  ( Ik e d a  e t a l . , 1973; L oesche & S tra ffo n , 1979) a n d  h as 

b e e n  a sso c ia te d  w ith  th e  p ro g re s s io n  of lesions th ro u g h  th e  enam el (H ard ie  

e t a l . , 1977; B o y ar & B ow den, 1985). T h is  ch an g e  in  la c to b ac illa ry  levels 

h a s  b e en  in te rp re te d  as b e in g  se c o n d a ry  to  th e  a p p ea ra n ce  of th e  clinical 

le sio n  (Ik ed a  e t  aL , 1973; L oesche , 1982), b u t  in  some cases th e  levels of 

th is  o rgan ism  h av e  a lso  b e en  fo u n d  to  in c re a se  6-12 m onths p r io r  to  th e  

d iag n o sis  of c a rie s  (L oesche e t a l . , 1984). T h ese  f in d in g s , to g e th e r  w ith  

th e  fa c t th a t  th e  o rgan ism s a re  p re s e n t  in  s u c h  low p ro p o rtio n s  in  p la q u e , 

make in te rp re ta t io n  of th e  ro le  of lactobacilli in  th e  in itia tio n  and  

developm ent of c a r ie s  ex trem ely  d iff icu lt.

A ttem p ts  h av e  b een  made to  overcom e some of th e  p rob lem s asso c ia ted  

w ith  lo n g itu d in a l epidem iological s tu d ie s  b y  d e s ig n in g  m odels fo r  th e  hum an 

o ra l c a v ity  w hich en co u rag e  lesion  fo rm ation , an d  allow b e t te r  d e tec tio n  

a n d  q u a n tif ic a tio n  of dem inera lisa tion  a n d  more a c c u ra te  p laq u e  sam pling . 

In c ip ie n t lesions h av e  b e en  p ro d u c e d  w ith in  th re e  w eeks b y  prom oting  
ca rio g en ic  cond itions in  localised  a re a s  of th e  d en titio n  of v o lu n te e rs  

(S ch e ie  e t a L , 1984) an d  a lth o u g h  su c h  lesions a re  co n sid e red  to  b e  

re v e rs ib le ,  in  an  a ttem p t to  overcom e e th ica l d iff icu ltie s , some s tu d ie s  

h av e  b e en  p e rfo rm ed  u s in g  te e th  w hich  a re  la te r  to  b e  e x tra c te d  fo r 

o rth o d o n tic  p u rp o s e s . O rth o d o n tic  b a n d s  o r  gold  p la te s  a re  a tta c h e d  to  

th e se  te e th ,  le av in g  s tag n a tio n  a re s  w hich  en co u rag e  p ro life ra tio n  of 

p la q u e  o rgan ism s a t  th e se  s ite s  (O g a a rd e t  a L ,  1984; A rn e b e rg  e t a^ l9 8 4 ; 

Holmen e t a l . , 1985). T he te e th  can  b e  sec tio n ed  follow ing th e ir  

e x tra c tio n , allow ing q u an tific a tio n  of th e  d em in e ra lisa tio n .

In s te a d  of u s in g  th e  v o lu n te e r’s own d e n titio n , o th e r  in tr a -o r a l  models 
h av e  exam ined th e  e ffe c t of th e  flo ra  on enam el o b ta in ed  from  exogenous
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so u rc e s . F is su re  in s e r t s ,  using: th e  crow ns of u n e ru p te d  t e e t h , may be 

im plan ted  in to  th e  v o lu n te e r ’s occlusal re s to ra tio n s  (T heilade  et a l. s 1974) 

o r in to  an  a c ry lic  ap p lian ce  (T h o tt e t a l . , 1974; Minah e t a h , 1984; 

S tr a s s le r  e t a L , 1986). H ow ever, p rob lem s a re  e n co u n te re d  w ith plaque 

sam pling  s in ce  pooled  sam ples a re  u su a lly  co llected  from  th e  whole of th e  

f is s u re  a n d  d is c re te  sam pling  of th e  cario u s  s ite  is n o t p o ss ib le . Ethical 

d iff icu ltie s  ag a in  a r is e  in  a tte m p tin g  to  c re a te  cariogen ic  conditions in 

th e se  se le c ted  s ite s  w ith o u t a ffe c tin g  th e  v o lu n te e r’s own d en titio n .

Enamel s lab s  may a lso  b e  m ounted  on to  in tr a -o ra l  ap p lian ces , and  the 

f i r s t  u se  of th is  ty p e  of model was made b y  K oulourides and co -w o rk ers  in 

1974, to  s tu d y  th e  in  s i tu  rem in e ra lisa tio n  of enam el le s io n s , Since then  

m any o th e r  rem in e ra lisa tio n  s tu d ie s  h av e  b e en  c a r r ie d  o u t u s in g  a similar 

model (M ellberg  & Chom icki, 1983; te n  Cate & R em pt, 1986; Dijkman et 

a l . , 1986). A ppliance m odels h av e  also  b een  u se d  in  ca rio g en ic ity  te s t s .  

Most h av e  b e en  em ployed to  a s s e s s  th e  cario g en ic  p o ten tia l of various 

s u g a r s ,  a n d  h av e  in v o lv ed  enam el s la b s , m ounted on th e  ap p lian ce , w ith  or 

w ith o u t a  co a tin g  of S t r e p . m utans cells on th e  su rfa c e  (K ou lourides e t ah  , 

1976; T e h ra n i e t a l . , 1983; B ru d ev o ld  e t  a h  , 1984; T e h ra n i e t a l . , 1986).

O nly a few  d em in era lisa tion  s tu d ie s  u s in g  an  ap p lian ce  model have  

exam ined th e  com position of th e  p laq u e  flo ra  o v e rly in g  th e  enam el s la b s , 

an d  th o se  th a t  h av e  done so h av e  id en tified  on ly  th e  main m orphological 

g ro u p s  p r e s e n t ,  an d  h av e  co v ered  th e  enam el su rfa c e  w ith  D acron gauze tc 

en co u rag e  th e  re te n tio n  an d  p ro life ra tio n  of th e  p laq u e  m icroflora (O stron  

e t  a l . , 1977; G allagher & P e a rc e , 1979).

T he u se  of enam el s lab s  norm ally  allows q u an tific a tio n  of th e  m inera  

c o n te n t of th e  te s t  s ite  to  be c a r r ie d  o u t on ly  a t th e  en d  of ar 
ex p erim en ta l p e r io d , s in ce  th is  a ssessm en t o ften  invo lves d e s tru c tio n  of the 

s lab . A s lab  of enam el from  an  a d jacen t s ite  on th e  same to o th  is usee 
as  a  c o n tro l. H ow ever, s in ce  th e  s u sc e p tib ility  of an  enam el su rfa c e  to  £ 
cario g en ic  challenge v a rie s  ev en  b e tw een  v a rio u s  s ite s  on th e  same too th  

(G ro en ev eld  e t  a l . , 1975) more a c c u ra te  a sse ssm en t of th e  dem ineralising  
e ffe c t of a n  a g e n t w ould b e  ga ined  from  u s in g  th e  same a re a  of enam el as 
i ts  own c o n tro l. T h is  can  be  ach iev ed  b y  th e  u se  of th in  enamel 
s e c tio n s , w hich allow a c c u ra te  m easurem ent of th e  m ineral co n ten t of th e  
enam el to  be  made b o th  p r e -  an d  p o s t-e x p e r im en ta lly , an d  th ro u g h -o u t th e
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t e s t ,  w ithou t d e s tro y in g  th e  enam el. T h is  " s in g le  sec tion" te ch n iq u e  h as 

b een  u se d  in  in  v itro  (H a rv e y  e t  a l . , 1982; F e a th e rs to n e  & S ilv e rs to n e , 

1982) an d  in  s itu  (C re a n o r  e t a l . , 1986a) rem in e ra lisa tio n  in v e s tig a tio n s . 

A s tu d y  b y  C rean o r an d  co -w o rk e rs  (1986b) h a s  show n th a t  th e  m ounting  

of enam el sec tio n s  on re c e s se d  tro u g h s  on th e  f i t t in g  su rfa c e  of acry lic  

lin g u a l f la n g e s  of a  low er rem ovable  ap p lian ce  allows p laq u e  to  accum ulate 

on th e  enam el su rfa c e  w ith o u t a  gauze  c o v e rin g  b e in g  re q u ire d . In  

ad d itio n  th e y  h av e  also  show n th a t  th e  m icrobial com position an d  acid

anion  p ro file s  of th e  ex p erim en ta l p laq u e  is  sim ilar to  th a t  o b ta in ed  from

th e  n a tu ra l  d e n titio n .

1 .13 .  Aims o f th e  S tu d y .

As o u tlin ed  in  S ection  1 .1 2 . ,  co n flic tin g  opin ion  s till  e x is ts  a s  to  w h e th e r

sp ec ific  b a c te r ia  a re  th e  cau se  of d e n ta l c a r ie s , an d  m any problem s a re  

a sso c ia te d  w ith  a tte m p tin g  to  c a r ry  o u t s tu d ie s  d e s ig n e d  to  h e lp  to  re so lv e  

th is  p rob lem .

T he  in itia l aim of th is  s tu d y  was to  develop  a n  in  s itu  m odel, u s in g  enamel 

sec tio n s  m ounted  on a low er rem ovable in t r a -o r a l  ap p lian ce  to  in v e s tig a te  

th e  re la tio n sh ip  betw een  th e  com position of th e  p laq u e  m icroflora and  

u n d e r ly in g  enam el dem in era lisa tio n .

T h e  model w ould re q u ire  to  p ro d u c e  ra p id ly  q u an tifiab le  dem ineralisa tion  of 

enam el s ite s  an d  allow a c c u ra te  sam pling  of p la q u e  from  d is c re te  te s t  s i t e s . 
A n u m b er of p re lim in a ry  ex p erim en ts  w ere  to  b e  co n d u c ted  to  t e s t  th e  

v a lid ity  of th e  model in v o lv in g :

i]  T e s tin g  th e  re p ro d u c ib ility  of th e  id en tific a tio n  an d  enum eration

of th e  p laq u e  m icroflo ra,
ii]  C om paring th e  com position of th e  m icroflora  of p laq u e  sam ples,

o b ta in ed  from  enam el specim ens m ounted  on th e  ap p lian ce , w ith  

th e  m icrobial com position of p la q u e  from  th e  s u b je c t’s n a tu ra l  

d en titio n  a n d  from  th e  a c ry lic  of th e  ap p lian ce ,
iii] s tu d y in g  th e  v a ria tio n  in  th e  su sc e p tib ility  of enam el to

d em in e ra lisa tio n .
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In  th e  main ap p lian ce  s tu d ie s , th e  aim was to  a s s e s s  w h e th e r a re la tio n sh ip  

e x is te d  b e tw een  th e  com position of p laq u e  m icroflora an d  th e  q u a n tity  of 

m inera l lo ss  in  u n d e r ly in g  enam el p ro d u c e d  u n d e r  v a rio u s  te s t  co n d itio n s , 

in  s ev e n  s u b je c ts .

In  ad d itio n  to  a tte m p tin g  to  d e term ine  th e  re la tio n sh ip  be tw een  th e  

n u m b ers  of o rgan ism s p re s e n t  an d  d em in era lisa tio n , an  in  v itro  s tu d y  was 

a lso  c a r r ie d  o u t to  d e term in e  w h e th e r  v a ria tio n  e x is te d  in  th e  cariogen ic  

p o te n tia l of s t r a in s  of S t r e p . m utans iso la ted  from  th e  d if fe re n t 

v o lu n te e rs , an d  if so , w h e th e r  th e se  f in d in g s  c o rre la te d  w ith  th e  n a tu ra l 

a n d  ex p erim en ta l c a r ie s  e x p e rien c e  of th e  su b je c ts .

T he  aim of th e  f in a l p a r t  of th e  p ro je c t w as to  determ ine  w h e th e r th e  

in tr a -o r a l  ap p lian ce  sy s te m , w ith  i ts  fa c ility  fo r  o b ta in in g  ab so lu te  an d  

p ro p o rtio n a l c o u n ts  of m icroorgan ism s in  p la q u e  sam ples from  d isc re te  

enam el s ite s  s ifte r v a ry in g  time in te rv a ls ,  w ould p ro v e  to  b e  a  u se fu l 

model fo r  s tu d y in g  th e  e a r ly  co lon isation  of enam el a n d  s u b se q u e n t p laq u e  

d ev e lo p m en t.

;■ •; v-‘ . ...s'- ‘ ^  ^  V

p m * ' - -  .chirps., ■

'Mar;

83



CHAPTER II

METHODS AND MATERIALS.

2 .1 .  In trod u ction .

B oth  th e  main s tu d y ,  d e s ig n e d  to  exam ine th e  re la tio n sh ip  of th e  p laq u e  

f lo ra  com position to  enam el d em in e ra lisa tio n , a n d  th e  in v e s tig a tio n s  of 
m icrobial co lon isation  a n d  developm ent of p laq u e  on enam el s u r fa c e s , w ere 

p e rfo rm ed  in tr a -o ra l ly  u s in g  a rem ovable ap p lian ce .

In  th is  c h a p te r ,  th e  app lian ce  d e s ig n  a n d  c o n s tru c tio n  is  d e sc r ib e d , 

to g e th e r  w ith  th e  m ethods in v o lv ed  in  p re p a r in g  th e  enam el sec tio n s  and  

s la b s , a n d  in  q u a n tify in g  th e i r  m ineral c o n te n t. T h is  is  followed b y  a 

d e sc r ip tio n  of th e  te c h n iq u e s  u se d  to  co llec t, c u ltu re  an d  id e n tify  th e  

p laq u e  m icroflo ra  from  th e  te s t  s ite s  a n d  to  c a r r y  o u t acid  anion 

estim ations an d  p laq u e  pH m easurem ents follow ing a su c ro se  ch a llen g e . A 

d e sc r ip tio n  of p re lim in a ry  s tu d ie s , w hich  w ere  c a r r ie d  o u t d u r in g  th e  

developm ent s ta g e  of th e  in  s i tu  m odel, u s in g  th e  m ethods d e sc r ib e d  below , 

follows in  C h a p te r  III .

2 .2 .  A ppliance d esig n .

T h e  low er rem ovable a p p lian ce , a s  d e sc r ib e d  b y  C rean o r an d  co -w o rk e rs  
(1986a), was em ployed in  th is  s tu d y . H ow ever, a  cobalt-chrom ium  

fram ew ork , w ith  lin g u a l p la te  an d  c la sp s , was u se d  in s te a d  of th e  
p re v io u s ly  d e sc r ib e d  all ac ry lic  d e s ig n  as  th e  fo rm er im proved  re te n tio n  

a n d  was more com fortable fo r  th e  v o lu n te e rs  (F ig . 2 . 1 . ) .

T h e  s ta g e s  in v o lv ed  in  th e  c o n s tru c tio n  of an  app liance  w ere  as follows ; -  

u p p e r  an d  low er im p ressio n s  w ere ta k e n  in  a lg in a te  (X an ta lg in , B ay e r, 
N ew b u ry , E ng land ) a n d  from  th e s e , models w ere p o u re d  in  d e n ta l s to n e . 

U n d e rcu t a re a s  p re s e n t  on th e  low er c a s t w ere b locked  o u t w ith  p la s te r  
a n d  th e  cobalt-chrom ium  fram ew ork  was c o n s tru c te d  w ith  c lasp s  in  th e  

65156 re g io n s . T h is  was th e n  in s e r te d  in to  th e  v o lu n te e r’s m outh an d  an y  
n e c e s sa ry  ad ju stm en ts  m ade. T he c a s t th e n  h ad  p ieces of w ax (dim ension 
16 x  9 x  1 mm) a d d ed  to  th e  U ngual low er f i r s t  an d  second  molar reg io n s
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on e ith e r  s id e . T he  model w as th e n  d u p lic a ted  an d  ac ry lic  lin g u a l flan g es  

ad d ed  to  th e  ap p lian ce  fram ew ork . In  th is  w ay re c e s se d  tro u g h s  w ere 

in c o rp o ra te d  in to  th e  f i t t in g  su rfa c e  of th e  f la n g e s , th e  dim ensions 

c o rre sp o n d in g  to  th a t  of th e  wax tem p la tes . An e n tra n c e  ch annel was 

c u t in  th e  c e n tre  of th e  ac ry lic  u p p e r  ed g e  of th e  tro u g h  a re a  (F ig . 2 . 2 . )  

an d  th e  low er ed g e  w as o pened  to  allow a f re e  flow of sa liva  th ro u g h  th e  

s i te .  Enamel sec tio n s  an d  s lab s  could b e  m ounted  in  th e se  re c e s se d  s ite s  
w ith o u t c o n tac tin g  th e  n a tu ra l  to o th  su rfa c e  o r  lin g u a l m ucosa.

2 .3 .  T ooth P reparation .

2 . 3 . 1 .  Source and Exam ination o f T eeth .

M any of th e  m ethods u s e d  in  th e  p re p a ra t io n  of enam el sec tio n s  w ere 

b a se d  on th e  te c h n iq u e s  d e sc r ib e d  b y  C re an o r (1987), w ith  a p p ro p ria te  

m odifications fo r  u se  in  th is  dem in era lisa tio n  s tu d y .

Human p rem o la r te e th ,  e x tra c te d  fo r  o rth o d o n tic  p u rp o s e s , w ere ob ta ined  

from  th e  Glasgow a re a  (w a te r  f lu o rid e  < 0 . 0 3  p p m ), an d  follow ing s to ra g e  

in  a 5 % aq u eo u s thym ol so lu tion  th e y  w ere c leaned  w ith  a  fin e  pum ice- 

alcohol m ix tu re  to  rem ove a n y  pe llic le . T he crow ns w ere  th e n  w ashed  in  

w arm  so ap y  w a te r , d r ie d  in  a i r ,  a n d  th e  b u c ca l an d  lin g u a l su rfa c e s  of th e  

crow n exam ined u s in g  a  d is se c tin g  m icroscope a t  10 x  m agnifica tion . Only 
te e th  w ith  no obvious flaw s o r in c ip ie n t cario u s  lesions w ere se lec ted  fo r  

u se  in  th e  s tu d y .

2 . 3 . 2 .  Preparation o f S ectio n s.

T he crow n of th e  to o th  was rem oved u s in g  a  d e n ta l d rill  (M ilbro, E pson , 
E ng lan d ) a n d  diam ond d isc  ( d iam eter 2 .5  cm ), le av in g  ap p ro x im ate ly  1-2 mm 
of ro o t ju s t  ap ica l to  th e  am elo-cem ental ju n c tio n . T he crow n was th e n  
h a lv ed  m esio -d is ta lly  an d  each  h a lf  m ounted  on to  a n  ac ry lic  b lo ck  u s in g  

"L o c-tite "  a d h es iv e  (L octite  ( U . K . )  L t d . ,  Welwyn G arden  C ity , E n g lan d ).

Following h a rd e n in g  of th e  a d h e s iv e , th e  ac ry lic  b locks w ere  f i t te d  in to  
th e  ch u ck  of a  L eitz  saw  microtome (L u to n , E ng lan d ; F ig . 2 . 3 . ) .
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F ig . 2 .1 . L ow er rem ovable  a p p lia n c e , m ounted  on  s tu d y  c a s t .

F ig . 2 . 2 .  C lo se -u p  of u p p e r  ed g e  of lin g u a l f la n g e , show ing

c e n tra l  e n tra n c e  c h an n e l.
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F ig- 2 .3 . Saw m icrotom e w ith  to o th , m ounted  on  a c ry lic  b lo c k ,

in  p o s itio n .
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L o n g itu d in a l sec tio n s  of th e  te e th  w ere th e n  c u t to  an  approx im ate  

th ic k n e ss  of 250 pm u s in g  th e  slow est a p p ro a ch  sp eed  s e t t in g  of th e  

m icrotom e. Each sec tio n  was coded u s in g  a g ra p h ite  p en c il w ith  a le t te r  
r e p re s e n t in g  th e  to o th  an d  a n u m ber c o rre sp o n d in g  to  th e  seq u en ce  in  

w hich the  sec tio n  was c u t. T he sec tio n s  p re p a re d  from  th e  b u cca l p o rtio n  

of an  in d iv id u a l to o th  w ere u se d  fo r  an  ex p erim en ta l r u n  in  one su b jec t 

w ith  a l te rn a te  sec tio n s  b e in g  m ounted  on o p p osite  s id es  of th e  ap p lian ce . 

T he  lin g u a l p o rtio n  of th e  same to o th  was u s e d  to  p re p a re  sec tio n s  fo r  a 

seco n d  v o lu n te e r .

2 . 3 . 3 .  Section  G rind ing.

A s lu r r y  of alum inium  oxide pow der (R aym ond A. Lam b, L ondon , E ngland) 

an d  w a te r  was m ixed on a g ro u n d  g la ss  p la te  (S h an d o n  S o u th e rn  P ro d u c ts , 
R u n c o rn , C h e s h ire , E n g la n d ; F ig . 2 .4 . ) .  Specim ens w ere  p laced  on a  h e av y  

b ra s s  p la te  w hich  h a d  b e en  co v ered  w ith  a  damp g au ze . T he b ra s s  p la te  

w as th e n  in v e r te d  an d  slow ly ro ta te d  ro u n d  th e  g lass  p la te . T he p re sen c e  

of th e  gauze  in c re a se d  th e  fr ic tio n  b e tw een  th e  sec tio n  an d  th e  m oving 

su rfa c e  e n su r in g  th a t  th e  h a rd  t is s u e  rem ained  in  co n tac t w ith  th e  g au ze . 

In  th is  w ay , th e  su rfa c e  of th e  sec tio n  in  co n tac t w ith  th e  g lass  p la te  was 
g ro u n d . Each c u t su rfa c e  of th e  sec tio n  w as t r e a te d  in  th is  m anner u n til  

th e  re q u ire d  th ic k n e ss  w as a tta in e d , an d  im m ediately th e re a f te r  th e  

id en tific a tio n  code of th e  sec tio n  was re -a p p lie d  as  d e sc rib e d  in  Section

2 .3 .2 .

2 . 3 . 4 .  M easurem ent o f Section  T h ick n ess.

A d ig ita l m icrom eter (M itutoyo, T okyo , Ja p a n ; F ig . 2 .5 . ) ,  was u s e d  to  

m easu re  th e  sec tio n  th ic k n e s s . T he specim en was p laced  on th e  f la t tab le  

of th e  in s tru m e n t an d  a m easu rin g  p ro b e  g e n tly  low ered u n til  i t  came in to  

co n tac t w ith  th e  enam el p o rtio n  of th e  sec tio n . M easurem ents of sec tion  
th ic k n e ss  w ere  made from  fo u r  re g io n s  of th e  enam el on each  specim en , 

th u s  allow ing th e  p lan o p a ra lle lity  as  well as  th e  th ic k n e ss  of th e  sec tion  

to  b e  a s s e s s e d . S ections w ere  p re p a re d  to  a  fin a l th ic k n e ss  of
app ro x im ate ly  100-120 pm a n d  w ere  th e n  s to re d  in  s te r ile  de io n ised  w a te r 

p r io r  to  u s e .
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F ig . 2 .4 . B ra s s  p la te  w ith  g au ze  c o v e r in g  a n d  alum unium  oxide

s lu r r y  on  g ro u n d  g la ss  p la te .
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D IG IM A t , C
INDICATOR

m itvtoyo

Fig. 2 .5 . D ig ita l m icrom eter u s e d  fo r  m easurem ent o f enam el

sec tio n  th ic k n e s s .
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2 .3 .5 .  V a rn ish in g  a n d  Window P re p a ra t io n .

All c u t su rfa c e s  of th e  enam el sec tio n s  w ere  e n tire ly  co v ered  w ith  a coat 
of p ro p r ie ta ry  na il v a rn is h  (Max F a c to r , L ondon , E n g lan d ). T he n a tu ra l  

enam el ed g e  was also  c o v e red , e x ce p t fo r  two w indows of app rox im ate ly  
1 .5  - 2 .0  mm in  le n g th  on each  sec tio n  (F ig . 2 .6 . ) .  T he coated  sec tions 

w ere th e n  le ft fo r  2 - 3  h o u rs  to  allow th e  v a rn is h  to  s e t .  The sec tions 

w ere  th e n  g iv en  a second  co a tin g  of v a rn is h  an d  le f t  fo r  a  f u r th e r  2 - 3  
h o u rs  b e fo re  b e in g  m ounted  on th e  tro u g h  a re a  of th e  ap p lian ce .

2 . 3 . 6 .  M ounting o f S ectio n s.

Two sec tio n s  w ere m ounted  on each  s ide  of th e  app liance  u s in g  nail 

v a rn is h  ( F ig . 2 .7 . ) .  T h e y  w ere  p laced  v e r tic a lly  in  th e  c e n tre  of th e  

a c ry lic  t ro u g h  a re a  w ith  th e  n a tu ra l  enam el ed g es  fac in g  one a n o th e r . T he 

sec tio n s  w ere p o s itio n ed  w ith  a  sp ace  of ap p rox im ate ly  1 mm be tw een  

them , to  allow th e  p laq u e  o v e rly in g  each  enam el window to  b e  rem oved 

a c c u ra te ly  a t th e  e n d  of th e  ex p erim en ta l p e r io d .

A t th e  s t a r t  of each  ex p e rim en t, a  d iagram  of th e  p o sitio n  of th e  windows 

on th e  enam el se c tio n s , an d  of th e  sec tio n s  on th e  tro u g h  a re a , was d raw n  

to  fa c ilita te  th e  localisa tion  an d  id en tific a tio n  of th e  te s t  s ite s  a t  th e  end 

of each  w earin g  p e rio d .

2 . 3 . 7 .  Slab P reparation .

Enamel s lab s  w ere p re p a re d  from  c a r ie s - f re e  p rem o la rs  w hich w ere w ashed  
as  d e sc rib e d  in  Section 2 .3 .1 . T he enam el face  from  each  su rfa c e  was 

rem oved  u s in g  a d e n ta l d rill an d  diam ond d isc , c u tt in g  ju s t  in to  th e  

d e n tin e  an d  p a ra lle l to  th e  su rfa c e  of th e  to o th . The d en tin e  su rfa c e  of 

each  face  w as th e n  h a n d g ro u n d  u s in g  th e  alum inium  oxide s lu r r y  an d  
g ro u n d  g lass  p la te . T h is p ro d u c e d  a f la t  su rfa c e  a n d  a  s lab  th ic k n e ss  of 

400-600 }JLm. T he face  was th e n  cu t in to  s lab s  of ap p ro x im ate ly  4 - 7  
mm2 . T he cu t su rfa c e s  of each  s lab  w ere v a rn is h e d , le av in g  th e  n a tu ra l  

enam el su rfa c e  u n c o v e re d . T h ese  s lab s  w ere th e n  m ounted on to  th e  
tro u g h  a re a  of th e  ap p liance  u s in g  th e  v a rn is h . T he p o s itio n in g  of th e  

s lab s  in  th e  re c e s se d  s ite s  v a r ie d  d e p en d in g  on th e  ex p erim en t b e in g  
co n d u c te d , an d  th e se  d e ta ils  will b e  d e sc rib e d  in  th e  a p p ro p ria te  sec tio n s .
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Caries - Free 
Premolar

Sections cut and 
ground to final 
thickness 100-120/jm

Section varnished 
leaving ‘windows’ 
on enamel edge

F ig . 2 .6 . D iagram  show ing  p re p a ra t io n  of v a rn is h e d  enam el

s e c tio n s .

F ig . 2 .7 .  V a rn ish e d  sec tio n s  m oun ted  on ac ry lic  t ro u g h

a re a  of ap p lian ce .
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2 . 3 . 8 .  M easurem ent o f Surface A rea o f S lab s.

T h e  su rfa c e  a re a  of each  s lab  was m easu red  b y  com pu terised  p lan im e try  

(F ig . 2 .8 . ) .  A L eitz  m icroscope w ith  a d raw in g  tu b e  a tta ch m en t (L u to n , 

E ng lan d ) allow ed a l ig h t sp o t on a p ro b e  to  b e  p ro je c ted  in to  th e  

m icroscope fie ld  while th e  p ro b e  was h e ld  in  co n tac t w ith  a b it-p a d  (V ideo 

V ec to r D ynam ics L t d . ,  G lasgow , S c o tla n d ). When th e  a re a  of a  s lab  was 

t ra c e d  w ith  th e  l ig h t sp o t of th e  p ro b e , a  c o rre sp o n d in g  a re a  was tra c e d  

on th e  b i t - p a d .  T he b i t - p a d  was co n n ec ted  to  a  N o rth  S ta r  A dvan tage  

g ra p h ic s  com puter (V ideo V ecto rs  Dynam ics L t d . , G lasgow , S co tland) w hich 

p ro v id e d  a v isu a l re p re s e n ta t io n  of th e  t r a c in g  a n d  allowed th e  a re a  of a 

s lab  to  b e  e x p re s s e d  d ire c tly  in  u n its  of mm2 . T h ree  m easurem ents w ere  

o b ta in ed  fo r  each  s la b , an d  th e  mean ca lcu la ted .

2 .4 .  M icroradiography and M icrodensitom etry.

2 . 4 . 1 .  M icroradiographic M ethods.

In  o rd e r  to  d e term ine  w h e th e r  ch an g es  in  th e  m ineral c o n ten t of th e  

enam el w indow s h a d  ta k e n  p lace  d u r in g  ex p e rim en ts , m ic ro rad io g rap h y  of 

th e  sec tio n s  w as c a r r ie d  o u t p r io r  to  m oun ting  th e  specim ens on th e  

a p p lian ce , a n d  th e n  ag a in  a t  th e  en d  of each  exp erim en ta l p e r io d .

Enamel s e c tio n s , of know n th ic k n e s s , to g e th e r  w ith  an  aluminium 

step w ed g e  ( th ic k n e ss  r a n g in g  from  50 -  300 |j.m) w ere p laced  b e tw een  two 

s in g le  la y e rs  of c lin g f ilm  (F ig . 2 .9 . )  . T he  clingfilm  was th e n  w ound ro u n d  

a K odak h ig h  re so lu tio n  ra d io g ra p h ic  p la te  (T y p e  1A) (E astm an Kodak 

C om pany, R o c h e s te r , New Y o rk , U SA ), so th a t  i ts  c o n ten ts  w ere h e ld  in  

v e r y  close p ro x im ity  to  th e  p la te  w ith  on ly  a  s in g le  la y e r  of th e  p la s tic  

in te rv e n in g . T he p la te s  w ere  ex p o sed  to  Cu Ka Ni f i l te re d  ra d ia tio n  from  
a M arconi X -ra y  tu b e  (TX12) in  a n  E n ra f N onius g e n e ra to r  fo r  20 min a t  

20 kV a n d  30 mA a t  a  ta rg e t- s o u rc e  d is ta n ce  of 300 mm. P la te s  w ere 

developed  u s in g  s ta n d a rd  te c h n iq u e s .

2 . 4 . 2 .  M icrodensitom etry.

T h e  m icrodensitom eter u s e d  in  th is  s tu d y  w as a n  ASBA image a n a ly se r  
(F ig . 2 .1 0 .) .  T he L eitz  Image A n a ly se r c o n sis ts  of a m icroscope (L eitz
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F ig . 2 .8 . C o m p u te r is e d  p la n im e try  eq u ip m en t u s e d  fo r

m easurem en t o f su r fa c e  a re a  o f enam el s la b .

F ig . 2 .9 . Enamel sec tio n s  a n d  alum inium  s tep -w ed g e  w ith
ra d io g ra p h ic  p la te  a n d  p la te  h o ld e r  u s e d  in  

m ic ro rad io g rap h y  o f s e c tio n s .
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F ig . 2 .1 0 . Im age a n a ly se r  u s e d  fo r  m icrodensitom etric  an a ly s is
of m ic ro ra d io g ra p h s .
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D ialux 22) w ith  a  s ta b ilise d  pow er s u p p ly , an d  a v ideo  cam era (AS AC A 

C o rp o ra tio n  T ype  700BE) m ounted on th e  m icroscope. T he a n a ly se r  u n it ,  

co n tro lled  b y  a Z8002 m ic ro p ro cesso r, allowed th e  v ideo  s ig n a ls  from  th e  
cam era to  b e  d ig itis e d  in to  256 g re y  levels  w ith  a  re so lu tio n  of 256 x  256 

p ix e ls . T he image was th e n  t r a n s f e r r e d  to  a  BBC-B m icro -com puter fo r  
a n a ly s is  a n d  s to ra g e  of r e s u l ts .

T he  m icrodensitom etric  m ethods d e sc rib e d  b y  S tra n g  an d  co -w o rk e rs  (1987) 

w ere  u se d  to  an a ly se  th e  ra d io g ra p h s . T he ra d io g ra p h ic  p la te  was p laced  

on th e  m icroscope s ta g e  w ith  th e  enam el s ite  u n d e r  s tu d y  in  th e  fie ld  of 

v iew . T he in te n s i ty  of th e  l ig h t so u rce  was f i r s t  in c re a se d  to  s a tu ra te  th e  

v ideo  cam era a n d  th e  p a ssa g e  of lig h t to  th e  cam era was th e n  ex c lu d ed  b y  

th e  in te rp o s itio n  of an  opaque c a rd . T h u s  th e  two ex trem es of lig h t 

in te n s i ty  w ere e n te re d  in to  th e  m ic ro p ro cesso r an d  th is  en ab led  th e  u n it  to  

b e  s e t  u p  so th a t  th e  256 g re y  level ra n g e  co v ered  th e  reg io n  of in te r e s t .

T he  p la te  was th e n  moved so th a t  th e  th ic k e s t  aluminium w edge ( ie , th e  
300 |jLm p o rtio n  of th e  s te p  w edge) w as in  th e  m icroscopic fie ld  a n d  an  

a re a  in  th e  c e n tre  of th e  s c re e n , 64 x  64 p ix e ls  (192 x  192 pm) was 
sam pled , an d  th e  a v e ra g e  g re y  level fo r  th e  w edge ca lcu la ted  an d  

t r a n s f e r r e d  to  th e  BBC co m p u te r. G rey  level v a lues w ere  th e n  o b ta ined  

fo r  each  of th e  o th e r  w edges in  a sim ilar m an n er.

T he  enam el s ite  was th e n  rep o s itio n ed  in  th e  fie ld  of view , an d  th e  video 

cam era ro ta te d  so th a t  th e  su rfa c e  of th e  enam el was as p a ra lle l to  th e  
to p  of th e  sc re e n  as p o ss ib le . T he image was th e n  d ig itise d  in to  256 x  

256 p ix e ls  w hich w ere t r a n s f e r r e d  to  th e  BBC com puter. H ere th e  g re y  

level v a lu es  of th e  lesion  a p p ea re d  in  a co lour coded form . T he w id th  of 

th e  a re a  to  b e  exam ined could th e n  b e  a d ju s te d  b y  p o s itio n in g  v e r tic a l 

lin es  on th e  s c re e n  on e ith e r  s ide  of th e  s ite  of in te r e s t  (F ig . 2 .1 1 .) .  
T he com puter th e n  ca lcu la ted  th e  a v e rag e  m icrodensitom etric  p ro file  w ith in  

th e se  lines a n d  d isp lay ed  a p ro file  on th e  r ig h t  h a n d  side  of th e  s c re e n .

H orizon ta l lines w ere  th e n  p o sitio n ed  o v e r th e  image to  limit th e  p ro file  

in fo rm ation  s to re d  in  th e  com pu ter. A t th is  s tag e  th e  p ro file  was s till  in  
te rm s  of g re y  v a lu e s . A p r in to u t  of th e  image on th e  s c re e n  was th e n  

ta k e n  so th a t  th e  a re a  of enamel exam ined a t  th e  b ase lin e  could b e  
a c c u ra te ly  re - lo c a te d  fo r  an a ly s is  on th e  th re e -w ee k  ra d io g ra p h . T he
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W=108

F ig . 2 .1 1 . Im age of enam el lesion  show n on  com pu ter m onitor
w ith  v e r tic a l  lin e s  p o s itio n ed  to  de term ine  a re a  of 

a n a ly s is .
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g re y  levels of th e  enam el p ro file  w ere c o n v e r ted  to  p e rc e n t  volume 

m ineral b y  u s in g  th e  eq u a tio n  of A ngm ar an d  co -w o rk e rs  (1963), (see  
A p p en d ix  I ) .

P r in to u ts  of th e  enam el p ro file s  a t b ase lin e  a n d  a f te r  th e  th re e -w ee k  

ex p erim en ta l p e rio d  w ere made fo r  each  s i te ,  an d  th e  m ineral co n ten t a t 

each  time a s s e s s e d . T he p a ra m e te rs  m easu red  w ere  th e  su rfa c e  zone (SZ) 

an d  th e  lesion  b o d y  (L B ), in  u n its  of p e rc e n t  volume m inera l, an d  th e
I

to ta l m ineral loss (A z) in  jin its  of % vol min x  pm (F ig . 2 .1 2 .) .  T he lim its 

of th e  to ta l m ineral loss w ere ta k en  from  th e  20 % level of th e  in itia l 

slope of th e  p ro file  to  a p o in t (S ) in  th e  so u n d  enam el.

Q uan tifica tion  of th e  am ount of m ineral loss w hich h ad  o c c u rre d  d u r in g  

th e  ex p erim en ta l p e rio d  was made b y  s u b tra c t in g  th e  b ase lin e  v a lu es  fo r  

each  p a ra m e te r from  th e  fin a l v a lu e s . T he v a lu es  q u o ted  in  th e  re s u lts  

re f le c t  th e  n e t m ineral lo ss , and  a re  e x p re s s e d  as SZ, LB an d  Az.

M ineral loss d a ta  was p re s e n te d  in  two fo rm s, b a se d  on th e  to ta l m ineral 

lo ss  (A z) a n d  th e  ch ange  in  m ineral p ro f ile . T he re s u l ts  of th e  fo rm er 
w ere  d iv id ed  in to  fo u r  g ro u p s , w ith  Az G roup 1 co n ta in in g  s ite s  

e x p e r ie n c in g  dem ineralisa tion  of le ss  th a n  200 Az u n i ts ;  G roup 2 

c o n ta in in g  s ite s  of 200 - 499 u n its ;  G roup 3, 500 - 999 u n its  a n d  G roup 

4 com prising  th o se  s ite s  w here  dem ineralisa tion  ex ceed ed  1,000  % vol 

min x  pm.

T he  lesion  p ro file s  w ere  also d is tr ib u te d  am ong fo u r  g ro u p s . W here no 
ch an g e  in  p ro file  was a p p a re n t ,  p o s t-e x p e r im en ta lly , th e  s ite  was a llocated  

to  G roup 1; s ite s  show ing s lig h t su rfa c e  so fte n in g  of th e  enam el 
com prised  G roup 2; G roup 3 con tained  s ite s  w here  more ex ten s iv e  

so fte n in g  of th e  su rfa ce  o c c u rre d  an d  s ite s  w here  su b su rfa c e  
d em inera lisa tion  h ad  o c c u rre d  w ere  a llocated  to  G roup 4. An exam ple of 

each  lesion  p ro file  g ro u p  is  show n in  F ig  2 .13 .

2 .5 .  M icrobiological P roced u res.

2 . 5 . 1 .  Plaque Sam pling from  Enamel S ectio n s.

A t th e  en d  of an  ex p erim en ta l p e r io d , th e  app liance  was rem oved from  th e
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F ig . 2 .12 .  M icrod en sitom etric p rofile  o f enam el show ing
param eters u sed  to  m easure enam el dem ineralisation . 
i]  SZ -  Surface Zone (% v o l m in ), ii]  LB -  L esion  

B ody (% v o l m in ), h i] Az -  T otal m ineral lo ss  

(th e  shaded  a rea ).
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F ig . 2 .13,

a]

Exam ples o f lesio n  p ro files  obtained from  in  s itu  s tu d y ,
a] Group 1 -  no apparent ch an ge, b ] Group 2 -  

s lig h t su rface so ften in g , c ] Group 3 -  ex ten siv e  

su rface so ften in g , d ] Group 4 -  su b su rface  

dem ineralisation .

MINERAL 
100 -1

80 -

60 -

40 -

20  -

0 - 1
50 100 150 200 250

DEPTH - microns

300

b ]

MINERAL 
100 -1

80 -

60 -

40 -

20  -

50 100 150 200 250

DEPTH - microns

300

100



c]
MINERAL 

100  -1

80 -  

60 -  

40 -  

20 -  

0 -
0 50 100 150 200 250 300

DEPTH - microns

MINERAL 
100  -

80 -

60 -

40 -

20  -

0 -

0 50 100 150 200 250 300

DEPTH - microns

350

350

101



m outh an d  sa liva  g e n tly  w ashed  from  th e  tro u g h  a re a  u s in g  a p a s te u r  

p ip e tte  co n ta in in g  5 ml of physio log ica l sa lin e . T he ex cess  saline  was 

rem oved b y  c a re fu lly  a p p ly in g  s te r ile  co tton  wool p e lle ts  to  th e  ed g e  of 

th e  tro u g h  a re a . T he d iagram  of th e  lay o u t of th e  to o th  sec tio n s  p re p a re d  

a t  th e  s ta r t  of th e  ex p erim en t ( see  Section 2 .3 .6 . )  was th e n  co n su lted  and  

p laq u e  o v e rly in g  each  enam el window w as rem oved a c c u ra te ly  u s in g  a 

s te r ile  e x ca v a to r (N o. 243, A sh , E ng land ) a n d  p laced  im m ediately in  a 

lab e lled  p la s tic  b ijou b o ttle  co n ta in in g  1 ml of A naerob ic  Blood B ro th  

(ABB) (G ib co -E u ro p e , P a is ley , S co tla n d ), (see  A p p en d ix  I I ) .

2 . 5 . 2 .  P laque Sam pling from  Enamel S la b s.

A fte r  rem oving  su p e rf ic ia l sa liv a  from  th e  t ro u g h  a re a  an d  r e f e r r in g  to  th e  

in itia l d iagram  as d e sc r ib e d  in  2 .5 .1 . ,  th e  p laq u e  w hich h a d  accum ulated  
on th e  su rfa c e  of each  enam el s lab  was rem oved  u s in g  a s te r ile  d e n ta l 

e x ca v a to r (N o. 243, A sh , E n g lan d ). T he p laq u e  was th e n  p laced  in  1 ml 

ABB. A fte r  sam pling  w as com pleted , a  p ro p o r tio n  of th e  s lab s  w ere 
rem oved from  th e  ap p lian ce  an d  th e  enam el face  p re s s e d  on to  th e  su rfa c e  

of a b lood a g a r  p la te  in  o rd e r  to  de term ine  w h a t p e rc e n ta g e  of th e  flo ra  

was re ta in e d  on th e  enam el s u rfa c e .

2 . 5 . 3 .  P laque D isp ersion  and D ilu tion .

Each p laq u e  sam ple was d isp e rse d  im m ediately in  th e  ABB b y  son ica tion  fo r  

15 s a t a  s e t t in g  of 1 .5  (U ltraso n ic  S o n ica to r, H eat System s U ltra so n ic s , 

P la inv iew , N .Y .)  followed b y  v o r te x  m ixing fo r  30 s (F iso n s  S cien tific  
A p p a ra tu s , L e ic e s te rs h ire , E n g lan d ). T h e re a f te r ,  10-fo ld  d ilu tio n s  from  

n e a t to  10-6 w ere  c a r r ie d  ou t in  ABB u s in g  an  E p p en d o rf m ic ro p ip e tte  
(BDI-I L a b o ra to ry  S u p p lie rs , G lasgow , S co tland ) w ith  15 s v o r te x  m ixing 

b e tw een  each  d ilu tio n .

2 . 5 . 4 .  P late Inoculation and C ulturing.

From each  sam ple, 50 |jd of each  d ilu tion  from  10~3 to  10~s w ere 
in o cu la ted  on to  7 .5  % T ry p tic a se  Soy Blood A g ar (G ibco -E urope, P a is ley , 
S co tland ) su p p lem en ted  w ith  1 % vitam in K an d  haem in (see  A p pend ix  II) 
u s in g  a s p ira l p la te r .  N eat, 10-1 an d  10-z  sam ples of p laq u e  w ere
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in o cu la ted  on to  M itis S a liv a riu s  A g ar (D ifco, S u r re y ,  E ng land) 

sup p lem en ted  w ith  20 % s te r ile  su c ro se  (BDH Chem icals L td . ,  Poole, 

E ng land ) an d  20 u n its  b a c itra c in  (Sigm a Chem ical Co. L t d . , Poole, E ngland) 

p e r  100 ml, (MSB) (A p p en d ix  I I ) , an d  on to  R ogosa SL A gar (D ifco, S u r re y , 

E ng land ) (A p p en d ix  I I ) .

T he s p ira l p la te r  (Model D , Don W hitley S cien tific  L td . ,  West Y o rk sh ire , 

E ng land ) expelled  50 pi of each  d ilu tio n  a t  a c o n s ta n t r a te  in  a  c irc u la r  

m anner from  th e  c e n tre  o u tw ard s  (F ig  2 .1 4 .) .  Hence th e  co n cen tra tio n  of 

th e  sam ple p e r  su rfa c e  a re a  becam e p ro g re s s iv e ly  le ss  on m oving to  th e  
p e r ip h e r y .

T he  blood a g a r  p la te s  w ere in c u b a ted  a t  37° C fo r  five  d ay s  in  an  

an ae ro b ic  cab in e t (Don W hitley S cien tific  L t d . ,  West Y o rk sh ire , E ng land ; 

F ig . 2 .1 5 .)  in  an  a tm o sp h ere  of 85 % N2 , 10 % H2 , 5 % COz . A t th is  time 

th e  colonies p re s e n t  on a se lec ted  a re a  of th e  p la te  w ere  rem oved fo r  

su b c u ltu re  as d e sc r ib e d  below an d  th e  p la te  in c u b a te d  an ae ro b ica lly  fo r  a  

f u r th e r  fiv e  d a y s . A ny  colonies w hich a p p e a re d  on th e  se lec ted  a re a  

d u r in g  th is  time w ere  a lso  s u b c u ltu re d . T he  MSB a n d  R ogosa p la te s  w ere 

in c u b a te d  a t  37° C in  an  a tm osphere  of 5 % C 0 2 in  a ir  fo r  th re e  d ays 

b e fo re  co u n ts  w ere  p e rfo rm ed .

2 . 5 . 5 .  Id en tification  o f Iso la tes from  Blood A gar P la tes.

A blood a g a r  p la te  w ith  eas ily  co u n ted  colonies was se lec ted  fo r  each  
p laq u e  sam ple (see  F ig . 2 .1 6 .) ,  an d  stam ped  w ith  a  g r id  (10 cm S p ira l 
System s M anual C o u n tin g  G rid , Don W hitley S cien tific  L td . ,  West 
Y o rk sh ire , E ng land ) w hich  d iv id ed  th e  su rfa c e  in to  zones r e p re s e n tin g  

know n volum es of inoculum . An a re a  co n ta in in g  30 -  50 cfu  was ch o sen , 
a n d  each  colony p re s e n t  in  th is  a re a  w as s u b c u ltu re d  on to  a  s e p a ra te  

b lood a g a r  p la te  an d  in c u b a ted  in  th e  an ae ro b ic  cab in e t u n til  g ro w th  
o c c u r re d . When a p u re  c u ltu re  h a d  b e en  o b ta in e d , th e  follow ing te s ts  

w ere  c a r r ie d  o u t on each  iso la te ;

1 . Gram s ta in in g .

Colonies w ere  rem oved from  th e  p la te  u s in g  a  s te r i le  w ire loop an d  

em ulsified  in  a  loopfu l of s te r ile  d is tilled  w a te r  on a g la ss  m icroscope
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F ig . 2 .14 .  Sp iral p la ter in  u se  w ith  MSB p late in  p o sitio n .

F ig . 2 .15 .  A naerobic cab in et, u sed  for  incubation  o f blood agar
p la te s .
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F ig . 2 .1 6 . In o cu la ted  b lood a g a r  p la te  follow ing f iv e  d ay s
an ae ro b ic  in c u b a tio n .
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s lid e . T he sm ear was allow ed to  d ry  an d  was th e n  h e a t- f ix e d  b y  p a s s in g  

th ro u g h  a b u n se n  flam e. T he b a c te r ia  on th e  slide  w ere  th e n  s ta in e d  w ith  

a 0 .5  % w /v  so lu tion  of c ry s ta l  v io le t. A fte r  one m inu te , th e  slide  was 

r in s e d  w ith  ru n n in g  ta p  w a te r  an d  th e n  co v ered  w ith  Gram’s iodine 

so lu tion  (Iod ine  5 g , KI 10 g  in  1 L d is tilled  w a te r)  fo r  a f u r th e r  m inu te . 

D eco lourisa tion  was th e n  c a r r ie d  ou t u n d e r  a s tream  of acetone  (M & A 

Pharm achem  L t d . , B olton , E ng land ) an d  th e  sm ear th e n  c o u n te rs ta in e d  w ith  

a 5 % v /v  so lu tion  of carbo l fu sc h in  fo r  2 - 3  min. T he sm ear was th e n  

exam ined u s in g  an  Olym pus m icroscope (T okyo , Jap an ) a t  a  m agnification 

of 1000 tim es an d  th e  m orphology an d  s ta in in g  c h a ra c te r is tic s  n o te d . All 

th e  above chem icals, w ith  th e  ex cep tio n  of ace to n e , w ere  su p p lied  b y  

C lin -T ech  L td , L ondon , E n g lan d .

2 . C atalase p rod u ction .

T he te s t  fo r  ca ta la se  p ro d u c tio n  was p e rfo rm ed  u s in g  a  3 % so lu tion  of 

h y d ro g e n  p e ro x id e  (BDH Chem icals L t d . , Poole, E n g lan d ). Colonies of th e  
iso la te  w ere  rem oved from  th e  blood a g a r  p la te  u s in g  a  w ire  loop an d  

ad d ed  to  a  d ro p  of th e  h y d ro g e n  p e ro x id e  so lu tion  on a m icroscope s lid e . 

I f  b u b b le s  a p p e a re d  w ith in  10 s th e  te s t  was co n sid e red  p o s itiv e , an d  if  no 
v is ib le  re a c tio n  took p la ce , th e  te s t  was re c o rd e d  as n e g a tiv e .

3 . A tm ospheric grow th con d ition s.

Each iso la te  was in c u b a te d  ae ro b ica lly , in  5 % C 0 2 in  a ir  an d  u n d e r  
an ae ro b ic  cond itions in  o rd e r  to  de term ine  th e  a tm ospheric  re q u irem en t 

n e c e s sa ry  fo r  g ro w th .

From th e  re s u l ts  o b ta in ed  from  th e se  p ro c e d u re s , a p p ro p r ia te  biochem ical 
te s ts  w ere  th e n  p e rfo rm ed  fo r  id e n tif ic a tio n . T he te s t s  u se d  fo r  
id e n tify in g  th e  iso la tes  a re  show n in  d iagram m atic form  in  F ig . 2 .17 .

1 . API 20 S trep .

T his sy stem  was u s e d  to  id e n tify  ca ta lase  n e g a tiv e , fa c u lta tiv e ly  an aero b ic  
Gram p o sitiv e  cocci. T he system  com bines 20 biochem ical te s t s  an d  is 
u se d  to  d em o n stra te  enzym atic  a c tiv ity  an d  th e  fe rm en ta tio n  of s u g a rs  b y  
th e  b a c te r ia . T he te s t s  w ere c a r r ie d  o u t as  fo llo w s:- a 24 h o u r  blood
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a g a r  c u ltu re  of th e  m icroorganism  to  be  id e n tif ie d  was g row n a t 37° C 

u n d e r  an ae ro b ic  co n d itio n s . A s te r ile  sw ab was u sed  to  h a rv e s t  all th e  

colonies from  th e  p la te , an d  a d en se  su sp e n sio n  of th e  iso la te  was made in  
2 ml of s te r i le  d is tilled  w a te r . A liquo ts of th e  su sp en sio n  w ere th en  

d is t r ib u te d  in to  th e  wells of th e  f i r s t  h a lf  of th e  te s t  s t r ip  as d ire c te d  b y  

th e  m a n u fa c tu re r . T he rem ain in g  su sp e n sio n  was th e n  t r a n s fe r r e d  to  an  
am poule co n ta in in g  th e  API 20 S tre p  Medium an d  th e  new su sp e n sio n  was 

d is tr ib u te d  in to  th e  rem ain in g  c u p u le s . T he  cu p u les  co n ta in in g  th e  

s u b s tr a te s  a rg in in e  to  g ly co g en , w ere  o v e rla id  w ith  m ineral oil. T he s t r ip  
was th e n  in c u b a ted  a t 37° C in  5 % COz in  a ir .  T he re s u l ts  w ere re a d  a t 

4 an d  24 h o u rs ,  follow ing th e  m a n u fa c tu re r’s in s tru c tio n s  (F ig . 2 .1 8 .) ,  an d  
th e  p ro file  o b ta in ed  (F ig . 2 .1 9 .)  was e n te re d  in to  a  com puter (A pple 

C om puter I n c . ,  C alifo rn ia , U SA ), program m ed w ith  th e  API id en tifica tio n  

d isc . T h u s  th e  s tre p to co c c i w ere  id e n tif ie d  to  spec ies  lev e l. If  th e  

com puter re g a rd e d  a n y  p ro file  as ” d o u b tfu l” , o r as show ing po o r 

d iscrim ina tion  b e tw een  sp e c ie s , th e  p u r i ty  of th e  c u ltu re  was c h eck ed , an d  

th e  te s t  re p e a te d . If  th e  same p ro file  was o b ta in e d , th e  o rgan ism  was 

re p o r te d  a t  th e  g en u s  level in  a d e sc rip tiv e  m anner e .g .  fa c u lta tiv e ly  

an ae ro b ic  s tre p to c o c c u s . R ecen t s tu d ie s  h av e  s u g g e s te d  th a t  some of th e  

s tre p to co c c a l sp ec ie s  shou ld  be  re c la s s if ie d , an d  S chm idhuber an d  co

w o rk e rs  (1987) c o n s id e r th a t  sp ec ies  id e n tif ie d  a s  S t r e p . san g u is  II an d  
S t r e p . m itis u s in g  th e  API 20 S tre p  System  sho u ld  b e  re -n am ed  S t r e p . 

o ra l is . T h is  p ra c tic e  was ad o p ted  in  th e  c u r r e n t  s tu d y . A more d e ta iled  
d iscu ss io n  on th e  taxonom y of th e  s tre p to co c c a l spec ies  is to  b e  fo u n d  in  

C h ap te r  I I I .

2 . A PI 20 A .

T he  API 20 A system  was u se d  to  id e n tify  th e  an ae ro b ic  Gram n eg a tiv e  

ro d s  an d  to  a id  in  th e  id en tifica tio n  of Gram p o s itiv e  ro d s  w hen re s u l ts  of 
te s t s  u s in g  th e  M initek system  w ere equ iv o ca l. T h is  sy stem  co n sis ts  of 

cu p u les  co n ta in in g  d e h y d ra te d  s u b s t r a te s .  Colonies of th e  te s t  o rgan ism  
w ere rem oved from  th e  blood a g a r  p la te  a n d  in o cu la ted  in to  th e  API 20A 

medium to  p ro d u c e  a  h e a v y  su sp e n s io n . A liquo ts of th is  w ere th e n  ad d ed  
to  th e  tu b e s  follow ing th e  m a n u fa c tu re r’s in s tru c t io n s , a n d  th e  s t r ip  

in c u b a ted  in  an  an ae ro b ic  cab in e t a t  37° C fo r  a  minimum of 24 h o u rs . 
A p p ro p ria te  re a g e n ts  w ere  th e n  a d d ed  an d  th e  co lour ch an g es  n o te d . A 
biochem ical p ro file  w as o b ta in ed  fo r  th e  b ac te riu m  an d  was e n te re d  in to
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SQR LAC IRE INU RAF AMD GLYG

C VP HIP ESC PYRA aGAL PGUR PGAL FAL LAP ADH

F ig . 2 .1 8 . A PI s t r ip s  follow ing ino cu la tio n  of b a c te r ia l  su sp e n sio n
(ab o v e ) a n d  follow ing 24 h  in cu b a tio n  a n d  ap p lica tio n  

o f re a g e n ts  (b e lo w ).

MAN SO R LAC A  TRE INU RAF AMD GLYG I1HEMPYRA /GAL |IGUR T  i*GAL PAI I AP

Qopi 20 STR€P

R E F P a t ie n t

D a te O r ig in e /  S o u r c e

D r S e r v i c e /  D e p t

if. ■r\ ^

i

F ig . 2 .1 9 . B iochem ical p ro file  o b ta in ed  from  F ig . 2 .1 8 .
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th e  A pple com puter program m ed w ith  th e  API id en tifica tio n  d isc  as 

d e sc r ib e d  ab o v e . T h is , to g e th e r  w ith  Gram s ta in in g  c h a ra c te r is tic s  an d  

colonial an d  c u ltu ra l m orphology , was u s e d  fo r  th e  id en tifica tio n  of th e  
o rg a n ism .

3 . M initek anaerobic sy stem .

T he M initek an ae ro b ic  sy stem  also u tilise s  biochem ical m ethods a n d  was 

u s e d  fo r  th e  d iffe ren tia tio n  of th e  s t r ic t ly  an aero b ic  Gram p o sitiv e  an d  

n e g a tiv e  cocci, th e  fa c u lta tiv e  an d  s t r ic t ly  an aero b ic  Gram p o sitiv e  ro d s , 

an d  on occasio n s, th e  Gram n eg a tiv e  ro d s  if  th e  d iscrim ination  b e tw een  

g e n e ra  was p o o r w hen u s in g  th e  API 20 A sy stem . Following th e  
m a n u fa c tu re r 's  in s tru c tio n s , d iscs  im p reg n a ted  w ith  th e  te s t  s u b s tr a te s  

w ere in d iv id u a lly  d isp e n se d  in to  wells of th e  M initek p la te . Colonies of 

th e  t e s t  b ac te riu m  w ere rem oved from  a p u re  blood a g a r  c u ltu re  u s in g  a 
s te r i le  d r y  sw ab an d  in o cu la ted  in to  th e  M initek an aero b ic  b ro th  to  
p ro d u c e  a d en se  su sp e n s io n . A p la s tic  p ip e tte  was th e n  u se d  to  d isp en se  

a s ta n d a rd  d ro p  of th is  su sp e n s io n  in to  each  w ell. A fte r  a  minimum of 

24 h o u rs  an ae ro b ic  in c u b a tio n , biochem ical re a g e n ts  w ere ad d ed  to  th e  

w ells an d  th e  d isc s  exam ined fo r  sp ec ific  colour c h an g e s , u s in g  th e  

m a n u fa c tu re r 's  in s tru c tio n s  (F ig . 2 .2 0 .) .

T he M initek sy stem  con ta ined  th e  follow ing biochem ical te s t s  

fe rm en ta tio n  of 15 c a rb o h y d ra te s , h y d ro ly s is  of a e sc u lin , re d u c tio n  of 
n i t r a te ,  and  th e  p ro d u c tio n  of indole an d  u re a se . The biochem ical p ro file  

of th e  o rgan ism  w hich  was o b ta in ed  was th e n  com pared w ith  th e  

m a n u fa c tu re r’s d iffe ren tia tio n  tab le s  to  de term ine  i ts  id en tific a tio n .

When th e  id en tifica tio n  of Gram p o sitiv e  ro d s  had  a confidence level of 
u n d e r  75 % u s in g  th e  M initek sy stem , an d  th e  p u r i ty  of th e  c u ltu re  h ad  

b e e n  c h eck ed , th e  iso la te  was in o cu la ted  in to  th e  API 20 A system  (API 
System s SA M ontalieu -V ercieu , F ra n c e ) . If  d iscrim ination  a t  th e  g en u s  

level was s till  d o u b tfu l, th e  acid  en d  p ro d u c ts  from  glucose m etabolism  
w ere de term in ed  b y  iso tach o p h o res is  ( v ide  i n f r a ) . If  d o u b t rem ained  a t 

th e  sp ec ies  le v e l, th e  o rgan ism  was re p o r te d  a t  th e  g en u s  lev e l.
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ad d itio n  o f re a g e n ts .
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D etails of o th e r  la b o ra to ry  p ro c e d u re s  u se d  to  id e n tify  th e  iso la tes  a re

1 . S lide agglu tin ation  te s t .

T h is  was c a r r ie d  o u t on th e  ca ta lase  p o s itiv e , fa c u lta tiv e ly  an aero b ic  Gram 

p o s itiv e  cocci, u s in g  th e  Roche D iagnostica  S tap h -R ap id  T e s t (R oche 

P ro d u c ts  L td , Welwyn G arden  C ity , E n g lan d ). Colonies of th e  iso la te  

w ere  rem oved from  a blood a g a r  p la te  u s in g  a  w ire loop, an d  m ixed w ith  a 

d ro p  of s e n s itis e d  e ry th ro c y te  su sp e n sio n  an d  a d ro p  of co n tro l 

e ry th ro c y te  su sp e n s io n  on a m icroscope s lid e . A t th e  same tim e, a 
p o s itiv e  co n tro l u s in g  a ty p e  c u ltu re  of S taphy lococcus a u r e u s , was also  

te s te d .  T he s lid es  w ere  g e n tly  ro ck ed  to  an d  f ro , an d  th e  te s t  was 

c o n sid e re d  p o s itiv e  if  th e  se n s itis e d  e ry th ro c y re s  c lea rly  a g g lu tin a te d  

w ith in  15 s ,  w h ils t th e  co n tro l e ry th ro c y te s  rem ained  f in e ly  d is p e rse d .

2 . O xidase d isc  te s t .

T he id en tific a tio n  of b a c te r ia  b e lo n g in g  to  th e  N eisseriaceae  fam ily was 

b a se d  on m icroscopic a p p e a ra n c e , ca ta lase  p ro d u c tio n , an d  on a p o s itiv e  

ox id ase  d isc  te s t  (A /S  R osco, T a a s tru p , D enm ark ). Colonies of th e  iso la te  

w ere rem oved from  th e  p la te  u s in g  a  s te r ile  d r y  sw ab an d  su sp e n d e d  in  3 

ml of s te r ile  d is tille d  w a te r  in  a  p la s tic  b ijo u . A d isc  was th e n  a d d ed  

a n d  th e  b ijou  sh ak e n  b y  h a n d  fo r  5 s .  T he co lour of th e  su sp en sio n  an d  

d isc  was n o te d , w ith  th e  p ro d u c tio n  of a  p u rp le  co lour w ith in  30 s 

in d ic a tin g  a p o s itiv e  re a c tio n . Also each  iso la te  was s e t  u p  in  th e  M initek 
sy stem  to  determ ine  c a rb o h y d ra te  u tilisa tio n , a n d  was c lass ified  as b e in g  
e i th e r  sacch a ro ly tic  o r  a sacch a ro ly tic  w ith in  th e  N e isse ria  I B ranham ella  

g ro u p .

3 . X and V d isc  te s t .

T h is  t e s t  w as u se d  fo r  th e  d iffe ren tia tio n  of fa c u lta tiv e ly  an aero b ic  Gram 

n e g a tiv e  cocco-bacilli. Colonies w ere  rem oved from  th e  blood a g a r  p la te  

u s in g  a  s te r ile  sw ab an d  w ere  su sp e n d e d  in  s te r ile  w a te r  w hich was th e n  

in o cu la ted  on to  a  n u tr ie n t  a g a r  p la te  (G ib co -E u ro p e , P a is ley , S co tlan d ), 

d e fic ien t in  b o th  X an d  V F a c to rs . D iscs co n ta in in g  X , V , o r  b o th  X an d  
V (M ast L a b o ra to r ie s , M ersey sid e , E ng land ) w ere app lied  to  th e  su rfa c e  of 

th e  a g a r  an d  th e  p la te  in c u b a te d  in  5 % C 0 2 a t  37° C fo r  a  minimum of
112



24 h o u r s . T he g ro w th  p a t te rn  a ro u n d  th e  d iscs  was u s e d  to  d iffe re n tia te  
H aem ophilus sp ec ies  an d  E ikenella c o r ro d e n s .

In  some in s ta n c e s , follow ing p rim ary  su b c u ltu re  of th e  iso la te  on to  a 
blood a g a r  p la te , th e re  was p o o r g ro w th  w hich was in su ffic ie n t to  allow 

a p p ro p r ia te  biochem ical te s t s  to  b e  s e t  u p  fo r  id en tific a tio n . On o th e r  

occasions th e  d iscrim ina tion  b e tw een  g e n e ra  rem ained  p o o r a f te r  c a r ry in g  

o u t a n u m ber of th e  above p ro c e d u re s . In  su ch  cases th e  iso la te  was 

r e p o r te d  as  b e in g  "u n id e n tif ie d ” w ith in  i ts  s ta in in g  an d  m orphological 
g ro u p .

T he o rgan ism s id e n tif ie d  from  each  p laq u e  sam ple o b ta in ed  from  an  enam el 

sec tio n  w ere  e x p re s s e d  as  a  p e rc e n ta g e  of th e  to ta l c fu . In  th e  case of a 

sam ple from  an  enam el s la b , in  ad d itio n  to  th e  p e rc e n ta g e  of th e  to ta l c fu , 

th e  iso la tes  w ere a lso  e x p re s s e d  as  an  ab so lu te  coun t p e r  mm2 of enamel 

s u r f a c e .

2 . 5 . 6 .  Enum eration and Id en tification  o f S treptococcu s m utans and  

L actobacillus sp e c ie s .

On each  MSB a n d  R ogosa p la te , th e  nu m b er of cfu  w ith  sim ilar m acro
scop ic  colonial m orphology was co u n ted . T h is was c a r r ie d  o u t fo r  each  

of th e  d ilu tio n s  w here  colonies w ere  p r e s e n t ,  an d  th e  mean ca lcu la ted . 
Two re p re s e n ta t iv e s  of each  colonial ty p e  in  each  sam ple w ere  id e n tif ie d  

u s in g  th e  API 20 S tre p  sy stem  fo r  iso la tes  from  th e  MSB p la te s ,  an d  th e  
A naerob ic  M initek System  from  th e  R ogosa p la te s .  T he num ber of S t r e p . 

m utans a n d  L actobacillu s sp p . p re s e n t  w ere ca lcu la ted  an d  e x p re s se d  as a 

p e rc e n ta g e  of th e  to ta l cu ltiv ab le  flo ra  co u n t w hich  was o b ta in ed  from  th e  

blood a g a r  c u ltu re s  fo r  each  sam ple.

2 .6 .  F reeze-d ry in g  P roced u re.

R e p re se n ta tiv e  colonies of each  sp ec ies  iso la ted  from  each  v o lu n te e r  w ere 

f r e e z e -d r ie d  an d  s to re d , em ploying th e  follow ing m ethods, fo r  u se  in  
s u b se q u e n t s tu d ie s . T he code an d  id en tifica tio n  of th e  iso la te  to  be  

p re s e rv e d  w as ty p e -w r it te n  on a  c a rd  w hich  was th e n  c u t in to  a  n a rro w  

s t r ip  th a t  f i t te d  in to  a  g la ss  am poule. A small w isp of co tton  wool was 
p laced  loosely  in to  th e  to p  of th e  tu b e ,  w hich  was th e n  s te r i l is e d  u s in g
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d r y  h e a t a t  a  te m p e ra tu re  of 160°C fo r  one h o u r . A 24 h o u r  p u re  blood 

a g a r  c u ltu re  of th e  iso la te  was rem oved u s in g  a s te r ile  d ry  sw ab an d  

in o cu la ted  in to  10 ml ABB supp lem en ted  w ith  10 % h o rse  se ru m . U sing  a 
p a s te u r  p ip e tte ,  0 .5  ml of th is  inoculum  was th e n  p laced  in  a  p re - la b e lle d  

s te r i le  g la ss  am poule. T he c u ltu re  was s u b se q u e n tly  f r e e z e -d r ie d  u s in g  an  

E dw ards EF4 Modulyo f r e e z e -d r y e r  (E dw ards H igh V acuum , C raw ley , 

E n g la n d ) . F ree z in g  was c a r r ie d  o u t, b o th  d u r in g  cen tr ifu g a tio n  an d  w hen 
th e  v ia ls  h ad  s to p p ed  sp in n in g , u n til  a  p re s s u re  of 1.3  x  1CT1 m bar o r 

below was a ch iev ed . T he v ia ls  w ere  th e n  c o n s tr ic te d  u s in g  an  E dw ards 

Ampoule C o n s tr ic to r  an d  loaded  on to  th e  sec o n d a ry  d ry in g  h ead  on th e  

f r e e z e - d r y e r .  D ry in g  th e n  took p lace  u n d e r  a  vacuum  fo r  one h o u r an d  

each  am poule was th e n  sea led  u s in g  an  E dw ards F lam em aster h a n d  to rc h , 
a n d  s to re d  a t room te m p e ra tu re .

When th e  f r e e z e -d r ie d  cells w ere re q u ire d , th e  a p p ro p ria te  ampoule was 
sco red  ju s t  above th e  co tton-w ool b u n g  u s in g  a diamond pen cil an d  th e n  

b ro k e n  open a long  th is  l in e . T he cotton-w ool was rem oved an d  th e  
d ep o sit re c o n s ti tu te d  in  2 ml of ABB. A s te r ile  p la s tic  p ip e tte  was u se d  to  

rem ove 50 ql a liq u o ts  of th is  su sp en sio n  w hich w ere  inocu la ted  on to  blood 
a g a r  p la te s  an d  in c u b a te d  an ae ro b ica lly  a t  37°C u n til  g ro w th  o c c u rre d . 

B efo re  a c u ltu re  w as u se d  in  an  ex p e rim en t, i ts  p u r i ty  a n d  id e n tity  was 
confirm ed  b y  th e  a p p ro p r ia te  biochem ical te s t s  as d e sc rib e d  in  Section

2 .5 .5 .

2 .7 .  Plaque A d d  Anion P rofiles and pH M easurem ents.

2 . 7 . 1 .  A d d  A nion E stim ations.

V o lu n te e rs , b o th  from  Glasgow D ental School an d  U n ilever R ese a rch  P o r t 

S u n lig h t, w ere  in s tru c te d  to  consum e n e ith e r  food n o r d r in k  from  th e  

e v en in g  b e fo re , u n ti l  a f te r  p laq u e  sam pling  fo r  a d d  an ion  p ro file s  h ad  
b e en  c a r r ie d  o u t th e  follow ing m orn ing . A t th a t  tim e, th e  app liance  was 

rem oved  from  th e  m outh an d  fa s t in g  p laq u e  sam ples ta k e n  from  th e  enam el 

s lab s  u s in g  a  s te r ile  d e n ta l e x ca v a to r (No. 243, A sh , E n g lan d ). On some 

o c ca s io n s , p laq u e  was also  co llected  from  th e  n a tu ra l  d e n titio n . Each 
sam ple w as im m ediately p laced  w ith in  th e  to p  of a  p la s tic  v ia l co n ta in ing  
m oist cotton-w ool in  i ts  b a se . T he lid  was th e n  c losed  an d  th e  sam ple 

s to re d  a t  - 20° C u n til  an a ly s is  was p e rfo rm ed .
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T he app lian ce  was re - in s e r te d  an d  th e  v o lu n te e r  th e n  r in s e d  th e  m outh 

w ith  10 ml of a 10 % w /v  su c ro se  so lu tion  fo r  one m inu te . A fte r  6 min 

th e  ap p lian ce  was rem oved an d  f u r th e r  p laq u e  sam ples ta k en  an d  s to re d  as 

above a t -20° C to  re d u c e  th e  m etabolism  of s u b s tr a te s  b y  th e  p laq u e  
b a c te r ia .

T he sam ples co llected  from  Glasgow su b jec ts  w ere  p ro c e sse d  w ith in  4 h o u rs  

of h a rv e s t in g ,  w h ils t th o se  o b ta in ed  in  P o r t S u n lig h t w ere  p laced  in  a  

f la sk  co n ta in in g  c ru s h e d  ice an d  tra n s p o r te d  to  Glasgow w ith in  6 h o u rs  of 

co llection . T h e re  th e y  w ere t r a n s f e r r e d  to  a  -20° C f re e z e r  an d  
p ro c e sse d  w ith in  th e  su b se q u e n t 24 h o u r  p e rio d .

Each p laq u e  sam ple was rem oved from  its  p la s tic  c o n ta in e r an d  p laced  in  a 
p re -w e ig h e d  p la s tic  v ia l w hich  was th e n  rew eighed  an d  th e  w eigh t of 

sam ple c a lc u la te d . T he p laq u e  was th e n  m ixed w ith  10 p i of th e  le ad in g  

e lec tro ly te  (v ide  in f ra )  an d  c e n tr ifu g e d  a t  20,000 g  fo r  15 min in  a 

r e f r ig e ra te d  MSE H igh Speed  18 c e n tr ifu g e  (MSE L t d . , C raw ley , S u sse x , 
E n g lan d ). T he s u p e rn a ta n t  flu id  was th e n  rem oved an d  s to re d  a t  -2 0 °C.

P laq u e  acid  an ions w ere  an a ly sed  b y  iso tach o p h o re s is  u s in g  a  LKB 2127 

T ach o p h o r (LKB In s tru m e n ts , Bromma, Sw eden, F ig . 2 .2 1 .)  f i t te d  w ith  

c o n d u c tiv ity  a n d  u ltra v io le t d e tec tio n  sy stem s (G eddes a n d  W eetman, 1981) . 

T h e  se p a ra tio n  took p lace  in  a 610 mm T eflon cap illa ry  tu b e  of 0 .5  mm 

d iam eter m ain tained  a t a c o n sta n t te m p e ra tu re  of 12°C.

T he le ad in g  e lec tro ly te  was 5 mM h y d ro ch lo ric  acid  a d ju s te d  to  pH 4 .2  b y  
th e  ad d itio n  of 6-am in o -n -h ex an o ic  a c id . H y d roxypropyhnethy lce llu lo se  

(0 .2  % w /v )  was ad d ed  to  sh a rp e n  th e  b o u n d a rie s  be tw een  a c id s . The 
te rm in a tin g  e lec tro ly te  was 4 mM n -o c tan o ic  ac id  a d ju s te d  to  pH 5 .5  b y  
th e  ad d itio n  of 2-am ino-2 (h y d ro x y m eth y l) p ro p a n e -1 , 3-diol ( T r is ) .  T hese  

chem icals w ere su p p lied  b y  BDH Chem icals L t d . ,  Poole, E n g lan d , w ith  th e  
e x cep tio n  of th e  h y d ro x y p ro p y h n e th y lce llu lo se  w hich  was su p p lied  b y  th e  

Sigma Chem ical Co. L t d . ,  Poole, E n g lan d .

S ta n d a rd  so lu tions of 5 mM form ic, p y ru v ic , p h o sp h o ric , la c tic , su cc in ic , 
ace tic  an d  p rop io n ic  a c id s , su p p lied  b y  BDH Chem icals L t d . , Poole, E ng lan d , 

w ere r u n  th ro u g h  th e  sy stem  an d  ca lib ra tio n  c u rv e s  o b ta in ed  from  w hich
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F ig . 2 .2 1 . T ach o p h o r a n d  c h a r t  r e c o rd e r  u s e d  fo r  an a ly s is  of

p la q u e  ac id  an io n s .
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th e  zone le n g th s  of th e  tra c in g s  could b e  co n v e rted  in to  nanom olar 
c o n ce n tra tio n s  ( F ig . 2 .2 2 .) .

Sam ples of p laq u e  s u p e rn a ta n t  w ere  th e n  r u n  th ro u g h  th e  tach o p h o r a t  50 

pA . T he tra c e s  o b ta in ed  w ere  th e n  a n a ly se d , an d  th e  am ount of each  acid  
e x p re s s e d  in  nm ol/m g w et w eigh t of p la q u e . When th e  w eigh t of 

co llected  p laq u e  was u n d e r  0 .8  m g, a c c u ra te  d e term ina tion  of th e  

co n ce n tra tio n s  of th e  ac id s could not b e  a ch iev ed , th e re fo re  w hen th is  

o c c u r re d , only  th e  la c ta te  / a ce ta te  ra tio  of th e  sam ple was ca lcu la ted .

2 . 7 . 2 .  Plaque pH M easurem ents.

O v e rn ig h t f a s t in g  p laq u e  sam ples w ere  rem oved from  th e  enam el s lab s  

m ounted  on th e  in  s i tu  app liance  an d  th e  p laq u e  pH m easu red  u s in g  th e  

o n e -d ro p  e lec tro d e  te ch n iq u e  d e sc rib e d  b y  G eddes & M acFadyen (1981), a 

m odification of th a t  d e sc rib e d  b y  F ro ste ll (1969). T he e lec tro d e  (B eckm an 

In s tru m e n ts , G len ro th es , Sco tland) an d  C o rn in g  120 pH m eter (C o rn in g  

L t d . ,  H a ls tead , E ssex , E ng land) w ere f i r s t  c a lib ra ted  u s in g  b u f fe r  so lu tions 
of pH 4 an d  pH 7 (BDH Chemicals L t d . ,  Poole, E ng land) an d  a ca lib ra tio n  

c u rv e  p lo tte d  fo r  pH a g a in s t mV. Small p laq u e  sam ples of app rox im ate ly  

1 mg w ere m ixed w ith  10 p i of de ion ised  w a te r  in  th e  g lass  e lec tro d e . 

T he re fe re n c e  e lec tro d e  was th e n  in s e r te d  in to  th e  p laq u e  an d  th e  mV 
re a d in g  re c o rd e d  a f te r  one m inu te . T h is re a d in g  was th e n  co n v e rted  to  a 

pH m easurem ent u s in g  an  eq u atio n  d e riv e d  from  th e  ca lib ra tio n  c u rv e . 

P laq u e  sam ples w ere ta k en  a t b ase lin e  an d  a t  1, 3, 6, 10, 15, 20 a n d  30 

m inu tes follow ing a 10 % su c ro se  m outh r in s e ,  an d  from  th e se  a  S tep h an  

c u rv e  was d raw n  b y  p lo ttin g  pH a g a in s t tim e.

2 .8 .  S ta tistica l A n a ly ses.

T he in tr a -o r a l  app liance  was em ployed fo r  s tu d ie s  on th e  e ffe c t of 

tre a tm e n t cond itions an d  time on m icrobial p laq u e  com position, an d  th e  

re la tio n sh ip  betw een  enamel dem ineralisation  an d  p ro p o rtio n s  of b a c te r ia  in  

th e  o v e rly in g  p la q u e , u tilise d  a  model in  w hich  o th e r  fa c to rs  w ere also 
in v o lv ed , w hich may h av e  in flu en ced  th e  b a c te r ia l com position. An 

ad d itiv e  main e ffe c ts  model was th e re fo re  u s e d  to  an a ly se  th e  d a ta  
o b ta in e d . T h is  sy stem  was u se d  to  model v a riab le s  su c h  as i] s ide  of 

ap p lian ce , ii] p o sitio n  w ith in  ac ry lic  t ro u g h  a re a , iii] ex p erim en ta l r u n ,
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Example o f tra c in g , u sed  in  calibration , obtained from  
stand ard  a d d  so lu tio n s, a ] form ate, b ] p y ru v a te , 
c ] p h osp h ate, d ] la c ta te , e ] su ccin a te , f ]  a ceta te , 

g ] prop ion ate.
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an d  i v ] s u b je c t, in  ad d itio n  to  th e  fa c to rs  u n d e r  s tu d y . F o r each  of 

th e se  v a ria b le s  an  F - te s t  was p e rfo rm ed , ta k in g  in to  acco u n t all o th e r  

fa c to rs  w hich may h av e  h ad  an  e ffe c t a t  th a t  p a r t ic u la r  tim e. T he 

s ta t is t ic a l  p ack ag e  u se d  was th e  G enera lised  L in ear In te ra c tiv e  M odelling 
S ystem  (GLIM) (N um erical A lgorithm s G roup L t d . ,  1987).

W here an  e ffec t of one of th e  fa c to rs  u n d e r  s tu d y  was e v id e n t, e g  w ith  

r e g a r d  to  tre a tm e n t conditions on th e  levels  of a  p a r t ic u la r  o rgan ism , th e  

d iffe re n c e s  am ong th e  tre a tm e n t e ffe c ts  w ere in v e s tig a te d  b y  a  pa irw ise  

m ultip le  com parison p ro c e d u re , u s in g  th e  estim ates of th e  tre a tm e n t e ffec ts  

an d  th e ir  s ta n d a rd  e r r o r s ,  in  th e  p re se n c e  of all o th e r  fa c to rs .

In  g e n e ra l, th ro u g h o u t th is  th e s is ,  th e  e ffec t of each  fa c to r  on p laq u e  
m icroflo ra  h a s  b e en  ta b u la te d  fo r  each  s tu d y , an d  w here  a s ig n ific an t 

e ffe c t was fo u n d , th e  level of s ign ificance  h as  b een  show n. When th is  

o c c u rre d  w ith  r e g a rd  to  one of th e  fa c to rs  u n d e r  s tu d y , eg  tim e o r 

tre a tm e n t co n d itio n s , p a irw ise  m ultiple com parison p ro c e d u re s  w ere c a r r ie d  

o u t as  d e sc r ib e d  ab o v e , an d  those  v a riab le s  w ith in  each  fa c to r  w hich 
c au sed  a s ig n ific a n tly  d if fe re n t e ffec t from  th a t  of th e  o th e r  v a r ia b le s , 

w ere  d e ta iled  in  th e  te x t  of th e  r e s u l ts ,  r a th e r  th a n  in  ta b u la r  form .

T he ab so lu te  co u n ts  of b a c te r ia  p e r  mm2 enam el s lab  su rfa c e  w ere log 

tra n s fo rm e d  p r io r  to  a n a ly s is . To enab le  tran sfo rm a tio n  of zero  v a lu es  to  

b e  c a r r ie d  o u t, i t  was n e c e s sa ry  to  ad d  a va lue  to  th e  raw  d a ta  fo r  each  

o rgan ism  b e fo re  log  tra n s fo rm in g . T he minimum d e tec tio n  level fo r  each  

o rgan ism  u n d e r  s tu d y  in  each  p laq u e  sam ple was ca lcu la ted  w ith  re fe re n c e  

to  th e  d ilu tion  fa c to r  of th e  p la te  u sed  fo r  th e  id en tifica tio n  of th e  

b a c te r ia ,  th e  volume of inoculum  u se d  to  inocu la te  th e  a re a  of th e  p la te  
from  w hich th e  colonies w ere rem oved fo r  id en tifica tio n  an d  th e  su rfa c e  
a re a  of th e  enam el s lab  from  w hich th e  p laq u e  sam ple h ad  b een  rem oved. 
V arious p ro p o rtio n s  of th e  minimum d e tec tio n  level fo r  each  organ ism  w ere 

th e n  a d d ed  to  th e  raw  d a ta , an d  p ro b a b ility  p lo ts  of th e  log  tran sfo rm ed  

d a ta  w ere  c o n s tru c te d  to  determ ine  w hich ad d itiv e  com ponent to  th e  raw  
d a ta  g ave  ad eq u a te  assum ption  of no rm ality  to  th e  tra n sfo rm e d  d a ta . 

From th e  re s u l ts  of th is  p ro c e d u re , i t  was decided  to  ad d  h a lf  of th e  

minimum d e tec tio n  level to  th e  raw  ab so lu te  co u n ts  of each  organ ism  p e r  

mm2 enam el su rfa c e , b e fo re  log  tra n s fo rm in g .
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CHAPTER III

PRELIMINARY STUDIES.

3 .1 .  In trod u ction .

T h is  c h a p te r  d e sc r ib e s  th e  ex p erim en ts  th a t  w ere p e rfo rm ed  d u r in g  th e  

developm ent of th e  app liance  m odel, an d  g ives d e ta ils  of in v e s tig a tio n s  
c a r r ie d  o u t to  te s t  th e  v a lid ity  of some of th e  m ethods w hich w ere  to  be  
u s e d  in  th e  main in  s itu  s tu d ie s .

3 .2 .  T otal C ounts and Identification  o f Plaque M icroflora -  

A R ep roducib ility  E xperim ent.

3 . 2 . 1 .  In trod u ction .

A v a r ie ty  of d if fe re n t te ch n iq u es  h a s  b e en  u se d  b y  re s e a rc h  w o rk e rs  to  

co llec t, t r a n s p o r t ,  d is p e rs e , c u ltu re  a n d  id e n tify  th e  flo ra  of d en ta l p laq u e  

sam ples, an d  th e se  d iffe ren ces  may acco u n t in  p a r t  fo r  th e  wide v a ria tio n  
in  th e  m icrobial com position of p la q u e  w hich h a s  b een  re p o r te d  in  

d if fe re n t s tu d ie s  (rev iew ed  b y  Jo h n so n  an d  M urphy , 1983).

T h e  main s tu d y  was d esig n ed  to  s ta n d a rd is e  sam pling from  d is c re te  s ite s  
w ith o u t contam ination from  ad jacen t a re a s , an d  to  pe rm it p ro c e ss in g  of 

sam ples to  ta k e  p lace  im m ediately a f te r  p laq u e  collection . H ow ever, some 
of th e  o th e r  te ch n iq u es  w hich w ere  to  be  u se d  in  th e  enum eration  an d  
id en tific a tio n  of m icroorgan ism s, su c h  as d isp e rsa l, d ilu tio n , c u ltu re  

co n d itions an d  th e  selec tion  of a re a s  of th e  a g a r  p la te  fo r  th e  

id en tific a tio n  of co lonies, a re  know n to  a ffe c t th e  re p o r te d  com position of 

a p laq u e  sam ple.

T h is  re p ro d u c ib ility  s tu d y  was th e re fo re  u n d e r ta k e n  :
1] to  exam ine th e  e ffe c t of p laq u e  d isp e rs io n  b y  son ica tion  on

a ) th e  re tr ie v a l  of in d iv id u a l sp ec ies  from  a  p laq u e  sam ple an d

b )  th e  to ta l co u n ts  of b a c te r ia  iso la ted , an d

2] to  de term ine  th e  com position of th e  m icroflora o b ta ined
a ) from  d if fe re n t d ilu tions of th e  same p laq u e  sam ple an d
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b )  from  d if fe re n t a re a s  on th e  same blood a g a r  p la te , to  

a s c e r ta in  how re p re s e n ta t iv e  of th e  o rig in a l sam ple, was an  

a re a  of a blood a g a r  p la te  co n ta in in g  30-50 colonies.

3 . 2 . 2 .  M ethods.

An enam el sec tio n , m ounted  on an  in tr a -o r a l  ap p lian ce , was ino cu la ted  

w ith  S t r e p . m u ta n s , p re v io u s ly  iso la ted  from  th e  su b je c t’s own p la q u e , 

d u r in g  th e  f i r s t  28 h o u rs  of a one week ex p erim en ta l p e r io d , as will b e  
d e sc rib e d  la te r  in  Section 4 .3 .2 .

A fte r  one w eek, a p laq u e  sam ple was rem oved from  th e  enam el sec tio n  
(see  S ection  2 .5 .1 ) .  T he p ro to co l followed in  p ro c e ss in g  th e  sam ple is 

show n in  diagram m atic form  in  F ig . 3 .1 . A fte r  rem oval, th e  p laq u e  was 

p laced  im m ediately in  1 ml of ABB an d  v o rtex -m ix ed  fo r  30 s .  Two 

se p a ra te  0 .1  ml a liq u o ts  w ere rem oved a n d , from  each  of th e s e , d ilu tio n s  in  
ABB from  10~a to  10~6 w ere c a r r ie d  o u t, w ith  a  f u r th e r  15 s v o rte x  m ixing 
be tw een  each  d ilu tio n . T he rem ain ing  0 .8  ml was th e n  so n ica ted  fo r  15 s 

a t  a s e t t in g  of 1 .5 , an d  two s e p a ra te  0 .1  ml a liq u o ts  w ere th e n  im m ediately 

rem oved an d  d ilu tio n s  c a r r ie d  ou t as ab o v e . T h ese  p ro c e d u re s  re s u lte d  in  
two d ilu tio n  ru n s  fo r  b o th  v o rtex -m ix ed  on ly  an d  v o rtex -m ix ed  an d  
so n ica ted  sam ples. Each of th e  10_1 to  10~6 d ilu tions fo r  each  of th e  

fo u r  s e ts  of d ilu tio n s  was th e n  sp ira l p la te d  on to  two blood a g a r  p la te s .  

T h ese  w ere  in c u b a te d  an aero b ica lly  a t  37°C (see  Section  2 .5 .4 . )  a n d  w ere  
th e n  exam ined . From each  s e t  of blood a g a r  p la te s ,  two p la te s  of

d if fe re n t d ilu tion  fa c to r ,  each  co n ta in in g  a  minimum of 60 co lon ies, w ere

ch o sen . T h is  gave  a  to ta l of fo u r  p la te s  fo r  each  of th e  fo u r  s e ts  of
d ilu tio n s  - e ig h t p la te s  from  th e  vo tex -m ix ed  an d  so n ica ted  sam ple an d

e ig h t from  th e  o rig in a l sam ple w hich h a d  re c e iv e d  on ly  a v o r te x  m ixing. 
On each  p la te  two s ite s  w ere  se le c te d , each  s ite  co n ta in in g  b e tw een  30 

an d  50 co lon ies, in  an  a re a  r e p re s e n tin g  a  know n volume of inoculum . 
T h is  gave  a to ta l of 32 s i te s .  T he to ta l c fu 's  p re s e n t  in  th e  o rig in a l
sam ple w as th e n  ca lcu la ted  s e p a ra te ly  from  each  of th e se  s i te s ,  a n d  th e
iso la tes  id e n tif ie d  a n d  e x p re s s e d  as  a  p e rc e n ta g e  of th e  to ta l cu ltiv ab le  

flo ra  in  each  s ite .
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3 .2 .3 .  R e s u lts .

B acteria  Iso la ted .

T he p red o m in an t b a c te r ia  iso la ted  from  th e  32 sam ples a re  show n in  T ables

3 .1 . to  3 .5 . T he column h e ad in g s  u se d  in  th e se  T ab les a re  de ta iled  in  

T ab le  3 .1 . A P ro p io n ib ac te riu m  sp ec ies  w as iso la ted  from  one of th e  
v o r te x  an d  so n ica ted  sam ples w here  i t  acco u n ted  fo r  4 .8  % of th e  to ta l 

c fu , b u t  o th e rw ise  th e  iso la tes  show n in  th e  T ab les com prised th e  to ta l of 
th e  an ae ro b ic  cu ltiv ab le  flo ra  ob ta in ed  from  th e  sam ples. S t r e p . m utans 
was iso la ted  from  all 32 sam ples, an d  th e  mean p ro p o rtio n  was 17 .0  % fo r  

th e  v o r te x  mixed sam ples, an d  22.4  % fo r  th e  v o rte x  mixed p lu s  so n ica ted  
sam p les .

E ffect o f M ethod o f P laque D isp ersa l.

T he iso la tion  f re q u e n c y , m ean, s ta n d a rd  d ev ia tion  a n d  ra n g e  of th e  

p ro p o r tio n s  of th e  b a c te r ia  iso la ted  from  th e  16 v o rtex -m ix ed  an d  16 

v o rtex -m ix ed  an d  so n ica ted  sam ples a re  show n in  T able 3 .1 . T he 

p red o m in an t g ro u p  of o rg an ism s, follow ing b o th  d isp e rsa l m ethods, was 

p o s itiv e  cocci, w hich  acco u n ted  fo r  83.7 % of o rgan ism s in  th e  v o r te x -  

m ixed sam ples, an d  88.1 % in  th e  v o rtex -m ix ed  an d  so n ica ted  sam ples. 

N egative  cocci a n d  p o s itiv e  bacilli com prised  on ly  a  v e ry  small p ro p o r tio n  
of th e  to ta l cu ltiv ab le  f lo ra , while th e  Gram n eg a tiv e  bacilli form ed th e  

seco n d  la rg e s t  g ro u p  a f te r  b o th  d isp e rsa l m ethods. T he ab so lu te  co u n ts  
of th e  o rg an ism s, e x p re s s e d  as lo g 10 cfu  a re  also  show n. No s ig n ific an t 

d iffe ren c es  w ere fo u n d  b e tw een  th e  p ro p o rtio n s  of th e  g e n e ra  an d  sp ec ies  
iso la ted  from  th e  sam ples. A lthough  th e  n e g a tiv e  bacilli p ro p o r tio n  was 
s lig h tly  low er in  th e  so n ica ted  sam ple (n o t s ta t is tic a lly  s ig n if ic a n t, see  

T ab le  3 .6 . ) ,  th e  a c tu a l n u m ber of n eg a tiv e  bac illi in  th e  so n ica ted  sam ple 
was h ig h e r .  T he p e rc e n ta g e  of th e  p o s itiv e  cocci an d  th e  to ta l co u n ts  
w ere  s ig n if ic a n tly  h ig h e r  ( p  < 0.05 a n d  p  < 0.001 re sp e c tiv e ly )  in  th e  

sam ples w hich h a d  b e en  d isp e rse d  b y  son ica tion  in  ad d itio n  to  v o r te x  m ix
in g . T he s ta t is t ic a l  an a ly s is  of T ab les  3 .1 . to  3 .5 . a re  show n in  T able  3 .6 .

T h e  s ta n d a rd  dev ia tio n s  of th e  m ean p e rc e n ta g e  co u n ts  w ere  s lig h tly  low er 
fo r  each  of p o s itiv e  a n d  n e g a tiv e  coccal an d  b a c illa ry  g ro u p s  in  th e  

so n ica ted  sam ples com pared to  th e  v o rtex -m ix ed  on ly  sam ples.
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T he in c re a se  in  th e  m ean to ta l co u n ts  of o rgan ism s follow ing son ica tion  of 

th e  sam ple was b y  a fa c to r  of f iv e , w ith  th e  Gram p o s itiv e  cocci co u n ts  

b e in g  5 .4  tim es h ig h e r .  T he co u n ts  of Gram n eg a tiv e  cocci in c re a se d  b y  
th e  sm allest am ount (1 .7  tim e s), w h ils t th e  change  in  b o th  Gram p o sitiv e  
a n d  n e g a tiv e  b a c il la ry  co u n ts  was alm ost fo u r -fo ld .

E ffect o f D ilution R un.

F o r bo th  v o rtex -m ix ed  an d  v o rtex -m ix ed  sam ples w ith  so n ica tio n , 2 

a liq u o ts  w ere rem oved fo r  d ilu tio n  an d  a n a ly s is . T he re s u l ts  o b ta in ed  

from  th e se  p a ra lle l ru n s  a re  show n in  T ab les  3 .2 . an d  3 .3 . T he to ta l 

co u n ts  o b ta in ed  from  th e  second  d ilu tio n  ru n  of th e  v o rtex -m ix ed  sam ples 
w ere  s ig n ific a n tly  h ig h e r  ( p  < 0 .0 5 ) , b u t  o therw ise  no s ig n if ic a n t 

d iffe ren c es  w ere fo u n d  b e tw een  th e  p ro p o rtio n s  of th e  o rgan ism s follow ing 

e i th e r  d isp e rsa l m ethod , o r th e  to ta l co u n ts  in  th e  so n ica ted  sam ples (see  

T ab le  3 .6 . ) .

E ffect o f D ilution F actor.

A com parison was made b e tw een  th e  o rgan ism s iso la ted  u s in g  d if fe re n t 
d ilu tio n  fa c to rs .  In  th e  v o rtex -m ix ed  sam ple, 10~3 an d  10-4  d ilu tio n s  

w ere  u s e d , w hile in  th e  so n ica ted  sam ples 10~4 an d  10~5 d ilu tions w ere 
u s e d , b e ca u se  of th e  h ig h e r  co u n ts  of o rgan ism s iso la ted . T he  re s u l ts  a re  
g iv en  in  T ab les  3 .4 . an d  3 .5 . an d  show no s ig n ific a n t d iffe ren c es  in  

p ro p o r tio n  o r  co u n ts  of o rgan ism s b e tw een  th e  two co n cen tra tio n s  fo r  

e i th e r  d isp e rsa l m ethod.

E ffect o f D uplicate P latin g  and P late P osition .

Each d ilu tion  fo r  b o th  d isp e rsa l m ethods was p la te d  on to  two se p a ra te  

p la te s . T he iso la tes  p re s e n t  in  th e  p a ir s  of p la te s  fo r  th e  chosen  
d ilu tio n s , o u tlin ed  ab o v e , w ere com pared , an d  no s ig n ific an t d iffe ren ces  

fo u n d  in  e i th e r  p ro p o r tio n s  o r  co u n ts .

Iso la tes  w ere rem oved from  two p o s itio n s  on opposite  s id es  of each  of 

th e se  p la te s ,  an d  a g a in  no  s ig n ific an t d iffe ren c es  w ere  fo u n d .
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VORTEX
pa. Mean13 (S D )° R ange Logao cfu

+ve cocci 16/16 83.7 5 .6 ) 74.5 - 94.7 7.00
-v e  cocci 2/16 0.6 1 .6 ) NDa - 5 .0 4.86
+ve bacilli 6/16 2.2 3 .6 ) ND - 11.8 5.42
-v e  bacilli 16/16 13.5 5 .5 ) 5 .3  - 25.4 6.21

S . m utans 16/16 17.0 9 .0 ) 5 .9  - 40.0 6.31
S . san g u is 16/16 53.5 14 .2) 30.0  - 76.5 6.81
S . o ra lis 14/16 14.0 9 .6 ) ND - 26.9 6.23
V eillonella 2/16 0.6 1 .6 ) ND - 5 .0 4.86
A ctinom yces 6/16 2.2 3 .6 ) ND - 11.8 5.42
B ac te ro id es 12/16 7 .2 6 .3 ) ND - 18.2 5.94
C apnocy tophaga 11/16 4.3 4 .0 ) ND - 12.9 5.71

T o tal (lo g 10 c fu ) 7.08 (0 .3 ) 6 .50 - 7.86

VORTEX + SONICATION
F Mean (SD) R ange Logxo cfu

+ve cocci 16/16 88.1 4 .0 ) 79.4 - 94.4 7.73

-v e  cocci 2/16 0 .2 0 .6 ) ND - 1 .9 5.09

+ve bacilli 7/16 1.7 2 .1 ) ND - 5 .0 6.02

-v e  bacilli 16/16 10.0 4 .4 ) 4 .2 - 19.0 6.79

S . m utans 16/16 22.4 8 .7 ) 7 .9 - 40.0 7.14

S . san g u is 16/16 55.1 16 .6) 19.0 - 80 .0 7.53

S . o ra lis 12/16 10.6 14 .5) ND - 47.6 6.82

V eillonella 2/16 0 .2 0 .6 ) ND - 1 .9 5.09

A ctinom yces 5/16 1.1 1 .7 ) ND - 4.5 5.83

B ac te ro id es 14/16 7.1 5 .2 ) ND - 17.5 6.64

C apnocy tophaga 10/16 2 .6 3 .5 ) ND - 13.6 6.20

T o tal (logx0 c fu ) 7.79 (0 .2 ) 7.52 - 8.15

**■ - Iso la tion  f re q u e n c y  ; 13 - Mean p e rc e n ta g e  of to ta l c fu  ; 
c - S ta n d a rd  dev ia tio n  ; a - Not d e te c te d  ; e - Mean log10 c fu .

T able 3 .1 .  E ffect of m ethod of p laq u e  d isp e rsa l on p redom inan t
cu ltiv ab le  m icroflo ra, n=16.
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VORTEX
DILUTION 1

F Mean (SD) R ange Logao cfu

+ve cocci 8/8 82.8 4 .6 ) 76.5 - 90.0 6.82
-v e  cocci 2/8 1.2 2 .1 ) ND - 5 .0 4.98
+ve bacilli 4/8 3 .8 4 .6 ) ND - 11.8 5.48
-v e  bacilli 8/8 12.3 4 .3 ) 5 .9  - 17.6 5.99

S . m utans 8/8 19.2 11 .9 ) 5 .9  - 40.0 6.18
S . san g u is 8 /8 50.4 16 .1 ) 30 .0  - 76.5 6.60
S . o ra lis 7/8 13.4 8 .6 ) ND - 26.1 6.03
V eillonella 2 /8 1 .2 2 .1 ) ND - 5 ,0 4.98

A ctinom yces 4/8 3 .8 4 .6 ) ND - 11.8 5.48
B ac te ro id es 6 /8 4.9 4 .1 ) ND - 13.0 5.59
C ap n ocy tophaga 6/8 5 .8 4 .7 ) ND - 12.9 5.66

T o tal (lo g 10 c fu ) 6 .90 (0 .2 ) 6 .50  - 7.15

VORTEX 
DILUTION 2

F Mean (SD) R ange Logao Cfu

+ve cocci 8/8 84.7 ( 6 .6 ) 74.5 -  94.7 7.19

-v e  cocci 0/8 ND ND ND

+ve bacilli 2/8 0 .6  ( 1 .0 ) ND - 2 .3 5.04

-v e  bacilli 8/8 14.7 ( 6 .6 ) 5 .3  - 25.4 6.43

S . m utans 8/8 14.8  ( 4 .4 ) 7 .7  -  23.1 6.43

S . san g u is 8 /8 55.2  (1 3 .1 ) 34.6 - 70.8 7.00

S . o ra lis 7/8 14.7 (1 1 .1 ) ND - 26.9 6.43

V eillonella 0/8 ND ND ND

A ctinom yces 2/8 0 .6  ( 1 .0 ) ND - 2 .3 5.04

B ac te ro id es 6/8 9 .5  ( 7 .6 ) ND - 18.2 6.24

C apnocy tophaga 5/8 3.5  ( 3 .2 ) ND - 7 .7 5.80

T o tal (lo g ao cfu ) 7.26 (0 .3 ) 6 .90  - 7.86

T able 3 .2 . E ffect of d ilu tion  ru n  fo r  v o rte x  m ixed sam ples
on p red o m in an t cu ltiv ab le  m icroflo ra, n=8.
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VORTEX + SONICATION
DILUTION 1

F Mean (SD) R ange Log10 cfu

+ve cocci 8/8 87.5 ( 3 .9 ) 82.6 - 94.4 7.72
-v e  cocci 0/8 ND ND ND
+ve bacilli 4/8 2 .0  ( 2 .2 ) ND - 4 .8 6.08
-v e  bacilli 8 /8 10.5 ( 3 .8 ) 5 .6  - 17.4 6.80

S . m utans 8/8 18.6 ( 4 .1 ) 10.0  - 24.0 7.05
S . san g u is 8/8 57.1 (22 .6 ) 19 .0  - 80 .0 7.54
S . o ra lis 4/8 11.7 (19 .4 ) ND - 47.6 6.85
V eillonella 0/8 ND ND ND
A ctinom yces 3/8 1 .4  ( 2 .0 ) ND - 4 .5 5.93
B ac te ro id es 6/8 6 .9  ( 5 .8 ) ND - 17.4 6.62
C ap n ocy tophaga 4/8 3 .0  ( 4 .7 ) ND - 13.6 6.26

T o tal (lo g TO cfu ) 7.78 (0 .2 ) 7.57 - 7.94

VORTEX + SONICATION 
DILUTION 2

F Mean (SD) R ange Log10 cfu

+ve cocci 8/8 88.7 4 .4 ) 79.4  - 92.5 7.75

-v e  cocci 2/8 0 .4 0 .8 ) ND - 1 .9 5.40

+ve bacilli 3 /8 1 .4 2 .1 ) ND - 5 .0 5.95

-v e  bacilli 8 /8 9 .6 5 .2 ) 4 .2  - 19.0 6.78

S . m utans 8/8 26.1 10 .6) 7 .9  - 40.0 7.22

S . san g u is 8 /8 53.1 8 .6 ) 41.8 - 66.7 7.53

S . o ra lis 8/8 9 .4 8 .4 ) 2 .4  - 28.4 6.77

V eillonella 2/8 0 .4 0 .8 ) ND - 1 .9 5.40

A ctinom yces 2/8 0.7 1 .5 ) ND - 4 .2 5.64

B ac te ro id es 8/8 7 .3 4 .9 ) 3 .8 - 17.5 6.66

C apnocy tophaga 6/8 2 .2 2 .0 ) ND - 5 .9 6.14

T o tal (lo g io  c fu ) 7 .80 (0 .2 ) 7.52 - 8.15

T able 3 .3 .  E ffect of d ilu tion  ru n  fo r  v o r te x  m ixed an d  son ica ted
sam ples on p red o m in an t cu ltiv ab le  m icroflo ra, n=8.
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VORTEX 1(T3

F Mean (SD) R ange Log10 cfu

+ve cocci 8/8 85.2  ( 6 .3 ) 76.5 - 94.7 7.03
- ve  cocci 0/8 ND ND ND
+ve bacilli 4/8 3 .0  ( 4 .2 ) ND - 11.8 5.58
-v e  bacilli 8 /8 11.8 ( 5 .3 ) 5 .3  - 18.5 6.17

S . m utans 8/8 16.5 (1 0 .9 ) 5 .9  - 40 .0 6.32
S . san g u is 8/8 53.4  (15 .4 ) 30 .0  -  76.5 6.83
S . o ra lis 6/8 15 .4  (10 .6 ) ND - 26.3 6.29
V eillonella 0/8 ND ND ND
A ctinom yces 4/8 3 .0  ( 4 .2 ) ND - 11.8 5.58
B ac te ro id es 5/8 6 .9  ( 6 .9 ) ND - 16.3 5.94
C apno cy to p h ag a 6/8 5 .1  ( 4 .2 ) ND - 12.9 5.81

T o ta l (lo g 10 c fu ) 7 .10  (0 .4 ) 6.50 - 7.86

VORTEX
1<T4

F Mean (SD) R ange Logxo cfu

+ve cocci 8/8 82.3 4 .7 ) 74.5 - 88.9 6.96

- ve cocci 2/8 1 .2 2 .1 ) ND - 5 .0 5.13

+ve bacilli 2/8 1 .3 2 .9 ) ND - 8.3 5.16

-v e  bacilli 8 /8 15.2 5 .5 ) 8 .3 - 25.4 6.23

S . m utans 8/8 17.5 7 .3 ) 5 .9 - 27.8 6.29

S . san g u is 8/8 52.3 14 .3 ) 34.6 - 70.8 6.77

S . o ra lis 8/8 12.7 8 .9 ) 2.1 - 26.9 6.15

V eillonella 2/8 1 .2 2 .1 ) ND - 5 .0 5.13

A ctinom yces 2/8 1.3 2 .9 ) ND - 8.3 5.16

B ac te ro id es 7 /8 7 .5 6 .1 ) ND - 11.8 5.92

C apnocy tophaga 5 /8 4 .2 4 .2 ) ND - 11.8 5.67

T o ta l (logxo cfu ) 7.05 (0 .2 ) 6.83 - 7.34

T ab le  3 .4 .  P redom inan t cu ltiv ab le  p laq u e  m icroflo ra, iso la ted
from  10~3 an d  10~4 d ilu tio n s  of v o r te x  mixed 

sam p les , n=8.
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VORTEX + SONICATION 
1(T4

F Mean (SD) Range Log10 cfu

+ve cocci 8/8 87.5 ( 5 .3 ) 79.4 - 94.4 7.58
-v e  cocci 2/8 0 .4  ( 0 .8) ND - 1.9 5.24
+ve bacilli 3/8 1 .0  ( 1 .6) ND - 4 .0 5.64
-v e  bacilli 8/8 11.1 ( 5 .4 ) 5.6 - 19.0 6.68

S . m utans 8/8 23.0 ( 8 .9 ) 7.9 - 35.8 7.00
S . san g u is 8/8 53.8 (16.2) 24.0 -  70.4 7.37
S. o ra lis 6/8 10.6 (14.4) ND - 38.0 6.65
V eillonella 2/8 0 .4  ( 0 .8) ND - 1.9 5.24
B actero ides 8/8 9 .2  ( 5 .8 ) 3.7 - 17.5 6.60
C apnocy tophaga 6/8 1 .9  ( 1 .5 ) ND - 4 .0 5.92
A ctinom yces 3/8 1.0  ( 1 .6) ND - 4 .0 5.64 i
T o tal (logxo cfu) 7.64 (0 .1 ) 7.52 - 7.78

VORTEX + SONICATION 
10"5

F Mean (SD) Range Log10 cfu

+ve cocci 8/8 88.8 ( 2 .4) 85.7 - 91.7 7.89

-v e  cocci 0/8 ND ND ND

+ve bacilli 4/8 2.3 ( 2 .5) ND - 5 .0 6.30

-v e  bacilli 8/8 8 .9  ( 3 .2 ) 4.2 - 13.6 6.89

S. m utans 8/8 21.8 ( 9 .1 ) 10.0 - 40.0 7.28

S . san g u is 8/8 56.4 (18.1) 19.0 - 80.0 7.69

S . o ra lis 6/8 10.5 (15 .6) ND - 47.6 6.96

Veillonella 0/8 ND ND ND

A ctinom yces 2/8 1.1 ( 2 .0) ND - 4.5 5.98

B actero ides 6/8 5 .0  ( 3 .7) ND - 10.0 6.64

C apnocytophaga 4/8 3 .4  ( 4 .8) ND - 13.6 6.47

T otal (log1Q cfu ) 7.94 (0 .1 ) 7.83 -  8.15

T able 3 .5 .  P r e d o m i n a n t  c u l t i v a b l e  p l a q u e  m i c r o f l o r a ,  i s o l a t e d  f r o m

1 0 - 4  a n d  1 0 - 5  d i l u t i o n s  o f  v o r t e x  m i x e d  a n d  s o n i c a t e d

s a m p l e s ,  n = 8 .
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D isp e rsa l D ilution
Run

D ilution
F ac to r

D uplicate
D ilution

P la te
Position

+ve cocci * NS NS NS NS
-v e  cocci NS NS NS NS NS
+ve bacilli NS NS NS NS NS
-v e  bacilli NS NS NS NS NS

S . m utans NS NS NS NS NS
S . san g u is NS NS NS NS NS
S. o ra lis NS NS NS NS NS
V eillonella NS NS NS NS NS
A ctinom yces NS NS NS NS NS
B ac te ro id es NS NS NS NS NS
C ap n o cy to p h ag a NS NS NS NS NS

T otal *** * NS NS NS

NS = Not s ig n ific an t * -j p  < 0.05 ; *** = p < 0 .001.

T ab le  3 .6 .  S ta tis tic a l an a ly s is  of e ffe c ts  of fa c to rs  on

iso la tion  of p laq u e  m icroorganism s in  re p e a ta b ility  
e x p e r im en t.
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3 .2 .4 .  D iscu ssio n .

T he  com plexity  an d  v a r ia b ility  of d en ta l p laq u e  r e fe r r e d  to  in  C h ap te r  I ,  

to g e th e r  w ith  th e  m any p ra c tic a l problem s in h e re n t in  q u a n tita tiv e  s tu d ie s  

on m ixed m icrobial p o p u la tio n s , make i t  d iff icu lt to  ob ta in  a c c u ra te  and  

re p ro d u c ib le  d a ta  (rev iew ed  b y  H ard ie  a n d  B ow den, 1976). C u ltiva tion  

te c h n iq u e s  a re  u n ab le  to  iso la te  all th e  m icroorganism s p re s e n t  in  a  

p a r t ic u la r  p laq u e  sam ple, an d  th e re  is a  wide ra n g e  in  th e  re p o r te d  

p ro p o r tio n  of o rg an ism s, e x p re s se d  as a  p e rc e n ta g e  of th e  to ta l 

m icroscopic co u n t, w hich can be  c u ltu re d  from  p laq u e  sam ples, w ith  some 

s tu d ie s  f in d in g  as  little  as 10 - 20 % (rev iew ed  b y  M anganiello e t a l . , 

1977). Im provem ents in  anaero b ic  c u ltu re  conditions have  in c re a se d  th e  
p ro p o r tio n  of re c o v e ra b le  o rgan ism s in  re c e n t y e a r s .

H ow ever, m any fa c to rs  p la y  a ro le  in  a cco u n tin g  fo r  th e  v a ria tio n  in  th e  

r e p o r te d  p la q u e  com position ob ta in ed  from  a  p a r t ic u la r  s i te . T h ese  

fa c to rs  in c lu d e  i] th e  sam pling te ch n iq u e  em ployed; ii] th e  m ethod u s e d  
to  t r a n s p o r t  th e  sam ple to  th e  la b o ra to ry ; iii] th e  tech n iq u e  u se d  to  

d is p e rse  th e  p la q u e ; iv ] th e  c u ltu re  m ethods em ployed in c lu d in g  th e  

c u ltu re  medium u se d  an d  th e  a tm ospheric  g ro w th  co n d itio n s , v ] th e  

n u m b er of colonies se lec ted  an d  th e  m ethod of th e ir  se lec tio n , an d  v i] 

th e  id e n tif ic a tio n  te c h n iq u e s .

T h e re  a re  two b a s ic  sam pling m ethods fo r  o b ta in in g  p la q u e . In  one , 

re la tiv e ly  la rg e  pooled sam ples a re  o b ta in ed  from  m any s ite s  in  th e  m outh , 

w h ils t in  th e  o th e r ,  sm aller specim ens a re  o b ta ined  from  d isc re te  s i te s .  

T he fo rm er m ethod h as  th e  ad v an tag e  of p ro v id in g  su ffic ien t m ateria l to  

allow a c c u ra te  w eigh ing  a n d  th e  u se  of m any d iffe re n t te s ts  su ch  as 

biochem ical an a ly s is  a n d  m icrobial co u n ts  (rev iew ed  b y  Jo hnson  & M urphy , 

1983). H ow ever, poo ling  of sam ples may o b scu re  im p o rtan t s ite  

v a r ia tio n s , a n d  does no t pe rm it th e  p laq u e  flo ra  to  be  re la te d  to  th e  

cond ition  of d is c re te  a re a s  of u n d e r ly in g  to o th  enam el. A v a r ie ty  of 

d if f e re n t te c h n iq u e s  a n d  m ateria ls  h av e  b e en  em ployed fo r  o b ta in in g  
sam ples. T h ese  a re  d e p e n d e n t to  some e x te n t on th e  a cc e ss ib ility  of th e  

s ite  to  sam pling . Some of th e  in s tru m e n ts  u se d  to  o b ta in  su p ra g in g iv a l 

p laq u e  in c lu d e  d e n ta l flo ss  (S h k la ir  e t  a l . , 1974), a b ra s iv e  s t r ip s  (Bow den e t 
a L , 1975), d e n ta l p ro b e s  (v a n  H oute & D uch in , 1975), w ooden to o th p ick s

131



(M ikkelsen  & P o u lsen , 1976) sca le rs  (M ikkelsen e t a l. , 1981), a n d  p ieces  of
w ire (v an  P alenstein  H elderm an, 1981).

T he  ap p lian ce  s tu d y  d e sc rib e d  in  C h ap te r  IV , was d esig n ed  to  allow 

a c c u ra te  p la q u e  sam pling  from  d is c re te  "windows" on th e  enam el sec tio n s , 

so th e  m icroflora  could  b e  re la te d  to  ch an g es  in  th e  m inera lisation  of th e  

u n d e r ly in g  enam el. A small d e n ta l e x ca v a to r was u se d  to  rem ove p laq u e  

o v e rly in g  th e se  s i te s ,  an d  in  th e  main s tu d y , two enam el sec tio n s  w ere 

m ounted  on each  s id e  of th e  app liance  w ith  a sp ace  of 1-2 mm betw een  

them . T h is  p e rm itte d  p laq u e  to  be  re la te d  to  d isc re te  enam el s i te s ,  an d  

a lso  allow ed e a s ie r  in s tru m e n ta tio n , th u s  re d u c in g  th e  contam ination from  

a d jac e n t a re a s .  T he  p laq u e  o v e rly in g  th e  enam el s lab s  was also  rem oved 

u s in g  a  dented e x c a v a to r , an d  in  th is  case th e  whole su rfa ce  of th e  enam el 

w as s c ra p e d  w ith  th e  in s tru m e n t, th u s  allow ing th e  m icrobial d a ta  o b ta in ed  
to  b e  e x p re s s e d  as  a  co u n t p e r  mm2 enam el su rfa c e  as well as  b y  

p e rc e n ta g e  of th e  to ta l an aero b ic  cu ltiv ab le  f lo ra . Im m ediately p r io r  to  

p laq u e  sam p lin g , some w o rk e rs  f lu s h  th e  su rfa c e  of th e  p laq u e  w ith  

phy sio lo g ica l sa lin e , in  an  a ttem p t to  rem ove loosely  b o u n d  b a c te r ia l 

s a liv a ry  con tam inan ts  (S o c ran sk y  e t a l . , 1977), an d  N yvad & Kilian (1987) 

c o n sid e r th a t  th is  r in s in g  p ro c e d u re  is n e c e s sa ry  in  s tu d ie s  on e a r ly  

p la q u e  co lon isation . T h is was th e re fo re  c a r r ie d  o u t in  th e  app liance  

s tu d y  on  e v e ry  occasion  p r io r  to  sam pling , a s  d e sc r ib e d  in  Section 2 .5 .1 .

F o r optim al iso la tion  of v iab le  o rg an ism s, p laq u e  sam ples shou ld  b e  

p ro c e sse d  in  th e  la b o ra to ry  as soon as p o ssib le  a f te r  rem oval from  th e  

m outh (H ard ie  & B ow den, 1976). In  some s tu d ie s , p a r tic u la r ly  

epidem iological o n e s , de lays a re  in ev itab le  an d  i t  is  th e re fo re  n e c e s sa ry  to  
p lace  th e  p laq u e  sam ples in  a su itab le  medium w hich will m aintain th e  

v ia b ility  of th e  o rgan ism s w ithou t allow ing se lec tiv e  o v e rg ro w th  of some 

sp e c ie s . S ev e ra l su c h  t r a n s p o r t  m edia h av e  b een  u s e d , in c lu d in g  R educed  

T ra n s p o r t  F lu id  (S y ed  & L oesche , 1972; L oesche e t  a l . , 1975) a n d  simple 

n u tr ie n t  b ro th s  co n ta in in g  cy s te in e  (N yvad  & K ilian , 1987). In  a ll th e  

ex p erim en ta l s tu d ie s  c a r r ie d  o u t an d  d e sc rib e d  in  th is  th e s is ,  th e  su b jec ts  
rem oved  th e i r  in t r a -o r a l  app liance  in  th e  la b o ra to ry . P ro ce ss in g  of th e  

p laq u e  th e re fo re  took  p lace  im m ediately a f te r  sam pling , an d  all 

in o cu la ted  p la te s  w ere in  th e i r  a p p ro p r ia te  in c u b a to r  a f te r  a maximum of 

30 min follow ing in itia l p laq u e  sam pling  from  th e  enam el s i te s . T he 
specim ens of p laq u e  w ere p laced  in  A naerob ic  Blood B ro th  (A ppend ix  II)
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im m ediately a f te r  sam pling  an d  all s u b se q u e n t d ilu tions w ere c a r r ie d  o u t in  
th is  medium.

To c a r r y  o u t q u a n tita tiv e  s tu d ie s  on th e  com position of d en ta l p la q u e , 

d isa g g re g a tio n  of th e  b a c te r ia  shou ld  b e  a ttem p ted  in  o rd e r  to  p ro d u c e  a 

su sp e n s io n  co n ta in in g  s in g le  m icrobial cells p r io r  to  m aking d ilu tions an d  

p la tin g  o u t. H ow ever, th e  complex n a tu re  of p laq u e  w ith  i ts  h e te ro 

gen eo u s com binations of m icrobial sizes a n d  s h a p e s , to g e th e r  w ith  th e  

v a ry in g  s u sc e p tib ili ty  of th e  o rgan ism s to  p h y s ica l fo rces  an d  e x p o su re  to  

o x y g e n , m eans i t  is  d iff icu lt to  fin d  a  su itab le  m ethod w hich will 

a d e q u a te ly  d is p e rse  p laq u e  w ithou t se lec tiv e ly  fa v o u rin g  th e  su rv iv a l and  

g ro w th  of sp ec ific  g ro u p s  of o rg an ism s. Many te ch n iq u es  h av e  b een  
em ployed a n d  in c lu d e  v o r te x  m ixing , sh a k in g  w ith  g la ss  b e a d s , t is su e  

g r in d in g  a n d  hom ogen isation , th e  u se  of hypoderm ic s y r in g e s  a n d  n eed les 

an d  son ic  o scilla tion  (rev iew ed  b y  H ard ie  & B ow den, 1976; M anganiello e t 

a l, 1977). In  ad d itio n  to  p h y s ica l m eans, a ttem p ts  h av e  b e en  made to  

s e p a ra te  th e  o rgan ism s b y  chemical o r  enzym atic  m eans, e g , b y  th e  

ad d itio n  of EDTA to  th e  d isp e rs in g  f lu id .

T issu e  g r in d e rs  a n d  son ic  oscillation  a p p e a r  to  b e  th e  m ost commonly u sed  

p h y s ica l m e th o d s, w ith  th e  fo rm er p ro d u c in g  le ss  fo rc e , an d  th e re fo re  

p e rh a p s  p r e s e rv in g  th e  v ia b ility  of h ig h e r  num bers  of f rag ile  o rg an ism s, 

b u t  a t  th e  same time p ro v in g  le ss  e ffic ien t th a n  th e  la t te r  a t d isp e rs in g  

m icrobial ce lls .

T he o rgan ism s c o n sid e red  most a t r is k  from  son ica tion  p ro c e d u re s  a re  th e  
Gram n e g a tiv e  b a c te r ia ,  a n d  i t  is  th o u g h t th a t  th e  cell wall com position 

an d  th e  re la tiv e  in a b ility  of th e se  o rgan ism s to  a d h e re  to  one a n o th e r  and  

form  clum ps, in flu en ces  th e ir  su sc e p tib ility  to  th e  son ication  fo rce s  (O lsen  
& S o c ra n sk y , 1981). T he  ha rm fu l e ffe c t of sonic oscillation  is  th e re fo re  

th o u g h t to  b e  p a r t ic u la r ly  im p o rtan t in  p laq u e  s tu d ie s  a sso c ia ted  w ith  

p e rio d o n ta l d ise a se , s in ce  Gram n eg a tiv e  ro d s  a n d  filam ents form  a  la rg e r  

p ro p o r tio n  of th e  flo ra  th a n  in  su p ra g in g iv a l p la q u e , an d  a re  b e liev ed  to  

b e  th e  m ajor p a th o g e n s .

In  th e  p r e s e n t  s tu d y ,  th e  e ffe c t on m icrobial p ro p o rtio n s  an d  co u n ts  of 

d is p e rs in g  a  one w eek old p laq u e  sam ple b y  v o r te x  m ixing  a n d  15 seconds 

of so n ica tio n , com pared to  v o r te x  m ixing a lone, was exam ined. As one of
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th e  p ro to co ls  of th e  main app liance  dem ineralisa tion  s tu d y  d e sc rib e d  in  

C h a p te r  IV in v o lv ed  th e  inocu la tion  of S t r e p , m utans on to  th e  enam el 

s ite s  to  b e  sam pled , a n d  as th is  is  one of th e  o rganism s im plicated in  th e  

ae tio lo g y  of c a r ie s , it  was p a r t ic u la r ly  im p o rtan t to  e n su re  th a t  th is  

o rgan ism  was p re s e n t  so th a t  re p ro d u c ib ility  of i ts  id en tifica tio n  could  be  
ex am in ed . C o n se q u e n tly , S t r e p . m utans was ino cu la ted  on to  th e  te s t  

s ite  fo r  th is  ex p e rim en t, and  th is  will th e re fo re  h ave  in flu en ced  th e  
re la tiv e  p ro p o r tio n s  of th e  v a rio u s  o rgan ism s iso la ted .

T he re s u l ts  show ed th a t  th e  p ro p o rtio n  of Gram p o sitiv e  cocci was 

s ig n if ic a n tly  h ig h e r  w hen son ica tion  was ap p lied  a f te r  v o r te x  m ixing , an d  

th is  is  in  ag reem en t w ith  f in d in g s  from  o th e r  s tu d ie s  (rev iew ed  b y  H ardie 

& B ow den, 1976), while th e re  was no d iffe ren ce  in  th e  mean p e rc e n ta g e  of 

n e g a tiv e  b acilli b e tw een  th e  two g ro u p s . H ow ever, th e  d isp e rsa l 

p ro c e d u re s  w ere  c a r r ie d  o u t in  aerob ic  co n d itions, as fac ilities  fo r  

p e rfo rm in g  th is  u n d e r  an aero b ic  cond itions w ere no t availab le , an d  th is  

may th e re fo re  h a v e  re d u c e d  th e  p ro p o rtio n  of v iab le  o x y g e n -sen s itiv e  Gram 

n e g a tiv e  b a c te r ia  in  b o th  d isp e rsa l g ro u p s . In  ad d itio n , th e  sam ples 

co llected  th ro u g h o u t th e  s tu d y  w ere su p ra g in g iv a l, an d  th e re fo re  th e  

o rgan ism s re p o r te d  as b e in g  most f ra g ile , su c h  as  T reponem a, Selenomonas 

a n d  Wolinella sp ec ie s  (O lsen  & S o c ra n sk y , 1981) w ere le ss  like ly  to  be  

p r e s e n t ,  a n d  sin ce  th e  in v e s tig a tio n  co n ce rn ed  th e  cariogen ic  p o te n tia l of 

p la q u e , r a th e r  th a n  i ts  p o te n tia l to  cause  p e rio d o n ta l d isea se , se lec tive  

c u ltu re  of th e se  o rgan ism s was n o t p e rfo rm ed .

T he s ta n d a rd  d ev ia tio n s  of th e  mean p ro p o rtio n s  of th e  Gram p o sitiv e  an d  

n e g a tiv e  cocci an d  bacilli w ere  all s lig h tly  low er in  th e  son ica ted  g ro u p , 

s u g g e s tin g  th a t  a s lig h tly  m ore ev en  d is tr ib u tio n  of th e  m icrobial cells may 

hav e  b e en  ach iev ed  w ith  th is  m ethod of p laq u e  d isp e rsa l.

T he g re a te s t  in c re a se  in  th e  m ean co u n ts  of o rganism s p re s e n t  in  th e  

v o rte x -m ix ed  p lu s  so n ica ted  sam ples com pared to  th e  v o rtex -m ix ed  only  

sam ples o c c u rre d  w ith  th e  Gram p o s itiv e  cocci, w here  a fiv e -fo ld  in c rease  

was s e e n . T h is  was p re su m ab ly  due  to  th e  d isp e rs io n  of clum ps an d  

ch a in s  of s tre p to co c c a l sp e c ie s , w hile a t  th e  same time p re s e rv in g  th e  

v ia b ility  of in d iv id u a l ce lls . Gram n e g a tiv e  g e n e ra  su c h  as Veillonella 

sp ec ie s  a re  f a r  m ore s e n s itiv e  to  th e  le th a l e ffe c ts  of sonication  th an  
s tre p to co c c i (R o b rish  e t a l . , 1976) a n d  th is  f in d in g  was b o rn e  ou t in  th e
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p re s e n t  s tu d y  as  th e ir  in c re a se  in  v iab le  co u n t following sonic oscillation  

w as on ly  b y  a fa c to r  of 1 .7 . T he fo u r-fo ld  in c re a se  in  Gram n eg a tiv e  

b acilli o b ta in ed  follow ing 15 s son ica tion  was of approx im ate ly  th e  same 

m agn itude  as  fo r  th e  p o s itiv e  bacilli. A lthough  th e  fo rm er g ro u p  a re  

c o n sid e red  more s e n s itiv e  th a n  th e  la t te r ,  an d  a sm aller in c re a se  was 

a n tic ip a te d , th e  two Gram n eg a tiv e  g e n e ra  p re s e n t  in  th e  sam ples, nam ely 

B ac te ro id e s  an d  C apnocy tophaga  sp ec ie s , h av e  b een  fo u n d  to  b e  re la tiv e ly  
r e s is ta n t  to  sonic e n e rg y  (O lsen  & S o c ra n sk y , 1981).

T he  mean to ta l viable co u n ts  of o rgan ism s iso la ted  from  th e  d u p lica te  
d ilu tio n  ru n s  follow ing son ica tion  show ed v e ry  little  v a r ia tio n , w h ils t a  

s ig n if ic a n t d iffe ren c e  b e tw een  th e  to ta l lo g 1Q cfu  co u n ts  w as o b ta ined  

from  th e  d u p lica te  ru n s  follow ing v o r te x  m ixing a lone. T h is  ag a in  

s u g g e s ts  th a t  a  more ev en  d isp e rsa l of p a r tic le s  was ach iev ed  b y  sonic 
o sc illa tion .

A com parison  of th e  p ro p o rtio n  an d  co u n ts  of o rgan ism s o b ta ined  from  

p la te s  in o cu la ted  w ith  d iffe re n t d ilu tion  fa c to rs  was c a rr ie d  o u t to  

d e term ine  w h e th e r  th e  co n cen tra tio n  of b a c te r ia l cells ino cu la ted  on to  a 
c u ltu re  p la te  a ffe c ted  th e  g ro w th  of th e  o rg an ism s, as i t  was fe lt  th a t  th e  

b a c te r ia  from  an  inoculum  w ith  low er co n cen tra tio n  may h av e  more 

n u tr ie n ts  availab le  th a n  ones p re s e n t  on a  more d en se ly  p o p u la ted  p la te . 

H ow ever, no s ig n ific a n t d iffe ren ce  was fo u n d  in  e ith e r  th e  re la tiv e  

p ro p o r tio n s  of th e  d if fe re n t g ro u p s  of o rganism s o r  in  th e  to ta l v iab le  

co u n ts  o b ta in ed  from  th e  sam ples.

T h is  s h o r t  s tu d y ,  w hich  in v o lv ed  th e  id en tifica tio n  of o rganism s from  32 

d if fe re n t s ite s  on b lood a g a r  p la te s ,  each  co n ta in in g  a  minimum of 30 

co lon ies, was c a r r ie d  o u t on one o rig in a l p laq u e  sam ple, an d  show ed th a t  

some v a ria tio n  in  th e  re p o r te d  com position of th e  flo ra  from  th e se  re p e a t 

m easu rem en ts  took  p la ce . T h is  f in d in g  w as in e v ita b le , due  in  p a r t  to  th e  
v e ry  sm all f ra c tio n  of b a c te r ia  ac tu a lly  id e n tif ie d  from  th e  o rig in a l sample 

an d  th e  m any fa c to rs  o u tlin ed  p re v io u s ly . H ow ever, a lth o u g h  some 
v a ria tio n  d id  o c c u r , w ith in  each  d ispersed  g ro u p  th e re  was no s ig n ific an t 

d iffe ren c e  in  th e  re la tiv e  p ro p o r tio n  of th e  id en tified  organism s betw een  

th e  d if fe re n t d ilu tion  r u n s ,  d ilu tion  fa c to rs  o r  positio n s  on th e  c u ltu re  

p la te  from  w hich  th e  colonies w ere  s u b c u ltu re d .
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T h e re fo re , although, th is  s tu d y  was c a r r ie d  o u t on only  one occasion due  to  

th e  v e r y  la rg e  n u m b er of id en tifica tio n s  in vo lved  (ap p ro x im ate ly  1,300 
iso la te s  id e n tif ie d ) , an d  d e sp ite  th e  lim itations ou tlined  above, i t  was 

c o n sid e re d  a cc e p tab le , in  su b se q u e n t s tu d ie s , to  a ttem p t to  de term ine  th e  

b a c te r ia l  com position of p laq u e  b y  id e n tify in g  all th e  colonies from  a 
s in g le  re g io n , co n ta in in g  30 - 50 c fu , on a  s ing le  blood a g a r  p la te .

T h e  aim of th e  main ap p lian ce  s tu d y  was to  in v e s tig a te  th e  re la tio n sh ip  of 

th e  com position of the p laq u e  flo ra  to  enamel dem ineralisa tion , in  w hich 
Gram p o s itiv e  cocci an d  bacilli a re  co n sid e red  th e  most im p o rtan t 

p a th o g e n s . A lthough  i t  is  re co g n ised  th a t  some organism s a re  more 

r e s is ta n t  th a n  o th e rs  to sonic oscilla tion , b o rn e  ou t to  some e x te n t in  th is  

p re h m in a ry  s tu d y  w ith  an  in c re a se  in  p ro p o r tio n  of p o s itiv e  cocci, th e  

p ro p o r tio n  of Gram n e g a tiv e  cocci a n d  bacilli w ere n o t s ig n ific an tly  

re d u c e d . T h e re fo re , in  view  of th is ,  an d  th e  fa c t th a t  th is  m ethod of 

p la q u e  d is p e rs a l  h ad  a p p e a re d  to  d is tr ib u te  th e  p a rtic le s  more ev en ly  in  

th e  b r o th  su sp e n s io n  p r io r  to  d ilu tion  a n d  p la tin g , i t  was decided  th a t  

son ica tion  of th e  sam p les , as  d e sc rib e d  in  Section  2 .5 .3 . ,  would be  c a rr ie d  
ou t in  all s u b se q u e n t s tu d ie s .

C u lturing o f O rganism s.

Since th e  m icroorganism s fo u n d  in  p laq u e  h ave  d iffe re n t g ro w th  
re q u ire m e n ts  a n d  a re  p re s e n t  in  w idely  d iffe r in g  p ro p o r tio n s , th e  c u ltu re  

m edia a n d  a tm o sp h eric  cond itions em ployed in  an y  s tu d y  will d ep en d  on 

th e  p u rp o s e  of th e  in v e s tig a tio n  an d  th e  o rgan ism s u n d e r  in v es tig a tio n  

(H ard ie  & B ow den, 1976). In  th e  main s tu d y , w hich co n cern s  th e  

asso c ia tio n  of p la q u e  flo ra  an d  e a r ly  dem ineralisa tion , th e  ob jectives w ere 

to  id e n tify  th e  o rgan ism s m ost num erous in  th e  p laq u e  as well as th e  

spec ific  b a c te r ia  w hich  h av e  b een  im plicated in  th e  aetio logy  of c a r ie s . 

T h e re fo re , a b lo o d -b ased  n o n -se lec tiv e  medium (d e sc r ib e d  in  C h ap te r  II) 

was u se d  to  determ ine  th e  to ta l cu ltiv ab le  flo ra  and  p redom inan t iso la te s , 

w hile se lec tiv e  m edia w ere  em ployed fo r  th e  c u ltu re  of S t r e p . m utans an d  

L actobac illu s  s p p . w hich  w ere  lik e ly  to  b e  p re s e n t  in  low n u m b ers , an d  

th e re fo re  m igh t b e  m issed  on d e n se ly  p o p u la te d  n o n -se lec tiv e  p la te s . The 

n o n -se lec tiv e  p la te s  w ere  in c u b a ted  in  an  an aero b ic  cham ber, w hich h as 
b e en  show n to  p ro d u c e  th e  h ig h e s t  v iab le  co u n ts  of o rganism s from  d en ta l 
p laq u e  (H ard ie  & B ow den, 1976). T he se lec tiv e  p la te s  w ere  c u ltu re d  u n d e r
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aero b ic  cond itions with, th e  ad d itio n  of 5 % C 0 2 , one of th e  com m on ly  

u se d  m ethods em ployed in  th e  iso la tion  of S t r e p . m utans an d  la c to b ae illi. 

A lth o u g h  th is  c u ltu re  m ethod fo r  n o n -se lec tiv e  m edia may fa il to  iso la te  

s t r ic t ly  ae ro b ic  o rg an ism s, since  th e se  b a c te r ia  c o n s titu te  on ly  a small 
p ro p o r tio n  of su p ra g in g iv a l p laq u e  f lo ra , an d  as one of th e se  o rgan ism s 

(v iz . N e isse ria ) was c u ltu re d  on some of th e  an aero b ic  p la te s , i t  was fe lt 
th e  above m ethods would be  a d eq u a te .

Id e n tif ic a tio n .

Follow ing c u ltu re  of p la q u e , a ttem p ts  m ust b e  made to  id e n tify  th e  

o rg an ism s iso la te d . H ow ever some of th e  o rgan ism s a re  p o o rly

c h a ra c te r is e d , an d  a re  th e re fo re  d iff icu lt to  id e n tify  w ith  confidence 

(Jo h n so n  & M u rp h y , 1983). T he m ethods of id en tifica tio n  u se d  in  s tu d ie s  

h av e  v a r ie d  from  c ru d e  m orphological id en tifica tio n  (O strom  e t a l . , 1977; 
E llen e t ai_., 1985), th ro u g h  physio log ical a n d  biochem ical t e s t s ,  to  more 

so p h is tic a te d  te c h n iq u e s , su ch  as e lec tro n  m icroscopy , DNA p ro b in g  and  

im m unocytochem istry  / im m unofluorescence (Moore e t a l . , 1982; B erth o ld  

& L is tg a r te n , 1986). H ow ever, th e  most commonly u se d  m ethod in  caries  
r e s e a rc h  is  ph y sio lo g ica l a n d  biochem ical sc re e n in g . I t  is  accep ted  th a t  

th is  is  n o t as  a c c u ra te  as th e  more se n s itiv e  m ethods named ab o v e , since  

th e  biochem ical c h a ra c te r is t ic s  of d if fe re n t o rgan ism s a re  f r e q u e n tly  v e ry  

sim ila r, b u t  su c h  s c re e n in g  m ethods allow la rg e  num bers of id en tifica tio n s  
to  b e  m ade. F u r th e r ,  th e  more so p h is tica te d  equipm ent is  n o t re a d ily  

av a ilab le .

In  th is  th e s i s , b a c te r ia l id en tifica tio n  was ach iev ed  u s in g  physio log ical an d  

biochem ical te s t s  w hich w ere su p p lied  as comm ercially availab le  k i ts  (see  
S ection  2 .5 .5 . ) .  U n fo rtu n a te ly , th e re  is consid erab le  confusion  a t  p re s e n t  

co n ce rn in g  th e  taxonom y of th e  v ir id a n s  s tre p to co c c i, as th e re  is lack  of 

ag reem en t on  n o m en cla tu re , an d  c u r re n t  w ork  su g g e s ts  th a t  some spec ies  

sh o u ld  b e  re c la ss if ie d  an d  o th e rs  su b d iv id ed  (K ilian & M ikkelsen, 1986; 

N yvad  & K ilian , 1987). A new spec ies  of s tre p to co c c u s  ( S t r e p , o ra lis ) h as  
b e en  d e sc r ib e d  in  r e c e n t  y e a rs  (B rid g e  & S n e a th , 1982), an d  i t  h as  b e en  

recom m ended th a t  S t r e p , m itior an d  S tr e p , san g u is  I I  shou ld  b e  in c lu d ed  in  
th is  sp ec ie s  (K ilp p e r - Balz e t  a l . ,  1985; K ilian & M ikkelsen, 1986). A 
re c e n t  taxonom ic s tu d y  of o ra l s trep to co cc i su g g e s te d  th a t  th e  nam es of 
S t r e p . m itio r  an d  S t r e p . m itis may h av e  b e en  s u b s t i tu te d  in  e r r o r  in  th e
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API S tr e p , sy stem , th e  id en tifica tio n  system  u se d  in  th is  s tu d y , a n d  th e  

a u th o rs  recom m ended th a t  S t r e p , mitis s tra in s  id en tified  u s in g  th e  API 

sy stem  sh o u ld  b e  c o n sid e red  to  be  S t r e p . o ra l is . F u rth e rm o re  th e y

s u g g e s te d  th a t  t r u e  S t r e p . mitis s tra in s  will p ro b a b ly  b e  re c o rd e d  in  th e  

API c lass ifica tio n  as S t r e p . san g u is  1/1 an d  1/2 (S chm idhuber e t a l . , 1987).

I t  w as d e c id e d , th e re fo re , in  th is  s tu d y , to  renam e th e  o rganism s w hich 

h ad  b e en  id e n tif ie d  as  S t r e p . san g u is  ligand  S t r e p . m itis , as S t r e p . o ra lis . 
H ow ever, from  th e  re s u l ts  o b ta in ed  u s in g  th e  API s t r ip s  re g a rd in g  th e  

S t r e p . s an g u is  1/1 an d  1 /2 , i t  was no t p o ssib le  to  s e p a ra te  S t r e p . mitis 

from  S t r e p . s a n g u is  an d  fac ilities  fo r  d iffe re n tia tin g  th e  o rgan ism s u s in g  
th e  o th e r  c r i te r ia  d e sc rib e d  b y  Schm idhuber an d  co -w o rk e rs , w ere  no t 

av a ilab le . T h e re fo re , all o rgan ism s id en tified  in  th is  g ro u p  a re  c lassified  

as  S t r e p . s a n g u is . I t  is  g e n e ra lly  a cc e p ted  th a t ,  a t  p r e s e n t ,  v ir id a n s  

s tre p to co c c i can n o t b e  id en tified  u n eq u iv o cab ly  u s in g  on ly  physio log ical 
a n d  biochem ical te s t s  (S chm idhuber e t  a h , 1987).

Problem s a re  a lso  en co u n te re d  w hen u s in g  commercial k its  in  th e  

id en tific a tio n  of Gram p o s itiv e  an d  Gram n e g a tiv e  ro d s . In  p a r t ic u la r ,  th e  

te s t s  may d if fe re n tia te  p o o rly  b e tw een  organ ism s a t  sp ec ie s , o r  ev en  

g en u s  le v e l. In  th e  c u r re n t  s tu d y , th e  M initek system  was u se d  fo r  

id en tific a tio n  of p o s itiv e  bacilli as th is  was fo und  to  p ro d u ce  few er 

re a c tio n s  w hich  w ere  d iff icu lt to  in te r p r e t .  H ow ever, since th e  n eg a tiv e  

bacilli w ere  o ften  p o o rly  d iscrim in a ted  in  th e  M initek sy stem , th e se  

o rgan ism s w ere  c h a ra c te r iz e d  u s in g  th e  API 20A sy stem , a lth o u g h  

f r e q u e n tly , th is  was ab le  to  id e n tify  th e  o rgan ism s only  to  a  g en u s level. 

T h e re fo re , th e  r e s u l ts  g iv en  th ro u g h o u t th e  s tu d y  fo r  p o s itiv e  an d  n eg a tiv e  

ro d s  a re  m ostly  c lass ified  b y  g en u s a lone.

A ttem pts w ere  m ade, ho w ev er, to  su b d iv id e  A ctinom yces in to  sp ec ie s , s ince 

th is  g e n u s  com prises a  la rg e  p ro p o rtio n  of th e  toted cu ltivab le  flo ra  in  
m atu re  p la q u e  sam ples. A . odon to ly ticus was re a d ily  d iffe ren tia te d  from  

A. n aes lu n d ii a n d  A. v isco su s  u s in g  c u ltu ra l an d  biochem ical d a ta , b u t  

d iscrim ina tion  b e tw een  th e  la t te r  two sp ec ies  is  more d iff icu lt. In  th e  
p a s t ,  d iffe ren tia tio n  betw een  them  was b a se d  on th e  reac tio n  to  ca ta lase , 

w ith  p o s itiv e  o rgan ism s b e in g  c lass ified  a s  A. v isco su s  an d  th o se  show ing a 

n eg a tiv e  re a c tio n , as A . n a es lu n d ii (E llen , 1976). H ow ever, taxonom ic 
s tu d ie s  h av e  show n th a t  sep a ra tio n  of th e  sp ec ie s  on th e  b a s is  of ro u tin e
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p h y sio lo g ica l te s t s  alone is in ad eq u a te  (F ille ry  e t a l^ , 1978), an d  

c lass ifica tio n  h a s  th e re fo re  o ften  b een  b a se d  on a com bination of 

p h y sio lo g ica l, b iochem ical an d  sero log ica l te s t in g  (H ill e t  a l ^  1977; Ellen 

e t a l . , 1985; Milnes & B ow den, 1985). Some a u th o rs  h av e  no t a ttem p ted  

to  s e p a ra te  th e  two spec ies  an d  h av e  c lass ified  them  to g e th e r  as  A. 

v isco su s  / n a e s lu n d ii (K eltjens e t a l . , 1987). T he d iscrim ination  betw een  
th e  tw o sp ec ie s  u s in g  th e  M initek system  is b a se d  m ainly on th e  ca ta lase  

re a c tio n , th e re fo re  in  th e  c u r re n t  s tu d y  th e  o rgan ism s h av e  b een  c lassified  
as  c a ta la se  p o s itiv e  o r n eg a tiv e  w ith in  th e  g ro u p in g  A. v isco su s  / 
n a e s lu n d ii .

In  a n y  biochem ical m ethod of id e n tify in g  o rg an ism s, problem s can a r is e  
from  d if fe re n t in v e s t ig a to rs  p e rfo rm in g  th e  te s ts  in  s lig h tly  v a ry in g  

m an n ers . T h u s  re s u l ts  from  d if fe re n t re s e a rc h e rs  may n o t b e  s t r ic t ly  

com parab le . H ow ever, while th e  shortcom ings of th e  physio log ical a n d  

b iochem ical m ethods fo r  id en tifica tio n  of m icroorganism s a re  a p p re c ia te d , 

th e y  rem ain  a t  p r e s e n t  th e  on ly  re a d ily  availab le  an d  p ra c tic a b le  m eans of 

id e n tify in g  la rg e  nu m b ers  of p laq u e  o rg an ism s, an d  fo r  th is  re a so n , th e se  

te c h n iq u e s  h av e  b e e n  u s e d  in  th is  s tu d y .
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3 .3 . S ite  V a ria tio n .

3 .3 .1 .  In tro d u c tio n .

E xogenously  d e riv e d  to o th  specim ens an d  s y n th e tic  m ateria ls a re  b e in g  

em ployed in c re a s in g ly  fo r  in tr a -o ra l  s tu d ie s  in  th e  fie ld  of caries  

r e s e a rc h ,  s in ce  th e ir  u se  can o ften  overcom e e th ica l p rob lem s, allows 

e a s ie r  a c c e ss ib ility  to  s ite s  fo r  p laq u e  sam pling , a n d  perm its  th e  
m easurem ent of m inera lisation  ch an g es .

A rtif ic ia l s u p p o r t in g  m ateria l su ch  as M ylar s t r ip s ,  p la s tic  films an d  epo x y  
r e s in ,  w ith  a n d  w ith o u t th e  ad d itio n  of h y d ro x y a p a tite  (rev iew ed  b y  N yvad 

& F e je rsk o v , 1987), h av e  all b een  u se d  fo r  s tu d y in g  th e  e a r ly  s tag e s  of 

m icrobial co lon isation  in  th e  o ra l c av ity . While a  s tu d y  b y  T heilade  an d  

c o -w o rk e rs  (1982) fo u n d  no q u a lita tiv e  d iffe ren ces  in  th e  c h a rac te risa tio n  

of th r e e  a n d  e ig h t h o u r  p laq u e  sam ples rem oved from  M ylar s tr ip s  an d  
n a tu ra l  to o th  s u r f a c e s , re la tiv e ly  few su c h  s tu d ie s  h av e  b e en  u n d e r ta k e n  to  

d e term ine  w h e th e r  th e  re s u lts  o b ta in ed  u s in g  a rtif ic ia l m aterials a re  

com parable w ith  th e  n a tu ra l  s itu a tio n , and  th e  is su e  a t  p re s e n t  rem ains 
u n re so lv e d  (N yvad  8c F e je rsk o v , 1987).

Since th e  developm ent of th e  in tra -o ra l  app liance  model b y  K oulourides 

an d  c o -w o rk e rs  in  1974, specim ens of hum an o r  bov ine too th  su b s ta n c e  

h av e  in c re a s in g ly  b e e n  m ounted on in tra -o ra l  d ev ices , o r im planted  in to  

re s to ra tio n s  p re s e n t  in  te e th ,  an d  u se d  fo r  a v a r ie ty  of in v e s tig a tio n s . 
T h ese  in c lu d e  te s t in g  th e  cariogen ic  p o te n tia l of su g a rs  an d  foods 

( B ru d ev o id  e t a L  , 1988; Thom son, 1988), in v e s tig a tin g  th e  rem in era lis in g  
p o te n tia l of f lu o r id e -c o n ta in in g  m ou th rin ses  an d  d e n tifr ice s  (F ea th e rs to n e  

e t a h  , 1982) an d  s tu d y in g  th e  m icrobiology of e a r ly  colonisation of hum an 

enam el a n d  ro o t su rfa c e s  (N yvad  8c K ilian , 1987) an d  occlusal f is s u re s  

(T h eilad e  e t  a h  , 1974) .

W hilst to o th -d e r iv e d  specim ens shou ld  resem ble  th e  n a tu ra l  s itu a tio n  more 

c lose ly  th a n  a r tif ic ia l m a te ria ls , th e  acce ss ib ility  of sa liva  to  th e se  

a p p lia n ce -b o rn e  to o th  com ponents, th e  p ro x im ity  of th e  sam pling  s ite s  on 

them  to  th e  ap p lian ce  m a te ria l, a n d  th e  m ethod b y  w hich p laq u e  is  allowed 

to  accum ulate  on th e i r  s u r f a c e , may all a ffe c t th e  m icrobial flo ra  

a sso c ia ted  w ith  them .
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The only  p rev io u s  s tu d y  com paring m icrobial composition and  acid  anion 
p ro file s  of p laq u e  d e riv ed  from n a tu ra l too th  su rfa ce s  w ith p laque  
o v e rly in g  enamel sec tions m ounted on an  app liance , was c a rr ie d  ou t b y  
C rean o r an d  co -w o rk ers  (1986b), on one su b jec t.

In  th is  s tu d y , w hich invo lved  five  v o lu n te e rs , a  com parison was made of 
one-w eek old p laq u e  sam ples rem oved from  smooth su rfa ce s  of th e  n a tu ra l 
d en titio n , ap p h an c e -b o rn e  hum an enamel sec tions and  s lab s , and  from  th e  
a c ry lic  b a se  of th e  app liance . A com parison of acid -an ion  and  pH 
p ro file s  of p laq u e  rem oved from enamel s la b s , and  from th e  n a tu ra l too th  
su rfa ce  following a  su cro se  m o u th rin se , was also c a rrie d  o u t. In  ad d itio n , 
th is  in v estig a tio n  was u se d  to  determ ine w h e th er enamel dem ineralisation 
h ad  o c cu rred  d u r in g  th e  sev e n -d a y  experim ental p e rio d .

3 .3 .2 .  E xperim ental P ro toco l.

F ive v o lu n te e rs , th re e  from  Glasgow and  two from  P o rt S u n lig h t, w ere 
involved  in  th is  s tu d y . T he G lasw egians each  rece iv ed  a scale and  po lish , 
u s in g  a  n o n -f lu o rid a ted  p a s te , an d  th e  te e th  of th e  low er a rc h  w ere 
flo ssed  im m ediately b e fo re  th e  app liance  was in se r te d  in  th e  m outh. 
H ow ever, since i t  was n e c e ssa ry  to  sen d  th e  in  s itu  app liances complete 
w ith  sec tions an d  slabs to  th e  two P o rt S u n ligh t v o lu n te e rs , th e y  w ere 
sim ply in s tru c te d  to  b ru s h  an d  floss th e  te e th  of th e  low er a rc h  
im m ediately b e fo re  p lac in g  th e  appliance in  th e  m outh.

The tro u g h  a re a s  of th e  app liances each  con tained  an  enamel section  and  

fo u r enamel s labs as shown in  F ig 3 .2 .

The apphance  was w orn fo r  one w eek, an d  was rem oved twice daily  to  
allow to o th b ru sh in g  of th e  su b jec t’s own d en tition  u s in g  a  n o n -flu o rid a ted  
d en tifrice  (U n ilever R esearch , P o rt S u n lig h t, E ngland) . All reg ions of th e  
m outh w ere cleaned  in  th e  norm al m anner ex cep t fo r  th e  lingua l and  
in te rp rox im al su rfa c e s  of th e  low er m olars contiguous w ith  th e  app liance , 
w hich w ere le f t  u n to u ch ed . The p laque w hich accum ulated in  th e  tro u g h  

a rea  of th e  apphance  was also le ft u n d is tu rb e d .
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F ig . 3 .2 . T ro u g h  a re a  of ap p lian ce  show ing  enam el sec tio n  

a n d  fo u r  enam el s la b s .
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3 .3 .3 .  P laq u e  Sam pling .

A t th e  en d  of one w eek , p laq u e  sam ples w ere  rem oved from  th e  windows 

on th e  to o th  sec tio n s  (see  2 .5 .1 . )  an d  from  th e  su rfa c e  of two of th e  

enam el s lab s  ( d e sc r ib e d  in  2 .5 .2 . ) .  Sam ples w ere  also  o b ta in ed  from  th e  

a re a  of a c ry lic  on th e  b a se  of th e  tro u g h  a re a s  betw een  th e  sec tion  an d  

s la b s , from  th e  m idpoin t of th e  lin g u a l su rfa c e  of th e  low er f i r s t  molar 

an d  from  th e  d is ta l su rfa c e  of th is  to o th . Samples w ere ob ta ined  from  

le f t  an d  r ig h t  s id es  of b o th  th e  app liance  an d  n a tu ra l  d e n titio n , u s in g , in  

each  ca se , a  s te r i le  d e n ta l ex ca v a to r (No 243, A sh , E n g lan d ). Each 

sam ple w as p laced  im m ediately in  1 ml ABB, a n d  th e  m ethods d e sc rib e d  

p re v io u s ly  in  2 .5 .4 .  an d  2 .5 .5 . fo r  c u ltu re  an d  iden tifica tio n  of th e  p laq u e  
m icroflora  w ere  follow ed.

3 . 3 . 4 .  P laque A cid Anion and pH P ro files.

P laque  sam ples w ere  also rem oved , u s in g  a d en ta l e x ca v a to r, from  th e  

lin g u a l su rfa c e  of th e  low er m olars an d  from  th e  rem ain ing  unsam pled  
enamel s la b s , b o th  b e fo re  an d  a f te r  a  one m inute 10 % su c ro se  

m o u th rin se , fo r  ac id  an ion  estim ations b y  iso tach o p h o res is  an d  p laq u e  pH 

m easurem ents as d e sc r ib e d  in  Sections 2 .7 .1 . and  2 .7 .2 .

3 . 3 . 5 .  A ssessm en t o f D em ineralisation.

T he enam el sec tio n s  w ere  ra d io g ra p h e d  a n d  an a ly sed  b y  m icrodensitom etry  

u s in g  th e  m ethods d e sc r ib e d  in  Section  2 .4 . ,  b o th  b e fo re  an d  a f te r  th e  one 

week ex p erim en ta l p e rio d  to  a sse ss  w h e th e r o r  no t dem ineralisa tion  had  

o c c u r re d .

3 . 3 . 6 .  R esu lts.

E ffect o f Subject on M icrobial F lora.

T he p red o m in an t cu ltiv ab le  flo ra  iso la ted  from  p laq u e  o b ta ined  from  too th  

s u r fa c e , sec tio n , s lab  a n d  a c ry lic , fo r  each  of th e  fiv e  s u b je c ts , is  g iv en  in  
T ab les  3 .7 . to  3 .1 0 . T he  column h ead in g s  u se d  in  th e se  tab le s  a re  

de ta iled  in  T able  3 .7 .
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In  th e  p laq u e  o b ta in ed  from  th e  n a tu ra l  to o th  s u rfa c e , p o sitiv e  cocci w ere 

th e  m ost f r e q u e n tly  iso la ted  g ro u p  of o rg an ism s , w ith  th e  mean p e rc e n ta g e  

of to ta l an ae ro b ic  cu ltiv ab le  flo ra  ra n g in g , in  th e  five  su b je c ts , from  41.2 

to  5 8 .6 . T he  p ro p o r tio n  of n eg a tiv e  cocci was more v a ria b le , b e in g  from  

5 .7  to  1 8 .8 . P o sitiv e  bacilli ra n g e d  from  15.8 to  44 .0 , an d  n eg a tiv e  bacilli 
show ed th e  g re a te s t  v a ria tio n  in  p ro p o rtio n  an d  iso la tion  f re q u e n c y  - 0 .7  % 

an d  an  iso la tion  f re q u e n c y  of 1 in  4, in  su b jec t A , to  20.2 % an d  an 
iso la tion  f re q u e n c y  of 4 in  4 fo r  su b jec t E. S t r e p . m utans was iso la ted  

in  none of th e  sam ples from  2 s u b je c ts , an d  h ad  mean p e rc e n ta g e  co u n ts  
of 3 .1 ,  3 .9  an d  13.1  in  th e  o th e r  su b je c ts .

In  p laq u e  o b ta in ed  from  enamel se c tio n s , th e  mean p ro p o rtio n  of p o s itiv e  
cocci ra n g e d  from  58.6 % (S u b jec t B) to  76.4  % (S u b jec t C ), while th e  

c o rre sp o n d in g  v a lu es  fo r  n eg a tiv e  cocci w ere 2 .7  % (S u b jec t A) an d  23.2  % 

(S u b jec t B ) .  P o sitiv e  bacilli ra n g e d  from  a  mean of 6 .1  to  25.2 %, in  th e  

fiv e  s u b je c ts . N egative  bacilli w ere  u n d e te c te d  in  S ub jec t C , b u t  ro se  to  a  

mean p ro p o rtio n  of 14.6 % of th e  to ta l m icroflora in  S ub jec t D. S t r e p . 
m utans was on ly  d e te c te d  in  S ub jec t E , a t a  mean level of 3 .5  %.

Enamel s lab  p la q u e  ag a in  show ed co n sid erab le  v a ria tio n  in  m icrobial 
com position in  th e  fiv e  su b je c ts , w ith  th e  m ean p ro p o rtio n s  of p o sitiv e  

cocci r a n g in g  from  55 .0  to  65.3 %, n eg a tiv e  cocci v a ry in g  from  3 .8  to  16.5 

%, p o s itiv e  b acilli r is in g  from  14.0  to  27.2 %, an d  n eg a tiv e  bacilli h a v in g  a  

minimum m ean p e rc e n ta g e  coun t of 0 .9  % an d  a maximum of 14.8 %. S t r e p . 
m utans a n d  lactobacilli w ere  u n d e tec ta b le  in  all sam ples from  each  of th e  

five  su b je c ts .

T he  mean p ro p o r tio n  of p o s itiv e  cocci in  p laq u e  rem oved from  acry lic  
ra n g e d  from  47.4  to  81 .0  %, while n eg a tiv e  cocci v a rie d  from  1 .8  to  23.0 
%. T he low est mean p e rc e n ta g e  coun t of p o s itiv e  bacilli was 5 .6  %, an d  
th e  h ig h e s t  19.1 %, an d  th e  mean ra n g e  fo r  n eg a tiv e  bacilli was ND - 19.8 

%. S t r e p . m utans was d e tec te d  in  two ou t of fo u r  sam ples ob ta in ed  from  

S u b jec t E , a n d  in  no sam ple from  a n y  of th e  o th e r  fo u r  v o lu n te e rs .

T he s ta t is t ic a l  an a ly s is  show n in  T able 3 .1 6 . confirm s th e  d iffe ren ces  

b e tw een  s u b je c ts , w ith  th e  p ro p o rtio n s  of n eg a tiv e  cocci an d  p o s itiv e  an d  

n eg a tiv e  b acilli a ll b e in g  su b jec t d ep en d e n t. A lthough  no su b jec t
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d iffe ren c e  was seen  fo r  p o s itiv e  cocci, th e  mean p e rc e n ta g e  coun ts  of all 

th re e  s tre p to co c c a l sp ec ie s  s tu d ie d  v a rie d  am ong th e  su b jec ts  ( p  < 0 .0 0 1 ).

E ffect o f S u rface on M icrobial F lora.

T h e  re s u l ts  fo r  e ach  s u r fa c e , fo r  all su b je c ts  com bined, a re  g iven  in  T able  

3 .1 1 . S ig n ifican t d iffe ren c es  betw een  th e  su rfa c e s  (see  T able 3 .1 6 .)  w ere 
fo u n d  in  th e  p e rc e n ta g e s  of p o sitiv e  cocci an d  p o s itiv e  bacilli iso la ted  

(b o th , p  < 0 .0 0 1 ). T h ese  d iffe ren ces  w ere , in  g e n e ra l, be tw een  p laq u e  
iso la ted  from  to o th  su rfa c e  and  p laq u e  iso la ted  from each  of th e  o th e r  

th re e  s u r fa c e s . F or S t r e p . o ra lis  th e re  was a  s ig n ific an t d iffe ren ce  

be tw een  s lab  an d  a c ry lic , b u t  o th e rw ise  no s ig n ifican t d iffe ren ces  in  mean 

p ro p o r tio n a l co u n ts  of b a c te r ia l g ro u p s , g e n e ra  o r spec ies  w ere o b ta in ed , 
be tw een  se c tio n , s lab  an d  a c ry lic .

T h re e  o rgan ism s w hich  w ere  fo u n d  in  low p ro p o rtio n s  w ere F u so b ac te riu m , 

C ap n ocy tophaga  a n d  N eisse ria  s p p . F u so b ac te ria  s p p . w ere id en tified  

in  p laq u e  from  7/20 of to o th  su rfa c e s  and  2/20 fo r  each  of th e  o th e r  

s u r fa c e s , w hile C apnocy tophaga  s p p . w ere  iso la ted  from  13/20 of to o th  

s u r fa c e s , an d  8 , 9 an d  7 o u t of 20 s ite s  fo r  sec tio n , slab  and  ac ry lic  

su rfa c e s  re s p e c tiv e ly . N e isse ria  sp p . w ere  n o t fo u n d  in  a n y  of th e  to o th  
su rfa c e  p la q u e s , a lth o u g h  th is  o rgan ism  was p re s e n t  in  p laq u es  from  th e  

o th e r  th re e  s u r fa c e s , ra n g in g  from  2/20 - 6 /20 .

T h u s , a lth o u g h  th e  p ro p o r tio n s  of o rganism s id en tified  from  to o th  su rfa ce s  
v a r ie d  from  th e  o th e r  su rfa c e s  u n d e r  exam ination , th e re  was on ly  th e  

occasional d iffe ren c e  in  th e  ra n g e  of o rgan ism s fo u n d .

E ffect o f P osition  on M icrobial F lora.

To determ ine  w h e th e r th e re  was v a ria tio n  in  th e  m icroflora iso la ted  from  

d if fe re n t p o s itio n s  on each  s u rfa c e , th e  mean an d  s ta n d a rd  dev iation  fo r  

each  p o sitio n  on each  su r fa c e , fo r  all su b jec ts  com bined, a re  show n in  

T ab les  3 .1 2 . to  3 .15 .

T he s ta t is t ic a l  an a ly s is  show n in  T able  3 .1 6 . shows th a t ,  in  g e n e ra l, th e  

p o sitio n  w as n o t s ig n if ic a n t, as on ly  w ith  S tr e p . m u ta n s , in  two p o s itio n s , 

was th e re  a  s ig n if ic a n t po sitio n  e ffec t ( p  < 0 .0 5 ).
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P laq u e  pH  a n d  A cid  A nion P ro file s .

T he pH re sp o n se  of p la q u e , p re s e n t  on n a tu ra l  to o th  and  enamel s la b , to 

10 % su c ro se  was m easu red  fo r  th re e  s u b je c ts , an d  re s u l ts  show n in  T able  

3 .17 . In  each  ca se , the  re sp o n se  to  su c ro se  followed th e  p a t te rn  of a 

ty p ic a l S tep h an  c u rv e , as  show n in  F ig . 3 .3 . ,  w ith  th e  mean minimum pH 
b e in g  5 .54  (to o th ) a n d  5.49 (enam el s la b ) . P a ire d  t - t e s t  an a ly sis  show ed 

no s ig n ific a n t d iffe ren c e  betw een  minimum pH o r  ch anges in  pH from  

b ase lin e  to  pH minimum (ApH) fo r  th e  two su rfa c e s .

In  all fiv e  s u b je c ts , th e  acid  re sp o n se  to  su c ro se , of p laq u e  co v erin g  to o th  

an d  enam el s la b , was m easu red , an d  th e  re s u lts  a re  shown in  T able  3 .18 . 

As th e  q u a n tity  of p laq u e  rem oved in  each  case was v e ry  sm all, 

p a r t ic u la r ly  in  re la tio n  to  th e  enam el s la b s , th e  r e s u lts  a re  e x p re s s e d  as 

la c ta te  I a c e ta te  ra tio  r a th e r  th a n  co n ce n tra tio n  p e r  mg w et w eigh t of 

p la q u e . A p a ire d  t - t e s t  on th e  s ix  m inute lac ta te  I a ce ta te  ra tio , 

e x p re s s e d  as a  p ro p o r tio n  of th e  b ase lin e  ra tio , show ed no s ig n ifican t 

d iffe ren ce  b e tw een  th e  two s u rfa c e s .

A ssessm en t o f D em ineralisation.

T he enam el sec tio n s  u s e d  in  th is  s tu d y  w ere  exam ined b y  m ic ro rad io g rap h y  

an d  m icro d en sito m etry  a t  b a se - lin e  a n d  a t  th e  en d  of th e  sev en  d ay  
ex p erim en ta l p e r io d . In  no case  was th e re  a n y  ev idence  of dem ineral

isa tio n .
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T ab le  3 .7 . % p red o m in an t cu ltiv ab le  m icroflora iso la ted  from

one w eek p laq u e  o b ta in ed  from  n a tu ra l  to o th

TOOTH 
SUBJECT A

s u r fa c e s , in  five  S u b jec ts , A - E, n=4.

pa Mean13 (S D )0 Median R ange

+ve cocci 4 /4 46.4  ( 5 .0 ) 45.5 42.2 - 52.4
-v e  cocci 3/4 8 .8  (12 .5 ) 3 .9 NDd - 27.3
+ve bacilli 4 /4 44.0  (10 .3 ) 45.7 30.3 - 54.5
-v e  bacilli 1 /4 0 .7  ( 1 .3 ) ND ND - 2.7

S . m utans 3/4 3 .1  ( 4 .2 ) 1 .6 ND - 9 .1
S . san g u is 4 /4 24.9 ( 3 .8 ) 24.0 21.2 -  30.3

S. o ra lis 3 /4 17.0  (12 .6 ) 19.8 ND - 28.6

V eillonella 3 /4 8 .8  (1 2 .5 ) 3 .9 ND - 27.3

A ctinom yces 3 /4 44.0  (1 0 .3 ) 45.7 30.3 - 54.5

L actobacillus 0 /4 ND ND ND

B ac te ro id es 1/4 0 .7  ( 1 .4 ) ND ND - 2.7

TOOTH 
SUBJECT B

F Mean (SD) M edian R ange

+ve cocci 4/4 41.4 ( 8 .9 ) 38.2 35.0  - 54.5

-v e  cocci 3 /4 13.7 (10 .6 ) 15.0 ND - 25.0

+ve bacilli 4 /4 27.3 (19 .3 ) 20.7 12.1 - 55.6

-v e  bacilli 4 /4 17.5 ( 6 .8 ) 20.6 7 .4  - 21.4

S . m utans 0 /4 ND ND ND

S . san g u is 3 /4 17.7 (12 .1 ) 21.8 ND - 27.3

S . o ra lis 4/4 19.0  ( 7 .0 ) 18.9 10.8 - 27.3

V eillonella 3 /4 14.6 (11 .1 ) 16.8 ND - 25.0

A ctinom yces 4 /4 27.3 (1 9 .3 ) 20.7 12.1 - 55.6

L actobacillu s 0 /4 ND ND ND

B ac te ro id es 3 /4 9 .6  ( 6 .9 ) 11.7 ND - 15.0

a - Iso la tion  f re q u e n c y  ; 2* - Mean p e rc e n ta g e  of to ta l cfu  ; 
° - S ta n d a rd  d ev ia tion  ; 11 - Not d e te c te d .



TOOTH 
SUBJECT C

F Mean (SD) M edian R ange

+ve cocci 4 /4 58.6 (2 8 .3 ) 48.0 38.1 -100.0
-v e  cocci 3 /4 18.8 (13 .1 ) 22.4 ND - 30.4
+ve bacilli 3 /4 17.8  (1 2 .4 ) 21.4 ND - 28.6
-v e  bacilli 3 /4 4 .8  ( 3 .9 ) 4 .8 ND - 9 .5

S. m utans 2/4 3 .9  ( 4 .9 ) 2 .4 ND - 10.5
S . san g u is 4 /4 20.7 (1 1 .4 ) 18.4 10.5 - 35.5
S . o ra lis 4 /4 23.3  (2 7 .5 ) 10 .0 8.7 - 64.5
V eillonella 3 /4 18.8  (1 3 .1 ) 22.4 ND - 30.4
A ctinom yces 3 /4 16.5 (1 2 .2 ) 18.8 ND - 28.6
L actobac illu s 1 /4 1 .4  ( 2 .6 ) ND ND - 5 .3
B ac te ro id es 0 /4 ND ND ND

TOOTH 
SUBJECT D

F Mean (SD) M edian R ange

+ve cocci 4 /4 41.2  ( 7 .0 ) 38.3 36.4 - 51.7

-v e  cocci 4 /4 5 .7  ( 3 .0 ) 4 .6 3 .4  - 10.2

+ve bacilli 4 /4 41.5 (1 3 .0 ) 43.8 23.8 -  54.5

-v e  bacilli 4 /4 11.6 (1 4 .5 ) 4 .8 3 .4  - 33.3

S . m utans 0/4 ND ND ND

S. san g u is 3 /4 19 .0  (1 2 .8 ) 24.2 ND - 27.6

S . o ra lis 3/4 12.6  ( 9 .9 ) 13.2 ND - 24.1

V eillonella 4 /4 5 .7  ( 3 .0 ) 4 .6 3 .4  - 10.2

A ctinom yces 4/4 35.7 (1 4 .5 ) 41.2 14.3 -  46.2

L actobacillu s 2 /4 3 .5  ( 4 .4 ) 2 .4 ND - 9 .1

B ac te ro id es 1/4 6 .0  (11 .9 ) ND ND - 23.8

T able 3 .7 . co n t.
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TOOTH 
SUBJECT E

F Mean (SD) M edian R ange

+ve cocci 4 /4 57.8 (16 .1 ) 57.4 40.0 - 76 .4
-v e  cocci 1 /4 6 .2  ( 9 .1 ) 2.7 ND - 19.2
+ve bacilli 4 /4 15.8 (10 .5 ) 13.8 5 .4  - 30 .0
-v e  bacilli 4 /4 20.2 ( 7 .2 ) 19.0 12.7 - 30.0

S . m utans 3 /4 13.1 (10 .1 ) 14.0 ND - 24.3
S . san g u is 4 /4 21.6 ( 8 .6 ) 21.0 13.5 - 30.9
S . o ra lis 4 /4 17.4  ( 8 .3 ) 18.6 7 .7  - 25.0
Veillonella 1 /4 6 .2  ( 9 .1 ) 2.7 ND - 19.2
A ctinom yces 4/4 15.8 (10 .5 ) 13.8 5 .4  - 30.0

L actobacillus 0 /4 ND ND ND

B ac te ro id es 4 /4 5 .2  ( 3 .9 ) 4 .2 1 .8  - 10.8

T able  3 .7 . co n t.
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T ab le  3 .8 . % p redom inan t cu ltivab le  m icroflora iso la ted  from

one w eek p laq u e  o b ta ined  from  enamel sec tio n s , in
fiv e  S u b je c ts , A - E , n=4.

SECTION 
SUBJECT A

F Mean (SD) M edian R ange

+ve cocci 4 /4 68.3 (12 .2 ) 66.2 57.7 - 83.3
-v e  cocci 3 /4 2 .7  ( 2 .0 ) 3 .1 ND - 4 .5
+ve b acilli 4 /4 25.2  ( 7 .6 ) 34.6 16.7 - 34.6

-v e  bacilli 3 /4 3 .8  ( 3 .9 ) 3.1 ND - 9 .1

S . m utans 0 /4 ND ND ND

S . san g u is 4 /4 36.8 (20 .3 ) 29.4 22.0  - 66.7

S . o ra lis 4 /4 31.5 (14 .5 ) 29.0 16.7 - 51.3

V eillonella 3 /4 2.7 ( 2 .0 ) 3 .1 ND - 4 .5

A ctinom yces 4/4 25.2  ( 7 .6 ) 24.6 16.7 - 34.6

L actobacillu s 0 /4 ND ND ND

B ac te ro id es 1 /4 2 .3  ( 4 .6 ) ND ND - 9 .1

SECTION 
SUBJECT B

F Mean (SD) Median R ange

+ve cocci 4 /4 58.6 (12 .0 ) 58.4 45.4 - 71.9

-v e  cocci 4 /4 23.2 ( 6 .7 ) 22.6 15.6 - 31.8

+ve bacilli 4 /4 11.8  ( 7 .2 ) 10.6 4 .5  - 21.7

-v e  b ac illi 3 /4 6 .4  ( 8 .1 ) 3 .7 ND - 18.2

S . m utans 0 /4 ND ND ND

S . san g u is 4 /4 31.8 (20 .2 ) 36.4 4 .5  - 50 .0

S . o ra lis 4 /4 26.7 (1 4 .4 ) 28.6 8 .7  - 40.9

V eillonella 4/4 21.7 ( 7 .2 ) 19.6 15.6 - 31.8

A ctinom yces 4/4 10.4  ( 7 .8 ) 7 .6 4.5  - 21.7

L actobacillus 1 /4 1 .5  ( 3 .0 ) ND ND - 5 .9

B ac te ro id es 1 /4 2 .3  ( 4 .6 ) ND ND - 9 .1
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SECTION 
SUBJECT C

F Mean (SD) Median R ange

+ve cocci 4 /4 76.4  ( 5 .1 ) 76.2 70.6 - 82.8
-v e  cocci 3/3 10.6 ( 7 .3 ) 12.8 ND - 16.7
+ve bacilli 4 /4 13.0  ( 8 .7 ) 13.0 3 .4  - 22.7
-v e  bacilli 0 /4 ND ND ND

S . m utans 0/4 ND ND ND
S. san g u is 4 /4 27.3 (1 2 .3 ) 27.6 12.5 - 41.4
S . o ra lis 4 /4 40.9 ( 6 .4 ) 41.6 33.3 - 47 .0
V eillonella 3 /4 8 .8  ( 7 .1 ) 9 .4 ND - 16.7
A ctinom yces 4/4 13.0  ( 8 .7 ) 13.0 3 .4  - 22.7
L actobacillus 0 /4 ND ND ND
B ac te ro id es 0 /4 ND ND ND

SECTION 
SUBJECT D

F Mean (SD) Median R ange

+ve cocci 4 /4 65.5 ( 4 .5 ) 65.5 60.0  - 71.0

-v e  cocci 4 /4 13.8  ( 6 .6 ) 14.6 6 .2  - 19.4

+ve bacilli 4 /4 6.1 ( 4 .3 ) 4 .4 3.2  - 12.5

-v e  bacilli 4 /4 14.6 ( 7 .9 ) 13.6 6 .4  - 25.0

S. m utans 0/4 ND ND ND

S . san g u is 4 /4 55.3 ( 4 .6 ) 55.6 50.0  - 60.0

S. o ra lis 2/4 5 .6  ( 6 .5 ) 4 .8 ND - 12.5

V eillonella 4 /4 13.7 ( 6 .6 ) 14.6 6 .2  - 19 .4

A ctinom yces 4 /4 6 .1  ( 4 .3 ) 4 .4 3 .2  - 12.5

L actobacillus 0 /4 ND ND ND

B acte ro id es 3/4 10.5 ( 9 .0 ) 11.0 ND - 20.0

T able 3 .8 . c o n t.
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SECTION 
SUBJECT E

F Mean (SD) Median R ange

+ve cocci 4 /4 66.9  (13 .3 ) 62.9 55.8 - 86.1
-v e  cocci 4 /4 16.8 ( 9 .8 ) 19.4 2.8  - 25.6
+ve bacilli 3 /4 9 .1  ( 8 .2 ) 9 .3 ND - 17.8
-v e  bacilli 4 /4 7 .2  ( 3 .6 ) 7 .0 3 .6  - 11.1

S . m utans 1/4 3 .5  ( 7 .0 ) ND ND - 14.0
S . sa n g u is 3 /4 14 .0  (1 0 .0 ) 16.4 ND - 23.2

S . o ra lis 4 /4 45.2 (27 .3 ) 36.0 25.5 - 83 .4
V eillonella 4 /4 16.8 ( 9 .8 ) 19.4 2.8  - 25.6
A ctinom yces 3/4 9 .1  ( 8 .2 ) 9 .3 ND - 17.8

L actobac illu s 0 /4 ND ND ND

B ac te ro id es 0 /4 ND ND ND

T able  3 .8 . co n t.
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T ab le  3 .9 . % p redom inan t cu ltivab le  m icroflora iso la ted  from

one w eek p laq u e  o b ta in ed  from  enam el s la b s , in  five
S u b je c ts , A - E , n=4.

SLAB
SUBJECT A

F Mean (SD) M edian R ange

+ve cocci 4 /4 63.7 (29 .9 ) 58.6 37.5 -100 .0
-v e  cocci 3 /4 3 .8  ( 3 .5 ) 3 .6 ND - 8 .3
+ve bacilli 3 /4 27.2 (24 .4 ) 29.3 ND - 50 .0
-v e  bacilli 3 /4 5 .3  ( 4 .1 ) 6 .0 ND - 9 .1

S . m utans 0/4 ND ND ND
S. san g u is 3 /4 21.6 (26 .6 ) 13.0 ND - 60.5
S. o ra lis 4 /4 36.0  (2 7 .1 ) 26.1 15.8 - 76 .0

V eillonella 3 /4 3 .8  ( 3 .5 ) 3 .6 ND - 8 .3

A ctinom yces 3 /4 26.1 (2 3 .2 ) 29.3 ND - 45.8

L actobacillus 0 /4 ND ND ND

B ac te ro id es 3 /4 5 .3  ( 4 .1 ) 6 .0 ND - 9 .1

SLAB
SUBJECT B

F Mean (SD) Median R ange

+ve cocci 4 /4 65.3 (1 2 .5 ) 69.6 46.9 - 75 .0

-v e  cocci 4/4 12.5 (1 0 .5 ) 7 .9 6.1  -  28.1

+ve bacilli 4 /4 14.4  ( 6 .5 ) 13.4 8.7  - 21.9

-v e  bacilli 3 /4 7 .8  ( 7 .4 ) 8 .0 ND - 15.2

S . m utans 0/4 ND ND ND

S . san g u is 4 /4 37.0  (2 4 .0 ) 32.0 14.3 - 69.7

S . o ra lis 3/4 28.2 (25 .1 ) 26.2 ND - 60.7

Veillonella 4/4 10.5 (11 .8 ) 5 .2 3 .6  -  28.1

A ctinom yces 4/4 13.6 ( 5 .4 ) 13.4 8 .7  - 18.8

L actobacillus 0 /4 ND ND ND

B acte ro id es 0/4 ND ND ND
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SLAB
SUBJECT C

F Mean (SD) Median

+ve cocci 4 /4 56 .0  (1 7 .4 ) 58 .4
-v e  cocci 4 /4 16.3 ( 4 .5 ) 14.1
+ve bacilli 4 /4 25.8 (1 9 .0 ) 21.6
-v e  b acilli 1 /4 0 .9  ( 1 .8 ) ND

S. m utans 0/4 ND ND
S . san g u is 4 /4 33.0  ( 9 .1 ) 32.7
S. o ra lis 4 /4 23.3 ( 8 .7 ) 24.2
V eillonella 4 /4 16.3 ( 4 .5 ) 14.1
A ctinom yces 4/4 25.8 (19 .0 ) 21.6
L actobacillus 0 /4 ND ND
B ac te ro id es 0 /4 ND ND

SLAB
SUBJECT D

F Mean (SD) M edian

+ve cocci 4 /4 55.0  ( 4 .4 ) 56.0

-v e  cocci 4 /4 16.5  (1 3 .1 ) 15.9

+ve bacilli 4 /4 16.8 ( 2 .6 ) 17.0

-v e  bacilli 3 /4 11.7 (11 .8 ) 10.2

S. m utans 0 /4 ND ND

S. san g u is 4 /4 51.9 ( 4 .7 ) 52.2

S. o ra lis 2/4 1 .9  ( 2 .5 ) 1 .2

V eillonella 4 /4 16.5 (1 3 .1 ) 15.9

A ctinom yces 4 /4 16.2 ( 2 .0 ) 16.4

L actobacillu s 0 /4 ND ND

B acte ro id es 3 /4 6 .0  ( 4 .8 ) 6 .8

T able 3 .9 . co n t.

R ange

36.1 - 75 .0
13.9 - 23.1

10.2 - 50 .0  

ND - 3 .6

ND
22.2 - 44.4
13.9 - 30.8

13.9 - 23.1

10.2 - 50 .0  
ND

ND

R ange

48.8 - 59.1
2 .6  - 31.7

13.6 - 19.5 
ND - 26.3

ND

46.3 - 56.8 
ND - 5 .3

2 .6  - 31.7

13.6 - 18.2 
ND

ND - 10.5
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SLAB
SUBJECT E

F Mean (SD) Median R ange

+ve eoeci 4 /4 57.8 ( 6 .9 ) 58.6 50.0  - 63.9
-v e  cocci 3 /4 13.4  (15 .2 ) 9 .6 ND - 34.6
+ve b acilli 4 /4 14 .0  ( 8 .7 ) 11.0 7 .7 - 26.3
-v e  bac illi 4 /4 14.8  (15 .4 ) 8 .0 5 .3  - 37.8

S. m utans 0/4 ND ND ND
S . san g u is 4 /4 34.3 (24 .7 ) 32.6 8 .1  - 63.9
S . o ra lis 2 /4 16.7 (2 1 .8 ) 10.5 ND - 45.9
V eillonella 3 /4 11.4  (15 .7 ) 5 .4 ND - 34.6
A ctinom yces 4 /4 14.0  ( 8 .7 ) 11.0 7 .7  - 26.3
L actobacillus 0 /4 ND ND ND

B ac te ro id es 0 /4 ND ND ND

T able 3 .9 . con t.
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T ab le  3 .1 0 . % p red o m in an t cu ltivab le  m icroflora iso la ted  from

one week p laq u e  ob ta in ed  from  acry lic  s u rfa c e s ,
in  fiv e  S u b je c ts , A - E, n=4.

ACRYLIC 
SUBJECT A

F Mean (SD) M edian R ange

+ve cocci 4 /4 81.0  (14 .1 ) 82.0 63.6 - 96.3
-v e  cocci 2 /4 1 .8  ( 2 .2 ) 1 .4 ND - 4 .5
+ve bacilli 4 /4 16.0  (10 .2 ) 16.6 3.7 - 27.3

-v e  bacilli 1 /4 1.1  ( 2 .2 ) ND ND - 4 .5

S . m utans 0 /4 ND ND ND

S . san g u is 4 /4 32.8  (1 7 .2 ) 30.3 14.5 - 55.9

S. o ra lis 4/4 49.3 (25 .5 ) 47.5 20.6 - 81.5

V eillonella 2 /4 1 .8  ( 2 .2 ) 1 .4 ND - 4 .5

A ctinom yces 4/4 16.0  (1 0 .2 ) 16.6 3.7 - 27.3

L actobacillus 0 /4 ND ND ND

B ac te ro id es 1 /4 1 .1  ( 2 .2 ) ND ND - 4 .5

ACRYLIC 
SUBJECT B

F Mean (SD) Median R ange

+ve cocci 4 /4 65.6 ( 6 .9 ) 67.2 56.7 -  71 .4

-v e  cocci 4/4 23.0  ( 3 .9 ) 23.8 17.8 - 26.7

+ve bacilli 4 /4 5 .6  ( 3 .0 ) 4 .4 3 .6  - 10 .0

-v e  bacilli 3 /4 5.7  ( 4 .0 ) 6 .9 ND - 9 .1

S . m utans 0/4 ND ND ND

S . san g u is 4/4 21.6 (1 6 .1 ) 19.0 6.7  - 41.7

S. o ra lis 4 /4 44.1 (14 .0 ) 43.2 29.2 - 60.7

Veillonella 4/4 16.9 ( 6 .4 ) 17.6 9.1 - 23.3

A ctinom yces 4/4 4 .8  ( 1 .4 ) 4 .4 3 .6  - 6 .7

L actobacillus 0 /4 ND ND ND

B acte ro id es 1 /4 1.1  ( 2 .2 ) ND ND - 4 .5
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ACRYLIC
SUBJECT C

F Mean (SD) Median

+ve cocci 4 /4 68.7 (1 2 .3 ) 68.2
-v e  cocci 4 /4 12.2 ( 5 .3 ) 10.2
+ve bacilli 4 /4 19.1 (13 .8 ) 17.3
-v e  bacilli 0 /4 ND ND

S. m utans 0/4 ND ND
S . san g u is 4 /4 26.8 (14 .4 ) 26.6
S. o ra lis 4 /4 32.7 (14 .1 ) 32.5
V eillonella 4 /4 11.4  ( 3 .7 ) 10.2
A ctinom yces 4 /4 16.5 (1 1 .0 ) 14.6
L actobac illu s 1 /4 1 .3  ( 2 .4 ) ND
B ac te ro id es 0 /4 ND ND

ACRYLIC 
SUBJECT D

F Mean ( SD) M edian

+ve cocci 4 /4 71.4  (1 4 .1 ) 72.6

-v e  cocci 4 /4 13.2 (10 .6 ) 10.7

+ve bacilli 4 /4 11 .0  ( 1 .4 ) 11.2

-v e  bacilli 2 /4 3 .8  ( 5 .7 ) 1 .6

S . m utans 0 /4 ND ND

S . san g u is 4 /4 60.8 ( 3 .4 ) 60.8

S. o ra lis 2 /4 9 .9  (12 .0 ) 7 .8

V eillonella 4 /4 13.2  (1 0 .6 ) 10.7

A ctinom yces 4/4 11.0  ( 1 .4 ) 11.2

L actobacillus 0 /4 ND ND

B acte ro id es 1 /4 3 .0  ( 6 .0 ) ND

T able 3 .10 . co n t.

R ange

55.0  - 83.3

8 .3  -  20 .0
6 .7  - 35 .0  

ND

ND
10.5 - 43.3 
15.8 -  50 .0

8 .3  - 16.7

6.7  - 30 .0  
ND - 5 .0

ND

R ange

56.2 - 86.2
3 .4  - 28.1

9 .4  - 12.5 

ND - 12.0

ND
56.2 - 64 .0  

ND - 24.1
3 .4  - 28.1
9 .4  - 12.5 

ND
ND - 12 .0

157



ACRYLIC
SUBJECT E

F Mean (SD) M edian R ange

fv e  cocci 4 /4 47.4 20 .2) 53.2 19.4  - 63.6
-v e  cocci 4 /4 17.6 7 .8 ) 18.0 9.1 - 25.0
+ve bacilli 3 /4 15.3 15.1) 12.9 ND - 35.5
-v e  bacilli 4/4 19.8 8 .6 ) 17.2 12.5 - 32.2

S . m utans 2 /4 4.7 6 .7 ) 2.2 ND - 14.3
S . s an g u is 2 /4 3 .6 6 .0 ) 0 .9 ND - 12.5
S . o ra lis 4 /4 37.6 17 .2 ) 36.0 19.4 - 59.1
V eillonella 4 /4 16.5 6 .6 ) 16.8 9.1 - 23.2
A ctinom yces 3 /4 13.7 12 .3 ) 12.9 ND - 29.0
L actobac illu s 1 /4 1.7 3 .2 ) ND ND - 6 .4
B ac te ro id es 3 /4 4.1 3 .7 ) 3.7 ND - 8 .9

T able  3 .1 0 . co n t.
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T ab le  3 .1 1 . % p red o m in an t cu ltivab le  m icroflora iso la ted  from

one w eek p laq u e  o b ta ined  from  each  su rfa c e , fo r  all
S u b jec ts  com bined, n=20.

TOOTH
ALL SUBJECTS

F Mean (SD) Median R ange

+ve cocci 20/20 49.1 (1 5 .9 ) 43.0 35.0 -100.0
-v e  cocci 14/20 10.6 (10 .5 ) 5.1 ND - 30.4
+ve bacilli 19/20 29.3 (17 .0 ) 26.2 ND - 55.6
-v e  bacilli 16/20 10.9 (10 .4 ) 6 .4 ND - 33.3

S . m utans 8/20 4 .0  ( 6 .9 ) ND ND - 24.3
S . s an g u is 17/20 20.8 ( 9 .5 ) 23.2 ND - 35.5

S. o ra lis 18/20 17.9 (13 .8 ) 14.4 ND - 64.5

V eillonella 14/20 10.6 (10 .5 ) 5 .1 ND - 30.4

A ctinom yces 18/20 27.9 (1 6 .6 ) 25.2 ND - 55.6

L actobacillus 3/20 1 .0  ( 2 .5 ) ND ND - 9.1

B ac te ro id es 9/20 4.3  ( 6 .8 ) ND ND - 23.8

SECTION 
ALL SUBJECTS

F Mean (SD) Median R ange

+ve cocci 20/20 67.1 (10 .8 ) 65.6 45.4 - 86.1

-v e  cocci 18/20 13.4  ( 9 .3 ) 14.7 ND - 31.8

+ve bacilli 19/20 13.0  ( 9 .3 ) 12.2 ND - 34.6

-v e  bacilli 14/20 6 .4  ( 7 .0 ) 4 .0 ND - 25.0

S . m utans 9/20 0.7  ( 3 .1 ) ND ND - 14.0

S . san g u is 19/20 33.1 (19 .1 ) 30.6 ND - 66.7

S . o ra lis 18/20 30.0  (2 0 .0 ) 29.0 ND - 83.4

Veillonella 18/20 12.7 ( 9 .2 ) 13.7 ND - 31.8

A ctinom yces 19/20 12.8 ( 9 .5 ) 11.0 ND - 34.6

L actobacillus 1/20 0 .3  ( 1 .3 ) ND ND - 5 .9

B ac te ro id es 5/20 3 .0  ( 5 .9 ) ND ND - 20.0
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SLAB
ALL SUBJECTS

F Mean (SD) Median R ange

+ve cocci 20/20 59.7 (15 .5 ) 58.0 36.1 -100 .0
-v e  cocci 18/20 12.5 (10 .4 ) 8 .9 ND - 34.6
+ve bacilli 19/20 19.6 (14 .3 ) 14.8 ND - 50.0
-v e  bacilli 14/20 8 .1  ( 9 .8 ) 4 .9 ND - 37.8

S. m utans 0/20 ND ND ND
S . sa n g u is 19/20 35.6 (20 .4 ) 36.2 ND - 69.7
S. o ra lis 15/20 21.2 (21 .1 ) 19.4 ND - 76.0
V eillonella 18/20 11.7 (10 .8 ) 7.2 ND - 34.6
A ctinom yces 19/20 19.1 (13 .9 ) 14.8 ND - 50.0
L actobacillus 0/20 ND ND ND
B ac te ro id es 6/20 2 .3  ( 3 .8 ) ND ND - 10.5

ACRYLIC 
ALL SUBJECTS

F Mean (SD) Median R ange

+ve cocci 20/20 66.9 16.9) 63.8 19.4 - 96.3

-v e  cocci 18/20 13.6 9 .3 ) 11.2 ND - 28.1

+ve bacilli 19/20 13.4 10.4) 10.2 ND - 35.5

-v e  bacilli 10/20 6.1 8 .6 ) 1 .6 ND - 32.2

S . m utans 2/20 1 .0 3 .3 ) ND ND - 14.4

S . san g u is 18/20 29.0 22.1) 27.3 ND - 64.0

S. o ra lis 18/20 34.7 20.7) 32.5 ND - 81.5

V eillonella 18/20 12.0 8 .1 ) 10.2 ND - 28.1

A ctinom yces 19/20 12.4 8 .9 ) 9 .8 ND - 30.0

L actobacillus 2/20 0.6 1 .8 ) ND ND - 6 .4

B ac te ro id es 6/20 1.9 3 .4 ) ND ND - 12.0

T able  3 .1 1 . co n t.
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TOOTH
ALL SUBJECTS

L . lin g u a l L . proxim al R . lingua l R . proxim al All s ite s
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

■fve cocci 4 5 .2 (1 1 .3 ) 5 2 .8 (1 4 .9 ) 4 6 .3( 7 .0 ) 5 2 .0 (2 7 .3 ) 4 9 .1 (1 5 .9 )
-v e  cocci 8 .7 (1 2 .8 ) 1 4 .1( 9 .8 ) 1 3 .8( 9 .1 ) 5 .9 (1 0 .9 ) 1 0 .6 (1 0 .5 )
+ve bacilli 3 8 .8 (1 8 .6 ) 1 8 .5( 9 .8 ) 2 9 .1 (1 3 .3 ) 3 0 .6 (2 2 .0 ) 2 9 .3 (1 7 .0 )
-v e  bacilli 7 .1 ( 7 .1 ) 1 4 .5 (1 3 .2 ) 1 0 .7( 9 .4 ) 1 1 .4 (1 3 .0 ) 1 1 .0 (1 0 .4 )

S . m utans 5 .5 (1 0 .6 ) 7 .2 ( 7 .1 ) 3 .3( 5 .0 ) ND 4.0 ( 6 .9 )
S . san g u is 1 9 .1( 5 .6 ) 1 9 .8 (1 3 .9 ) 2 4 .7( 2 .5 ) 1 9 .5 (1 3 .1 ) 2 0 .8( 9 .5 )
S . o ra lis 1 2 .2( 2 .5 ) 1 2 .3 (1 2 .8 ) 1 7 .5( 9 .0 ) 2 9 .5 (20 .1 ) 1 7 .9 (1 3 .8 )
V eillonella 8 .7 (1 2 .8 ) 1 4 .1( 9 .8 ) 1 4 .2( 9 .7 ) 5 .9 (1 0 .9 ) 1 0 .8 (1 0 .6 )
A ctinom yces 3 8 .8 (1 8 .6 ) 1 5 .6( 9 .1 ) 2 9 .1 (1 3 .3 ) 2 7 .9 (1 9 .0 ) 2 7 .9 (1 6 .6 )

L actobacillus ND 2.0( 2 .8 ) ND 1 .8( 4 .1 ) 1 .0 ( 2 .5 )

B ac te ro id es 2 .2 ( 4 .8 ) 6 .9 (1 0 .1 ) 3 .5 ( 6 .2 ) 4 .5 ( 6 .2 ) 4 .3 ( 6 .8 )

T able 3 .1 2 . % p red o m in an t cu ltiv ab le  m icroflora iso la ted  from  

one w eek p laq u e  sam ples from  each  s ite  on n a tu ra l 

to o th  su r fa c e , fo r  all S u b jec ts  com bined, n=5.



SECTION 
ALL SUBJECTS

L . su p e r io r L . in fe r io r R . su p e r io r R . in fe rio r
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

+ve cocci 7 5 .4( 6 .1 ) 6 7 .2( 9 .3 ) 6 5 .7 (1 3 .8 ) 6 8 .2( 9 .4 )
-v e  cocci 1 1 .4( 8 .1 ) 1 3 .6( 8 .7 ) 1 1 .5 (1 1 .9 ) 1 7 .0 (1 0 .1 )
+ve bacilli 8 .6 (  8 .4 ) 1 3 .4 (1 2 .6 ) 1 6 .0( 7 .1 ) 1 4 .2 (1 0 .0 )
-v e  bacilli 4 .6 (  4 .3 ) 5 .7 ( 6 .7 ) 6 .8 (1 0 .4 ) 8 .5 ( 7 .1 )

S . m utans ND 2.8 ( 6 .2 ) ND ND
S . san g u is 2 8 .5 (2 4 .7 ) 3 4 .8 (1 2 .3 ) 4 4 .1 (1 9 .8 ) 2 4 .8 (1 7 .4 )
S . o ra lis 3 9 .9 (2 8 .7 ) 2 8 .4 (1 0 .0 ) 1 9 .3 (1 7 .4 ) 32 .3 (1 9 .7 )

V eillonella 1 1 .4( 8 .1 ) 1 1 .1( 7 .6 ) 1 1 .5 (1 1 .9 ) 1 7 .0 (1 0 .1 )
A ctinom yces 8 .6 ( 8 .4 ) 1 2 .2 (1 3 .0 ) 1 6 .0( 7 .1 ) 14 .2 (1 0 .0 )

L actobacillu s ND 1 .2 ( 2 .6 ) ND ND

B ac te ro id es 1 .3 ( 2 .9 ) 3 .1 ( 7 .0 ) 4 .0 ( 8 .9 ) 3 .6 ( 5 .0 )

All s ite s  

Mean (SD)

67 .1 (1 0 .8 ) 
1 3 .4( 9 .3 ) 

1 3 .0( 9 .4 ) 
6 .4( 7 .0 )

0 .7( 3 .1 ) 
3 3 .1 (1 9 .1 ) 
30 .0 (2 0 .0 ) 

1 2 .7( 9 .2 ) 
1 2 .8( 9 .5 ) 

0 .3( 1 .3 ) 

3 .0 ( 5 .9 )

T able 3 .1 3 . % p red o m in an t cu ltivab le  m icroflora iso la ted  from 

one w eek p laq u e  sam ples from  each  s ite  on enamel 

s e c tio n s , fo r  a ll S u b jec ts  com bined, n=5.



SLAB
ALL SUBJECTS

L .s u p e r io r  L .in fe r io r  R . su p e r io r  R .in fe r io r  All s ite s  
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

■fve cocci 

-v e  cocci 
+ve bacilli 

-v e  bacilli

S . m utans

S. san g u is

S . o ra lis

Veillonella

A ctinom yces

L actobacillu s

B ac te ro id es

T able 3 .1 4 .

6 4 .7 (1 1 .1 ) 

10 . 4 ( 8 . 1) 
2 0 .6( 8 .3 )  

4 .3 ( 2 .9 )

ND 
3 6 .5 (2 0 .3 ) 

2 3 .1 (2 2 .5 ) 

9 .7 (  8 .6 )  

2 0 .6( 8 .3 ) 

ND 

2 .5 ( 3 .6 )

5 4 .4 (1 4 .9 ) 

1 9 .2 (1 0 .1 ) 

2 3 .3 (1 5 .6 ) 

3 .1 ( 3 .4 )

ND 
3 8 .4 (2 0 .0 ) 

1 6 .0 (1 3 .4 ) 

1 7 .5 (1 1 .8 ) 

2 1 .3 (1 4 .0 ) 

ND 

0 .8 ( 1 .9 )

6 2 .2 (2 4 .3 )
1 1 .4 (1 4 .0 )

1 6 .5 (1 9 .5 )

9 .8 (1 1 .2 )

ND 

3 7 .2 (2 6 .8 ) 

1 9 .0 (3 2 .3 ) 

1 1 .4 (1 4 .0 ) 

1 6 .5 (1 9 .5 ) 
ND 

2 .1( 4 .7 )

5 7 .6 (1 1 .4 ) 
9 .1( 8 .7 ) 

1 8 .1 (1 5 .8 ) 
1 5 .2 (1 4 .0 )

ND 

30 .2 (1 9 .8 ) 

26 .9 (1 6 .7 ) 
8 .2( 8 .9 ) 

18 .1 (1 5 .8 ) 
ND 

3 .6 ( 5 .0 )

5 9 .7 (1 5 .5 ) 
1 2 .5 (1 0 .4 ) 

1 9 .6 (1 4 .3 ) 
8 .1 ( 9 .8 )

ND 
3 5 .6 (20 .4 ) 

21 . 2 ( 21 . 1 ) 

1 1 .7 (1 0 .8 ) 
1 9 .1 (1 3 .9 ) 

ND 

2 .3( 3 .8 )

% p red o m in an t cu ltiv ab le  m icroflora iso la ted  from 

one w eek p laq u e  sam ples from  each  enam el slab  

p o s itio n , fo r  all S u b jec ts  com bined, n=5.
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ACRYLIC
ALL SUBJECTS

L. su p e r io r

Mean (SD)

+ve cocci 59 .6(11 • 5)

-v e  cocci 15 .3(10 .2)
■fve bacilli 18 • 9( 9 • 9)
-v e  bacilli 6 • 2( 6 .1)

S . m utans 0 • 9( 1 • 9)

S . san g u is 31 .8(26 .3)
S . o ra lis 27 .0(18 .5 )
Veillonella 13 • 8( 8 • 3)

A ctinom yces 17 • 2( 8 • 8)
L actobacillus 1 • 0( 2 .2 )

B ac te ro id es 3 • 2( 5 .2 )

L . in fe r io r  R . su p e r io r  

Mean (SD) Mean (SD)

6 7 .8 (1 2 .3 ) 7 8 .0 (1 3 .1 )
1 5 .9 (1 1 .0 ) 1 1 .5 (1 0 .7 )

1 1 .0 (1 0 .2 ) 6 .8 ( 2 .9 )
5 .3 ( 6 .7 ) 3 .6( 8 .1 )

2 .9 ( 6 .4 ) ND
2 2 .5 (2 2 .2 ) 3 2 .4 (2 4 .7 )

3 4 .7 (2 5 .9 ) 4 4 .8 (2 4 .7 )

1 5 .2 (1 1 .0 ) 1 0 .0( 8 .7 )
9 .9 ( 8 .3 ) 6 .8( 2 .9 )

ND ND

1 .8 ( 4 .0 ) ND

R . in fe rio r All s ite s
Mean (SD) Mean (SD)

62 .2 (2 5 .7 ) 66 .9 (1 6 .9 )
1 1 .6( 6 .9 ) 1 3 .6( 9 .3 )
1 7 .0 (1 3 .6 ) 1 3 .4 (1 0 .4 )

9 .2 (1 3 .4 ) 6 .1 ( 8 .6 )

ND 1 .0 ( 3 .3 )
2 9 .5 (2 1 .1 ) 2 9 .0 (2 2 .1 )
32 .5 (1 4 .6 ) 34 .7 (2 0 .7 )

8 .8 ( 3 .0 ) 1 2 .0( 8 .1 )

15 .7 (1 1 .5 ) 1 2 .4( 8 .0 )
1 .3( 2 .9 ) 0 .6( 1 .8 )
2 .4 ( 2 .3 ) 1 .9 ( 3 .4 )

T able 3 .1 5 . % p red o m in an t cu ltiv ab le  m icroflora iso la ted  from
one w eek p laq u e  sam ples from  each  ac ry lic  p o sitio n , 

fo r  a ll S u b jec ts  com bined, n=5.
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S u rface Position S ubject

+ve cocci *** NS NS
-v e  cocci NS NS **

+ve bacilli *** NS *

-v e  bacilli NS NS ***

S. m utans ** * ***

S . san g u is * NS ***

S. o ra lis ** NS ***

V eillonella NS NS **

A ctinom yces *** NS *

L actobacillus NS NS NS
B acte ro id es NS NS *

NS = Not s ig n if ic a n t ; * = p  < 0.05 ; ** = p  < 0.01 ; *** = p  < 0 .001.

T able 3 .1 6 . S ta tis tic a l an a ly s is  of e ffe c t of s u rfa c e , position

a n d  su b je c t on % p red o m in an t cu ltivab le  p laque  

m icro flo ra .
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TOOTH SURFACE PLAQUE

p laq u e  pH re sp o n se

Time (m in) S u b jec t A S ub ject B Sub ject C Mean (SD)

0 7.35 7.17 7.52 7.35 (0 .18 )
1 5.87 6.10 5.91 5.96 (0 .12 )
3 5.43 5.58 5.62 5.54 (0 .10 )
6 5.11 5.49 6.01 5.54 (0 .45 )

10 5.67 5.93 6.58 6.06 (0 .47 )
15 6.36 6.42 7.20 6.66 (0 .47 )
20 6.53 6.63 7.40 6.85 (0 .48 )
30 6.75 7.03 7.42 7.07 (0 .3 4 )

ENAMEL SLAB PLAQUE

p laq u e  pH re sp o n se

Time (m in) S u b jec t A S ub ject B S ub ject C Mean (SD)

0 7.23 7.24 7.16 7.21 (0 .04 )
1 5.85 6.30 6.43 6.19 (0 .30 )
3 5.47 5.51 5.54 5.51 (0 .04)

6 5.24 5.45 5.79 5.49 (0 .28 )
10 5.59 5.97 5.87 5.81 (0 .20 )

15 6.27 6.51 7.25 6.68 (0 .51 )

20 6.61 6.72 7.42 6.92 (0 .44 )

30 6.80 6.95 7.48 7.08 (0 .36 )

T able  3 .1 7 . T ooth  su rfa c e  an d  enam el s lab  p laq u e  pH re sp o n se  to
10 % su c ro se  app lica tion  in  th re e  su b je c ts .
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Fig.

pH
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3 .3  Mean (S D ) pH resp on se o f natural tooth  (sq u are) and
enam el slab  (c ir c le ) p laque to  10 % su crose m outhrinse, 

n=3.
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LACTATE / ACETATE RATIO

S u b jec t T ooth  Slab
0 6 min 0 6 min

A 0.18 1.54 0.23 1.49(0 .0 9 ) (1 .02 ) (0 .04 ) (0 .7 9 )
B 0.17 0.84 0.22 0.90(0 .1 4 ) (0 .19 ) (0 .08 ) (0 .11 )
C 0.24 0.66 0.20 0.72(0 .1 8 ) (0 .57 ) (0 .08 ) (0 .08 )
D 0.28 0.94 0.48 1.30(0 .1 6 ) (0 .44 ) (0 .42) (0 .60 )
E 0.32 1.82 0.30 1.72

(0 .0 2 ) (0 .50 ) (0 .18) (0 .30 )

All 0.25 1.16 0.28 1.23
(0 .1 5 ) (0 .65 ) (0 .19) (0 .52 )

Table 3 .1 8 . Mean (SD) of to o th  su rfa c e  and  enamel s lab  p laque
la c ta te  } a ce ta te  ra t io , b e fo re  an d  6 min a f te r  10 % 

su c ro se  ap p lica tio n , n=3.
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3 . 3 . 7 .  D iscu ssio n .

P laq u e  M icroflora .

T h is  s tu d y  show s s ig n ific a n t d iffe ren ces  b e tw een  five  su b jec ts  in  th e  
p ro p o rtio n s  of o rgan ism s in  th e  to ta l anaerob ic  cu ltivab le  flo ra  from  one 

week old p la q u e , r e t r ie v e d  from  fo u r  su r fa c e s . T h is  finding of in te r 

su b jec t d iffe re n c e s  in  th e  com position of p laq u e  m icroflora is  in  ag reem en t 

w ith  f in d in g s  from  o th e r  s tu d ie s  (Bow den e t  a L , 1975), an d  is  no t 

s u rp r is in g  c o n s id e rin g  th e  v a ria tio n  in  p laque  com position w hich h as  b een  

show n w ith in  s u b je c ts , an d  even  from  ad jacen t s ite s  on th e  same to o th  
(M arsh & K eevil, 1986b).

Samples of one w eek p laq u e  w ere  rem oved from  two lin g u a l an d  two 

in te rp ro x im al re g io n s  of th e  low er m olars of th e  five  su b je c ts . While 
th e re  was a  li t t le  v a ria tio n  b e tw een  th e  lin g u a l an d  in te r-p ro x im a l sam ples, 

overa ll no s ig n ific a n t d iffe ren ce  was found  betw een  th e  m icroflora of 
p laq u e  rem oved from  th e  two s i te s .  T he sim ila rity  of th e  two p laq u es  may 
re fle c t th e  fa c t th a t  a small d en ta l ex ca v a to r was u sed  fo r  all p laq u e  

sam pling , an d  th is  may n o t h av e  allowed access  to  deep  in te r-p ro x im a l 
re g io n s , w h ere  p laq u e  co n ta in in g  a  h ig h e r  anaerob ic  flo ra  may have  b een  

ex p ec ted  (M arsh  & K eevil, 1986b).

The mean p e rc e n ta g e s  of th e  to ta l cu ltivab le  m icroflora from  th e  n a tu ra l 

to o th  su rfa c e s  is  sim ilar to  th e  com position of one w eek su p ra g in g iv a l 

p laq u e  re p o r te d  in  o th e r  s tu d ie s , w ith  th e  Gram p o sitiv e  cocci 

p red o m in a tin g  in  all c a se s , followed b y  Gram p o sitiv e  bacilli, w ith  n eg a tiv e  
cocci an d  bacilli com prising  a sm aller p ro p o rtio n  of th e  to ta l (R itz , 1967; 

Syed & L oesche , 1978; v an  P a len ste in  H elderm an, 1981).

A s tu d y  on th e  p red o m in an t cu ltivab le  flo ra  of p laque  o b ta in ed  from  th e  

f i t t in g  su rfa c e  of a c ry lic  d e n tu re s  (T heilade  e t a l . , 1983) fo und  th a t ,  in  
e ig h t s u b je c ts , th e  m ean p e rc e n ta g e  of p o s itiv e  cocci was approx im ate ly  50 

%, p o s itiv e  b acilli 35 %, n eg a tiv e  cocci 10 % an d  n eg a tiv e  bacilli 1 %. 
The m ean p ro p o r tio n s  of o rgan ism s in  p laq u e  rem oved from  th e  acry lic  of 
th e  ap p lian ce  ad jac e n t to  th e  m ounted enam el specim ens, in  th e  p re s e n t  

s tu d y , fo u n d  th a t  p o s itiv e  cocci w ere h ig h e r  (66.9%) an d  po sitiv e  bacilli
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low er (13 .4  -o), a lth o u g h  th e  ra n g e s  fo r  th e se  g ro u p s  of o rganism s a re
w ith in  th e  ra n g e s  q u o ted  in  th e  fo rm er s tu d y .

C rean o r & c o -w o rk e rs  (1986b) com pared one week p laq u e  iso la ted  from 

n a tu ra l to o th  su rfa c e  an d  from  an  enamel sec tion  m ounted on an  in tra -o ra l  

ap p lian ce , in  one s u b je c t. T he to o th  m icroflora was sim ilar to  th e  re s u lts

of th e  p re s e n t  s tu d y ,  q u o ted  above. T he p ro p o rtio n  of p o sitiv e  cocci

iso la ted  from  enam el sec tio n  p laque  was h ig h e r  th a n  from  n a tu ra l  to o th , 
an d  th is  is  in  ag reem en t w ith  th e  f in d in g s  of th e  c u r re n t  s tu d y .

The enam el sec tio n s  m ounted on th e  in tra -o ra l  app lian ce , re q u ire d  fo r 

q u an tifica tio n  of enam el dem inera lisa tion , h ave  only  a  small u n v a rn ish e d  

e d g e , w hich  is  ad jac e n t to  th e  ac ry lic  of th e  app liance . T h e re fo re , th e  

p laq u e  sam pled from  th e  sec tio n  is  in  c o n tin u ity  w ith  th e  p laq u e  o v e rly in g  
th e  a c ry lic . T h u s  a  s im ila rity  would b e  ex p ec ted  betw een  th e  m icroflora 

of enam el sec tio n  p la q u e  com pared w ith  ac ry lic  p la q u e . T his was 

confirm ed ex p erim en ta lly  w ith  th e  re la tiv e  p ro p o rtio n s  of th e  fo u r  main 

g ro u p s  of o rgan ism s b e in g  alm ost id en tica l fo r  sec tion  and  acry lic  p la q u e s , 
while b o th  w ere  s ig n if ic a n tly  d if fe re n t from  n a tu ra l  to o th  p laque w ith  

re s p e c t to  p o s itiv e  cocci and  bacilli.

On most occasio n s, s lab s  m ounted on in tr a -o ra l  app liances a re  covered  
w ith  a  D acron  g a u ze , to  en hance  th e  colonisation of th e  s ite  (O strom  e t 

a l . , 1977; G allagher & P e a rc e , 1979) . A lthough  th is  p ro c e d u re  en co u rag es  

th e  p ro life ra tio n  of o rgan ism s on th e  s la b , i t  re d u c es  th e  sim ila rity  to  th e  

n a tu ra l co lon isation  of to o th  s u rfa c e s . In  th e  p re s e n t  s tu d y , i t  was 
decided  th a t  an  a ttem p t would be  made to  re p ro d u c e  th e  n a tu ra l 

colonisation p ro c e s s ,  so th e  s lab s  w ere le ft u n co v e red . The s lab s  w ere 
m ounted p ro u d  on th e  ap p lian ce , th e re fo re  th e  problem  of p ro x im ity  of 

enamel sec tio n  to  a c ry lic  shou ld  no t h av e  a r is e n  in  th is  case . I t  m ight 
be  e x p e c te d , th e re fo re , th a t  th e  p redom inan t cu ltivab le  flo ra  in  s lab  p laq u e  

would more c lose ly  mimic n a tu ra l  to o th  p laq u e  th a n  d id  th e  p laque  

ob ta ined  from  th e  enam el sec tio n s . The mean p ro p o rtio n s  of th e  main 

g ro u p s  of o rgan ism s in  th e  s lab  p laq u e  w ere more s imilar  to  th e  coun ts  
ob ta ined  from  to o th  p laq u e  th a n  w ere th e  r e s u lts  from  sec tion  an d  a c ry lic , 
b u t  a g a in , th e  d iffe ren c e  b e tw een  to o th  an d  s lab  p laque  was s ig n ifican t.
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At th e  g e n u s  a n d  sp ec ies  lev e l, th e  mean p e rc en ta g e  coun t of th e  

in d iv id u a l s tre p to co c c a l an d  A ctinom yces sp p . d em onstra ted  a  su rfa ce  
e ffe c t , w ith  S t r e p , m utans b e in g  low er, an d  th e  o th e rs  h ig h e r , in  sec tio n , 

slab  an d  ac ry lic  p la q u es  com pared w ith  to o th  p laq u e . Among th e  le ss  

f r e q u e n tly  iso la ted  o rg an ism s, m em bers of F usobacterium  an d  

C apnocy tophaga  s p p . w ere  iso la ted  from  each  su rfa ce  on some occasions 
an d  no sp ec ie s  was iso la ted  from  only  one of th e  fo u r  su rfa ce s  on more 
th a n  one occasion .

T h u s , a lth o u g h  th e re  w ere q u a n tita tiv e  d iffe ren ces  in  th e  p redom inan t 
cu ltivab le  flo ra  iso la ted  from  p laq u e  ob ta ined  from th e  fo u r  s u rfa c e s , 

g e n e ra lly  a ll r e s u l ts  fo u n d  in  th is  s tu d y  a re  w ith in  th e  ra n g e s  q u o ted  fo r  

one w eek su p ra g in g iv a l p laq u e  m icroflora. No q u a lita tiv e  d iffe ren ces  
w ere fo u n d  b e tw een  th e  s u r fa c e s , an d  th e  v a ria tio n  in  th e  r e s u lts  is 

c o n s is te n t w ith  o th e r  s tu d ie s  w here  co n sid e rab le  d iffe ren ces  have  b een  

fo u n d  in  th e  m icrobial com position of p laq u e  ob ta ined  from d iffe ren t too th  
su rfa c e  s ite s  (B ow den e t a l . , 1975).

pH M easurem ents and A d d  Anion P rofiles.

P laque pH m easu rem en ts , b e fo re  an d  following su cro se  e x p o su re , w ere 

c a r r ie d  o u t on th e  m ateria l rem oved from  th e  n a tu ra l to o th  su rfa ce  and  
enamel s lab  a t  th e  end  of th e  one week experim en tal p e rio d . T his 

p ro c e d u re  could  on ly  b e  c a r r ie d  ou t on th e  th re e  Glasgow su b jec ts  since 

th e re  was no access  to  th e  fac ilities  re q u ire d  fo r p e rfo rm in g  th e  pH 

m easurem ents a t P o r t S u n lig h t. H ow ever, sam ples fo r  acid  anion an a ly sis  
w ere co llected  from  all fiv e  su b jec ts  as  su ch  sam ples can be  s to re d  fo r  
s h o r t  p e rio d s  p r io r  to  a n a ly s is . In  ad d itio n  to  th e  b ase lin e  co llections, 
sam ples w ere  rem oved fo r  acid  an ion  an a ly sis  s ix  m inutes a f te r  th e  

app lication  of th e  10 % su c ro se  m o u th rin se , s ince  p rev io u s  w ork h as  shown 
th a t  b o th  th e  p laq u e  pH minimum, an d  th e  h ig h e s t  co n cen tra tio n s  of to ta l 

id en tifiab le  acid  a re  p ro d u c e d  ab o u t th is  time (G eddes, 1975).

The pH  c u rv e s  o b ta in ed  fo r  b o th  to o th  su rfa ce  an d  s lab  p laq u es  w ere 

sim ilar, w ith  no s ig n ific a n t d iffe ren ces  b e in g  fo u n d  b e tw een  them , an d  th e  
minimum pH  b e in g  re c o rd e d  a t  e ith e r  3 o r  6 m inutes following su cro se  

app lication  in  th e  th re e  su b je c ts . As con tinuous m onitoring  of th e  pH
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was n o t c a r r ie d  o u t, i t  is  n o t p o ssib le  to  know w hen ex ac tly  th e  low est 
value was o b ta in ed  in  each  in d iv id u a l.

A ceta te  norm ally  com prises th e  la rg e s t  p ro p o rtio n  of th e  acid  an ions fo und  
in  fa s tin g  o r r e s t in g  p laq u e  sam ples (D is tle r & K roncke, 1983), b u t  

follow ing e x p o su re  to  su c ro se  th e  to ta l am ount of acid  in c re a se s , w ith  
la c ta te  in c re a s in g  g re a tly  from  its  r e s t in g  level an d  becom ing th e  dom inant 

ac id , while th e  co n ce n tra tio n  of ace ta te  fa lls s lig h tly  (G eddes, 1984).

A lthough  i t  was n o t p o ssib le  to  o b ta in  co n cen tra tio n s  of th e  p laq u e  a c id s , 

as e x p re s s e d  p e r  mg w et w e ig h t, b ecau se  some of th e  sam ples w ere v e ry  
sm all, th e  la c ta te  I a ce ta te  ra t io s ,  b e fo re  an d  following su cro se  e x p o su re , 

w ere ca lcu la ted . T he in itia l ra tio  was v e ry  sim ilar to  th a t  fo u n d  b y  

G eddes (1975), w ith  th e  a lte re d  ra tio  a t s ix  m inutes re f le c tin g  th e  
in c re a se d  la c ta te , a lth o u g h  th e  in c re a se  was n o t as m arked  as  th a t  of 

p re v io u s  s tu d ie s  (G ed d es , 1975; D is tle r & K roncke, 1983). T h e re  was no 

s ig n ific an t d iffe ren c e  b e tw een  th e  la c ta te  ) a ce ta te  ra tio s  of p laque  from 

too th  su rfa c e  o r s la b , fo r  e i th e r  b ase lin e  o r  s ix  m inute r e s u l ts ,  and  th e se  

fin d in g s  a re  in  acco rd an ce  w ith  th o se  of C rean o r an d  co -w orkers  (1986b) 
in  th e ir  s tu d y  on to o th  su rfa c e  an d  enamel sec tion  p la q u e .

No dem inera lisa tion  w as fo u n d  on a n y  of th e  enam el sec tions following th e  
one w eek ex p erim en ta l p e r io d , an d  i t  was th e re fo re  decided  th a t  fo r  th e  

main dem inera lisa tion  s tu d y , th is  shou ld  b e  e x ten d e d  to  th re e  w eeks.

The u se  of th in  enam el sec tio n s  allows co rre la tio n  betw een th e  m icrobial 

com position of p laq u e  an d  m ineral loss in  th e  u n d e rly in g  enam el, while 
enamel s lab s  p e rm it ab so lu te  co u n ts  of p laq u e  m icroorganism s, w hich is 

p a r tic u la r ly  u se fu l fo r  e a r ly  co lonisation  ex p erim en ts . T h e re fo re , in  view 

of th e se  a t t r ib u te s ,  an d  as no q u a lita tiv e  d iffe ren ces  w ere found  betw een  

th e  p laq u e  rem oved from  exo g en o u sly  d e riv e d  to o th  su rfa ce s  an d  th e  

n a tu ra l  to o th  s u r fa c e , w ith  r e g a rd  to  m icrobial com position, pH an d  acid  

anion p ro f ile s , th e  r e s u l ts  ob ta in ed  su g g e s t th a t  th e  u se  of th e se  enamel 

specim ens is  a p p ro p r ia te  fo r  th e  in v e s tig a tio n  of th e  e a r ly  developm ent of 

p laq u e  f lo ra  a n d  th e  m icrobial aetio logy  of e a r ly  dem ineralisa tion .
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3 .4 .  E ffect o f S u crose C oncentration and E xposure Time on Plaque 

M icroflora, pH and A cid A nions -  an in  situ  S tu d y .

3 . 4 . 1 .  In trod u ction .

As d isc u sse d  in  C h a p te r  I ,  num erous s tu d ie s  have  shown an association  

betw een  th e  in ta k e  of fe rm en tab le  c a rb o h y d ra te  an d  th e  inc idence  an d  

s e v e r i ty  of enam el d em in e ra lisa tio n . S ucrose  is m etabolised b y  p laque  

b a c te r ia  to  form  acid  e n d -p ro d u c ts ,  an d  can be  tran sfo rm ed  b y  specific  

b a c te r ia  to  form  e x tra -c e l lu la r  p o ly sacch arid es  w hich in c rease  p laq u e  b u lk , 

an d  m ay c re a te  a  more acid ic  env ironm ent lead in g  to a popu la tion  sh if t 
w hich may ch an g e  th e  cariogen ic  p o ten tia l of th e  p laque (M inah e t ah  ,

1985). T he e x tra -c e llu la r  p o ly sacch arid es  form ed from  su cro se  may 

prom ote th e  accum ulation  of S t r e p . m utans in  p la q u e , an d  i t  has also b een  

su g g e s te d  th a t  th e  e x tra -c e llu la r  m atrix  m aterial may enhance  

dem ineralisa tion  b y  a l te r in g  th e  d iffu sio n  p ro p e r tie s  of p laque ( Zero e t a l . ,

1986). T h is  d isac c h a rid e  is  th e re fo re  o ften  u se d  in  dem ineralisation  
ex p erim en ts  to  in c re a se  th e  ca rio g en ic ity  of th e  system .

In  v itro  s tu d ie s  h av e  exam ined th e  e ffec ts  of v a ry in g  su cro se  

c o n cen tra tio n s  an d  d if fe re n t le n g th s  of s u b s tr a te  ex p o su re  on pH changes 

in  b a c te r ia l sy stem s (L agerlo f e t a l . , 1985). In  s itu  dem ineralisation  
app liance  models h av e  u s e d  a ra n g e  of d iffe re n t su g a r  co n cen tra tio n s  as 

o ra l r in s e s  ( T e h ra n i e t a l . , 1983; B rudevo ld  e t a l . , 1984) an d  fo r  e x tra -o ra l  

app lication  (K ou lourides e t a l . , 1976; O strom  & K oulourides, 1976) while 

some in  vivo models h av e  u se d  m o u th rin ses  co n ta in ing  u p  to  50 % w /v  

su cro se  c o n ce n tra tio n s  (von  d e r  F e h r e t s d . , 1970; G eddes e t a L , 1978).

One of th e  aims of th e  app liance  s tu d y  d esc rib e d  in  C h ap te r IV was to 

develop a sy stem  w hich  w ould b e  capable of p ro d u c in g  ra p id  dem ineral

isa tion  a n d , in  an  a ttem p t to  in c re ase  th e  cariogen ic  p o ten tia l of th e  

immediate en v iro n m en t, su c ro se  so lu tions w ere app lied  e x tra -o ra lly  to  some 
of th e  te s t  s i te s .  T h u s  th is  p re lim in a ry  s tu d y  was d esig n ed  to  compare 

i] th e  m icrobial com position of p la q u e , ii] th e  p laque  pH re sp o n se  and  

acid  an ion  p ro f ile s , an d  iii] th e  ch an g es  in  m ineral co n ten t of exposed  
enamel s i te s ,  follow ing ap p lica tio n s  of e ith e r  a  5 % o r 10 % su cro se  
so lu tion . T h e  e ffe c t on p laq u e  pH of v a rio u s  le n g th s  of ex p o su re  time to  
e x tra -o ra l  su c ro se  w as also  a s s e s s e d , to g e th e r  w ith  th e  p laq u e  pH re sp o n se
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on b o th  th e  le f t  a n d  r ig h t  te s t  a re a s  of th e  ap p lian ce , w hen su c ro se  was

a d d ed  to  on ly  one s id e  of th e  dev ice . T h is s tu d y  was c a rr ie d  ou t u s in g
one v o lu n te e r , on th re e  s e p a ra te  th ree -w eek  experim en tal ru n s .

3 . 4 . 2 .  E ffect o f S u crose C oncentration.

G eneral A ppliance P rotocol.

T he ap p lian ce  was w orn  co n tin u o u sly  b y  th e  v o lu n te e r fo r  p e rio d s  of th re e  

w eeks, on ly  b e in g  rem oved tw ice da ily  fo r  to o th b ru sh in g  u s in g  a n o n 
f lu o r id a te d  d e n tifr ic e  (U n ilev er R ese a rch , P o r t S u n lig h t, E n g lan d ). The 

su b jec t was also  in s tru c te d  to  clean th e  app liance  on th e se  occasions u s in g  

a to o th b ru sh  an d  w a te r , b u t  to  leave  th e  tro u g h  a re a  u n to u ch ed  th ro u g h o u t 

th e  ex p erim en ta l p e r io d . T he v o lu n te e r  was p e rm itted  to  r in se  each  side  

of th e  ap p lian ce  u n d e r  g e n tly  ru n n in g  ta p  w a ter fo r  a  maximum of 3 
seconds b e fo re  re p la c in g  i t  in  th e  m outh , an d  was ad v ised  to  floss be tw een  

th e  te e th  once p e r  d a y  in  all a re a s  of th e  m outh , p ay in g  p a r tic u la r  
a tte n tio n  to  th e  low er m olar re g io n s . The norm al d ie t of th e  su b jec t was 

m ain tained  d u r in g  each  ex p erim en ta l p e r io d .

Experim ental M ethod.

The ap p lian ce  was w orn fo r  p e rio d s  of th re e  w eeks as  d e sc rib ed  above. 

The ap p lian ce  was rem oved n ine  tim es da ily  an d  th e  tro u g h  a re a  on one 
side re c e iv e d  fo u r  d ro p s  (appoxim ately  200 p i) of a 5 % w /v  su cro se  

so lu tion  w h ils t th e  o th e r  rece iv ed  th e  same volume of a  10 % su cro se  
so lu tion . S te rile  p la s tic  d ro p p e r  b o ttle s  (F ig  3 .4 ) w ere u se d  to  d isp en se  

th e  so lu tio n s  w ith  1 . 5 - 2  h o u r ly  in te rv a ls  be tw een  a p p lic a tio n s . A fte r 
th re e  w eek s , d e n ta l p laq u e  was rem oved (as  d e sc rib e d  p re v io u s ly  in  2 .5 .1 . 

and  2 .5 .2 . )  from  th e  enam el windows an d  th e  su rfa ce  of some of th e  s lab s , 
in o rd e r  to  calcu la te  th e  to ta l co u n ts  an d  th e  p e rc en ta g e  of in d iv id u a l 

g ro u p s  of b a c te r ia  in  th e  p laq u e  sam ple, (see  2 .5 .5 . ) .  B aseline and  

p o s t-e x p e rim en ta l m ic ro rad io g rap h s  w ere  ta k e n  ( see 2 .4 .1 . )  an d  changes in  
enamel m ineral co n ten t w ere  m easured  b y  m icrodensitom etry  ( 2 .4 .2 . ) .

pH R espon se and A d d  A nion P ro files.

This ex p erim en t was c a r r ie d  o u t to  de term ine  w h e th e r th e  co n cen tra tio n  of
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F ig . 3 .4 . A pplication  of 10 % su c ro se  so lu tion  to  tro u g h  a re a  

of a p p lia n ce , u s in g  p la s tic  d ro p p e r  b o ttle .
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su c ro se  ap p lied  e x tra -o ra l ly  d u r in g  th e  experim en tal p e rio d  a ffec ted  th e  

pH re sp o n se  an d  acid  an ion  p ro file  of p la q u e , following sh o r t- te rm  
im m ersion in  s u c ro se , a t th e  end  of th e  3 week r u n ,  and  also to  e s tab lish  

w h e th e r v a ry in g  th e  su c ro se  co n cen tra tio n  of th e  so lu tion  u se d  fo r  th e  
im m ersion a ffe c ted  th e se  p a ra m e te rs .

A cco rd in g ly , a t  th e  en d  of th e  3 w eek experim en ta l p e r io d , an d  a f te r  th e  
p laq u e  sam ples h a d  b e e n  rem oved fo r  m icrobiological in v e s tig a tio n , two 

o v e rn ig h t fa s t in g  p la q u e  sam ples w ere also rem oved from  unsam pled s labs 

on each  s id e  of th e  ap p lian ce . T he pH of one sample from  each s ide  was 
m easu red  u s in g  th e  m ethod d e sc rib e d  in  2 .7 .2 . ,  w h ilst th e  o th e r  sample was 

s to re d  fo r  su b se q u e n t acid  an ion  an a ly sis  ( see  sec tio n  2 .7 .1 . ) .  T he tro u g h  

a re as  of th e  ap p lian ce  w ere  th e n  in s e r te d  in to  sep a ra te  g lass  b e a k e rs  each  

co n ta in in g  a 5 % su c ro se  so lu tion  as show n in  F ig  3 .5 . A fte r 30 s th e  

app liance  w as rem oved from  th e  su c ro se  and  rep laced  in  th e  m outh. 
A fte r a  f u r th e r  6 m in, p laq u e  sam ples w ere again  rem oved from  slabs on 

b o th  s id es  of th e  ap p lian ce  and  all sam ples w ere th e n  p ro ce ssed  fo r  

iso ta c h o p h o re s is . T he app liance  was ag a in  rep laced  in  th e  m outh, an d  th e  

v o lu n te e r  re f ra in e d  from  e a tin g  an d  d rin k in g  fo r  a  f u r th e r  4 h o u rs  w hen 

th e  p ro c e d u re  was re p e a te d , ex cep t th a t  on th is  occasion , th e  b ase line  

p laq u e  w as a  r e s t in g  sam ple an d  th e  tro u g h  a re as  w ere  p laced  in  10 % 

su c ro se  so lu tio n s  fo r  30 s .  On each  occasion th e  p laque  pH re sp o n se s  

following su c ro se  ap p lica tio n  w ere re c o rd e d  as d e sc rib e d  in  Section 2 .7 .2 .

3 .4 .3 .  E ffect o f S u crose E xposure Time.

The p u rp o se  of th is  s tu d y  was to  a sse ss  th e  e ffec t of vario u s  su cro se  
ex p o su re  times on p laq u e  pH m easurem ent. An app liance , f i t te d  w ith 

enamel s la b s , was w orn  b y  one v o lu n te e r  fo r  p e rio d s  of one w eek , d u rin g  

w hich time th e  norm al d ie t was m ain tained  an d  no add itional s tr e s s in g  
em ployed. A fte r  sev en  d a y s , p laq u e  sam ples w ere rem oved from  th e  

enamel s lab s  fo r  pH m easurem ent b o th  b e fo re  an d  a f te r  su c ro se  

app lica tions a s  d e sc r ib e d  in  Section 2 .7 .2 . T his p ro c e d u re  was c a rrie d  out 

on th re e  s e p a ra te  occasio n s. On each  d ay  of sam pling , th e  tro u g h  a reas  
of th e  app lian ce  w ere  in s e r te d  in to  se p a ra te  g lass  b e a k e rs , each  con tain ing  
a 10 % w /v  su c ro se  so lu tion  fo r  p e rio d s  of one, two and  th re e  m inutes, 

w ith th e  ap p lian ce  b e in g  r e tu r n e d  to  th e  m outh fo r  a t  le a s t th re e  h o u rs  

b e tw een  each  a p p lic a tio n , to  allow th e  p laq u e  to  r e tu r n  to  r e s t in g  pH
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F ig . 3 .5 . T ro u g h  a re a s  o f app lian ce  in s e r te d  in to  se p a ra te  g la ss  

b e a k e r s ,  e ach  co n ta in in g  a  su c ro se  so lu tion .
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levels in  th e  in te rim . T he seq u en ce  of su c ro se  app lications was ro ta te d , 

so th a t  th e  o rd e r  of th e  su c ro se  e x p o su re  d u ra tio n s  was d iffe re n t on each 
occasio n .

3 .4 .4 .  E ffect o f U nilateral Su crose A pplication .

I t  was a n tic ip a te d  th a t  th e  app liance  model would allow th e  e ffec t of 

v a rio u s  ex p erim en ta l cond itions to  be  in v e s tig a te d  a t th e  same time on th e  
d if fe re n t s id es  of th e  ap p lian ce . T h is s tu d y  was d esig n ed  to  determ ine 

w h e th e r th is  a ssu m p tio n  was v a lid , b y  a sc e rta in in g  w h e th er o r no t a  

su c ro se  so lu tion  could b e  app lied  to  one s ide  of th e  device w ithout 
a ffe c tin g  th e  p laq u e  pH on th e  opposite  s id e .

The ap p lian ce  was w orn fo r  one week as d e sc rib ed  in  Section 3 .4 .3 . an d  a t 

th e  en d  of th is  p e rio d  i t  was rem oved from  th e  m outh and  base line  p laq u e  

pH m easurem en ts re c o rd e d  as d e sc rib e d  in  2 .7 .2 . The tro u g h  a re a  on one 
side  th e n  re c e iv e d  fo u r  d ro p s  (app rox im ate ly  2 0 0  jjlI) of a  1 0  % w /v  su cro se  

so lu tion  (se e  3 .4 .2 . )  w h ilst th e  o th e r  s ide  rem ained u n tre a te d . A fte r  one 

m inute th e  ex ce ss  su c ro se  so lu tion  was allowed to  d ra in  from  th e  tro u g h  
a re a  an d  th e  ap p lian ce  was re in s e r te d  in  th e  m outh. The pH of th e  

p laq u e  from  each  s id e  of th e  app liance  was th e n  m easured  d u r in g  th e  

su b se q u e n t 30 min as  d e sc rib e d  in  Section 2 .7 .2 . T his s tu d y  was 
perfo rm ed  on two occasions on one v o lu n te e r , w ith  th e  su cro se  b e in g  

app lied  to  th e  o th e r  s ide  of th e  app liance  on th e  second ru n .

3 .4 .5 .  R esu lts. 

E ffect o f S u crose C oncentration on M icrobiological F lora.

The p red o m in an t cu ltiv ab le  p laq u e  f lo ra , e x p re sse d  as  mean p e rc en ta g e  of 

to ta l c fu , iso la ted  from  enamel sec tions and  s la b s , a f te r  th re e  w eeks’ 

e x p o su re  to  e i th e r  5 % o r  10 % su c ro se , a re  show n in  T ables 3 .19 . and  
3 .20 . T he p ro p o r tio n s  of m icroorganism s fo r  sec tions an d  s lab s  combined 

a re  g iv en  in  T ab le  3 .2 1 . T he s ta tis tic a l an a ly sis  of th e  r e s u lts  ob tained  
in  th is  ex p erim en t is  show n in  T able 3 .22 . O ccasional d iffe ren ces  w ere 

seen  b e tw een  th e  th re e  ex perim en ta l r u n s ,  th e  position  on th e  sec tio n , and  
th e  location  of sec tio n  o r  s lab  on th e  ap p lian ce , an d  th e  s ide  of th e  
app liance  from  w hich th e  p laq u e  w as iso la ted  w ith in  each  tre a tm e n t g ro u p .
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H ow ever, th e re  w as no s ig n ific an t d iffe ren ce  betw een  th e  5 % an d  10 % 
su c ro se  g ro u p s  fo r  a n y  of th e  iso la tes  u n d e r  s tu d y .

The m icrobial co u n ts  from  th e  above ex p erim en t, e x p re sse d  as log1G 

cfu  /mm2 enam el s lab  su rfa c e  a re  show n in  T able 3 .23 . The an alysis  of 

th is  a p p e a rs  in  T ab le  3 .2 4 . ,  an d  again  th e re  is  no s ig n ifican t d ifferen ce  

betw een  m icrobial c o u n ts  ob ta in ed  u s in g  th e  two su cro se  co n cen tra tio n s . 

T h u s , no d iffe ren c e  in  e i th e r  b a c te r ia l coun ts  o r  re la tiv e  p ro p o rtio n s  of 
b a c te r ia  iso la ted  w as fo u n d , w hen com paring th e  5 % an d  10 % su cro se  
a p p lic a tio n s .

E ffect o f S u crose C oncentration on Enamel D em ineralisation.

T he enam el sec tio n s  u s e d  in  th e  experim en t w ere m icro rad iographed  b e fo re  
and  follow ing th e  th re e  w eek s’ su c ro se  ap p lica tio n , to  a sse ss  th e  e x te n t to  

which m ineral lo ss h ad  o c c u rre d . The p a ram e te rs  m easured  a re  show n in  

Table 3 .2 5 . T he in te g ra te d  m ineral loss o v e r th e  experim ental p e rio d  was 
e x p re s s e d  as  th e  Az v a lu e , th is  b e in g  th e  calcu la ted  value  a t  th re e  w eeks 

minus th e  in te g ra te d  m ineral loss m easurem ent a t b ase lin e . The S u rface  

Zone (SZ) a n d  L esion  B ody (LB) v a lues q u o ted  a re  again  th e  changes 

o b se rv ed  in  th e se  p a ra m e te rs  o v e r th e  experim en tal pe rio d  (ie . th re e  week 

value m inus b a s e l in e ) . T hese  p a ram e te rs  have  been  d e sc rib ed  in  Section

2 .4 .2 .

The re s u l ts  show  th a t  neg lig ib le  m ineral loss o c c u rre d , w ith  no s ig n ifican t 

d iffe ren ce  b e tw een  th e  Az an d  SZ v a lu es  fo r  th e  two tre a tm e n ts . A lthough 

th e  LB v a lu es  w ere  v e ry  sm all, th e  dem ineralisa tion  re s u lt in g  from  10 % 

su cro se  is  s lig h tly  la rg e r ,  an d  th is  reach es  s ign ificance  a t  th e  5 % level. 
H ow ever, a s  so little  m ineral loss o c cu rred  on a n y  occasion, th is  is of 

d o u b tfu l re le v an c e .

E ffect o f S u crose C oncentration on Plaque pH M easurem ent.

At th e  e n d  of th e  th re e  w eek ex p erim en ta l p e r io d s , d u r in g  w hich one side  

of th e  ap p lian ce  h a d  re ce iv ed  5 % su c ro se  an d  th e  o th e r  10 % su c ro se , th e  

p laque  pH  on b o th  s id es  of th e  app liance  was m easured  b e fo re  and  
following th e  ap p lica tio n  of 5 % an d  10 % su c ro se  - a  p e rio d  of fo u r h o u rs  
b e in g  le f t  b e tw een  th e  two app lica tions to  allow th e  p laq u e  to  r e tu r n  to
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i ts  r e s t in g  pH ■ T h e  r e s u l ts  of th e  th re e  experim ental r u n s , and. th e  mean 

va lues an d  s ta n d a rd  d ev ia tio n s , a re  shown in  T ables 3 .27 . an d  3 .28 . The 

ApH m easurem ents  (b ase lin e  pH m inus minimum pH ) a re  g iven  in  Table 3 .29 . 

With b o th  5 % an d  10 % su c ro se  app lication  im m ediately p r io r  to  pH 

m easurem en t, w h e th e r  th e  p laq u e  had  been  exposed  to  5 % o r 10 % su cro se  

d u r in g  th e  th re e  w eek g ro w th  p e rio d  d id  n o t s ig n ifican tly  a ffec t th e  ApH 
o r minimum pH v a lu es  (p a ire d  t - t e s t  a n a ly s is ) .

S im ilarly , fo r  th e  p laq u e  ex p o sed  to  5 % o r 10 % su cro se  d u r in g  th e  

ex p erim en ta l p e r io d , w h e th e r the p laque  rece iv ed  5 % o r  10 % su c ro se  

im m ediately p r io r  to  pH m easurem ent d id  no t s ig n ifican tly  a ffec t th e  ApH 
v a lu e s , a lth o u g h  minimum pH was s ig n ifican tly  low er following th e  s ing le  
app lica tion  of 10 % su c ro se  ( p  < 0 .0 1 ).

E ffect o f S u crose C oncentration on Plaque A cid A nions.

In  th is  ex p e rim en t, th e  acid  anion p ro file  of th e  p laq u es  was determ ined  a t 

base lin e  (ie  follow ing th e  th re e  week g ro w th  p e rio d ) an d  s ix  m inutes a f te r  

app lication  of 5 % o r  10 % su c ro se . The re s u lts  a re  g iven  in  T ables 3 .30 . 

and  3 .31 . The mean la c ta te , ace ta te  and  to ta l id en tifiab le  acid

co n cen tra tio n s  a t b ase lin e  ra n g e d  from  1.96 - 4 .40 , 20.39 - 24.67, and  31.31 

- 39.57 nm ol/m g w et w eigh t p laque  re sp e c tiv e ly . Six m inutes following 

su cro se  a p p lica tio n , th e  eq u iv a len t f ig u re s  w ere 21.83 - 28.38, 13.13 - 18.17 

and  46.56 - 57.70 nm ol/m g w et w eigh t p laq u e . S tu d e n t’s t - t e s t  an a ly sis  

of th e  r e s u l ts  show ed th a t  w h e th e r 5 % o r 10 % su cro se  was u sed  d u r in g  
th e  th re e  w eek g ro w th  p e rio d , an d  w h e th e r 5 % o r 10 % su cro se  was 

app lied  follow ing b ase lin e  a n a ly s is , d id  no t s ig n ifican tly  a ffec t th e  s ix  
m inute p ro d u c tio n  of la c ta te , a ce ta te  o r to ta l iden tifiab le  acid  an io n s.

E ffect o f S u crose E xposure Time on Plaque pH M easurem ent.

One w eek old p laq u e  on enamel s lab s  was exposed  to  10 % su c ro se  fo r  

p e rio d s  of o n e , two an d  th re e  m inu tes , as d e sc rib ed  in  Section 3 .4 .3 . ,  and  
m easurem ent of p laq u e  pH was made p r io r  to  an d  following su cro se  

ap p lica tio n . T he  re s u l ts  a re  show n in  F ig  3 .6 , and  i t  can be  seen  th a t  fo r  

each e x p o su re  tim e, th e  m ean va lues show a ty p ica l pH re sp o n se  to  

su c ro se , w ith  th e  ra n g e  in  minimum pH from  5.25 - 5 .48 . One w ay 
analysis  of v a ria n ce  re v e a le d  no s ig n ifican t d ifference  in  th e  ApH o r
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minimum pH v a lu e , in  th e  th re e  g ro u p s  re p re se n tin g  th e  d iffe re n t ex p o su re  

tim es.

E ffect o f U nilateral S u crose A pplication .

pH m easurem ents of p laq u e  on b o th  s id es  of th e  app liance  w ere made 

following u n ila te ra l  ap p lica tio n  of su c ro se , as d e sc rib ed  in  Section 3 .4 .4 . 
The re s u lt in g  p laq u e  pH c u rv e s  a re  shown in  F ig  3 .7 . As th is  experim en t 

was p e rfo rm ed  on on ly  two occasions, s ta t is tic a l analysis  h as  n o t b een  

ca rrie d  o u t, b u t  an  obv ious d iffe ren ce  in  pH re sp o n ses  can b e  see n , w ith 
th e  p laq u e  ex p o sed  to  su c ro se  show ing a ty p ica l S tephan  c u rv e , while th e  

u n ex p o sed  p la q u e  h a d  on ly  a s lig h t pH fa ll.
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SECTION 
5 %

Mean13 (S D )C Median R ange

+ve cocci 12/12 32.5 (14 .5 ) 34.5 4.8  - 54.8
S. m utans 3/12 0.4 ( 1 .2) ND*1 ND - 4 .0
S. san g u is 7/12 12.1 (14 .4 ) 4 .2 ND - 37.5
S. o ralis 9/12 13.4 (13 .0 ) 7 .9 ND - 36.4

-v e  cocci 9/12 8 .4 (10 .4 ) 3.8 ND - 33.3
Veillonella 9/12 8.1 (10 .4 ) 3.8 ND - 33.3

+ve bacilli 12/12 48.4 (20 .5 ) 48.2 20.0 - 83.3
A ctinom yces 12/12 41.0 (21 .9 ) 41.6 7.7 - 78.5
L actobacillus 5/12 4 .0 ( 8 .3 ) ND ND - 26.9

-v e  bacilli 10/12 10.7 ( 8 .4 ) 11.2 ND - 28.0
B actero ides 8/12 8 .3 ( 6 .8 ) 9 .4 ND - 18.2

SECTION 
10 %

F Mean (SD) Median R ange

+ve cocci 12/12 33.3 (17 .9 ) 34.6 6.7 - 58.3
S. m utans 7/12 0.8 ( 2 .7 ) 0.1 ND - 9 .5
S . san g u is 10/12 13.1 (10 .7 ) 10.2 ND - 30.0
S. oralis 12/12 14.8 ( 7 .0 ) 15.6 4 .0  - 25.0

-ve  cocci 9/12 8.2 ( 9 .1 ) 6 .0 ND - 31.8
Veillonella 8/12 6.8 ( 9 .0 ) 4 .0 ND - 31.8

+ve bacilli 12/12 39.0 (27 .8 ) 24.8 4.2 - 86.7

Actinom yces 11/12 32.9 (26 .8 ) 22.8 ND - 76.0

Lactobacillus 8/12 0.8 ( 1 .7 ) 0.1 ND - 5 .0

-v e  bacilli 11/12 19.4 (11 .9 ) 18.6 ND - 36.4

B actero ides 10/12 14.0 (10 .1 ) 14.0 ND - 31.8

^ - Iso lation  f re q u e n c y  ; 13 - Mean p e rc en ta g e  of to ta l cfu  ;
“ S ta n d a rd  dev ia tion  ; d - Not d e tec tab le .

Table 3 .1 9 . % p red o m in an t cu ltivab le  m icroflora iso la ted  from

enam el sec tion  p laq u e  a f te r  3 w eeks’ 5 % an d  

10 % su c ro se  ap p lica tio n s , n=12.
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SLAB 
5 %

F Mean (SD) Median R ange

+ve cocci 12/12 29.8 (25 .8 ) 18.6 0.1 - 73.1
S. m utans 5/12 0 .5  ( 1 .6 ) ND ND - 5 .6
S . san g u is 5/12 6.6  (11 .9 ) ND ND - 38.5
S . o ralis 10/12 21.2 (22 .3) 13.6 ND - 73.1

-v e  cocci 6/12 3.3  ( 4 .0 ) 1 .8 ND - 10.3
Veillonella 6/12 3 .0  ( 3 .6 ) 1 .8 ND - 10.3

+ve bacilli 12/12 52.0  (24 .5) 61.4 7.7 - 75.0
A ctinom yces 12/12 40.8 (24 .4 ) 40.7 7.7 -  75.0
Lactobacillus 5/12 2 .0  ( 4 .4 ) ND ND - 14.8

-v e  bacilli 12/12 14.9 ( 8 .7 ) 13.4 3.6 - 31.0
B actero ides 10/12 11.8 (10 .3 ) 12.0 ND - 28.6

SLAB 
10 %

F Mean (SD) Median R ange

+ve cocci 11/12 22.6 (20 .7 ) 18.6 ND - 56.2
S. m utans 8/12 0 .4  ( 1 .2 ) 0.1 ND - 4 .3
S. san g u is 8/12 9 .9  (11 .9 ) 4 .0 ND - 32.1
S. oralis 5/12 7.9  (10 .3 ) ND ND - 24.1

-v e  cocci 9/12 7 .4  ( 8 .0 ) 4.6 ND - 22.2
Veillonella 9/12 6.8  ( 6 .9 ) 4.6 ND - 20.8

+ve bacilli 12/12 50.7 (25 .3 ) 58.7 7 .4  - 88.9

Actinom yces 12/12 43.8 (21 .6 ) 46.2 7 .4  - 77.8

Lactobacillus 6/12 1 .6  ( 3 .4 ) 0.05 ND - 11.1

-v e  bacilli 12/12 19.2 (17 .3 ) 13.0 3.7 - 59.2

B actero ides 9/12 13.5 (15 .2 ) 8.5 ND - 48.1

Table 3 .20. % pred o m in an t cu ltivab le  m icroflora iso la ted  from

enam el s lab  p laq u e  a f te r  3 w eeks’ 5 

su c ro se  ap p lica tio n s , n=12.

% and  10 a .
' o
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SECTION + SLAB
r*  OK  5s:

F Mean (SD) Median R ange

+ve cocci 24/24 31.1 (20 .5 ) 30.0 0.1 - 73.1
S. m utans 8/24 0 .4  ( 1 .4 ) ND ND - 5 .6
S. san g u is 12/24 9 .4  (13 .2 ) 1.7 ND - 38.5
S. oralis 19/24 17.3 (18 .3) 11.4 ND - 73.1

-v e  cocci 15/24 5.9  ( 8 .2 ) 3 .4 ND - 33.3
Veillonella 15/24 5.6  ( 8 .0 ) 3.4 ND - 33.3

+ve bacilli 24/24 50.0 (22 .2 ) 51.6 7.7 - 83.3
A ctinom yces 24/24 40.9 (22 .7 ) 40.7 7.7 - 78.5
Lactobacillus 10/24 3 .0  ( 6 .6 ) ND ND - 26.9

-v e  bacilli 22/24 12.8 ( 8 .6 ) 12.2 ND - 31.0
B actero ides 18/24 10.0  ( 8 .7 ) 9 .8 ND - 28.6

SECTION + SLAB 
10 %

F Mean (SD) Median R ange

+ve cocci 23/24 28.0 (19 .7 ) 27.4 ND - 58.3
S. m utans 15/24 0.6  ( 2 .1 ) 0.1 ND - 9 .5
S . san g u is 18/24 11.5 (11 .2 ) 8 .0 ND - 32.1
S . o ralis 17/24 11.3 ( 9 .3 ) 12.0 ND - 25.0

-ve  cocci 18/24 7 .8  ( 8 .4 ) 4.6 ND - 31.8

Veillonella 17/24 6 .8  ( 7 .9 ) 4.2 ND - 31.8

+ve bacilli 24/24 44.8 (26 .7 ) 40.4 4 .2 - 88.9

Actinom yces 23/24 38.4 (24 .4 ) 32.8 ND - 77.8

Lactobacillus 14/24 1 .2  ( 2 .6 ) 0 .1 ND - 11.1

-ve  bacilli 23/24 19.3 (14 .5 ) 16.5 ND - 59.2

B actero ides 19/24 13.7 (12 .6 ) 10.0 ND - 48.1

Table 3 .21 . % pred o m in an t cu ltivab le  m icroflora iso la ted  from

enam el sec tion  an d  slab  p laque  a f te r  3 w eeks’ 5 % 

a n d  10 % su c ro se  ap p lica tio n s , n=24.
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T rea tm en t

+ve cocci NS
S. m utans NS

S . san g u is NS

S . oralis NS

-v e  cocci NS

Veillonella NS

+ve bacilli NS
A ctinom yces NS
L actobacillus NS

-v e  bacilli NS
B actero ides NS

NS = Not s ig n ific a n t ; * = p

Position Run Side

** NS NS
NS NS NS
NS NS NS

* NS NS

NS * NS
* * NS

NS * *

NS * **

NS NS NS

NS NS NS
NS NS NS

0.05 ; ** = p  < 0 .01 .

Table 3 .22 .  S ta tis tic a l an a ly sis  of e ffec t of tre a tm e n t,

p o s itio n , ru n  an d  side on p e rc en ta g e  m icrobial 
co u n ts  in  5 % and  10 % su c ro se  p laq u e , ob ta ined  

from  enam el sec tions an d  s lab s .
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5 % su cro se 10 % su cro se

Mean (SD) Mean (SD)

-fve cocci 7.17 (0 .86) 7.02 (0 .90)
S. m utans 1.44 (1 .92) 1.71 (2 .08)
S. san g u is 6.46 (0 .91 ) 6.70 (0 .75 )
S. o ralis 6.98 (0 .88) 6.48 (1 .04)

-v e  cocci 6.44 (0 .53) 6.67 (0 .65)
Veillonella 6.42 (0 .52) 6.66 (0 .65 )

+ve bacilli 7.51 (0 .58) 7.52 (0 .71)
A ctinom yces 7.38 (0 .58) 7.47 (0 .68)
L actobacillus 2.00 (2 .80) 2.33 (2 .60)

-v e  bacilli 7.02 (0 .61) 7.08 (0 .65 )
B actero ides 6.83 (0 .64) 6.74 (0 .66)

Total 7.86 (0 .56) 7.88 (0 .62)

Table 3 .23 .  Mean m icrobial coun ts (log10 cfu/m m 2 enamel slab

su rfa c e )  of enamel s lab  p laque  a f te r  3 w eeks’
5 % an d  10 % su c ro se  ap p lica tio n s , n=12.
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T rea tm en t Position Run Side

-fve cocci NS NS ** NS
S. m utans NS NS * NS
S . san g u is NS NS * NS
S . o ralis NS NS ** NS

-v e  cocci NS NS * NS
Veillonella NS NS * NS

-fve bacilli NS NS *** NS
A ctinom yces NS NS ** NS
L actobacillus NS NS NS NS

-v e  bacilli NS NS * NS
B actero ides NS NS NS NS

Total NS NS *** NS

NS = Not s ig n ific a n t ; * = p  < 0.05 ; ** = p  < 0.01 ; *** = p  < 0 .001.

Table 3 .24 .  S ta tis tic a l an a ly sis  of e ffec t of tre a tm e n t,

p o s itio n , ru n  an d  side  on log1Q m icrobial coun ts 

in  5 % an d  10 % su c ro se  p laq u e , ob ta ined  from  

enam el s la b s .
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5 % SUCROSE
Mean (SE) Median R ange

A z- 93.4  (2 7 .5 ) 65.0 0 .0  -  255.0

SZfe 0.58 (0 .2 1 ) 0.22 0 .0  - 1.98

LBC 0.59 (0 .1 7 ) 0.22 0 .0  - 1.98

10 % SUCROSE
Mean (SE) Median R ange

Az 155.1 (4 0 .5 ) 129.0 0 .0  - 436.0

SZ 1.01 (0 .3 8 ) 0.28 0 .0  - 3.97

LB 1.59 (0 .46 ) 1.08 0 .0  - 4.70

"  “ Az = to ta l m ineral loss ( % vol min x  |nn) : 13 - SZ = S urface  Zone 
( % vol m in) ; c - LB = Lesion B ody ( % vol irnn ).

Table  3 .2 5 . C hange in  dem ineralisation  p a ram ete rs  of enamel

sec tio n s  following 3 w eeks’ 5 % an d  10 % su cro se  
a p p lica tio n s , n=12.

T re a tm e n t Position  R un Side

Az NS NS NS NS

SZ NS NS NS NS

LB * NS NS NS

NS = Not s ig n if ic a n t ; * = p  < 0 .05 .

Table 3 .26 .  S ta tis tic a l an a ly sis  of e ffec t of tre a tm e n t,
p o s itio n , ru n  an d  s ide  on enamel dem ineralisation 
p a ra m e te rs  follow ing 3 w eeks1 5 % an d  10 % su cro se  

ap p lic a tio n s .
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5 % SUCROSE PLAQUE, 5 % SUCROSE IMMERSION

Time (m in) E xperim ental R un Num ber
1 2 3

0 6.88 7.43 7.08
1 6.53 6.32 6.61
3 5.97 5.55 6.12
6 5.88 5.17 5.86

10 5.70 5.68 6.76
15 6.87 6.15 7.40
20 6.78 6.21 7.74
30 6.75 6.68 7.45

Mean (SD)

7.13 (0 .28 ) 
6.49 (0 .15 ) 

5.88 (0 .30) 
5 .64 (0 .40 ) 
6.05 (0 .62 ) 
6.81 (0 .63 ) 
6.91 (0 .77 ) 
6.96 (0 .42 )

5 % SUCROSE PLAQUE, 10 % SUCROSE IMMERSION

Time (m in) E xperim ental R un Num ber

1 2 3 Mean (SD)

0 6.71 7.09 7.29 7.03 (0 .29 )
1 6.92 5.06 6.31 6.10 (0 .95 )
3 6.09 4.86 5.59 5.51 (0 .62 )
6 5.97 4.88 4.97 5.27 (0 .60 )

10 5.14 4.99 5.64 5.26 (0 .34)
15 4.39 6.19 6.74 6.11 (0 .68)
20 6.36 6.37 6.71 6.48 (0 .20 )
30 6.52 6.62 7.23 6.79 (0 .38 )

Table 3 .2 7 . 5 % su c ro se  p laque  pH re sp o n se  in  each of th re e
exp erim en ta l r u n s ,  an d  mean pH re sp o n se , following

im m ersion in  5 % an d  10 % su cro se  fo r  one m inute .
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10 % SUCROSE PLAQUE, 5 % SUCROSE IMMERSION

Time (m in) E xperim ental R un Num ber
1 2 3 Mean (SD)

0 7.65 7.38 7.32 7.45 (0 .18 )
1 5.79 5.82 5.93 5.85 (0 .07 )
3 5.50 5.32 5.54 5.45 (0 .12)
6 5.92 5.74 5.70 5.79 (0 .12)

10 5.56 6.13 6.71 6.13 (0 .58 )
15 5 .70 6.43 7.13 6.42 (0 .58 )
20 6.24 6.49 6.89 6.54 (0 .33 )
30 7.60 6.64 7.08 7.11 (0 .48 )

10 % SUCROSE PLAQUE, 10 % SUCROSE IMMERSION

Time (m in) E xperim ental R un Num ber

1 2 3 Mean (SD)

0 7.14 7.00 7.57 7.24 (0 .30 )

1 6.15 5.17 5.31 5.54 (0 .53 )

3 5.39 4.72 4.94 5.02 (0 .3 4 )

6 5.14 4.83 5.10 5.02 (0 .17)

10 5.68 5.26 6.03 5.66 (0 .38)

15 5.84 6.12 6.71 6.22 (0 .44)

20 6.09 6.39 6.30 6.26 (0 .15)

30 6.71 6.64 6.90 6.75 (0 .13)

T able  3 .2 8 . 10 % su c ro se  p laque  pH re sp o n se  in  each  of th re e
exp erim en ta l r u n s ,  and  mean pH re sp o n se , following

im m ersion in  5 % an d  10 % su cro se  fo r  one m inute.
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5 % SUCROSE PLAQUE

E xperim en ta l R un N um ber 

^ 2 3  Mean (SD)

5 % su c ro se  1.18 2.26 1.22 1.55 (0 .61)

10 % su c ro se  1.57 2.23 2.32 2.04 (0 .41)

10 % SUCROSE PLAQUE

E xperim ental R un Num ber 

1 2  3 Mean (SD)

5 % su c ro se

10 % su c ro se

2.15

2.00

2.06

2.28

1.78

2.63

2.00 (0 .19 ) 

2.30 (0 .32 )

Table 3 .29 .  ApH of 5 % an d  10 % su c ro se  p laq u es  in  each  of

th re e  experim en ta l r u n s ,  and  mean ApH, following 

im m ersion in  5 % an d  10 % su c ro se  fo r  one m inute.
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5 % SUCROSE PLAQUE, 5 % SUCROSE IMMERSION

0
Time (min)

6
Mean (SD) Mean (SD)

Form ate 2.07 ( 1 .01) 1.15 ( 1 .19)
P y ru v a te 2.95 ( 1 .58) 2,93 ( 1 .50)
P h o sp h a te 9.43 ( 6 .13) 6.21 ( 2 .42)
L actate 4.40 ( 2 .65) 21.83 (13.78)
Succinate 1.87 ( 0.88) 1.00 ( 0 .27)
A cetate 24.67 ( 7 .82) 18.17 ( 5 .67)
P rop ionate 3.59 ( 1 .52) 2.56 ( 0 .88)

Total 39.55 (14.78) 47.63 (19.84)

5 % SUCROSE PLAQUE, 10 % SUCROSE IMMERSION

0
Time (min)

6
Mean (SD) Mean (SD)

Form ate 0.69 ( 0 .42) 0.81 ( 0 .73)
P y ru v a te 1.97 ( 0 .88) 2.37 ( 0 .87)
P h o sp h a te 6.05 ( 3 .35) 4.55 ( 1 .64)

L actate 2.52 ( 1 .22) 25.41 (10.88)

Succinate 1.62 ( 0 .74) 1.33 ( 0 .47)

A cetate 21.55 ( 7 .95) 16.30 ( 2 .15)

P rop ionate 3.49 ( 1 .91) 2.38 ( 0 .88)

Total 31.83 (12.04) 48.61 (14.68)

T able  3 .3 0 . 5 % su c ro se  p laque  acid  an ions (nm ol/m g w et w eigh t
p la q u e ) b e fo re  and  6 m inutes following immersion
in  5 % an d  10 % su c ro se , fo r  one m inute , n=3.
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10 % SUCROSE PLAQUE, 5 % SUCROSE IMMERSION

Time (min)
0 6

Mean (SD) Mean (SD)

Form ate 0.96 ( 1 .09) 1.58 ( 0.86)
P y ru v a te 2.88 ( 1 .72) 3.46 ( 1 .45)
P h o sp h a te 9.94 ( 8 .71) 8.24 ( 3.78)
L ac ta te 4.35 ( 3 .49) 28.38 ( 7 .94)
S uccinate 2.10 ( 1 .36) 1.25 ( 0 .49)
A cetate 21.42 ( 9.74) 19.85 ( 2 .37)
P rop ionate 4.43 ( 2.62) 3.18 ( 0 .88)

Total 36.13 (19.04) 57.70 ( 9 .88)

10 % SUCROSE PLAQUE, 10 % SUCROSE IMMERSION

0
Time (min)

6
Mean (SD) Mean (SD)

Form ate 1.06 ( 0 .51) 0.43 ( 0 .75)
P y ru v a te 3.10 ( 1 .48) 3.36 ( 1 .51)
P hosphate 6.50 ( 3 .64) 5.09 ( 2 .86)
L actate 1.96 ( 1 .04) 26.52 (11.72)

Succinate 1.28 ( 0 .64) 1.17 ( 0 .08)

A cetate 20.39 (11.82) 13.13 ( 4 .78)

P rop ionate 3.52 ( 2 .19) 1.95 ( 0 .64)

Total 31.31 (16.58) 46.56 (18.75)

T able 3 .3 1 . 10 % su c ro se  p laq u e  acid  anions (nm ol/m g w et w eight
p la q u e ) b e fo re  an d  6 m inutes following im m ersion

in  5 % an d  10 % su c ro se , fo r  one m inute , n=3.
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F ig . 3 .6 .  Mean (SD) p laque pH resp on se to  one (sq u a re ), two (c irc le ) 

and th ree  (tr ia n g le) m inute exp osu re to  a  10 % su crose  

so lu tio n , n=3.
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F ig . 3 .7 .  Mean (SD) plaque pH resp on se to  unilateral 10 % su crose
ap p lication , on exp osed  (sq u are) a n d  u n exp osed  (c irc le ) s id e s ,

n=2.
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3 .4 .6 .  D iscu ssio n .

Many s tu d ie s  h av e  show n la rg e  d iffe ren ces  in  th e  b a c te ria l com position of 
p laq u e  o b ta in ed  from  d if fe re n t too th  s ite s  and  a t d iffe re n t tim es of 
sam pling . T he  v e ry  la rg e  v a ria tio n  ob ta ined  fo r  p e rc en ta g e s  of cocci an d  

bacilli in  p laq u e  sam ples h a s  m eant th a t  i t  is  v e ry  d ifficu lt to  ob ta in  a 

b ase lin e  fo r  p laq u e  b ac te rio lo g y  ag a in s t w hich changes p ro d u ced  b y  d ie t 
can b e  m easu red  (B ib b y , 1976).

T his d iff icu lty  w as a p p a re n t in  th e  p re s e n t  s tu d y  s in ce , a lth o u g h  th e  u se  

of one su b jec t e lim inated th e  problem  of in te r -s u b je c t v a ria tio n  an d  th e  
s ite s  sam pled w ere in  close p rox im ity  on each  side of th e  ap p lian ce , 

s ig n ific an t d iffe ren c es  in  th e  p ro p o rtio n  of some b a c te ria  o c cu rred  w ith  
re g a rd  to  p o s itio n , s id e  an d  r u n .

As a co n sequence  of su ch  p rob lem s, inform ation available from  o th e r  
s tu d ie s  on  th e  e ffe c t of d ie t on p laque  composition is m ainly lim ited to  

th e  d iffe ren ces  in  th e  p e rc e n ta g e  d is tr ib u tio n  of specific  b a c te r ia , su c h  as 

s trep to co cc i an d  lactobacilli (Folke e t a l . , 1972; S taa t e t a l . , 1975; Minah 
e t al_., 1985) an d  th e  b u lk  of p laque  form ed on th e  su rface  (C arlsso n  & 
E g e lb erg , 1965). In  a d d itio n , th e  co n cen tra tio n , f re q u e n c y  an d  m ethod of 
ap p ly in g  su c ro se  h as  v a rie d  in  d iffe ren t s tu d ie s , an d  th e re fo re  a 

com parison of b a c te r ia l f lo ra  ob ta ined  from th e  p laq u es  exposed  to  5 % 
and  10 % su c ro se  in  th is  s tu d y , cannot be  d ire c tly  com pared w ith  o th e r  
s tu d ie s  w here  th e  e ffec t of su cro se  on smooth su rface  p laq u es  was 

in v e s tig a te d . T he com position of th e  m icrofloras ob tained  in  th is  s tu d y , 

from th e  p laq u e  sam ples ex posed  to  5 % an d  10 % su cro se  so lu tions d u r in g  
th e  th re e -w e e k  g ro w th  p e rio d  w ere , how ever, w ith in  th e  ra n g e  of re s u lts  
ob tained  from  o th e r  s tu d ie s  on m ature  smooth su rface  p laq u es  (van  

P a len ste in  H elderm an, 1981).

P re lim in ary  s tu d ie s  in v o lv in g  th e  same ind iv idua l h ad  shown th a t  d ire c t 
e x tra -o ra l  10 % su c ro se  app lications h ad  caused  no change in  p laque  
m icrobial com position , an d  little  in c rease  in  dem ineralisation of enamel 

sec tio n s , com pared to  u n s tre s s e d  p laq u e . I t  was considered  th a t  th e  lack  
of in c re a se  in  m ineral loss may have  b een  due  to  th e  re la tiv e ly  h ig h  
su cro se  c o n ce n tra tio n  in h ib itin g  th e  p laque  m icroflora. T his s tu d y  was 
th e re fo re  p e rfo rm ed  to  a s s e s s  w h e th e r f re q u e n t e x tra -o ra l app lications of
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5 o su c ro se  would, p ro d u c e  a change in  th e  microbial com position an d  an  

in c re a se  in  dem in era lisa tio n , com pared to  th e  e ffec t of 10 % su c ro se  
a p p lic a tio n s .

No s ig n ific a n t d iffe ren c e  in  th e  com position of th e  p redom inant cu ltivab le  

flo ra  was fo u n d  b e tw een  th e  two su cro se  co n cen tra tio n s , w ith  re g a rd  to  

e ith e r  th e  re la tiv e  p ro p o r tio n  of th e  to ta l cu ltivab le  flo ra  o r coun ts  p e r  

mm2 enam el. T h is  in c lu d ed  th e  S tr e p , m utans and  L actobacillus sp p . 
w hich com prised  on ly  a  small frac tio n  of th e  m icroflora u n d e r  b o th  

tre a tm e n t c o n d itio n s . I t  th e re fo re  ap p ea rs  th a t  w hen com paring th e  two 

co n cen tra tio n s  of su c ro se  no p a r tic u la r  b a c te ria l species w ere se lec ted  b y  
one c o n c e n tra tio n , a n d  th a t  o th e r  fa c to rs  in flu en c in g  th e  m icroenvironm ent 

s u r ro u n d in g  th e  sam pling  s ite s  and  th e  norm al b ack g ro u n d  d ie t of th e  

in d iv id u a l, may h av e  b e en  a t  le a s t as im portan t in  de term in ing  th e  
b ac te ria l com position of th e  p laq u e  sam ples.

As th e  p la q u e  w hich accum ulated  d u r in g  th e  th ree -w eek  experim en tal 

p e rio d s  was re q u ire d  fo r  pH m easurem ents an d  acid  anion a n a ly s is , in  
add ition  to  m icrobiological s tu d ie s , su ffic ien t m aterial was n o t availab le fo r  
w eigh ing , a n d  th e re fo re , w h e th e r o r n o t e ith e r  of th e  co n cen tra tio n s  
p ro d u ced  a  g re a te r  b u lk  of p laque  b y  th e  p ro d u c tio n  of e x tra -c e llu la r  

p o ly sac c h a r id e s , is  n o t know n.

The am ount of d em in era lisa tion , m easured  as  th e  change in  to ta l m ineral 
loss from  th e  b a se lin e , on th e  enamel sec tions following ex p o su re  to  th e  

su cro se  so lu tio n s , was minimal. H ow ever, th e  changes th a t d id  occu r 

showed a  s lig h t in c re a se  in  th e  mean Az, su rface  zone and  lesion  b o d y  
values in  sec tio n s  w hich h ad  rece iv ed  10 % su c ro se , w ith th e  d iffe ren ce  
betw een  th e  two su c ro se  co n cen tra tio n s  re a ch in g  sig n ifican t levels  fo r  

lesion b o d y  v a lu e s . A s tu d y  b y  T eh ran i and  co-w orkers (1986), m easu ring  

th e  ch an g es  in  m ineral co n ten t of enamel slabs m ounted on an  in tra -o ra l  
app liance a n d  ex p o sed  to  5 % an d  10 % glucose m outh rinses fo r  va rio u s  
le n g th s  of tim e, fo u n d  th a t  th e  dem ineralisation , m easured  b y  change in  
iodide p e rm eab ility , w as h ig h e r  w ith  th e  10 % glucose so lu tion , p a r tic u la r ly  

fo r s h o r t  r in s in g  p e r io d s . G lucose was u sed  in  th is  s tu d y , since  p rev io u s  
work h ad  show n th a t  i t  p ro d u c e s  enamel dem ineralisation sco res  sim ilar to  
th a t of su c ro se  (B ru d ev o ld  e t  a l . , 1983), a n d  th e  fo rm er s u g a r  is  e a s ie r  to  

m easure in  s tu d ie s  on s a liv a ry  c lea ran ce .
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L agerlo f a n d  c o -w o rk e rs  (1985) s tu d ie d  th e  e ffec ts  of d iffe re n t 

c o n cen tra tio n s  of su c ro se  on pH changes p ro d u ced  b y  S tr e p , m itior in  an 

a rtif ic ia l m outh . T h e y  fo u n d , in  a system  w hich sim ulates th e  p ro c e ss  of 

o ra l s u g a r  c lea ra n c e , th e  pH fall was d ep en d en t on in itia l su c ro se  
co n cen tra tio n  u p  to  10 -o, b u t  was in d ep en d en t of h ig h e r  c o n cen tra tio n s .

The m ethod u se d  in  th e  p re s e n t  s tu d y  involved  im m ersing th e  te s t  s ite s  of 

th e  ap p liance  in  th e  su c ro se  so lu tion  fo r  p e rio d s  of one m inute, w ith  th e  
so lu tion  b e in g  k e p t  a t  room te m p e ra tu re  and  th e  appliance b e in g  rep laced  

in  th e  m outh a f te r  th e  su c ro se  h ad  b een  allowed to d ra in  from  th e  tro u g h  
a re a . 'While th is  p ro c e d u re  is d iffe ren t to  th e  in  vivo r in s in g  an d  in  

v itro  a rtif ic ia l m outh sy stem s d e sc rib ed  above, th e  re s u lts  of th is  s tu d y  
also fo u n d  th a t  th e  app lication  of a 10 % su cro se  so lution to  th re e -w ee k  

p laq u e  p ro d u c e d  a la rg e r  fa ll in  p laque pH th a n  d id  a 5 % so lu tio n , 

a lth o u g h  th e  p la q u es  ex p o sed  to  th e  d iffe re n t so lu tions o v e r th e  th re e -  
w eek ex p erim en ta l p e rio d s  d id  n o t show an y  sig n ifican t d iffe ren ces  in  th e ir  
re sp o n se  to  th e  ap p lica tio n  of su cro se  so lu tions.

The c o n cen tra tio n s  of acid  an ions p re s e n t  in  th e  fa s tin g  an d  re s t in g  p laq u e  
sam ples w ere  sim ilar to  th o se  ob ta ined  from  o th e r  s tu d ie s  (G eddes, 1975; 
D is tle r & K ro n ck e , 1983), th e  to ta l iden tifiab le  acid  co n sis tin g  m ainly of 

v o la tile s, w ith  a ce ta te  b e in g  p re s e n t  in  h ig h e s t co n cen tra tio n . The 

p laques a n a ly se d  from  sam ples rem oved following app lication  of b o th  5 % 

and  10 % su c ro se  so lu tio n s  showed sim ilar re sp o n se s , w ith  an  in c re a se  in  
th e  to ta l co n cen tra tio n  of id en tified  acid . L actate  showed th e  g re a te s t  

in c re a se , while th e  co n cen tra tio n s  of a ce ta te  and  p ro p io n a te  b o th  
d e c rea se d . T h ese  f in d in g s  w ere  again  sim ilar to  o th e r  re s u lts  (G eddes, 
1975), a n d  no s ig n ific an t d iffe ren ces  w ere found  betw een  th e  d a ta  
ob ta ined  fo r  th e  d if fe re n t co n cen tra tio n s  of su c ro se . The re s u lts  of th e  

p laque  re sp o n se  to  v a rio u s  d u ra tio n s  of 10 % su cro se  ex p o su re  show ed th a t  
th e  minimum pH a n d  th e  maximum change in  pH from  re s t in g  levels 

o c cu rred  follow ing two m in u tes’ app lication  of su c ro se . L agerlof an d  co
w o rkers  (1985) fo u n d  th a t  ex p o su re  of b a c te r ia , in  an  a rtific ia l m outh 

system , to  su c ro se  fo r  a  p e rio d  of two m inutes gave an  alm ost maximum 
pH fall com pared to  th e  pH  fa ll re s u lt in g  from  much lo n g e r e x p o su re s . 
No s ig n ific an t d iffe ren c es  w ere  fo u n d  in  th e  p re s e n t  s tu d y  betw een  th e  
one, two a n d  th re e  m inute ap p lica tio n s , as th e  p laque  rece iv in g  th e  one
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m inute ap p lica tio n  p ro d u c e d  ulmost th e  same pH re sp o n se  as th e  p laq u e  
exposed  fo r  lo n g e r  p e rio d s  of tim e.

As th e  10 % su c ro se  p ro d u c e d  a g re a te r  fall in  p laque pH , an d  s lig h tly  
more d em in era lisa tio n , com pared to  th e  5 % so lu tion , and  did  no t a p p e a r  to  

be  in h ib ito ry  to w ard s  a n y  of th e  p laque  flo ra , i t  was decided  to  u se  10 % 
su c ro se  in  th e  main dem ineralisa tion  s tu d y .

F req u e n c y  of su c ro se  app lica tion  has  o ften  b e en  shown to  be  im p o rtan t 

re g a rd in g  th e  in itia tio n  of dem ineralisation (R u g g -G u n n , 1983). 

C o n seq u en tly  su c ro se  so lu tions w ere app lied  n ine times da ily , b o th  in  th is  
p re lim in a ry  in v e s tig a tio n  an d  in  th e  su b se q u e n t s tu d y . T his fre q u e n c y  of 
su c ro se  ap p lica tio n  was u se d  in  th e  in  vivo s tu d ie s  of von d e r  F e h r an d  
co -w o rk ers  (1970) a n d  G eddes an d  co -w orkers  (1978).

Since i t  was im p o rtan t th a t  th e  su b jec ts  followed th e  experim en tal 
p ro to co ls , a ttem p ts  w ere  made in  th e  main s tu d y  to  make th e  f r e q u e n t 

su cro se  ap p lica tio n s  as e a sy  as possib le  fo r  v o lu n tee rs  b y  g iv in g  them  

d ro p p e r  b o ttle s  w hich w ere  k e p t a t room te m p era tu re . The b o ttle s  w ere 

u sed  to  d isp en se  th e  su c ro se , w hich was app lied  fo r  only  one m inute, s ince  
th e  p re lim in a ry  r e s u l ts  h a d  show n th a t  th is  p ro d u ced  a change in  pH 

sim ilar to  th a t  o b ta in ed  from  lo n g er app lica tions.

The re s u l ts  o b ta in ed  from  th e  s tu d y  on u n ila te ra l su cro se  ex p o su re  show ed 
th a t  on ly  a  small ch an g e  in  p laq u e  pH o c cu rred  on th e  opposite  s ide  of 
th e  ap p lian ce , an d  i t  was th e re fo re  considered  sa tis fa c to ry  to  com pare th e  
e ffec ts  of su c ro se  a n d  no s t r e s s in g  on th e  p laque flo ra  an d  changes in  

m ineral c o n ten t of enam el, a t  th e  same time on opposite  s id es  of th e  

app liance .
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3 .5 .  V ariation in  Enamel S u scep tib ility  to  D p m in pr a l is a t in n  -  A n in  

v itro  S tu d y .

3 . 5 . 1 .  In trod u ction .

One of th e  d iff icu ltie s  of a tte m p tin g  to  in v e s tig a te  th e  composition of th e  

p laq u e  flo ra  a sso c ia ted  w ith  enamel dem ineralisation  is  th e  va ria tio n  in  th e  
su sc e p tib ili ty  of th e  t is su e  to  cariogen ic  challenge. In  add ition  to  

p e rm ittin g  th e  a sse ssm en t of m ineral co n ten t to  be  made b o th  p r e -  and  
p o s t-e x p e r im e n ta lly , th e  u se  of th in  enam el sec tions in  th is  s tu d y  allowed 

m ultiple specim ens to  b e  p re p a re d  from  a sing le  too th  fo r  u se  b o th  on 

opposite  s id es  of an  app liance  w ith in  a  su b jec t an d  in  d iffe ren t su b jec ts  as 

d e sc rib e d  in  Section  2 .3 .2 . H ow ever, in v estig a tio n s  have  shown th a t  
d iffe ren ces  in  ca r ie s  su sc e p tib ility  o ccu r even  on d iffe ren t s ite s  on th e  

same to o th  (d e  G root e t a L , 1986) an d  th is  s tu d y  was th e re fo re  desig n ed  

to  com pare th e  v a ria tio n  in  su sc e p tib ility  w hich o c cu rred  betw een  i] 

sec tio n s  o b ta in ed  from  d iffe re n t te e th , ii] sec tions ob tained  from  th e  
same to o th , a n d  iii] d iffe re n t s ite s  on each  enamel sec tio n , u s in g  a 
s ta n d a rd  in  v itro  dem in era lisin g  system .

In a d d itio n , fo r  sec tio n s  o b ta ined  from two te e th , one of th e  sec tions was 

a b ra d ed  on th e  o u te r  enam el su rfa c e , while th e  o th e r  section  was n o t, in  
an a ttem p t to  de term ine  w h e th e r an  in c re a se d  am ount of dem ineralisation , 

and  a more un ifo rm  p a t te r n  of m ineral lo ss , o c cu rred  on ab rad ed  sec tio n s .

3 .5 .2 .  M ethods.

Two of th e  enam el sec tio n s  p re p a re d  from  each too th  and  u sed  to  p ro v id e  
sec tions fo r  th e  in  s itu  dem ineralisation  s tu d y , d e sc rib ed  in  C h ap te r IV , 
w ere em ployed in  th is  ex p erim en t. T he sec tions w hich w ere to  be  le ft 

in ta c t , w ere  c u t ,  h a n d -g ro u n d  to  a  fina l th ick n ess  of 100-120 |JLm , an d  

ra d io g ra p h e d  as d e sc r ib e d  in  Sections 2 .3 . an d  2 .4 .1 . F or th e  a b ra d ed  
sec tio n s , th e  h a lf  of th e  to o th  from  w hich th e  sec tions w ere to  be  
o b ta in ed , w as a b ra d e d  to  a  d e p th  of approx im ate ly  100 pm, p r io r  to  

sec tio n in g . T he  sec tio n s  o b ta in ed  w ere th e n  g ro u n d  an d  rad io g rap h ed  as 
ab o v e . F u r th e r  d e ta ils  of th e  a b ra d in g  p ro c e d u re  will b e  g iven  in  Section
4 .4 .2 . T he  c u t s u r fa c e s , of b o th  a b ra d e d  an d  n o n -a b ra d ed  sec tions w ere
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then  co v ered  w ith two coats of nail v a rn ish  (see  2 .3 .5 . ) ,  b u t  on th is  
occasion th e  o u te r  enam el edge was le ft com pletely u n v a rn ish e d .

Each sec tio n  was th e n  p laced  in  a sep a ra te  p la s tic  b ijou b o ttle  con ta in in g  
5 ml of a  d em in era lis in g  so lu tion  (see  A ppendix  I I I ) .  T he so lu tion  was 

ch an g ed  d a ily , an d  a f te r  one w eek, th e  sec tions w ere rem oved from th e  

b o ttle s  an d  re - ra d io g ra p h e d . The image of th e  enamel on each  sec tion  

was d iv ided  in to  fiv e  equal p o rtio n s  from  th e  occlusal to  th e  cerv ica l 

m argin an d  m icrodensitom etric  assessm en t of changes in  m ineral co n ten t 
(see  2 .4 .2 . )  in  each  of th e se  five  s ite s  was m ade. A com parison of th e  

am ount of dem ineralisa tion  was made b o th  betw een one sec tion  and  
an o th e r an d  also  am ong d iffe re n t a re as  of th e  same sec tion .

3 .5 .3 .  R esu lts.

S u scep tib ility  o f Enamel to  D em ineralisation.

The mean Az of th e  fiv e  p o sitions on each sec tio n , and  fo r  b o th  sec tio n s  
from each  to o th  com bined, a re  show n in  Table 3 .32 . A nalysis of v a rian ce  

showed no s ig n if ic a n t d iffe ren ce  in  th e  mean Az of th e  e ig h t te e th , an d  no 
s ig n ifican t d iffe ren c e  b e tw een  th e  mean Az of th e  two sections from  each  

to o th . H ow ever, i t  can  b e  seen  from th e  values of th e  s ta n d a rd  e r r o r  of 
th e  mean th a t  th e re  w ere la rg e  d iffe ren ces  in  th e  am ount of dem ineralis

ation p ro d u c e d  on th e  fiv e  s ite s  on each sec tio n . The mean Az values fo r
each s ite  on each  to o th  a re  g iv en  in  Table 3 .33 . R esu lts  a re  shown fo r

only s ix  of th e  te e th ,  as in  th e  o th e r  tw o, th e  su rface  of one sec tion  was 
ab rad ed  a n d  th e  o th e r  n o n -a b ra d e d , an d  th e re fo re  com bining th e  re s u lts  

from th e  two sec tio n s  would no t b e  a p p ro p ria te . On two occasions, th e  
am ount of dem ineralisa tion  a t  position  five  was so g re a t th a t  th e  enamel 
su rface  was d e s tro y e d , a n d  q u an tifica tio n  of m ineral loss was no t p o ssib le . 

T hese two s ite s  w ere  th e re fo re  excluded  from s ta tis tic a l an a ly sis  w hich 
s till, h o w ev er, re v e a le d  h ig h e r  levels of dem ineralisation  in  position  five 

(ie . th e  ce rv ica l re g io n  of th e  s e c tio n ) , com pared to  all o th e r  s ite s  on th e  

sections ( p  < 0 .0 5 ) .

A sum m ary of th e  r e s u l ts  fo r  each  p o s itio n , fo r  all n o n -a b ra d e d  sections 

com bined, is  g iv en  in  T ab le  3 .3 4 . ,  w here  th e  h ig h e r  level of dem ineral

isation  in  p o s itio n  fiv e  can  b e  seen  more c lea rly .
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For the  two a b ra d e d  enam el s e c tio n s , th e  m ean Az v a lu e s  fo r  e ach  

position a re  show n in  T ab le  3 .3 5 . A lth o u g h  th e r e  w as a t  le a s t a s  m uch 

variation in m ineral lo ss  a t d if f e re n t p o s itio n s  a n d  b e tw een  th e  tw o 

sections, th e  am ount of d em in e ra lisa tio n  w as g r e a te r  th a n  th a t  w h ich  
occurred in  n o n -a b ra d e d  s e c tio n s  ( p  < 0 .0 5 ) .
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T ooth Section 1 Section 2 Sections
(S E )a (SE) (SE)

1 3608 3125 3367
(1640) (598) (731)

2 4194 2888 3541
(971) (961) (670)

3 2879 1347 2113
(753) (394) (470)

4 1283 1652 1447
(470) (467) (312)

5 2348 3256 2802
(807) (662) (508)

6 2360 2968 2630

(866) (537) (495)

7 3171 4198* 3685

(957) (417) (492)

8 1378 3534* 2456

(603) (1219) (726)

a  = S ta n d a rd  e r r o r  of th e  mean ; * = A braded  enamel sec tio n s .

Table 3 .32 .  Mean Az (% vol min x  jjun) of enamel sec tions ob ta ined
from  e ig h t te e th , following in  v itro  dem ineralisation 

fo r  one w eek, n=5.
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NORMAL ENAMEL

Position
T ooth  1 2 3 4 5

(SE) (SE) (SE) (SE) (SE)

1892
(1452)

4262
(489)

3872
(2748)

1586
(1261)

5220
(1667)

3226

(991)

3532
(1260)

864
(843)

4470
(2128)

5614
(34)

1695

(237)

846

(472)
3631

(1216)
1194
(616)

3202
(1301)

640

(524)

1381
(864)

1328
(892)

1656
(376)

3009
_ *

2554
(739)

880
(275)

3951
(1233)

3170
(1864)

3447
(632)

4172
(401)

2020
(2025)

2706

(114)

1146
(323)

3585

* = U nm easureab le  due  to  d e s tru c tio n  of enamel su rface ,

T ab le  3 .3 3 . Mean Az (% vol min x  \xm) of enamel sec tion  positions
ob ta in ed  from  six  n o n -ab rad ed  te e th , following in  

v itro  dem ineralisation fo r  one w eek, n=2.
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NORMAL ENAMEL

P osition Mean (SE) Median R ange

1 2058 (416) 1874 118 - 4572

2 2011 (451) 1572 0 - 4788

3 2672 (515) 2505 24 - 6611

4 2443 (513) 1919 329 - 6592

5* 4092 (404) 3831 1905 - 6882

* = 2 s ite s unm easu reab le  due to d e s tru c tio n  of enamel su rfa c e .

T able 3 .34 . O verall Az (% vol min x  pm) of enamel section
positio n s  from  n o n -ab rad ed  te e th , following one 
w eek in  v itro  dem ineralisation , n=12.

ABRADED ENAMEL
Position  Mean (SE) Median R ange

1 2687 (1037) 2687 1653 - 3721

2 5382 (1992) 5382 3395 - 7368

3 2803 (1043) 2803 1763 - 3843

4 2912 (1391) 2912 1525 - 4298

5 5549 ( 186) 5549 5363 - 5735

Table 3 .35 .  O verall Az (% vol min x  pm) of enamel section
p o sitio n s  from  ab rad ed  te e th , following one week 

in  v itro  dem ineralisation , n=2.
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3 .5 .4 .  D iscu ssio n .

I t  is  re co g n ised  th a t  hum an te e th  v a ry  in  su sc e p tib ility  to  th e  developm ent 

of dem ineralisa tion  (N ik ifo ru k , 1985), and  th a t  even  d iffe ren t p a r ts  of th e  

same to o th  h av e  v a ry in g  p red isp o sitio n s  to  carious a tta c k  (de  Groot e t  a l . , 
1986). T he r e s u lts  of th is  s tu d y  g en era lly  ag ree  w ith  th e se  f in d in g s , w ith  
th e  e x te n t of dem ineralisa tion  v a ry in g  as m uch a t  d iffe ren t s ite s  on th e  

same to o th , as be tw een  te e th . The reaso n  fo r  th e  v a ry in g  su sc e p tib ility  
is n o t know n, b u t  one p o ssib ility  is th o u g h t to  be  th e  inhom ogeneity  of 
th e  enam el flu o rid e  co n ten t (W eatherell e t a h , 1977). F luoride is 
in c o rp o ra te d  in to  th e  su rfa ce  enamel d u r in g  localised ep isodes of d e - an d  
rem in era lisa tio n  an d  th e n  h as  an  in h ib ito ry  in fluence on fu r th e r  caries  
developm ent (L a rse n  8s F e je rsk o v , 1977).

In  th is  s tu d y , s ig n ific an tly  g re a te r  dem ineralisation o ccu rred  a t  th e  
cerv ica l re g io n s  of th e  te e th  th a n  a t an y  o th e r a rea  of th e  enamel 

sec tio n s . H ow ever, C rean o r and  co -w orkers (1988) found  th e  opposite , 
w ith  more m ineral loss a t  th e  inc isal a re a . One possib le  exp lanation  fo r  
th e  r e s u l ts  of th e  la t te r  s tu d y  is th a t  on buccal su rface s  more d e -  and  
rem in era lisa tio n  ep isodes occu r ad jacen t to  th e  g ing ival m argin  w here  
p laq u e  accum ulation is  g r e a te s t . Hence th e  fluo ride  th e re b y  p re c ip ita te d  
may h av e  h ad  a  p ro te c tiv e  e ffec t on enamel d u rin g  th e  su b se q u e n t in  

v itro  s tu d y . H ow ever, in  b o th  s tu d ie s , th e  te e th  u sed  h a d  b een  e x tra c te d  
fo r o rth o d o n tic  p u rp o se s  an d  th e re fo re  h ad  no t been  e ru p te d  long enough  
fo r m any ep isodes of d e - an d  rem ineralisation  to  have o c cu rred . I t  is 
conceivable th a t  as  te e th  e ru p t  th is  p ro cess  could o ccu r a t  successiv e  
levels on th e  to o th  s u rfa c e , as each  form s th e  g ingival m argin  fo r  a  p e rio d  
of tim e. In  a  new ly  fu lly  e ru p te d  to o th , th e re fo re , th e re  may no t have  
b een  su ffic ie n t time fo r  th e  cerv ica l m argin  to  have exp erien ced  episodes 
of d e -  an d  rem in era lisa tio n , th u s  no p ro tec tiv e  e ffect would be  seen  a t 
th is  s i te . T h is  is  a  p o ssib le  exp lanation  fo r  th e  fin d in g s  of th e  p re s e n t  
s tu d y , w here  m ore m ineral loss o ccu rred  a t  th e  cerv ica l reg io n  of th e  
to o th , while o th e r  a re a s  ex p erienced  a sim ilar, le s s e r , am ount of 
dem ineralisation. O th e r possib le  explanations fo r  v a ry in g  enamel
su scep tib ility  in  d if fe re n t a re as  of a  to o th  a re  th e  v a ry in g  o rien ta tio n  of 

c ry s ta li te s  a n d  p rism s w ith in  th e  enam el, a ffec tin g  th e  perm eab ility  of th e  
enamel su rfa c e  (S h ellis , 1984), an d  th e  fac t th a t th e  composition of enamel
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is  n o t hom ogeneous, w ith  cerv ica l enamel h av in g  a low er m ineral d e n s ity  
th a n  occlusal enam el (Poole e t a l . , 1981).

de G root a n d  co -w o rk ers  (1986) fo und  th a t  a b ra d in g  th e  enamel su rface  
re s u lte d  in  lesions th a t  w ere b o th  la rg e r  and  more hom ogeneous com pared 
to  th o se  fo u n d  on n o n -a b ra d ed  sec tio n s , as ab rasio n  rem oved th e  su rfa ce  
la y e r  co n ta in in g  i r r e g u la r  am ounts of flu o rid e . While th e  c u r re n t  s tu d y  
show ed th a t  a b ra s io n  of th e  enamel su rface  was assoc iated  w ith  g re a te r  
am ounts of dem inera lisa tion , la rg e  va ria tio n s  in  m ineral loss w ere s till 
seen . T h is may re f le c t th e  fac t th a t  ab rasio n  of only  100 |Jim was made 
in  th is  s tu d y , while de G root an d  co -w orkers a b ra d ed  th e ir  sec tions to  a  
maximum d e p th  of 500 |un. A lthough , o vera ll, more dem ineralisation 
o c cu rred  in  a b ra d e d  sec tio n s , considerab le  v a ria tio n  in  su sc e p tib ility  was 
s till s ee n , an d  th e re fo re  n o n -a b ra d ed  sections w ere u sed  in  th e  main in  
s itu  ex p erim en t d e sc rib e d  in  C h ap ter IV.

I t  h a s  to  b e  re co g n ised  th a t  an  in  v itro  s tu d y  cannot rep ro d u ce  a c c u ra te ly  
th e  cond itions of th e  o ra l env ironm ent. T h e re fo re , a lth o u g h  re s u lts  

show th e  v a ria b ility  in  th e  su sc e p tib ility  of enamel to  dem ineralisa tion , 
care  m ust b e  ta k en  w hen ex trap o la tin g  to  th e  in  vivo s itu a tio n .

As i t  h as  b een  dem o n stra ted  th a t  th e re  is as much varia tion  in  enamel 
su sc e p tib ility  w ith in  th e  same to o th  as betw een te e th , th e re  is no 
a d v an tag e  in  e n su r in g  th a t  all sections u sed  in  an  experim ent a re  d e riv ed  
from  th e  same to o th . I t  h as  to  be accep ted  th a t  th is  v a ria b ility  e x is ts  
and  is unavo idab le  if  one is a ttem pting  to  in v estig a te  th e  re la tio n sh ip  
betw een p laq u e  m icroflora and  th e  in itia tion  of enamel dem ineralisation , 
and  th is  h as  to  b e  b o rn e  in  mind w hen in te rp re tin g  th e  re s u l ts .  In  th e  
main s tu d y , in  o rd e r  to  re d u c e  th e  v a riab ility  in  su scep tib ility  of d iffe ren t 
reg io n s  on th e  to o th  , th e  ex trem ities of th e  sections w ere ex c lu d ed , and  
th e  ’’w indow s” w ere s ite d  so as to  co rresp o n d  w ith positions two an d  fo u r  

as d e sc rib e d  in  th is  in  v itro  s tu d y .

207



3 .6 . C onclusions.

From th e  re s u l ts  of th e  p re lim in a ry  experim ents d e sc rib ed  in  th is  C h ap te r,
i t  was d ecided  th a t  th e  following tech n iq u es  an d  m ethodology would be
u sed  in  su b se q u e n t in v e s t ig a tio n s : -

i] On th e  in  s itu  app lian ce , enamel sections would be  u se d  fo r
co rre la tio n  of p laq u e  m icroflora and  dem ineralisation , while
enam el s lab s  would be  u sed  fo r  assessm en t of abso lu te  m icrobial 
c o u n ts .

ii] Enamel te s t  s ite s  would be  located  a round  th e  cen tra l positions
of th e  enam el sec tio n s , in  an  a ttem p t to red u ce  th e  known

v a ria b ility  of th e  s ite s  w ith  re g a rd  to  su sc e p tib ility  to
d em in era lisa tio n .

iii] S u c ro se , in  a co n cen tra tion  of 10 %, would be  u sed  in  an
a ttem p t to  prom ote enamel dem ineralisation.

iv ] Sonication of th e  p laque sam ples would be  perfo rm ed , following
v o r te x  m ixing , to  achieve more uniform  d is tr ib u tio n  of b a c te ria l 
cells w ith in  th e  su sp en sio n , p r io r  to  d ilu tion  an d  p la tin g .

v ] T he p laq u e  m icroflora would b e  determ ined b y  id en tifica tion  of 
a ll colonies from  a  sing le  re g io n , con tain ing  30-50 colonies, on a  

s in g le  blood a g a r  p la te .
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CHAPTER IV .

IN SITU DEMINERALISATION STUDIES.

4 .1  In tro d u c tio n .

As d isc u sse d  in  S ection  1 .1 2 .,  two th eo rie s  e x is t re g a rd in g  th e  m icrobial 
aetio logy  of d en ta l ca ries  - th e  Specific an d  N on-Specific P laque 
H y p o th e se s . T he fo rm er su g g e s ts  th a t  a  small num ber of b a c te ria l species 
p lay  a  major ro le  in  th e  in itia tio n  of c a r ie s , w h ilst th e  la t te r  su g g e s ts  th a t  
a wide ra n g e  of th e  aeidogenic p laque  m icroflora may be  capable of 
p ro d u c in g  le s io n s . Human c ro ss-sec tio n a l an d  long itud inal s tu d ie s  have 
b een  em ployed in  an  a ttem p t to  reso lve  th is  is su e . H ow ever, w hilst m any 
c ro ss -se c tio n a l s tu d ie s  h av e  shown an  association  betw een S tr e p . m utans 
an d  ca ries  (D uch in  & v an  H oute, 1978; M eiers e t a l . , 1982; C arlsson  e t 
a l . , 1985), th e y  h av e  b een  unab le  to  p ro v e  a  cause and  e ffec t re la tio n sh ip  

(rev iew ed  b y  E d w ard sso n , 1986). A lthough long itud ina l s tu d ie s  a re  more 
a p p ro p ria te  fo r  d em o n stra tin g  su ch  a re la tio n sh ip  th e y  also p ro d u ce  re s u lts  
w hich a re  d iff icu lt to  in te r p r e t ,  b ecause  of various problem s re la ted  to  
m ethodology eg  i] th e  le n g th y  course  of th e  d isease  p ro c e ss , ii] 

d ifficu lties  in  e a r ly  d e tec tio n  of le sio n s, iii] th e  la rg e  num ber of s ite s  
th a t h av e  to  b e  m onitored and  iv ] th e  d ifficu lties in  accu ra te  p laque 
sam pling from  cario u s  s i te s .  T hus th e  problem  rem ains u n re so lv ed .

One m ethod of overcom ing some of th e se  problem s is to  u se  an  appliance 
model, an d  th e  in tro d u c tio n  of th e  in tra -o ra l  cariogen ic ity  te s t  

(K oulourides e t  a L , 1976), invo lv ing  th e  u se  of enamel slabs m ounted on 
an  in tra -o ra l  ap p lian ce , enab led  rap id  dem ineralisation to  be  p ro d u ced  in  
th e  o ra l en v iro n m en t. Most s tu d ie s  em ploying th is  model have in v e s tig 

a ted  th e  ca rio g en ic ity  of d iffe ren t su g a rs  (B rudevo ld  e t a l . , 1984; T eh ran i 
e t a l . , 1986) . O nly a  few have iden tified  th e  p laque flo ra  assoc iated  w ith  

dem ineralisation  (O strom  e t a L , 1977; G allagher & P earce , 1979), an d  in  
th e se  s tu d ie s  th e  enam el su rfa ce  h as  b een  covered  w ith  g auze , in  an  
a ttem pt to  prom ote p laq u e  accum ulation. As a  re s u lt ,  i t  was no t possib le  
to re la te  d is c re te  a re a s  of enamel dem inerahsation to  th e ir  ov erly in g  
p laq u e . In  a d d itio n , Ostrom  an d  co-w orkers (1977) found  th a t  p laque  
w hich developed  on gauze was of d iffe ren t composition to  th a t  form ing 

on n a tu ra l enam el su r fa c e s .
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T he u se  of exo g en o u sly  d e riv e d  enamel specim ens in  in tra -o ra l  dem ineralis
a tion  te s ts  overcom es th e  e th ica l d ifficu lties  a ssoc ia ted  w ith  a ttem p tin g  to  
c re a te  cario u s  lesions in  th e  o ral env ironm ent. V arious tech n iq u es  have 
b een  em ployed to  a ss e ss  th e  m ineral loss th a t  h as o ccu rred  in  th e se  

specim ens, in c lu d in g  m icro rad iog raphy  and  m icrodensitom etry  (B ergm an & 
L ind , 1966); p o la rised  lig h t m icroscopy (K idd, 1983) and  m icrohardness 
te s t in g  (K oulourides e t a h  , 1974). O th er m ethods c u rre n tly  in  u se  inc lude  
a ssessm en t of iodide perm eab ility  (B rudevo ld  e t a L , 1984) and  scan n in g  
e lec tro n  m icroscopy , (C la rk so n  e t a l . , 1984; Ingram  & F e je rsk o v , 1986).

The la rg e  n u m ber of te ch n iq u es  available fo r  m ineral con ten t assessm en t 
th u s  m akes in te rp re ta tio n  and  com parison of re su lts  from d iffe ren t s tu d ie s  
d if f ic u lt.

Since v a ria tio n  in  th e  p o ro s ity , fluo ride  co n ten t and  chemical com position 
of th e  enam el su rfa c e  la y e r  may cause ir re g u la r it ie s  in  carious lesion  
form ation (B ru d ev o ld  e t a l . , 1982; P ea rce , 1983) and  th e  rem oval of th e  
enamel su rfa c e  may in c re a se  caries  su scep tib ility  (T h eu n s e t a l . , 1983), 
m any in  v itro  an d  in  s itu  s tu d ie s  have  u sed  ab rad ed  enamel in  th e ir  
dem ineralisa tion  in v e s t ig a tio n s .

The main aim of th is  s tu d y  was to  overcome some of th e  d ifficu lties  
m entioned ab o v e , b y  th e  u se  of an  appliance model w hich would allow 
rap id  dem ineralisa tion  to  o ccu r, and  p laque  to  develop on enamel sec tio n s , 
w ithout a gauze  co v erin g  b e in g  re q u ire d . T hus th e  re la tio n sh ip  betw een  
m icrobial p laq u e  com position and  m ineral con ten t of d isc re te  enamel s ite s  
could be  a s s e s s e d . The e ffec t of e x tra -o ra l su cro se  app lica tions, 
im plantation of S t r e p . m utans and  ab rasio n  of th e  enamel sec tion  su rface  
p re -e x p e rim e n ta lly  on th e  p laque m icroflora, in  re la tion  to  
dem inera lisa tion , was also in v e s tig a te d . T hese in  s itu  s tu d ie s  w ere 
perfo rm ed  u s in g  th e  m ethods developed as d esc rib ed  in  C h ap te r III .

The main dem ineralisa tion  s tu d y  was c a rr ie d  o u t, em ploying b o th  norm al 
d ie ta ry  co n d itio n s , an d  experim ental pro tocols like ly  to  in c rease  th e  
cariogenic  p o te n tia l of th e  env ironm ent su rro u n d in g  th e  enamel te s t  s ite .
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4 .2 . S u b jec t C h a ra c te r is tic s .

4 .2 .1 .  In trod u ction .

T he in tr a -o ra l  app lian ces  w ere w orn b y  sev en  v o lu n te e rs , th re e  from  
Glasgow D ental H osp ital an d  fo u r from  U nilever R esearch  L ab o ra to rie s , 
P o r t S u n lig h t. E th ical ap p ro v a l was ob ta ined  from  G rea te r Glasgow 

H ealth  B oard  an d  U n ilever R esearch , and  th e  v o lu n tee rs  each  rece iv ed  
w ritte n  d e ta ils  of th e ir  ro le  in  th e  p ro jec t th e n  sig n ed  a co n sen t form  
a g re e in g  to  p a r tic ip a te  in  th e  s tu d y  (see  A ppendix  IV ).

4 .2 .2 .  T ests  fo r  C aries R isk .

In itia lly , some commonly u sed  c a rie s -p re d ic tiv e  sc ree n in g  te s ts  w ere 
p e rfo rm ed , to  e n su re  th a t  a  ra n g e  of c a r ie s - r isk  s ta tu s  ex is ted  among th e  
v o lu n te e rs . T he follow ing te s ts  w ere c a rrie d  ou t on each su b jec t.

C linical Exam ination.

The c u r re n t  an d  p re v io u s  caries  experience  was m easured  b y  re c o rd in g  th e  
decay ed , m issing  a n d  filled  su rface s  of th e  te e th . T he ind iv idua ls  w ere 
exam ined in  a  d en ta l ch a ir u s in g  an  overhead  lig h t, a m irro r an d  a 
William’s p ro b e . B ite -w in g  rad io g rap h s  w ere no t tak en  as th e  E th ics 
Committee d id  n o t co n sid e r them  to  be  a n e ce ssa ry  p a r t  of th e  s tu d y .

Salivary C h aracteristics.

Five m inu te , m ixed, s tim u la ted , sa liv a ry  sam ples w ere collected on th re e  

sep a ra te  occasions from  each  v o lu n tee r. The su b jec t chewed on a s te r ile
1 .0  g  p iece of p a ra ff in  w ax an d  ex p ec to ra ted , over a  five m inute p e rio d , 
mixed sa liva  in to  a  s te r ile  p la s tic  g ra d u a ted  u n iv e rsa l c o n ta in e r. The 
q u a n tity  of sa liva  co llected  was m easured  ag a in s t th e  scale on th e  ou tside  
of th e  c o n ta in e r an d  th e  flow ra te  p e r  m inute calcu lated . A 1 .5  ml 
sample was th e n  rem oved from  th e  u n iv e rsa l co n ta in er, u s in g  a  s te r ile  
p la stic  s y r in g e  an d  n eed le , an d  1 .0  ml in jec ted  in to  a g lass  ampoule 
con tain ing  D en tobu ff so lu tion  (D en tobuff, Orion D iagnostica, Espoo, 
F in la n d ) . T he am poule was th e n  sh ak en  and  le ft a t room tem p era tu re  fo r  
th re e  to  fiv e  m inutes as d ire c ted  b y  th e  m an u fac tu re r, and  th e  colour
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change  of th e  so lu tion  was com pared w ith  a  colour c h a r t to  determ ine th e  
b u ffe r in g  cap ac ity  of th e  sa liv a ry  sam ple.

T en -fo ld  d ilu tio n s  of th e  rem ainder of th e  sample w ere made in  ABB, and  
u s in g  a sp ira l p la te r ,  50 p i of th e  H T1 , 10~2 and  1CT3 d ilu tions w ere 
ino cu la ted  on to  b o th  MSB an d  R ogosa SL a g a rs  as d esc rib ed  in  Section 

2 .5 .4 . T he p la te s  w ere in cu b a ted  a t 37°C in  5 % C 02 in  a ir  fo r  th re e  
d a y s , an d  w ere  th e n  stam ped  w ith a g r id  w hich d iv ided  th e  su rfa ce  in to  
zones r e p re s e n tin g  know n volumes of inoculum . Two zones from  
eq u iv a len t p o sitio n s  on opposite  s id es  of a p la te  w ere se lec ted  an d  all 
colonies p re s e n t  w ith in  th e se  a reas  w ere coun ted . T h ree  colonies from  
each zone w ere  su b c u ltu re d  fo r id en tifica tio n . In  th is  way th e  sa liv a ry  
co u n ts  of S t r e p . m utans an d  Lactobacillus s p p . w ere determ ined  from  th e  
MSB an d  R ogosa p la te s  re sp e c tiv e ly , an d  w ere e x p re ssed  as th e  num ber of 
cfu p e r  ml of sa liv a .

A ssessm ent o f P laque A dd ogen ic P otential.

The v o lu n te e rs  w ere  a sk e d  to  re f ra in  from  b ru sh in g  th e  lingual su rfa ce  of 
th e  low er m olar te e th  fo r  one w eek, and  a t th e  end  of th is  p e rio d , pooled 
p laque sam ples w ere  co llected  from  th e se  u n b ru sh e d  s ite s  u s in g  a s te r ile  
d en ta l ex ca v a to r (No. 243, A sh , E n g land ). The p laque was u se d  fo r  
analysis of ac id  an ion  co n ten t b e fo re  and  a f te r  a  10 % w /v  su cro se  

m outh rinse  as  d e sc rib e d  in  Section 2 .7 .1 . ,  and  th e  re su lts  ex p re ssed  as  th e  

p laque la c ta te  /a c e ta te  ra tio  b e fo re , and  s ix  m inutes a f te r ,  th e  su cro se  
m o u th rin se . T h is  in v estig a tio n  was c a rrie d  ou t on s ix  of th e  seven  

v o lu n te e rs .

4 .3 .  T hree Week In S itu  S tu d ies.

4 .3 .1 .  Experim ental P rotocols.

Enamel sec tio n s  an d  s lab s  w ere p re p a re d  and  m ounted on to  th e  appliance 

tro u g h  a re a s  a s  d e sc rib e d  in  Section 2 .3 . (F ig  2 .7 . ) .

The app liance  w as w orn  b y  each  v o lu n tee r fo r  pe rio d s  of th re e  w eeks, 
d u rin g  w hich  tim e norm al d ie t w as m aintained. The su b jec ts  w ere 
in s tru c te d  to  b r u s h  an d  floss th e ir  n a tu ra l te e th  and  to  clean th e
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ap p lian ce , as d e sc rib e d  in  Section 3 .4 .2 . A t th e  s ta r t  of each  ex perim en t, 

th e y  w ere  g iv en  a d e ta iled  p ro toco l sh ee t w hich th e y  w ere a sk ed  to  follow 
fo r  th a t  p a r t ic u la r  ru n .

D u rin g  each  th re e -w e e k  p e rio d , two of th re e  possib le  experim ental 
p ro toco ls  w ere follow ed, a  d iffe re n t one b e in g  employed on each  side  of 
th e  ap p lian ce . T he th re e  experim ental p ro tocols w ere:

i] th e  app liance  was w orn as d esc rib ed  above w ith no additional
s t r e s s in g .

ii] th e  app liance  was rem oved n ine times daily , a t  1 .5  to  2 h o u rly
in te rv a ls  d u r in g  th e  w aking p e rio d , an d  4 d rops (approx im ately  
200 p i) of a s te r ile  10 % w /v  su cro se  solution was app lied  to  th e  
t ro u g h  a re a  on each  occasion. A fte r one m inute th e  flu id  was 
allowed to  d ra in  from th e  appliance which was th en  rep laced  in  
th e  m outh w ithou t r in s in g . A s te rile  p lastic  d ro p p e r b o ttle  was 
u se d  to  s to re  and  d ispense  th e  su cro se  so lu tion . Two b o ttle s  
co n ta in in g  th e  so lu tion  w ere g iven  to  each  of th e  v o lu n tee rs  a t  
th e  b e g in n in g  of each  r u n ,  an d  th e y  w ere a sk ed  to  keep  th e  one 
in  u se  a t  room te m p era tu re . The o th e r b o ttle  was s to re d  a t 4°C 

fo r  10 d ay s  th e n  u sed  a t room tem p era tu re  fo r  th e  rem ainder of 

th e  experim en ta l ru n .  Samples of th e  su crose  so lu tions w ere 
p e rio d ica lly  c u ltu re d  on blood a g a r p la tes  th ro u g h o u t th e  th re e  

w eek p e r io d s , and  on each  occasion w ere found to  be  f re e  from  

b a c te r ia l contam ination.
iii] th e  tro u g h  a re a  was inocu la ted  w ith  th e  v o lu n tee r’s own S tr e p .

m utans a t  0 , 4, 24, and  28 h o u rs  (v ide in f r a ) . In  ad d itio n , 10 % 
su c ro se  ap p lica tions w ere employed as d esc rib ed  in  P rotocol ii.

The s tu d y  w as d e sig n ed  so th a t  th re e  experim ental ru n s  would be  c a rr ie d  
out b y  each  s u b je c t, re s u lt in g  in  e ig h t enamel s ite s  fo r  each  p ro toco l, ie 
a to ta l of 24 s ite s  fo r  each  su b jec t. However, two of th e  su b jec ts  

w ithdrew  d u r in g  th e  s tu d y  (see  4 .5 .1 . ) .

At th e  end  of th e  th re e -w ee k  experim en t, th e  appliance was rem oved and  
p laque sam ples co llected  from  th e  enamel windows of th e  sec tions 
( Section 2 .5 .1 . )  an d  th e  e n tire  su rface  of th e  enamel s labs ( 2 .5 .2 . ) ,  th en  
immediately d ilu ted  ( 2 .5 .3 . )  an d  inoculated  on to  p la tes  fo r  c u ltu re  as
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d esc rib e d  in  Sections 2 .5 .4 . and  2 .5 .5 . The s labs w ere th en  rem oved w ith 

a s te r ile  d e n ta l ex ca v a to r b e fo re  a  so lu tion  of amyl ace ta te  (BDH 

Chemicals L t d . , Poole, E ngland) was app lied  to  th e  tro u g h  a re a  to  allow 
th e  sec tio n s  to  b e  eased  g e n tly  off th e  b a se  w ith  a  small p a in t b ru s h . 
T he sec tio n s  w ere  th e n  ra d io g ra p h e d  as d e sc rib ed  p rev io u s ly  (S ection
2 .4 .1 . ) .

M icrodensitom etric  an a ly s is  of th e  rad io g rap h s  was th e n  perform ed an d  th e  
dem ineralisation  d a ta  o b ta ined  fo r  each enamel s ite  was e x p re ssed  in  two 
fo rm s, nam ely b y  Az an d  lesion  p ro file  g ro u p , as d esc rib ed  in  Section
2 .4 .2 .

4 . 3 . 2 .  P reparation o f S trep , mutans and Inoculation on to  rename*! 
Specim ens.

A m odification of th e  tech n iq u e  u se d  b y  B rudevo ld  an d  co -w orkers (1984) 
was em ployed to  p re p a re  S tr e p , m utans cells fo r  inoculation on to  enamel 
su rfa ce s  in  an  a ttem p t to  im prove colonisation b y  th is  organism . An 

ampoule co n ta in in g  fre e z e -d r ie d  cells of S tr e p . m u tan s , p re v io u s ly  iso la ted  
from th e  v o lu n te e r’s  own m outh, was opened and  th e  co n ten ts  r e 
co n stitu ted  in  1 ml of ABB, as d esc rib ed  in  Section 2 .6 . The su sp en sio n  
was in o cu la ted  on to  two blood a g a r  p la te s  an d  in cu b ated  anaerob ica lly  a t  
37°C fo r  24 h o u rs .  The id e n tity  of th e  organism  was th e n  checked u s in g  
th e  API 20 S tre p  System  as d esc rib ed  in  Section 2 .5 .5 . an d  colonies w ere 
su b c u ltu re d  an d  in c u b a ted  fo r  a  fu r th e r  24 h o u r s . T he colonies w ere th e n  
rem oved from  two of th e  blood a g a r  p la te s  u s in g  a s te r ile  swab and  
cu ltu re d  in  100 ml of T odd-H ew itt B ro th  ( G ibco-E urope, P a isley , Scotland) 

(A ppendix  I I ) ,  co n ta in in g  2 % su c ro se , fo r  18 h o u rs  a t  37°C u n d e r  
anaerobic  co n d itio n s , in  a  s ta tic  c u ltu re . The re su ltin g  c u ltu re  was 
cen tr ifu g ed  (20,000 g ) an d  th e  p e lle t w ashed in  40 ml of a s te r ile  so lu tion  
of 50 mM NaCl an d  20 mM NaHC03 . P araffin -stim u la ted  whole saliva  was 
ob tained  from  each  su b jec t an d  c larified  b y  cen trifu g a tio n  a t  4°C fo r  10 
min a t  20,000 g  (MSE H igh Speed 18 C en trifu g e , MSE L td . ,  C raw ley, 
S u ssex , E n g la n d ) . T he S tr e p . m utans cells from  each v o lu n tee r w ere th e n  
su sp en d ed  in  2 ml of th e  su b je c t’s own clarified  saliva. M ixing of saliva 
and  cells w as c a r r ie d  o u t b y  sonication fo r  15 s a t  a  se tt in g  of 1 .5  

imm ediately a f te r  th e  saliva  h ad  b een  p re p a re d , and  200 p i of th e  re su ltin g  
su spension  w as ap p lied  to  th e  tro u g h  a re a  of th e  appliance fo r  5 min.
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A fte r  rem oving  th e  ex cess  f lu id , th e  S tr e p , m utans su sp en sio n  on th e  
app liance  was allowed to  s tab ilise  fo r  one min, B efore p lac in g  th e  
app liance  in  th e  m outh , a sample of th e  re s id u a l m atte r on one enamel 
s lab  was rem oved b y  s c ra p in g  w ith  a s te r ile  d en ta l ex cav a to r (No 243, A sh , 
E ng land) an d  d isp e rse d  b y  sonication  an d  v o rte x  m ixing in  1 ml ABB. 
D ilutions of th is  w ere  inocu la ted  on to  blood a g a r  p la te s  an d  in cu b a ted  in  
5 % COz in  a ir  to  check  th a t viable cells had  been  inocu lated  on to  th e  
te s t  s ite  of th e  ap p lian ce . The e n tire  p ro ced u re  of inoculation and  
sam pling was re p e a te d  a t  4, 24 and  28 h o u rs  a f te r  th e  s ta r t  of th e  
e x p e rim en t.

The rem ain ing  flu id  from  each  p re p a re d  suspension  w hich had  no t b een  
inocu la ted  on to  th e  te s t  s ite s  was d ilu ted  in  ABB and  50 |j !  of th e  1CT4 

to 10“6 d ilu tio n s  w ere inocu la ted  on to  blood a g a r  p la te s  u s in g  a sp ira l 
p la te r  as d e sc rib e d  in  Section 2 .5 .4 . The p la te s  w ere in cu b ated  fo r  3 
days in  5 % C 0 2 in  a ir  an d  viable counts determ ined  u s in g  th e  co un ting  
g r id , as p re v io u s ly  d e sc rib e d  in  Section 2 .5 .5 . In  th is  w ay, th e  
co n cen tra tio n  of cells inocu la ted  on to  th e  tro u g h  a rea  of th e  app liance  on 
each occasion was determ ined .

4 .3 .3 .  D ietary  A ssessm en t.

A d ie t d ia ry  re c o rd in g  th e  in tak e  of each v o lu n tee r was com pleted d u r in g  
th e  second  w eek of each  th ree -w eek  experim ent. The su b jec t was g iven  
a no tepad  an d  was a sk ed  to  reco rd  each time an item was consum ed, 
to g e th e r  w ith  estim ates of th e  q u a n tity  in g es ted  and  th e  le n g th  of time 
tak en  to  consum e i t .  A t th e  end  of each experim ental p e rio d , each  
v o lu n tee r was in te rv iew ed  ab o u t th e  way in  which th e  d ia ry  h ad  b een  
com pleted, an d  th e  d ia rie s  w ere analysed  w ith re fe ren ce  to  McCance an d  
Widdowson’s "T h e  Com position of Food" (Paul and  S o u thga te , 1978). 
U sing  th e  r e s u l ts  of food cario g en ic ity  s tu d ie s , th e  item s consum ed w ere 
th e n  c a te g o rise d , as f a r  as  p o ssib le , in to  foods w ith  low an d  h ig h  
cariogenic p o te n tia l, b e v e rag e s  w ith  cariogenic p o ten tia l, and  item s w ith  a 
possib le  p ro te c tiv e  p o ten tia l su ch  as flu o ride-con ta in ing  te a . The 
freq u e n cy  of in ta k e  of th e  item s in  each  of th e se  categories was th e n  
determ ined  fo r  each  su b jec t fo r  each  day  of th e  sev en -d ay  d ie t h is to ry  in  

each experim en ta l r u n .
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4 .4 . A braded -  v  -  Sound Enamel -  An In Situ S tu d y.

4 . 4 . 1 .  In trodu ction .

T he th re e -w e e k  app liance  s tu d y  was re p e a te d  on one v o lu n te e r, u s in g  b o th  
a b ra d ed  an d  norm al enam el, to  a sse ss  w h e th er th e  removal of th e  o u te r  
su rfa ce  la y e r  of th e  enamel a ffec ted  e ith e r  th e  am ount of d e 
m ineralisation  p ro d u c e d , o r th e  compostion of p laque develop ing  on  th e  
s u r fa c e .

4 . 4 .2 .  Preparation o f Enamel.

T he crow ns of c a r ie s - f re e  prem olars w ere sectioned  as d esc rib ed  p rev io u s ly  
in  Section 2 .3 .2 . T he lingual p o rtio n  was th e n  m ounted on an  acry lic  
b lock  fo r  sec tio n in g  w h ils t th e  b ucca l su rface  was ab rad ed  b y  ro ta tin g  th e  
to o th  b y  h a n d  in  a  s lu r r y  of aluminium oxide pow der on a  g ro u n d  g lass  

p la te . M easurem ents of th e  th ick n ess  of th e  buccal po rtion  w ere made a t 
s ix  p o in ts  a long  th e  su rfa ce  u s in g  a m icrom eter, an d  approxim ately  100 pm 
of th e  enam el su rfa c e  was rem oved, b e fo re  m ounting on to  a n  acry lic  
b lock . B oth  h a lv es  of th e  to o th  w ere th e n  sectioned  u s in g  a L eitz 1600 
ro ta tin g  a n n u la r  diam ond b lade  (see  Section 2 .3 .2 . ) ,  an d  h a n d -g ro u n d  to  a  
fina l th ic k n e ss  of be tw een  100 and  120 pm, as p rev io u s ly  d e sc rib ed  

(Section 2 .3 .3 . ) .

The sec tio n s  w ere  th e n  v a rn ish ed  on all su rfa c e s , leav ing  th re e  
u n v a rn ish e d  windows of approxim ately  1.5 mm on th e  n a tu ra l enamel ed g e . 
One sec tion  w ith  an  ab ra d ed  su rface  and  one w ith an  in tac t su rface  w ere 
th e n  m ounted on to  each  tro u g h  a re a  as d esc rib ed  in  Section 2 .3 .6 .

E ight enam el s lab s  w ere also p re p a re d  as desc rib ed  in  Section 2 .3 .7 . 
A pproxim ately 100 pm of th e  su rface  enamel was th e n  rem oved from  fo u r , 
b y  h a n d g rin d in g  in  th e  aluminium oxide s lu r ry  on a  g ro u n d  g lass  p la te , 
w ith m easurem ents of enam el loss b e in g  tak en  in te rm itten tly  u s in g  th e  
m icrom eter, u n til  th e  re q u ire d  red u c tio n  was a tta in ed . The su rface  a rea  
of each  of th e  e ig h t s lab s  was th e n  m easured b y  com puterised p lan im etry  
as d e sc rib e d  in  2 .3 .8 .  (F ig . 2 .8 . ) ,  an d  two ab rad ed  and  two n o n -ab rad ed  

slabs w ere m ounted on to  each  side  of th e  appliance.

216



4 .4 .3 .  E xperim en ta l P ro to co ls .

T he app liance  was w orn  b y  a sing le  v o lu n tee r fo r  p e rio d s  of 3 w eeks as 
d e sc rib e d  in  S ection  3 .4 .2 . D uring  th e  experim ental p e rio d  no add itional 
s t r e s s in g  was em ployed on one side of th e  app liance , w hilst th e  v o lu n te e r’s 
own S t r e p , m utans was im planted on to  th e  tro u g h  a re a  of th e  o th e r  s id e , 

and  one m inute e x tra -o ra l  10 % su cro se  app lications w ere c a rrie d  ou t nine 
tim es da ily  as d e sc rib e d  in  Section 4 .3 .1 . A to ta l of th re e  experim ental 

ru n s  w ere  p e rfo rm ed . A fte r each th re e  week p e rio d , th e  m icroflora of 
p laq u e  o v e rly in g  th e  enamel windows and  slabs was id en tified  (see  2 .5 .5 . ) ,  
and  th e  sec tio n s  m icro rad iog raphed  as d esc rib ed  in  2 .4 .1 .

4 .5 .  R esu lts.

4 .5 .1 .  Subject C h aracteristics.

Seven a d u lt v o lu n te e rs , age ran g e  25 - 59 y e a rs , took p a r t  in  th is  s tu d y . 
One su b jec t com pleted only  one th re e  week experim ental r u n ,  due to  
serio u s  illn ess  in  th e  fam ily, w hilst an o th er w ithdrew  a f te r  two of th e  
th re e  ru n s  due  to  p re s s u re  of w ork. The o th e r five su b jec ts  com pleted 
all th re e  ex p erim en ta l ru n s .

The sa liv a ry  S t r e p . m utans an d  Lactobacillus sp p . counts ex p re ssed  as log10 
counts p e r  ml of sa liv a  a re  shown in  Table 4 .1 . ,  to g e th e r w ith  th e  DMFS 
score  of each  s u b je c t. T he mean sa liv a ry  levels of S tr e p . m utans and  

L actobacillus sp p . ra n g e d  from  3.58 an d  3.24 re sp ec tiv e ly  in  Subject A, to  
5.92 an d  5.79 in  S ub jec t E. L inear reg re ss io n  analysis showed a  p o sitive  
co rre la tion  ( p  < 0 .001) betw een  th e  S tr e p , m utans and  Lactobacillus sp p . 
counts fo r  each  s u b je c t. Subject E h ad  th e  h ig h e s t sa liv a ry  coun ts of 
b o th  organ ism s an d  th e  h ig h e s t DMFS sco re , and  a lthough  th e re  was a  
t re n d  to w ards an  assoc iation  betw een th e  su b jec ts ’ p a s t  and  p re s e n t caries  
e x p erien ce , a n d  th e  sa liv a ry  counts of th e se  b a c te ria , th is  d id  n o t re a c h  

sign ificance lev e l.

The m ixed stim u la ted  sa liv a ry  flow ra te  and  sa liv a ry  b u ffe r in g  capacity  
data  (u s in g  th e  D en tobuff m ethod) a re  g iven  in  Table 4 .2 . The low est 
flow ra te s  of 0 .8  ml/min w ere obtained  from Subjects A an d  E, while th e  
o th e r v a lues ra n g e d  from  1.8  in  Subject B to  3.5 ml I min in  S ubject D .
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S ub jec ts  A an d  E also  h ad  th e  p o o re s t s ah  v a ry  b u ffe r in g  cap ac ity , in  th e  

"poor -  in te rm ed ia te"  ra n g e  acco rd in g  to  th e  D entobuff c r ite r ia , w hilst th e  
b u ffe r in g  capac ities  of th e  o th e r su b jec ts  w ere in  th e  "norm al - good" 
r a n g e .

The la c ta te  / a ce ta te  ra tio  of one w eek p laque sam ples, also g iven  in  

Table 4 .2 . ,  show ed an  in c re ase  in  all s ix  su b jec ts  a t s ix  m inutes following 
a 10 % su c ro se  r in s e ,  com pared w ith  r e s t in g  v a lu es . T his v a rie d  from  an  
in c re ase  in  p ro p o r tio n  of lac ta te  to  ace ta te  b y  a  fac to r of 3 .6  in  S ub jec t 
D, to  an  alm ost n in e -fo ld  in c rease  in  S ubject A.

4 .5 .2 .  Sample S ize in  A ppliance S tu d y.

A to ta l of 144 sam ples was rem oved from th e  enamel sections and  138 
sam ples w ere  o b ta in ed  from  th e  enamel s labs d u rin g  th is  s tu d y , w ith  
o v e r 11,000 iso la tes  b e in g  id en tified .

Two su b je c ts  d id  n o t complete th e  th re e  experim ental ru n s  an d  n e ith e r  
p a r tic ip a te d  in  th e  p ro toco ls  w hich involved  th e  inoculation of S t r e p . 
m u tan s . T he n u m ber of sam ples ob tained  from th e  enamel sections u n d e r  
norm al p laq u e  conditions (N P ), ie no add itional s tre s s in g  em ployed, 
su cro se  cond itions (SP) an d  su cro se  conditions w ith th e  inoculation of 
S tr e p . m utans (SPM) w ere 52, 52 and  40 re sp ec tiv e ly , w ith  th e
c o rre sp o n d in g  n u m bers fo r  th e  slabs b e in g  49, 50 and  39.

4 .5 .3 .  Proportion o f Plaque B acteria Remaining on Enamel Slabs 

Follow ing Sam pling.

A pproxim ately  10 % of th e  enamel slabs w ere rem oved from th e  app liance , 
u s in g  a  d e n ta l e x ca v a to r immediately a f te r  p laque sam pling h ad  b een  
ca rried  o u t, an d  th e  su rfa ce  of each  of th e se  slabs was th en  p re s se d  in to  
th e  su rfa c e  of a blood a g a r  p la te  as d esc rib ed  in  Section 2 .5 .2 . On some 
occasions, no g ro w th  o c cu rred  following anaerobic  c u ltu re , while on o th e r 

occasions a  few  colonies w ere fo u n d . However, none of th e  b ac te ria l 
counts w hich w ere o b ta in ed  from  th is  p ro ced u re  accounted  fo r  more th a n  
0.01 % of th e  to ta l cu ltivab le  flo ra  re tr ie v e d  from sc rap in g  th e  p laque  from 

the  enamel su r fa c e .
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4 .5 .4 .  S t r e p , m u tans Inoculum  Size.

The co n cen tra tio n  of th e  su sp en sio n  of S tr e p . m utans cells in  clarified, 
saliva  w hich was used, to  inoculate  enamel te s t  s ite s  on th e  appliance 
ra n g e d  from  mean v a lu es  of 9 .3  x  107/ml sa liv a , in  Subject A , to  3 .0  x  
10 /m l, in  S ub jec t C. T he coun ts ob tained  from enamel s labs following 
inocu la tion , a n d  im m ediately p r io r  to  p lac ing  th e  appliance in  th e  m outh, 
v a rie d  from  8 .9  x  104 cfu  p e r  mm2 enamel su rfa c e , in  Subject D, to  2 .3  x  
105 , in  S ub jec t C.

4 .5 .5 .  E ffect o f S ide o f A ppliance on Plaque M icroflora.

F or each  s u b je c t, w ith  th e  excep tion  of Subject G who only com pleted one 
experim en tal r u n ,  th e  trea tm en t conditions applied  to  th e  p laq u e  w ere 
b a lanced  on each  s id e  of th e  app liance .

The p redom inan t cu ltivab le  flo ra  iso la ted  from th e  enamel sec tions and  
s la b s , on each  s id e , u n d e r  all trea tm en t conditions com bined, a re  shown in 
T ables 4 .3 . a n d  4 .4 . re sp e c tiv e ly . The m ean, median and  ra n g e  of th e  
p ro p o rtio n  of th e  to ta l anaerob ic  cu ltivable  flo ra , fo r  th e  Gram po sitiv e  
and  n eg a tiv e  cocci a n d  b acilli, showed little  d ifference  betw een  th e  two 
s id e s , an d  an a ly ses  of v a rian ce  ( shown in  Tables 4 .17, and  4 .1 8 .)  found  no 
s ig n ifican t s ide  e ffe c t fo r  an y  of th e se  g roups of organism s. A t g enus 
and  sp ec ies  lev e l, th e  values ob tained  from  th e  d iffe ren t sides w ere again  
sim ilar fo r  b o th  sec tio n s  a n d  s la b s , w ith  only one organism , S tr e p . sangu is  
show ing a  s ig n ific an t d ifferen ce  ( p  < 0.05) in  mean p e rcen tag e  count 
betw een th e  two s id es  fo r  th e  enamel slabs (7 .6  % on le f t , 12.0 % on 
r i g h t ) .

4 .5 .6 .  E ffect o f P osition  o f Enamel S ite Within T est A rea.

Each tro u g h  a re a  of th e  app liance contained  a  mesial and  d is ta l sec tio n , as 
shown in  F ig . 2 .7 . ,  a n d  two windows -  su p e rio r and  in fe rio r  - w ere 
positioned  on each  sec tio n . The mean p roportional microbial composition 
of th e  p laq u e  sam ples, ob ta ined  from enamel sections a t each position  
w ithin  th e  tro u g h  a re a , a re  shown in  Table 4 .5 . The mean p e rcen tag e  
d is tr ib u tio n  of p o s itiv e  cocci ra n g e d  from 36.2 %, on th e  d is ta l su p e rio r  
s ite s , to  43.6 % on b o th  mesial su p e rio r  and  mesial in fe rio r p o sitio n s .
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T he mean p ro p o rtio n s  of n eg a tiv e  cocci, positive  bacilli and  neg ativ e  bacilli 
ra n g e d  from  7 .8  - 10.2 %, 40.1 - 49.2 % an d  6 .0  - 6 .8  % re sp ec tiv e ly
among th e  d if fe re n t s i te s .

F o u r id en tica lly  nam ed positions also e x is ted  fo r  enamel slabs m ounted on 
th e  tro u g h  of an  app liance  w ith , on th is  occasion, each  position  
co rre sp o n d in g  to  a  s e p a ra te  s lab . The position  of th e  s labs on th e  
app liance  tro u g h  a re a  is  also shown in  F ig . 2 .7 . The m icrobial 
com position iso la ted  from  th e  slabs is shown in  Table 4 .6 . ,  an d  again  little  
v a ria tio n  was seen  am ongst th e  fo u r p o sitio n s , even  a t th e  gen u s and  
spec ies  lev e l.

A nalyses of v a rian ce  (see  T ables 4 .17 . an d  4 .1 8 .)  found  th a t  position  h ad  

no s ig n ific an t e ffe c t on th e  m icrobial flo ra  fo r  e ith e r  sections o r  s lab s .

4 .5 .7 .  E ffect o f Subject on Enamel Section Plaque M icroflora, for  Each 
Treatm ent C ondition.

The mean p red o m in an t cu ltivab le  p laque m icroflora iso la ted  from enamel 
sec tio n s , u n d e r  each  of th e  th re e  trea tm en t conditions in  each  su b je c t, is  
shown in  T ab les  4 .7 . to  4 .9 .

Normal Plaque C onditions.

Table 4 .7 . g ives th e  p e rc en ta g e  d is trib u tio n  of th e  p redom inant iso la tes 

ob ta ined  from  p laq u e  su b jec ted  to no add itional s tre s s in g  d u rin g  th e  th re e -  
week exp erim en ts  (N P ). The positive  cocci and  bacilli, com bined, 
dom inated th e  m icroflora in  all su b jec ts , w ith  th e  form er p redom inating  in  
two su b jec ts  (C an d  G ), w here th e y  com prised 54.7 and  49.2 % of th e  to ta l 
re sp e c tiv e ly , while th e  po sitiv e  bacilli w ere iso lated  in  h ig h e r p ro p o rtio n  in  
all o th e r  su b je c ts  (m ean ra n g e , 37.5 - 66.5 %). The negative  cocci 
showed a la rg e  v a ria tio n  in  p e rcen tag e  d is tr ib u tio n , w ith  a  mean p ro p o rtio n  
of only  2 .6  % in  S u b jec t D, b u t  com prising 25.6 % of th e  flo ra  in  Subject 
G. T he m ean p ro p o rtio n  of neg ativ e  bacilli in  th e  p laque sam ples was 
u n d e r  10 % in  s ix  of th e  su b je c ts , w hilst i t  accounted  fo r  a  mean of

15.8 % in  S u b jec t F .

220



D ifferences in  the  com position of th e  p laque flo ra  from th e  seven  su b jec ts  

w ere also a p p a re n t a t  g en u s and  species level. S tr e p , m utans was no t 
iso la ted  from  a n y  of th e  sam ples from  Subject G, b u t  was found  in  e v e ry  
p laque  in  S ub jec t E, w here  i ts  mean p ro p o rtio n  was 21.2 %. Lactobacillus 
sp p . w ere iso la ted  from  e v e ry  in d iv id u a l on a t  le a s t th re e  occasions, w ith  a  
mean ra n g e  from  0.04 % in  S ubject B to  8 .9  % in  Subject F . Veillonella 

sp p . com prised  th e  to ta l, o r almost th e  to ta l am ount of Gram n eg ative  
cocci in  all su b je c ts , ex cep t S ub jec t E, w here N eisseria  sp p . p redom inated .

Sucrose Plaque C onditions.

As show n in  T able 4 .8 . ,  Gram positive  cocci and  bacilli com bined, again  
dom inated th e  o rgan ism s iso la ted  from p laque w hich h ad  b een  exposed  to  
e x tra -o ra l su c ro se  app lications n ine times daily  (S P ), w ith  positive  cocci 
p redom inating  in  th re e  su b je c ts , and  positive  bacilli b e in g  p re s e n t  in  
h ig h e s t p ro p o r tio n s  in  th e  o th e r  fo u r ind iv id u a ls . Gram neg ativ e  cocci 
showed a  n a rro w e r ra n g e  of mean p ro p o rtio n s  among su b jec ts  (4 .1  - 12.6 
%) th a n  w as fo u n d  in  th e  NP sam ples, while th e  p e rcen tag es  of neg a tiv e  
bacilli in  SP , ra n g e d  from  b e in g  u n d e tec tab le  in  an y  sample in  Subject G, 
to com prising  a m ean p ro p o rtio n  of 12.6 % of th e  flo ra  in  S ubject A.

S tr e p . m utans was ag a in  no t d e tec ted  in  p laque obtained  from S ubject G, 
while i t  ra n g e d  from  0 .1  to  11.9 % of th e  to ta l in  th e  o th e rs . 
Lactobacillus s p p . w ere  iso la ted  from  a t le a s t two p laque sam ples from  
each su b je c t, an d  ra n g e d  from  a mean p ro p o rtio n  of 0.02 % in  Subject B to

7.8 % in  S ub jec t G.

Sucrose Plaque w ith  th e  Inoculation of S trep , m utans.

Plaque sam ples w hich accum ulated  w ith su crose  supplem entation and  p r e 
inoculation of S t r e p . m u tan s , w ere obtained  from only  five su b jec ts , and  
the  re s u lts  of th e  m ean m icrobial composition a re  shown in Table 4 .9 . 
Gram p o sitiv e  cocci p redom inated  in  p laque from th re e  of th e  in d iv id u a ls , 
b u t in  th e  o th e r  two su b jec ts  com prised only  15.2 and  24.3 % of th e  to ta l 
cu ltivable f lo ra . Gram po sitiv e  bacilli w ere p re s e n t in  h ig h est p ro p o rtio n  
from th e se  two in d iv id u a ls ’ sam ples (59.6 % and  68.5 % of th e  to ta l) . The 
p ro p o rtio n  of Gram n eg a tiv e  cocci ra n g e d  from  3.5 % in  S ubject E to
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14.2 % in  S ub jec t C , while n eg a tiv e  bacilli ra n g e d  from  0.5  % in  S ubject E 
to  5 .9  % in  S ub jec t B .

T he iso la tion  fre q u e n c y  of S t r e p , m utans was 4/8 in  S ubject B , 7/8  in  

S ub jec t C an d  8/8  in  th e  o th e r th re e  in d iv id u a ls , w ith th e  mean 
p ro p o rtio n s  ra n g in g  from  0.05 % in  Subject B to  55.3 % in  S ubject A. 
L actobacillus s p p . w ere  iso la ted  from a t le as t s ix  of th e  e ig h t sam ples from  
each  in d iv id u a l, an d  th e  mean p ro p o rtio n s  ra n g e d  from  1.5 % in  Subject B 
to  21.5 % in  S ub jec t E.

The la rg e  s ta n d a rd  dev iations of th e  m eans, an d  th e  wide ra n g e s  of 
p ro p o rtio n s  fo u n d  fo r  th e  v a rio u s  organism s in  each su b jec t u n d e r  th e  
d iffe re n t tre a tm e n t cond itions, shows th a t  la rg e  in tra -s u b je c t v a ria tio n  
o c cu rred  w ith in  p laq u e  trea tm en t g ro u p s . D espite th is , an a ly sis  of 
v a rian ce  show ed th a t  th e  d ifferences am ongst th e  su b jec ts  reach ed  
sig n ifican t lev e ls  fo r  all species and  th e  fo u r main g ro u p s ex cep t neg ativ e  
cocci (T ab le  4 .1 7 .) .

4 .5 .8 .  E ffect o f Treatm ent Condition on Enamel Section Plaque 
M icroflora fo r  a ll Subjects Combined.

The p redom inan t cu ltivab le  m icroflora obtained  from p laque  sam ples u n d e r  
each tre a tm e n t condition  fo r  th e  five  su b jec ts  who p a rtic ip a ted  in  all 

th re e  p ro to co ls , is  show n in  Table 4 .10.

The mean p ro p o r tio n s  of Gram positive  cocci and  bacilli among th e  th re e  

trea tm en t g ro u p s  w ere sim ilar, ra n g in g  from 39.3 - 42.9 % and  42.7 -
46.2 % re sp e c tiv e ly . Gram n eg ative  cocci also showed little  trea tm en t 
e ffec t, ra n g in g  from  8 .4  % in  th e  SP g roup  to  9 .0  % in  th e  NP g ro u p . 
N egative bacilli acco u n ted  fo r  le ss  th an  10 % of th e  cu ltivable flo ra  in  
each tre a tm e n t g ro u p , ra n g in g  from  3 .4  % in  SPM to  8 .2  % in  S P .

A nalysis of v a rian ce  (T ab le  4 .1 7 .)  showed no trea tm en t e ffec t re g a rd in g  
Gram p o sitiv e  cocci an d  bacilli, and  negative  cocci, w hilst a  s ign ifican t 
e ffec t ( p  < 0 .05 ) was fo u n d  w ith  re g a rd  to  negative  bacilli, th e  p ro p o rtio n  
iso lated  from  su c ro se  p laq u e  b e in g  sign ifican tly  h ig h e r th an  from SPM.
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At g en u s an d  sp ec ies  lev e l, th e  tre a tm en t conditions h ad  a h ig h ly  
s ig n ifican t e ffec t on S tr e p . m utans p ropo rtions ( p  < 0 .001 ), w ith  SPM 

p laque  co n ta in in g  a  s ig n ifican tly  h ig h e r  mean p e rcen tag e  of th is  organism  
th an  th e  o th e r  two p laq u es  - 21.0 % com pared to  4 .4  % (NP) and  2 .8  %

( SP) . No s ig n ific an t d iffe ren ce  was found  betw een th e  p ro p o rtio n a l 
coun ts  in  th e  la t te r  two trea tm en t g ro u p s . The isolation freq u e n cy  of 
S tr e p . m utans in c re a se d  from  52 % (NP) to  70 % (SP) an d  88 % (SPM ). 

The d iffe ren ce  b e tw een  NP an d  SPM was h ig h ly  sign ifican t ( p  < 0 .001, 
u s in g  th e  t e s t ) .

SPM p laq u e  con ta ined  s ig n ifican tly  h ig h e r  levels of Lactobacillus sp p .
( p  < 0 ,0 5 ) , w ith  th e  mean p ro p o rtio n s  in  th e  d iffe ren t trea tm en t g ro u p s  
b e in g  1 .5  % (N P ), 1 .4  % (S P ), and  7.7 % (SPM). The isolation freq u e n cy  
was sim ilar in  NP an d  SP (68 an d  65 % re sp ec tiv e ly ) b u t  h ig h e r in  SPM 
p laque a t 88 %. T he d ifferen ce  betw een SPM and  bo th  NP and  SP was 
sig n ifican t ( p  < 0 .0 5 , t e s t ) .  S tr e p . san g u is  and  S tr e p , oralis levels 
w ere h ig h e r  in  th e  norm al an d  su cro se  p laques com pared to  th e  p laque  
inocu la ted  w ith  S t r e p . m u ta n s , w ith  th e  trea tm en t e ffec t b e in g  s ig n ific an t,
( p  < 0 .0 1 ) , w ith  r e g a rd  to  S tr e p . o ra lis . None of th e  o th e r major 
organism s a n a ly se d , in c lu d in g  Veillonella an d  Actinomyces s p p . , showed a n y  
trea tm en t e ffe c t.

The to ta l m icroflora iso la ted  from th e  enamel section p laq u e , u n d e r  each 
of th e  th re e  tre a tm e n t cond itions, fo r  all su b jec ts  com bined,is g iven  in  
Table 4 .11 . Of th e  s trep to co cc i n o t detailed  p rev io u s ly , S tr e p . sa liv ariu s  

was iso la ted  in  th e  g re a te s t  num ber, th e  mean p e rcen tag e  counts b e in g  
1.9 % (N P ), 6 .3  % (SP) an d  0 .6  % (SPM). A naerobic s trep tococc i w ere
iso la ted  in  13/52 sam ples (N P ), 9/52 (SP) and  8/40 (SPM), and  com prised 
betw een 1 an d  2 % of th e  to ta l flo ra  in  all th re e  g ro u p s . N eisseria  sp p . 
accounted  fo r  only  a  small p ro p o rtio n  of th e  negative  cocci, h av in g  a mean 
p e rcen tag e  coun t of 1 .3  % in  th e  normal p laque sam ples, and  le ss  th a n  0.5 

% in th e  o th e r  two tre a tm e n t g ro u p s .

Of th e  A ctinom yces s p p . , A^ odonto ly ticus was iso lated  most f re q u e n tly  and  

in  th e  h ig h e s t  p ro p o r tio n  in  all th re e  g ro u p s , while th e  cata lase  p o sitive  
and  n eg a tiv e  su b d iv is io n s  of A . v iscosus / naeslund ii accounted  fo r  sim ilar 

p ro p o rtio n s  in  each  g ro u p .
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C apnocy tophaga was iso la ted  in  p laque from  17/52 sec tio n s , in  b o th  norm al 
an d  su c ro se  co n d itio n s , b u t  in  only  7/40 of samples in  th e  SPM g ro u p .

4 .5 .9 .  E ffect o f Subject on Proportional Enamel Slab Plaque M icroflora, 
fo r  Each Treatm ent C ondition.

The p e rc e n ta g e  d is tr ib u tio n  of th e  p redom inan t iso la tes ob ta ined  from  
enamel s lab  p laq u e  u n d e r  th e  th re e  experim ental conditions fo r  each 
su b jec t, is  show n in  T ables 4 .12 . to  4 .14 . A to ta l of s ix  s labs was lost 
d u rin g  th e  th re e -w e e k  ex p erim en ts , w ith  th e  lo sses o ccu rrin g  in  S ubjec ts 
A, B , C an d  D. T h u s th e  to ta l num ber of slabs fo r  each trea tm en t 
condition v a rie d  s lig h tly  from  su b jec t to  su b jec t.

Normal Plaque C onditions.

The p e rc e n ta g e  m icrobial coun ts ob ta ined  u n d e r  norm al p laque conditions 
a re  shown in  T able  4 .12 . U nder th e se  conditions, th e  ra n g e s  am ongst 
su b jec ts  in  mean p ro p o rtio n  of th e  to ta l cu ltivable flo ra  fo r  Gram po sitiv e  
cocci an d  bacilli w ere  22 .0  -  74.3 % an d  8 .8  - 71.9 % re sp ec tiv e ly , w ith  
th e  h ig h e s t coceal an d  low est b ac illa ry  mean count b e in g  found  in  Subject 
G . The c o rre sp o n d in g  ra n g e s  fo r  Gram negative  cocci an d  bacilli am ongst 
th e  su b jec ts  w ere 2 .5  - 14.1 % and  1 .8  - 19.6 % re sp ec tiv e ly .

S tr e p . m utans was n o t d e tec ted  in  an y  p laque samples ob tained  from  
S ubjects A an d  G, while th is  organism ’s mean p e rcen tag e  count from  

S ubject E was 13.9 %.

The mean p ro p o r tio n  of Lactobacillus sp p . v a ried  from 0.1 % in  Subjects C 

and G, to  4 .7  % in  S ub jec t F .

Sucrose Plaque C onditions.

As show n in  T able 4 .1 3 .,  p o sitive  cocci accounted  fo r  76.4 % of th e  to ta l 

anaerobic  cu ltiv ab le  flo ra  in  S ubject G, and  ran g ed  from 16.6 to  50.2 % in  
the  o th e r  s ix  su b je c ts . C o rresp o n d in g ly , Subject G had  th e  low est mean 

count of p o s itiv e  b acilli (2 .0  %) while th is  g roup  of organism s com prised 
betw een 33 .4  an d  56.8 % in  th e  o th e r su b jec ts . T he p ro p o rtio n  of 
negative cocci was u n d e r  10 % in  each su b jec t, excep t Subject G, who
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again  d id  n o t f i t  in to  th e  g en e ra l p a t te rn ,  h av in g  a  count of 20.9 %. In  

S ub jec t F , th e  mean p e rc e n ta g e  of negative  bacilli was 25 .0 , an d  in  th e  
o th e r su b je c ts , 0 .7  to  14 .0  %.

As p re v io u s ly , S t r e p , m utans was no t iso la ted  in  an y  p laque sample from  
Sub ject G, an d  h ad  th e  h ig h e s t mean p e rcen tag e  count in  S ubject E 

(2 0 .6 % ). In  each  of th e  o th e r  su b je c ts , S tr e p . m utans was iso la ted  from  
a t le a s t two sam ples, a n d  th e  mean count was 0 .1  % o r le ss . Lactobacillus 
sp p . w ere iso la ted  also  in  a t leas t two sam ples from all su b jec ts , ra n g in g  
from  a  mean of 0 .03 % (S u b jec t B) to  2 .2  % (S ub ject E ).

Sucrose Plaque w ith  Inoculation o f S trep , mutans

Table 4 .14 . show s th e  re s u lts  fo r  th e  p redom inant flo ra  iso la ted  from  SPM 
p la q u e . T he ra n g e  of mean p e rcen tag e  counts fo r  positive  cocci was 13.9 
- 64.3%, while p o s itiv e  bacilli v a ried  from  26.0 % in  Subject A to  72.1 % in  
Subject C. N egative cocci w ere less  v a riab le , accoun ting  fo r 5 .0  - 11.4 
% of th e  to ta l f lo ra , in  th e  five  su b jec ts , and  negative  bacilli ra n g e d  from
2.1 % in  S u b jec t E to  10.9 % in  Subject D. S tr e p . m utans was iso la ted  
from a t le a s t s ix  of th e  p laq u e  samples from  each su b jec t, an d  ra n g e d  
from 1 .0  % in  S u b jec t B to  52.3 % in  S ubject E. Lactobacillus sp p . w ere 
also p re s e n t  in  a t  le a s t s ix  of th e  s ite s  from each su b jec t, accoun ting  fo r  
1.3 - 9 .0  % of th e  to ta l cu ltivab le  m icroflora.

S ta tis tica l an a ly s is  of v a rian ce  shown in  Table 4 .18. confirm s th a t fo r  all 
g ro u p s , g e n e ra  an d  sp e c ie s , w ith  th e  exception  of Lactobacillus s p p . ,  a  

s ig n ifican t su b jec t e ffe c t o c cu rred .

4.5 .10 .  E ffect o f Treatm ent Conditions on Proportional Enamel Slab 

Plaque M icroflora, fo r  Five Subjects Combined.

The p redom inan t flo ra  iso la ted  from p laque u n d e r  each trea tm en t condition 
fo r su b jec ts  A to  E com bined is shown in  Table 4 .1 5 ., an d  th e  s ta tis tic a l 
analysis of v a rian ce  is  g iv en  in  Table 4 .18. The isolation freq u e n cy  of 
S tr e p . m utans in c re a sed from  62 % (N P ), to  63 % (SP) and  90 % (SPM ), 
w ith th e  d iffe ren ce  betw een  SPM an d  b o th  NP an d  SP b e in g  s ig n ifican t a t 
the  1 % level ( x 2 t e s t ) .  The m edians of th e  p e rcen tag e  counts w ere 0 .1 , 
in bo th  NP an d  SP p la q u e , an d  4 .3  % in  p laque which had  experienced  SPM
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cond itions. S im ilarly , th e  mean p ro p o rtio n  of S tr e p , m utans was h ig h e s t 

u n d e r  SPM cond itions (21 .2  %), w ith th e  values fo r NP and  SP b e in g  3 .3 

and  4 .4  % re s p e c tiv e ly . S ta tis tic a l analysis showed th is  d ifference  to  be  
h ig h ly  s ig n ific an t ( p  < 0 .001 ).

The iso la tion  freq u e n c ie s  of Lactobacillus sp p . obtained  from  th e  th re e  
trea tm en t cond itions w ere 70 % (N P), 63 % (SP) and  85 % (SPM), w ith th e  

d iffe ren ce  b e tw een  SPM and  SP b e in g  s ign ifican t a t th e  5 % level (%2 
te s t ) .  The m edians fo r  each  trea tm en t condition was 0.1 %. As w ith  the  
isolation f re q u e n c ie s , th e  mean was s lig h tly  lower in  SP (0 .9  %) an d  NP 

(1 .0  %) th a n  in  SPM p laq u e  (3 .4  %), b u t th is  d ifference  did no t reach  a 
s ig n ifican t lev e l.

For n eg a tiv e  b ac illi, th e  iso la tion  freq u e n cy , mean an d  m edian w ere all 
h ig h e r in  SP p la q u e , com pared to  p laque grow n u n d e r  NP an d  SPM 
co n d itio n s , th e  d iffe ren ces  in  isolation freq u e n cy  and  mean b e in g  
s ig n ifican t a t  th e  1 % lev el. ( I .F .  - te s t  ; mean - analy sis  of 
v a r ia n c e ) .

No s ig n ific an t d iffe ren ce  in  th e  isolation freq u e n cy  o r means fo r  

Veillonella an d  A ctinom yces sp p . was seen  w hen com paring NP, SP and  
SPM.

A complete lis tin g  of th e  organism s iso la ted  from  th e  enamel s lab s , in  each  
trea tm en t g ro u p  fo r  all su b jec ts  com bined, is g iven  in  Table 4 .16.

S tr e p . sa liv a riu s  w as, as w ith  enamel section  p laq u e , th e  most ab u n d an t 
s tre p to co c c u s , o th e r  th a n  th o se  a lread y  tab u la ted , w ith i ts  mean p e rcen tag e  
count ra n g in g  from  0.7 % (SPM) to  4.9 % (S P ). N eisseria  sp p . accounted  
fo r le ss  th a n  1 % of th e  to ta l flo ra  in  all th re e  trea tm en t g ro u p s .

Of th e  A ctinom yces s p p . ,  A. o d on to ly ticus, and  catalase positive  and  
negative  d iv isions of A . v isco su s  / naeslu n d ii, w ere each  p re s e n t in  sim ilar 
p ro p o rtio n s , w ith  th e  ca ta lase  positive  division b e in g  s lig h tly  h ig h e r  in  

each tre a tm e n t g ro u p .
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4 .5 .1 1 .  E ffect o f Subject and. Treatm ent Condition on A bsolute M icrobial 
C ounts o f Plaque Obtained from Enamel S lab s.

E ffect of Subject on M icrobial C ounts.

T he m icrobial co u n ts  fo r  th e  predom inant p laque  m icroflora, and  to ta l 
m icrobial c o u n t, e x p re s se d  as log10 cfu  p e r  mm2 enamel su rfa c e , fo r  each 
su b je c t, u n d e r  each  tre a tm e n t condition is show n in  Table 4 .19 . As some 
of th e  p red o m in an t organism s w ere no t d e tec ted  on e v e ry  p la te  u sed  fo r  
id en tifica tio n  of th e  f lo ra , th e  minimum detection  value fo r  each sample 
was calcu la ted  a f te r  considera tion  of th e  dilu tion fac to rs  and  volume of 
inoculum  on th e  sam pled a re a  of th e  p la te , to g e th e r w ith th e  su rface  a re a  
of th e  enamel s lab  from  w hich th e  p laque sample had  been  rem oved. Half 

the  minimum d e tec tio n  value was th e n  added  to  th e  count fo r  each  
organism , in c lu d in g  th o se  w here  th e  organism  was not d e tec ted  (see  
Section 2 .8 ) .  All th e  re su lt in g  values w ere th e n  log tran sfo rm ed .

For norm al p la q u e , th e  log  of th e  to ta l m icrobial count ran g ed  from 6.63 
in  S ub jec t A to  8 .24  in  S ub jec t F . T he ran g e  in  su cro se  p laque was 6.38 
- 8 .09 , w ith  th e  low est va lue  again  b e in g  seen  in  Subject A an d  th e  

h ig h e s t in  S u b jec t F . F or p laque  sam ples w hich h ad  rece iv ed  su cro se  
app lications an d  inocu la tion  of S tr e p . m u tan s , th e  lowest to ta l count was 

6.66 (S u b jec t D) an d  th e  h ig h e s t , 7.62 (S ub ject B ).

A nalysis of v a rian ce  of th e se  re s u lts  is  g iven  in  Table 4 .21 . A s ig n ifican t 
su b jec t e ffec t was fo u n d  fo r  th e  to ta l m icrobial counts ( p  < 0 .0 0 1 ), an d  
the  in d iv id u a l co u n ts  fo r  organism s and  g ro u p s  ( p  < 0.01 fo r  positive  

cocci an d  S t r e p . san g u is  ; p  < 0.001 fo r all o th e rs ) .

E ffect o f Treatm ent Condition on Microbial C ounts.

To examine a n y  p o ssib le  e ffec t of th e  d iffe ren t trea tm en t cond itions, th e  
mean m icrobial co u n ts  u n d e r  each  trea tm en t condition, fo r  Subjects A -  E 
combined w ere ta b u la te d  (T ab le  4 .2 0 .) .  S ub jects F an d  G w ere excluded  
as th e ir  r e s u l ts  w ere incom plete. The mean to ta l microbial count fo r  th e  

five su b jec ts  w as 7 .18  (N P ), 6.96 (SP) an d  7.15 (SPM). A nalysis of 
variance (T ab le  4 .2 1 .)  show ed th a t  a s ign ifican t trea tm en t e ffec t was seen  

with p o sitive  an d  n eg a tiv e  b acilli, S tr e p . sangu is and  S tre p . oralis (a ll, p
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0 .0 1 ); an d  also  w ith  S t r e p . m utans and  Actinom yces s p p . (b o th , p <  0 .0 0 1 ), 
w ith th e  h ig h e s t co u n t fo r  S t r e p , m utans b e in g  seen  in  SPM, an d  th e  

h ig h e s t A ctinom yces sp p . count o c cu rrin g  in  NP. How ever, trea tm en t 
conditions h a d  no s ig n ific an t e ffec t on th e  mean to ta l m icrobial co u n ts .

4 .5 .1 2 . E ffec t o f T rea tm en t C onditions on F.nantml OpnrinpralisqtioTi.

The dem ineralisa tion  p a ram ete rs  A z, SZ and  LB, fo r  each  su b jec t u n d e r  
each  tre a tm e n t condition  a re  g iven  in  Tables 4 .22 . - 4 .24.

Minimal dem ineralisa tion  was o b serv ed  in  sections from e v e ry  su b jec t u n d e r  
norm al p laq u e  co n d itio n s , w ith  th e  mean Az values ra n g in g  from 175, in  
Sub jec t B , to  388 in  S ub jec t E , and  th e  mean to ta l, fo r  a ll su b jec ts  
com bined, b e in g  275 u n its .  For su crose  p laq u e , s lig h tly  h ig h e r va lues 
w ere fo u n d , th e  mean Az values b e in g  from  131 (S ub jec t C) to  540 

(S ub jec t D) an d  th e  mean to ta l Az, 337 u n its . In  enamel sections w hich 
had  rece iv ed  su c ro se  p laq u e  conditions w ith inoculation of S tr e p , m u tan s , 

h ig h e r  levels  of dem ineralisa tion  w ere observ ed  in  all su b jec ts , th e  Az 
ra n g in g  from  256 (S u b jec t C) to  917 (S ub ject E ). The mean Az fo r  all 
su b jec ts  was 601 % vol min x  pm. In  all th re e  trea tm en t conditions, th e  
change in  su rfa c e  zone an d  lesion  body  values w ere small, a lth o u g h  th e  
h ig h e s t v a lues w ere again  seen  fo r  Subject E, u n d e r  SPM conditions.

The dem ineralisa tion  p a ram ete rs  fo r  each su b jec t, fo r all conditions 
com bined, a re  show n in  Table 4 .25 . The low est amount of m ineral loss 
o ccu rred  w ith  S u b jec t C an d  th e  h ig h e s t w ith Subject E. No sam ples 
w ere availab le  fo r  S ub jec ts  F and  G u n d e r  SPM conditions, so th e  values 

fo r th e se  su b je c ts  in  th is  Table a re  no t com parable.

The s ta tis tic a l an a ly s is  of th e  re su lts  obtained  from th is  experim ent is 
given in  T able 4 .2 6 . T he o rd e r  of th e  trea tm ent ru n s  and  th e  position  of 
the  enamel windows on th e  sections d id  not s ign ifican tly  a ffect th e  am ount 
of dem ineralisa tion . The side  of th e  appliance on which th e  enamel 
sections w ere s ite d  d id  n o t a ffec t th e  Az o r SZ, b u t s ign ifican tly  a ffec ted  

the  LB v a lu es  a t  th e  5 % level.

D esp ite  th e  w id e  v a r ia t io n  in  Az b etw e e n  s u b je c ts , th e r e  w as co n sid era b le
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in tr a - s u b je c t  v a r ia tio n , show n b y  th e  la rg e  s ta n d a rd  e r r o r s ,  so th e re  was 
no su b jec t e ffec t in  th e  am ount of dem ineralisation o b se rv ed .

A nalysis of v a rian ce  show ed th a t th e re  was a  sign ifican t trea tm en t e ffec t 
w ith  dem ineralisa tion  of enamel u n d e r  SPM conditions b e in g  s ig n ifican tly  
g re a te r  th a n  th a t  a sso c ia ted  w ith  n a tu ra l and  su cro se  p laques ( p  < 0.01 

fo r Az v a lu e s , p  < 0.05 fo r  lesion bo d y  v a lu e s ) . While th e  dem ineralis
a tion  levels  w ere  s lig h tly  h ig h e r  in  SP th a n  NP, th is  d id  no t re a ch  a 
s ig n ifican t lev e l.

4 .5 .1 3 .  L esion P rofile and Az G roups.

The num ber of enam el s ite s  in  each lesion p rofile  g roup  fo r each  su b jec t 
is g iven  in  T able  4 .2 7 . In  five su b jec ts , a t  le a s t 50 % of th e  s ite s  

showed no change in  lesion  p rofile  from  baseline  (ie Profile G roup 1 ) , 
while fo r  S u b jec ts  D an d  E , th e  p e rcen tag es  of s ite s  in  th is  p ro file  g ro u p  
w ere 46 an d  33 % re sp e c tiv e ly . In  most su b jec ts , th e re  was ev id en ce , of 
su rface  so fte n in g  (G roups 2 and  3) an d  su b -su rfa ce  dem ineralisation 
(G roup 4) in  some s i te s ,  th e  excep tion  b e in g  Subject G who p ro d u ced  a t  
m ost, a small d eg re e  of su rface  so ften in g  (ie Profile Group 2 ) . Only 
e ig h t s i te s ,  h o w ev er, w ere available from  th is  su b jec t, and  th e se , to g e th e r  
w ith th o se  from  S u b jec t F , h ad  only  b een  exposed  to  norm al an d  su cro se  

trea tm en t co n d itio n s .

The d is tr ib u tio n  of th e  enamel s ite s  in to  Az g ro u p s following th e  th re e -  
week experim en tal p e rio d  is  shown in  Table 4 .28. In  fo u r of th e  five  
su b jec ts  who com pleted all th re e  experim ental protocols a t  leas t 40 % of 
th e  te s t  s ite s  show ed only  minimal change in  m ineral con ten t (G roup 1 ), 
while in  S ub jec t E, 12.% f it te d  in to  th is  categ o ry . With th e  excep tion  of 
S ubjects B an d  G , a t  le a s t one of th e  s ite s  from each ind iv idual p ro d u ced  

a change in  Az value  of o v e r 1000 % vol. min. x  pm (G roup 4 ). T his 
o ccu rred  m ost f r e q u e n tly  in  Subjects D an d  E w here 17 a n d  21 % of th e  

areas f i t te d  in to  th is  dem ineralisation g ro u p .

The d is tr ib u tio n  of th e  enamel s ite s  in  th e  lesion profile  g ro u p s u n d e r  

each trea tm en t condition  is  shown in  Table 4 .29. U nder normal p laque 
conditions, 64 % of th e  enamel te s t  s ite s  showed no ap p a ren t p o s t-  
experim ental change  in  lesion  p ro file , 27 % showed a small am ount of
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su rface  so fte n in g , w ith  th e  p e rc en ta g e  of s ite s  showing a la rg e r  d eg ree  of 
su rfa ce  so fte n in g  an d  su b su rfac e  dem ineralisation b e in g  4 and  6 % 

re sp e c tiv e ly . More of th e  s ite s  ob ta ined  following su cro se  p laque 
conditions f i t te d  in to  p ro file  G roup 3 (14 %) and  in to  p ro file  G roup 4 

(10 %) com pared w ith  NP e x p o su re , w hilst th e  p e rcen tag e  d is tr ib u tio n  of 
s ite s  w ith in  th e  P ro file  G roups 1 - 4  following SPM conditions was 32, 25, 
15 an d  27 % re sp e c tiv e ly .

Table 4 .30 . show s th e  num ber of enamel s ites  in  each  Az g roup  re su ltin g  
from each  tre a tm e n t condition . Of th e  NP s ite s , 19 % h ad  dem ineralis

ation of b e tw een  500 an d  1000 u n its , and  no s ite s  had  dem ineralisation of 

o v er 1,000 u n its .  H ow ever, 23 % of th e  s ite s  exposed  to  su c ro se  had  
m ineral lo ss  o v e r 500 u n its ,  inc lud ing  8 % w ith a value of over 1000. In  
th e  SPM g ro u p , 42.5 % of s ite s  w ere d is tr ib u te d  betw een G roups 3 & 4 
w ith 22.5 % h a v in g  m ineral loss of ov er 1000 % vol. m in .x  jun. F or all 

tre a tm en t g ro u p s  com bined, th e  d is tr ib u tio n  of th e  144 enam el s ite s  in to  
th e  Az g ro u p s  was as  follows - 62 in  Group 1, 43 in  Group 2, 26 in  G roup 
3 and  13 in  G roup 4.

4 .5 .14 .  R elationship  B etw een Plaque M icroflora and Total Mineral L oss, 
U nder Each Treatm ent Condition.

The mean an d  s ta n d a rd  deviation  fo r th e  predom inant cu ltivable m icroflora 
associated  w ith  each  Az G roup , fo r  each trea tm en t condition, is  shown in  

Table 4 .31 .

For norm al p la q u e , th e  mean p ro p o rtio n  of S tre p . m utans was 1 .8  % (Az 
Group 1 ) , 5 .4  % (G roup  2) an d  3 .9 % (G roup 3 ), while th e  co rresp o n d in g  
f ig u re s  fo r  L actobacillus sp p . w ere 1 .8  %, 5 .2  % and  0 .1 %. H ow ever, 
th e re  w ere la rg e  d iffe ren ces  betw een th e  counts in  d iffe ren t sam ples, 
w ithin each  Az G roup , a s  can be  seen  from  th e  la rg e  s ta n d a rd  deviations 
quo ted . An in c re a se  in  iso lation  freq u e n cy  (see Table 4 .3 2 .)  fo r  S tr e p . 
m utans was fo u n d , in c re a s in g  from  24 % in  Group 1 to 60 % in  G roup 3 
X2 te s t in g  show ed a  s ig n ifican t d ifference  betw een G roups 2 an d  3, and  
G roup 1 ( p  < 0 .0 5 ) . T he iso lation  freq u en cy  of lactobacilli was sim ilar in  
all th re e  g ro u p s . T he mean p ro p o rtio n s  of Veillonella s p p . d ecreased  from
10.8 % in  G roup 1, to  8 .5  % in  Group 2 and  3.2 % in  Group 3. The
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f re q u e n c y  of d e tec tio n  of Veillonella and  B3.ct0roid.ss s p p . d ecreased  as 
m ineral loss in c re a se d .

In  su cro se  p la q u e , no tr e n d  was seen  fo r th e  mean p ro p o rtio n  of S tr e p . 
m utans o r  L actobacillus s p p . in  re la tio n  to  th e  e x te n t of dem ineralisation 
(T ab le  4 .3 1 .) .  H ow ever, th e  isolation freq u e n cy  of S tr e p . m utans was 
h ig h e r  in  G roups 3 a n d  4, th a n  in  G roups 1 and  2 (T able 4 .3 2 .) .  T his was 

no t s ta tis tic a lly  s ig n ific a n t, b u t  w hen NP and  SP re s u lts  w ere com bined, a  
s ig n ifican tly  h ig h e r  iso la tion  fre q u e n c y  fo r G roups 3 and  4, com pared w ith  
G roup 1 w as seen  ( p  < 0 .05 , x 2 te s t ) .  Lactobacillus sp p . re su lts  show ed 
no p a t te rn  in  re la tio n  to  dem ineralisation .

V eillonella s p p . ,  u n d e r  SP cond itions, was h ig h e s t in  th e  g roup  re p re se n tin g  
th e  g re a te s t  m ineral lo ss . S tr e p . sangu is  in  genera l in c reased  w ith  
in c re a s in g  dem inera lisa tion , form ing 8 .4  % of th e  to ta l flo ra  in  Group 1, 
and  20.0  % of th e  flo ra  in  G roup 4, and  th e  isolation freq u e n cy  was 
s lig h tly  h ig h e r  in  G roups 3 and  4 th a n  in  th e  o th e r G roups. H ow ever, 
th e  mean p ro p o rtio n  of S t r e p . oralis was h ig h e r in  Az G roups 1 an d  2, 
com pared w ith  G roups 3 an d  4, a lthough  th e  isolation freq u e n cy  was 
h ig h e s t in  G roup 4. B actero ides sp p . isolation in c reased  from  G roup 1 to  
G roup 3, b u t  was iso la ted  in  no sample w here m ineral loss exceeded  1,000 
u n its .

U nder SPM co n d itio n s , th e  p ro p o rtio n  of S tre p . m utans was h ig h e r in  all 
Az G ro u p s, com pared to  all th e  re s u lts  obtained  fo r NP and  SP (T able 
4 .3 1 .) .  A m arked  r is e  in  p e rcen tag e  count o ccu rred , in  th e  SPM g ro u p s , 

ran g in g  from  8 .9  % in  G roup 1 to  30.5 % in  Group 4. The isolation 
f req u e n cy  was more th a n  80 % fo r all Az G roups, and  ro se  to  100 % w here 
dem ineralisation exceeded  1,000 u n i t s . The mean p ro p o rtio n  of lactobacilh  
was co n sid e rab ly  h ig h e r  in  Az G roup 4 th a n  in  all of th e  o th e r th re e  
g ro u p s , w here  i t  com prised a sim ilar frac tio n  of th e  to ta l flo ra . A lthough 
the  iso lation  fre q u e n c y  was h ig h  in  all g ro u p s , Lactobacillus sp p . was no t 
iso lated  from  one of th e  samples associated  w ith  th e  h ig h es t 
dem ineralisation  g ro u p . T he mean p ro p o rtio n s  and  isolation freq u en c ies  of 
S tre p . san g u is  an d  S t r e p . o ralis decreased  w ith  in c reas in g  m ineral lo ss . 
The mean p ro p o rtio n  of Veillonella s p p . decreased  from  Az G roup 1 to  
Group 4, b u t  no t r e n d  was seen  in  re la tion  to  isolation freq u e n cy .
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A ctinom yces sp p . show ed no p a t te rn  th ro u g h o u t th e  dem ineralisation 
g ro u p s .

A sum m ary of th e  m edian, mean an d  ran g e  of th e  p ro p o rtio n s  of s t r e p . 
m utans an d  L actobacillu s sp p . in  each Az G roup is shown in  Tables 4 .33 . 

and  4 .34 . T he la rg e  ra n g e s  ind ica te  th e  ex ten t of v a ria tio n  in  p ro p o rtio n s  
w ith in  each  g ro u p . T h e re fo re  th e  medians Eire a  b e t te r  re p re se n ta tio n  of 
th e  re s u l ts  th a n  th e  m eans. The median count of S tr e p , m utans was 
e ith e r  ND o r 0 .1  fo r  G roups 1 to  3 u n d e r  each trea tm en t condition, h u t 
was 1 .8  % in  G roup 4 fo r  SP, and  33.3 % fo r Group 4 in  SPM. Sim ilarly, 
th e  median of th e  p ro p o rtio n s  of lactobacilli was 0.1 fo r  all G roups 1 and  
2, an d  G roup 3 in  th e  NP sam ples, b u t  ro se  to  1 .6  and  2 .8  % re sp ec tiv e ly  
fo r  G roup 3 in  SP an d  SPM. The median fo r Group 4 in  th e  SP p laques 
fell again  to  0 .1 , b u t  was co n sid erab ly  h ig h e r  in  th e  SPM Group 4, a t
23.9 %.

4 .5 .1 5 . P laque M icroflora and Lesion P rofiles.

The p redom inan t cu ltivab le  p laque m icroflora iso la ted  from  each lesion 
p rofile  g ro u p , fo r  all su b jec ts  and  all trea tm en t conditions com bined, is 

shown in  T able  4 .3 5 . T he mean p ro p o rtio n  of S tr e p . m utans in c reased  
from 5 .0  % in  p ro file  G roup 1 to  14.0 % in  Group 4, th e  g roup  con tain ing  
those enamel s ite s  ex h ib itin g  su b su rfac e  dem ineralisation. The isolation
freq u en c ies  in c re a se d  co rre sp o n d in g ly  from  52 to  90 %. S tr e p . oralis
d ecreased  be tw een  G roups 1 and  4, and  th e  s ta tis tic a l analysis  of th e se  
r e s u lts ,  show n in  T ab le  4 .3 8 .,  confirm ed th a t  th is  was s ign ifican t a t  th e  5 
% le v e l. S t r e p . san g u is  a n d  Veillonella s p p . v a ried  little  am ongst th e  fo u r 
lesion p ro file  g ro u p s . Actinom yces sp p . ten d ed  to  in crease  in  th e  h ig h e r 
profile  g ro u p s , while L actobacillus s p p . was sim ilar in  G roups 1 and  2, b u t 
rose  m arked ly  in  p laq u e  assoc ia ted  w ith  obvious su rface  so ften ing  and  
su b su rface  dem ineralisa tion . The medians of S tre p . m utans and  

lactobacilli w ere  h ig h e s t  in  G roup 3.

4 .5 .1 6 . R elationship  o f Plaque M icroflora to  Total Mineral L oss under All 

Treatm ent C onditions Combined.

The p e rc e n ta g e  d is tr ib u tio n  of th e  predom inant cultivable flo ra  iso lated  
from th e  d if fe re n t Az g ro u p s  in  each  su b jec t is shown in  Table 4 .36 .
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In  S ub jec t A , th e  mean p ro p o rtio n s  of S tr e p , m utans iso la ted  from  Az 

G roups 1 - 4 ,  w ere 21 .1 , 13 .4 , 5 .0  and  52.4 % rep ec tiv e ly , w ith  th e  
iso lation  f re q u e n c y  in c re a s in g  from  40 % in  Group 1, to  75 % in  G roups 2 
and  3, an d  100 % in  G roup 4. The median values in c reased  from  ND in  
G roup 1, to  0 .1  in  G roups 2 and  3, and  52.4 % in  Group 4. The mean 

p e rc e n ta g e  co u n ts  of L actobacillus sp p .w e re  less  th a n  1 % in  Az G roups 1 
and  2, b u t  in c re a se d  to  4 .1  % and  6 .3 % in  G roups 3 and  4. The 
p ro p o rtio n  of V eillonella s p p . iso la ted  from  site s  w ith m ineral loss of u n d e r  
500 % vol min x  pm was 8 .8  %, while lower levels of 2 .0  - 4 .0  % w ere 
asso c ia ted  w ith  h ig h e r  am ounts of dem ineralisation. The mean
Actinom yces s p p . levels ra n g e d  from 16.9 % in  Az G roup 2 to  39.3 % in  
G roup 3. T he  p ro p o rtio n s  of S tr e p , oralis and  S tr e p . sangu is  in  G roup 4 
w ere le ss  th a n  in  th e  o th e r  th re e  g ro u p s .

The mean p ro p o rtio n s  of S tr e p . m utans iso lated  from p laque sam ples 
ob ta ined  from  each  dem ineralisation  g roup  in  Subject B w ere low, ra n g in g  
from 0.01 % in  G roup 2 to  1 .5  % in  G roup 1. No enamel s ite s  experien ced  
m ineral lo ss  in  ex cess  of 1,000 u n its  an d , w ith th e  exception  of 
Actinom yces sp p . w hich showed a s lig h t in c rease  in  p ro p o rtio n  from  Az 
G roup 1 to  G roup 3 , no obvious p a tte rn  was o bserved  re g a rd in g  th e  

re la tio n sh ip  betw een  th e  p e rcen tag e  d is trib u tio n  of th e  organism s an d  
levels of dem ineralisa tion .

In  S ub jec t C , m ineral loss of over 500 Az u n its  occu rred  a t only two s ite s , 

w ith minimal dem ineralisa tion  o c cu rrin g  a t most s ite s  (17 /24). The levels 
of S t r e p . m utans a n d  L actobacillus s p p . w ere low a t all t e s t  a re a s , w ith  
the  maximum mean p ro p o rtio n  of St r e p . m utans be in g  1 .3  % in  G roup 4, 
and  th e  h ig h e s t  m ean level of lactobacilli (1 .8  %) b e in g  fo u n d  a t G roup 2 
s ite s . Low er p ro p o rtio n s  of Veillonella sp p . w ere associated  w ith  th e  two 
sites  w hich e x p e rien ced  h ig h e r  am ounts of dem ineralisation.

The mean p ro p o r tio n s  of S t r e p . m utans w ere u n d e r  1 % in  all Az g ro u p s in  
Subject D . S t r e p . saufrmK levels w ere h ig h e r in  p laques associated  w ith

dem ineralisation of o v e r 500 Az u n its , w hilst th e  opposite was o b serv ed  
w ith S tr e p . o ra lis . T he mean p e rcen tag e  of Lactobacillus sp p . was

g re a te r  in  th e  h ig h e s t  dem ineralisation g roup  (15.7 %) th a n  in  th e  o th e r 

th ree  g ro u p s  ( ra n g e  0 .8  -  2 .9  %).
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In  S ub jec t E , th e  mean p e rc en ta g e  counts of S tr e p . m utans w ere h ig h  in  

all Az g ro u p s , ra n g in g  from  19.6 % in  Group 2 to  41.4 % in  G roup 3, an d  
th is  o rgan ism  was iso la ted  from  each of th e  24 p laque sam ples. S tr e p . 
san g u is  and  S t r e p , o ra lis  w ere  p re s e n t in  low p ro p o rtio n , o r w ere 

u n d e tec ta b le , in  each  g ro u p . Lactobacillus sp p . in c reased  in  p ro p o rtio n  
from sam ples a sso c ia ted  w ith minimal dem ineralisation (4 .2  %) to  sam ples 
from G roup 4 lesions (31 .8  %), while th e  p e rcen tag e  of Actinomyces sp p . 
was le a s t in  th e  h ig h e s t  dem ineralisation ca teg o ry .

T he p ro p o r tio n  of S t r e p . m utans in  Subject F v a ried  betw een 0 .1 % (G roup 
3) an d  2 .4  % in  th e  one sample in  G roup 4. Lactobacillus sp p . d ecreased  

w ith  in c re a s in g  dem in era lisa tio n , while Actinomyces sp p . showed th e  
opposite  p ro g re s s io n . No obvious tre n d  was seen  in  re la tion  to  th e  o th e r  
p redom inan t o rg an ism s.

In  S ub jec t G, S t r e p . m utans was iso lated  from no p laque sam ple, a n d , as in  
S ub jec t F , th e  m ean p ro p o rtio n  of Lactobacillus s p p . was g re a te s t  in  G roup 
1, an d  d e c rea se d  th e re a f te r .  Veillonella sp p . w ere considerab ly  h ig h e r  in  
Az G roups 1 an d  2 (16 ,0  a n d  24.9 %, re sp ec tiv e ly ) th a n  in  Group 3 (5 %). 
Sim ilarly, A ctinom yces sp p . w ere lowest in  th e  h ig h e s t dem ineralisation 
g ro u p .

R esu lts fo r  A ll Su bjects Combined.

The to ta l f lo ra  iso la ted  from  th e  p laque associated  w ith  each Az g ro u p , 

fo r all su b jec ts  com bined, is shown in Table 4 .37.

S tr e p . m utans in c re a se d  from  a  mean p e rcen tag e  count of 5 .2  % in  Group 
1, to a co u n t of 20.0  % in  G roup 4, w ith th e  median values b e in g  0 .1 fo r 
each of G roups 1 to  3 , b u t  9 .5  % fo r  Group 4. The isolation freq u e n cy  
in c reased  th ro u g h o u t th e  fo u r  g ro u p s , from 51 % to 100 %, and  th is  was 
sign ifican t a t th e  1 % level (%2 te s t ) .  The to ta l of th e  means of th e  
rem aining s trep to co cc i d ecrea sed  as th e  Az value in c reased , b e in g  

approxim ately  35 % in  G roup 1. an d  17 % in  G roup 4.

Veillonella s p p . acco u n ted  fo r  almost th e  to ta l count of negative  cocci 

iso la ted , w ith  i ts  h ig h e s t  mean value seen  in  Group 1 (9 .8  %) an d
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d e c rea s in g  s lig h tly  w ith  in c re a s in g  dem inerahsation , th e  low est mean count 
b e in g  5 .9  %, in  G roup 4.

A. odon to ly ticus an d  ca ta lase  positive  A. v iscosus / naeslund ii showed no 
p a t te rn  w ith  dem inerahsa tion  g ro u p , b u t  b o th  th e se  organism s h ad  th e ir  
low est va lue  in  th e  h ig h e s t Az g ro u p . The catalase  negative  division of 
A. v isco su s  ) n aes lu n d ii v a ried  little  among th e  dem ineralisation g ro u p s , 
ra n g in g  from  7 .0  % (G roup  2) to  11.4 % (G roup 4 ).

The mean p e rc e n ta g e  coun t of Lactobacillus sp p . was sim ilar in  Az G roups 
1 -3 (2 .4 , 3 .0  an d  2 .8  % re sp e c tiv e ly ) , b u t in c reased  to  18.0 % in  Group 4. 
As w ith  S t r e p , m u ta n s , th e  median values w ere 0.1 in  G roups 1 to 3, b u t 
ro se  co n sid e rab ly  in  G roup 4, w here th e  m edian was 12.5 %. The iso l
ation freq u e n c ies  fo r  th is  organism  w ere 75.8 %, 65.1 %, 80.8 % and  84.6 % 
in  th e  fo u r  g ro u p s . A nalysis of variance  (show n in  Table 3 .3 8 .)  of th e  
means show ed a s ig n ific an tly  h ig h e r  level of lactobacilli in  G roup 4, 
com pared to  each  of th e  o th e r  th re e  g roups ( p  < 0 .001), b u t te s t in g  
on th e  iso lation  freq u e n c ie s  showed no sign ifican t diff e re n c ie s .

B actero ides s p p . w ere  p re s e n t  in  42 % of th e  s ite s  in  G roups 1 and  2, 38 % 
in G roup 3, an d  8 % in  G roup 4. The d ifference  in  isolation freq u e n cy  
betw een G roup 4 a n d  th e  o th e r  g ro u p s was s ign ifican t a t th e  5 % level 

(X2 t e s t ) .  T he m edian level was ND in  each  of th e  fo u r g ro u p s .
The o th e r  g e n e ra  an d  sp ec ie s , w hich w ere only ra re ly  iso la ted  and  in  low 

num bers, in d ic a ted  no tre n d  in  re la tion  to dem ineralisation levels.

The s ta tis tic a l an a ly s is  of v a rian ce  fo r  th ese  re su lts  (T able 4 .3 8 .)  showed 

little  co rre la tio n  b e tw een  th e  p e rcen tag e  counts of th e  organism s iso la ted  
from p laq u e  sam ples an d  th e  am ount of dem ineralisation in  associated  
enamel. A lthough  S tr e p . m utans in c reased  in  mean p e rcen tag e  count 
th ro u g h o u t th e  fo u r  g ro u p s , th e re  was no s ta tis tica l re la tionsh ip  betw een 
th e  p e rc e n ta g e  of th e  organism  and  th e  level of dem ineralisation w hich 
o c c u rre d . H ow ever, while S tr e p . m utans was p re se n t in  approxim ately  
half th e  p laq u e  sam ples asso c ia ted  w ith minimal m ineral lo s s , in  no sample 
w here th e  m ineral lo ss  exceeded  1,000 u n its  was S tre p . m utans a b se n t.

Lactobacillus s p p . was co n sid erab ly  h ig h e r in  samples associated  w ith  th e
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g re a te s t  am ount of m ineral lo ss , com pared to  th e  o th e r g ro u p s , and  th is  
was s ig n ific an t a t th e  0 .1  % level.

4 .5 .1 7 .  R elationship  B etw een Subject C haracteristics and in  situ  
D em ineralisation L evels.

A com parison of th e  mean levels of dem ineralisation experienced  on th e  
enamel sec tio n s  of each  su b je c t, w ith  th e  re s u lts  of th e  sc reen in g  te s ts  
c a rr ie d  o u t on th e  in d iv id u a ls , was u n d e rta k e n . Only th e  in  s itu  re s u lts  
ob ta ined  from  NP an d  SP pro toco ls w ere u se d , since Subjects F an d  G h ad  
no t p a r tic ip a te d  in  experim en tal ru n s  involv ing  SPM conditions.

L inear re g re s s io n  an a ly s is  showed a s ign ifican t positive  co rre la tion  
( p  < 0 .05) be tw een  th e  DMFS sco res  of th e  ind iv iduals and  th e  levels of 
in  s itu  m ineral lo s s . A lthough a  positive  tre n d  was seen  re g a rd in g  th e  
sa liv a ry  co u n ts  of S t r e p . m utans and  Lactobacillus sp p . and  Az v a lu es , th is  
was no t s ig n ific an t a t  th e  5 % level. The re s u lts  re g a rd in g  sa liv a ry  flow 
ra te  and  b u f fe r in g  cap ac ity  com pared to  in  s itu  Az values w ere equivocal, 
w ith one of th e  two su b jec ts  h av in g  poo r sa liv a ry  ch a rac te ris tic s  
ex p erien c in g  th e  g re a te s t  in  s itu  dem ineralisation, while th e  o th e r 
ex p erien ced  a m uch low er level of m ineral lo ss.

4 .5 .18 .  D ietary A ssessm en t o f S u bjects.

The mean num ber of e x p o su res  p e r  d ay , of each su b jec t, to  ferm entable 
c a rb o h y d ra te  fo r  each  experim ental r u n ,  an d  an  overall mean fo r all ru n s  

com bined, is  show n in  Table 4 .39.

The overa ll m eans of f re q u e n c y  of in tak e  of th e  su b jec ts  showed a ran g e  
from 4.1  p e r  d ay  in  S ub jec t D to  8 .0  p e r  day  (S ub ject F ) . The averag e  
freq u e n cy  of in ta k e  fo r  each  su b jec t showed only small d ifferences 

betw een ex p erim en ta l r u n s ,  w ith  th e  la rg e s t change o ccu rrin g  betw een  
R uns 1 an d  2 of S u b jec t B , w here  th e  values w ere 7 .6  and  5 .9  p e r  d a y , 
re sp ec tiv e ly . A nalysis of th e  r e s u l ts ,  on a  day  b y  day  b a s is , showed a 
s lig h t in c re a se  in  f re q u e n c y  of in tak e  a t w eek-ends in  most su b je c ts , 
compared to  w e e k -d a y s . Some d ifferences in  th e  ea tin g  times a t  w eek

ends w ere also  o b se rv e d .
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An overa ll view of th e  p a t te rn  of in tak e  fo r  each su b jec t fo r  a " ty p ica l 

day" is show n in  F ig . 4. D ifferences in  th e  p h y s ica l form  of th e  
p o ten tia lly  cariogen ic  in ta k e  can be  see n , w ith  some su b jec ts  h av in g  a 

p redom inan tly  liq u id  b a se d  challenge w hilst in  o th e rs , foods p redom inated .

S ta tis tic a l an a ly s is  of th e  d ie ta ry  da ta  was perform ed  to  determ ine 
w h e th er a  re la tio n sh ip  ex is ted  betw een d ie ta ry  in tak e  and  re s u lts  of th e  
dem inerahsation  exp erim en ts  d e sc rib ed  in  th is  C h ap te r, fo r  each su b jec t. 
L inear re g re s s io n  an a ly s is  show ed no sign ifican t correla tion  betw een th e  
fre q u e n c y  of fe rm en tab le  c a rb o h y d ra te  in take  and  th e  su b jec ts ' in  s itu  
dem inerahsation  lev e ls .

4 .5 .19 .  M icroflora o f Normal and Abraded Enamel.

The p red o m in an t cu ltivab le  m icroflora iso la ted  from  p laque ov erly in g  

normal an d  a b ra d e d  enamel sec tions u n d e r  NP and  SPM conditions a re  
shown in  T ables 4 .40 . and  4 .41 . L ittle d ifference  was seen  in  th e  
p ro p o rtio n s  o r  iso la tion  freq u en c ies  of the  p laque flo ra  from each su rface  
u n d e r  norm al p laq u e  cond itions. B oth  SPM p laques showed a much h ig h e r 
p e rcen tag e  co u n t of S t r e p . m utans th a n  was found in  th e  u n s tre s s e d  
p laques (23 .3  an d  39.4  % com pared w ith 2 .3 and 1 .0  %), while a decrease  
was seen  in  m ost o th e r  g en e ra  an d  spec ies. The p ro p o rtio n s  of lac to 
bacilli an d  V eillonella s p p . w ere  sim ilar in  ah  p la q u e s . A com parison of 
the  SPM p laq u es  ob ta in ed  from  norm al and  ab rad ed  enamel sections showed 
a h ig h e r m ean p ro p o r tio n  of S t r e p . m utans from  th e  l a t t e r , b u t  a  lower 

p e rcen tag e  of p o s itiv e  bacilli.

Tables 4 .42 . an d  4 .4 3 . show th e  mean p ercen tag es  of th e  m icroflora iso la ted  
from a b ra d ed  an d  n o n -a b ra d e d  enamel s lab s , u n d e r NP and SPM conditions. 
In  NP sam ples, p o s itiv e  cocci w ere h ig h e r in  p laque from n o n -ab rad ed  
s lab s , (46 .4  com pared w ith  24.5 %), while positive  bacilli w ere low er, (36.6 

compared w ith  61.7 %). H ow ever, p laques obtained from th e  two SPM 
slab su rfa ce s  w ere more sim ilar a t  th e  g roup  level a lthough  th e  p ro p o rtio n s  
of s trep to co cca l sp ec ies  v a r ie d . H igher levels of S tre p . m utans w ere 
found in  b o th  SPM p la q u e s , com pared w ith normal p laq u es , (11.7 and  7.7 % 
for SPM; 0.03 % fo r  b o th  N P), w hereas th e  p ro po rtion  of B acteroides sp p . 

was s lig h tly  h ig h e r  in  norm al p laq u es .
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A nalysis of v a rian ce  of th e  re s u lts  from slahs and. sec tio n s , found, th a t 
w ith b o th  norm al p laq u e  an d  SPM, ab rad in g  th e  enamel su rface  had  no 
sign ifican t e ffec t on th e  ov erly in g  plaque m icroflora, fo r an y  of th e  

g ro u p s , g e n e ra  o r species  (T able 4 .4 4 .)-  A significant trea tm en t effect 
was seen , w ith  h ig h e r  levels of S tr e p , m utans ( p  < 0 .001), and  lower 
levels of A ctinom yces sp p . ( p  < 0 .0 1 ), negative bacilli ( p  < 0.05) and 
B acteroides sp p . ( p  < 0.001) in  th e  SPM plaques compared w ith th e  normal 
p laq u es. S ta tis tic a l an alysis  also showed occasioned d ifferences betw een 
position an d  side  of enamel on appliance, and experim ental ru n s , b u t no 
consisten t p a t te rn  was o b serv ed .

The mean abso lu te  coun ts  of organism s isolated  from  enamel slabs u n d e r 
NP and SPM conditions a re  shown in  Tables 4.45. and 4.46. As mentioned 
in Section 4 .5 .1 1 . ,  a  va lue  re p re se n tin g  half th e  minimum detection level 
was added  to  each  co u n t o b se rv ed , includ ing  those where th e  organism  was 
not d e tec te d , b e fo re  log  transfo rm ation . The mean to ta l counts fo r 
normal and  a b ra d ed  s la b s , u n d e r NP conditions, were 7.95 and  7.90 
re sp ec tiv e ly , while th e  co rresp o n d in g  re su lts  from the  SPM plaques w ere
8.17 and  8 .00 .

S tatistical an a ly sis  of v ariance  (see Table 4 .4 7 .) showed th a t, fo r bo th  
treatm ent co nd itions, ab rasio n  of th e  enamel surface  had  no sign ifican t 
effect on th e  m icrobial c o u n ts , while the  inoculation of S tre p . m utans and 
sucrose ap p lica tio n , re su lte d  in  h ig h e r levels of S tre p . m utans ( p  < 0 .001). 
To a le s se r  e x te n t ,  th e  counts of Veillonella sp p . also increased  ( p  < 

0.05).

4.5.20.  E ffect on A brasion of Enamel Surface on Enamel Demineralisation 

Param eters.

The dem ineralisation param ete rs  of normal and ab raded  enamel, fo r NP, 
SPM and  b o th  conditions combined, are  p re sen ted  in Tables 4.48. to 4.50. 
These showed th a t  little  dem inerahsation occurred  on any  no n -ab rad ed  
surface (mean Az 99 u n its  (N P), 144 un its  (SPM) ) while the combination 
of S tre p . m utans im plantation , w ith sucrose  applications and abrasion  of 
the enamel, p ro d u ced  considerab ly  more mineral loss (mean Az 1126 u n its ) .  
However, even  in  th is  la t te r  ca tego ry , a wide range of dem ineralisation 

was seen , w ith  th e  Az ra n g in g  from 0 to 4598 u n its .
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The in c rease  in  dem inerahsation  o ccu rrin g  in  ab rad ed  sec tions, u n d e r b o th  
NP and  SPM conditions com bined, is  more c learly  seen in  Table 4 .5 0 ., and 
the  su b se q u e n t T able (4 .5 1 .)  confirms th a t abrasion  of the  enamel su rface  
had  a s ig n ifican t e ffec t ( p  < 0.05) on m ineral lo ss. A lthough a la rge  
amount of dem inerahsation  was seen  only following th e  im plantation of 
S tr e p . m u ta n s , th is  trea tm en t d id  not always re su lt in  dem inerahsation 
(seen  in  th e  wide Az ra n g e  quo ted  ab ove), so s ta tis tica l analysis found th a t 
trea tm en t h ad  no s ig n ifican t e ffec t.

4.5 .21 .  Number o f Enamel S ites in  Each Az and Lesion Profile Group.

The num ber of a b ra d ed  and  n o n -ab rad ed  enamel sites  u n d e r each trea tm en t 
condition, in  each  Az an d  lesion profile group a re  given in  Tables 4 .52. 
and 4 .53 . E igh t of th e  n ine enamel sites  which were no n -ab rad ed  and  
received  NP conditions w ere in  th e  lowest g ro u p , w ith re sp ec t to b o th  Az 
and lesion p ro file . No n o n -ab rad ed  section experienced dem inerahsation 
of more th a n  500 u n its .  A brasion of the  enamel sections which w ere to  
receive norm al p la q u e , re su lte d  in  more sites in  the  h ig h er dem inerahsation 
g ro u p s, in  a p a t te rn  sim ilar to  n o n -ab rad ed  sections which received  SPM 
conditions. H ow ever, sec tions which were bo th  abraded  and inoculated 
with S tr e p . m utans show ed approxim ately  equal num bers in  the  lowest and  
h ig h est dem inerahsation  g ro u p s , w ith re la tive ly  few sections hav ing  a Az 

betw een 200 an d  1,000 u n its .

4.5.22.  Plaque M icroflora A ssociated with Deminerahsation Groups.

The predom inan t cu ltivab le  flo ra  isolated from non-abraded  enamel 
su rfaces, u n d e r  b o th  trea tm en t conditions combined, fo r Az Groups 1 and 
2, is shown in  T able 4 .54 . - as seen  from Table 4 .5 2 ., th e re  w ere no non- 
abraded  s ite s  in  Az G roups 3 and  4. A lower p roportion  of S tre p . m utans 
was found in  enamel s ite s  in  Az Group 2 (8 .3  % compared with 14.1 -s in  
Group 1 ), b u t  th e  iso lation  freq u e n cy  and  median value w ere g re a te r  in  th e  
h igher dem inerahsation  g ro u p , a lthough  the  num ber of sites concerned was 

small.

The p e rcen tag e  d is tr ib u tio n  of th e  flora from plaque overlying ab raded  
enamel s ite s , u n d e r  b o th  trea tm en t conditions, fo r ah  fou r Az groups is 
shown in  Table 4 .55 . T he mean percen tage  of S trep . mutans_ showed no
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association w ith  th e  am ount of dem ineralisation, the  p ropo rtions iso la ted  
b e in g  20 .7 , 16 .5 , 0 .2  an d  33.0 % in  Az Groups 1 to 4 re sp ec tiv e ly , b u t the  
median was v e ry  m uch h ig h e r  in  Az Group 4 compared to  th e  o th er th re e  
g ro u p s . O nly two s ite s  w ere p re s e n t in  Az Group 3, and in  th e  o th e r 
g roups la rg e  ra n g e s  w ere  seen . H owever, th e  isolation freq u en cy  of th is  
organism  in c re a se d  from  50 % in  Group 1 to  100 % in Groups 3 and  4.

Lactobacillus s p p . was p re se n t in  low proportion  in  all fo u r 
dem ineralisation g ro u p s , and  no p a tte rn  was seen w ith re sp ec t to  isolation 

fre q u e n c ie s .

S ta tis tica l an a ly s is  of va rian ce  (see  Table 4 .5 6 .)  of th e  enamel s ite s ’ 
m icroflora in  each  lesion  profile  and  Az g ro u p , showed th e re  was no 
sign ifican t re la tio n sh ip  betw een  th e  p roportions of th e  organism s iso lated  

and th e  am ount of dem ineralisation on enamel s ite s .
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Table 4 .1 . S a liv a ry  counts of S tre p . m utans and  Lactobacillus 
s p . (log1Q cfu/m l saliva) on th re e  occasions, w ith 
mean co u n ts , and  DMFS scores of Subjects A - G.

Subject S t r e p . m utans L a c t. sp . DMFS

A 2.62 2.81 22
3.90 2.75
4.23 4.15

Mean 3.58 3.24

(SD)a  (0 -8 ) (0 .8 )

B 4.57 3.97 19
4.32 4.34
4.68 4.56

Mean 4.52 4.29
(SD) (0 .2 )  (0 .3 )

5.92 5.50 24
5.41 5-23
4.97 4-92

Mean 5.43 5.22
(SD) (0 .5 )  (0 .3 )

D 4.89 4.91 28

4.80 4.84
4.68 4.76

Mean 4.79 4.84

(SD) (0 .1 )  (0 .1 )

- SD -  S tan d a rd  D eviation.
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Subject S t r e p . m utans L a c t. sp . DMFS

E 6.15 5.95 48
5.69 5.93
5.93 5.48

Mean 5.92 5.79
(SD) (0 .2 )  (0 .3 )

F 5 .50  5.45 43
5.83 4.99
4.92 4.94

Mean 5.42 5.13
(SD) (0 .5 )  (0 .3 )

G 5.74  4.89 25
5.72 5.04
5.98 5.62

Mean 5.81 5.18
(SD) (0 .1 )  (0 .4 )

Table 4 .1 . cont.
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Table 4 .2 .

Subject

A

Mean
(SD)

B

Mean
(SD)

C

Mean
(SD)

D

Mean
(SD)

Mixed stim ulated sa liv ary  flow ra te  (m l/m in), 
s a liv a ry  b u ffe rin g  capacity  and  plaque lacta te  I 
a ce ta te  ra tio  befo re  and  6 min following application 
of 10 % su c ro se , on th re e  occasions, fo r  Subjects 
A - G.

Flow R ate B uff. Cap. L act. / Acetate
ml/min 0 6 min

0.7  3.5 0.11 1.14
0 .8  4.2 0.25 0.82
1 .0  5 .0  0.12 2.27

0.8  4.2 0.16 1.41
(0 .2 )  (0 .8 ) (0.08) (0.76)

1.8
1.6
1 .9

1.8
( 0 . 2)

5.5
5.5 
6. 0

5.7
(0 .3 )

0.07
0.27
0.28

0.21
(0 . 12)

1.88
0.70
0.97

1.18
(0.62)

2 .9
2.1
2.3

2 .4  
(0 .4 )

5.5
5.5 
6.0

5.7
(0 .3 )

0.39
0.37
0.12

0.29
(0.15)

1.06
2.56
0.25

1.29
(1.17)

3 .5
3 .6
3 .5

3.5 
(0 .05 )

6.5
6.5
6.5

6.5 

(0)

0.24
0.39
0.17

0.27

( 0 . 11)

0.98
1.26
0.63

0.96
(0.32)
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Subject Flow R ate 

ml I min
B uff. Cap, L ac t. / 

0

E

Mean
(SD)

0.7
1.0
0 . 6

0.8  
( 0 . 2)

6.5
4.0
4.0

4.8
(1 .4 )

0.44
0.31
0.34

0.36
(0.07)

Mean
(SD)

2.3
2.1
2.3

2. 2  

(0 . 1)

6. 2

6.0

6.0

6.1
(0 . 1)

0.32
0.28
0.25

0,28
(0.04)

G

Mean
(SD)

3 .4
2.3
2 .4  
2.7

( 0 . 6)

5.5
6.0
6 . 0

5.8
(0 .3 )

Table 4 .2 . cont.

A cetate 
6 min

1.61
1.46
2.17

1.75
(0.37)

1.22
1.43
1.69

1.45
(0.24)
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SECTION -  LEFT ALL CONDITIONS
pa Mean (SD) Median Range

+ve cocci 71/72 41.2 (23.5) 42.0 NDto- 87.1
S. m utans 45/72 7.6  (15.9) 0.1 ND - 70.9
S. sangu is 50/72 11.0 (13.6) 6.0 ND - 61.3
S. oralis 48/72 16.1 (19.7) 8.6 ND - 76.9

-ve cocci 51/72 8.3 ( 9 .9) 4.0 ND - 37.1
Veillonella 50/72 7.7 ( 9 .4 ) 3.6 ND - 94.7

+ve bacilli 72/72 45.0 (24.4) 41.4 0.1 - 96.6
Actinomyces 69/72 36.2 (24.8) 32.5 ND - 94.7
Lactobacillus 57/72 5.1 (11.6) 0.1 ND - 49.0

-ve bacilli 41/72 5.5 ( 7 .7 ) 3.2 ND - 31.2
B acteroides 22/72 2.3 ( 5 .1) ND ND - 28.6

SECTION -  RIGHT ALL CONDITIONS

F Mean (SD) M edian Range

+ve cocci 72/72 40.0 (22.9) 37.2 0.1 - 91.3
S. m utans 46/72 8.3 (21.2) 0.1 ND - 88.3
S. sanguis 42/72 9.9 (12.8) 4.0 ND - 29.0
S. oralis 52/72 16.3 (17.0) 11.9 ND - 53.8

-ve cocci 55/72 9.6 (10.5) 6.6 ND - 41.7
Veillonella 51/72 8.8 (10.5) 5.6 ND - 39.3

+ve bacilli 72/72 43.0 (25.6) 41.2 0.5 -100.0

Actinomyces 72/72 36.2 (23.2) 34.0 0.5 - 82.8

Lactobacillus 50/72 2.9 ( 8 .0) 0.1 ND - 12.5

~ve bacilli 47/72 7.2 ( 8 .2) 4.0 ND - 40.0

Bacteroides 33/72 3.9  ( 5 .7 ) ND ND - 11.1

“ F = Isolation F req u en cy ; 13 - ND = Not D etectable.

Table 4 .3 . % predom inan t cultivable plaque microflora isolated
from  enamel sections on left and r ig h t sides of 
app lian ce , u n d e r all treatm ent conditions, fo r all 

S ub jec ts  combined.
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SLAB - LEFT ALL CONDITIONS

+ve cocci 
S . m utans 
S. sangu is 
S. oralis

-ve  cocci 
Veillonella

+ve bacilli
Actinomyces
Lactobacillus

-ve bacilli 
B acteroides

SLAB -  RIGHT

+ve cocci 
S. mutans 
S. sanguis 
S. oralis

-ve cocci 
Veillonella

+ve bacilli

Actinomyces
Lactobacillus

■ve bacilli 

Bacteroides

Table 4 .4 .

F Mean (SD)

68/69 38.5 (22.3)
50/69 9.8 (19.2)
38/69 7.6 (11.5)
56/69 16.1 (13.9)

56/69 8.9 ( 8 .7)
54/69 8.3 ( 8 .7)

69/69 45.4 (24.2)
69/69 41.8 (23.0)
57/69 1.5 ( 3 .5)

46/69 7.1 ( 8 .2)
34/69 3.8 ( 6 .0)

Median Range

36.0 ND - 86.7
0.1 ND - 66.7
3.0 ND - 68.0

13.3 ND - 52.0

7.4 ND - 41.4
6.2 ND - 41.4

44.8 0.1 - 95.6
40.6 0.1 - 95.6

0.1 ND - 21.6

6.2 ND - 52.0
ND ND - 36.0

ALL CONDITIONS

F Mean (SD)

69/69 34.6 (21.6)
41/69 6.4 (17.2)
54/69 12.0 (10.9)
56/69 12.5 (12.0)

52/69 6.6 ( 6 .8)
51/69 6.0 ( 6 .8)

69/69 49.7 (21.4)

69/69 46.3 (20.5)

37/69 2.0 ( 5 .9)

49/69 9.1 (10.9)

40/69 5.1 ( 8 .2)

Median Range

32.0 0.1 - 83.9
0.1 ND - 77.4

10.0 ND - 50.0
10.0 ND - 48.1

5.6 ND - 36.4
4.4 ND - 36.4

50.0 3.2 - 94.7

45.8 3.2 - 89.4

0.1 ND - 44.4

7.1 ND - 60.0

3.3 ND - 56.0

% predom inan t cultivable plaque microflora isolated 
from  enamel slabs on left and r ig h t sides of appliance, 
u n d e r  all trea tm en t conditions, fo r all Subjects 

com bined.
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Tabic 4 .5 . -o p redom inant cultivable p laque microflora iso lated
from  each  enamel section position , u n d e r all
tre a tm en t conditions, fo r all Subjects combined.

SECTION -  MESIAL SUPERIOR 
ALL CONDITIONS

F Mean (SD) Median Range

+ve cocci 36/36 43.6 (20.8) 42.8 3.4 - 85.7
S. m utans 23/36 8.4  (19.2) 0.1 ND - 73.0
S. sangu is 28/36 13.4 (16.5) 7.2 ND - 61.3
S. oralis 27/36 14.5 (15.8) 9.7 ND - 53.8

-ve cocci 29/36 7.8 ( 8 .3) 5.7 ND - 32.0
Veillonella 28/36 7 .0  ( 7 .4) 5.0 ND - 31.0

+ve bacilli 36/36 41.5 (21.8) 39.8 6.1 - 96.6
Actinomyces 35/36 33.5 (19.9) 31.6 ND - 79.3
Lactobacillus 29/36 2.9 ( 7 .4) 0.1 ND - 40.0

-ve bacilli 20/36 6.8 (10.4) 1.6 ND - 40.0

B acteroides 12/36 2.7 ( 5 .0) ND ND - 20.0

SECTION -  MESIAL INFERIOR 
ALL CONDITIONS

F Mean (SD) Median Range

+ve cocci 35/36 43.6 (24.6) 38.0 ND - 87.1

S. m utans 22/36 8.3 (21.3) 0.1 ND - 75.3

S. sanguis 23/36 9.1 ( 9 .9) 5.2 ND - 29.6

S. oralis 26/36 18.9 (19.6) 14.3 ND - 63.6

-ve cocci 26/36 10.2 (12.0) 4.8 ND - 40.4

Veillonella 24/36 9.3 (12.2) 3.9 ND - 40.4

+ve bacilli 36/36 40.1 (26.0) 40.8 3.0  - 87.5

Actinomyces 36/36 35.3 (24.9) 33.4 2.0 - 87.5

Lactobacillus 21/36 2.3 ( 8 .3) 0.1 ND - 49.0

■ve bacilli 22/36 6.1 ( 7 .0) 4.2 ND - 31.2

Bacteroides 14/36 2.6 ( 4 .1) ND ND - 14.8
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SECTION -  DISTAL SUPERIOR
ALL CONDITIONS

F Mean (SD) Median Range

+ve cocci 36/36 36.2 (23.3) 39.1 0.1 - 78.3
S. m utans 25/36 6.6 (14.2) 0.1 ND - 48.0
S. sangu is 19/36 8.2 (11.6) 4 .0 ND - 45.7
S. oralis 25/36 16.8 (19.6) 10.6 ND - 69.6

-ve cocci 24/36 7.8 ( 9 .3) 4.6 ND - 37.1
Veillonella 24/36 7.4  ( 8 .7) 4.6 ND - 34.3

+ve bacilli 36/36 49.2 (24.8) 49.7 12.5 -  93.1
Actinomyces 35/36 37.4 (24.5) 31.5 ND - 93.0
Lactobacillus 31/36 6.8 (13.3) 0.1 ND - 48.9

-ve bacilli 23/36 6.6 ( 7 .7) 4.2 ND - 28.6
B acteroides 14/36 4.0 ( 7 .2) ND ND - 28.6

SECTION -  DISTAL INFERIOR 
ALL CONDITIONS

F Mean (SD) Median Range

+ve cocci 34/36 38.8 (23.8) 35.2 ND - 91.3

S. m utans 21/36 8.4 (19.4) 0.1 ND - 88.3

S. sanguis 22/36 11.2 (13.8) 7.4 ND - 60.7

S. oralis 22/36 14.8 (18.4) 7.7 ND - 76.9

-ve cocci 27/36 10.0 (11.0) 5.7 ND - 41.7

Veillonella 25/36 9.4 (11.0) 4.6 ND - 41.7

+ve bacilli 36/36 45.2 (27.0) 41.9 0.1 -100.0

Actinomyces 34/36 38.6 (26.4) 36.4 ND -100.0

Lactobacillus 26/36 4.2 ( 9 .9) 0.1 ND - 46.4

-ve bacilli 23/36 6.0 ( 6 .6) 3.8 ND - 24.3

Bacteroides 15/36 3.0 ( 5 .3) ND ND - 24.3

Table 4 .5 . cont.
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Table 4 .6 . -o predom inant cultivable plaque microflora iso lated
from  each  enamel slab position , u n d e r all trea tm en t
cond itions, fo r all Subjects combined.

SLAB -  MESIAL SUPERIOR 
ALL CONDITIONS

F Mean (SD) Median Range

+ve cocci 36/36 34.7 (23.1) 30.0 0.1 - 77.1
S. m utans 20/36 7.1 (17.4) 0.1 ND - 62.3
S. sangu is 24/36 11.6 (12.2) 10.2 ND - 42.0
S. oralis 27/36 10.4 (10.0) 8.2 ND - 35.7

-ve cocci 25/36 7.7 ( 9 .5) 4.4 ND - 36.4
Veillonella 23/36 7.2 ( 9 .6 ) 4.1 ND - 36.4

+ve bacilli 36/36 47.0 (26.3) 44.9 0.1 - 95.6
Actinomyces 36/36 43.3 (25.4) 37.0 0.1 - 95.6
Lactobacillus 27/36 2.1 ( 7 .6) 0.1 ND - 44.4

-ve bacilli 25/36 10.7 (13.9) 6.4 ND - 60.0
B acteroides 17/36 6.0  (11.5) ND ND - 56.0

SLAB -  MESIAL INFERIOR 
ALL CONDITIONS

F Mean (SD) Median Range

+ve cocci 36/36 40.4 (23.4) 36.6 4.3 - 78.8

S. m utans 26/36 7.9 (18.5) 0.1 ND - 66.7

S. sanguis 19/36 9.5 (15.2) 3.2 ND - 68.0

S. oralis 29/36 17.9 (15.7) 13.5 ND - 48.1

-ve cocci 25/36 6.9 ( 6 .1) 7.0 ND - 24.3

Veillonella 24/36 6.5 ( 5 .9) 7.0 ND - 24.3

+ve bacilli 36/36 44.9 (23.6) 41.7 0.1 - 87.0

Actinomyces 36/36 42.0 (22.7) 40.0 0.1 - 81.2

Lactobacillus 22/36 1.7 ( 4 .3) 0.1 ND - 21.6

■ve bacilli 26/36 7.8 ( 9 .0 ) 7.1 ND - 46.4

Bacteroides 18/36 3.3 ( 4 .0) 1.2 ND - 13.5
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SLAB -  DISTAL SUPERIOR
ALL CONDITIONS

F Mean (SD) M edian Range

+ve cocci 35/35 34.2 19.5) 30.0 3.8 - 76.0
S. m utans 26/35 7.7 16.5) 0.1 ND - 66.0
S. sangu is 25/35 8.0 7 .2) 8.3 ND - 26.3
S . oralis 29/35 15.0 12.3) 12.5 ND - 52.0

-ve cocci 30/35 6.9 5.3) 5.6 ND - 25.0
Veillonella 30/35 6.3 5 .1) 5 .0 ND - 25.0

+ve bacilli 35/35 51.2 20.2) 55.6 7.7 - 92.3
Actinomyces 35/35 47.9 19.6) 52.2 7.7 - 88.5
Lactobacillus 27/35 1.4 2.6) 0.1 ND - 23.5

-ve bacilli 24/35 7.6 7 .1) 6.2 ND - 23.5
B acteroides 21/35 4.6 5.9) 4.0 ND - 23.5

SLAB -  DISTAL 
ALL CONDITIONS

INFERIOR

F Mean (SD) Median Range

+ve cocci 31/31 36.8 21.8) 34.8 6.9 - 86.7

S. m utans 18/31 10.0 21.3) 0.1 ND - 77.4

S. sanguis 24/31 10.0 9.0) 8.0 ND - 28.6

S. oralis 27/31 14.0 13.1) 8.7 ND - 46.6

-ve cocci 28/31 9.8 9.8) 8.0 ND - 41.4

Veillonella 28/31 8.9 9.9) 5.0 ND - 41.4

+ve bacilli 31/31 47.2 21.1) 50.0 0.1 - 87.5

Actinomyces 30/31 43.0 18.9) 44.0 ND - 79.2

Lactobacillus 25/31 1.7 2.8) 0.1 ND - 9.6

-ve bacilli 20/31 6 .0 6.2) 5.7 ND - 27.3

Bacteroides 18/31 3.9 

Table 4.

4 .3)

6. co n t.

3.3 ND - 15.0
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Table 4 .7 . ~o p redom inan t cultivable p laque microflora iso lated
from  enamel sec tions, u n d e r Protocol I (N P), fo r
S ub jec ts  A - G.

SECTION -  NORMAL PLAQUE 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 8/8 41.7 (21.7) 42.4 14.3 - 71.4
S. m utans 2/8 0.02 (0.05) ND ND - 0.1
S . sangu is 7/8 20.4 (14.4) 17.2 ND - 45.7
S. oralis 7/8 16.6 (13.9) 15.8 ND - 38.9

-ve cocci 5/8 7.1 (10.8) 2.4 ND - 26.7
Veillonella 5/8 7.1 (10.8) 2.4 ND - 26.7

+ve bacilli 8 /8 47.4 (21.3) 42.1 25.7 - 80.0
Actinomyces 8/8 43.5 (24.2) 42.1 6.1 - 77.1
Lactobacillus 3/8 0.8 ( 2 .2) ND ND - 6.1

-ve bacilli 6/8 3.7 ( 3 .9) 2.4 ND - 11.1

B acteroides 3/8 2.3 ( 4 .1) ND ND - 11.1

SECTION -  NORMAL PLAQUE 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 8/8 36.3 ( 9 .9) 39.2 16.1 - 45.6

S. m utans 1/8 0.01 (0 .04) ND ND - 0.1

S. sanguis 7/8 9.5 ( 8 .0) 7.0 ND - 24.1

S. oralis 7/8 23.4 (13.6) 28.8 ND - 37.1

-ve cocci 8/8 17.6 (10.8) 12.5 6.4 - 37.1

Veillonella 8/8 15.9 (11.0) 10.1 6.4 - 34.3

+ve bacilli 8/8 37.6 (15.7) 33.7 21.7 - 74.2

Actinomyces 8/8 36.0 (15.0) 33.0 21.7 - 70.9

Lactobacillus 3/8 0.04 (0.05) ND ND - 0.1

~ve bacilli 7/8 8.4  ( 6 .9) 7.4 ND - 19.6

Bacteroides 5/8 5.1 ( 5 .8) 3.1 ND - 15.2
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SECTION -  
SUBJECT C

NORMAL PLAQUE

F Mean

+ve cocci 8/8 54.7
S. m utans 5/8 0.2

S. sangu is 8/8 27.5

S. oralis 8/8 20.2

-ve cocci 7/8 10.9
Veillonella 7/8 10.9

+ve bacilli 8/8 27.8
Actinomyces 8/8 25.0
Lactobacillus 8/8 0.1

-ve bacilli 4/8 7.2
B acteroides 1/8 0.7

SECTION -  
SUBJECT D

NORMAL PLAQUE

F Mean

+ve cocci 8/8 28.6

S. m utans 5/8 0.5

S. sanguis 5/8 5.5

S. oralis 6/8 18.7

-ve cocci 4/8 2.6

Veillonella 4/8 2.2

+ve bacilli 8/8 66.5

Actinomyces 8/8 65.3

Lactobacillus 5/8 1.3

-ve bacilli 2/8 2.2

Bacteroides 2/8 1.3

(SD) Median Range

(15.2) 50.9 32.2 - 82
( 0 .5) 0.1 ND - 1
(17.0) 22.7 12.9 - 60
(11.7) 21.4 3.8 - 33

(10.9) 7 .0 ND - 29.
(10.9) 7.0 ND - 29,

(17.9) 25.3 5.9 - 53
(15.4) 25.3 5.9 - 46
(0.05) 0.1 0.1 - 0

( 8 .4) 4.0 ND - 19,
( 2 .1) ND ND - 5

(SD) Median Range

(20.7) 24.6 1.2 - 60

( 1 .0) 0.1 ND - 2,

( 4 .7) 7.3 ND - 10,

(10.9) 11.0 ND - 50,

( 3 .2) 1.3 ND - 7,

( 2 .8) 1.3 ND - 7,

(22.2) 70.2 34.6 -100

(23.0) 70.2 30.7 -100

( 1 .7) 0.1 ND - 3,

( 5 .0) ND ND - 14,

( 2 .6) ND ND - 7.
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SECTION -  NORMAL PLAQUE
SUBJECT E

F Mean (SD) Median Range

+ve cocci 8/8 35.3 (19.2) 41.6 1 .4  - 54.2
S. m utans 8/8 21.2 (IB .4) 24.6 0.1 - 41.7
S. sangu is 4/8 5.6 ( 7 .8) 1.8 ND - 20.0
S. oralis 3/8 5.2 ( 9 .9 ) ND ND - 28.0

-ve cocci 4/8 6.7 (11.1) 1.8 ND - 32.0
Veillonella 1/8 2.0 ( 5 .7) ND ND - 16.0

+ve bacilli 8/8 51.5 (23.4) 47.2 20.0 - 87.5
Actinomyces 7/8 43.4 (29.0) 39.9 ND - 87.5
Lactobacillus 8/8 5.4 (11.2) 0.1 0.1 - 32.1

-ve bacilli 4/8 6.5 ( 9-9) 2.1 ND - 28.6
B acteroides 4/8 6.5 ( 9 .9) 2.1 ND - 28.6

SECTION -  
SUBJECT F

NORMAL PLAQUE

F Mean (SD) Median Range

+ve cocci 8/8 19.4 (24.4) 11.9 3.4 - 76.9

S. m utans 1/8 0.01 (0.04) ND ND - 0.1

S. sangu is 5/8 4.7 ( 5 .0) 3.4 ND - 12.5

S. oralis 3/8 11.6 (26.7) ND ND - 76.9

-ve cocci 5/8 6.8 ( 6 .8) 6.0 ND - 17.4

Veillonella 4/8 5.1 ( 6 .5) 2.1 ND - 17.4

+ve bacilli 8/8 58.0 (27.6) 64.6 0.1 - 89.3

Actinomyces 7/8 36.3 (22.4) 35.4 ND - 65.2

Lactobacillus 6/8 8.9 (16.1) 0.1 ND - 46.4

-ve bacilli 8/8 15.8 (10.4) 14.2 3.6 - 31.2

Bacteroides 4/8 3 .2 ( 4 .8) 1.4 ND - 13.8
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SECTION -  NORMAL PLAQUE
SUBJECT G

F Mean (SD) Median Range

+ve cocci 4/4 49.2 ( 6 .0) 48.4 42.8 - 57.1
S. m utans 0/4 ND ND ND
S. sangu is 4/4 28.2 ( 5 .0) 29.5 21.4 - 32.5
S. oralis 3/4 9.6 ( 9 .1) 10.4 ND - 17.5

-ve cocci 4/4 25.6 (14.8) 28.6 5.0 - 40.4
Veillonella 4/4 25.6 (14.8) 28.6 5 .0  - 40.4

+ve bacilli 4/4 21.3 (12.8) 19.6 8.5 - 37.5
Actinomyces 4/4 11.1 (10.8) 8.4 2.5 - 25.0
Lactobacillus 4/4 0.6 ( 1 .0) 0.1 0.1 - 2.1

-ve bacilli 3 /4 3.8 ( 3 .1) 3.9 ND - 7.5
B acteroides 3/4 2.0 ( 1 .5 ) 2.3 ND - 3.6
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Table 4 .8 . 'o p redom inan t cultivable p laque m icroflora isolated
from  enamel sec tions, u n d e r Protocol II (S P ), fo r
S ub jec ts  A - G.

SECTION -  SUCROSE PLAQUE 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 8/8 54.0 (21.1) 54.6 31.6 - 86.9
S. m utans 5/8 0.1 (0.05) 0.1 ND - 0.1
S. sangu is 4/8 10.6 (14.1) 1.8 ND - 33.3
S. oralis 6/8 30.4 (24.9) 38.2 ND - 59.6

-ve cocci 8/8 10.0 (13.3) 4.5 2.7 - 41.7
Veillonella 8/8 10.0 (13.3) 4.5 2.7 - 41.7

+ve bacilli 8/8 22.7 (18.9) 17.8 3.0 - 63.2

Actinomyces 8/8 16.8 ( 9 .1) 17.8 3.0 - 31.6

Lactobacillus 6/8 0.6 ( 1 .4 ) 0.1 ND - 4 .0

-ve bacilli 7/8 12.6 (13.5) 7.7 ND - 40.0

B acteroides 4/8 8.4  (10.0) 4.2 ND - 24.3

SECTION -  SUCROSE PLAQUE 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 8/8 24.6 (11.2) 25.8 7.3 - 40.0

S. m utans 3/8 1.9 ( 5 .3) ND ND - 15.0

S. sanguis 5/8 4.7 ( 4 .9) 3.7 ND - 12.0

S. oralis 8/8 18.0 ( 9 .1) 18.6 2.4 - 33.3

-ve cocci 6/8 7.5 ( 5 .9) 9.7 ND - 13.8

Veillonella 6/8 6.1 ( 5 .2) 5.8 ND - 12.5

+ve bacilli 8 /8 55.0 (15.5) 49.2 41.7 - 87.8

Actinomyces 8/8 50.6 (15.6) 46.4 39.1 - 87.8

Lactobacillus 2/8 0 .02(0.05) ND ND - 0.1

-ve bacilli 8/8 11.1 ( 4 .4) 11.2 4.9 - 18.5

Bacteroides 8/8 9.0  ( 5 .6) 7.6 2.5 - 18.5
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SECTION -  SUCROSE PLAQUE
SUBJECT C

F Mean (SD) Median Range

+ve cocci 8/8 56.2 (17.6) 59.4 7.8 - 78.3
S. m utans 7/8 0.1 (0.04) 0.1 ND - 0.1
S. sangu is 4/8 8.7 (12.1) 2.2 ND - 29.4
S. oralis 8/8 46.4 (16.3) 42.2 27.8 - 69.6

-ve cocci 4/8 4.1 ( 5 .8) 1.4 ND - 14.3
Veillonella 4/8 4.1 ( 5 .8) 1.4 ND - 14.3

+ve bacilli 8/8 27.2 (20.2) 14.8 10.8 - 5 5 .6
Actinomyces 8/8 27.2 (20.2) 14.8 10.8 - 55.6
Lactobacillus 5/8 0.1 (0 .05) 0.1 ND - 0.1

-ve bacilli 7/8 12.5 ( 9 .8) 12.6 ND - 29.2
B acteroides 1/8 2.6 ( 7 .4) ND ND - 20.8

SECTION -  SUCROSE PLAQUE 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 8/8 43.6 (22.9) 41.4 6.9 - 82.1

S. m utans 5/8 0.2  ( 0 .4) 0.1 ND - 1.1

S. sangu is 8/8 27.5 (21.6) 17.3 6.9 - 61.3

S. oralis 6/8 9.7 ( 9 .4) 8.8 ND - 27.6

-ve cocci 4/8 8.1  ( 9 .7 ) 3.8 ND - 23.1

Veillonella 4/8 8.1 ( 9 .7) 3.8 ND - 23.1

+ve bacilli 8/8 46.5 (24.0) 42.3 10.7 - 93.1

Actinomyces 8/8 40.1 (24.2) 31.6 10.7 - 93.0

Lactobacillus 6/8 0.9 ( 1 .6) 0.1 ND - 3.7

-ve bacilli 2/8 1.8  ( 3 .4) ND ND - 7.7

B acteroides 1/8 1 .0  ( 2 .7) ND ND - 7.7
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SECTION -  SUCROSE PLAQUE
SUBJECT E

F Mean (SD) Median Range

+ve cocci 8/8 22.6 (12.5) 22.6 3 .6 - 37.0
S. m utans 8/8 11.9 (12.5) 6.8 0.1 - 32.3
S. sangu is 2/8 1 .0  ( 1 .8 ) ND ND - 4 .0
S. oralis 2/8 3.1 ( 7 .0) ND ND - 20.0

-ve cocci 5/8 12.6 (12.4) 11.9 ND - 29.0
Veillonella 5/8 12.0 (11.6) 11.9 ND - 29.0

+ve bacilli 8/8 61.9 (17.7) 59.9 35.5 - 92.8
Actinomyces 8/8 54.4 (11.8) 56.2 35.4 - 71.4
Lactobacillus 7/8 5.7 ( 7 .5) 3.1 ND - 20.0

-ve bacilli 4/8 2.8 ( 4 .1) 1.6 ND - 12.0
B acteroides 2/8 1.4 ( 2 .9) ND ND - 8 .0

SECTION -  SUCROSE PLAQUE 
SUBJECT F

F Mean (SD) Median Range

+ve cocci 8/8 36.6 (26.2) 29.9 6.9 - 77.3

S. m utans 6/8 1.6 ( 2 .4) 0.1 ND - 5.6

S. sangu is 4/8 6.8 ( 8 .9) 3.1 ND - 24.4

S. oralis 5/8 20.5 (25.7) 10.8 ND - 63.6

-ve cocci 7/8 4.8 ( 4 .0) 3.8 ND - 13.8

Veillonella 7/8 4.4  ( 3 .0) 3.8 ND - 10.3

+ve bacilli 8/8 47.3 (31.2) 62.8 5.0 - 80.6

Actinomyces 8/8 35.4 (26.0) 31.1 5.0 - 75.0

Lactobacillus 5/8 6.1 (14.5) 0.1 ND - 41.4

-ve bacilli 7/8 11.3 (10.0) 7.8 ND - 29.4

Bacteroides 3/8 2.8 ( 5 .2 ) ND ND - 15.0
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SECTION -  SUCROSE PLAQUE
SUBJECT G

F Mean (SD) Median Range

+ve cocci 4/4 49.2 ( 6 .0) 77.8 54.8 - 87.1
S. m utans 0/4 ND ND ND
S. sangu is 4/4 14.6 (12.2) 10.8 4.6 - 32.2
S. oralis 0 /4 ND ND ND

-ve cocci 3/4 10.3 (11.1) 7.7 ND - 25.8
Veillonella 3 /4 10.3 (11.1) 7.7 ND - 25.8

+ve bacilli 4 /4 15.4 (12.0) 14.0 3 .2  - 30.2
Actinomyces 4/4 6.8 ( 5 .0) 5.9 2.3 - 12.9
Lactobacillus 4/4 7.8 (13.5) 1.6 0.1 - 27.9

-ve bacilli 0 /4 ND ND ND
B acteroides 0/4 ND ND ND
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Table 4 .9 . -6 p redom inant cultivable p laque m icroflora isolated
from  enamel sec tions, u n d e r Protocol III (SPM), fo r
S ub jects A - E.

SECTION -  SPM 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 8/8 65.8 (17.4) 64.8 35.7 - 91.3
S. m utans 8/8 55.3 (22.4) 52.4 19.6 - 88.3
S. sangu is 6/8 3.3 ( 2 .6) 3.8 ND - 7.7
S . oralis 6/8 5.2 ( 4 .7) 4.4 ND - 12.3

-ve cocci 7/8 5.3 ( 5 .7 ) 3.2 ND - 17.8
Veillonella 7/8 5.3 ( 5 .7) 3.2 ND - 17.8

+ve bacilli 8/8 25.3 (17.8) 27.0 0.5 - 55.4
Actinomyces 8/8 18.7 (12.8) 22.0 0.5 - 33.9
Lactobacillus 7/8 3.2 ( 5 .8) 0.1 ND - 12.5

-ve bacilli 5/8 2.9 ( 3 .8) 1.7 ND - 10.8

B acteroides 3/8 0.5 ( 0 .8) ND ND - 1.8

SECTION -  SPM 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 7/8 24.3 (17.3) 29.0 ND - 91.3

S. m utans 4/8 0.05 (0.05) 0.05 ND - 0.1

S. sanguis 6/8 11.8 (13.0) 5.8 ND - 35.3

S. oralis 6/8 11.8 ( 8 .4) 12.2 ND - 23.5

-ve cocci 5/8 10.2 (12.9) 9.4 ND - 39.3

Veillonella 5/8 10.2 (12.9) 9.4 ND - 39.3

+ve bacilli 8/8 59.6 (24.6) 60.8 21.4 - 94.7

Actinomyces 8/8 57.0 (23.6) 56.5 21.4 - 94.7

Lactobacillus 6/8 1.5 ( 3 .0) 0.1 ND - 8.3

-ve bacilli 6/8 5.9 ( 5 .0) 4.4 ND - 11.8

Bacteroides 5/8 5.4 ( 5 .4) 4.4 ND - 11.8
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SECTION -  SPM
SUBJECT C

F Mean (SD) Median Range

+ve cocci 8/8 58.1 (10.7) 61.0 37.5 - 71.8
S. m utans 7/8 0.2 ( 0 .4) 0.1 ND - 1.3
S. sangu is 7/8 17.9 (12.2) 17.0 ND - 35.0
S . oralis 8/8 34.5 (16.0) 30.2 16.1 - 59.1

-ve cocci 7/8 14.2 (11.6) 13.2 ND - 38.7
Veillonella 7/8 14.2 (11.6) 13.2 ND - 38.7

+ve bacilli 8/8 25.2 (10.2) 23.8 12.9 - 45.8
Actinomyces 8/8 23.6 ( 9 .9) 23.8 12.9 - 41.7
Lactobacillus 6/8 1.7 ( 3 .2) 0.1 ND - 8.6

-ve bacilli 2/8 2.5 ( 4 .6) ND ND - 11.1

B acteroides 0/8 ND ND ND

SECTION -  SPM 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 8/8 15.2 (13.0) 11.8 2.9 - 34.4

S . m utans 8/8 0.1 ( 0 .0) 0.1 0 . 1

S. sanguis 2/8 1.2 ( 2 .6) ND ND - 7.4

S. oralis 7/8 11.8 (11.1) 10.0 ND - 34.3

-ve cocci 7/8 11.2 (11.8) 6.2 ND - 29.4

Veillonella 6/8 10.1 (11.1) 6.2 ND - 29.4

+ve bacilli 8/8 68.5 (18.6) 67.2 48.1 - 96.6

Actinomyces 8/8 54.7 (17.5) 56.6 33.3 - 79.3

Lactobacillus 8/8 10.8 (16.0) 5.4 0.1 - 48.9

-ve bacilli 5 /8 5 .0  ( 4 .9) 5.2 ND - 12.5

Bacteroides 5/8 3.6 ( 3 .9) 3.4 ND - 11.1
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SECTION -  SPM
SUBJECT E

F Mean (SD) Median Range

+ve cocci 8/8 50.8 (20.9) 53.2 12.2 - 73.9

S. m utans 8/8 49.4 (20.7) 51.2 12.2 - 73.9

S. sangu is 0/8 ND ND ND

S. oralis 1/8 0.4 ( 1 .0) ND ND - 2.9

-ve cocci 6/8 3.5 ( 2 .9) 3.6 ND - 8 .8

Veillonella 6/8 3.5 ( 2 .9) 3.6 ND - 8.8

4-ve bacilli 8/8 45.1 (20.7) 40.0 23.3 - 83.7

Actinomyces 7/8 14.5 (14.8) 11.4 ND - 40.0

Lactobacillus 8/8 21.5 (20.5) 16.5 0.1 - 49.0

-ve bacilli 1/8 0.5 ( 1 .4) ND ND - 4 .0

B acteroides 1/8 0.5 ( 1 .4 ) ND ND - 4 .0
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Table 4 .1 0 . % predom inan t cultivable p laque microflora iso lated
from enamel sec tions, u n d e r each trea tm ent condition,
fo r five S ub jec ts , A - E, combined.

SECTION -  NORMAL PLAQUE 
SUBJECTS A -  E

F Mean (SD) Median Range

+ve cocci 40/40 39.3 (19.1) 41.4 1.2 ~ 82.4
S. m utans 21/40 4 .4  (11.6) 0.1 ND - 41.7
S. sangu is 31/40 13.7 (13.9) 11.8 ND - 60.6
S . oralis 31/40 16.8 (15.1) 12.1 ND - 50.0

-ve cocci 28/40 9.0  (10.6) 4.7 ND - 37.1

Veillonella 25/40 7.6 (10.0) 3.4 ND - 34.3

4-ve bacilli 40/40 46.2 (23.3) 40.0 5.9 -100.0

Actinomyces 39/40 42.6 (24.7) 36.5 ND -100.0

Lactobacillus 27/40 1.5 ( 5 .3) 0.1 ND - 32.1

-ve bacilli 23/40 5.6 ( 7 .2) 2.8 ND - 28.6

Bacteroides 15/40 3.2 ( 5 .8) ND ND - 28.6

SECTION -  SUCROSE PLAQUE 
SUBJECTS A -  E

F Mean (SD) Median Range

+ve cocci 40/40 40.2 (22.0) 34.0 3.6 - 86.9

S. m utans 28/40 2.8 ( 7 .4) 0.1 ND - 32.3

S. sanguis 23/40 10.5 (15.4) 3.8 ND - 61.3

S. oralis 30/40 21.5 (21.0) 17.5 ND - 69.6

-ve cocci 27/40 8 .4  ( 9 .8) 4.8 ND - 41.7

Veillonella 27/40 8.0  ( 9 .6) 4.0 ND - 41.7

+ve bacilli 40/40 42.7 (24.1) 44.8 3.0 - 93.1

Actinomyces 40/40 37.8 (21.6) 41.3 3.0 - 93.0

Lactobacillus 26/40 1.4  ( 3 .9) 0.1 ND - 20.0

-ve bacilli 28/40 8.2 ( 9 .0) 6.7 ND - 40.0

Bacteroides 16/40 4.5 ( 7 .0) ND ND - 24.3
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SECTION -  SPM
SUBJECTS A -  E

F Mean (SD) M edian Range

+ve cocci 39/40 42.9 (25.2) 45.6 ND - 91.3
S. m utans 35/40 21.0 (29.0) 0.1 ND - 88.3

S. sangu is 21/40 6.9 (10.4) 2.2 ND - 35.3

S. oralis 28/40 12.7 (15.0) 9.2 ND - 59.1

-ve cocci 32/40 8.9 (10.1) 5 .0 ND - 39.3

Veillonella 31/40 8.7 ( 9 .9) 5.0 ND - 39.3

+ve bacilli 40/40 44.7 (25.3) 40.0 0.5 - 96.6

Actinomyces 39/40 33.7 (24.2) 29.1 ND - 94.7

Lactobacillus 35/40 7.7 (13.8) 0.2 ND - 49.0

-ve bacilli 19/40 3.4  ( 4 .4) ND ND - 12.5

B acteroides 14/40 2 .0  ( 3 .6) ND ND - 11.8
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Table 4 .11 . % to ta l cultivable p laque microflora isolated from

enamel sec tions, u n d e r each treatm ent condition, fo r 
all Sub jects combined.

SECTION -  NORMAL PLAQUE
F Mean (SD) Median Range

+ve cocci 52/52 37.0 20.7) 39.6 1.2 - 82.4
S. m utans 22/52 3.4 10.3) ND ND - 41.7
S. sangu is 40/52 13.4 13.5) 10.9 ND - 60.6
S. oralis 37/52 15.5 16.9) 9.8 ND - 76.9
S. sa livariu s 8/52 1.9 6.0) ND ND - 35.3
S. milleri 2/52 0.2 1 .1) ND ND - 7.4
O ther S tre p . 5/52 0.9 3.0) ND ND - 12.5
AN02 S tre p . 13/52 1.8 4.6) ND ND - 27.7
Micrococcus / S ta p h . 1/52 0.04 0.3) ND ND - 2.1

-ve cocci 37/52 9.9 11.3) 5.8 ND - 40.4
Veillonella 33/52 8.6 11.0) 3.7 ND - 40.4

N eisseria 11/52 1.3 3.2) ND ND - 16.0

+ve bacilli 52/52 46.1 24.5) 40.8 0.1 - 100.0

A. odonto ly ticus 40/52 18.2 15.8) 18.2 ND - 68.8

A. v /n  - c a t. +ve 30/52 10.4 16.0) 2.7 ND - 66.7

A. v /n  - c a t. -v e 29/52 8.7 12.4) 3.6 ND - 41.0

O ther Actinom yces 9/52 1.9 5 .2) ND ND - 21.7

Lactobacillus 37/52 2.6 8 .0) 0.1 ND - 46.4

Bifidobacterium 10/52 3.1 8.2) ND ND - 37.8

Propionibacterium 1/52 0.1 0.6) ND ND - 4.2

Arachnia 1/52 0.1 0.9) ND ND - 6.2

Eubacterium 5/52 0.4 1.4) ND ND - 6.2

U nidentified 4/52 0.5 2.0) ND ND - 12.5

-ve bacilli 34/52 7.0 8.3) 3.6 ND - 31.2

Bacteroides 22/52 3.1 5 .4) ND ND - 28.6

Fusobacterium 7/52 0.4 1 .2) ND ND - 4.3

Capnocytophaga 17/52 2.6 5 .8) ND ND - 25.0

Haemophilus 1/52 0.1 0 .5) ND ND - 3.6

Elkenella 1/52 0.05 0.4) ND ND - 2.8

U nidentified 6/52 0.7 2 .0) ND ND - 8.3
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SECTION -  SUCROSE PLAQUE
F Mean (SD) Median Range

+ve cocci 52/52 42.3 23.8) 35.3 3.6 - 87.1
S. m utans 34/52 2.4 6.6) 0.1 ND - 32.3
S. sangu is 31/52 10.2 14.3) 4.4 ND - 61.3
S. oralis 35/52 19.7 21.5) 13.8 ND - 69.6
S. sa liv ariu s 12/52 6.3 16.9) ND ND - 77.1
S. milleri 4/52 0.6 2.7) ND ND - 18.5
O ther S tre p . 7/52 1.6 5 .6) ND ND - 29.6
ANOz S tre p . 9/52 1.4 3.7) ND ND - 15.9
Micrococcus / S ta p h . 2/52 0.2 0.9) ND ND - 4.8

-ve cocci 37/52 8 .0 9 .2) 4.8 ND - 41.7
Veillonella 37/52 7.7 9.0) 4.4 ND - 41.7
N eisseria 5/52 0.4 1.2) ND ND - 4.8

+ve bacilli 52/52 41.3 25.4) 42.4 3 .0  - 93.0
A. odonto ly ticus 42/52 18.5 18.9) 12.9 ND - 79.3
A. v /n  - ca t. +ve 25/52 7.2 10.0) ND ND - 38.7
A. v /n  - c a t. -v e 32/52 9.2 10.3) 6.6 ND - 31.6

O ther Actinom yces 1/52 0.7 5 .1) ND ND - 37.0

Lactobacillus 35/52 2.7 7.5) 0.1 ND - 41.4

Bifidobacterium 9/52 2.1 6 .2) ND ND - 29.0

Propionibacterium 1/52 0.1 0.4) ND ND - 3.2

Arachnia 0/52 ND ND ND

Eubacterium 6/52 1.0 4.5) ND ND - 31.6

U nidentified 3/52 0.3 1.6) ND ND - 10.5

-ve bacilli 35/52 8.0 9.1) 5.6 ND - 40.8

Bacteroides 19/52 3.9 6.5) ND ND - 24.3

Fusobacterium 7/52 0.5 1.4) ND ND - 5.9

Capnocytophaga 17/52 2.4 5 .5 ) ND ND - 29.2

Haemophilus 1/52 0.1 0.4) ND ND - 3.1

Eikenella 3/52 0.3 1.1) ND ND - 6.7

Unidentified 6/52 1 .0 3 .2) ND ND - 13.7

Table 4.11. cont.
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SECTION -  SPM
F

+ve cocci 39/40
S. m utans 35/40
S . sangu is  21 / 40
S. oralis 28/40
S . saliv ariu s  5/40
S. milleri 2/40
O ther S tr e p . 2/40
AN02 S tre p . 8/40
Micrococcus / S ta p h . 2/40

-ve cocci 32/40
V eillonella 31/40
N eisseria 2/40

+ve bacilli 40/40
A. odonto ly ticus 32/40
A. v /n  c a t. +ve 19/40
A. v /n  ca t. -v e  22/40
O ther Actinom yces 5/40
Lactobacillu s 35/40
Bifidobacterium  7/40

Propionibacterium  1/40
Arachnia 1 / 40

Eubacterium  4/40
U nidentified 2/40

-ve bacilli 19/40
B acteroides 14/40
Fusobacterium  2/40
C apnocytophaga 7/40
Haemophilus 1/40
Eikenella 1 / 40

U nidentified 1/40

Mean (SD) Median

42.9 25.2) 45.6
21.0 29.0) 0.1

6.9 10.4) 2.2
12.7 15.0) 9.2

0.6 1.9) ND
0.1 0.6) ND
0.2 0.8) ND
1.2 3.2) ND
0.2 1.0) ND

8.9 10.1) 5.0
8.7 9.9) 5.0
0.2 1.0) ND

44.7 25.3) 40.4
13.5 12.4) 12.2
10.5 17.6) ND

7.6 10.9) 2.5
2.2 9.8) ND

7.7 13.8) 0.2

0.9 2.2) ND

0.1 0.6) ND

0.1 0.5) ND

2.1 7.9) ND

0.1 0.6) ND

3.4 4.4) ND

2.0 3.6) ND

0.2 0.7) ND

1.0 2.8) ND

0.1 0.5) ND

0.01 0.1) ND

0.05 0.3) ND

Table 4.11. co n t.

Range

ND - 91.3
ND - 88.3
ND - 35.3
ND - 59.1
ND - 8.7
ND - 2.9
ND - 3.7
ND - 15.4
ND - 4.5

ND - 39.3
ND - 39.3
ND - 5.3

0.5 - 96.6
ND - 48.3
ND - 73.7
ND - 48.3
ND - 60.0
ND - 49.0
ND - 8.6
ND - 3.7
ND - 3.4
ND - 38.1
ND - 3.7

ND - 12.5
ND - 11.8
ND - 3.6
ND - 11.1
ND - 3.1
ND - 0.5

ND - 2.1
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Table 4 .12 . o p redom inant cultivable plaque microflora isolated.
from enamel s lab s , u n d e r Protocol I (N P), fo r
S ub jects A - G.

SLAB -  NORMAL PLAQUE 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 7/7 30.2 (25.2) 18.2 6.9 - 68.0
S. m utans 0/7 ND ND ND
S. sangu is 7/7 20.7 (21.8) 15.2 4.5 - 68.0
S. oralis 3/7 7.3 (15.4) ND ND - 41.5

-ve cocci 7/7 14.1 (17.0) 4.3 2.4 - 41.4
Veillonella 7/7 14.1 (17.0) 4.3 2.4 - 41.4

+ve bacilli 7/7 51.3 (23.3) 45.4 16.0 - 83.7
Actinomyces 7/7 49.9 (23.7) 44.8 16.0 - 83.7
Lactobacillus 2/7 0.2 ( 0 .4) ND ND - 1.1

-ve bacilli 4/7 4.3 ( 4 .6) 4.3 ND - 12.0

B acteroides 2/7 1.2 ( 2 .0) ND ND - 4.3

SLAB -  NORMAL PLAQUE 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 8/8 28.6 (14.1) 31.6 3.4 - 47.6

S. m utans 4/8 1.1 ( 2 .1) 0.05 ND - 5.4

S. sanguis 6/8 11.0 ( 9 .8) 11.6 ND - 28.6

S. oralis 7/8 13.6 ( 8 .9) 15.6 ND - 24.2

-ve cocci 6/8 11.0 (10.4) 10.0 ND - 33.3

Veillonella 6/8 10.4 (10.4) 9.2 ND - 33.3

+ve bacilli 8/8 58.7 (21.8) 54.4 19.0 - 86.5

Actinomyces 8/8 55.0 (19.6) 52.7 19.0 - 75.8

Lactobacillus 4/8 1 .4  ( 3 .8) 0.05 ND - 10.8

~ve bacilli 3/8 1.8 ( 2 .6) ND ND - 6.7

Bacteroides 3/8 1 .8  ( 2 .6) ND ND - 6.7
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SLAB -  NORMAL PLAQUE
SUBJECT C

F Mean (SD) Median Range

+ve cocci 7/7 47.0 (10.0) 45.0 36.4 - 64.3
S. m utans 5/7 0.07 (0.05) 0.1 ND - 0.1
S. sangu is 6/7 18.8 (14.2) 18.2 ND - 35.7
S . oralis 6/7 21.4 (16.5) 21.0 ND - 48.1

-ve cocci 6/7 13.2 (11.4) 13.6 ND - 35.3
Veillonella 6/7 11.7 (11.4) 9.1 ND - 35.3

+ve bacilli 7/7 32.0 (12.3) 33.3 17.6 - 50.0
Actinomyces 7/7 30.6 (10.7) 33.3 17.6 - 45.4
Lactobacillus 7/7 0.1 ( 0 .0) 0.1 0.1

-ve bacilli 6/7 7.8 ( 4 .5) 7.4 ND - 14.3
B acteroides 3/7 2.3 ( 2 .9) ND ND - 5.9

SLAB -  NORMAL PLAQUE 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 7/7 22.0 (17.3) 27.8 0.1 - 42.8

S. m utans 6/7 0.1 (0.04) 0.1 ND - 0.1

S. sanguis 4/7 8.2  ( 7 .8 ) 12.9 ND - 16.7

S. oralis 5/7 11.2 ( 9 .5) 11.1 ND - 25.0

-ve cocci 4/7 2.5 ( 2 .4) 3.2 ND - 5.6

Veillonella 4/7 2.5 ( 2 .4) 3.2 ND - 5.6

+ve bacilli 7/7 71.9 (16.0) 61.3 57.1 - 95.6

Actinomyces 7/7 68.9 (14.4) 61.1 57.1 - 95.6

Lactobacillus 5/7 1.7 ( 2 .1) 0.1 ND - 4.3

-ve bacilli 5/7 3.6 ( 3 .1) 3.4 ND - 8.7

B acteroides 3/7 2 .4  ( 2 .4) 3.2 ND - 5.6
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SLAB -  NORMAL PLAQUE
SUBJECT E

F Mean (SD) Median Range

+ve cocci 8/8 27.6 (21.5) 28.0 0.1 - 54.8
S. m utans 8/8 13.9 (15.2) 9.6 0.1 - 38.7
S. sangu is 3/8 2.9 ( 4 .5) ND ND - 11.1
S. oralis 6/8 5.7 ( 5 .0) 5.3 ND - 15.3

-ve  cocci 6/8 5.9 ( 4 .5) 6.5 ND - 12.1
Veillonella 5/8 4.4 ( 4 .1) 4.6 ND - 9.7

-t-ve bacilli 8/8 64.0 (27.1) 61.6 35.5 - 94.7
Actinomyces 8/8 59.4 (26.3) 57.6 32.3 - 89.4
Lactobacillus 8/8 1.5 ( 1 .9) 0.1 0.1 - 4.2

-ve bacilli 3/8 2.5 ( 3 .7) ND ND - 8.3
B acteroides 3/8 2 .0  ( 3 .0) ND ND - 8 .0

SLAB -  NORMAL PLAQUE 
SUBJECT F

F Mean (SD) Median Range

+ve cocci 8/8 22.3 ( 8 .4) 21.4 7.1 - 36.0

S. m utans 3/8 0.04 (0.05) ND ND - 0.1

S. sangu is 7/8 7 .0  ( 5 .0) 6.1 ND - 13.0

S. oralis 8/8 12.5 ( 6 .3) 12.0 3.6 - 25.0

-ve cocci 7/8 6.2 ( 3 .4) 7.0 ND - 10.7

Veillonella 6/8 4.3 ( 3 .6) 4.1 ND - 10.7

+ve bacilli 8/8 51.9 (19.8) 55.7 8.0 - 71.4

Actinomyces 8/8 45.2 (16.9) 49.0 8.0 - 64.2

Lactobacillus 4/8 4.7 ( 7 .4) 1.8 ND - 21.6

-ve bacilli 8/8 19.6 (15.0) 16.4 4.3 - 52.0

Bacteroides 8/8 12.5 (10.3) 9.5 4.0 - 36.0

Table 4.12. eont.
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SLAB -  NORMAL PLAQUE
SUBJECT G

F Mean (SD) Median Range

+ve cocci 4/4 74.3 ( 4 .1) 74.6 69.2 - 78.8
S. m utans 0/4 ND ND ND
S. san g u is 4/4 32.8 (15.6) 31.0 19.2 - 50.0
S. oralis 4/4 24.0 (13.6) 22.1 12.0 - 40.0

-ve cocci 4/4 8.3 ( 3 .3) 8.8 4 .0  - 11.5
Veillonella 4/4 8.3 ( 3 .3) 8.8 4 .0  - 11.5

+ve bacilli 4 /4 8.8 ( 1 .3) 8.8 7.7 - 10.0
Actinomyces 4/4 8.8 ( 1 .3) 8.8 7.7 - 10.0
Lactobacillus 4/4 0.1 ( 0 .0) 0.1 0.1

-ve bacilli 4/4 8.5 ( 5 .7) 8.4 1.9 -  15.4
B acteroides 2/4 1.8 ( 2 .1) 1.6 ND - 3.8

Table 4.12. coat.
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Table 4-13. % predom inant cultivable p laque microflora

iso la ted  from enamel s labs, u n d e r Protocol II (S P ),
fo r  Subjects A - G.

SLAB -  SUCROSE PLAQUE 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 8/8 50.2 (11.0) 52.2 33.3 - 65.4
S, m utans 3/8 0.04 (0.05) ND ND - 0.1
S. sangu is 7/8 13.6 (11.5) 10.1 ND - 29.2
S. oralis 8/8 25.4 (14.4) 29.8 4.8 - 44.4

-ve cocci 6/8 4.6 ( 3 .6) 4.4 ND - 9.5
Veillonella 6/8 4.6 ( 3 .6) 4.4 ND - 9.5

+ve bacilli 8/8 34.4 (10.1) 34.4 22.2 - 47.6

Actinomyces 8/8 29.9 ( 8 .4) 27.9 19.2 - 42.8

Lactobacillus 5/8 1 .4  ( 2 .4) 0.1 ND - 5.6

-ve bacilli 7/8 10.4 ( 5 .3) 10.1 ND - 16.7

B acteroides 6/8 6 .4  ( 6 .6) 4.2 ND - 16.7

SLAB -  SUCROSE PLAQUE 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 7/7 21.8 ( 9 .6 ) 21.4 8.3 - 33.3

S. m utans 2/7 0.03 (0.05) ND ND - 0.1

S. sanguis 4/7 7.8  ( 8 .5) 7.7 ND - 20.8

S. oralis 6/7 14.0 ( 8 .2) 16.7 ND - 23.1

-ve cocci 5/7 7.3 ( 5 .7) 7.7 ND - 14.3

Veillonella 5/7 5.6 ( 5 .2) 3.8 ND - 14.3

+ve bacilli 7/7 55.8 (11.9) 53.6 40.9 - 75.0

Actinomyces 7/7 54.1 (12.8) 53.6 40.9 - 75.0

Lactobacillus 2/7 0.03 (0.05) ND ND - 0.1

-ve bacilli 7/7 14.0 ( 6 .0) 12.5 7.1 - 20.8

Bacteroides 7/7 11.6 ( 6 .4) 8.3 7.1 - 20.8
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SLAB -  SUCROSE PLAQUE
SUBJECT C

F Mean (SD) Median Range

+ve cocci 4/7 44.5 (13.5) 44.0 26.7 - 64.3
S. m utans 4/7 0.1 (0.05) 0.1 ND - 0.1
S. sangu is 6/7 16.2 (10.1) 15.4 ND - 28.6
S. oralis 7/7 26.6 (12.2) 27.3 11.5 - 43.4

-ve cocci 7/7 7.5 ( 3 .9) 6.7 3.8 - 14.3
Veillonella 7/7 7.5 ( 3 .9) 6.7 3.8 - 14.3

t-ve bacilli 7/7 36.7 (17.4) 40.0 3.6 - 56.7
Actinomyces 7/7 34.9 (16.7) 36.3 3.6 - 56.7
Lactobacillus 4/7 0.1 (0.05) 0.1 ND - 0.1

-ve bacilli 7/7 12.5 ( 4 .5) 13.0 4.5 - 17.8
B acteroides 3/7 2.4 ( 3 .1) ND ND - 7.7

SLAB -  SUCROSE PLAQUE 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 8/8 43.9 (22.6) 34.0 14.3 - 75.9

S. m utans 8/8 0.1 ( 0 .0) 0.1 0. 1

S. sanguis 8/8 19.0 (10.4) 19.0 4.0  - 37.9

S. oralis 8/8 22.5 (14.6) 19.8 3.6 - 43.2

-ve cocci 4/8 3.0  ( 3 .4) 2.1 ND - 8 .0

Veillonella 4/8 3 .0  ( 3 .4) 2.1 ND - 8 .0

+ve bacilli 8/8 47.8 (21.0) 53.0 13.8 - 75.0

Actinomyces 8/8 46.8 (20.0) 51.0 13.8 - 71.4

Lactobacillus 5/8 0.6 ( 1 .5) 0.1 ND - 4.2

-ve bacilli 6/8 5 .4  ( 4 .6) 5.0 ND - 13.0

B acteroides 3/8 1.9 ( 3 .1) ND ND - 8.7
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SLAB -  SUCROSE 
SUBJECT E

PLAQUE

F Mean (SD) Median Range

+ve cocci 8/8 33.4 (13.9) 31.3 16.0 - 56.2
S. m utans 7/8 20.6 (23.6) 10.2 ND - 56.2
S. sangu is 4/8 8.3 ( 9-4) 4.6 ND - 20.0
S. oralis 3/8 4.1 ( 5 .9) ND ND - 13.6

-ve cocci 5/8 3.9 ( 3 .7) 4.0 ND - 9.1
Veillonella 4/8 3 .0 ( 3 .5) 2.0 ND - 9.1

+ve bacilli 8/8 56.8 (16.2) 54.1 37.5 - 84.0
Actinomyces 8/8 53.4 (18.4) 51.1 31.2 - 84.0
Lactobacillus 8/8 2.2 ( 2 .9) 0.6 0.1 - 8 .0

-ve bacilli 4/8 5.8 ( 8 .2 ) 2.2 ND - 23.1
B acteroides 4/8 3.9 ( 4 .6) 2.2 ND - 11.5

SLAB -  SUCROSE 
SUBJECT F

PLAQUE

F Mean (SD) Median Range

+ve cocci 8/8 16.6 ( 7 .7) 15.4 8.0 - 33.0

S. m utans 5/8 0.1 (0.05) 0.1 ND - 0.1

S . sangu is 4/8 4.6 ( 6 .0) 1.8 ND - 16.7

S. oralis 8/8 10.1 ( 3 .5) 8.3 7.1 - 16.7

-ve cocci 6/8 7.2 ( 5 .5 ) 8.0 ND - 13.6

Veillonella 6/8 6.2 ( 4 .4) 7.8 ND - 12.0

+ve bacilli 8/8 50.7 (13.4) 49.2 32.0 - 69.6

Actinomyces 8/8 43.3 ( 8 .8) 41.8 32.0 - 56.7

Lactobacillus 3/8 0.04 (0.05) ND ND - 0.1

-ve bacilli 8/8 25.0 (19.1) 19.1 4.3 - 60.0

B acteroides 6/8 13.5 (18.3) 8.2 ND - 56.0
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SLAB -  SUCROSE PLAQUE
SUBJECT G

F Mean (SD) Median Range

+ve cocci 4/4 76.4 ( 7 .3) 74.5 70.0 - 86.7
S. m utans 0/4 ND ND ND
S . sangu is 2/4 4.7 ( 5 .8) 3.4 ND - 12.0
S. oralis 4/4 32.7 (19.4) 32.8 13.3 - 52.0

-ve  cocci 4/4 20.9 ( 7 .7) 20.2 13.3 - 30.0
Veillonella 4/4 20.9 ( 7 .7) 20.2 13.3 - 30.0

+ve bacilli 4/4 2.0  ( 4 .0) 0.1 0.1 - 8 .0
Actinomyces 1/4 2.0 ( 4 .0) ND ND - 8 .0
Lactobacillus 4/4 0.1 ( 0 .0) 0.1 0.1

-ve bacilli 1 /4 0.7 ( 1 .4) ND ND - 2.7
B acteroides 0/4 ND ND ND
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Table 4 .1 4 . % predom inant cultivable plaque microflora

iso la ted  from enamel s labs, u n d e r Protocol III (SPM), 
fo r S ubjects A - E.

SLAB -  SPM 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 8/8 64.3 19.6) 68.6 19.2 - 83.9
S. m utans 8/8 47.8 19.5) 50.8 17.3 - 77.4
S. sangu is 5/8 3.5 4.2) 2.4 ND - 11.4
S. oralis 6/8 10.2 12.7) 3.2 ND - 29.5

-ve cocci 7/8 5.8 3.7) 5.4 ND - 11.4
Veillonella 7/8 5.8 3.7) 5 .4 ND - 11.4

+ve bacilli 8/8 26.0 22.3) 20.6 3.2 - 76.9
Actinomyces 8/8 22.8 17.5) 19.0 3.2 - 61.5
Lactobacillus 7/8 1.3 3 .5) 0.1 ND - 9.9

-ve bacilli 4/8 4.0 4.9) 1.6 ND - 12.0
B acteroides 4/8 1.7 1.9) 1.6 ND - 4 .0

SLAB -  SPM 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 8/8 23.8 9.5) 26.0 8.0 - 35.7

S. m utans 6/8 1 .0 2.6) 0.1 ND - 7.3

S. sangu is 4/8 5 .4 7 .0) 2.4 ND - 18.5

S. oralis 6/8 15.8 13.1) 15.4 ND - 35.7

-ve cocci 5/8 11.4 13.6) 5.8 ND - 36.0

Veillonella 5/8 11.4 13.6) 5.8 ND - 36.0

+ve bacilli 8/8 58.9 8.5) 56.9 44.4 - 73.2

Actinomyces 8/8 55.1 10.0) 56.6 37.0 - 66.7

Lactobacillus 6/8 2.2 4.0) 0.1 ND - 9.8

-ve bacilli 5/8 5.9 5.4) 6.6 ND - 13.0

Bacteroides 5/8 5.9 5.4) 6.6 ND - 13.0
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SLAB -  SPM 
SUBJECT C

F Mean (SD) Median Range

+ve cocci 7/7 13.9 ( S .2) 11.8 6.2 - 26.9
S. m utans 7/7 1.2 ( 1 .9) 0.1 0.1 - 4.3
S . sangu is 5/7 5.7 ( 5 .5 ) 4.3 ND - 14.3
S. oralis 4/7 4.6 ( 4 .8) 4.8 ND - 11.8

-ve cocci 6/7 8.8 ( 5 .0) 11.1 ND - 13.0
Veillonella 6/7 8.2 ( 5 .2) 11.1 ND - 13.0

+ve bacilli 7/7 72.1 ( 8 .3 ) 66.7 64.7 - 81.5
Actinomyces 7/7 63.1 (15.2) 64.7 37.0 - 81.2
Lactobacillus 7/7 9 .0 (16.2) 0.1 0.1 - 44.4

-ve bacilli 3/7 5.1 ( 8 .7) ND ND - 23.5
B acteroides 2/7 4.6 ( 8 .9) ND ND - 23.5

SLAB -  SPM 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 8/8 28.4 (11.6) 25.6 12.8 - 52.2

S. m utans 6/8 1.3 ( 2 .2) 0.1 ND - 5 .0

S. sangu is 4/8 5.2 ( 7 .8) 2.4 ND - 22.2

S. oralis 7/8 20.2 (14.2) 19.1 ND - 47.8

-ve cocci 8/8 8.5 ( 3 .6) 9.5 4.2 - 13.0

Veillonella 8/8 7.3 ( 2 .9) 7.2 4.2 - 10.9

+ve bacilli 8/8 52.2 (13.6) 54.8 26.1 - 72.3

Actinomyces 8/8 49.4 (13.6) 52.3 23.9 - 72.3

Lactobacillus 7/8 1.6 ( 2 .2) 0.1 ND - 5 .0

-ve bacilli 7/8 10.9 ( 8 .8) 9.5 ND - 31.1

Bacteroides 6/8 3.5 ( 2 .4) 4.6 ND - 6 .4
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SLAB -  SPM
SUBJECT E

F Mean (SD) Median Range

+ve cocci 8/8 59.1 (15.4) 63.0 25.9 - 74.0
S. m utans 8/8 52.3 (13.8) 54.2 25.9 - 74.0
S . sangu is 2/8 1.6  ( 3 .2) ND ND - 8.3
S. oralis 6/8 4.2 ( 3 .1) 4.2 ND - 8 .0

-ve cocci 5/8 5.0  ( 5 .6) 3.8 ND - 14.8
Veillonella 5/8 5 .0  ( 5 .6) 3.8 ND - 14.8

+ve bacilli 8/8 33.8 (16.3) 32.0 14.8 - 66.7
Actinomyces 8/8 30.2 (19.0) 28.7 3.7 - 66.7
Lactobacillus 7/8 3.6 ( 3 .6) 2.8 ND - 11.1

-ve bacilli 3/8 2.1 ( 3 .2) ND ND - 7 .4

B acteroides 3/8 1.6  ( 2 .5) ND ND - 6.7
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Table 4.15. 'g p redom inant cultivable p laque microflora isolated
from  enamel s lab s , u n d e r each trea tm ent condition,
fo r  five  S ub jec ts , A - E, combined.

SLAB -  NORMAL PLAQUE 
SUBJECTS A -  E

F Mean (SD) Median Range

+ve cocci 37/37 30.9 (19.2) 34.8 0.1 - 68.0
S. m utans 23/37 3.3 ( 8 .8) 0.1 ND - 38.7
S. san g u is 26/37 12.0 (13.8) 10.0 ND - 68.0
S. oralis 27/37 11.7 (12.3) 8.7 ND - 48.1

-ve cocci 29/37 9.3 (10.8) 5.6 ND - 41.4
Veillonella 28/37 8.6 (10.7) 5.3 ND - 41.4

+ve bacilli 37/37 55.9 (24.0) 52.0 16.0 - 95.6

Actinomyces 37/37 53.0 (22.7) 52.0 16.0 - 95.6

Lactobacillus 26/37 1.0  ( 2 .2) 0.1 ND - 10.8

-ve bacilli 21/37 3.9 ( 4 .1) 3.4 ND - 14.3

B acteroides 15/37 1.9 ( 2 .5) ND ND - 8 .0

SLAB -  SUCROSE PLAQUE 
SUBJECTS A -  E

F Mean (SD) Median Range

+ve cocci 38/38 39.0 (17.4) 34.7 8.3 - 75.9

S. m utans 24/38 4.4 (13.3) 0.1 ND - 56.2

S. sanguis 29/38 12.8 (10.5) 11.8 ND - 37.9

S. oralis 32/38 18.4 (14.0) 15.8 ND - 44.4

-ve cocci 27/38 5.1 ( 4 .3) 4.4 ND - 14.3

Veillonella 26/38 4.6 ( 4 .1) 4.2 ND - 14.3

+ve bacilli 38/38 46.3 (17.7) 46.7 3.6 - 84.0

Actinomyces 38/38 43.8 (18.0) 42.6 3.6 - 84.0

Lactobacillus 24/38 0.9 ( 2 .0) 0.1 ND - 8.0

~ve bacilli 31/38 9.4  ( 6 .6) 9.8 ND - 23.1

Bacteroides 23/38 5.1 ( 5 .8) 4.0 ND - 20.8
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SLAB -  SPM
SUBJECTS A -  E

F Mean (SD) Median Range

+ve cocci 39/39 38.5 (24.0) 27.5 6.2 - 83.9

S. m utans 35/39 21.2 (26.5) 4.3 ND - 77.4

S . sangu is 20/39 4.3 ( 5 .7) 1.9 ND - 22.2

S. oralis 29/39 11.2 (12.0) 7.4 ND - 47.8

-ve cocci 31/39 7.9 ( 7 .4) 6.7 ND - 36.0

Veillonella 31/39 7.5 ( 7 .3) 5.0 ND - 36.0

•fve bacilli 39/39 48.0 (21.9) 56.0 3.2 - 81.5

Actinomyces 39/39 43.6 (21.1) 45.0 3.2 - 81.2

Lactobacillus 34/39 3.4  ( 7 .6) 0.1 ND - 44.4

-ve bacilli 22/39 5.6  ( 6 .9) 3.8 ND - 31.1

B acteroides 20/39 3.4  ( 4 .9) 2.4 ND - 23.5

Table 4.15. cont.
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Table 4 .1 6 . % to ta l cultivable p laque microflora isolated from

enamel s lab s , u n d e r each treatm ent condition, fo r
all S u b jec ts , com bined.

SLAB -  NORMAL PLAQUE
F Mean (SD) Median Range

+ve cocci 49/49 33.0 (21.3) 33.3 0.1 - 78.8

S. m utans 26/49 2.5 ( 7 .8) 0.1 ND - 38.7
S. sangu is 37/49 12.9 (14.2) 10.0 ND - 68.0
S. oralis 39/49 12.9 (11.9) 9.1 ND - 48.1
S. sa liv ariu s 14/49 2.6 ( 5 .4) ND ND - 20.0
S. milleri 14/49 0.8 ( 4 .2) ND ND - 28.6
O ther S tre p . 1/49 0.4 ( 2 .9) ND ND - 20.0
ANOz S tre p . 10/49 0.9 ( 2 .1) ND ND - 9.7
Micrococcus / S ta p h . 4/49 0.2 ( 0 .7) ND ND - 3 .0

-ve cocci 40/49 8.7 ( 9 .5) 7.0 ND - 41.4

Veillonella 38/49 7.8 ( 9 .6) 5.0 ND - 4 1 .4

N eisseria 9/49 0.9 ( 1 .9) ND ND - 7.7

+ve bacilli 49/49 51.4 (25.6) 50.0 7.7 - 95.6

A. odonto ly ticus 45/49 16.3 (13.7) 13.6 ND - 58.6

A. v /n  - c a t. +ve 37/49 18.1 (20.4) 12.5 ND - 82.6

A. v /n  - c a t. -v e 38/49 13.5 (14.8) 8.7 ND - 64.0

O ther Actinom yces 2/49 0.3 ( 1 .4) ND ND - 9.1

Lactobacillus 34/49 1.5 ( 3 .7) 0.1 ND - 21.6

B ifidobacterium 10/49 0.8 ( 1 .6) ND ND - 4.5

Propionibacterium 1/49 0.1 ( 0 .5) ND ND - 3.4

Arachnia 0/49 ND ND ND

Eubacterium 8/49 0.7 ( 1 .6) ND ND - 5.3

U nidentified 1/49 0.2 ( 1 .3) ND ND - 9.1

-ve bacilli 33/49 6.8 ( 9 .0) 4.3 ND - 52.0

Bacteroides 24/49 3.6 ( 6 .0) ND ND - 36.0

Fusobacterium 3/49 0.4 ( 1 .6) ND ND - 8.7

Capnocytophaga 11/49 1.6 ( 3 .5) ND ND - 16.0

Haemophilus 2/49 0.3 ( 1 .4) ND ND - 8.7

Eikenella 5/49 0.7 ( 2 .5) ND ND - 14.3

Unidentified 6/49 0.4 ( 1 .2) ND ND - 5.3
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SLAB -  SUCROSE PLAQUE
F Mean (SD) Median Range

+ve cocci 50/50 38.4 (20.9) 33.3 8.0  - 86.7
S. m utans 29/50 3.3 (11.7) 0.1 ND - 56.2
S. sangu is 35/50 11.0 (10.2) 9.1 ND - 37.9
S. oralis 44/50 18.2 (14.2) 13.6 ND - 52.0
S. sa livariu s 13/50 4.9 (12.5) ND ND - 56.7
S. milleri 1/50 0.1 ( 0 .4) ND ND - 2.8
O ther S tre p . 6/50 0.5 ( 1 .3) ND ND - 4.5
ANOa S tre p . 5/50 0.5 ( 1 .9) ND ND - 10.0
Micrococcus / S ta p h . 0/50 ND ND ND

-ve cocci 37/50 6.7 ( 6 .3) 5.9 ND - 30.0
Veillonella 36/50 6.2 ( 6 .2) 4.4 ND - 30.0
N eisseria 7/50 0.6 ( 1 .4) ND ND - 4.5

+ve bacilli 50/50 43.4 (20.4) 43.6 0.1 - 84.0
A. odonto ly ticus 36/50 11.5 (11.8) 8.0 ND - 46.7
A. v /n  - ca t. +ve 37/50 15.2 (16.8) 12.8 ND - 84.0
A.  v /n  - c a t. -v e 38/50 13.4 (15.8) 8.3 ND - 75.0

O ther Actinom yces 4/50 0.3 ( 1 .1) ND ND - 4.3

Lactobacillus 31/50 0.7 ( 1 .8) 0.1 ND - 8 .0

Bifidobacterium 10/50 1.4 ( 4 .4) ND ND - 29.6

Propionibacterium 4/50 0.4 ( 1 .5) ND ND - 8 .0

Arachnia 0/50 ND ND ND

Eubacterium 5/50 0.5 ( 1 .9) ND ND - 11.1

U nidentified 2/50 0.1 ( 0 .9) ND ND - 6.2

-ve bacilli 40/50 11.2 (11.3) 10.2 ND - 60.0

Bacteroides 29/50 6.0 ( 9 .3) 3.7 ND - 56.0

Fusobacterium 9/50 0.8 ( 1 .8) ND ND - 7.7

C apnocytophaga 17/50 2.3 ( 3 .9) ND ND - 17.8

Haemophilus 2/50 0.1 ( 0 .7) ND ND - 3.8

Eikenella 7/50 0.5 ( 1 .3) ND ND - 4.5

U nidentified 2/50 0.1 ( 0 .9) ND ND - 0.9
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SLAB - SPM
F

+ve cocci 39/39

S. m utans 35/39

S. sangu is 20/39

S. oralis 29/39
S. sa liv ariu s 5/39

S. milleri 0/39

O ther S tre p . 2/39

AN02 S tre p . 8/39
Micrococcus / S ta p h . 0/39
-ve cocci 31/39
Veillonella 31/39

N eisseria 4/39

+ve bacilli 39/39
A. odonto ly ticus 37/39
A. v /n  - c a t. +ve 31/39
A. v /n  - ca t. -v e 25/39
O ther Actinom yces 2/39
Lactobacillus 34/39
Bifidobacterium 2/39
Propionibacterium 0/39
Arachnia 0/39
Eubacterium 3/39
U nidentified 0/39

-ve bacilli 22/39
Bacteroides 20/39
Fusobacterium 1/39
Capnocytophaga 10/39
Haemophilus 1/39
Eikenella 0/39
U nidentified 2/39

Mean (SD) Median Range

38.5 (24.0) 27.5 6.2 - 83.9
21.2 (26.5) 4.3 ND - 77.4

4.3 ( 5 .7) 1.9 ND - 22.2
11.2 (12.0) 7.4 ND - 47.8

0.7 ( 2 .0) ND ND - 9.8
ND ND ND

0.2 ( 1 .0) ND ND - 4.3
1.0 ( 2 .3) ND ND - 11.7

ND ND ND
7.9 ( 7 .4) 6.7 ND - 36.0
7.5 ( 7 .3) 5.0 ND - 36.0
0.4 ( 1 .2) ND ND - 5 .0

48.0 (21.9) 56.0 3.2 - 81.5
14.5 (12.0) 11.4 ND - 48.8
18.6 (18.4) 14.8 ND - 72.0
11.1 (13.5) 6.7 ND - 51.2

0.2 ( 0 .8) ND ND - 4.8
3.4  ( 7 .6) 0.1 ND - 44.4

0.6 ( 2 .9) ND ND - 15.4

ND ND ND

ND ND ND

0.3 ( 1 .2) ND ND - 5.0

ND ND ND

5.6 ( 6 .9) 3.8 ND - 31.1

3.4 ( 4 .9) 2.4 ND - 23.5

0.1 ( 0 .6) ND ND - 3.7

1.2 ( 2 .3) ND ND - 8 .0

0.1 ( 0 .7) ND ND - 4.3

ND ND ND

0.7 ( 3 .9) ND ND - 24.4
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Side Position Run Subject Treatm e

+ve cocci NS NS ** ** NS
S. m utans NS NS NS *** ***

S. sangu is NS NS * *** NS
S. oralis NS NS *** *** **

-ve cocci NS NS NS NS NS
Veillonella NS NS NS * NS

+ve bacilli NS NS *** *** NS
Actinomyces NS NS NS *** NS
Lactobacillus NS NS * *** *

-ve bacilli NS NS * ** *

B acteroides NS NS NS * NS

NS = Not s ig n ifican t ; * = p < 0.05 ; ** = p  < 0. o i ; *** = p  < 0.001

Table 4 .1 7 . S ta tis tica l analysis of effect of side , position,
r u n ,  sub jec t and  trea tm ent conditions on predom inant 
cu ltivab le  p laque microflora isolated from enamel 

se c tio n s .
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Side Position Run Subject Treatm e

+ve cocci NS NS NS *** NS
S. m utans NS NS NS *** ***

S. sangu is * NS NS ** **

S. oralis NS NS NS *** *

-ve cocci NS NS NS ** NS
Veillonella NS NS NS ** NS

+ve bacilli NS NS NS *** NS
Actinomyces NS NS NS *** NS
Lactobacillus NS NS NS NS NS

-ve bacilli NS NS ** *** **

B acteroides NS NS * *** *

NS = Not s ig n ifican t ; * = p  < 0.05 ; ** = p  < 0.,01 ; *** = p  < 0.001

Table 4 .18 . S ta tis tica l analysis of effect of side, position , ru n ,
su b jec t and  trea tm en t conditions on predom inant 
cu ltivab le  p laque microflora isolated from enamel 

s la b s .
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Table 4 .19 .

SUBJECT A

+ve cocci 
S. m utans 
S. sangu is 

S. oralis

-ve cocci 
Veillonella

+ve bacilli
Actinomyces
Lactobacillus

-ve bacilli 
B acteroides

Total

T otal microbial counts (log10 cfu/mm2 enamel 
s u r f a c e ) , and  absolute counts of predom inant 
cu ltivab le  p laque microflora isolated from enamel 
s la b s , u n d e r each trea tm en t condition, fo r Subjects 
A - G.

NP , n=7 SP;, n=8 SPM, n=8
Mean (SD) Mean (SD) Mean (SD)

6. 00 (0 .74) 6. 07 (0.49) 6.92 (0.41)
0 .,38 (0 .63) 0 . 86 (1.36) 6.80 (0.42)
5.,83 (0.61) 5.,37 (0.36) 5.60 (1.46)

5..06 (1 .06) 5.,71 (0.66) 5.85 (0.68)

5 .61 (0.27) 4,.99 (0.57) 5.88 (0.33)

5 .61 (0.27) 4,.99 (0.57) 5.88 (0.33)

6 .30 (0 .57) 5 .91 (0.40) 6.44 (0.26)

6 .28 (0.58) 5 .85 (0.42) 6.41 (0.22)

0 .97 (1.88) 2 .08 (2.24) 2.36 (2.01)

5 .17 (0 .62) 5 .36 (0.69) 5.60 (0.62)

4 .84 (0 .59) 5 .06 (0.68) 5.47 (0.47)

6 .63 (0 .50) 6 .38 (0.44) 7.17 (0.23)
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SUBJECT B
NP , n=8 SP n=7 SPM, n=8

Mean (SD) Mean (SD) Mean (SD)

+ve cocci 7.10 (0 .38) 6 .62 (0.42) 6.98 (0.54)
S. m utans 2.8 (2 .97) 1 .44 (1.92) 2.96 (1.78)
S. sangu is 6.48 (0 .38) 5 .94 (0.82) 6.16 (1.03)
S. oralis 6.72 (0 .49) 6 .34 (0.46) 6.61 (1.03)

-ve cocci 6.46 (0 .50) 6 .05 (0.61) 6.35 (1.20)
Veillonella 6.44 (0 .50) 5 .95 (0.60) 6.35 (1.20)

+ve bacilli 7.36 (0 .60) 7 .04 (0.23) 7.40 (0.59)
Actinomyces 7.35 (0 .58) 7 .02 (0.23) 7.37 (0.58)
Lactobacillus 1.44 (2.42) 0 .70 (0.65) 2.46 (2.73)

-ve bacilli 6.00 (0 .32) 6 .45 (0.41) 6.24 (0.65)
B acteroides 5.97 (0 .32) 6 .36 (0.35) 6.24 (0.65)

Total 7.64 (0 .48) 7 .33 (0.27) 7.62 (0.63)

SUBJECT C
NP , n=7 SP, n=7 SPM, n=7

Mean (SD) Mean (SD) Mean (SD)

+ve cocci 6.81 (0.67) 6.55 (0.20) 6.65 (0.37)

S. m utans 2.36 (2.01) 2.16 (0.94) 4.41 (1.78)

S . sanguis 6.24 (0.90) 5.94 (0.56) 6.24 (0.63)

S. oralis 6.28 (0.93) 6.23 (0.28) 6.10 (0.22)

-ve cocci 6.11 (1 .09) 5.72 (0.28) 6.43 (0.66)

Veillonella 6.05 (1 .08) 5.72 (0.28) 6.40 (0.65)

+ve bacilli 6.63 (0 .62) 6.34 (0.39) 7.38 (0.37)

Actinomyces 6.60 (0 .65) 6.31 (0.39) 7.32 (0.31)

Lactobacillus 3.23 (2 .30) 0.90 (0.52) 4.69 (2.29)

-ve bacilli 5.99 (0 .76) 5.92 (0 .21) 6.04 (0.52)

Bacteroides 5.46 (0 .84) 5.15 (0.42) 5.98 (0.57)

Total 7.23 (0 .59) 6.83 (0.15) 7.51 (0.37)

Table 4.19. cont.

286



SUBJECT D
NP , n=7 SP, n=8 SPM, n=8

Mean (SD) Mean (SD) Mean (SD)

+ve cocci 6.35 (0 .59) 6.66 1.14) 6.07 (0.35)
S . m utans 2.36 (1.12) 2.96 0.50) 3.34 (1.68)
S . sangu is 5.89 (0.59) 6.31 1.13) 5.19 (0.61)
S. oralis 6.08 (0 .54) 6.34 1.17) 5.80 (0.48)

-ve  cocci 5.66 (1 .10) 5.52 1.37) 5.60 (0.38)
Veillonella 5.66 (1 .10) 5.52 1.37) 5.54 (0.39)

+ve bacilli 7.05 (1 .07) 6.69 1.18) 6.34 (0.38)
Actinomyces 7.05 (1 .07) 6.69 1.18) 6.34 (0.38)
Lactobacillus 3.08 (2 .96) 1.58 1.56) 3.16 (1.88)

-ve  bacilli 5.77 (1.12) 5.75 1.23) 5.64 (0.57)
B acteroides 5.63 (0 .92) 5.38 1.20) 5.26 (0.34)

Total 7.22 (0 .98) 7.08 1.18) 6.66 (0.34)

SUBJECT E
NP , n=8 SP, n=8 SPM, n=8

Mean (SD) Mean (SD) Mean (SD)

+ve cocci 6.34 (1 .14) 6.73 0.41) 6.65 (0.30)

S. m utans 5.34 (1.88) 5.18 1.89) 6.62 (0.28)

S. sanguis 5.47 (0.73) 5.86 1.12) 5.25 (0.53)

s . oralis 5.79 (0.96) 5.62 0.94) 5.54 (0.28)

-ve cocci 5.82 (0.84) 5.74 0.69) 5.52 (0.48)

Veillonella 5.68 (0 .76) 5.63 0.57) 5.52 (0.48)

+ve bacilli 6.91 (0 .38) 6.96 0.52) 6.39 (0.43)

Actinomyces 6.85 (0 .36) 6.92 0.52) 5.79 (0.38)

Lactobacillus 3.52 (2 .30) 4.91 1.36) 4.78 (1.84)

■ve bacilli 5.48 (0 .92) 6.08 1.35) 5.22 (0.57)

Bacteroides 5.45 (0 .89) 5.70 0.96) 5.19 (0.53)

Total 7.12 (0 .54) 7.20 0.51) 6.88 (0.31)

Table 4.19. eont.
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SUBJECT F

+ve cocci 
S. m utans 
S. sangu is  
S. oralis

-ve  cocci 
Veillonella

+ve bacilli
Actinomyces
Lactobacillus

-ve bacilli 
B acteroides

Total

SUBJECT G

+ve cocci 
S. m utans 
S. sanguis 
S. oralis

-ve cocci 
Veillonella

+ve bacilli

Actinomyces
Lactobacillus

-ve bacilli 

Bacteroides

Total

NP , n=8 SP;, n=8
Mean (SD) Mean (SD)

7.,57 (0 .18) 7. 40 (0.48)
1 .,02 (1 .20) 1 . 26 (0.95)
7..04 (0.31) 6. 60 (0.98)
7.,33 (0.26) 7. 22 (0.47)

7..04 (0.35) 6. 84 (0.91)
6,.87 (0.44) 6.,80 (0.89)

7..91 (0.33) 7. 81 (0.62)
7,.86 (0.30) 7.,76 (0.60)
3,.73 (3.76) 0 .,92 (1.29)

7,.46 (0 .34) 7.,40 (0.42)
7,.29 (0 .38) 6.,94 (0.75)

8 .24 (0 .16) 8.,09 (0.53)

NP , n=4 SP , n=4

Mean (SD) Mean (SD)

7 .63 (0 .41) 7,.88 (0.05)

0 .15 (0 .10) 0 ,.19 (0.06)

7 .27 (0 .44) 6 .57 (0.42)

7 .12 (0.46) 7,.45 (0.19)

6 .74 (0 .56) 7 .28 (0.23)

6 .74 (0 .56) 7 .28 (0.23)

6 .78 (0 .34) 6 .36 (0.33)

6 .78 (0.34) 6 .36 (0.33)

1 .43 (1.67) 1 .55 (0.99)

6 .71 (0.28) 6 .24 (0.33)

6 .11 (0.58) 6 .11 (0.16)

7 .78 (0 .37) 7 .96 (0.06)

Table 4.19. cont.
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SUBJECTS A -  E
NP, n=37

Mean (SD)

+ve cocci 6.53 (0 .81)

S. m utans 2.57 (2.46)

S. sangu is 5.98 (0 .72)

S. oralis 6.00 (0.96)

-ve cocci 5.94 (0 .84)

Veillonella 5.90 (0.82)

+ve bacilli 6.86 (0.74)
Actinomyces 6.84 (0 .74)
Lactobacillus 2.45 (2 .49)

-ve bacilli 5.68 (0.81)

B acteroides 5.48 (0 .79)

Total 7.18 (0 .68)

SP, n=38 SPM, n=39
Mean (SD) Mean (SD)

6.52 (0.65) 6.65 (0.50)
2.56 (2.06) 4.84 (2.09)
5.88 (0.87) 5.67 (0.78)
6.03 (0.81) 5.98 (0.59)

5.59 (0.84) 5.94 (0.75)
5.55 (0.81) 5.92 (0.76)

6.58 (0.75) 6.78 (0.63)
6.55 (0.76) 6.63 (0.72)
2.10 (2.07) 3.46 (2.31)

5.90 (0.94) 5.74 (0.67)
5.52 (0.89) 5.62 (0.65)

6.96 (0.69) 7.15 (0.53)

Table 4 .2 0 . T otal microbial counts (log10 cfu/mm2 enamel
s u rfa c e ) , and  absolute counts of predom inant 
cu ltivab le  p laque m icroflora isolated from enamel 
s la b s , u n d e r  each trea tm ent condition, fo r 

S ub jec ts A - E combined.
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Position Side Run Subject T reatn

+ve cocci NS NS *** ** NS
S. m utans NS NS * ** ***

S . sangu is NS * *** ** **

S . oralis NS NS *** *** **

-ve cocci NS NS *** *** NS
Veillonella NS NS *** *** NS

+ve bacilli NS NS *** *** **

Actinomyces NS NS *** *** ***

Lactobacillus NS NS * *** NS

-ve bacilli NS NS *** *** **

B acteroides NS NS *** *** NS

Total NS NS *** *** NS

Table 4 .21 . S ta tis tica l analysis of effect of position, side,
r u n ,  su b jec t and treatm ent conditions on log10 
m icrobial counts of predom inant cultivable 
m icroflora, and  to ta l logao microbial count, in  
p laque  iso lated  from enamel slabs.
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SECTION

Subject

A 
n = 8

B
n = 8 

C
n = 8

D 
n = 8

E
n = 8 

F
n  = 8 

G
n = 4

Total 
n = 52

a. _ Q. ” 'O

-  NORMAL PLAQUE
AZa

(SE)

241.6 
( 79 .2)

175.1
( 86.9)

243.0 

( 101. 1)

216.0
(111.3)

388.2
( 72.2)

336.5
(127.3)

373.0
(110. 2)

274.9 
( 38.6)

vol m i n .  x  jjju  ; ** =

SZ*5
(SE)

1.33
(0.36)

1.63
(0 .44)

1.30
(0.57)

2.35
(0 . 86)

2.26
(0.59)

3.13
(0.34)

1.78
(0.34)

1.98
( 0 . 22)

% vol min. ; c

LBC'
(SE)

1.29
(0.35)

1.54
(0.49)

1.73 
(0.55)

2.31
(0 . 86)

1.91
(0.64)

3.02
(0.40)

1.74 
(0.35)

1.95
( 0 . 22)

= % vol min.

Table 4 .22 . D em ineralisation param eters obtained from enamel 
sec tio n s , u n d e r Protocol I (N P), fo r Subjects A -



SECTION -
Subject

A 
n = 8

B
n = 8 

C
n  = 8

D 
n = 8

E
n = 8 

F
n = 8 

G
n = 4

Total 
n = 52

Table 4 .23 .

SUCROSE PLAQUE

AZ SZ l b

( SE) (SE) (SE)

3 °5 . 6 i . 3o  i >18

( 90-5) (0 .25) (0.26)

246.1 1.56 2.19

( 99.6) (0 .44) (0.81)

131.0 1.76 1.72

( 55 .8) (0.54) (0.53)

539.8 5.08 5.69
(202.5) (2 .45) (2.40)

517.1 3.26 3.32
(174.5) (1 .61) (1.61)

379.4 3.50 4.25
(174.7) (0.84) (0.84)

140.0 2.39 2.39
( 79 .4) (0.84) (0.84)

336.8 2.72 3.01
( 55 .6) (0.62) (0.62)

Dem ineralisatioii param eters obtained from enamel 
sec tio n s , u n d e r Protocol II (S P ), fo r Subjects 

A - G.
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SECTION -

Subject

A 
n = 8

B
n = 8 

C
n = 8

D 
n = 8

E
n = 8 

F 

G

Total 
n = 40

Table 4 .24 .

SPM

AZ SZ l b

( SE) (SE) (SE)

844.1 3.93 5.25
(406.4) (1 .58) (2.16)

460.6 2.53 3.39

( 88 .3) (0 .38) (0 .60)

255.8 3.73 3.72
(152.6) (2 .43) (2 .43)

526.8 2.59 4.86
( 20 .2) (0 .93) (1.60)

917.0 5.62 7.63
(168.9) (1 .25) (1 .93)

600.8 3.68 4.97
(105.4) (0 .66) (0.82)

D em ineralisation param eters obtained from enamel 
sec tio n s , u n d e r  Protocol III (SPM), fo r Subjects 

A - E.
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SECTION

Subject

A
n = 24 

B
n = 24 

C
n = 24 

D
n = 24 

E
n = 24

p *

n = 16

G * 
n = 8

Total 
n = 144

* - re su lts  

Table 4 .25 .

-  ALL CONDITIONS

Az SZ LB
(SE) (SE) (SE)

463.8 2.19 2.57
(146.1) (0 .58) (0.80)

294.0 1.91 2.37

( 56 .7) (0 .25) (0.39)

209.9 2.27 2.39

( 62.0) (0 .84) (0.83)

427.5 3.34 4.29
(102.4) (0 .92) (1.00)

607.5 3.71 4.29
( 93 .9) (0.74) (0.97)

357.9 3.32 3.63
(104.5) (1.29) (1.25)

256.5 2.08 2.06
( 91 .9 ) (0.46) (0.47)

387.8 2.72 3.17
( 39 .3) (0.30) (0.34)

r e f e r  to  NP and  SP g roups only.

D em ineralisation param eters obtained from enamel 
sec tio n s , u n d e r all trea tm ent conditions combined, 

fo r  S ubjects A - G.
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Position Side Run Subject T reatm ent

Az NS NS NS NS **

SZ NS NS NS NS NS

LB NS * NS * NS

NS = Not s ig n ifican t ; * = p  < 0.05 ; ** = p  < 0.01.

Table 4 .2 6 . S ta tis tica l analysis of effect of position, s ide,
ru n ,  su b jec t and  trea tm ent conditions on enamel 
dem ineralisation param eters.
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Profile Group

Subject l a 2^ 3C 4d Total

A 13 6 1 4 24

B 12 8 0 4 24

C 16 5 2 1 24

D 11 3 6 4 24

E 8 8 5 3 24

F* 10 2 1 3 16

G* 5 3 0 0 8

* - re s u lts  r e fe r  to  NP and  SP groups only.

a = no change in  p ro file  from  baseline ; 13 = sligh t su rface soften ing  ;
° = more ex ten s iv e  su rface  soften ing  ; d = subsurface  dem ineralisation.

Table 4 .27 . Num ber of enamel sites in  each profile g ro u p , and
to ta l num ber of enamel s ite s , fo r Subjects A - G.
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Az Group

Subject l a  2^ 3° 4rf Total

A 10 8 4 2 24

B 10 7 7 0 24

C 17 5 1 1 24

D 11 4 5 4 24

E 3 11 5 5 24

p* 7 5 3 1 16

G* 4 3 1 0 8

* = re s u lts  r e fe r  to  NP and  SP g roups only.

a = Az < 200 u n its  ; 13 = Az betw een 200 and 499 un its  ; 
c = Az betw een  500 an d  999 u n its  ; A = Az > 1,000 u n its .

Table 4 .2 8 . Num ber of enamel sites  in  each Az g roup , and to ta l
num ber of enamel s ite s , fo r Subjects A - G.

297



Profile Group

T reatm en t 1 2 3 4

NP 33 14 2 3

SP 29 11 7 5

SPM 13 10 6 11

T otal 75 35 15 19

Table 4 .2 9 . Num ber of enamel sites in  each profile g roup ,
fo r  each  trea tm en t condition.

T reatm en t

NP

SP

SPM

Total

25

24

13

62

Az Group

2 3

17 10

16 8

10 8

43 26

0

4

9

13

Table 4 .30 . Num ber of enamel s ite s  in  each Az g roup , fo r each 

trea tm en t condition.
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Table 4 .3 1 . Mean p ro portions of the  predom inant microflora
assoc iated  w ith each Az g roup , fo r each trea tm en t 
cond ition .

NORMAL PLAQUE
Az Group

1 2 3 4
2 II to cn n  = 17 n = 10 n = 0

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

+ve cocci 34.4 (16 .2) 40.0 (20.4) 38.6 (30.7) nil

S. m utans 1 .8  ( 8 .3 ) 5 .4  (12.1) 3.9 (11.8)

S. sangu is 12.3 (11 .5) 14.9 (15.4) 13.7 (15.7)

S. oralis 15.2 (15 .4) 14.9 (15.1) 17.1 (23.8)

-ve  cocci 11.6 (11 .3) 11.0 (13.0) 4.0 ( 5.6) nil

Veillonella 10.8  (11 . 2) 8 .5 (12.4) 3.2 ( 5 .5)

+ve bacilli 47.5 (19 .9) 40.5 (25.1) 52.1 (33.5) nil

Actinomyces 41.1 (19 .2) 32.2 (24.6) 46.3 (35.9)

Lactobacillus 1 .8  ( 3 .7 ) 5.2 (13.1) 0.1 ( 0 . 1)

-ve bacilli 6 .7  ( 8 .3 ) 8.5 ( 9 .7) 5.4 ( 6.1) nil

B acteroides 3.7 ( 4 .7 ) 3.6 ( 7 .4) 0.8 ( 1 .9)



SUCROSE PLAQUE

Az Group

1 2 3 4
n = 24 n := 16 n = 8 n := 4

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

4-ve cocci 43. 0 (23 .6) 46.2 (26.3) 33 .4 (19.1) 40 .6 (28 .3)
S. mu tan s 2 . 8 ( 7 .0 ) 0.6 ( 1 . 6) 4 .6 (11.3) 3 .3 ( 4 . 2)
S. sangu is 8 . 4 (10 . 6) 7.7 (10 .8) 15 .9 (20. 6) 20 .0 (27 . 6)
S. oralis 21 . 3 (24 .1) 24.5 (22.4) 8 .8 (11.8) 12 .8 ( 6 • 6)

-ve cocci 8 . 1 ( 10 . 1) 6.4 ( 6 .4) 8 .6 ( 9 .8) 12 .9 (13 • 6)
Veillonella 8 . 0 (10 . 1) 6.2 ( 6 .5) 7 .6 ( 9 .4) 11 .7 (11 .9)

+ve bacilli 41. 3 (25 .6 ) 35.8 (28.6) 51 .0 (19.7) 43 .8 (23 .5)
Actinomyces 34. 2 (25 .2) 31.7 (24 .1) 40 .8 (12.3) 42 .2 (22 • 4)
Lactobacillus 3. 5 ( 9 .9 ) 0.9 ( 3 .6) 4 .5 ( 6 . 6) 0 .6 ( 1 • 0)

-ve bacilli 7. 2 ( 8 . 6) 11.1 (10.9) 7 .0 ( 7 .9) 2 .6 ( 3 .4)
B acteroides 3. 0 ( 5 .7 ) 5.5 ( 7 .4) 5 .2 ( 8 . 1) ND

Table 4.31. cont.
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SPM

Az Group
1 2 3 4

n = 13 n = 10 n = 8 n = 9
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

+ve cocci 47.0 (19 .3 ) 45.0 (22 .8) 37.6 (35.2) 39.1 (28.0)
S. mu tan s 8 .9 (18 .1) 22.8 (31.1) 27.7 (38.9) 30.5 (28.3)
S. sangu is 9 .4 ( 11 . 6) 8.5 (11 . 8) 4.2 ( 8 .7) 3.8 ( 8 .5)
S. oralis 24.9 (17 .1) 10.6 (11 .6) 4.4 ( 6 .4) 4.9 ( 9 .7)

-ve cocci 12.2 ( 11 . 1) 9.9 ( 9 .6) 8.6 (12.9) 3.2 ( 2 . 8)
Veillonella 11.8 (10 .5) 9.6 ( 9 .9) 8.6 (12.9) 3.2 ( 2 . 8)

+ve bacilli 36.9 (17 .9) 40.9 (17.5) 51.0 (35.1) 54.8 (30.8)
Actinomyces 31.1 (16 .2) 37.9 (17.8) 46.7 (34.0) 21.2 (26 .7)
Lactobacillus 3.3 ( 4 .6 ) 2.4 ( 3 .4) 2.8 ( 3.6) 24.4 ( 21. 6)

-ve bacilli 3 .6 ( 4 .8 ) 4.1 ( 5 .4) 2.6 ( 2 .3) 2.9 ( 4 .4)
Bacteroides 2.1 ( 4 .2 ) 3.5 ( 4 .7) 1.8 ( 2 .4) 0.5 ( 1 .4 )

Table 4.31. cont.
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T able 4 .32 . P e rcen tag e  isolation freq u en cy  of predom inant

organism s iso la ted  from plaque associated  w ith  each 
Az g ro u p , fo r each trea tm ent condition.

NORMAL PLAQUE

Az Group
1 2 3 4

n = 25 n = 17 n = 10 n =
F F F F

+ve cocci 100 % 100 % 100 % nil
S. m utans 24 % 59 % 60 %
S. sangu is 80 % 82 % 60 %

S. oralis 76 % 79 % 60 %

-ve cocci 84 % 65 % 50 % nil

Veillonella 84 % 59 % 40 %

+ve bacilli 100 % 100 % 100 % nil

Actinomyces 100 % 94 % 90 %

Lactobacillus 76 % 70 % 60 %

-ve bacilli 64 % 70 % 60 % nil

B acteroides 56 % 35 % 20 %
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SUCROSE PLAQUE

Az Group

1 2  3 4
n  = 24 n  = 16 n  = 8 n  = 4

F F F F

+ve cocci 100 % 100 % 100 % 100 %
S. m utans 62 % 56 % 75 % 100 %
S. sangu is  62 % 44 % 75 % 75 %
S. oralis 58 % 81 % 50 % 100 %

-ve cocci 67 % 75 % 75 % 75
Veillonella 67 % 75 % 75 % 75

+ve bacilli 100 % 100 % 100 % 100 %
Actinomyces 100 % 100 % 100 % 100 %
Lactobacillus 71%  50% 8 8 % 75%

-ve bacilli 58 % 81 % 75 % 50 %
B acteroides 29 % 44 % 62 % ND

Table 4.32. cont.
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SPM

+ve cocci 
S. m utans 
S. sangu is  
S . oralis

-ve cocci 
Veillonella

+ve bacilli
Actinomyces
Lactobacillus

-ve bacilli 
B ateroides

1
n  = 13 

F

100 % 
85 % 
62 % 

100 %

85 % 
85 %

100 % 

92 % 
85 %

54 % 
38 %

2

n = 10 
F

100 % 

80 % 
60 % 
60 %

80 % 
70 %

100 % 

100 % 

80 %

50 % 
50 %

Table 4.32.

Xz Group

3
n = 8 

F

100 % 

88 % 
50 % 
50 %

75 % 
75 %

100 % 

100 % 

100 %

50 % 
38 %

cont.

4
n = 9 

F

100 % 

100 % 

33 % 
56 %

78 
78

100 
89 
89

44 
11
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S tre p , m utans

NORMAL PLAQUE

1
Az Group

Median ND 0.1 0 1
Mean 1 .8  5.4  3 g

Range ND - 41.7 ND - 40.0 N D - 37.5
n 25 17 10

SUCROSE PLAQUE

Az Group

3

Median 0 .1 0.1 0.1 1.8
Mean 2 .8  0.6 4.6 3.3
Range ND - 26.3 ND - 5.6 ND - 32.3 0.1 - 9.5
n 24 16 8 4

SPM

Az Group
1 2  3 4

Median 0.1  0.1 0.1 33.3
Mean 8.9  22.8 27.7 30.5
Range ND - 88.3 ND - 73.0 ND - 73.9 0.1 - 56.4

n 13 10 8 9

Table 4 .33 . M edian, mean and  ran g e  of p roportions of S tre p .
m u ta n s , in  each Az g ro u p , fo r each treatm ent 

co n d itio n .
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Lactobacillus

NORMAL PLAQUE

1
Az Group

0.1Median 0.1 0.1

Mean 1.8 5,2 0.1

Range ND - 13.8 ND - 46.4 ND - 0.1
n 25 1 7  10

SUCROSE PLAQUE

Az Group
3

Median 0.1 0.1 1.6
Mean 3.5 0.9 4.5

0.1 
0.6

Range N D - 4 1 . 4  N D - 1 4 . 3  ND - 20.0 ND - 2.1

n 24 16 8 4

SPM

Az Group
1 2  3 4

Median 0.1 0.1 2.8 23.9
Mean 3.3 2.4 2.8 24.4
Range ND - 7.4  ND - 8.6 0.1 - 12.5 ND - 49.0
n 13 10 8 9

Table 4 .34 . Median,  mean and  ran g e  of proportions of
L ac tobac illu s , in  each Az g ro u p , fo r each treatm ent 

co n d itio n .
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Table 4 .35 . -o p redom inant cultivable plaque m ieroflora isolated
from  enamel sites  in  each lesion profile g ro u p , fo r
all Sub jects and  all trea tm en t conditions combined.

PROFILE 1 
ALL SUBJECTS

F Mean ( SD) Median Range

+ve cocci 75/75 40.5 (21.3) 37.5 3.4 - 93.1
S. m utans 39/75 5.0  (15.7) 0.1 ND - 88.3
S . sangu is 53/75 10.4 (11.1) 6.9 ND - 46.2
S. oralis 57/75 18.4 (18.8) 14.3 ND - 69.6

-ve cocci 58/75 10.4 (10.6) 7.4 ND - 41.7
Veillonella 56/75 9.8 (10.6) 7.1 ND - 41.7

+ve bacilli 75/75 41.3 (23.3) 41.7 0.5 - 93.1

Actinomyces 74/75 35.2 (22.1) 31.0 ND - 93.0

Lactobacillus 53/75 3.1 ( 8 .7) 0.1 ND - 46.4

-ve bacilli 48/75 7.6 ( 9 .0) 4.9 ND - 40.0

B acteroides 35/75 3.9 ( 5 .8) ND ND - 28.6

PROFILE 2
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 34/35 47.9 (24.4) 48.1 ND - 86.9

S. m utans 22/35 9 .0  (19.4) 0.1 ND - 73.0

S. sanguis 21/35 12.3 (15.2) 6.2 ND - 60.6

S. oralis 23/35 18.8 ( 21 . 1) 11.8 ND - 76.9

-ve cocci 22/35 7.1 ( 9 .6) 4.0 ND - 40.4

Veillonella 20/35 6 .0  ( 8 .7) 3.3 ND - 40.4

+ve bacilli 35/35 38.0 (25.8) 37.5 0.1 - 94.7

Actinomyces 34/35 32.2 (24.8) 29.6 ND - 94.7

Lactobacillus 24/35 1.6 ( 3 .1) 0.1 ND - 12.5

~ve bacilli 23/35 6.7 ( 7 .3) 4.2 ND - 29.4

Bacteroides 13/35 3.0  ( 5 .3) ND ND - 20.8
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PROFILE 3
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 15/15 33.3 (23.2) 33.3 0.1 - 73.9
S. m utans 14/15 12.3 (23.6) 1.2 ND - 73.9
S. sangu is 6/15 7.6 (16.5) ND ND - 61.3
S. oralis 10/15 11.2 (13.5) 4.8 ND - 39.3

-ve cocci 12/15 8.8 ( 9 .9) 5.1 ND - 29.4
Veillonella 12/15 8.5 ( 9 .2) 5.1 ND - 29.4

+ve bacilli 15/15 54.6 (22.8) 47.0 23.9 - 100.0
Actinomyces 14/15 45.7 (27.8) 43.3 ND - 100.0
Lactobacillus 13/15 8.4 (14.6) 2.2 ND - 44.2

-ve bacilli 6/15 3.2 ( 6 .4) ND ND - 24.3
B acteroides 2/15 2.0  ( 6 .3) ND ND - 24.3

PROFILE 4 
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 19/19 32.8 (25.0) 32.0 3.4 - 82.1

S. m utans 17/19 14.0 (22.8) 0.1 ND - 70.9

S. sanguis 12/19 9.6 (14.6) 3.9 ND - 60.7

S. oralis 11/19 7.0  ( 9 .4) 3.4 ND - 34.3

-ve cocci 14/19 6.6 ( 9 .6) 3.1 ND - 39.3

Veillonella 13/19 6.2 ( 9 .6) 3.1 ND - 39.3

+ve bacilli 19/19 57.3 (26.2) 62.8 10.7 - 96.6

Actinomyces 19/19 40.3 (25.2) 38.3 2.0 - 79.3

Lactobacillus 17/19 8.6  (15.8) 0.1 ND - 49.0

-ve bacilli 11/19 3.5 ( 4 .2) 1.8 ND - 13.0

Bacteroides 5/19 1 .0  ( 1 .9) ND ND - 6.2

Table 4.35. cont.
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Table 4 .3 6 . -o p redom inant cultivable p laque m icroflora iso lated

from  enamel s ite s  in  each Az g roup , fo r all trea tm en t
conditions combined, fo r Subjects A - G.

Az GROUP 1 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 10/10 51.9 (24.1) 49.0 14.3 - 91.3
S. m utans 4/10 21.1 (35.4) ND ND - 88.3
S . sangu is 6/10 11.2 (14.2) 4.0 ND - 36.5
S. oralis 7/10 13.5 (17.2) 5 .4 ND - 46.7

-ve cocci 9/10 8.8 (13.1) 3.6 ND - 41.7
Veillonella 9/10 8.8 (13.1) 3.6 ND - 41.7

+ve bacilli 10/10 34.0 (25.3) 29.3 0.5 - 77.1
Actinomyces 10/10 29.6 (23.5) 25.0 0.5 - 77.1
Lactobacillus 7/10 0.07 (0.05) 0.1 ND - 0.1

-ve bacilli 8/10 4.8 ( 4 .2) 4.6 ND - 11.1
B acteroides 6/10 2.9 ( 4 .0) 1.0 ND - 11.1

Az GROUP 2^ 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 8/8 59.9 (20. 6) 67.2 26.7 - 86.9

S. m utans 6/8 13.4 (26.4) 0.1 ND - 70.9

S. sanguis 6/8 11.4 (10 . 6) 10.8 ND - 26.7

S. oralis 7 /8 26.0 (24.1) 17.0 ND - 59.6

-ve cocci 6/8 8.9 ( 9 .6) 5.2 ND - 26.7

Veillonella 6/8 8.9

CD 5.2 ND - 26.7

+ve bacilli 8/8 20.9 (12 . 6) 22.2 3.0 - 40.0

Actinomyces 8/8 16.9 (12 . 2) 16.2 3 .0  - 40.0

Lactobacillus 5/8 0.8 ( 2 . 1) 0.1 ND - 6.1

-ve bacilli 7/8 9.7 (13.0) 6.5 ND - 40.0

Bacteroides 3/8 4.5 ( 8 . 0) ND ND - 20.0

** - Az < 200 u n its  j 13 - Az betw een 200 and 499 u n its .
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Az GROUP 3C' 
SUBJECT A

F Mean (SD) Median Range

+ve cocci 4/4 42.1 (22.7) 40.2 16.7 - 71.4
S. m utans 3/4 5 .0 ( 9 .8) 0.1 ND - 19.6
S . sangu is 3 /4 16.1 (20.5) 9.4 ND - 45.7
S . oralis 4/4 17.4 (12.4) 18.2 3.3 - 29.7

-ve cocci 3/4 3.7 ( 3 .7) 3.0 ND - 8.9
Veillonella 3 /4 3.7 ( 3 .7) 3.0 ND - 8.9

+ve bacilli 4/4 47.4 (25.6) 41.9 25.7 - 80.0
Actinomyces 4/4 39.3 (23.1) 29.8 24.3 - 73.4
Lactobacillus 2/4 4.1 ( 5 .9) 2.0 ND - 12.5

-ve bacilli 2 /4 6.8 (11 . 8) 1.4 ND - 24.3
B acteroides 1/4 6.1 (12 . 2) ND ND - 24.3

Az GROUP 4ci
SUBJECT A

F Mean (SD) Median Range

+ve cocci 2/2 63.2 ( 4 .5) 63.2 60.0 - 66.4
S. m utans 2/2 52.4 ( 5 .7) 52.4 48.4 - 56.4

S. sanguis 2/2 3.8 ( 0 .2) 3.8 3.6 - 3.9

S. oralis 1/2 2.8 ( 3 .9) 2.8 ND - 5.5

-ve cocci 2/2 2.4  ( 0 .9) 2.4 1.8 - 3.1

Veillonella 2/2 2.4 ( 0 .9) 2.4 1.8 - 3.1

+ve bacilli 2/2 33.6 ( 6 . 6) 33.6 28.9 - 38.2

Actinomyces 2/2 21.8 (15.4) 21.8 10.9 - 32.7

Lactobacillus 2/2 6.3 ( 8 . 8) 6.3 0.1 - 12.5

-ve bacilli 1/2 0.8  ( 1 .1) 0.8 ND - 1.6

Bacteroides 0/2 ND ND ND

- Az betw een  500 an d  1,000 u n its  ; A - Az > 1,000 u n its .

Table 4.36. co n t.
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Az GROUP 1
SUBJECT B

F Mean (SD) Median Range

-tve cocci 10/10 33.0 (11.6) 33.9 7.3 - 45.6
S. m utans 3/10 1.5 ( 4 .7) ND ND - 15.0
S . sangu is 8/10 7.4  ( 7 .2) 6.2 ND - 24.1
S. oralis 10/10 22.6 (11. 8) 23.0 2.4 - 37.1

-ve cocci 8/10 13.8 (12.4) 12.2 ND - 37.1
Veillonella 8/10 12.8 ( 12. 0) 10.4 ND - 34.3

+ve bacilli 10/10 43.3 (18.9) 39.4 21.7 - 87.8
Actinomyces 10/10 42.7 (19.4) 39.4 21.7 - 87.8
Lactobacillus 5/10 0.05 (0.05) 0.05 ND - 0.1

- ve bacilli 9/10 8.9 ( 6 .1) 9.6 ND - 19.6
B acteroides 9/10 7.2 ( 5 .2) 6.6 ND - 15.2

Az GROUP 2 
SUBJECT B

F Mean (SD) Median Range

+ve cocci 7/7 30.3 13.7) 37.0 10.5 - 47.0

S. m utans 1/7 0.01 0.04) ND ND - 0.1

S. sanguis 5/7 9.4 13.0) 4.0 ND - 35.3

S. oralis 7/7 19.2 8 . 1) 18.5 10.5 - 30.8

-ve cocci 5/7 7.8 5.6) 11.1 ND - 12.5

Veillonella 5/7 6.7 5 .4 ) 8.0 ND - 12.5

+ve bacilli 7/7 49.9 14.3) 41.2 36.0 - 70.8

Actinomyces 7/7 43.7 10 . 0) 40.7 34.6 - 62.5

Lactobacillus 1/7 1.2 3 .1) ND ND - 8.3

-ve bacilli 6/7 11.4 5.7) 11.8 ND - 18.5

Bacteroides 5/7 9.2 7 .1) 11.1 ND - 18.5

Table 4.36. eont.
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Az GROUP 3
SUBJECT B

F Mean (SD) Median Range

+ve cocci 6/7 20.0 (14.9) 27.6 ND - 35.7
S. m utans 4/7 0.06 (0.06) 0.1 ND - 0.1
S. sangu is 5/7 9.9 ( 9 .0) 10.3 ND - 25.0
S. oralis 4/7 9.3 ( 9 .1) 10.7 ND - 20.0

-ve cocci 6/7 12.9 (12.5) 10.3 ND - 39.3

Veillonella 6/7 11.8 ( 12. 6) 8.6 ND - 39.3

+ve bacilli 7/7 62.2 (25.3) 62.8 21.4 - 94.7

Actinomyces 7/7 59.5 (25.0) 54.2 21.4 - 94.7

Lactobacillus 5/7 0.5 ( 1 .3) 0.1 ND - 3.4

-ve bacilli 6/7 4.8 ( 3 .4) 3.6 ND - 10.3

B acteroides 4/7 2.8 ( 2 . 8) 3.4 ND - 6.9
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Az GROUP 1
SUBJECT C

F Mean (SD) Median Range

+ve cocci 17/17 54.3 (14.4) 51.8 27.8 - 78.3
S. m utans 12/17 0.07 (0.05) 0.1 ND - 0.1
S . sangu is 13/17 14.8 (13.5) 14.8 ND - 46.2
S. oralis 17/17 36.4 (19.9) 31.5 3.8 - 69.6

-ve cocci 12/17 10.1 (11.7) 4.3 ND - 38.7
Veillonella 12/17 10.1 (11.7) 4.3 ND - 38.7

+ve bacilli 17/17 29.1 (16.5) 22.7 10.8 - 55.6
Actinomyces 17/17 27.6 (15.3) 22.7 10.8 - 55.6
Lactobacillus 14/17 0.3 ( 1 .0) 0.1 ND - 4.2

-ve bacilli 7/17 6.8  ( 9 .6) ND ND - 29.2
B acteroides 1/17 1.2 ( 5 .0) ND ND - 20.8

Az GROUP 2 
SUBJECT C

F Mean (SD) Median Range

+ve cocci 5/5 58.1 (11.7) 60.9 39.3 - 69.7

S. m utans 5/5 0 .4  ( 0 .6) 0.1 0.1 - 1.5

S. sanguis 4/5 26.3 (22.1) 24.0 ND - 60.6

S. oralis 5/5 27.5 (12.2) 32.0 9.1 - 39.3

-ve cocci 5/5 11.5 ( 4 .6) 11.8 6.1 - 17.4

Veillonella 5/5 11.5 ( 4 .6) 11.8 6.1 - 17.4

+ve bacilli 5/5 22.1 (14.4) 21.7 6.1 - 42.8

Actinomyces 5/5 20.3 (14.9) 13.0 6.1 - 42.8

Lactobacillus 4/5 1 .8 ( 3 .8) 0.1 ND - 8.6

■ve bacilli 4/5 8 .3  ( 7 .1 ) 8.0 ND - 18.2

Bacteroides 0/5 ND ND ND
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Az GROUP 3
SUBJECT C

F % Count

+ve cocci 1/1  82.4
S. m utans 1/1 0.1
S. sangu is  1 /1 23.5
S. oralis 1/1 23.5

-ve cocci 0/1 ND
Veillonella 0/1 ND

+ve bacilli 1/1  5.9
Actinomyces 1/1 5.9
Lactobacillus 1/1 0.1

-ve bacilli 1/1  11.8
B acteroides 1/1 5.9

Az GROUP 4 
SUBJECT C

F % Count

+ve cocci 1/1 56.5
S. m utans 1/1 1.3
S. sangu is  1/1 26.1
S. oralis 1/1 30.4

-ve cocci 1/1 4,3

Veillonella 1/1 4.3

+ve bacilli 1/1 30.4

Actinomyces 1/1 30.4

Lactobacillus 0/1 ND

-ve bacilli 1/1 8.7

Bacteroides 0/1 ND
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Az GROUP 1 
SUBJECT D

F Mean (SD) Median Range

-l-ve cocci 11/11 27.2 15.0) 25.0 6.9 - 57.7
S. mutans 7/11 0.3 0 . 8) 0.1 ND - 2.7
S. sanguis 8/11 7 .0 5 .3) 7.4 ND - 15.4
S. oralis 9/11 14.7 14.2) 13.8 ND - 50.0

-ve cocci 9/11 8.4 8 . 2) 7 .4 ND - 28.9
Veillonella 9/11 7.6 7 .1) 7 .4 ND - 23.7

+ve bacilli 11/11 61.3 18.4) 61.5 34.6 - 93.1
Actinomyces 11/11 55.8 21. 8) 53.6 30.7 - 93.0
Lactobacillus 9/11 2.1 2 .4) 2.6 ND - 7 .4

-ve bacilli 4/11 3.1 5 .1 ) ND ND - 14.3
Bacteroides 4/11 2.2 3.7) ND ND - 11.1

Az GROUP 2 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 4/4 33.1 (23.6) 34.5 2.9 - 60.5

S. mutans 3/4 0.08 (0.05) 0.1 ND - 0.1

S. sanguis 2/4 7.4 ( 9-3) 5.2 ND - 19.2

S. oralis 3/4 23.0 (23.2) 21.0 ND - 50.0

-ve cocci 3 /4 13.9 (14.5) 13.1 ND - 29.4

Veillonella 2/4 13.1 (15.4) 11.6 ND - 29.4

+ve bacilli 4 /4 47.9 (14.6) 44.8 34.6 - 67.6

Actinomyces 4/4 46.2 (14.6) 44.7 30.7 - 64.7

Lactobacillus 3/4 0.8 ( 1 .4 ) 0.1 ND - 2.9

-ve bacilli 2/4 5 .0 ( 6 . 2) 3.8 ND - 12.5

Bacteroides 2 /4 3.5 ( 4 .1) 3.1 ND - 7.7

Table 4.36. cont.

315



Az GROUP 3 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 5/5 28.9 (27.1) 24.0 1.2 - 64.5
S. m utans 4/5 0.3 ( 0 .5 ) 0.1 ND - 1.2
S. sanguis 3/5 18.7 (26.9) 2.6 ND - 61.3
S. oralis 3/5 6.5 (10 . 0) 3.2 ND - 24.0

-ve cocci 1/5 1.0 ( 2 .3) ND ND - 5.1
Veillonella 1/5 1.0 ( 2 .3 ) ND ND - 5 .1

+ve bacilli 5/5 69.1 (25.5) 76.0 35.5 - 100.0
Actinomyces 5/5 61.9 (30.3) 71.8 29.6 - 100.0
Lactobacillus 4/5 2.9 ( 3 .2) 3.2 ND - 7.7

-ve bacilli 1/5 1.0 ( 2 .3 ) ND ND - 5 .1
Bacteroides 1/5 1.0 ( 2 .3 ) ND ND - 5.1

Az GROUP 4 
SUBJECT D

F Mean (SD) Median Range

+ve cocci 4/4 30.8 (37.0) 18.8 3.4 - 82.1

S. mutans 4/4 0 .4 ( 0 .5) 0.1 0.1 - 1.1

S. sanguis 2/4 18.5 (28.8) 6.6 ND - 60.7

S. oralis 4/4 8.8 ( 6 . 6) 7.1 3.4 - 17.8

-ve cocci 2 /4 5.5 ( 9 .7 ) 1.0 ND - 20.0

Veillonella 2/4 5.5 ( 9 .7 ) 1.0 ND - 20.0

+ve bacilli 4/4 60.3 (39.5) 67.0 10.7 - 96.6

Actinomyces 4/4 42.9 (28.2) 40.8 10.7 - 79.3

Lactobacillus 3/4 15.7 (23.1) 6.9 ND - 48.9

~ve bacilli 2 /4 3 .4 ( 3 .9 ) 3.2 ND - 7.1

Bacteroides 1/4 1.0 ( 2 . 1) ND ND - 4.2
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Az GROUP 1
SUBJECT E

F Mean (SD) Median Range

+ve cocci 3/3 33.2 (18 .6) 26.3 19.0 - 54.2
S. m utans 3/3 29.0 (11.6) 26.3 19.0 - 41.7
S. sanguis 0/3 ND ND ND
S. oralis 0/3 ND ND ND

-ve cocci 2/3 11.6 ( 10 . 2) 15.8 ND - 19.0
Veillonella 2/3 11.6 ( 10 . 2) 15.8 ND - 19.0

+ve bacilli 3/3 53.8 (10.7) 57.9 41.7 - 61.9
Actinomyces 3/3 46.1 (16.4) 47.3 29.2 -  61.9
Lactobacillus 3/3 4.2 ( 4 .1) 4.1 0.1 - 8 .3

-ve bacilli 1/3 1 .4  ( 2 .4) ND ND - 4.2
Bacteroides 1/3 1 .4  ( 2 .4 ) ND ND - 4.2

Az GROUP 2 
SUBJECT E

F Mean (SD) Median Range

+ve cocci 11/11 35.1 (22.1) 37.0 0.1 - 73.3
S. m utans 11/11 19.6 (25.0) 3.6 0.1 - 73.0
S. sanguis 4/11 3.8 ( 7 .0 ) ND ND - 20.0
S. oralis 4/11 5.6  ( 9 .8 ) ND ND - 28.0

-ve cocci 6/11 5.6  ( 9 .6 ) 3.3 ND - 32.0

Veillonella 3/11 2.1 ( 4 .8) ND ND - 16.0

+ve bacilli 11/11 53.2 (25.4) 52.0 20.0 -  92.8

Actinomyces 10/11 46.6 (27.1) 44.0 ND - 87.5

Lactobacillus 10/11 4.7 (10.0) 0.1 ND - 32.1

~ve bacilli 6/11 6.1  ( 8 . 8) 3.6 ND - 28.6

Bacteroides 5/11 5 .4  ( 8 .7) ND ND - 28.6
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Az GROUP 3 
SUBJECT E

F Mean (SD) Median Range

+ve cocci 5/5 44.3 (26.0) 43.8 8 .0  - 73.9
S. m utans 5/5 41.4 (26.8) 37.5 4 .0  - 73.9
S. sanguis 2/5 2.0 ( 2 .9) ND ND - 6.2
S. oralis 0/5 ND ND ND

-ve cocci 3/5 7.8 (12.3) 2.2 ND - 29.0
Veillonella 3/5 7 .8 (12.3) 2.2 ND - 29.0

+ve bacilli 5/5 46.4 (22 . 1) 36.4 23.9 - 80.0
Actinomyces 5/5 37.6 (15 .0) 35.4 21.7 - 60.0
Lactobacillus 5/5 7 .2 ( 7 .9 ) 4.7 0.1 - 20.0

-ve bacilli 2/5 1 .4 ( 2 . 0) ND ND - 4 .0
Bacteroides 1/5 0.6 ( 1 .4 ) ND ND - 3.2

Az GROUP 4 
SUBJECT E

F Mean (SD) Median Range

+ve cocci 5/5 32.6 (17 .4) 33.3 12.2 - 54.3

S. mutans 5/5 30.1  (19 .1) 33.3 9.5  - 54.3

S. sanguis 0/5 ND ND ND

S. oralis 2/5 1 .5  ( 2 .2) ND ND - 4 .8

-ve cocci 4/5 9 .4  (11 .2) 5.7 ND - 28.6

Veillonella 4/5 8.5 ( 9 .1 ) 5.7 ND - 23.8

+ve bacilli 5/5 58.0 (17 .4) 52.4 40.0 - 83.7

Actinomyces 4/5 11.9 (22 .6) 2 .4 ND - 52.4

Lactobacillus 5/5 31.8 (19 .1) 40.0 2.1 - 49.0

-ve bacilli 0/5 ND ND ND

Bacteroides 0/5 ND ND ND
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Az GROUP 1 
SUBJECT F

F Mean (SD) Median Range

+ve cocci 7/7 21.5 (23.5) 16.7 3.4 -  70.0
S. mutans 3/7 0.7 ( 1 .8) ND ND - 4.9
S. sanguis 4/7 6.1 ( 9 .0) 2.7 ND - 24.4
S. oralis 2/7 8.3 (20.6) ND ND - 55.0

-ve cocci 5/7 6.8 ( 6 .0) 5.0 ND - 13.9
Veillonella 5/7 5.5 ( 4 .5) 5.0 ND - 10.8

+ve bacilli 7/7 56.6 (24.4) 63.4 5.0 - 75.9
Actinomyces 7/7 32.0 (19.5) 27.0 5 .0  - 63.9
Lactobacillus 5/7 10.5 (14.7) 7.3 ND - 41.4

-ve bacilli 7/7 15.1 ( 9-1) 17.2 4.9 - 29.2
Bacteroides 4/7 5.3 ( 6 .5) 2.8 ND - 15.0

Az GROUP 2 
SUBJECT F

F Mean (SD) Median Range

+ve cocci 5/5 35.7 (27.3) 25.0 7.1 - 77.3

S. mutans 1/5 1.1 ( 2 .5) ND ND - 5.6

S. sanguis 3/5 6.7 ( 6 .6) 7.1 ND - 13.9

S. oralis 4/5 20.5 (25.8) 12.5 ND - 63.6

-ve cocci 3/5 2.6 ( 2 .6) 2.8 ND - 5.9

Veillonella 3/5 2.6 ( 2 .6) 2.8 ND - 5.9

+ve bacilli 5/5 47.0 (34.9) 43.8 9.1 - 89.3

Actinomyces 5/5 34.1 (26.2) 25.0 9.1 - 75.0

Lactobacillus 2/5 9.3 (20.7) ND ND - 46.4

~ve bacilli 4/5 14.7 (14.7) 9.1 ND - 31.2

Bacteroides 2/5 1.6 ( 2 .2) ND ND - 4.5
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Az GROUP 3
SUBJECT F

F Mean (SD) Median Range

+ve cocci 3/3 30.3 (40.5) 9.7 4.3 - 76.9
S. mutans 2/3 0.1 ( 0 .1) 0.1 ND - 0.1
S. sanguis 1/3 3.2 ( 5 .6 ) ND ND - 9.7
S. oralis 1 /3 25.6 (44.4) ND ND - 76.9

-ve cocci 3/3 9 .4 ( 7 .2 ) 7.7 3.2 - 17.4
Veillonella 2/3 6.9 ( 9 .3) 3.2 ND - 17.4

+ve bacilli 3/3 48.6 (42.8) 65.2 0.1 - 80.6
Actinomyces 2/3 38.9 (34.4) 51.6 ND - 65.2
Lactobacillus 3/3 0.1 ( 0 .0) 0.1 0.1

-ve bacilli 3/3 11.6 ( 4 .7) 13.0 6.4 - 15.4

Bacteroides 1/3 1.1 ( 1 .8) ND ND - 3.2

Az GROUP 4 
SUBJECT F

F % Count

+ve cocci 1/1 28.1

S. mutans 1/1 2.4

S. sanguis 1/1 6.2

S. oralis 1/1 18.8

-ve cocci 1/1 3.1

Veillonella 1/1 3.1

+ve bacilli 1/1 65.6

Actinomyces 1/1 62.5

Lactobacillus 1/1 0.1

-ve bacilli 1 /1 3.1

Bacteroides 0/1 ND
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Az GROUP 1 
SUBJECT G

F Mean (SD) Median Range

+ve cocci 4 /4 63.6 (19.2) 62.3 42.8 - 87.1
S. mutans 0/4 ND ND ND
S. sanguis 4/4 17.8 (11.8) 17,2 4.6 - 32.2
S. oralis 1/4 0.9 ( 1 .8) ND ND - 3.6

-ve cocci 3/4 16.0 (13.5) 17.8 ND - 28.6
Veillonella 3/4 16.0 (13,5) 17.8 ND - 28.6

+ve bacilli 4/4 19.4 (11.7) 22.2 3.2 - 30.2
Actinomyces 4/4 10.8 (10.6) 8.0 2.3 - 25.0
Lactobacillus 4/4 7.8 (13.5) 1.6 0.1 - 27.9

-ve bacilli 1/4 0.9 ( 1 .8) ND ND - 3.6
Bacteroides 1/4 0.9 ( 1 .8) ND ND - 3.6

Az GROUP 2 
SUBJECT G

F Mean ( SD) Median Range

+ve cocci 3/3 63.2 (20.2) 57.1 46.8 - 85.7

S. mutans 0/3 ND ND ND

S. sanguis 3/3 22.5 (12.2) 27.6 8.6 - 31.4

S. oralis 1/3 5.7 ( 9 .9) ND ND - 17.1

~ve cocci 3/3 24.9 (17.6) 28.6 5.7 - 40.4

Veillonella 3/3 24.9 (17.6) 28.6 5.7 - 40.4

+ve bacilli 3/3 10.5 ( 3 .3) 8,6 8.5 - 14.3

Actinomyces 3/3 8.5 ( 5 .9) 8.6 2.5 - 14.3

Lactobacillus 3/3 0.8 ( 1 .2) 0.1 0.1 - 2.1

~ve bacilli 1/3 1 .4  ( 2 .4) ND ND - 4.2

Bacteroides 1/3 0.7 ( 1 .2) ND ND - 2.1
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Az GROUP 3
SUBJECT G

+ve cocci 
S. mutans 
S. sanguis 
S. oralis

-ve cocci 
Veillonella

+ve bacilli
Actinomyces
Lactobacillus

-ve bacilli 
Bacteroides

F % Count

1/1 50.0
0/1 ND

1/1 32.5
1/1 17.5

1/1 5 .0
1/1  5.0

1/1 37.5
1/1 2.5
1/1 0.1

1/1 7.5
1/1 2.5
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Table 4 .37 . % to ta l cu ltivable p laque microflora isolated from
enamel s ite s  in  each Az g roup , fo r all Subjects
com bined.

Az GROUP 1 
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 62/62 41.5 21.8) 41.4 3.4 - 91.3
S. mutans 32/62 5.2 16.7) 0.1 ND - 88.3
S. sanguis 43/62 10.1 11.2) 6.9 ND - 46.2

S. oralis 46/62 19.4 19.7) 14.6 ND - 69.6
S. salivarius 13/62 4.2 12.6) ND ND - 74.2

S. milleri 3/62 0.2 1.2) ND ND - 7.4

Other S trep . 7/62 0.7 2.4) ND ND - 12.5

AN02 S trep . 17/62 1.5 3.2) ND ND - 15.4

Micrococcus/ S ta p h . 2/62 0.1 0.8) ND ND - 4.5

-ve cocci 48/62 10.3 10.9) 7.2 ND - 41.7

Veillonella 48/62 9.8 10.6) 6.4 ND - 41.7

Neisseria 7/62 0.4 1.3) ND ND - 5.6

+ve bacilli 62/62 41.6 23.1) 41.8 0.5 - 93.1

A. odontolyticus 50/62 17.7 16.6) 14.6 ND - 79.3

A. v /n  - ca t. +ve 31/62 7.6 11.5) 1.1 ND - 50.0

A. v /n  - ca t. -ve 33/62 9.1 12.4) 3.0 ND - 45.7

Other Actinomyces 7/62 1.3 7.7) ND ND - 60.0

Lactobacillus 47/62 2.4 6.7) 0.1 ND - 41.4

Bifidobacterium 8/62 2.2 6.8) ND ND - 37.8

Propionibacterium 3/62 0.2 0.8) ND ND - 4.2

Araehnia 0/62 ND ND ND

Eubaeterium 6/62 1.0 4 .3) ND ND - 31.6

Unidentified 3/62 0.3 1 .5) ND ND - 10.5

■ve bacilli 37/62 6 .4 7.8) 3.5 ND - 29.2

Bacteroides 26/62 3.1 5.0) ND ND - 20.8

Eusobacterium 4/62 0.2 0.9) ND ND - 5 .0

Capnocytophaga 19/62 2.5 5 .9) ND ND - 29.2

Haemophilus 1/62 0.1 0 .5) ND ND - 3.6

Eikenella 2/62 0.1 0.4) ND ND - 3.4

Unidentified 3/62 0.5 2.2) ND ND - 13.7
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Az GROUP 2
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 43/43 43.5 22.9) 40.0 0.1 - 86.9
S. mutans 27/43 7.7 18.4) 0.1 ND - 73.0
S. sanguis 27/43 10.7 13.2) 4.2 ND - 68.6
S. oralis 31/43 17.5 18.1) 11.8 ND - 63.6
S. salivarius 8/43 3.3 12.2) ND ND - 77.1
S. milleri 3/43 0.2 0.8) ND ND - 3.7
Other S trep . 7/43 2.1 6.3) ND ND - 29.6
AN02 S trep . 8/43 1.8 5.1) ND ND - 27.7
Micrococcus / S ta p h . 2/43 0.2 0.7) ND ND - 4.3

-ve cocci 31/43 9.0 10.2) 5.7 ND - 40.4
Veillonella 27/43 7.9 9.8) 4.0 ND - 40.4
Neisseria 7/43 1.1 3.2) ND ND - 16.0

+ve bacilli 43/43 38.8 24.6) 38.5 3.0  - 92.8
A. odontolyticus 34/43 16.2 15.9) 13.3 ND - 68.8
A. v /n  - ca t. +ve 19/43 6.9 12.3) ND ND - 55.6

A. v /n  - ca t. -v e 27/43 7 .0 8.1) 5.9 ND - 26.9

Other Actinomyces 5/43 2.1 7 .0) ND ND - 37.0

Lactobacillus 28/43 3.0 8.8) 0.1 ND - 46.4

Bifidobacterium 8/43 1.6 5 .2) ND ND - 28.6

Propionibacterium 0/43 ND ND ND

Arachnia 1/43 0.1 1 .0) ND ND - 6.2

Eubacterium 5/43 0.7 1 .6) ND ND - 6.2

Unidentified 2/43 0.2 0.8) ND ND - 4.0

■ve bacilli 30/43 8.5 9 .6) 6.7 ND - 40.0

Bacteroides 18/43 4.3 6.8) ND ND - 28.6

Fusobacterium 5/43 0.4 1.3) ND ND - 5.9

Capnocytophaga 15/43 2.4 5 .4) ND ND - 25.0

Haemophilus 1/43 0.1 0 .5) ND ND - 3.1

Eikenella 2/43 0.2 1 .1) ND ND - 6.7

Unidentified 6/43 1.0 3.0) ND ND - 13.3
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Az GROUP 3
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 25/26 34.5 (25.9) 32.2 ND - 82.4
S, mutans 19/26 8.8 (19.8) 0.1 ND - 73.9
S. sanguis 16/26 11.6 (15.9) 5.6 ND - 61.3
S. oralis 14/26 10.9 (16.8) 3.2 ND - 76.9
S. salivarius 3/26 1.6 ( 6.9) ND ND - 35.3
S. milleri 2/26 0.8 ( 3.6) ND ND - 18.5
Other S trep . 0/26 ND ND ND
AN02 S trep . 2/26 0.8 ( 3 .0) ND ND - 14.9
Micrococcus / S ta p h . 0/26 ND ND ND

-ve cocci 17/26 7 .0  ( 9 .5) 4.2 ND - 39.3
Veillonella 16/26 6.4  ( 9 .4) 3.0 ND - 39.3
Neisseria 3/26 0.6 ( 1 .8) ND ND - 4.0

+ve bacilli 26/26 53.5 (27.4) 53.6 0.1 -100.0
A. odontolyticus 22/26 20.0 (16.4) 16.9 ND - 64.5
A. v /n  - ca t. +ve 18/26 17.0 (21.4) 9.7 ND - 66.7
A. v /n  - ca t. -v e 16/26 8.4  (10.6) 5.1 ND - 36.0

Other Actinomyces 2/26 1.3  ( 4.8) ND ND - 4.8

Lactobacillus 21/26 2.8 ( 4 .8) 0.1 ND - 20.0

Bifidobacterium 6/26 3.1 ( 8 .1) ND ND - 29.0

Propionibacterium 0/26 ND ND ND

Arachnia 0/26 ND ND ND

Eubacterium 2/26 0.3 ( 1 .1) ND ND - 5.0

Unidentified 3/26 0.8 ( 2 .7) ND ND - 12.5

~ve bacilli 16/26 4.9  ( 6 .0) 3.3 ND - 24.3

Bacteroides 10/26 2.5 ( 5 .0) ND ND - 24.3

Eusobacterium 7/26 1 .0  ( 1 .6) ND ND - 4.3

Capnocytophaga 5/26 1 .0  ( 2 .6) ND ND - 11.5

Haemophilus 0/26 ND ND ND

Eihenella 1/26 0.1 ( 2 .8) ND ND - 2.8

Unidentified 2/26 0.3 ( 1 .1) ND ND - 4.3
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Az GROUP 4
ALL SUBJECTS

F Mean (SD) Median Range

+ve cocci 13/13 38.2 24.8) 33.3 3.4 - 82.1
S. mutans 13/13 20.0 22.9) 9.5 0.1 - 56.4
S. sanguis 6/13 8.8 17.4) ND ND - 60.7
S. oralis 9/13 7.6 9.4) 4.2 ND - 30.4
S. salivarius 1/13 0.3 1.0) ND ND - 3.6
S. milleri 0/13 ND ND ND
Other S trep . 0/13 ND ND ND
AN02 S trep . 3/13 1.7 3.5) ND ND - 10.0
Micrococcus / S ta p h . 1/13 0.4 1.3) ND ND - 4.8

-ve cocci 10/13 6.3 8.6) 3.1 ND - 28.6
Veillonella 10/13 5.9 7.6) 3.1 ND - 23.8
Neisseria 1/13 0.4 1.3) ND ND - 4.8

+ve bacilli 13/13 53.4 25.3) 47.0 10.7 - 96.6
A. odontolyticus 8/13 9.9 14.6) 2.9 ND - 43.8
A. v /n  - ca t. +ve 6/13 5.7 8.7) ND ND - 28.6
A. v /n  - ca t. -v e 7/13 11.4 15.2) 2.0 ND - 48.3
Other Actinomyces 1/13 1.3 4.8) ND ND - 17.2
Lactobacillus 11/13 18.0 20.5) 12.5 ND - 49.0

Bifidobacterium 4/13 1.4 2.4) ND ND - 7.1

Propionibacterium 0/13 ND ND ND
Arachnia 1/13 0.3 0.9) ND ND - 3 .4

Eubacterium 2/13 5.4 13.3) ND ND - 38.1

Unidentified 1/13 0.2 0.9) ND ND - 3.1

-ve bacilli 5/13 2.1 3.2) ND ND - 8.7

Bacteroides 1/13 0.3 1.2) ND ND - 4.2

Fusobacterium 0/13 ND ND ND

Capnocytophaga 2/13 0.8 2.4) ND ND - 8.7

Haemophilus 1/13 0.2 0.9) ND ND - 3.1

Eikenella 0/13 ND ND ND

Unidentified 2/13 0.7 ( 2 .0) ND ND - 7.1
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Lesion Profile Az Group

+ve cocci NS NS
S. mutans NS NS
S. sanguis NS NS
S. oralis * NS

-ve cocci NS NS
Veillonella NS NS

+ve bacilli NS NS
Actinomyces NS NS
Lactobacillus NS ***

-ve bacilli NS NS
Bacteroides NS NS

NS = Not s ig n ifican t ; * = p  < 0.05 ; *** = p  < 0.001

Table 4 .38 . S ta tis tica l analysis of relationship  between p re 
dom inant cultivable p laque microflora and enamel 
dem ineralisa tion .



Run 2 Run 3 Overall
Mean

Subject A 4.3 4.4 4.4 4.4

Subject B 7 .6 5.7 7.8 7.1

Subject C 6 .0 6.4 6.7 6.4

Subject D 3.7 4.3 4.3 4.1

Subject E 6 .4 7.6 6.9 6.9

Subject F 8 .6 7.5 - 8.0

Subject G 7 .4 - - 7.4

Table 4 .39. Mean num ber of exposures p e r  day to ferm entable 
c a rb o h y d ra te , d u rin g  each experim ental ru n , and fo r 
all ru n s  combined, fo r each Subject.
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NORMAL ENAMEL
SECTION NP

F Mean (SD) Median Range

+ve cocci 9/9 55.3 (23.5) 45.2 19.2 - 93.1
S. mutans 3/9 2.3 ( 6 .9) ND ND - 20.7
S. sanguis 6/9 20.8 (20.0) 5.6 ND - 48.3
S. oralis 9/9 27.4 (18.3) 35.1 2.9 - 53.5

-ve cocci 6/9 5.1 ( 5 .5) 2.3 ND - 13.6
Veillonella 6/9 5.1 ( 5 .5) 2.3 ND - 13.6

+ve bacilli 9/9 29.0 (18.4) 29.4 6.9 - 65.4
Actinomyces 9/9 27.0 (19.5) 23.5 6.9 - 65.4
Lactobacillus 2/9 0 .4  ( 1 .3) ND ND - 3.9

-ve bacilli 8/9 10.6 ( 9 .1) 8.7 ND - 29.4
Bacteroides 8/9 9.2 ( 7 .5) 8.7 ND - 21.4

ABRADED ENAMEL 
SECTION NP

F Mean (SD) Median Range

+ve cocci 9/9 55.9 (14.6) 53.6 37.0 - 75.9
S. mutans 4/9 1 .0  ( 2 .9) ND ND - 8.7
S. sanguis 9/9 30.8 (12.8) 34.6 14.3 - 50.0
S. oralis 8/9 17.1 ( 9 .9) 19.2 ND - 27.3

-ve cocci 4/9 4.6 ( 7 .6) ND ND - 22.5
Veillonella 4/9 3.8 ( 5 .5) ND ND - 15.0

+ve bacilli 9/9 27,7 (10.8) 30.4 10.0 - 42.8
Actinomyces 9/9 24.2 (12.6) 23.0 6.5 - 42.8
Lactobacillus 1/9 0.01 (0.03) ND ND - 0.1

“ve bacilli 8/9 11.8 (10.0) 8.3 ND - 26.1
Bacteroides 7/9 8 .4  ( 9 .1) 3.8 ND - 25.0

Table 4.40. % predom inan t cultivable plaque microflora isolated 
from  norm al and  ab rad ed  enamel section su rfaces, 

u n d e r  Protocol I (N P).
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NORMAL ENAMEL
SECTION SPM

F Mean (SD) Median Range

+ve cocci 9/9 56.2 (22.3) 60.9 8.2 - 82.5
S. mutans 9/9 23.3 (22.8) 18.2 0.1 - 68.4
S. sanguis 7/9 15.9 (18.4) 7.4 ND - 50.0
S. oralis 8/9 14.5 (11.3) 11.9 ND - 31.8

-ve cocci 5/9 5.8 ( 6.6) 6.1 ND - 19.0
Veillonella 5/9 5 .4  ( 6 .6) 3.0 ND - 19.0

+ve bacilli 8/9 30.8 (28.6) 27.3 ND - 91.8
Actinomyces 8/9 19.0 (13.1) 18.4 ND - 37.0
Lactobacillus 1/9 0.3 ( 0 .8) ND ND - 2.5

-ve bacilli 7/9 7.2 ( 5 .4) 9.5 ND - 15.2
Bacteroides 6/9 3.2 ( 3 .3) 3.7 ND - 10.0

ABRADED ENAMEL 
SECTION SPM

F Mean (SD) Median Range

+ve cocci 9/9 64.3 (16.8) 68.8 28.2 - 82.1
S. mutans 9/9 39.4 (24.3) 44.9 0.3 - 68.8
S. sanguis 8/9 10.5 ( 9 .9) 8.3 ND - 27.3
S. oralis 7/9 12.5 (14.5) 6.1 ND - 40.9

-ve cocci 8/9 8 .0  ( 6 .1) 5.0 ND - 18.8
Veillonella 7/9 7.6 ( 6 .5) 5.0 ND - 18.8

+ve bacilli 9/9 22.5 (18.7) 28.8 3.6 - 66.7
Actinomyces 8/9 13.3 (10.2) 12.1 ND - 32.1
Lactobacillus 4/9 1.6 ( 3 .0) ND ND - 9.1

-ve bacilli 8/9 5 .2  ( 3 .3) 5.0 ND - 10.7

Bacteroides 5/9 3.1 ( 3 .4) 2.5 ND - 8.3

Table 4 .41. % predom inant cultivable p laque microflora isolated
from  norm al and  ab rad ed  enamel sections, u n der 

Protocol III (SPM).
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NORMAL ENAMEL 
SLAB NP

F Mean ( SD) Median Range

+ve cocci 6/6 46.4 (28.8) 52.0 2.4 - 78.8
S. mutans 2/6 0.03 (0.05) ND ND - 0.1
S. sanguis 4/6 20.8 (27.9) 6.6 ND - 63.6
S. oralis 4/6 18.6 (25.3) 14.0 ND - 68.2

-ve cocci 2/6 4.7 (10.0) ND ND - 25.0
Veillonella 2/6 4.7 (10.0) ND ND - 25.0

+ve bacilli 6/6 36.6 (22.4) 35.0 9.1 - 70.7
Actinomyces 6/6 28.6 (21.6) 22.5 9.1 - 70.7
Lactobacillus 2/6 3.7 ( 6 .2) ND ND - 15.0

-ve bacilli 5/6 12.4 ( 9 .9) 11.7 ND - 26.8
Bacteroides 5/6 10.7 ( 9 .6) 8.4 ND - 26.8

ABRADED ENAMEL 
SLAB NP

F Mean (SD) Median Range

+ve cocci 6/6 24.5 (11.5) 24.3 9.4 - 40.0
S. mutans 2/6 0.03 (0.05) ND ND - 0.1
S. sanguis 5/6 12.5 ( 7 .3) 13.4 ND - 20.0
S. oralis 2/6 6.7 (10.9) ND ND - 25.7

-ve cocci 3/6 2.4 ( 2 .8) 1.6 ND - 6.2
Veillonella 3/6 2.4 ( 2 .8) 1.6 ND - 6.2

+ve bacilli 6/6 61.7 (13.3) 64.3 37.1 - 75.0
Actinomyces 6/6 58.8 (14.5) 61.4 37.1 - 75.0
Lactobacillus 0/6 ND ND ND

-ve bacilli 5/6 11.5 (10.2) 8.1 ND - 25.0
Bacteroides 5/6 9.2 ( 8 .4) 5.6 ND - 21.9

Table 4 .42. % predom inan t cultivable p laque microflora isolated
from  normal and  ab raded  enamel slab su rfaces, under 

P rotocol I (N P ).
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NORMAL ENAMEL
SLAB SPM

F Mean (SD) Median Range

+ve cocci 6/6 45.6 (14.8) 44.8 22.2 - 66.7
S. mutans 6/6 11.7 (20.1) 4.4 0.1 - 51.8
S. sanguis 5/6 10.3 (13.3) 7.2 ND - 36.4
S. oralis 6/6 23.3 (12.9) 20.2 9.1 - 40.9

-ve cocci 5/6 8.1  ( 6 .4) 7.4 ND - 18.2
Veillonella 5/6 6.8 ( 6 .5) 5.8 ND - 18.2

+ve bacilli 6/6 38.6 (15.5) 33.0 26.5 - 66.7
Actinomyces 6/6 35.1 (19.7) 33.0 9.1 - 66.7
Lactobacillus 1/6 2.0  ( 4 .9) ND ND - 12.1

-ve bacilli 5/6 7.6  ( 5 .9) 7.4 ND - 17.6
Bacteroides 4/6 6.0  ( 6 .6) 4.5 ND - 17.6

ABRADED ENAMEL 
SLAB SPM

F Mean (SD) Median Range

+ve cocci 6/6 48.4 (18.7) 51.6 25.0 - 76.5
S. mutans 6/6 7.7 ( 6 .8) 7.8 0.1 - 16.7
S. sanguis 4/6 22.9 (24.7) 17.8 ND - 64.7
S. oralis 3/6 9 .4  (15.7) 2.3 ND - 40.0

-ve cocci 4/6 6.5 ( 6 .6) 5.1 ND - 15.0
Veillonella 3/6 4.2 ( 5 .9) 2.2 ND - 15.0

+ve bacilli 6/6 32.3 (18.5) 30.7 7.8 - 62.5
Actinomyces 6/6 24.5 (15.0) 24.1 7.8 - 45.8
Lactobacillus 1/6 0.01 (0.04) ND ND - 0.1

■ve bacilli 6/6 12.8 ( 7 .2) 11.2 5 .0 - 26.1

Bacteroides 4/6 7 .2  ( 8 .5) 4.4 ND - 21.7

Table 4 .43. % predom inan t cultivable p laque microflora isolated
from normal and ab raded  enamel slab su rfaces, under 

P rotocol III (SPM).
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S urface Treatm ent Position Side Run

+ve cocci NS NS NS * NS
S. mutans NS *** ** NS NS
S. sanguis NS NS NS NS NS
S. oralis NS NS NS NS *

-ve cocci NS NS * NS NS
Veillonella NS NS * NS NS

+ve bacilli NS NS NS NS *
Actinomyces NS ** NS NS ***

Lactobacillus NS NS NS NS NS

-ve bacilli NS * NS NS **

Bacteroides NS *** NS * *

NS = Not s ig n ifican t ; * = p < 0 . 0 5  ; * * = p < 0 . 0 1  ; *** p  = < 0.001.

Table 4 .44 . S ta tis tic a l analysis of effect of enamel su rface ,
trea tm en t conditions, position , side and ru n  on 
p redom inant cultivable p laque microflora.
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NORMAL PLAQUE

+ve cocci 
S. m utans 
S. sangu is 
S. oralis

-ve  cocci 
Veillonella

+ve bacilli

Actinomyces
Lactobacillus

-ve bacilli 

B acteroides

Total 

Table 4 .45 .

Normal Enamel
Mean (SD)

7.47 (0.75)
0.54 (0.50)
6.92 (1.12)
6.91 (0.80)

6.45 (0.60)
6.45 (0.60)

7.45 (0.39)
7.35 (0.50)
2.36 (3.28)

6.98 (0.80)
6.92 (0.76)

7.95 (0.52)

A braded Enamel
Mean (SD)

7.30 (0.56)
0.48 (0.47)
6.96 (0.80)
6.71 (0.73)

6.44 (0.64)
6.44 (0.64)

7.68 (0.60)
7.66 (0.62)
0.21 (0.03)

6.89 (1.01)
6.82 (0.96)

7.90 (0.64)

C ounts (log1D cfu/mm2 enamel surface) of predom inant 
cu ltivab le  m icroflora, and  to ta l microbial counts, 
in  p laq u e  isolated  from normal and abraded enamel 
slab  su rfa c e s , u n d e r Protocol I (N P), n=6.
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SPM

Normal Enamel A braded Enamel
Mean (SD) Mean (SD)

+ve cocci 7.82 (0.52) 7.72 (0.54)
S. m utans 5.27 (2.68) 5.75 (2.24)
S. sangu is 7.05 (0.71) 7.11 (0.99)
S. oralis 7.50 (0.29) 6.74 (0.65)

-ve  cocci 7.06 (0.60) 6.78 (0.53)
Veillonella 7.02 (0.58) 6.60 (0.68)

+ve bacilli 7.74 (0.38) 7.46 (0.44)
Actinomyces 7,66 (0.39) 7.35 (0.37)
Lactobacillus 1.49 (2.96) 0.57 (0.63)

-ve bacilli 7.01 (0.50) 7.12 (0.59)
B acteroides 6.89 (0.55) 6.75 (0.79)

Total 8.17 (0.45) 8.00 (0.50)

Table 4 .46 . C ounts (logao cfu/mm2 enamel surface) of predom inant
cu ltivab le  m icroflora, and to tal microbial counts, 
in  p laque  iso lated  from normal and abraded enamel 
slab  su rfa c e s , u n d e r Protocol III (SPM), n=6.
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S urface Treatm ent Position Side Run

+ve cocci NS NS NS NS *
S. mutans NS *** NS NS NS
S. sanguis NS NS NS ** ***
S. oralis NS NS NS NS NS

-ve cocci NS * NS NS *
Veillonella NS * NS NS *

tve bacilli NS NS NS NS **
Actinomyces NS NS NS NS **
Lactobacillus NS NS NS NS NS

-ve bacilli NS NS NS NS ***

Bacteroides NS NS NS NS ***

Total NS NS NS NS ***

NS = Not s ig n ifican t ; * = p  < 0.05 ; ** = p  < 0.01 .  *** _ y p  < 0.001.

Table 4 .47 . S ta tis tica l analysis of effect of enamel su rface ,
trea tm en t conditions, position, side and ru n  on 
lo g io  microbial counts of predom inant cultivable 
p laq u e  m icroflora.
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NP m
NORMAL ENAMEL

Mean ( SE) Median Range

Az 98.9 (33.2) 119.0 0.0 - 246.0

SZ 0.27 (0 .09) 0.17 0.0 - 0.67

LB 0.22 (0 .09) 0.12 0.0 - 0.67

ABRADED ENAMEL
Mean ( SE) Median Range

Az 210.2 (90.3) 144.0 0.0 - 819.0

SZ 1.17 (0 .39) 0.77 0.0 - 2.74

LB 1.52 (0 .18) 0.90 0.0 - 3.97

Table 4.48. D em ineralisation param eters from normal and 
a b ra d ed  enamel su rfaces , u n d er Protocol I (IS

SPM
NORMAL ENAMEL

Mean ( SE) Median Range

Az 143.9 (48 .3) 147.0 0.0 - 399.0

SZ 2.06 (0 .91) 1.06 0.0 - 6.98

LB 2.31 (1 .04) 0.18 0.0 - 6.99

ABRADED ENAMEL
Mean (SE) Median Range

Az 1126.4(498.0) 638.0 0.0 -4598.0

SZ 7.73 (4 .50) 0.19 0.0 - 33.34

LB 10.32 (4 .67) 5.71 0.0 - 37.89

Table 4.49. D em ineralisation param eters from normal and 
a b ra d ed  enamel su rface s , u n d e r Protocol III (SPM), 

n=9.
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b o t h  c o n d it io n s
NORMAL ENAMEL

Mean ( SE) Median Range

Az 121.4 (41.1) 133.0 0.0 - 399.0

SZ 1.16 (0 .70) 0.30 0.0 - 6.98

LB 1.27 (0.80) 0.14 0.0 - 6.99

ABRADED ENAMEL
Mean (SE) Median Range

Az 668.3(381.2) 262.0 0.0 -4598.0

SZ 4.45 (3 .29) 0.64 0.0 - 33.34

LB 5.92 (3 .56) 1.74 0.0 - 37.89

Table 4 .50 . D em ineralisation param eters from normal and abraded
enam el su rfa ce s , u n d e r Protocols I and III combined, 
n=18.

S urface Treatm ent Position Side Run

Az * NS NS NS NS

SZ NS NS NS NS NS

LB NS NS NS NS NS

NS = Not s ig n ifican t ; * = p  < 0 .05.

Table 4 .51 . S ta tis tica l analysis of effect of enamel su rface ,
trea tm en t conditions, position , side and ru n  on 
enam el dem ineralisation param eters.
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NORMAL PLAQUE

1

Normal Enamel 8

Abraded Enamel 5

SPM

1

Normal Enamel 6
Abraded Enamel 3

Az Group

1 0 0

3 1 0

Az Group

2 3 4

3 0 0
1 1 4

Table 4 .52 . Num ber of enamel sites in  each Az group , fo r normal
an d  ab rad ed  s ite s , fo r all treatm ent conditions 
com bined.

NORMAL PLAQUE

1

Normal Enamel 8
Abraded Enamel 6

Profile Group 
2 3 4

1 0  0 
2 1 0

SPM
Profile Group 
2 3

Normal Enamel 6 3 0 0

Abraded Enamel 4 0 1 4

Table 4 .53 . N um ber of enamel sites  in  each lesion profile g roup ,
fo r  normal and  ab raded  s ite s , fo r all treatm ent 

conditions combined.
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NORMAL ENAMEL NP + SPM
Az GROUP 1

F Mean (SD) Median Range

+ve cocci 14/14 57.0 (20.3) 59.8 19.2 - 93.1
S. m utans 8/14 14.1 (21.8) 2.0 ND - 68.4
S. sanguis 10/14 20.9 (20.1) 19.5 ND - 50.0
S. oralis 13/14 18.4 (15.2) 15.6 ND - 43.5

-ve cocci 8/14 5.6 ( 6.4) 3.7 ND - 19.0
Veillonella 8/14 5.4 ( 6 .4) 2.6 ND - 19.0

+ve bacilli 13/14 26.8 (19.1) 25.4 ND - 65.4
Actinomyces 13/14 23.2 (18.0) 21.3 ND - 65.4
Lactobacillus 3/14 0.5 ( 1 .2) ND ND - 3.9

-ve bacilli 13/14 10.5 ( 7 .4) 9.3 ND - 29.4
Bacteroides 12/14 7 .0  ( 6 .8) 4.9 ND - 21.4

NORMAL ENAMEL 
Az GROUP 2

NP + SPM
F Mean (SD) Median Range

+ve cocci 4/4 51.2 (31.2) 57.7 8.2 - 81.4
S. mutans 4/4 8.3 ( 9 .6) 7.4 0.1 - 18.2
S. sanguis 3 /4 9 .4  (11.2) 6.0 ND - 25.6
S. oralis 4/4 29.8 (18.7) 28.7 8.2 - 53.5

~ve cocci 3/4 4.7 ( 4.3) 4.8 ND - 9.1
Veillonella 3 /4 4.7 ( 4.3) 4.8 ND - 9.1

+ve bacilli 4 /4 40.8 (36.2) 32.6 7.0 - 91.8

Actinomyces 4/4 22.4 (12.8) 22.8 7.0 - 37.0

Lactobacillus 0/4 ND ND ND

~ve bacilli 2/4 3.2 ( 4 .4) 1.8 ND - 9.3

Bacteroides 2/4 3.2 ( 4 .4) 1.8 ND - 9.3

Table 4 .54. % predom inan t cultivable microflora isolated from
norm al enamel s ite s , in  each Az g roup , fo r both  

trea tm en t conditions combined.



Table 4 .55. % predom inant cultivable microflora isolated from

ab ra d ed  enamel s ite s , in  each Az g roup , fo r bo th  
trea tm en t conditions combined.

ABRADED ENAMEL 
Az GROUP 1

NP + SPM

F Mean (SD) Median Range

+ve cocci 8/8 59.9 (12.2) 61.8 38.1 - 72.7
S. mutans 4/8 20.7 (31.0) 0.1 ND - 68.8
S. sanguis 7/8 22.5 (19.3) 19.6 ND - 50.0
S. oralis 6/8 14.8 (11.9) 20.0 ND - 27.3

-ve cocci 5/8 6.1 ( 6 .9) 4.0 ND - 18.8
Veillonella 5/8 6.1 ( 6 .9) 4.0 ND - 18.8

+ve bacilli 8/8 26.1 (11.6) 22.8 9.4 - 42.8
Actinomyces 7/8 22.7 (14.7) 22.2 ND - 42.8
Lactobacillus 3/8 0.7 ( 1 .3) ND ND - 3.1

-ve bacilli 7/8 7.8 ( 7 .6) 6.6 ND - 25.0

Bacteroides 5/8 5.6 ( 8 .4) 3.6 ND - 25.0

ABRADED ENAMEL NP + SPM 
AZ GROUP 2

F Mean (SD) Median Range

+ve cocci 4/4 57.4 (20.4) 55.2 37.0 - 82.1

S. mutans 3/4 16.5 (27.4) 4.4 ND - 57.1

S. sanguis 4/4 23.6 (14.8) 24.9 7.1 - 37.5

S. oralis 4/4 13.9 ( 9 .3) 11.8 5.0 - 26.9

-ve cocci 3/4 8.2 ( 9 .9) 5.0 ND - 22.5

Veillonella 2/4 5 .4  ( 7 .1) 3.2 ND - 15.0

+ve bacilli 4/4 18.7 (14.0) 20.2 3.6 - 30.8

Actinomyces 4/4 12.7 (12.3) 8.2 3.6 - 30.8

Lactobacillus 1/4 0.02 (0.05) ND ND - 0.1

~ve bacilli 4/4 15.8 (10.3) 16.6 3.8 - 26.1

Bacteroides 4/4 11.4 ( 7 .2) 11.0 3.8 - 19.6
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ABRADED ENAMEL 
NP + SPM 
Az GROUP 3

F Mean (SD) Median Range

+ve cocci 2/2 74.3 ( 2 .3) 74.3 72.7 - 75.9
S. mutans 2/2 0.2 ( 0 .1) 0.2 0.1 - 0.3
S. sanguis 2/2 24.0 ( 4.7) 24.0 20.7 - 27.3
S. oralis 2/2 27.4 (19.2) 27.4 13.8 - 40.9

-ve cocci 1/2 2.2 ( 3 .2) 2.2 ND - 4.5
Veillonella 1/2 2.2 ( 3 .2) 2.2 ND - 4.5

+ve bacilli 2/2 20.0 ( 3.9) 20.0 17.2 - 22.7
Actinomyces 2/2 20.0 ( 3.9) 20.0 17.2 - 22.7
Lactobacillus 0/2 ND ND ND

-ve bacilli 1/2 3 .4 ( 4 .9) 3.4 ND - 6.9
Bacteroides 1/2 1.7 ( 2 .4) 1.7 ND - 3.4

ABRADED ENAMEL 
Az GROUP 4

NP + SPM

F Mean (SD) Median Range

+ve cocci 4 /4 56.1 (22.2) 58.4 28.2 - 79.6
S. mutans 4 /4 33.0 (17.7) 31.4 17.8 - 51.5

S. sanguis 4/4 12.4 ( 9 .9) 9.6 3.6 - 26.5

S. oralis 3 /4 9 .4  (13.0) 4.6 ND - 28.6

-ve cocci 3/4 6.9 ( 6 .2) 6.6 ND - 14.3

Veillonella 3/4 6.9 ( 6 .2) 6.6 ND - 14.3

+ve bacilli 4 /4 32.1 (25.1) 26.6 8.2 - 66.7

Actinomyces 4/4 16.3 (10.7) 12.4 8.2 - 32.1

Lactobacillus 1/4 2.3 ( 4 .6) ND ND - 9.1

-ve bacilli 4 /4 5 .0  ( 2 .3) 4.4 3.0 - 8.2

Bacteroides 2/4 2 .4  ( 3 .0) 

Table 4 .55. cont.

3.0 ND - 6.1
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Table 4.55. % predom inant cultivable microflora isolated from

a b ra d ed  enamel s ite s , in  each Az g roup , fo r bo th
trea tm en t conditions combined.

ABRADED ENAMEL NP + SPM 
Az GROUP 1

F Mean (SD) Median Range

+ve cocci 8/8 59.9 (12.2) 61.8 38.1 - 72.7
S. mutans 4/8 20.7 (31.0) 0.1 ND - 68.8
S. sanguis 7/8 22.5 (19.3) 19.6 ND - 50.0
S. oralis 6/8 14.8 (11.9) 20.0 ND - 27.3

-ve cocci 5/8 6.1 ( 6 .9) 4.0 ND - 18.8
Veillonella 5/8 6.1 ( 6 .9) 4.0 ND - 18.8

+ve bacilli 8/8 26.1 (11.6) 22.8 9.4 - 42.8
Actinomyces 7/8 22.7 (14.7) 22.2 ND - 42.8
Lactobacillus 3/8 0.7 ( 1 .3) ND ND - 3.1

-ve bacilli 7/8 7.8 ( 7 .6) 6.6 ND - 25.0

Bacteroides 5/8 5 .6 ( 8 .4) 3.6 ND - 25.0

ABRADED ENAMEL NP + SPM
AZ GROUP 2

F Mean (SD) Median Range

+ve cocci 4/4 57.4 (20.4) 55.2 37.0 - 82.1

S. mutans 3/4 16.5 (27.4) 4.4 ND - 57.1

S. sanguis 4/4 23.6 (14.8) 24.9 7.1 - 37.5

S. oralis 4/4 13.9 ( 9 .3) 11.8 5.0 - 26.9

-ve cocci 3/4 8.2 ( 9 .9) 5.0 ND - 22.5

Veillonella 2/4 5 .4  ( 7 .1) 3.2 ND - 15.0

+ve bacilli 4 /4 18.7 (14.0) 20.2 3.6 - 30.8

Actinomyces 4/4 12.7 (12.3) 8.2 3.6 - 30.8

Lactobacillus 1/4 0.02 (0.05) ND ND - 0.1

~ve bacilli 4/4 15.8 (10.3) 16.6 3.8 - 26.1

Bacteroides 4/4 11.4 ( 7 .2) 11.0 3.8 - 19.6
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ABRADED ENAMEL 
NP + SPM 
Az GROUP 3

F Mean (SD) Median Range

+ve cocci 2/2 74.3 ( 2 .3) 74.3 72.7 - 75.9
S. mutans 2/2 0.2 ( 0 .1) 0.2 0.1 - 0.3
S. sanguis 2/2 24.0 ( 4 .7) 24.0 20.7 - 27.3
S. oralis 2/2 27.4 (19.2) 27.4 13.8 - 40.9

-ve cocci 1/2 2.2 ( 3 .2) 2.2 ND - 4.5
Veillonella 1/2 2.2 ( 3 .2) 2.2 ND - 4.5

+ve bacilli 2/2 20.0 ( 3.9) 20.0 17.2 - 22.7
Actinomyces 2/2 20.0 ( 3.9) 20.0 17.2 - 22.7
Lactobacillus 0/2 ND ND ND

-ve bacilli 1/2 3.4 ( 4 .9) 3.4 ND - 6.9
Bacteroides 1/2 1.7 ( 2 .4) 1.7 ND - 3.4

ABRADED ENAMEL 
Az GROUP 4

NP +

F

SPM

Mean (SD) Median Range

+ve cocci 4 /4 56.1 (22.2) 58.4 28.2 - 79.6

S. mutans 4 /4 33.0 (17.7) 31.4 17.8 - 51.5

S. sanguis 4/4 12.4 ( 9 .9) 9.6 3.6 - 26.5

S. oralis 3 /4 9 .4 (13.0) 4.6 ND - 28.6

-ve cocci 3/4 6.9 ( 6 .2) 6.6 ND - 14.3

Veillonella 3/4 6.9 ( 6 .2) 6.6 ND - 14.3

+ve bacilli 4/4 32.1 (25.1) 26.6 8.2 - 66.7

Actinomyces 4/4 16.3 (10.7) 12.4 8.2 - 32.1

Lactobacillus 1 /4 2.3 ( 4 .6) ND ND - 9.1

-ve bacilli 4/4 5.0 ( 2 .3) 4.4 3.0 - 8.2

Bacteroides 2/4 2.4 ( 3 .0) 3.0 ND - 6.1

Table 4. 55. cont.
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Lesion Profile Az Group
+ve cocci NS NS
S. m utans NS NS
S. sanguis NS NS
S. oralis NS NS

-ve cocci NS NS
Veillonella NS NS

+ve bacilli NS NS
Actinomyces NS NS
Lactobacillus NS NS

-ve bacilli NS NS
Bacteroides NS NS

NS = Not s ig n ifican t.

Table 4 .56 . S ta tis tica l analysis of relationship  between
predom inan t cultivable p laque microflora and enamel 
dem ineralisation, fo r abraded  and non-abraded sites 
com bined.
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4.6 . D iscussion .

4 .6 .1 . S ub jec t C h a rac te ris tic s .

Primary carious enamel lesions occur predom inantly d u ring  childhood, and 
this population g ro u p  is th e re fo re  used  when carry in g  out longitudinal and  
cross-sectional clinical s tu d ies  investigating  the  microbial aetiology of the  
disease. Num erous su ch  s tu d ies  have been rep o rted  (Loesche e t a l . , 1975; 
Hardie e t a l . ,  1977; D uchin & van  Houte, 1978; Lang e t a h ,  1987).

However, in  experim ental stud ies  where the aim is to produce 
dem ineralisation as ra p id ly  as possible in the  oral environm ent, ethical 
problems a rise  re g a rd in g  th e  u se  of child sub jec ts , and th e ir  compliance 
and availab ility  may b e  le ss  th an  th a t obtained with adu lts . In th is  
study , ad u lt v o lu n tee rs  w ere th e re fo re  u sed , a f te r  being  fully informed as 
to the req u irem en ts  of th e  experim ental periods. N onetheless, the 
enamel sections u sed  w ere obtained from child ren’s prem olars, as these  
teeth would have  b een  exposed  to the  oral environment fo r fa irly  similar 
lengths of tim e, an d  may be  more susceptib le to demineralisation than  
older te e th .

Initial sc reen in g  te s ts  w ere carried  out on the  seven subjects in  an 
attempt to a sse ss  th e ir  caries r isk  s ta tu s , and hence the likelihood of 
demineralisation o c cu rrin g  on enamel sections in  th e ir  mouths. In two 
subjects, th e  sa liv a ry  flow ra te  was in  the  ’’low - normal ran g e” and the 
buffering capac ity  ’’poor - in term ediate” , suggesting  a h igher caries 
susceptib ility  in  th e se  ind iv iduals (K rasse , 1985). One of these subjects 
had fu r th e r  r is k  fa c to rs , hav ing  re la tive ly  h igh  S tre p . mutans and 
Lactobacillus sp p . sa liv a ry  counts and the  h ighest DMFS score of all the 
subjects. The o th e r , how ever, had  re la tive ly  low microbial counts and 

intermediate DMFS sco re .

Whan the  vario u s  r is k  fac to rs  w ere taken  to g e th e r, six of the  seven 
subjects w ere considered  to  be  in  the  interm ediate r isk  g roup , while the  

seventh was of h ig h  caries  r is k  s ta tu s .

However, a sse s sm e n t o f ca r ies  r isk  s ta tu s  o f an ind iv idual is  often  

difficult as th e  p r e v io u s ly  m entioned fa c to r s , w h ich  may b e con flictin g ,
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together w ith d ie t an d  v a ry in g  host re s is tan ce , a re  among the  components

that have to  b e  tak en  in to  account reg a rd in g  th is  m ultifactorial disease 
(K rasse, 1985).

4.6.2 .  D ietary A ssessm ent o f Subjects.

D ietary analysis of ind iv idua ls  is difficult and , while a  diet h is to ry  is the  
only p rac ticab le  m ethod of collecting data over a 7-day  period , it  has 
many lim itations an d  should  be reg a rd ed  as an  inexact assessm ent and  th u s  
in te rp re ted  w ith  cau tion  (K idd and Joyston-B echal, 1987).

The reco rd in g  of d ie ta ry  in take  is dependent on the  co-operation and 
honesty of v o lu n tee rs  an d  may be influenced b y  the  fact th a t the  
individuals may change th e ir  normal eating  p a tte rn  during  a record ing  
period, as th e y  know  th e ir  d ie ta ry  hab its  will subsequently  be analysed. 
In th is s tu d y , su b jec ts  w ere each given a pocket-sized no te-pad  to 
encourage them  to  c a r ry  i t  a round  and to make reco rd in g s . The 
recording p erio d  sp an n ed  th e  middle week of the  experimental period , and 
although only  a th ir d  of th e  time was used  to encourage compliance, it 
should have p ro v id ed  a  fa ir  rep resen ta tio n  of the  appliance-w earing period 
as a whole.

Furtherm ore, th e  an a lysis  of d iet diaries is also extrem ely difficult as 
many foods have n o t b een  a sse ssed  fo r cariogenic po tential, and a v a rie ty  
of d ifferen t m ethods have been  used  fo r the  assessm ent of o ther food
stu ffs, inc lud ing  p laq u e  ac id ity  models (E dgar & Geddes, 1986), animal 
models and  enamel dem inerahsation  te s ts  (B ibby e t a l . , 1983). Difficulties 
can, th e re fo re , b e  en co u n te red  in  comparing the  cariogenic potential of 
food-stuffs w hich have  been  analysed usin g  d ifferen t techniques. In 
addition, sev e ra l item s a re  freq u en tly  eaten  to g e th er, and i t  has been 
shown th a t th e  seq uence  of in take  of d ifferen t foods can affect the plaque 
pH response (G eddes e t a l . ,  1977; R ugg-G unn e t a l . , 1981). This, 
together w ith  th e  fa c t th a t  i t  is d ifficult to assess in tervals between each 
intake, especially  a t  m eal-tim es, means th a t re su lts  obtained with 

reference to  su b je c ts ’ d ie ts  m ust be  in te rp re te d  w ith caution.

In this s tu d y , th e re fo re , de tailed  analysis of d iet was not attem pted, and 
only an ind ica tion  of th e  average  in take frequency  of potentially
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cariogenic o r p o ten tia lly  p ro tec tiv e  items was calculated, and a subjective 
assessm ent of a  ty p ica l day  , fo r  eacb sub jec t, was made. T hu s, one 

could only determ ine w h e th er obvious differences were found amongst the  
individuals, and  a sse ss  how the  p a tte rn  of in take compared with the  nine 
ex tra -o ra l su c ro se  app lications be ing  carried  out in  two of the  th ree  
experim ental p ro to c o ls . iVhile the analysis showed some variation
amongst su b jec ts  in  freq u e n cy  of in take , and differences in  th e  re la tive
proportions of food and  beverages with cariogenic po ten tia l, no
relationship was a p p a re n t betw een the  d iets of these individuals, d u ring  
the experim ental p e r io d s , and  the  amounts of in s itu  dem ineralisation 
which developed.

4.6.3.  U se o f S elective Media.

Most epidemiological s tu d ie s  inv estig a tin g  the  relationship betw een plaque 
microflora and  d en ta l caries  have been  concerned p r imari ly  with the  
proportions an d  iso la tion  frequencies of the  S tre p . mutans and
Lactobacillus sp p . in  re la tion  to  the  condition of the  underly ing  enamel 
(Hoerman e t a l . , 1972; Loesche e t a L , 1975; Duchin & van Houte, 1978; 
Lang e t aL , 1987) .

Since th ese  organism s a re  n o r m ally  p re sen t in  low proportion , and often 
constitute le ss  th a n  one p e rc en t of the  to tal flora of caries-associated  
plaque (Bowden e t ed ., 1975; Mikkelsen & Poulsen, 1976), selective media 
are req u ired  fo r  th e ir  detection  in  plaque samples. However, although 
such media a re  u se d  in  an  attem pt to achieve both  maximal recovery  of 
ta rget organism s and  complete se lec tiv ity  reg ard in g  extraneous organism s, 
these ideals cannot b e  achieved  a t p re se n t, and the re su lt is a compromise 
which, a lthough  n o t p e r fe c t , can still provide valuable information (Jordan ,
1986).

The most commonly u se d  selective medium fo r S tre p , mutans is MSB ag ar, 
developed b y  Gold an d  co-w orkers in  1973. However, it  is unable to 
support fu ll g row th  of all S tr e p . m utans s tra in s  (Emilson & B rattha ll, 1976, 
Little a t a l . , 1977), b e in g  p a rtia lly  inh ib ito ry  to a and b  sero types, which 
are not g en era lly  found  in  hum ans, and  also to d /g  sero types which are 
present in  5 - 35 % of hum ans (R ussell & Johnson, 1987). Another 
selective medium (TYCSB) was th e re fo re  developed b y  van Palenstein-
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Helderman an d  co -w orkers  (1983) in an attem pt to improve reco v ery  of 
S trep , mutan s ,  S tu d ies  com paring the  recoveries betw een the  two media 
have shown d iffe r in g  re s u lts  w ith some w orkers finding improved recovery  
with TYCSB (Matee e t a h , 1985), while Beighton (1986) found no 
significant d iffe ren ce  betw een the  mean counts of S tre p , m utans isolated 
from TYCSB an d  MSB a g a r , b u t  found more extraneous organisms on the  
former p la te s .

The se lec tiv ity  of th e  medium normally used  fo r the  isolation of 
lactobacilli is  b a sed  on th e  organism s’ low pH, h igh  acetate content and on 
the p resen ce  of a s u r fa c ta n t, Tween 80 (Rogosa e t a l . , 1951). The 
medium se lec ts  fo r  th e  whole spectrum  of homofermentative and 
heteroferm entative lactobacilli an d , although it is though t th ey  all have 
some cariogenic p o te n tia l, some stud ies suggest th a t hetero-ferm entative 
species a re  asso c ia ted  to  a  g re a te r  ex ten t with high caries activ ity  
(Jordan, 1986).

In the p re s e n t s tu d y , MSB and Rogosa SL were the selective media 
employed fo r th e  c u ltu re  of S tre p . mutans and Lactobacillus sp p . 
respectively . T he coun ts  ob tained  from th ese  media were exp ressed  as a 
percentage of th e  to ta l cultivable flora  obtained from the  non-selective 
blood ag ar p la te . H ow ever, th e re  a re  problems associated with comparing 
counts ob tained  from  d iffe ren t media, p a rticu la rly  when one such  as MSB 
agar is p a rtia lly  in h ib ito ry  to  th e  organism . This was seen in  the  p re sen t 
study when S tr e p . m utans was iso lated  from bo th  an MSB plate and blood 
agar cu ltu re  from th e  same p laque sample. The count obtained from the 
blood ag ar p la te  f re q u e n tly  co n stitu ted  a h ig h e r proportion of the  to tal 
flora than  th e  count calcu lated  from the  MSB cu ltu re . When th is occurred 
the blood a g a r  p la te  was u sed  fo r th e  S tre p . mutans coun t.

However, a lth o u g h  one m ust be aware of the  limitations of selective 
media u sag e , th e y  allow inform ation to be obtained about organisms which 
comprise only a  small p ro p o rtio n  of th e  plaque flo ra , and which would not 
normally be iso la ted  if  on ly  non-selective media were employed.
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4.6 .4 .  E ffect o f Enamel Position on the Composition of the Plaque 
M icroflora.

The side and  position  of th e  enamel sites u n d er s tu d y  has not generally  
heen considered  in  inv estig a tio n s  of th e  plaque microflora re la tionship  to 
enamel dem ineralisation . However, the  in tra -o ra l appliance model used  
in the p re s e n t s tu d y  allowed th ese  variables to be investigated , and 
analysis of th e  p laque  m icroflora which was sampled from the  left and 
righ t sides of th e  ap p lian ce , and  the  d ifferen t positions within each tro u g h  
area, showed th e se  fa c to rs  did not significantly  affect the  percen tage  
d istribution  of o rgan ism s. T h is, th e re fo re , allowed subsequent re su lts  to 
be tabu la ted  fo r  all positions combined within treatm ent g roups.

4.6.5.  E ffect o f Sequence of Experimental Runs.

A significant d iffe ren ce  was found in  th e  proportions of the predom inant 
flora isolated  from  experim ental ru n s  one, two and th ree , fo r the  seven 
individuals com bined. This was, in  p a r t ,  due to the fact th a t the o rd er 
of the ru n s  was n o t ba lanced  a s , in  six of the  seven sub jects, ru n  one did 
not involve inoculation  of S tr e p . m utans, th is  organism being  isolated from 
the ind iv idua ls’ p laq u e  sam ples a t the  end of the f ir s t  ru n . Furtherm ore, 
Subjects F an d  G d id  n o t p a rtic ip a te  in  the  SPM protocol.

In addition, v a ria tio n  in  th e  sa liv ary  counts of organism s, and the  diets of 
the individuals d u r in g  th e  d iffe ren t th ree-w eek  experim ental periods, 
probably also co n tr ib u te d  to  d ifferences in  the  proportions of the  flora a t 
the d ifferen t r u n s .  The s ta tis tica l analysis of variance used  in  this 
study, took in to  accoun t th e  ru n  effect when determ ining the  relationship 
between flo ra , tre a tm en t condition and enamel demineralisation.

4.6.6. E ffect o f Treatm ent Conditions on Plaque Microflora.

The mean p ro p o rtio n s , fo r  all su b jec ts , of the  cultivable microflora of 
three week p la q u e , grow n w ith no s tre ss in g , was similar in  samples 
obtained from b o th  sec tions and  s lab s . However, th e re  was considerable 
in ter-sub ject v a ria tio n  in  th e  re s u lts , in  p a rticu la r in  relation to Subject 
G, in whom slab  p laque  had  a v e ry  low proportion  of positive bacilli, and 
higher levels of po sitiv e  an d  negative cocci th an  the  o ther subjects. In
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both section and  s lab  p laq u e  from Subject E, the  level of S tre p . mutans 
was higher th a n  in  th e  p laq u es  from th e  o th er six sub jec ts .

There are re la tiv e ly  few  p u b lish ed  re p o rts  of the  microflora of smooth 
surface th ree  w eek p la q u e , most p laques of th is  age being  obtained from 
the gingival m argins fo r  p e rio d o n ta l re sea rc h . Syed and Loesche (1978) 
sampled plaque from  g in g iv a l in ter-p rox im al a reas , a f te r  21 days of no 
oral hygiene. T he  mean values of the  proportions of the  groups of 
organisms iso la ted  are sim ilar to  th e  re su lts  of th e  cu rre n t s tu d y . Two 

week plaque rem oved from  su p ra -g in g iv a l a reas , which had received 
professional c lean ing  p r io r  to  th e  experim ental period , contained a h ig h er 
proportion of Gram n eg a tiv e  ro d s  and  few er positive cocci (van  Palenstein 
Helderman, 1981). H ow ever, th e  re su lts  from the  p resen t s tu d y  a re  w ithin 

the ranges of p e rc e n ta g e  d is tr ib u tio n  of b acte ria  in  supragingival m ature 
plaque.

The microbial com position of th re e  week p laque, grown u n der sucrose 
conditions, was v e ry  sim ilar w hen collected from bo th  sections and slabs. 
The proportions of th e  organism s were little  d ifferen t from those of 

unstressed p laque in  s i tu  w ith , in  b o th  cases, positive cocci and bacilli 
predominating, a lth o u g h  th e  b ac illa ry  count was slightly  h igher. The 
application of su c ro se  h a d  no sig n ifican t effect on th e  mean proportion  of 
Strep, m utans, w hich w as le ss  th a n  5 % in plaque obtained from slabs and 
sections, u n d e r b o th  norm al and  su cro se  plaque conditions. The isolation 
frequency and  m edian p ro p o rtio n  of S tre p . mutans isolated from enamel 
sections w ere, ho w ev er, s lig h tly  h ig h e r u n d e r SP conditions, while the 
values obtained from  s lab s  w ere v e ry  similar in  both  treatm ent conditions. 
In plaque ob tained  from  s la b s , th e  proportions of S tre p . oralis and 
negative bacilli w ere  s ig n ific an tly  h ig h e r in  plaque which had been 

exposed to su c ro se , com pared to  u n s tre sse d  plaque.

No significant d iffe ren ce  in  to ta l microbial count p e r  u n it a rea  enamel 
surface was found  b e tw een  th e  norm al an d  sucrose p laques, w ith th e  log10 
count of the  la t te r  b e in g  s lig h tly  lower th an  th a t of the  form er. The 
counts of S tr e p . m utans a n d  lactobacilli w ere also similar u n d e r both  

treatment conditions. T h is  fin d in g  d iffers  from th a t of S taat and co- 
workers (1975) who fo u n d  in c reased  num bers of viable microorganisms 
ass°ciated w ith s u c ro se - r ic h  d ie ts  compared to  the  corresponding plaque

350



from low su cro se  d ie ts .  How ever, comparison of normal and sucrose 

plaques is d ifficu lt as th e re  is considerable variation in plaques obtained 
from different s ite s  u n d e r  th e  same conditions, and the  normal diet of the 
subject will in fluence  th e  d eg ree  of additional s tre ss in g  re su ltin g  from the
extra-oral su cro se  ap p lica tions (B ibby , 1976).

de Stoppelaar and  co -w o rk e rs  (1970) have rep o rted  th a t when carbohydrate 
is excluded from th e  d ie t, th e  level of S tre p , mutans falls to undetectable 
values, and th e  p ro p o rtio n  of S tr e p . sanguis r i s e s . When the  subject is 
given sucrose ag a in , th e  level of th e  form er re tu rn s  to , or exceeds, the 
subject's normal level of th is  o rgan ism . However, when Scheie and  co

workers (1984) com pared h ig h  an d  low sucrose diets they  found little  
difference in  th e  p rev a len ce  of S tr e p , m utans in  th ree  week plaque, with 
the organism p e rs is t in g  in  low su cro se  conditions. The S tre p . m utans 

levels were low in  p laq u e  ob ta ined  d u rin g  b o th  d ie ta ry  regimens in 
Scheie's s tu d y , w h ereas  de S toppelaar and co-w orkers included surfaces 
heavily in fected  w ith  th e  o rgan ism . A lthough th e re  was no increase in 
Strep. m utans p rev a len ce  in  th e  s tu d y  b y  Scheie and  co-w orkers, the 
isolation freq u en cy  in c re a se d  a t d isc re te  sampling sites in the sucrose rich  
diet, a finding  sim ilar to  th e  re s u lts  of th e  p re sen t s tu d y , where S tre p . 
mutans was d e tec te d  more f re q u e n tly  in  plaque samples obtained from 
enamel section s ite s  u n d e r  SP conditions.

Another fac to r w hich m ust b e  considered  is th a t in  the  cu rren t s tu d y , the 
subject's normal d ie t was m aintained d u rin g  experim ental periods, 
including the  ’’norm al p la q u e ” r u n s ,  w hereas Scheie and co-w orkers and de 

Stoppelaar re s tr ic te d  th e  su c ro se  in tak e  of th e ir  vo lun teers. Therefore it 
is perhaps no t s u rp r is in g  th a t  th e  d ifference betw een the  microflora of 

unstressed p laque  an d  th e  p laque  obtained when sucrose was applied 
directly, was le ss  th a n  th a t  d esc rib ed  b y  these  o ther w orkers.

The isolation fre q u e n c y  an d  mean p ropo rtion  of Lactobacillus sp p . was not 
affected b y  th e  ad d itio n a l su cro se  exposure  in  some of th e  experim ental 
^uus. This f in d in g  d iffe rs  from  th e  re su lts  of S taat and co-w orkers 
(1975) who found  in c re a se d  levels of lactobacilli associated with h igh  
sucrose d ie ts , and  th e  d iffe ren ce  betw een th e  s tud ies is again p robably  due 
1° the differences in  b a ck g ro u n d  d ie ts  of individuals involved.

351



4.6.7. Im plan tation  o f S tre p , m u tans.

The inoculation of S tre p , m utans on to the  plaque caused a m arked rise  in 
the mean p ro p o rtio n  of th e  organism  isolated  from bo th  sections and slabs. 
However, th is  in c re a se  was almost en tire ly  a ttrib u tab le  to rise s  in  
Subjects A and  E , th e  mean p ro p o rtio n s  in  all o ther subjects rem aining 
below 2 %, a lth o u g h  the  iso lation  frequencies in  these  subjects increased . 
The mean p e rc en ta g e  of Lactobacillus sp p . isolated was significantly  h ig h er 
in SPM plaque, fo r  sec tio n s  and  s lab s , compared to sites where inoculation 
of S trep, m utans was n o t perfo rm ed . The mean proportion of S tre p . 
sanguis was low er in  b o th  SPM p laques compared to NP and SP.

Variation in  th e  ab ility  to  im plant successfu lly  S tre p , mutans s tra in s  in  the 
human oral cav ity  h a s  b e en  found  b y  some w orkers (Svanberg  & K rasse, 
1981), and o th e rs  h av e  fo u n d  g re a t d ifficu lty  in  implanting S tre p , mutans 
on to natura l to o th  su rfa c e  in  an y  ind iv idual (K rasse e t a L , 1967; Jordan  
et a h , 1972; S v a n b e rg  & L oesche, 1978a). It has been suggested  th a t the 
failure to e stab lish  S t r e p . m utans in  th ese  s tud ies may have been due to 
the coating of th e  cells w ith  non-hum an p ro te in s from culture b ro th s , as 
the cells were n o t su sp e n d e d  in  sa liv ary  components pre-im plantation 
(Svanberg & K ra sse , 1981). Even varia tion  in salivary  composition 
between sub jec ts  may b e  im p o rtan t, since it has been shown th a t S tre p . 
mutans cells t r e a te d  w ith  saliva  from subjects with endogenously high  
Strep, mutans co u n ts , im plant more successfu lly  in  volunteers than  do cells 
treated with saliva  from  su b jec ts  w ith  n a tu ra lly  low S tre p . mutans salivary  

counts (S vanberg  & K ra sse , 1981).

However, th e  coatin g  of cells in  saliva may reduce the  potential of S trep 
mutans to ad h ere  to  th e  pellicle  o r p laque-covered  su rfaces, since the 
bacteria may combine w ith  sa liv a ry  com ponents, covering th e  b inding  sites 

or causing ag g lu tin a tio n  of th e  cells (G ibbons, 1984).

to the p re se n t s tu d y , each  su b jec t’s own S tre p , mutans cells were 
implanted on to  th e  enam el te s t  a reas  suspended  in  the  sub jec t’s own 
clarified saliva. T h is  p ro c e d u re  was ca rried  out fou r times d u ring  the 
first 28 hours of th e  ex p erim en t, to  increase  the  likelihood of successful 
implantation. The f i r s t  app lication  was on to th e  d ry  enamel specimens, 
before the appliance h ad  b een  p laced  in  the  mouth, the  saliva in  the
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suspension form ing a co a tin g  on th e  enamel su rface , to which the S tre p . 

mutans cells could a d h e re  (G ibbons e t a L , 1986). The implantation 
procedure was re p e a te d  a f te r  fo u r h o u rs ’ oral exposure a s , b y  th en , the 
enamel su rfaces would be  covered  w ith a pellicle, to the  surface  of which, 
pioneer species a d h e re . The two final applications of cells were 
performed w hen th e  e a r ly  m icrobial flo ra  was estab lished , and production 
of ex tra-cellu lar p o ly sac c h a rid e s , from the  ex tra -o ra lly  applied sucrose , 
may have commenced. T h u s , th e  S tre p . mutans may have had the  
opportunity a t th is  time to  a d h e re  e ith e r to  the  o ther bacteria  p re sen t in 
the plaque, o r to  th e  g lucan  in  th e  m atrix .

The concentration of S t r e p . m utans cells im planted on to the  te s t  sites in 
each subject was sim ilar, an d  th e  isolation frequencies and absolute counts 
of the organism  p e r  mm2 of enamel slab  su rface  was h igher in SPM plaque 
in all subjects com pared to  norm al and  sucrose p laques. However, the  
increase in th e  p ro p o rtio n  of S tr e p . mutans in the  to tal count was 
appreciable in  on ly  two of th e  five  su b jec ts .

Factors which a re  th o u g h t to  influence the  ab ility  of S trep . mutans to 
implant su ccessfu lly  in c lu d e  th e  hydrophob ic ity  of the  cells ( Svanberg  et 
ah , 1984), th e  d ie t an d  sa liv a ry  c h a rac te ris tic s , including S tre p , mutans 

count, and th e  norm al p laq u e  flo ra  of th e  individual (S vanberg  & K rasse, 
1981). In th e  c u r r e n t  s tu d y , of th e  two individuals where th e re  was a 

marked rise  in  S t r e p . m utans following im plantation, one had high  na tu ra l 
salivary and p laq u e  levels  of th e  organism , while the  o ther had  the lowest 

natural S tre p . m utans sa liv a ry  count of th e  five sub jec ts , b u t d id , however, 
have poor sa liv a ry  flow ra te  an d  b u ffe rin g  capacity . In addition, th is 
subject had th e  low est to ta l m icrobial counts u n d er normal plaque 
conditions. T his f in d in g  is in  agreem ent w ith Svanberg  and  K rasse (1981), 
who found th a t su b jec ts  w ith  th e  lowest to ta l colony forming un it counts 

to unstressed p laq u e  h a d  th e  b e s t  im plantation of S tre p . m utans.

in the individual w here  th e re  was good im plantation of S trep  ♦ mutans and 
a 0̂w na tu ra l p laq u e  a n d  sa liv a ry  count of th is  organism , no increase in 
Proportion or iso lation  fre q u e n c y  of S tre p . mutans occurred  in  the  normal 
°r sucrose p laque on th e  one side of th e  appliance, when S trep , mutans  
Was ^ p la n te d  on to  th e  opposite  s ide . Similar re su lts  were repo rted  b y  
Svanberg and  L oesche (1978b), who found th a t following implantation of
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Strep. m utans.in to  a r tif ic ia l f is s u re s , the  organism  became estab lished  only 

on the ip s ila te ra l s id e . T hese au th o rs  suggested  th a t the local 
establishment was p ro b a b ly  due to  d irec t contact between tee th , and the 

shedding of v iable cells in  re la tiv e ly  h igh  concentration into saliva locally. 
Dilution of th e  o rgan ism  in  th e  saliva would make establishm ent a t 
distant sites le ss  lik e ly .

4.6.8. Effect o f Treatm ent Condition on Demineralisation.

Few studies have b e en  u n d e rta k e n  involving the  assessm ent of mineral loss 
from enamel s e c tio n s , as m ost in tra -o ra l dem ineralisation studies have used 
the natural d en titio n , o r  enamel slabs mounted on an appliance. S hort
term investigations of e a r ly  carious lesions have involved visual assessm ent 
of natural too th  s u r fa c e s , following no oral hygiene and freq u en t sucrose 
application, e ith e r  to  th e  whole den tition  (von der Fehr e t a l . , 1970; 
Geddes e t a l . , 1978), o r  to  iso la ted  su rfaces  in  the  mouth (Scheie e t a l . , 
1984). H ow ever, a c c u ra te  quantification  of the white spot lesions 
produced in  su ch  s tu d ie s  is not possib le .

In the c u rre n t in v e s tig a tio n , th e  enamel "single section" technique was 
used, as it  allows a c c u ra te  quan tifica tion  of mineral content p re -  and p o st- 

experimentally. T h u s  th e  dem ineralisation occurring  during  the
experimental p e rio d  can be  calcu la ted .

The densitom etric p ro file  of th e  enamel lesions produced in  th is s tu d y  
were similar to  th e  m ineral d is tr ib u tio n  profiles of early  carious lesions 
observed in in  v itro  an d  in  vivo s tu d ie s  (A rends and C hristo ffersen , 1986). 
The sites show ing su rfa c e  so ften in g , w ithout a surface layer rep re sen t the 
initial stages of enam el dem ineralisation , while the  more advanced lesions 
showed evidence of a  su rfa c e  la y e r w ith subsurface  dem ineralisation.

The mean amount of dem ineralisation  found in  sections which had been 
exposed to norm al p laq u e  was 275 % vol min x  pm, with in tra -su b jec t 
variation be ing  see n , as well as d ifferences betw een sub jec ts . Dijkman 
and Arends (1988) u s e d  m icrorad iography  to  assess  mineral loss from 
enamel s lab s , a f te r  in tr a -o ra l  dem ineralisation experim ents. They 
Reported a mean to ta l m ineral loss of 719 + 246 vol % x  pm, from human
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enamel a fte r a  fo u r w eek experim ental period , d u ring  which no additional
stressing was em ployed.

These re su lts  a re  m uch h ig h e r  th a n  th e  mean Az values obtained in  the 
present s tu d y  from  b o th  NP and  SP conditions, and a re  even slightly  
higher than  th e  SPM cond itions. However, the  duration of the
experiment u s in g  enam el b locks was seven  days longer than  th e  c u rre n t 
studies, and  th e  Az v a lu es  quo ted  b y  Dijkman and A rends rep re sen t the 
change in m ineralisation  as m easured post-experim entally  only, as the 
mineral loss could n o t b e  m easured  pre-experim entally . In  the  p re sen t 

study, the Az value  was calcu la ted  b y  su b tra c tin g  the baseline measurement 
of mineral loss from  th e  fin a l dem ineralisation value. Therefore, it would 
he expected th a t  th e se  re s u lts  would be lower th an  the  findings repo rted  

by Dijkman and  A re n d s . F u rth erm o re , th e  la tte r  s tu d y  involved 12 
volunteers, th e  d e ta ils  of w hose sa liv ary  and  plaque counts of S tre p . 
mutans, diet an d  ca rie s  ex p erien ce  a re  not known, so a d irect comparison 
with the p re se n t s tu d y  is n o t possib le .

In the cu rre n t s tu d y , s t r e s s in g  th e  p laque b y  the  application of sucrose 
resulted in an  in c re ase  in  th e  mean amount of demineralisation, compared 
to the mean value fo r  th e  m ineral loss following normal plaque conditions. 
This agrees w ith  fin d in g s  of o th e r  w o rk ers , where an  overall increase in  
demineralisation is  seen  on th e  n a tu ra l dentition , with in tra -o ra l sucrose 
rinses (von d e r  F e h r  e t  a l . , 1970; Geddes e t a l . , 1978; Scheie e t a l . , 
1984), and on enamel b locks m ounted on an in tra -o ra l appliance and 
exposed to e x tra -o ra l  su c ro se  applications (Ostrom & Koulourides, 1976; 
Gallagher & P e a rc e , 1979). As found in  th e  p re sen t s tu d y , variation in  
the amount of dem ineralisa tion  was noted  on repeat ru n s  on the same 
individual and in te r - s u b je c t  v a ria tio n  also occurred  (Ostrom & Koulourides, 
1976).

A significantly h ig h e r  lev e l of dem ineralisation was seen , in  the  p re sen t 
study, in s ite s  w hich re ce iv ed  im plantation of S tre p . m utans and  ex tra - 

°fal sucrose ap p lica tio n s , com pared to  NP and SP conditions.

Borden and co -w o rk ers  (1980) seeded  S tre p , m utans cells on to enamel 
slabs which w ere covered  w ith  Dacron mesh and mounted on an in tra  oral 
appliance. The S t r e p , m utans s tra in  implanted in each individual’s
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appliance had  b een  iso la ted  from th a t su b jec t’s flo ra, and rendered  

Streptomycin r e s is ta n t ,  to  allow identification  of the  implanted s tra in  in 
the plaque m icroflora. T he seed ing  p rocedure  involved 2-hour in  v itro  
inoculation of th e  o rgan ism  w ith  th e  gauze covered slabs which had been 
mounted on th e  ap p lian ce . T h is  s tu d y  involved four vo lun teers, and found 
that successful im plan tation  of S tr e p . m utans occurred  in  ev ery  sub ject, 
with the mean coun t a f te r  seven  days of appliance wear comprising 58 % 
of total flo ra , com pared w ith  approxim ately 1 % on the control side. 

There was considerab le  in te r -s u b je c t  variation  reg ard in g  demineralisation 
levels b u t, un like  th e  p re s e n t  s tu d y , no overall significant increase in  
demineralisation was seen  in  s ite s  w hich had  been  inoculated w ith S tre p . 

mutans. The a u th o rs  su g g e s te d  th a t the  h igh  S tre p , mutans counts 
obtained w ere due to  en trap m en t of th e  organism  in the  Dacron mesh 
rather than adhesion  of th e  cells to  th e  tooth su rface , and so the  natura l 
environmental conditions d id  no t selec t fo r the  increase. In the p re sen t 
study, the  enamel s ite s  w ere le ft uncovered , hence the  increase in 
proportion and  iso la tion  freq u en cies  of S tre p . mutans following 
implantation in d ica ted  th e y  h ad  b een  able to  compete successfully , with 
other plaque o rgan ism s, b u t  to  v a ry in g  ex ten ts  in  d ifferent sub jects, with 
the local environm ent se lec tin g  fo r th e  continuing presence of S tre p . 
mutans in  the  p la q u e .

The stra ins of S t r e p . m utans seeded  on to the  mesh covered enamel 
surfaces b y  B orden an d  co -w o rk ers  (1980) may not have been as cariogenic 
as other s tra in s , an d  the  a u th o rs  also emphasise th a t o ther plaque 
organisms a re  also  capab le  of h ig h  acid production  and th a t many other 
factors such  as sa liv a , d ie t and  fluoride also p lay  an im portant role in 

determining caries su sc e p tib ility .

^•6.9. Relation sh ip  B etw een Plaque Microflora and Demineralisation.

in view of th e  p rob lem s know n to a ffect c ross-sectional and longitudinal 
studies on the  m icroflora of p laq u e  associated with caries , as d iscussed  in 
Chapter I , th is  in  s itu  app liance  s tu d y  was designed to  allow small plaque 
samples to be  rem oved from  d isc re te  enamel locations, th u s  perm itting  the  

c°mpostition of th e  p laq u e  m icroflora to  be re la ted  to changes in  the 
underlying enamel. H ow ever, a lthough  small enamel windows, m easuring
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1 - 2 mm, w ere u s e d , th is  m ethod does not allow absolute correlation 
between plaque m icroflora and  enamel su rface , due to the possible presence 
of microcolonies of spec ific  organism s th a t  may have been associated with 
minute areas of dem ineralisa tion  b u t  which would account for only a small 
proportion of th e  to ta l p laq u e  m icroflora.

As enamel sec tions y ie ld  only  v e ry  small quan tities of p laque, which 
cannot be w eighed a c c u ra te ly , th e  experim ents also utilised  enamel slabs, 
which allowed th e  p laq u e  m icroflora to b e  exp ressed  as absolute counts of 
bacteria p e r  mm2 enam el su rfa ce  r a th e r  th an  simply as proportions of the 
total microflora, as is  th e  case w ith the  sections. Pre-experim ental 
quantification of m ineral co n ten t of enamel slabs was not possible, as 
described p rev io u s ly  (S ec tion  1 .1 2 .7 .) .  However, attem pts were made to 
assess dem ineralisation p o s t-ex p erim en ta lly , b u t as the  maximum thickness 

of the slab w hich allowed them  to  be  accommodated in the lingual flanges 
of the appliance was 1 mm, th e  slabs were b r it t le , and liable to frac tu re  
during attem pts to  sec tio n  them . T h u s , only the  enamel sections were 
available fo r s tu d y in g  th e  re la tio n sh ip  betw een plaque microflora and 
demineralisation of th e  u n d e r ly in g  enamel.

Strep, mutans in  R elation to  Dem ineralisation.

The resu lts show ed th a t  u n d e r  normal plaque conditions, the isolation 
frequency of S t r e p . m utans in c re a se d  sign ifican tly  with increasing  mineral 
loss. The mean p ro p o rtio n  of S tr e p . m utans was 1.8 %, 5.4 % and 3.9 % 
in Az Groups 1 to  3 , re sp e c tiv e ly , b u t  th e  range of the proportions in  
each group was la rg e , so th e  mean percen tage  counts were unduly  
weighted b y  a few re s u l ts  w hich w ere v e ry  much h igher th an  the o thers. 
Therefore, th e  m edians of th e  p ro p o rtio n s  p robably  provide a b e tte r  

indication of th e  t r e n d  of th e  values than  do the means. While the 
means showed no p a t te r n  w ith in c reas in g  dem ineralisation, the median was 
higher in Az G roups 2 an d  3, a t  0.1 %, compared to Group 1 where it was 
Not Detectable.

Similarly, in  p laq u es  ex p o sed  to  sucro se  nine times daily, th e  isolation 
frequency of S t r e p , m utans in c reased  w ith increasing  demineralisation. 
The organism was d e tec te d  in  62 % of sites w ith mineral loss below 200 
units, and in  e v e ry  s ite  w here  dem ineralisation exceeded 1,000 u n its .
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Large variation in  S tre p , mu ta n s  counts w ithin each Az group again 

occurred, with th e  m eans show ing no tre n d  w ith increasing  mineral loss, 
although the  median of th e  p ro p o rtio n s  was 0 .1 % fo r each of Az Groups 1 
to 3, and 1.8 % fo r  Az G roup 4.

For NP and SP cond itions com bined, th e re  were e ight sites in  which plaque 
Strep, mutans com prised  more th a n  10 % of the  to tal cultivable microflora, 
and each was o b ta ined  from Subject E. The d istribu tion  of these sites 
showed no obvious p a t te r n ,  w ith  th e  percen tage  of sites f i t t in g  th is 
criterion being  4, 18 an d  10 % in  NP Groups 1 - 3 ,  respective ly , and the  
percentages fo r  SP G roups 1 to  4 b e in g  12, 0, 12 and 0 %. T hus, the 
highest levels of S t r e p . m utans w ere no t associated with the enamel sites 
where the g re a te s t  am ount of dem ineralisation occurred .

tinder SPM co n d itio n s , th e  mean p roportion  of S tre p . mutans increased 
with increasing  m ineral lo s s , ra n g in g  from 8.9 % in Az Group 1 to 30.5 % 

in Group 4. A lthough  th e  mean p ercen tag es  were fa irly  similar fo r Az 
Groups 2 to 4, com parison  of th e  medians dem onstrated a significantly 
higher level in  G roup 4, com pared to  the  o ther th ree  groups. The 
isolation freq u e n cy  of th e  organism  was h igh  in  every  demineralisation 
group, and as w ith  su c ro se  p la q u e , S tre p . mutans was isolated from every  

site where dem ineralisa tion  exceeded 1,000 u n its .

Isolation Frequency o f S trep , m utans.

The findings in  th e  p re s e n t  s tu d y  of an  increase  in  isolation frequency of 
Strep, mutans w ith  in c re a s in g  m ineral lo ss, is in  agreem ent with many 
cross-sectional an d  lo n g itu d in a l s tu d ies  which have shown th a t S tre p . 
jflutans is iso la ted  more o ften  from  carious sites than  from caries-free  

surfaces (Hoerman e t  a h , 1972; Loesche e t a h ,  1975; Duehin & van 

Houte, 1978; L ang  e t  a h , 1987).

However, in  th e  c u r re n t  s tu d y , S tr e p . m utans was also isolated  from many 
sites in which minimal dem ineralisation  occu rred . Most cross-sectional 
studies have also fo u n d  S tr e p . m utans associated w ith clinically and 
radiographiCaUy so u n d  s ite s  (Hoerm an e t a h , 1972; Loesche e t a l . , 1975, 
M&kelsen e t a h , 1981) an d  th e  s tu d y  b y  Mikkelsen and co-w orkers found 

m utans p re s e n t  on almost ev ery  s ite , w hether or not
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dem ineralisation was p re se n t, in a group of subjects with high caries 
ac tiv ity . Milnes and  Bowden (1985) found tha t this organism was isolated 
from caries su scep tib le  s ite s , irrespective of the presence or absence of 
caries a t an indiv idual s ite .

Longitudinal s tu d ies  ten d  to show an increase in isolation frequency  of 
S tre p . m utans associated  w ith detection of a lesion (Hardie e t a l . ,  1977; 
K risto ffersson  e t a l . , 1985; Lang et a L , 1987). However, the detection 
of an in crease  in  isolation frequency  immediately p rio r to the detection of 
a lesion is more va riab le , w ith some studies showing no increase a t th is 
stage (H ardie et_ a l . , 1977), whilst others show an increase in the months 
p rio r to th e  detection  of a lesion (Ikeda e t a l . , 1973; Keene & Shklair, 
1974; Loesche & S traffon , 1979; Walter, 1982).

Longitudinal s tu d ies  also find sites which remain caries-free throughout the 
experim ental p e rio d , although they  are associated with plaque containing 
S tre p . m u tan s . In  a two y ear s tu d y  by  K ristofferssen and co-workers 
(1985), 48 % of th e  S tre p . mutans positive sites fitted  into this category.

The p resen ce  of S tre p . m utans, sometimes even in high num bers, does not 
necessarily  in d ica te , th e re fo re , th a t caries has occurred or imply th a t it 
will occur in  the  n ea r fu tu re . However, with clinical stud ies, some 
dem ineralisation may have occurred , b u t to such a limited ex tent as to be 
undetec tab le . As an increase in  the isolation frequency of S trep . mutans 
has been found to  p red a te  the  development of a lesion, it is possible th a t, 
in the  p re se n t s tu d y , lesions would have developed on the sites associated 
with S tre p . m u tan s , had  the  duration of the experiment been longer.

In the  c u rre n t s tu d y , S tre p . mutans was isolated from every  site which 
experienced  dem ineralisation of over 1,000 % vol min x |im during  the 
th ree  week experim ental period , b u t the organism was not detected in 
some of th e  samples w here the  mineral loss was between 500 and 1,000 Az 
u n its . This find ing  is similar to o ther repo rts  which show th a t most 
carious s ites  a re  associated  with S trep . mutans b u t th a t some lesions are 
found w here th e  overly ing  plaque is apparently  free of th is organism 
(Hoerman e t a l . , 1972; Hardie e t a l . , 1977; K ristoffersson et a l . , 1985, 

Lang e t a l . ,  1987).
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The developm ent of lesions in  apparen tly  S trep , m utans-free  sites may be 
due to th e ir  p re sen ce  in  low num bers, which would not be detected due to 
inapp rop ria te  sam pling methods or to inadequate laboratory techniques. 
For exam ple, if a re la tive ly  large plaque sample is removed from an area 
in which th e re  is a small d iscrete  site of demineralisation, specific 
odontopathogenie organism s may be concentrated a t the lesion, b u t diluted 
in the  la rg e  p laque mass and therefore  undetectable on sampling (Duchin & 
van R oute, 1978). The cu ltu ral methods may also be responsible for the 
non-detection  of th ese  organism s because, as discussed in Section 4 .6 .3 .,  
even the  use  of selective media has limitations (Jordan, 1986). A number 
of w orkers (H ardie e t a l . , 1977; Loesche & Straff on 1979; Lang et a l . ,
1987), have also su g g ested  th a t o ther members of the plaque flora, such as 
acid -p roducing  lactobacilli o r peptostreptococci (Bowden et a l . , 1984) may 
e ither a lone, o r in  combination with proportions of S trep . mutans below 
detection lim its, in itia te  the  demineralisation process.

Counts o f S trep , m utans.

The overall re s u lts , with the  th ree  treatm ent conditions combined, showed 
an increase  in  th e  mean and  median percentage counts of S trep . mutans 
with in c reas in g  demineralisation , with the mean ranging from 5.2 % in Az 
Group 1 to  20.0 % in  Group 4. This finding, however, was largely  
a ttrib u tab le  to  th e  re su lts  obtained under SPM conditions where a 
corresponding  in crease  from 8.9 % to 30.5 % occurred.

In the  norm al p laque in  th is  s tu d y , the median values of S trep . mutans 
were ND in  Az Group 1, and 0.1 % in samples where the lesion was 
g rea te r th an  200 u n its . In SP p laques, the median count was 0.1 % for 
all Az G roups re p re se n tin g  lesions of less than  1,000 u n its , b u t 1.8 -8 
where the  m ineral loss exceeded th is value. Thus, the resu lts  for NP and 
SP lie w ithin th e  ran g e  of re su lts  quoted b y  other au thors, where Streps 
mutans associated  w ith caries often constitutes less than  1 -8 of the total 
flora (Bowden e t a L , 1975; Mikkelsen & Poulsen, 1976; Duchin & van 

Houte, 1978).

Duchin and  van  Houte (1978) sampled the plaque overlying smooth surface 
incipient lesions and  th e  su rround ing  sound enamel from 6 12 year old
children w ith multiple decayed te e th , and found the mean and median
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values of th e  S tr e p . m utans proportions for the carious sites to be 7.5 and 
1.4 o re sp ec tiv e ly , w ith the  corresponding values from sound surfaces 
being  0.5 % and  0.02 %.

A s tu d y  on ch ild ren  u n d e r 10 y ears , b y  Loesche and co-workers (1975), 
also found a s ign ifican tly  h igher mean level of S trep . mutans associated 
with carious f is su re s  (18.7 %) compared to caries-free fissu re  sites (7.3 
%). Both th ese  values a re  much h igher than the NP and SP resu lts  in  the 
cu rre n t s tu d y , b u t a re  more in keeping with the proportions obtained from 
plaques u n d e r  SPM conditions. The diagnostic criterion for carious sites 
in the  Loesche s tu d y  was based on the presence or absence of surface 
cavitation, and  th e re fo re  rep resen ted  a v e ry  advanced stage in the disease 
p ro c e ss .

A s tu d y  b y  M ikkelsen and co-workers (1981), on an adult population with 
high caries p rev a len ce , also found high proportions of S trep . mutans in 
plaque samples from approximal s ite s, bu t unlike previous studies found 
h igher mean and  median values in  plaque from caries-free surfaces (7.6 and 
4.1 % resp ec tiv e ly ) compared to carious areas (mean 6.3 %, median 0.7 %). 
Similarly, in  a  s tu d y  involving young men aged 17 - 19 y ears , Hoerman and 
co-w orkers (1972) found th a t the S trep . mutans count, given as a mean 
percen tage of th e  to ta l streptococcal count, was slightly h igher in plaque 
obtained from radiographically  sound sites, compared to plaque from 
carious s ite s . In  th is  s tu d y , no median values were reported .

The re su lts  obtained  from longitudinal studies regard ing  the relationship 
between S tre p . m utans proportions and the initiation of caries are also 
equivocal. Many stud ies  have shown an increase in S trep . mutans levels 
p rio r to  th e  detection  of, and during  the development of, lesions on 
fissu res and  smooth surfaces (Ikeda et ad ., 1973; Loesche & Straff on, 
1979; Lang e t a l . , 1987), while o thers have found no significant 
relationship  betw een S tre p . mutans levels and the initiation of caries, with 
the rise  in  S tr e p . m utans count only dating from the time of detection of 
the lesion (M ikkelsen & Poulsen, 1976; Hardie e t a l . , 1977). However, it 
is considered th a t th e  isolation frequency  and mean proportion of S trep . 
mutans a re  generaH y h ig h e r in  plaque obtained from carious tooth su rfaces, 
compared to sound s ite s  (van Houte, 1980). Similar resu lts  were found in 

the p re se n t s tu d y .
361



L actobacillus sp p . in  R elation to  DemLneralisation.

A fter S tre p . m utans , lactobacilli are  the organisms which have received the 
most a tten tio n  w ith re g a rd  to the microbial aetiology of dental caries.

In  the  p re se n t s tu d y , lactobacilli were detected in the plaque from a t 
least 50 -s of th e  enamel sites in each Az Group, and u n der each 
treatm ent condition, b u t no relationship between isolation frequency and 
level of dem ineralisation was seen. The median values from sites 
experiencing  m ineral loss of under 500 pm was 0.1 % or less with all 
treatm ent conditions, with an increase to 1.6 % (SP) and 2.8 % (SPM) in 
plaques associated  with demineralisation of between 500 and 1,000 Az 
u n its . The ran g e  in  the  Lactobacillus spp . proportion of the total 
cultivable m icroflora was la rg e , with some sites which experienced minimal 
changes in  m ineral content being  associated with plaques in which 
lactobacilli com prised as much as 41.4 % of the total flora. This differs 
from o th e r s tu d ies  which have shown th a t sound surfaces are ve ry  ra re ly  
associated w ith h ig h  lactobacillary levels (van Houte, 1980).

The low levels of lactobacilli associated with demineralisation below 1,000 
Az un its  is in  agreem ent with the findings of many epidemiological studies 
in which th is  organism  was not detectable, or p resen t in v e ry  low 
proportion , on sound enamel surfaces (Duchin & van Houte, 1978), and does 
not increase  in  isolation frequency  or proportion to any marked ex ten t 
before th e  diagnosis of caries (Ikeda et ad., 1973; Hardie et a l . , 1977). 
However, a  few s tud ies  have shown a significant increase in the proportion 
of lactobacilli 6 - 1 2  months p rio r to the diagnosis of caries (Loesche et 
aL , 1984).

The isolation freq u en cy  of Lactobacillus spp. in the p resen t s tudy  was 
somewhat h ig h e r th an  has been reported  on other can es-free  or incipient 
caries s ite s  (H ardie e t aL , 1977; Duchin & van Houte, 1978), and this 
may have been  due to the  g rea te r retentiveness of the sites on the 
appliance model. Lactobacilli appear to have a relatively low affin ity  for 
natural too th  su rfa ce s , while appliances such as orthodontic bands and 
den tures have been  shown to increase dramatically the numbers of these 
organisms in  th e  mouth (van  Houte e t a l . , 1972). Milnes and Bowden 
(1985) found sign ifican tly  h igher isolation frequencies and levels of
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Lactobacillus sp p . in  caries-susceptib le  sound enamel sites compared to
non-suscep tib le  control s ite s .

A h igh ly  s ign ifican t increase  in Lactobacillus spp . mean and median 
proportions was seen , in  the  p re sen t s tu d y , with demineralisation of over 
1,000 Az u n i ts , compared to plaque associated with lower levels of mineral 
lo ss . This fin d in g  is in  agreem ent with many studies which have found a 
marked in crease  in  lactobacilli only a fte r the detection of a lesion (Ikeda 
et a l . , 1973; Loesche & Straffon, 1979). However, in some epidemio
logical s tu d ie s , caries surfaces have been found where lactobacilli were not 
isolated from th e  overly ing  plaque (Ikeda et a l . , 1973; Duchin & van 
Houte, 1978), and  Hardie and co-workers (1977) found no significant 
increase in  LactobaciHus spp . proportion following caries detection. In 
the c u rre n t s tu d y , a  few sites were found in which demineralisation of 
over 1,000 Az u n its  had  occurred , with no or very  low proportions of 
lactobacilli be in g  isolated  from the associated plaque samples.

The Lactobacillus sp p . mean (18.0 %) and median (12.5 %) proportions 
associated w ith  Az Group 4 in th is s tudy  were extremely high. These 
resu lts  w ere obtained from the sites inoculated with S trep . mutans and 
receiving e x tra -o ra l sucrose  applications. The acid environment created 
by th is  com bination, to g e th e r with the re ten tive  nature of the appliance, 
was p ro b ab ly  responsib le  fo r the selection of lactobacilli in the plaque 
sam ples.

In th is  c u rre n t w ork , the  Lactobacillus s p p .,  L. casei, L. acidophilus, L. 
b re v is , L . ferm entnm  and L . plantarum  were all isolated on occasions from 
plaque samples overly ing  the enamel sites, with L. casei and L. 
acidophilus b e in g  found most frequen tly . Some studies investigating the 
relationship of p laque microflora to caries in humans have not identified 
the lactobacilli associated  with lesions, to species level (Loesche & 
Straffon, 1979; v an  Houte e t a l . ,  1982), while Milnes and Bowden (1985) 
did so, and  re la ted  th e ir  findings to cariogenicity testing  of the species in 
animal models (F itzg era ld  e t ad ., 1980; 1981). Using the same c rite ria , all 
species iden tified  in  th e  p re sen t s tudy  have cariogenic potential, although 

perhaps to  v a ry in g  degrees (Jo rdan , 1986).
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Of the 13 enamel sites associated with demineralisation of over 1,000  % vol 
min x  pm, L, acidophilus, L. casei and L. f  ermentum were the species with 
the highest prevalence and isolation frequency, with L . fermentnm 
comprising over 10 % of the total cultivable microflora, on six occasions.

Loesche and Straffon (1979) found some carious fissure sites which had 
undetectable or low levels of Strep, mutans, but high levels of 
Lactobacillus sp p . In the present study, Strep. m utans was isolated from 
every Az Group 4 lesion, but of the five sites where it comprised less 
than 1.5 -s of the total flora, only two were associated with high 
Lactobacillus spp. levels ( > 0.1 %).

This study tends to support the view that plaque 1 nrtobaeiltug spp. levels 
increase in the presence of established demineralisation, .as rhangps in the 
local environment select for this organism, which may then be associated 
with progression of the lesion through the enamel (Boyer & Bowden, 1985). 
Its role in the initiation of caries in this study remains unclear, however, 
since it was present in low proportion at most sites with small amounts of 
demineralisation, and increased slightly with mineral loss of between 500 
and 1,000 Az un its.

Relationship of I.actohacdllris sp p . and S trep , mutans to  Lesion Profile.

Higher p ro portions of TaptnhaciTVns spp. were found in lesions showing 
obvious su rface  so ften in g  (8 .4  %) and subsurface demineralisation (8.6 %), 
compared to  s ite s  showing no apparen t change in lesion profile or only 
slight su rface  so ften ing . This is in  agreement with the resu lts  obtained 
from the  Az G roups, and  again suggests th a t th is organism tends to be 
associated w ith more ex tensive enamel demineralisation. Similar  resu lts  
were obtained re g a rd in g  th e  msan proportions of S trep . mutans and lesion 
profile g ro u p s . With b o th  organism s, the highest median values of the 
proportions w ere obtained from plaque associated with obvious surface 
softening of th e  enamel su rface . Tooth surface defects, such as carious 
lesions, a re  th o u g h t to fav o u r th e  re ten tion  of these organisms (van Houte, 
1980) and th e  h ig h e r  median levels found in  Lesion Profile Group 3 may 
therefore have re su lte d  from increased  re ten tiveness of these sites, due to 

loss of mineral a t th e  enamel su rface .

364



The Role of O ther B acteria  in  Relation to Demineralisation.

Plaque bacteria  o th e r than  S trep , mutans and lactobacilli have been 
investigated , to some ex ten t, regard ing  their relationship with dental 
caries. S tre p , sanguis has often been reported as being a prominent 
member of the  p laque flo ra , b u t available data suggests that it is not 
positively co rre la ted  with caries activity, and in fact an inverse 
relationship betw een its  level and the initiation and progression of caries 
has been found (Bowden e t a l . , 1976; Loesche & Straffon, 1979; Loesche 
et al_., 1984). Many stud ies show an inverse ratio between S trep , mutans 
and S trep , sanguis in relation to caries activity (Loesche & Straffon, 1979; 
Loesche et a l . , 1984) .

With the changes in  nomenclature of the streptococcal species, it is 
difficult to compare d irec tly  the resu lts  from different workers. In the 
present s tu d y , an overall slight decrease in the levels of organisms 
classified as S tre p . sanguis and S trep . oralis was seen with increasing 
amounts of dem ineralisation, although a positive trend was observed 
between S tre p . sanguis and mineral loss under SP conditions.

Strep. salivarius is normally p resen t in only very low proportions in 
plaque, with the  tongue being its prim ary habitat (Ostrom et a l . , 1977). 
The resu lts  of the  relationship  between this organism and caries activity 
are equivocal (van  Houte, 1980). In the current study, the mean levels of 
S trep. salivarius comprised less than 5 % of the total cultivable flora in 
each demineralisation g roup , and showed a slight decrease as increasing 
mineral loss occurred .

Actinomyces sp p . made up a large proportion of the three week plaque 
microflora, w ith most of the organisms belonging to A. odontolyticus and 
catalase positive and  negative A_. viscosus I naeslundii. The levels of 
Actinomyces, a t the  genus level, were relatively stable over the four Az 
demineralisation g ro u p s. This resu lt is similar to that of Hardie and co
workers (1977) who found no obvious difference in levels between carious 
and non-carious s ite s , while a recent cross-sectional study by Marsh and 
co-workers (1988) found h igher counts at carious (73 %) compared to 
caries-free sites (50 %). However, as identification of Actinomyces spp. 
to species level was limited, in the curren t study , by the non-availability
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of sophisticated techn iques, it is possible that, had such methods of 
identification been  employed, a correlation between the proportion of one 
or more of the species and the level of demineralisaton may have been 
found.

In this s tu d y , an overall slight decrease in VeMonella sp p . was seen with 
increasing mineral loss, the decrease being most marked under normal 
plaque and SPM conditions. This has been found by other w orkers, and 
it has been su g g ested  th a t as these organisms consume the lactic acid 
produced b y  o th er organism s, the absence of Veillonella spp. may reduce 
the potential fo r decreasing  the caries risk  in an individual (Bowden et a l . , 
1976). However, o ther investigations have found an increase in 
proportion of Veillonella s p p . in  the presence of caries, and it has been 
suggested th a t the  p resence of the organism reflects the acid environment 
of the plaque which selects for this bacterium (Milnes & Bowden, 1985).

Other organisms such  as Neisseria, Bifidobacterium, Propionibacterium, 
Eubacterium, B actero ides, Capnocytophaga and Fusobacterium spp. were 
isolated on occasions from plaque samples overlying the enamel sites. 
With the exception of Bacteroides sp p ., which showed no significant 
relationship with amount of demineralisation, their infrequent isolation 
meant th a t no s ta tistica l analysis could be carried out. However, no 
obvious tre n d  was apparen t in relation to mineral loss. Very little 
attention has been paid  to these organisms in human caries stud ies, 
because of the  low counts normally involved. However, S trep . mutans and 
Lactobacillus sp p . are  often only p resent in very  low proportions, and 
selective media a re  used to determine their isolation frequencies. 
Therefore, although animal and in vitro experiments suggest that S trep . 
mutans and lactobacilh are  strongly  implicated in the carious process, the 
involvement of these  o ther organisms in relation to human caries cannot at 
present be ru led  ou t, since comprehensive studies on them, using selective 

media, have not been  perform ed.

Many studies have found a few carious sites where neither Strep. mutans_ 
nor Lactobacillus sp p . has been detected in the associated plaque. 
Similarly, in  the  p re sen t s tu d y , a few enamel sites which experienced 
mineral loss of betw een 500 and 1,000 Az units, were associated with 
Plaque from which n e ither S trep , mutans nor lactobacillus was isolated.
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This may b e  due in  part to limitations in the detection techniques  

available for th e  iso lation  of th ese  organism s, as mentioned previously  

(Section 4 . 6 . 3 . ) ,  b u t a lso  su g g e s ts  that other organisms presen t in  the 
plaque m icroflora m ay, e ith er  sin g ly  or in combination, be capable of 
producing dem ineralisation.

4.6.10. C ariogenicity T ests.

Only a re la tive ly  small number of experimental caries models have 
attempted to re la te  the  composition of the plaque microflora overlying an 
enamel site to its  change in  mineral content. A seven day study by 
Ostrom and co-w orkers (1977), using bovine enamel slabs covered with a 
Dacron mesh and mounted on an intra-oral appliance, found that the 
highest dem ineralisation scores, as measured by  microhardness testing, were 
associated w ith increased  plaque proportions of Lactobacillus spp. and 
S trep . sa liv a riu s , while no correlation with S trep . mutans was seen. 
Extra-oral sucrose applications were employed by  Ostrom and co-workers, 
and a similar appliance model was used by  Gallagher and Pearce (1979). 
The la tte r found no consistent pa ttern  in the counts of individual 
organisms, including Lactobacillus spp. and S trep . mutans, isolated from 
sucrose plaque which was associated with demineralisation, compared to the 
microflora of p laque from control sites. Both these studies were limited 
in their ability  to re la te  plaque microbial composition to demineralisation, 
as they involved the  use of Dacron gauze, the problems associated with 
this having been  outlined previously. In addition, limited microbial 
characterisation of the  plaques was carried out, with identification of 
streptococcal species and lactobacilli being performed only by observation 
of colonial morphology on selective media.

An in tra-o ral human caries model, involving the banding of teeth which 
were la ter to be ex trac ted  fo r orthodontic reasons, was able to produce 
white spot lesions on enamel under the orthodontic band within a four 
week period (A rneberg  e t a l . , 1984). A rapid increase in S trep . mutans_ 
and Lactobacillus sp p . counts was found during the experimental period, 
suggesting a selection for these organisms in the localised acidic 
environment d u rin g  early  caries development. Unlike the study of Ostrom 
and co-workers (1977), who found th a t S trep , salivarius was prominent in
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their caries model, th is  organism was not a predominant member of the
microflora in the current study, nor in the Arneberg study.

Although many recen t studies have involved the implantation of Strep 
mutans on to enamel blocks mounted on an intraoral appliance, for short
term cariogenicity te s ts  of sugars and foodstuffs, very  few have monitored 
the composition of the plaque microflora on the blocks for any length of 
time following im plantation, and related it to the degree of mineral lo ss. 
Many au thors have inoculated S trep . mutans into fissures and monitored 
the success of colonisation of the area, bu t again they do not appear to 
have re la ted  it to changes in mineral content. Borden and co-workers 
(1980), who im planted S tre p , mutans on to Dacron-covered enamel found 
higher levels of S tre p . mutans following implantation, but no difference in 
demineralisation between te s t and control s ite s . The possible reasons for 
these findings and comparison with the current study have already been 
discussed ( Section 4 .6 .8 .) .

4.6.11. Effect of Abrasion of Enamel Surface on Plaque Microflora and 
Dem ineralisation.

As removal of the  ou te r layer of enamel, with high but irregular amounts 
of fluoride, may lead to a more uniform and more susceptible enamel 
surface (de Groot e t al_., 1986), an increasing number of intra-oral and in 
vitro demineralisation studies have been carried out using abraded enamel 
in an attem pt to produce more rapid and extensive demineralisation, with 
less variab ility  betw een different sites. However, it appears that no 
study has investiga ted  w hether the treatm ent of the enamel surface in this 
manner affects the  development of the overlying plaque microflora. This 
current s tu d y , th e re fo re , compared both the degree of demineralisation and 
the microbial composition of plaque associated with non-abraded and 

abraded enamel su rfaces .

The proportions of the  predominant organisms isolated from the enamel 
sites showed some variation within each enamel surface and plaque 
treatment condition g roup . However, no significant difference in either 
the percentage composition of predominant microflora or the absolute 
counts p e r mm2 enamel surface was found between the abraded and non
abraded enamel su rfaces . This, therefore, suggests that the abrasion of
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the surface enamel does not affect the development of associated plaque 
flora, and th a t microbial considerations do not argue against its  use in
in tra-oral s tu d ie s.

This investigation was carried  out on Subject A, and, as was found in the 
main dem ineralisation s tu d y , the implantation of S trep , mutans together 
with freq u en t e x tra -o ra l sucrose applications, resulted in significantly 
higher proportions and absolute counts of this organism in three week 
plaque samples, compared with normal plaque. However, in this case, 
only a v e ry  s ligh t mean increase in demineralisation of non-abraded 
enamel sites occurred  in the SPM compared to the NP conditions. Similar 
levels of mineral loss occurred following exposure of the abraded enamel 
surfaces to normal plaque conditions, but the combination of SPM 
conditions and abrasion of the enamel surface resulted in significantly 
higher mean levels of demineralisation than in the other three groups. 
However, a v e ry  la rg e  range in Az values, from 0 to 4598 units, was seen.

The isolation frequency  of S trep . mutans increased with increasing 
demineralisation in the  abraded enamel sites, and the mean and median 
proportions were h ig h est in Az Group 4. However, some abraded sites 
which experienced minimal mineral loss were associated with plaques in 
which S tre p . mutans comprised as much as 69 % of the total flora, while 
in two o ther sites where demineralisation of between 500 and 1,000 Az 
units occurred , the  levels of S trep . mutans were 0.1 and 0.3 %. The 
median value fo r Lactobacillus spp. was Not Detected in each Az group, 
and it was isolated from only 30 % of enamel sites where mineral loss 
exceeded 200 u n its .

Thus, while abrasion  of the enamel surface resulted in significantly higher 
amounts of dem ineralisation overall, a very  large range in mineral loss 
values was seen , which could not be explained by the relative levels of 
Strep. mutans o r lactobacilli in the overlying plaque. This finding is in 
agreement with the  in  v itro  resu lts  presented in Chapter III, which found 
that abrasion of th e  enamel surface resulted in significantly greater 
mineral loss, following a standard  acid attack, b u t tha t the variation in 
demineralisation of enamel was not reduced by  removing the outermost 

layers of the su rface .

369



The variation in  the  degrees of demineralisation seen in this in situ study 
was due to a combination of difference in susceptibility of the abraded 
enamel s ite s , and the  many other in tra-oral factors involved in the carious 
process. While the  amount of demineralisation increased following 
removal of the  o u te r layers of enamel, abrasion did not seem to affect the 
composition of the  overlying plaque flora, suggesting that it would be 
suitable fo r use  in in tra -o ra l demineralisation studies. These results also 
show that abrasion of enamel does not appear to reduce the problems 
associated with variation  in susceptibility of different enamel sites to 
demineralisation.

4.7. Conclusions.

In this in  s itu  appliance s tudy , potential causes of conflict were 
standardised as fa r  as possible, and the effect of such factors as side of 
mouth, position on appliance and order of treatment runs were assessed. 
Statistical analysis of variance of the results took into account the effect 
of these fac to rs , when determining whether there were any associations 
between treatm ent conditions, microflora and demineralisation.

Considerable in te r-su b jec t variation was found, in common with other 
studies, reg a rd in g  composition of the microflora and levels of 
demineralisation. In  a s tu d y  of this size, such findings are inevitable, but 
while the use of many more subjects would help to overcome this problem, 
this is not practicab le  because of the large number of plaque samples and 
enamel sites which would requ ire  analyses. Inter-subject variation was 
again taken into account b y  the method of statistical analysis employed.

Stressing of the  plaque with ex tra-oral sucrose applications was found to 
have no significant effect on the plaque microflora, with regard to its 
percentage composition and total bacterial counts per unit area of enamel. 
However, the  additional s tre ss in g  resulting from the frequent sucrose 
applications, in  addition to the subject’s normal diet, resulted in slightly 
higher levels of demineralisation than were found with the protocol where 

no sucrose applications were employed.

The inoculation of the  sub jec t’s own S trep , mutans, in addition to sucrose 
stressing, p roduced  an increase in isolation frequency and mean proportion
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Of s tre p , mutans in  each subject, bu t inter-subject variation was very 
marked. These findings were in accordance with the results of previous 
studies. The above protocol also resulted in an increase in the levels of 
lactobacilli isolated from the enamel sections, and was associated with 
significantly h ig h e r levels of demineralisation.

The demineralisation seen in this study  was typical of early caries lesions, 
with e ither surface soften ing , or sub-surface demineralisation, being found.

Pre-experim ental abrasion of the enamel surface was associated with an 
increase in  mineral loss, b u t had no effect on the composition of the 
overlying plaque flora. However, the variability in demineralisation 
between sites was as g rea t as the variability between non-abraded sites. 
Thus, although abrasion may be of value in producing larger lesions in a 
short-term  s tu d y , the  problem of variation in susceptibility between sites 
has not been overcome.

An increase in  the  isolation frequency of S trep . mutans, as well as its 
mean and median proportional counts, was seen in association with higher 
levels of dem ineralisation. The isolation frequency of Lactobacillus spp. 
was h igher th an  in  many epidemiological studies, and this may have 
resulted from the  increased  retentiveness of the appliance model. Highly 
significant increases in mean and median counts were seen in lesions 
greater than  1,000 % vol min x pm, and this agrees with other studies, 
which have found th a t lactobacillary levels increase markedly, only 
following detection of a lesion.

While these organism s, particu larly  S trep . mutans, seem to be associated 
with enamel dem ineralisation, many sites were found in which high levels 
of the streptococcus were p resen t in the absence of a lesion. There 
were, in addition, a few sites where mineral loss of between 500 and 1,000 
units occurred , b u t n e ither S trep . mutans nor Lactobacillus spp. was 
isolated. This suggests  th a t other fac to rs, such as other salivary 
characteristics, host d iet and enamel susceptibility, must be involved in 
caries developm ent, and  may modify the attack of canogenic organisms. 
The presence of demineralisation in the absence of detectable S trep. 
gjUtans and L a cto b a o ilh is spp . suggests tha t any of the other acid 
Producing organism s p re sen t in the plaque may have been responsible for
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the development of the  lesion. However, Strep, sanguis and S trep, oralis 
decreased sligh tly  w ith increasing mineral loss, and Actinomyces spp. 
showed no trend  in relation to demineralisation.

It has been suggested  th a t, in sites where demineralisation does not occur 
in the p resence of h igh  levels of S trep . mutans, this may be due to other 
organisms consuming the  acid produced. Veillonella spp. have been 
implicated in th is  th eo ry , b u t in this study, the level of the organism was 
not particu larly  h igh  in  the caries-free sites where S trep . mutans was 
abundant. Veillonella spp . were found to decrease with increasing 
demineralisation, and  were thus not selected for by the acid environment. 
However, it  may be th a t the  lack of Veillonella spp. to consume the acid 
resulted in  the  la rg e r  lesions a t these sites.

In this s tu d y , while th e re  was a trend  towards an association between 
salivary charac te ris tic s  and  experimental mineral loss, the only subject 
characteristic which was a significant indicator of the amount of 
demineralisation in the  te s t s ites, was the DMFS score of the subject.

In most s tu d ies , the  microbiological results are expressed as proportional, 
rather than absolute counts. This method is adopted because of the small 
samples involved, b u t has limitations, in that comparison between results is 
difficult, since a given proportion of S trep . mutans, in different samples, 
may rep resen t v astly  d ifferent numbers of the organism, as can be seen 
from a comparison of the mean proportions and absolute counts, in plaque 
obtained from enamel slabs.

Many problems a re  experienced in relating plaque microflora to mineral 
loss, including identification techniques and the fact that many intra-oral 
factors such as salivary  characteristics, diet and enamel susceptibility, play 
a role in the  dem ineralisation process. However, the microbiological 
findings in re la tion  to  demineralisation in this study are similar to the 
results of the  cross-sectional and longitudinal investigations which have 
been perform ed. In addition, the use of the intra-oral appliance has 
several advantages over such investigations.

The appliance allows short-tim e studies to be undertaken, with cariogenic 
stressing of th e  te s t  sites without affecting the natural dentition. As
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demineralisation can be  produced at many sites within the time-scale of 
the experim ent, fewer sites need be employed, compared with 
epidemiological, investigations, where the percentage of carious sites, in the 
total number of s ite s  s tud ied , is small. The use of a removable appliance 
allows accurate plaque sampling from discrete enamel sites, whereas it is 
almost impossible to take uncontaminated samples from fissures and in te r- 
proximal a re a s , the  caries-prone sites in the natural dentition.

Furthermore, the  use of enamel sections allows accurate quantification of 
changes in  mineral co n ten t, as sites may be measured both p re- and post- 
experimentally.

Thus, although th e  problems outlined above have not been wholly over
come, the in s itu  appliance appears to be a suitable model for study  of 
plaque microflora in  relation to demineralisation, and fu rther investiga
tions, using  a la rg e r num ber of subjects, are indicated.
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CHAPTER V.

COMPARISON OF CARIQGENIC POTENTIAL OF SIX 
STRAINS OF STREPTOCOCCUS MUTANS.

5.1. In tro d u ctio n .

In recent y e a rs , much attention has been focused on attempting to 
identify accu ra te ly  those patien ts most at risk of developing caries so that 
appropriate management may be undertaken to reduce this probability 
(reviewed b y  B ra ttha ll & Carlsson, 1986; Blinkhom & Geddes, 1987). 
Since caries is a m ultifactorial process, it is unlikely that a single test 
will be able to p red ic t the  likelihood of lesion development. At p resent, 
in addition to d ie ta ry  assessment and recording previous caries 
experience, the  o th er te s ts  which are employed to help predict the 
susceptibility to dental caries include i] S trep . mutans and 
Lactobacillus sp p . counts, ii] measurement of salivary flow ra te , iii] 
assessment of sa livary  buffering  capacity, and iv] determination of the 
sugar clearance ra te  from the  oral cavity. Whilst many epidemiological 
studies have shown a positive correlation between the results of such tests 
and fu ture caries activ ity  on a group basis, their usefulness as predictors 
of future caries in individual patients remains in doubt (Blinkhorn & 
Geddes, 1987). T h u s , while many human cross-sectional and longitudinal 
studies have shown a correlation between salivary and plaque counts of 
Strep. mutans and bo th  caries prevalence and incidence (Zickert et a l . , 
1982; Alaluusua & Renkonen, 1983; Lang et a l., 1987), this is often not 
seen on an ind iv idual basis  (Hardie et a l . , 1977; Loesche & Straff on, 1979; 
Russell, 1987).

The techniques employed in the in situ study described in Chapter IV 
allowed the p roportion  of different plaque bacteria, isolated from enamel 
sites, to be re la ted  to the  degree of underlying demineralisation. Results 
showed th a t w hilst overall, an association was evident between Strep. 
gmtans levels and  dem ineralisation, this relationship was not present with 
reference to individual s ite s . Many sites showed minimal changes in 
niineralisation although  th ey  were associated with high counts of S trep . 
Shtansj while some sites developed mineral loss of over 500 Az units 
despite S trep , m utans being  undetected or comprising only a very small
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proportion of the  p laque flora. These findings were similar to those 
described in a num ber of longitudinal studies (Hardie et a h , 1977; Masuda
et a l . , 1979; Loesche e t a l . , 1984) .

The aim of th is  in  v itro  s tu d y  was to determine whether variation existed 
in the cariogenic poten tia l of strains of S trep , mutans isolated from six of 
the individuals involved in the above demineralisation study, and to 
ascertain w hether th is  could help explain the lack of correlation between 
Strep • mutans salivary  counts and caries experience, and between the 
plaque levels of th is  organism and the degree of underlying enamel 
demineralisation. A fu r th e r  aim was to determine whether the model 
showed a correlation betw een the cariogenic potential of the S trep , mutans 
strains and the  caries activ ity  of individuals from whom they had been 
isolated, and th u s  w hether the model could have potential for development 
as an additional screen ing  te s t to aid in the detection of high caries-risk 
individuals.

5.2. S tudy  D esign.

A modification of the  model, described by  Primrose and co-workers (1988) 
for assessing the  cariogenicity of food was used, and strains of S trep . 
mutans isolated from six of the subjects involved in the in situ study were 
tested. The S tre p . mutans type strain  (NCTC 10449) used in the above 
food cariogenicity model was also tested for comparative purposes.

The stra ins were incubated  with bovine enamel slabs and either a 5 % w/v 
sucrose solution or a 5 % w /v sorbitol control. An assessment of the 
acidogenic po ten tia l was determined by  i] qualitative and quantitative 
measurement b y  isotachophoresis of the acids produced during the s tu d y , 
and ii] measurement of the pH of the system during the test period, 
whilst the dem ineralising potential was determined by i] measurement of 
the change in calcium concentration of the medium, and ii] radiographic 

and microdensitometric analysis of the enamel.

The resu lts which were obtained from each strain were related to the 
subject’s DMFS score and in situ demineralisation levels, and this 
relationship was then  compared with the association found between the

375



initial s c ree n in g  te s t  re s u lts  d esc rib ed  in  Section 4 ,2 .2 . and  th e  
dem ineralisation p ro d u ced  u s in g  th e  appliance model.

5.3. P rep a ra tio n  of Bovine Enamel S labs.

The bovine te e th  w hich w ere u sed  in  each experim ental ru n  were obtained 
from a sing le  anim al. T he low er inc iso rs w ere rem oved from  th e  mandible 
using a d en ta l d rill an d  diamond d isc (2 .5  cm diam eter) and  th e  te e th  were 
then cleaned w ith  pum ice and  alcohol as d escribed  in  Section 2 .3 .1 . 
Longitudinal s lab s  w ere c u t, again  u s in g  th e  d en ta l d rill and  diamond d isc , 
and th e  su rfa ce  of th e  enamel was rem oved to  a dep th  of approxim ately 
100 jjuxl b y  h a n d g rin d in g  as d esc rib ed  in  4 .4 .2 . The slabs w ere th en  coated 
with two la y e rs  of a p ro p r ie ta ry  nail v a rn ish  (Max F ac to r, London, 
E ngland), leav in g  an  exposed  enamel window w ith dimensions of 
approxim ately 2 x 2  mm (F ig . 5 .1 . ) .

5.4. P re p a ra tio n  of S trep tococcus m utans.

S trep . m utans cells h ad  b een  iso lated  from each su b jec t’s mouth and  
freeze-d ried  as d e sc rib ed  in  Section 2 .6 . In addition to these  six  s tra in s , 
a freeze -d ried  S t r e p . m utans ty p e  cu ltu re  (NCTC 10449) was u sed  in  th is  
study. T he am poules w ere opened , th e  cells re co n stitu ted  in  2 ml ABB and 
inoculated on to  blood a g a r  p la te s , and  th e  id en tity  of each S tre p . m utans 
strain checked u s in g  th e  API 20 S trep  system  as described  in  2 .5 .5 .
Each s tra in  was su b c u ltu re d  on to  e ig h t blood ag a r p la tes and  incubated  in  
5 % C02 in  a ir  fo r  24 h o u rs . The colonies w ere removed from the  p la tes  
using s te r ile  sw abs w ith , in  each case, th e  colonies from two p la tes  be in g  
tra n sfe rred  to  one of fo u r p lastic  u n iv e rsa l containers (F ig . 5 .2 . ) .  Each 
universal con tained  20 ml of a chemically defined grow th medium w ith  5 % 
w/v glucose (T e rlek y i, ’Willett and  Shockman, 1975), (A ppendix I I ) .  
Chemicals fo r  th e  medium w ere supplied  b y  BDH Chemicals L td . ,  Poole, 
Dorset, E ng land . The cu ltu re s  w ere th en  incubated  ov ern ig h t a t 37°C in 
an orb ital in c u b a to r a t 100 rpm  (Gallenkam p, Craw ley, S ussex , E ng land). 
After approx im ate ly  18 h o u rs , th e  fo u r u n iv ersa l bo ttles  w ere cen trifu g ed  
at 3000 rpm  fo r  10 min in  an  MSE C entrifuge (C raw ley, England) an d  th e  
bacteria t r a n s fe r re d  to  two u n iv e rsa l con tainers , two pelle ts  p e r  con tainer. 
These p e lle ts  w ere th e n  w ashed w ith 20 ml 135 mM KC1, cen trifu g ed  as
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Fig. 5 .1 . B ovine enamel s lab , coated w ith v a rn ish , leav ing  an  exposed  

enam el window of approxim ately 2 x 2  mm.
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Colonies from 
2 p lates -►
20ml defined 
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18h incubation

CONTROL

Centrifugation 3000rpm
p e lle ts  from 2 b ottles
-► 20ml 135mM KC1

Centrifugation 3000rpm 
p e lle t  -► pre-weighed 
p la s tic  v ia l with 
500jul KC1

Centrifugation 5000rpm 
supernatant removed

Vial re-weighed and 
weight of bacterial 
p e lle t  standardised y

TEST CONTROL

n iagpamatip representation of preparation o f S trep , mutans 
pplk fo r  in  v itro  testin g  of th eir cariogenic poten tial.



above, and  th e  cells th e n  t r a n s fe r re d  to p re-w eighed  1.5 ml capped 
polypropylene tu b e s  and  vo rtex -m ixed  w ith a fu r th e r  500 pi of the  KC1. 
The tu b e s  w ere th e n  c en trifu g ed  a t 5000 rpm  (MSE High Speed 18 
C en trifuge , MSE L td . ,  C raw ley, England) fo r  10 min. The su p e rn a ta n t 
was rem oved a n d  th e  v ial re -w eig h ed , and  th e  w eight of b a c te ria  p re s e n t 
in each vial s ta n d a rd ise d  to  allow valid  com parisons to be made betw een 
the s t r a in s ,  in  th e  ex perim en ts.

The p re p a re d  bovine enamel slabs and  su b s tra te  w ere th en  added  to  th e  
tubes (v ide  in fra )  an d  th e  experim ent was ru n  over a  two day  p e rio d , w ith  
the above p ro c e d u re  fo r  th e  p rep a ra tio n  of th e  cells b e in g  re p ea ted  on 
Day 2.

5.5.  Experim ental Protocols.

The m ethods u sed  a re  shown in F ig . 5 .3 . The dura tion  of each ru n  was 2 
days a n d , fo r  each  s tra in , 2 v ials w ere p re p a re d  -  one te s t  and  one 
sorbitol co n tro l.

A fter th e  w eigh t of b ac te ria  had  been  s tan d a rd ise d , a  bovine enamel slab 
was p laced  in  each vial and the  s u b s tra te , e ith e r a 5 % w /v  sucrose  
solution o r  a 5 % w /v  so rb ito l so lution, was added a t a concen tration  of 3 
pi/mg w et w eigh t of b a c te r ia . The pH of th e  vial con ten ts was th en  
recorded u s in g  a C orning  pH m eter and  a 30 pi sample rem oved and 
placed in  a labelled  p la s tic  tu b e  which was then  s to red  a t a tem pera tu re  of 
-20°C fo r su b se q u e n t acid  anion an alysis . In  add ition , a  10 pi sample was 
removed an d  p laced  in  a  p lastic  bijou containing 1 ml ABB. From th is  
sample, th e  v iab le count of S tr e p . m utans cells p re se n t in  each vial was 
determ ined (v ide  in fra )  . The vial was th en  incubated  in th e  o rb ita l sh ak e r 
at 37°C, an d  f u r th e r  pH read in g s  and  30 pm sam ples, fo r iso tach o p h o resis , 
were tak en  a t 10 min, 30 min, 1, 5 and 24 h o u rs . D uring  th is  24 h o u r 
period, b a c te r ia  w ere again  p re p a red  as described  in  Section 5 .4 . A fte r 
24 ho u rs  th e  enamel s lab  was removed from the  vial, w ashed w ith s te r ile  
deionised w a te r , g e n tly  d rie d  and  tra n s fe r re d  to the  f re sh  pe lle t of S tr e p . 
mutans c e lls . T he s u b s tra te  was th en  a d d ed , and  th e  pH read in g s  and  

samples ta k e n , as d esc rib ed  above.
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P e lle ts  o f washed 
Strep mutans c e l l s  
o f standardised weight

Bovine enamel slab  
added to  each v ia l

substrate added 
-  3/il/mg wet bacteria

sucrose sorb itol

v ia ls  incubated at 
37°C in orb ital shaker 
pH readings and 30/il 
samples taken a t times 
0, 10m, 30m, lh r , 5hr, 24hr.

A fter 24 hours 
enamel slab removed 
to  fresh Strep mutans 
+ substrate

Vials incubated, and pH 
readings and 30/il samples 
taken as above for further 
24 hours

B 0
washed and 
stored 
prior to  
sectioning

stored  
at -20°C

K g. 5 .3 .  D iagram atic representation of incubation of bovine enamel 
slab s w ith  su b strate and S trep , mutans stra in .
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A fter 48 h o u rs , th e  enamel slah was removed, from th e  vial and  g en tly  
washed in  deionised w a te r . The vial containing th e  rem ainder of th e  
s lu rry  of cells an d  s u b s tra te  was s to red  a t -20°C.

5.5 .1 .  V iable Count Determ ination.

The num ber of b a c te r ia  added  to each vial was calculated b y  p re p a r in g  in  
ABB se r ia l ten -fo ld  d ilu tions (1(T2 - 1(T7) of the  10 p1 sam ple, desc rib ed  
in Section 5 .5 . ,  w ith  50 p i of th e  10-e and  10~T dilutions b e in g  sp ira l 
plated on to  blood a g a r  p la te s , as described  in  Section 2 .5 .4 . A fte r th re e  
day’s in cubation  in  5 % C 0 2 in  a ir , th e  num ber of S tre p . m utans colonies 
p re sen t on th e  p la te s  was coun ted , and  th e  viable count of S tr e p , m utans 
p resen t in  each  vial determ ined .

5.6. A cid Anion A n alysis.

The 30 p i and  24 h o u r  samples which had  been  collected d u rin g  th e  
experim ents w ere rem oved from th e  freeze r and  cen trifuged  a t 5,000 rpm  
for 15 min. The su p e rn a ta n t flu id  from each was th en  rem oved and  
placed in  an  in d iv id u a l p lastic  vial and  s to red  a t -20°C. The acids 
p resen t in  th e  sam ples w ere analysed  b y  iso tachophoresis u s in g  an  LKB 
2127 T achophor (LKB In s tru m e n ts , Broma, Sweden) as d escribed  p rev io u sly  
in Section 2 .7 .1 . C onversion equations were obtained b y  ru n n in g  s tan d a rd  
acid so lu tions th ro u g h  th e  system , and th ese  were u sed  to  con v ert th e  
zone len g th s  p ro d u ced  b y  th e  d iffe ren t acids on th e  c h a rt tra c in g s  in to  
nmol co n cen tra tio n s  of acid p e r  mg wet w eight of b ac te ria .

5.7. Calcium A ssay .

Analysis of th e  calcium concentration  p re se n t in  the  su p e rn a ta n t flu id  
obtained from  th e  0 and  24 h o u r samples of each te s t  was also carried  ou t. 
The Sigma D iagnostics Calcium A ssay was u sed  ( Sigma Chemical Co L td . ,  
Poole, E n g lan d ). The method involved add in g  10 pi of th e  sample to  a 
chromogenic a g e n t (o -creso lph tha le in  complexone) which would re a c t w ith  
any calcium p re s e n t  to  p ro duce  a p u rp le  colour, th e  in te n s ity  of th e  colour 

being p ro p o rtio n a l to  th e  calcium concentration .
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One m icro litre  volumes of th e  calcium a ssay  solution were d ispensed  in to  
m icrocuvets and  10 pi of th e  te s t  sample was then  added . The con ten ts  
were mixed an d  th e  cu v e t immediately p laced in  a Pye Unicam SP8-100 
VV/VIS S pectropho tom eter (Pye-Unicam  L t d . , Cam bridge, England) an d  th e  
absorbance re a d  a t 575 nm. This value was th en  converted  in to  a calcium 
concen tra tion  u s in g  an  equation  b ased  on absorbance values obtained  from 
s tan d a rd  calcium so lu tions.

5.8.  M easurement o f Mineral Content of Enamel S labs.

At th e  end  of th e  experim en t, each slab was m ounted on to  an acry lic  
block an d  sec tioned  u s in g  a  Leitz saw microtome as desc rib ed  in  Section
2 .3 .2 . The sec tions w ere th en  g round  to a final th ick en ess  of 
approxim ately 120 pm an d  m icroradiographed as d escribed  in  Sections 2 .3 .3  
and 2 .4 .1 . T he m ineral con ten t of the  enamel was th en  a sse ssed  b y  
m icrodensitom etry , see Section 2 .4 .2 . ,  an d  th e  change estim ated b y  
su b tra c tin g  th e  Az value of an  a rea  of enamel u n d e r th e  v a rn ish  from  th e  
Az value of th e  exposed  enamel s ite .

5.9. R esu lts

5 .9 .1 .  V iable C ounts of S trep , mutans at B aseline.

The b ase line  v iab le counts (ex p re ssed  as logTO) of th e  S tr e p . m utans 
stra in s from  th e  s ix  su b jec ts  and  th e  ty p e  cu ltu re  a re  shown in  Table 5 .1 . 
The mean in itia l coun ts from the  experim ental ru n  on each of fo u r d a y s , 
for all th e  s tra in s  in  b o th  sucrose  and  so rb ito l g roups showed less  th a n  a 
ten-fold  in c rease  from lowest to h ig h est value, w ith th e  counts in  su crose  
samples ra n g in g  from  9.39 to 9 .98 , and  those in  so rb ito l from  9.55 to  9 .92 .

5.9 .2 .  A cid Anion C oncentrations Under Sucrose C onditions.

The mean acid anion concentra tions p re se n t over the  24 h o u r experim ental 
periods fo r  each s tra in , u n d e r  sucrose  conditions, a re  shown in  Table 5 .2 . 
Each s tra in  showed a la rg e  r ise  in  to ta l acid from baseline  to  24 h o u rs , 
with th e  va lues a t  base line  ra n g in g  from 18.5 nmol/mg wet w eight b a c te ria  
(s tra in  B) to  48.0 ( s tra in  D ), and  th e  ran g e  a t 24 h o u rs  b e in g  from 105.4 
(s tra in  B) to  303.6 (s tra in  E ). Lactate com prised the  m ajority  of th e
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identifiab le ac id , from each s tra in , a t each sam pling tim e, w ith th e  mean 
p e rcen tag e  of th e  to ta l ac id , fo r all s tra in s  combined, ran g in g  from  62 % 
at base line  to  80 % a t 24 h o u rs  (see  Table 5 .3 . ) .  The levels of ace ta te  
showed th e  opposite  t r e n d , w ith  a  decrease  in  mean p e rcen tag e  of th e  
total acid from 25 % a t b ase line , to 12 % a t 24 h o u rs .

These two acids com prised a  v e ry  la rg e  p roportion  of th e  to ta l acid , while 
the co n cen tra tio n s  of form ate and  prop ionate  w ere v e ry  small, no t 
exceeding 1 .0  nmol/mg wet w eight b ac te ria  a t any  sam pling time (see 
Table 5 .2 . ) .  The concen tra tions of p y ru v a te  and  succinate  b o th  ro se  w ith  
time w ith  each  s tra in  of S tr e p . m u tans, b u t th e ir  p roportions re la tiv e  to 
the to ta l acid  con cen tra tio n  fell b y  up  to  50 % over th e  24 h o u r p e rio d s .

The mean to ta l acid  concentra tion  a t 24 ho u rs  fo r  s tra in s  iso lated  from 
Subjects A - G a re  shown in  Fig. 5 .4 . L arge d ifferences am ongst th e  
s tra in s w ere  fo u n d , w ith  th e  values f it tin g  in to  th re e  g ro u p s . The low est 
category  com prised s tra in s  A, B and  G, w ith th e  S tre p . m utans s tra in  from 
Subject B p ro d u c in g  le a s t acid  (105 nmol/mg wet w eight b a c te r ia ) . The 
second g ro u p  contained  s tra in s  D and  F , which p roduced  sim ilar mean 
concentrations of to ta l acid (228 and  236 nmol/mg wet w eigh t, 
re sp ec tiv e ly ) , while th e  h ig h est to ta l acid concen tra tion  was p ro d u ced  b y  
Subject E. S tu d e n t’s t - t e s t  analysis showed th a t th is  s tra in ’s mean acid 
concentration of 304 nmol/mg wet w eight b ac te ria , was sign ifican tly  h ig h e r 
than each of th e  o th e r  s tra in s , and th a t each of the  s tra in s  in  the  o th e r 
groups was s ig n ifican tly  d iffe ren t from th e  S tr e p . m utans s tra in s  in  th e  

other two g ro u p s  (see  F ig . 5 .4 . ) .

5.9.3 .  pH M easurem ents Over 24 Hours For Each S trep , mutans Strain  

U nder Sucrose Conditions.

Table 5 .4 . shows th e  pH m easurem ents reco rded  fo r each s tra in  d u rin g  th e  
four 24 h o u r  p e rio d s  of incubation with 5 % su cro se . The in itia l mean pH 
readings ra n g e d  from  3.78 w ith s tra in  E, to 4.48 fo r th e  s tra in  iso lated  
from S ubject A. F ig . 5 .5 . shows th e  mean pH values fo r each s tra in  over 
the 24 h o u r p e rio d , w ith Table 5 .5 . showing th e  means of th e  minimum and  
final pH values fo r  each s tra in . The minimum pH values f it te d  in to  th e  
same g ro u p s  as  was found  w ith to ta l acid concen tra tion , w ith  Subject E 
having th e  low est pH minimum, of 3 .38, D and  F hav ing  in term ediate
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values of pH 3.48 and  3.52 re sp ec tiv e ly , while th e  mirnrrmm pH 

m easurem ents of s tra in s  A, B and  G ra n g e d  from 3.63 to  3 .66 . The 
minimum pH o c cu rred  a t 30 min fo r s tra in s  D, E and  F , and  a t 1 h o u r fo r 
the o th e r  th re e  s t r a in s .

The low est 24 h o u r pH  value was also obtained  from th e  S tr e p , m u ta n s  

s tra in  iso la ted  from  Sub ject E ( 3 . 8 2 ) ,  th e  h ig h es t value of 4 . 3 2  was 
associated w ith s tra in  G, w hilst the  m easurem ents obtained from th e  o th e r 
s tra in s  w ere sim ilar, ra n g in g  from 4 . 1 0  to 4 . 1 8 .

5 . 9 . 4 .  Mineral L oss A ssociated With S trep , m u ta n s Strains D uring  
Sucrose Incubation.

The change in  calcium concen tra tion  of th e  s lu r ry  of b ac te ria  and  su c ro se , 
over 24 h o u r  p e r io d s , fo r  each s tra in , is  shown in  Table 5 .6 . The values 
obtained from  th e  f i r s t  24 h o u rs  of each two day  experim ent a re  shown in  
columns 1 an d  3, w ith  th e  24 to  48 h o u r m easurem ents b e in g  found  in  
columns 2 an d  4. As th e  mean values obtained  from th ese  two g roups 
were v e ry  sim ilar, 8.66 mM ( 0 - 2 4  h o u rs) and  8.54 mM (24 - 48 h o u rs ) ,  
they have b een  combined in to  th e  one g roup  fo r each s tra in , and  th e  mean 
calculated .

These v a lu e s , of mean change in  calcium concentration  over th e  24 h o u r 
periods, is  shown in  F ig . 5 .6 . The re su lts  showed a sim ilar p a tte rn  to 
total acid  co n cen tra tio n  and  minimum pH va lu es , w ith th e  S tr e p . m utans 
s tra in  from  Sub ject E b e in g  associated  w ith th e  h ig h est calcium re lease  
from th e  bovine enam el, an d  s tra in s  A and  B showing th e  sm allest change 
in calcium co n cen tra tio n . S tu d en t’s t - t e s t  analysis showed sign ifican t 
d ifferences betw een  s tra in  E and  each s tra in  in  th e  A, B and  G g ro u p , and  
stra ins A an d  B w ere also sign ifican tly  lower th an  D and  F , and  D 

respective ly .

The Az va lues ob ta ined  from the  bovine enamel a re  shown in  Table 5 .7 . 
These values re p re s e n t  th e  change in  m ineral con ten t over each 48 h o u r 
experim ent. A ttem pts w ere made to obtain th re e  enamel sec tions from 
each s lab , b u t  th is  was no t always possib le , hence six  sections w ere  no t 

always availab le fo r  each  S tre p . m utans s tra in  an a ly s is .
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The mean A z  values associated with each Subject’s strain is shown in Fig.
5.7.  The strains belonging to the A, B and G group again showed the 
smallest change in mineral content, with in th is case, strain G having the 
lowest A z  score, and strain A, the h ighest of the three, having a large 
standard deviation. While the mean Az value of strain E was slightly
higher than that associated with strain D, it was lower than that of the 
Strep. mutans isolated from Subject F , the values being 2121 and 2781 % 
vol min x  pm, resp ectively . Although the mean Az values showed marked 
differences between some stra in s, the large standard deviations resulted  in 
none of the d ifferences reaching significant levels (Student’s t - t e s t ) .

5 .9 .5 . Acdd Anion C oncen tra tions U nder Sorbito l C onditions.

The lactate, acetate and total acid concentrations produced b y  the 
different strains of S trep . mutans during incubation with 5 % sorbitol are 
shown in  Table 5.8.  The concentrations of lactate and total acid 
produced b y  the bacteria were significantly lower with sorbitol substrate  
than the corresponding values at each sampling time, for each subject’s 
strain during incubation with sucrose. The total acid concentration at 24 
hours under sorbitol conditions, as a proportion of the total acid produced  
by the S trep . mutans in the presence of sucrose, ranged from 33 % in 
strain B , to 48 % in strain E. The corresponding values for lactate 
ranged from 14 % (Subject G) to 33 % in Subject E.

However, in fiv e  of the six  strains, the concentration of acetate was 
higher following 24 hour incubation with sorbitol, the greatest increase 
being seen  with strain D (149 %), while in strain B , the acetate 
concentration under sorbitol conditions was only 55 % of the concentration  
obtained following incubation with sucrose.

The proportions of lactate and acetate, expressed as percentages o f  the 
total acid, under sorbitol conditions, are shown in Table 5.9.  The mean 
proportion of lactate, for all strains combined, varied little with time, 
being on each occasion approximately 50 %, compared to the increase in 
proportion with time (62 % to 80 %) seen with sucrose conditions. While 
the acetate proportion decreased from 25 % at baseline to 12 % at 24 
hours with su crose , an increase in acetate from 30 % to 40 % over the
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f ir s t  five  h o u rs , w ith  a s lig h t fall to 38 % a t 24 h o u rs , was seen  d u rin g  
incubation w ith  so rb ito l.

While fo r  each  s t r a in ,  the  concen tra tion  of lacta te  and to ta l acid w ere 
h igher w ith  su c ro se  in cubation  th a n  w ith  so rb ito l, th e  lac ta te  from  s tra in  
E, u n d e r  th e  la t te r ,  was g re a te r  th an  the  lac ta te  concen tra tion  p ro d u ced  
by  s tra in  B w ith  su c ro se . Likew ise, s tra in  Els to ta l acid w ith  so rb ito l 
was co n sid e rab ly  g re a te r  th a n  th e  to ta l acid p ro d u ced  b y  s tra in  B , and  
similar to  th a t  p ro d u ced  b y  s tra in s  A and  G, u n d e r sucrose  conditions.

Comparison of to ta l acids p ro duced  b y  the  six  s tra in s  following 24 h o u r 
sorbitol in cubation  showed th a t, as w ith su cro se , d ifferences w ere seen  
betw een th e  s t r a in s ,  w ith  s tra in  E p ro d u c in g  th e  g re a te s t am ount of acid  
(144 nm ol/m g w et w eight b a c te r ia ) , F and  D p ro d u c in g  a sim ilar b u t le s se r  
amount (92 an d  86, re sp e c tiv e ly ) , A an d  G less  again  (52 an d  49), an d  B 
p roducing  th e  le a s t am ount of acid  (35 nmol/mg wet w eight b a c te r ia ) .

5.9 .6 .  pH M easurem ent Over 24 Hours for Each S trep , m u ta n s Strain  
U nder Sorbitol C onditions.

For each  s tra in  of S tr e p . m u tan s , th e  pH m easurem ents over 24 h o u rs , 
during  so rb ito l in cu b atio n , a re  shown in  Table 5 .10 . The lowest base line  
pH was seen  w ith  s tra in  E (3 .7 2 ), w ith s tra in  F ’s pH s lig h tly  h ig h e r a t 
3.84. T he h ig h e s t base line  pH was seen , as b e fo re , w ith s tra in  A (4 .4 4 ). 
For th e  s tra in s  A an d  B , th e  pH fell s ligh tly  in  th e  f i r s t  10 and  30 min 
respec tive ly  following th e  addition  of th e  su b s tra te  w hile, w ith  th e  s tra in s  
from all o th e r  su b je c ts , th e  pH rose  from th e  baseline v a lu e , th e  
maximum ris e  o c c u rrin g  w ith s tra in s  E and  F (ApH 0.72 and  0.75 

re sp ec tiv e ly ).

5.9.7.  M ineral L oss A ssociated With S trep , mutans Strains D uring  

Sorbitol Incubation.

The mean changes in  calcium concentration  of th e  s lu r ry  of S tr e p . m utans 
and so rb ito l fo r  each  s tra in  is shown in Table 5 .11. The g re a te s t am ount 
°f calcium re lease  o ccu rred  with s tra in  E (4.78 mM), while th e  mean 
change in  calcium fo r  o th e r s tra in s  ran g ed  from 0.98 mM (ty p e  c u ltu re )  to  
2.88 mM w ith  s tra in  D. The mean values obtained fo r th e  d iffe ren t
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s tra in s  w ere all low er th an  those  obtained  w ith sucrose  incubation  (ran g e  
6.32 - 10.92 mM).

The g re a te s t  change in  m ineral con ten t, as m easured b y  Az was 823 u n its  
(Subject E ) , th e  levels seen  w ith s tra in s  A and  F be ing  sim ilar (see  Table 
5 .1 2 .) . T he Az va lues fo r s tra in s  B and  D w ere approxim ately  300 u n its ,  
and fo r s tra in  G and  ty p e  c u ltu re , less th an  40 u n its . All th ese  values 
are co n sid e rab ly  low er th a n  even  th e  lowest Az (v iz . 1166 u n i ts ) ,  ob tained  
with su c ro se  incu b atio n .

5.9 .8 .  R elationship B etw een in  situ  Dem ineralisation L evels and  
C ariogenicity T est Param eters.

A plot of th e  mean to ta l acid anion concentra tion  p roduced  b y  each s tra in  
at 24 h o u rs  following incubation  w ith  su cro se , ag a in st th e  mean level of in  
situ dem ineralisation  p ro d u ced  b y  th e  sub jec t u n d e r normal and  su cro se  
plaque cond itions, (as  d esc rib ed  in  C hap ter IV ), is shown in  F ig . 5 .8 . A 
linear in c rease  in  to ta l acid  concen tra tion  w ith in c reasin g  Az score  was 
seen, w ith  th e  co rre la tion  betw een th e  param eters be in g  h ig h ly  s ig n ifican t 
( p  < 0.001 - lin ea r re g re ss io n  an a ly s is ) .

Shown in  F ig . 5 .9 . is th e  re la tionsh ip  betw een th e  mean minimum pH 
produced b y  each  S tr e p . m utans s tra in , and  th e  su b jec t’s Az sco re , w here 
the co rre la tion  betw een  th ese  was again  s ign ifican t ( p  < 0 .0 1 ).

The p lo ts  of th e  mean calcium re lease  and Az values obtained from 
bovine s lab s  following incubation  w ith th e  six  S tre p . m utans s tra in s  and  
sucrose, a g a in s t th e  in  s itu  Az scores from th e  human enamel sec tio n s , 
are shown in  F ig s . 5 .10 . and  5 .1 1 ., re sp ec tiv e ly . Both showed th a t an  
increase in  m ineral loss from th e  bovine enamel in  th e  in  v itro  
cariogenicity  model was associated  w ith an increased  Az score  in  th e  in  
situ appliance model. While th is  correlation was sign ifican t a t th e  5 % 
level fo r calcium re le ase , th e  re la tionsh ip  fo r  Az scores of th e  bovine 

enamel d id  n o t re a c h  s ig n ifican t levels.
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5 .9 .9 .  R elationship Betw een DMFS Scores of Individuals and 
C ariogenicity T est Param eters.

The values of th e  to ta l acid concentration  a t 24 h o u rs , minimum pH , 
calcium re lease  and  Az values of the  bovine enamel s lab s , ob tained  from 
the in  v itro  cario g en ic ity  te s t  model, w ere also p lo tted  ag a in s t th e  DMFS 
scores of th e  in d iv id u a ls , as shown in  F igs. 5 .12 . to 5 .15 . A lin ea r 
re la tionsh ip  betw een  th e se  param eters was again  seen , w ith s ign ifican t 
correlation b e in g  found  betw een DMFS scores and  to ta l acid  concen tra tion  
( p < 0 .0 1 ), an d  minimum pH and calcium re lease  (bo th  p  < 0 .0 5 ), while th e  
association w ith  Az sco res of th e  bovine enamel did no t re ach  sign ifican t 
levels ( 0.1 > p  > 0 .0 5 ).

A sum m ary of th e  re s u lts  of linear reg ress io n  analysis betw een th e  DMFS 
and in  s itu  dem ineralisation  sco res , and  bo th  th e  in  v itro  cariogen ic ity  te s t  
param eters and  th e  sa liv a ry  ch arac te ris tic s  of the  indiv iduals (de ta iled  in  
C hapter IV ), is shown in  Table 5 .13 . While s ign ifican t corre la tions w ere 
found betw een  th re e  of th e  cariogen icity  te s t  param eters and  n a tu ra l and  
experim ental m ineral loss experienced  b y  th e  su b jec ts , none of th e  
associations be tw een  sa liv a ry  ch arac te ris tic s  and  DMFS scores o r in  s itu  
dem inerahsation reach ed  significance a t  th e  5 % level.
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SUCROSE

1 2 3 4 Mean (SD)

A 9.66 9,81 10,11 10.34 9.98 (0 .30)
B 9.41 9.00 9.38 9.76 9.39 (0 .31)
D 9.40 9.15 9.71 9.60 9.46 (0 .25)
E 10.15 9.58 9.32 9.58 9.66 (0 .35)
F 9.66 9.66 9.63 9.26 9.55 (0 .20)
G 9.92 9.41 9.66 9.71 9.68 (0 .21)
TC 9.69 10,00 9.66 9,73 9.77 (0 .16)

SORBITOL
1 2 3 4 Mean (SD)

A 9,34 9.96 10.00 10.36 9.92 (0 .42)
B 9.83 9.56 9.23 9.58 9.55 (0 .25)
D 9.58 9,48 9.76 9.48 9.58 (0 .13)
E 9.89 9.58 9.40 9.69 9.64 (0 .20)
F 9.50 10.04 9.30 9.92 9.69 (0 .35)
G 9.95 9.66 9.92 10.18 9.93 (0 .21)
TC 9.76 9.73 9.76 9.50 9.69 (0 .12)

Table 5 .1 . Log10 viable counts of S tre p . m utans added  to  v ials fo r
incubation  with 5 % w /v  sucrose  and  5 % w /v  so rb ito l, 
on each  of fo u r occasions, fo r Subjects A - G and  
T ype C u ltu re  (NCTC 10449).
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Table 5 .2 . Mean (SD) acid anion concentra tion  (nmol/mg w et

w eight b ac te ria ) a t all sam pling times from 0 -

24 h ,  w ith  5 % w /v  sucrose fo r S tre p . m utans s tra in s
from Subjects A - G and  Type C u ltu re , n=4.

SUBJECT A 
SUCROSE

0 10m 30m lh 5h 24h

Formate 0.11
(0 .22)

0.12
(0 .24)

0.20
(0.41)

0.36
(0 .73)

0.43
(0 .86)

0.91
(1.82)

P yruvate 2.55
(0 .31)

2.30
(0 .86)

2.62
(0 .74)

4.19
(1 .04)

7.14
(0 .89)

11.38
(2 .39)

Phosphate 3.68
(2 .73)

2.38
(1 .05)

3.36
(1.22)

5.52
(1.71)

8.72
(1 .05)

22.79
(4 .20)

Lactate 10.72
(5 .40)

21.30
(11.05)

39.44
(13.37)

60.15
(15.85)

102.39
(20.03)

112.39
(5 .08)

Succinate 0.78
(0 .15)

0.82
(0 .12)

1.08
(0.48)

1.74
(0.52)

2.20
(0 .81)

4.14
(0 .73)

Acetate 4.83
(1 .64)

5.57
(2.02)

7.74
(2.60)

10.10
(2.72)

13.25
(3.72)

16.02
(2 .62)

Propionate 0.02
(0 .05)

0.18
(0.15)

0.11
(0.10)

0.18
(0.26)

0.19
(0.20)

0.21
(0 .34)

Total acid 19.01
(7 .03)

3 0 .2 9
(12.30)

49.97
(17.64)

76.73
(19.17)

125.60
(24.89)

148.25
(10.13)

SUBJECT B 
SUCROSE

0 10m 30m lh 5h 24h

Formate 0.18
(0 .30 )

0.10
(0 .17)

0.00 0.00 0.00 0.29
(0 .50)

Pyruvate 1.55
(0 .55)

1.44
(0 .19)

1.70
(0 .40)

2.87
(0.75)

5.31
(2.07)

6.04
(3 .64)

Phosphate 2.97
(1 .43 )

3.64
(1 .44)

3.60
(2 .18)

5.05
(1.85)

9.26
(3.63)

20.02
(6 .88)

Lactate 10.02
(4 .08 )

17.60
(4 .71)

23.97
(5.39)

45.07
(21.30)

65.13
(27.22)

77.02
(23.94)

Succinate 0.61
(0 .11 )

0.45
(0 .08)

0.72
(0.35)

0.92
(0.19)

1.72
(0 .29)

2.98
(0 .98)

Acetate 6.18
(2 .83)

7.55
(3.87)

7.68
(3.14)

10.88
(6.28)

16.42
(10.64)

19.22
(10.79)

Propionate 0.00 0.02
(0 .02)

0.05
(0.07)

0.04
(0.07)

0.11
(0 .16)

0.00

Total acid 18.54
(7 .00 )

27.14
(8.51)

34.11
(8.18)

73.93
(14.07)

88.70
(39.16)

105.37
(32.66)
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SUBJECT D
SUCROSE

0 10m 30m lh 5h 24h

Formate 0.45
(0 ,65)

0.26
(0 .30)

0.00 0.12
(0 .24)

0.00 0.50
(0 .94)

P y ru v ate 6.50
(1 .71 )

5.57
(1 .39)

6.10
(1 .76)

9.14
(4.77)

12.77
(3 .45)

22.64
(14.54)

Phosphate 9.38
(4 .23 )

9.49
(5.64)

10.88
(5.55)

12.87
(7.36)

22.39
(4 .83)

36.40
(5 .15)

Lactate 30.37
(13.05)

35.20
(19.00)

72.74
(43.34)

102.44
(55.91)

144.54
(36.49)

188.98
(37.00)

Succinate 1.18
(0 .48)

1.44
(0 .70)

1.37
(1 .01)

1.80
(0.60)

2.94
(1 .47)

3.66
(2 .35)

Acetate 9.36
(1 .71 )

10.50
(4.66)

13.21
(7.70)

17.51
(12.34)

18.05
(10.59)

18.60
(8 .47)

Propionate 0.17
(0 .27)

0.10
(0.18)

0.00 0.27
(0 .50)

0.08
(0 .16)

0.22
(0.44

Total acid 48.02
(14.12)

53.28
(23.41)

93.38
(50.16)

131.28
(71.39)

1.78.38
(48.78)

227.95
(48.45)

SUBJECT E 
SUCROSE

0 10m 30m lh 5h 24h

Formate 0.26
(0 .41)

0.43
(0.34)

0.00 0.00 0.00 0.00

P yruvate 3.21
(1 .63)

4.04
(1 .71)

5.19
(0.47)

8.21
(3.18)

10.99
(1 .42)

16.30
(1 .74)

Phosphate 5.44
(1 .84 )

6.94
(2 .29)

7.35
(0.45)

11.44
(0 .44)

19.83
(2 .50)

27.39
(3 .87)

Lactate 34.42
(13.51)

48.22
(11.62)

80.87
(14.31)

122.38
(27.40)

192.54
(16.95)

253.90
(18.55)

Succinate 0.80
(0 .38)

1.19
(0 .52)

1.26
(0 .93)

2.35
(1.50)

2.56
(1 .35)

2.88
(1 .15)

Acetate 8.40
(2 .44)

11.48
(1 .27)

13.88
(0 .59)

18.62
(2.91)

25.24
(5 .98)

30.56
(9 .13)

Propionate 0.02
(0 .03)

0.04
(0.09)

0.00 0.18
(0 .35)

0.22
(0.44)

0.00

Total acid 47.10
(16.42)

65.40
(13.72)

101.21
(13.04)

151.73
(30.04)

231.56
(21.76)

303.64
(26.35)

Table 5.2.  cont.
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SUBJECT F
SUCROSE

0 10m 30m lh 5h 24h

Formate 0.52
(0 .62)

0.57
(0 .85)

0.45
(0.90)

0.45
(0.90)

0.26
(0 .52)

0.56
(0 .75)

P y ru v a te 2.81
(1 .22 )

3.46
(0.77)

4.58
(0.17)

6.04
(1 .82)

10.78
(3 .07)

13.91
(4 .41)

Phosphate 4.04
(1 .88 )

5.03
(1 .87)

6.02
(1.42)

8.48
(3 .20)

17.78
(3.50)

30.47
(3 .16)

Lactate 27.32
(6 .46)

36.08
(7 .66)

51.69
(9.70)

79.90
(21.29)

134.40
(28.02)

188.16
(26.29)

Succinate 0.94
(0 .53)

1.25
(0.85)

1.32
(0 .90)

1.63
(0.48)

2.56
(1.47)

3.23
(1 .84)

Acetate 8.26
(2 .04 )

9.80
(1 .46)

14.09
(3 .38)

19.65
(6.67)

24.34
(6.57)

29.69
(6 .74)

Propionate 0.06
(0 .08)

0.29
(0 .49)

0.00 0.10
(0 .17)

0.00 0.03
(0 .06)

Total acid 39.90
(7 .28)

51.45
(7.78

7 2 .1 4
(12.48)

107.78
(28.82)

172.35
(31.51)

235.57
(31.41)

SUBJECT G 
SUCROSE

0 10m 30m l h 5h 24h

Formate 0.50
(0 .19)

0.52
(0 .44)

0.24
(0.48)

0.64
(0.68)

0.34
(0 .68)

0.93
(1 .14)

Pyruvate 2.10
(0 .78)

1.96
(0.60)

5.42
(6.44)

4.99
(2.06)

4.32
(1 .68)

8.61
(4 .78)

Phosphate 4.46
(1 .74)

3.96
(2.44)

6.29
(1.91)

7.51
(1 .88)

15.11
(3.84)

28.06
(10.03)

Lactate 18.32
(10.29)

23.80
(10.24)

47.56
(19.28)

67.34
(27.49)

86.32
(17.28)

110.52
(25.69)

Succinate 0.55
(0 .23)

0.76
(0.33)

0.94
(0.42)

1.44
(0.37)

1.75
(0 .42)

3.08
(1 .35)

Acetate 9.08
(1 .90)

9.06
(2.36)

12.30
(3.83)

14.89
(4.95)

16.74
(4 .47)

19.68
(4 .14)

Propionate 0.04
(0 .06 )

0.12
(0.23)

0.15
(0.23

0.27
(0.29)

0.04
(0.06)

0.22
(0 .44)

Total acid 30.56
(11.85)

36.24
(11.79)

66.61
(19.19)

89.56
(33.66)

109.52
(21.91)

143.05
(32.52)

Table 5.2. cont.
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t y p e  c u l t u r e
SUCROSE

0 10m 30m lh 5h 24h

Formate 0.17
(0 .21 )

0.08
(0 .11)

0.16
(0 .23)

0.00 0.00 0.84
(0 .78)

P y ru v ate 1.70
(0 .22)

1.97
(0 .18)

2.59
(0.72)

3.09
(0.30)

2.98
(1 .04)

4,23
(1 ,38)

Phosphate 3.46
(0 .97 )

2.46
(0 .83)

2.68
(0.25)

3.40
(0 .32)

12.50
(3 .80)

15.21
(2 .49)

Lactate 13.60
(2 .21 )

16.73
(1 .23)

27.10
(5.77)

42.42
(9 .09)

74.19
(0 .35)

115.18
(0 .22)

Succinate 0.32
(0 .05)

0.34
(0.06)

0.35
(0.13)

0.54
(0.00)

0.88
(0.33)

1.28
(0 .40)

Acetate 6.72
(1 .20)

6.64
(1.33)

6.36
(0.98)

8.44
(0.81)

10.00
(2.01)

15.88
(4 .24)

Propionate 0.00 0.00 0.00 0.00 0.00 0.00

Total acid 22.52
(3 .89)

25.76
(2 .54)

36.56
(7.83)

54.49
(10.20)

88.05
(3 .03)

137.40
(5 .03)

Table 5 .2 . cont.
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LACTATE

0 10m 30m l h 5h 24h

A 56 70 79 78 82 76
B 54 65 70 61 73 73
D 63 66 78 78 81 83
E 73 74 80 81 83 84
F 68 70 72 74 78 80
G 60 66 71 75 79 77
TC 60 65 74 78 84 84

Mean 62 68 75 75 80 80

ACETATE
0 10m 30m lh 5h 24h

A 25 18 16 13 10 11
B 33 28 22 15 18 18
D 20 20 14 13 10 8
E 18 18 14 12 11 10
F 21 19 20 18 14 13
G 30 25 18 17 15 14

TC 30 26 17 16 11 12

Mean 25 22 17 15 13 12

Table 5 .3 . P roportion  of lacta te  and  ace ta te , ex p ressed  as a
p e rc en ta g e  of th e  to ta l acid , a t each sam pling time 
from  0 - 24 h ,  u n d e r sucrose  conditions, fo r  S tr e p , 
m utans s tra in s  from Subjects A - G and  T ype C u ltu re .

394



Total Acid Cone, 
(nmol/mg wet wt.)

400 -1

S.D.300 -

200  -

100 -

GFEDBA
Subjects

E - V
■kick

-  A
k k k

? -  B ; 1• 
V

*ni k k k
; -  G

D - V -  1 ; -  S* ; -  s

F - V
k k

-  A
k k

; " B ;
k k

-  G

* = P < 0. 05 ; ** = p  < 0 .01  ; *** = p  < 0 .001

Fig. 5 .4 .  Mean (SD) total ad d  anion concentration (nm ol/m g w et 
w eight bacteria) at 24 h , for Strep , mutans stra in s  

iso la ted  from Subjects A ~ G, n —4.
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Table 5 .4 . pH m easurem ents a t each sam pling time from 0 -

24 h , d u rin g  incubation  w ith 5 % w /v  su c ro se , fo r  
S tr e p . m utans s tra in s  from Subjects A - G and  Type 
C u ltu re , n=4.

SUBJECT A 
SUCROSE

0 10m 30m lh 5h 24h

1 4.28 3.90 3.71 3.67 3.77 4.18

2 4.56 3.93 3.76 3.72 3.68 4.18

3 4.72 4.04 3.74 3.67 3.75 4.06

4 4.37 3.97 3.68 3.59 3.62 3.98

Mean
(SD)

4.48
(0 .20)

3.96
(0 .10)

3.72
(0 .04)

3.66
(0 .05)

3.70
(0 .10)

4.10
(0 .10)

SUBJECT
SUCROSE

B

0 10m 30m lh 5h 24h

1 4.21 3.96 3.81 3.67 3.70 4.13

2 4.28 3.94 3.79 3.74 3.73 4.05

3 4.19 3.74 3.56 3.59 3.69 4.13

4 4.03 3.69 3.55 3.55 3.82 4.40

Mean
(SD)

4.18
(0 .10)

3.83
(0 .10)

3.68
(0.10)

3.64
(0.10)

3.74
(0 .05)

4.18
(0 .20)

SUBJECT
SUCROSE

D

0 10m 30m lh 5h 24h

1 4.08 3.80 3.54 3.70 3.63 4.00

2 4.15 3.76 3.74 3.47 3.67 4.01

3 4.28 3.74 3.37 3.33 3.69 4.25

4 3.96 3.28 3.28 3.47 3.87 4.15

Mean
(SD) 4.12

(0 .10)
3.64

(0 .20)
3.48

(0.20)
3.49

(0 .15)
3.72

(0 .10)
4.10

(0 .10)
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SUBJECT
SUCROSE

E

0 10m 30m lh 5h 24h

1 3.85 3.78 3.55 3,51 3.66 3.98

2 4.16 3.99 3.54 3.52 3.64 3.83

3 3.48 3.17 3.13 3.31 3.66 3.83

4 3.61 3.31 3.29 3.33 3.51 3.66

Mean
(SD)

3.78
(0 .30)

3.56
(0 .39 )

3.38
(0.20)

3.42
(0.10)

3.62
(0 .10)

3.82
(0 .10)

SUBJECT
SUCROSE

F

0 10m 30m lh 5h 24h

1 4.05 3.74 3.63 3.56 3.73 4.15

2 4.14 3.78 3.64 3.61 3.63 3.96

3 3.95 3.44 3.36 3.42 3.71 4.07

4 3.48 3.30 3.45 3.57 3.84 4.38

Mean
(SD)

3.90
(0 .30)

3.56
(0 .20)

3.52
(0.10)

3.54
(0.10)

3.73
(0 .10)

4.14
(0 .20)

SUBJECT
SUCROSE

G
0 10m 30m lh 5h 24h

1 4.36 4.14 3.73 3.64 3.78 4.34

2 4.56 4.25 3.83 3.67 3.83 4.34

3 3.82 3.61 3.55 3.61 4.01 4.56

4 3.60 3.68 3.63 3.61 3.71 4.06

Mean
(SD)

4.08
(0 .40 )

3.92
(0 .30)

3.70
(0.10)

3.63
(0.02)

3.83
(0 .10)

4.32
(0 .20)

Table 5 .4 .  cont.
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t y p e  c u l t u r e
SUCROSE

0 10m 30m lh 5h 24h

1 4.19 3.65 3.35 3.52 3.50 4.07

2 3.90 3.81 3.53 3.40 3.42 3.92

3 4.03 3.79 3.58 3.57 3.63 4.22

4 4.11 3.78 3.67 3.58 3.63 4.39

Mean
(SD)

4.06
(0 .1 0 )

3.76
(0 .10)

Table

3.54
(0.10)

5 .4 . cont.

3.52
(0.10)

3.54
(0 .10)

4.15
( 0 . 20;
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Minimum pH 
Mean ( SD) Final pH 

Mean (SD)

A 3.66 (0 .05) 4.10 (0 .10)

B 3.64 (0 .08) 4.18 (0 .15)

D 3.48 (0 .20) 4.10 (0 .12)

E 3.38 (0 .13) 3.82 (0 .13)

F 3.52 (0 .10) 4.14 (0 .20)

G 3.63 (0 .02) 4.32 (0 .22)

TC 3.52 (0 .08) 4.15 (0 .21)

Table 5 .5 . Mean minimum and  final pH values obtained  from 
S tr e p . m utans s tra in s  from  Subjects A - G and  T ype 
C u ltu re , d u rin g  incubation w ith 5 % w /v  su cro se , n=4.



CALCIUM RELEASE 
SUCROSE

1 2 3 4 Mean (SD)

A 6.76 5.56 5.78 7.46 6.39 (0 ,9 )
B 4.73 3.86 8.86 7.82 6.32 (2 .4 )
D 11.07 9.34 9.48 9.83 9.93 (0 .8 )
E 11.64 9.07 10.73 12.04 10.92 (1 .4 )
F 8.82 7.94 9.69 11.56 9.50 (1 .5 )
G 9.79 6.52 8.45 8.67 8.36 (1 .4 )
TC 6.87 10.83 8.64 9.06 8.85 (1 .6 )

Table 5 .6 . C hange in  calcium concen tration  (mM) of s lu r ry  over
24 h  perio d s  following incubation  of S tre p , m u tan s ,
5 % w jv  sucrose  and bovine tooth  s lab , fo r Subjects 
A - G and  Type C u ltu re , n=4.

Az SCORE 
SUCROSE

1 2

A 2308 2454
B 1319 1687
D 2093 2682
E 2548 2283
F 3636 3762
G 1095 1796
TC 1935 2164

3 4 5

1103 1323 1486

544 1687 1851
2025 1929 1577

2369 1918 1241
2813 2189 2000

1439 694 1371

1756 1953 -

6 Mean (SD)

1585 1792 (680)
1315 1400 (470)

- 2061 (400)
2365 2121 (480)
2286 2781 (760)
6011 166 (460)

- 1952 (167)

Table 5 .7 . Az (% vol min x  pm) of enamel sections obtained  from 
bovine slabs incubated  fo r 48 h  w ith S tre p . m utans and  
5 % w /v  su c ro se , fo r Subjects A - G and  T ype C u ltu re ,



Calcium (mM)

14 -i

12 H S.D.

10 H

GFEDBA
Subjects

F -  v  -  A 

* = p  < 0 .0 5  ; ** = P < °* 01

f ig . 5 .6 .  Mean (SD ) change in  calcium concentration (mM) o f slu rry  
o f S trep , mutans and su crose, incubated w ith bovine enamel 
sla b , over 24 h  p eriod s, for strain s from Subjects A -  G,

n=4.
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Az
(%vol. min. x /jm)

3500 - I

S.D.3000 -

2500 -

2000  -

1500 -

1000  -

500 ~

GFEDBA
Subjects

No sign ifican t d ifferences observed .

Fig. 5 .7 .  Mean (SD) change in  total mineral lo ss  (A z -  % v o l min x  
jjun) from bovine enamel sla b s, incubated w ith su crose and  
stra in s o f S trep , mutans from Subjects A -  G, n=6.
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Table 5 .8 . L ac ta te , ace ta te  and  to ta l acid anion concen tra tion

(nm ol/m g wet w eight b ac te ria ) over 24 h , w ith 5 % w /v  
so rb ito l, fo r S trep , m ntans s tra in s  from Subjects 
A - G, and  Type C u ltu re , n=2.

SUBJECT A 
SORBITOL

0 10m 30m l h 5h 24h

Lactate 1 8.75 13.29 16.03 19.04 25.04 22.46
2 5.50 7.13 10.56 13.43 16.76 20.82

Mean 7.12 10.21 13.30 16.24 20.90 21.64(SD) (2 .30) (4 .36) (3 .87) (3.97) (5 .85) (1 .16)

A cetate 1 4.64 7.08 11.36 14.43 25.87 31.29
2 3.92 5.44 7.35 8.67 12.00 15.33

Mean 4.28 6.26 9.36 11.55 18.94 23.31
(SD) (0 .51) (1 .16) (2.84) (4.07) (9 .81) (11.28)

Total 1 
acid

15.93 24.48 32.38 38.35 57.56 63.96
2 12.96 16.43 22.65 27.21 33.04 41.86

Mean 14.44 20.46 27.52 32.78 45.30 52.91
(SD) (2 .10) (5 .69) (6 .88) (7 .88) (17.34) (15.63)
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SUBJECT B
SORBITOL

0 10m 30m lh 5h 24h

Lactate  1 7.19 7.54 9.53 9.83 11.92 20.97
2 5.12 5.86 7.53 7.31 10.12 17.42

Mean 6.16 6.70 8.53 8.57 11.05 19.20(SD) (1-46) (1 .19) (1 .41) (1 .78) (1 .32) (2 .51)

A cetate 1 3.43 4.41 5.20 6.17 7.63 10.64
2 3.94 4.56 5.32 5.87 8.30 10.50

Mean 3.68 4.48 5.26 6.02 7.97 10.57
(SD) (0 .36) (0 .11) (0 .08) (0 .21) (0 .47) (0 .10)

Total 1 
acid

12.51 14.32 17.00 19.63 24.32 38.20
2 10.10 11.62 14.48 15.61 20.76 31.78

Mean 11.30 12.97 15.74 17.62 22.54 34.99
(SD) (1 .70) (1.91) (1.78) (2 .84) (2 .52) (4 .54)

Table 5 .8 . cont.
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SUBJECT D
SORBITOL

0 10m 30m lh 5h 24h

Lactate  1 30.12 21.78 19.39 22.44 14.76 59.65
2 10.40 11.57 11.53 12.40 14.61 31.29

Mean
(SD)

20.26
(13.94)

16.68
(7.22)

15.46
(5 .56)

17.42
(7 .10)

14.68
(0 .11)

45.47
(20.05)

A cetate 1 14.48 16.55 15.75 19.56 31.92 35.56
2 9.98 10.01 9.54 10.42 13.49 20.02

Mean
(SD)

12.23
(3 .18)

13.28
(4.62)

12.64
(4 .39)

14.99
(6.46)

2 2 .7 0
(13.03)

27.79
(10.99)

Total 1 
acid

2
55.47 48.48 44.82 51.66 54.32 111.98
25.54 29.85 26.42 27.74 32.55 60.68

Mean
(SD)

40.50
(21.16)

39.16
(13.17)

35.62
(13.01)

39.70
(16.91)

43.44
(15.39)

86.33
(36.27)

Table 5 .8 . co n t.
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SUBJECT E
SORBITOL

0 10m 30m lh 5h 24h

L actate  1 21.15 33.67 36.80 46.23 65.49 85.84
2 25.43 32.57 32.94 46.90 65.08 81.68

Mean 23.29 33.12 34.87 46.56 65.28 83.76(SD) (3 .03) (0 .78) (2 .73) (0 .47) (0 .29) (2 .94)

A cetate 1 6.29 15.26 16.27 19.82 26.73 46.88
2 10.15 11.60 14.47 19.48 25.78 42.10

Mean 8.22 13.43 15.37 19.65 26.26 44.49
(SD) (2 .73) (2 .59) (1 .27) (0 .24) (0 .67) (3 .38)

Total 1 
acid.

31.71 57.98 61.03 74.35 101.95 149.65
2 40.54 48.82 54.97 74.99 97.67 139.31

Mean 36.12 53.40 58.00 74.67 99.81 144.48
(SD) (6 .24) (6 .48) (4 .28) (0 .45) (3 .03) (7 .31)

Table 5 .8 . cont.
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SUBJECT F
SORBITOL

0 10m 30m lh 5h 24h

Lactate  1 25.44 22.75 27.86 32.71 43.89 65.90
2 14.71 16.62 18.70 22.13 27.53 37.59

Mean
(SD)

20.08
(7 .59)

19.68
(4.33)

23.28
(6 .48)

27.42
(7 .48)

35.71
(11.57)

51.74
(20.02)

A cetate 1 9.69 11.05 14.04 16.83 25.32 35.04
2 7.22 8.83 11.94 13.22 21.33 29.17

Mean 8.46 9.94 12.99 15.02 23.32 32.10(SD) (1 .75) (1 .57) (1 .48) (2.55) (2 .82) (4 .15)

Total 1 
acid

44.80 42.30 51.05 58.15 77.72 111.57
2 26.07 29.84 34.76 41.09 54.07 73.51

Mean 35.44 36.07 42.90 49.62 65.90 92.54
(SD) (13.24) (8 .81) (11.52) (12.06) (16.72) (26.91)

Table 5 .8 . cont.
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SUBJECT G
SORBITOL

0 10m 30m lh 5h 24h

Lactate 1 8.52 6.51 7.06 7,09 9.76 14.72
2 7.34 7.01 8.05 8.58 11.13 15.96

Mean
(SD)

7.93
(0 .83)

6.76
(0.35)

7.56
(0 .70)

7.84
(1 .05)

10.44
(0 .97)

15.34
(0 .88)

A cetate 1 10.44 12.77 13.25 12.60 21.26 28.13
2 8.28 7.67 8.11 9.86 13.38 20.16

Mean
(SD)

9.36
(1 .53)

10.22
(3.61)

10.68
(3 .63)

11.23
(1 .94)

17.32
(5 .57)

24.14
(5 .64)

Total 1 
acid

2
22.34 23.56 24.22 23.00 34.84 52.35
19.98 18.66 20.45 24.66 31.97 46.67

Mean
(SD)

21.16
(1 .67)

21.11
(3.46)

22.34
(2 .66)

23.83
(1.17)

33.40
(2 .03)

49.51
(4 .02)

Table 5 .8 . cont.
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TYPE CULTURE
SORBITOL

0 10m 30m lh 5h 24h

Lactate  1 7.58 8.44 10.88 10.05 15.46 22.02
2 9.05 9.53 9.59 10.98 14.61 21.80

Mean
(SD)

8.32
(1 .04 )

8.98
(0 .77)

10.24
(0 .91)

10.52
(0.66)

15.04
(0 .60)

21.91
(0 .16)

A cetate 1 4.77 5.00 7.18 7.87 13.39 19.97
2 4.63 5.29 7.54 9.01 13.83 20.09

Mean
(SD)

4.70
(0 .10 )

5.14
(0 .20)

7.36
(0 .25)

8.44
(0.81)

13.61
(0 .31)

20.03
(0 .08)

Total 1 
acid

2
15.20 16.72 21.39 21.08 32.51 46.09

(16.49) (17.98) (18.61) (22.64) (31.58) (46.05)

M ean
(SD)

15.84
(0 .91)

17.35
(0 .89)

20.00
(1.96)

21.86
(1 .10)

32.04
(0 .66)

46.07
(0 .03)

Table 5 .8 . co n t.

410



LACTATE

0 10m 30m Ih 5h 24h

A 49 50 48 50 46 41
B 54 52 54 49 49 55
D 50 42 43 44 34 53
E 64 62 60 62 65 58
F 57 55 54 55 54 56
G 37 32 34 33 31 31
TC 52 52 51 48 47 48

Mean 52 49 49 49 46 49

ACETATE
0 10m 30m lh 5h 24h

A 30 30 34 35 42 44
B 32 34 33 34 35 30
D 30 34 35 38 52 32
E 23 25 25 26 26 31
F 24 28 30 30 35 35
G 44 48 48 47 52 49
TC 30 30 37 39 42 43

Mean 30 33 34 36 40 38

Table 5 .9 . P roportion  of lacta te  and  ace ta te , ex p re ssed  as a
p e rcen tag e  of th e  to ta l acid , a t each sam pling time 
from  0 - 24 h , u n d e r sorbito l conditions, fo r  S tr e p , 
m utans s tra in s  from Subjects A - G and  T ype C u ltu re .
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Table 5 .1 0 . pH m easurem ents a t each sam pling time from 0 -

24 h ,  d u rin g  incubation  w ith 5 % w /v  so rb ito l, fo r 
S tr e p . m utans s tra in s  from Subjects A - G and  Type 
C u ltu re , n=4.

SUBJECT A 
SORBITOL

0 10m 30m Ih 5h 24h

1 4.41 4.54 4.47 4.56 4.50 5.26

2 4.54 4.50 4.66 4.66 4.82 5.33

3 4.60 4.47 4.43 4.51 4.59 4.75

4 4.19 4.19 4.18 4.28 4.46 4.65

Mean
(SD)

4.44
(0 .18 )

4.42
(0.16)

4.44
(0.19)

4.50
(0.16)

4.59
(0 .16)

5.00
(0 .35)

SUBJECT B 
SORBITOL

0 10m 30m Ih 5h 24h

1 4.50 4.43 4.36 4.35 4.42 4.76

2 4.54 4.39 4.38 4.41 4.51 4.97

3 4.21 4.16 4.13 4.18 4.39 4.74

4 4.12 4.06 4.06 4.13 4.35 4.68

Mean
(SD)

4.34
(0 .21 )

4.26
(0 .18)

4.23
(0.16)

4.27
(0.13)

4.42
(0.07)

4.79
(0 .13)

SUBJECT D 
SORBITOL

0 10m 30m lh 5h 24h

1 4.11 4.28 4.33 4.42 4.53 4.66

2 4.25 4.53 4.52 4.46 4.56 4.50

3 4.32 4.29 4.16 4.26 4.42 4.58

4 3.82 3.72 3.81 3.76 4.18 4.34

Mean
(SD)

4.12
(0 .22)

4.20
(0.34)

4.20
(0.30)

4.22
(0.32)

4.42
(0.17)

4.52
(0 .14)
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SUBJECT E 
SORBITOL

0 10m 30m lh 5h 24h

1 3.91 3.92 3.90 3.93 4.15 4.55

2 3.90 4.02 4.00 4.01 4.23 4.56

3 3.48 3.55 3.53 3.77 3.80 4.48

4 3.60 3.69 3.74 3.60 3.87 4.16

Mean 3.72 3.80 3.79 3.83 4.01 4.44(SD) (0 .22) (0 .21) (0 .20) (0 .18) (0.21 (0 .19)

SUBJECT F 
SORBITOL

0 10m 30m lh 5h 24h

1 3.93 4.12 4.12 4.11 4.26 4.47

2 4.19 4.19 4.30 4.48 4.67 5.26

3 3.55 3.62 3.64 3.74 4.11 4.24

4 3.70 3.67 3.73 3.86 4.17 4.38

Mean 3.84 3.90 3.95 4.05 4.30 4.59
(SD) (0 .28) (0 .30) (0.31) (0 .33) (0 .25) (0 .46)

SUBJECT G 
SORBITOL

0 10m 30m lh 5h 24h

1 4.43 4.52 4.60 4.68 4.65 4.73

2 4.50 4.47 4.50 4.55 4.61 4.69

3 3.89 3.99 4.05 4.18 4.35 4.65

4 3.98 4.05 4.10 4.05 4.15 4.63

Mean 4.20 4.26 4.31 4.36 4.44 4.68
(SD) (0 .31) (0 .28) (0.28) (0 .30) (0 .23) (0 .04)

Table 5 .10. eont.
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TYPE CULTURE
SORBITOL

0 10m 30m lh 5h 24h

1 4.28 4.13 4.20 4.26 4.43 4.53

2 4.36 4.33 4.30 4.23 4.36 4.58

3 4.38 4.35 4.36 4.39 4.42 4.57

4 4.23 4.29 4.32 4.37 4.47 4.56

Mean
(SD)

4.31
(0 .07)

4.28
(0 .10)

4.30
(0 .07)

4.31
(0 .08)

4.42
(0 .04)

4.56
( 0 . 02;

Table 5 .10. c o n t.
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CALCIUM RELEASE 
SORBITOL

1 2 3 4 Mean (SD)

A 2.42 0.62 0.82 1.10 1.24 (0 .81)
B 1.33 0.42 1.96 3,88 1.90 (1 .46)
D 2.15 1.61 2.19 5.56 2.88 (1 .81)
E 3.43 3.97 8.20 3.50 4.78 (2 .30)
F 1.70 0.69 1.65 3.16 1.80 (1 .02)
G 1.82 3,10 1.33 1.83 2.02 (0 .76)

TC 1.00 0.85 1.09 0.98 0.98 (0 .10)

Ti£able 5 .1 1 . C hange in  calcium concen tra tion  (mM) of s lu r ry  over

24 h  perio d s  following incubation  of S tr e p . m u tan s ,
5 % w /v  so rb ito l and  bovine too th  s lab , fo r Subjects 
A ~ G an d  Type C u ltu re , n=4.

^AzrSCORE
ISORBITOL

1 2 3 4 5 6 Mean (SD

A 672 829 280 600 1113 - 699 (306
B 230 815 0 139 229 266 280 (279
D 209 97 426 517 235 445 322 (164

E 1092 872 904 425 - - 823 (283
F 456 495 616 1033 712 511 637 (215

G 54 35 40 0 - _ 32 ( 23

TC 13 0 19 - - - 11 ( 10

lia b le  5 .12 . Az (% vol min x pm) of enamel sections obtained

bovine s labs incubated  fo r 48 h  w ith S tr e p , m utans and  
5 % w /v  so rb ito l, fo r Subjects A - G and  Type C u ltu re , 

n=6.
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In situ Demin.
A z  (%vol.min. x jum)

450

400

350

300

250

200

150
100 150 200 250 300 350

Total Acid Cone, (nmol / mg wet wt.)

Fig. 5 .8 . P lot o f mean total a d d  anion concentration (nm ols p er mg 
w et w eigh t bacteria) a t 24 h  for each S trep , mutans strain  
again st mean in  situ  Az score (% vol min x  pm) of th e  
su bject from whom th e strain  was iso lated . r=0.99, n=6.
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In situ Demin.
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Fig. 5 .9 . P lot o f mean minimum pH value for each S trep , m u ta n s  

stra in  aga in st mean in  situ  Az score (% vol min x  
o f th e subject from whom th e strain  was iso lated . 
r= -0 .9 5 , n=6.
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In situ Demin.
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Fig. 5 .1 0 . P lot o f mean change in  calcium concentration (mM) at 24 h  
fo r  each S trep , mutans strain  against mean in  situ  Az 
score (% vo l min x  pm) of th e subject from whom th e strain  

w as iso la ted . r=0.91, n=6.
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Fig. 5 .1 1 . P lot of mean bovine enamel Az score (% vo l min x  pm) at 
48 h  for  each S trep , mutans strain  against mean in  situ  
Az score (% vol min x  jun) of th e subject from whom th e  
stra in  w as iso la ted . r=0.6 6 , n=6.
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Fig. 5 .1 2 . P lot o f mean total acid anion concentration (nmol p er mg 
w et w eigh t bacteria) at 24 h  for each S trep , mutans 
stra in  aga in st DMFS score of th e subject from whom th e  
stra in  was iso lated . r=0.92, n=6.
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F ig . 5 .1 3 . P lot of mean minimum pH value for each S trep , mutans 
stra in  aga in st DMFS score of th e subject from whom th e  
stra in  w as iso lated . r= -0 .84 , n=6.
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Fig. 5 .1 4 . P lot o f mfiati change in  calcium concentration (mM) at
24 h  for  each S trep , mutans strain  against DMFS score of 
th e subject from whom th e strain  was iso lated . r= 0.81, n=6.
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Fig. 5 .1 5 . P lot o f mean bovine enamel Az score (% vol min x  pm) at 
48 h  for  each S trep , mntans strain  against DMFS score of 
th e subject from whom the strain  was iso la ted . r= 0.75 , n=6.

423



IN VITRO CARIOGENICITY TEST

Total acid min pH ACa2+ Az slabs

DMFS **

In  s itu  *** **

dem ineralisation

SALIVARY CHARACTERISTICS

NS

NS

S tr e p , m utans L act. Flow ra te  B u ffe rin g
count count capacity

DMFS NS NS NS NS

In s itu  NS NS NS NS
dem ineralisation

NS = Not s ig n ifican t ; * = p  < 0.05 ; ** = p  < 0.01 ; *** = p  < 0.001.

Table 5 .1 3 . R egression  analysis of re la tionsh ip  betw een in  v itro
cariogen ic ity  param eters and  sa liv a ry  ch a rac te ris tic s , 
an d  DMFS and  in  s itu  dem ineralisation s c o re s .
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5 .1 0 . D iscu ssio n .

5 .1 0 .1 .  U se o f B ovine Slabs in  in  v itro  D em ineralisation S tu d y.

T his in  v itro  s tu d y  was b ased  on th e  models d esc rib ed  b y  G eddes an d  co
w o rk ers  (1984) and  P rim rose and co-w orkers (1988). A braded  bovine 

enamel was u sed  as i t  p ro d u ces  more rap id  dem ineralisation th an  hum an 
enam el (F ea th e rs to n e  & M ellberg, 1981) and  is p e rh a p s  le ss  v a riab le  in  
su sc e p tib ility  to  acid  a tta c k . F u rth e rm o re , Prim rose an d  co-w orkers 
re p o r te d  th a t  i t  was recom m ended b y  The Scientific C onsensus C onference 
on M ethods fo r  A ssess in g  th e  C ariogenic P o ten tia l of Food (1986), fo r  u se  
in in  v itro  cario g en ic ity  t e s t s .

5 .1 0 .2 .  In vestigation  of th e Initial Low pH V alues O bserved D uring  
Prelim inary in  v itro  S tu d ies.

When a sse ss in g  th e  acidogenic p o ten tia l of d iffe ren t s tra in s  of S t r e p . 
m u tan s , th e  ideal s itu a tio n  is one in  which th e  in itia l pH of each sample is 
a ro u n d  n e u tra li ty , as th is  e n su re s  a  sim ilar base line  value fo r  all s tra in s . 
In  ad d itio n , i t  allows th e  maximum pH fall of th e  system  to  be  reco rd ed  
d u rin g  th e  exp erim en t, th u s  dem onstrating  d ifferences in  ApH more 
c learly . H ow ever, in  th is  s tu d y  p re lim inary  re su lts  w ith one s tra in  ( th a t 
iso lated  from  S ub ject A) showed th a t  th e  in itia l pH was a ro u n d  4 .5 , and  i t  
was co n sid e red  th a t  th e  re la tiv e ly  acid  pH may have b een  due to  th e  delay  
in c u rre d  while w eigh ing , d u rin g  w hich time th e  b a c te ria  may have been  
m etabolising s to rag e  p o ly sacch arid es . A com parison of th e  s ta n d a rd  
p ro ced u re , an d  one w here  th e  b a c te ria  w ere rew ashed  to  rem ove an y  acids 
which h ad  b een  p ro d u ced  p r io r  to  th e  addition  of s u b s tra te ,  was th e re fo re  
carried  o u t. The fu ll d a ta  re la tin g  to  th e se  experim ents has  no t been  
tabu lated  in  th e  R esu lts  sec tio n , b u t a  p rec is  of th e  re s u lts ,  and  d iscussion  
of th e  p o ssib le  fa c to rs  in fluenc ing  th e  in itia l pH values is g iven  below.

The mean pH im m ediately a f te r  addition  of th e  enamel slab  and  su cro se  to  
the S tr e p . m u ta n s , was 4.84 fo r cells which h ad  b een  re -w ash ed , com pared 
to 4.54 fo r  cells p re p a re d  in  th e  s ta n d a rd  m anner. The mean 
concentration of to ta l acid  a t base line  was 13.6 nm ol/m g w et w eight 
bacteria  fo r  re -w ash ed  cells, while th e  co rresp o n d in g  value fo r  th e  control 

run was 16 .7 .
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H ow ever, th e  in itia l pH in  th e  re -w ash ed  sam ples was s till below th e  5 .2 

± 0 . 3  re p o r te d  b y  P rim rose an d  co-w orkers (1988), u s in g  a  ty p e  c u ltu re  
(NCTC 10449) of S t r e p , m u tan s , on w hich s tan d a rd isa tio n  of th e  b a c te ria l 
w eigh ts  was n o t c a r r ie d  ou t an d  th u s  th e  delay  in c u rre d  d u r in g  th e  
w eighing  p ro c e d u re , in  th e  c u rre n t exp erim en ts , d id  no t o ccu r.

T he low in itia l pH va lues w ere p ro b ab ly , in  p a r t ,  due to  th e  fa c t th a t  th e  
s tra in s  w ere in cu b a ted  o v e rn ig h t in  an  u n b u ffe red  chem ically defined  
medium, as th e  pH of th e  S tr e p . m utans - contain ing  b ro th s ,  following th e  
18 h o u r  in cu b atio n  p e rio d , ran g ed  from 4.50 to  4 .53, w ith  no in c rease  
found a f te r  w ash ing  w ith  KC1. The su cro se  so lu tion , made b y  d isso lv ing  
th e  s u g a r  in  d o u b le -d is tilled  deionised w a ter, also had  a re la tiv e ly  low pH , 
ra n g in g  from  5.37 to  5 .81 .

While th e  rew ash in g  p ro c e d u re  d id  red u ce  th e  acid concen tra tion  and  
in c rease  th e  pH to some e x te n t, com pared to th e  sam ples in  w hich th e  
s u b s tra te  was ad d ed  immediately a f te r  th e  w eighing p ro c e d u re , i t  was 
con sid ered  th a t  th e  d ifferen ce  p ro d u ced  b y  rew ash ing  was no t g re a t 
enough to  m erit th e  inclusion  of th is  tim e-consum ing p ro ced u re  in  th e  

experim ental d e sig n . I t  was th e re fo re  om itted from th e  p ro toco l u sed  in  
su b se q u e n t s tu d ie s . H ow ever, in  re tro s p e c t, th e  inclusion  of rew ash ing  
might h av e  made more of a  d ifference  w ith  some s tra in s , p a r tic u la r ly  w ith 
D, E an d  F , w here  re la tiv e ly  la rg e  concen tra tions of lac ta te  w ere found  15 
s a f te r  th e  add ition  of su cro se  to  th e  v ia ls , th an  w ith th e  s tra in  u sed  in  

th is ex p erim en t.

S ubsequen t s tu d ie s  u s in g  T odd Hewitt b ro th  as th e  o v e rn ig h t g row th  
medium h av e  su p p o rte d  th e  th e o ry  th a t th e  low pH was due to  u n b u ffe red  
cu ltu re , s in ce , following incubation  w ith  th is  b u ffe re d  medium an d  w ashing 
and w eigh ing  u s in g  th e  s ta n d a rd  tech n iq u e , th e  in itia l pH was considerab ly  
h igher im m ediately a f te r  th e  add ition  of th e  su cro se  s u b s tra te  (ran g e  5 .8 - 
6 .2 ), b u t  fell d u r in g  th e  su b se q u e n t 24 h o u r experim ental p eriod .

5.10.3. R elative C ariogenic Potential of th e D ifferen t S trep , mutans 

S tra in s.

The re s u lts  show ed th a t  sign ifican t d ifferences w ere fo u n d  re g a rd in g  th e  
cariogenic p o ten tia l of th e  s ix  s tra in s  of S tr e p . m utans iso la ted  from th e
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d iffe re n t in d iv id u a ls , w ith  th e  ty p e  c u ltu re  f it t in g  in to  th e  low- 
in te rm ed ia te  ca te g o ry . P rev ious s tu d ie s  have re p o r te d  d iffe ren ces  in  th e  
cariogen ic  p o ten tia l of v a rio u s  se ro ty p es  belong ing  to  th e  S tr e p , m utans 
g ro u p  (K aufm an e t  a l . , 1984) and  d iffe ren ces  in  th e  p re sen c e  and  
p ro p o rtio n s  of th e  v a rio u s  se ro ty p es  have been  found  betw een  th e  p laq u es  
a sso c ia ted  w ith  c a r ie s -a c tiv e  and  c a r ie s -free  te e th  (Kilian a t a l . ,  1979; 
M asuda a t a h , 1979). In  th e  p re s e n t s tu d y , se ro ty p in g  of th e  S tr e p . 
m utans s tra in s  was n o t c a rrie d  o u t, b u t  biochem ical p ro files  su g g e s t th a t  
th e y  all be longed  to  th e  b io type  c g ro u p , acco rd ing  to  th e  scheme of 
S h k la ir an d  Keene (1974).

Kaufman an d  co -w orkers  (1984) com pared th e  cariogenic p o ten tia l of two 
se ro ty p es  of S tr e p . m utans and  one s tra in  of S tr e p . san g u is  in  an  in  v itro  
model invo lv ing  hum an enam el, and  found  sig n ifican tly  d iffe ren t pH values 
and  am ounts of dem ineralisation p ro d u ced  b y  th e  two S tr e p . m uting  
s tra in s .  T h ey  su g g es te d  th a t  th is  d ifference  could have b een  due to  
d iffe ren ces  in  e ith e r  th e  q u a n tity  of acid p ro d u ced , o r th e  ab ility  of th e  
s tra in  to  b u ffe r  i ts  acid  end  p ro d u c ts  b u t ,  in  th e  s tu d y , no q u a lita tiv e  o r 
q u an tita tiv e  m easurem ents of acids w ere made. S to sse r and  K neist (1988), 
u s in g  a pH - s ta t  system , found d ifferences in  th e  acidogen ic ity  and  
a c id u rity  of 20 s tra in s  of S tr e p . m u tan s , and  inoculation of two of th e se  
s tra in s  p ro d u ced  d iffe ren t caries sco res in  r a ts .

In th e  p re s e n t  s tu d y , acids w ere qu an tified , an d  th e  s ign ifican t d ifferences 
seen am ongst th e  s tra in s  w ith re g a rd  to  dem ineralising p o ten tia l and  pH 
low ering cap ac ity , ap p ea r to  be due to  d ifferences in  th e  ab ility  of th e  
s tra in s  to  m etabolise su cro se  and  p roduce  acid a t low pH , as some s tra in s  
p roduced  s ig n ifican tly  g re a te r  am ounts of acid th an  o th e r s tra in s  u n d e r  

the te s t  cond itions.

The re s u lts  fo r  to ta l acid concen tra tion , minimum pH and  calcium re lease , 
showed a s tro n g  association  fo r th e  indiv idual s t r a in s , w ith b a c te ria  f it t in g  
into th e  same ra n k in g  g ro u p s fo r each  of th e  th re e  p a ram eters  s tu d ie d . 
The Az v a lues ob ta ined  from th e  bovine slabs d id  n o t, how ever, ex ac tly  f i t  
the same p a t te r n ,  as s tra in  E p roduced  less change in  Az th a n  s tra in  F , 
which, acco rd in g  to  th e  above c r ite r ia , f it ted  in to  th e  second ra n k  g ro u p . 
This d iffe ren ce  in  ra n k in g  re flec ts  th e  fac t th a t  m icro rad iography  and  
m icrodensitom etry of sec tions p re p a re d  from  th e  bovine slabs is  p ro b ab ly
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le ss  sen s itiv e  th a n  th e  o th e r  th re e  m ethods of a sse ss in g  cariogenic 
p o te n tia l. T his re d u c ed  se n s itiv ity  may be re la ted  to  th e  fa c t th a t  th e  
u se  of s lab s  means th a t th e  same a rea  of enamel cannot ac t as i ts  own 
b ase lin e  con tro l as in  th e  case when sections a re  em ployed. T h e re fo re , 
an  a re a  of enamel w hich was u n d e r  th e  nail v a rn ish  coating  d u r in g  th e  
experim en tal p e rio d  h ad  to  be  u sed  as th e  con tro l, w ith  i ts  Az value b e in g  
su b tra c te d  from th e  Az value obtained from th e  exposed  enamel window, in  
o rd e r  to  estim ate th e  to ta l m ineral loss from th e  section of bovine enamel 
s lab , d u r in g  th e  experim en tal p e rio d . In  ad d itio n , th e  sec tion ing  an d  
h a n d g rin d in g  p ro c e d u re s  w hich w ere c a rrie d  ou t p o s t-ex p erim en ta lly  may 
h ave re s u lte d , on occasion, in  some loss of th e  o u te r enamel su rfa c e , 
w hich h ad  become p a rtia lly  dem ineraJised d u rin g  th e  experim ental p e rio d .

The re s u lts  ob ta ined  following incubation  of th e  S tr e p . m utans s tra in s  w ith  
a 5 % so rb ito l so lu tion  showed th a t s ign ifican tly  lower co n cen tra tions of 
acid an d  low er levels of dem ineralisation w ere p ro duced  th an  w ith th e  
co rre sp o n d in g  s tra in s  in  su cro se . The ra n k in g  o rd e r  of th e  d iffe ren t 
s tra in s  rem ained  th e  sam e, w ith re sp ec t to  to ta l acid , minimum pH an d  
calcium re le a se , b u t th e  re s u lts  of th e  Az m easurem ents w ere again  more 
v a ria b le .

The to ta l acid  co n cen tra tio n  a t th e  various sam pling times p ro d u ced  b y  th e  
type s tra in  an d  s tra in s  A, B and  G, d u rin g  incubation  w ith  so rb ito l, w ere 
in a s im ilar  ra n g e  to  those  re p o rte d  b y  Prim rose and  co-w orkers (1988) 
u sin g  s im ila r  cond itions. How ever, s ign ifican tly  h ig h e r concen tra tions of 
acid w ere p ro d u ced  b y  s tra in s  D, E and F , w ith th e  to ta l acid a t 24 h o u rs  
for s tra in  E b e in g  h ig h e r  o r similar to  th a t p roduced  b y  some of th e  o th e r 
s tra in s  u n d e r  su c ro se  conditions. The re la tive  p ro po rtions of th e  d iffe ren t 
acids p re s e n t  in  th e  sam ples u n d e r sorb ito l conditions, w ere d iffe ren t from 
those ob ta ined  w ith  su cro se  incubation . U nder th e  la t te r  conditions, the  
predom inant acid  species was lac ta te , and  a r ise  in  p ro p o rtio n  w ith time 
was see n , (62 - 80 %), w hilst a decrease  in  p ropo rtion  took p lace w ith 
reg a rd  to  ace ta te  w hich fell from 25 % a t baseline to  12 % a t 24 h o u rs . 
With so rb ito l in cu b a tio n , lac ta te  com prised approxim ately  50 % of th e  to ta l 
acid on all sam pling occasions, and  th e  ace ta te  p ro p o rtio n  was h ig h e r  th a n  
under su cro se  cond itions, ran g in g  from  30 - 40 %, and  showing a n  in c rease  

with time u p  to  5 h o u rs .
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The pH p ro file s  asso c ia ted  w ith th e  two s u b s tra te s  w ere also d iffe re n t. 

W hereas a  s ig n ific an t d ecrease  in  pH o ccu rred  w ith all s tra in s  of S tr e p . 
m utans u n d e r  su cro se  conditions following th e  in itia l re a d in g , w ith  so rb ito l 
in cu b a tio n , only  s tra in  B showed an  appreciab le  d rop  in  pH in  th e  f i r s t  30 
min of th e  ex p erim en t, while w ith  th e  o th e r s tra in s  th e  pH ro se  s lig h tly  
w ith  tim e.

In  th is  s tu d y , th e  change in  re la tiv e  p ro p o rtio n s  of th e  acids u n d e r  th e  
two s u b s tr a te  conditions could b e  due to  th e  d iffe ren t m etabolic pa thw ays 
u sed  d u r in g  su c ro se  o r so rb ito l ex cess . U nder su cro se  e x ce ss , th e  
p y ru v a te  form ed is  co n v erted  via th e  lac ta te  dehydrogenase  pa thw ay  to  
la c ta te , w hereas in cubation  of S trep  m utans cells w ith so rb ito l may lead  to  
la rg e r  am ounts of ace ta te  b e in g  form ed. T his could be  due to  metabolism 
of e ith e r  s to ra g e  p o ly sacch arid es , o r so rb ito l to  p y ru v a te , w hich is  fu r th e r  
m etabolised v ia  th e  p y ru v a te  fo rm ate-lyase pathw ay , form ing ace ta te  an d  
form ate as major e n d -p ro d u c ts  (C arlsson  1986).

Prim rose an d  co -w orkers  (1988) found  no sign ifican t d ifference  betw een  
the cariogen ic  p o ten tia l of S tr e p . m utans ty p e  cu ltu re  NCTC 10449 
in cu b ated  w ith  5 % w /v  so rb ito l and  th e  same ty p e  cu ltu re  in cu b a ted  w ith  
doub le-d istilled  an d  deionised w ater. The so rb ito l contro l was th e re fo re  
included in  th e  p re s e n t  experim ent to  determ ine w hether varia tion  ex isted  
in th e  q u a n tity  and  u tilisa tion  of s to rag e  po ly sacch arid es , among 
indiv idual s t r a in s . H ow ever, a lthough  la rg e  d ifferences w ere found  in  th e  
concen tra tions of acids p ro d u ced  b y  d iffe ren t s tra in s , th e  experim ents 
would have  to  be  re p ea ted  w ith incubation  in  doub le-d istilled  and  deionised 
w ater a lone, to  determ ine w h e th er some of th e  acid p roduction  was due to 
metabolism of th e  so rb ito l, and  w hether v aria tion  in  th is  ab ility  ex is ted  

amongst th e  s t r a in s .

5.10.4 R elationship B etw een in  v itro  C ariogenicity T est Param eters and  
N atural and Experim ental Caries Experience of th e Individuals.

The cariogen ic  p o ten tia l of each  s tra in  was determ ined b y  a sse ss in g  b o th  
its acidogenic an d  dem ineralising  p o ten tia l. A comparison of th e  ra n k in g  
order of th e  in  v itro  cariogenic po ten tia l of th e  d iffe ren t S tr e p , m utans 
stra ins w ith  th e  n a tu ra l and  experim ental caries experience  of th e  
individuals from  whom th e  s tra in s  w ere iso lated , has no t p rev io u s ly  b een
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p erfo rm ed . T his s tu d y  showed a s tro n g  co rre la tion  betw een th e  in  v itro  
re s u l ts  and  th e  DMFS and  in  s itu  dem ineralisation sco res of th e  s u b je c ts , 
T h is was p a r tic u la r ly  ev id en t re g a rd in g  to ta l acid  co n cen tra tion  a t  24 
h o u rs  and  th e  minimum pH values obtained  d u rin g  th e  incubation  p e rio d . 
T he change in  calcium concen tra tion  of th e  system , w hich was one of th e  
m ethods of a s se ss in g  th e  m ineral loss from th e  bovine enamel s lab s , also 
c o rre la ted  w ith  b o th  th e  DMFS and  in  s itu  Az sco res assoc ia ted  w ith  each  
su b je c t. While th e re  was a  t re n d  tow ards a  re la tionsh ip  betw een  th e  Az 
va lues of th e  bovine enamel and  th e  n a tu ra l and  experim ental caries lev e ls , 
in  n e ith e r  case d id  th is  reach  s ig n ifican t levels a n d , as m entioned 
p re v io u s ly , th is  could be  due to th e  fac t th a t  th is  may be  a le ss  sen s itiv e  
method of a ss e ss in g  m ineral lo ss.

When co n sid e rin g  th e  levels of in  s itu  dem ineralisation, fo r  th e  p u rp o se s  of 
th is  ex p erim en t, only  th e  re su lts  from  th e  norm al p laque an d  su cro se  
p laque conditions w ere tak en  in to  accoun t, as im plantation of S tr e p . 
m utans was n o t perfo rm ed  in  two of th e  s ix  su b jec ts  whose S tr e p . m u ta n s  

s tra in s  w ere in v e s tig a te d  in  th is  in  v itro  s tu d y .

No s ig n ific an t co rre la tions w ere seen  betw een an y  of th e  sa liv a ry  
c h a ra c te r is tic s , in v es tig a ted  in  C h ap ter IV, and  th e  caries experience  of 
the  in d iv id u a ls . T his is in  c o n tra s t to  a num ber of clinical s tu d ie s  
involv ing  c h ild re n , in  w hich sign ifican t re la tionsh ips betw een sa liv a ry  
levels of S t r e p . m utans and  Lactobacillus s p p . and  p re s e n t o r fu tu re  caries 
ac tiv ity  h av e  b een  fo und  (Klock & K rasse , 1977; C ro ssn e r, 1981; 
S teck sen -B lick s , 1985). However, in  th ese  s tu d ie s , a v e ry  much la rg e r  
sample size was u s e d , an d  th e  p red ic tiv e  ab ility  on a su b jec t b asis  was 
poor, w ith  th e  se n s itiv ity  and  specific ity  of th e  te s t  fo r  ind iv iduals b e in g  
0.50 an d  0 .80  re sp ec tiv e ly  in  th e  s tu d y  b y  C ro ssn e r. Sim ilarly, R ussell 
(1987) found  th a t  th e  u se  of microbiological te s ts  enab led  accu ra te  
p red ic tion  of caries  increm ent on a  h ig h , medium or low g roup  b a s is , in  

less th a n  50 % of in d iv id u a ls .

In th e  p re s e n t  s tu d y , th e  b e s t  association betw een th e  in itia l sc reen in g  
tests an d  th e  in  s itu  experim ental dem ineralisation level was th e  p a s t  
caries ex p erien ce  of th e  n a tu ra l den tition  of the  indiv idual ( p  < 0 .0 5 ). 
D ifferences in  th e  u se fu ln ess  of th is  param eter as a p re d ic to r  of fu tu re  
caries a c tiv ity  h ave  b een  found in  d iffe ren t s tu d ie s , w ith  some fin din g  th is
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to  b e  b e t te r  th a n  an y  o th e r  sc reen in g  te s ts  (Klock & K rasse , 1979; 

H onkala a t a l . , 1984), while o th e rs  have  found, i t  to b e  less  sen s itiv e  than  
m icrobial coun ts  (C ro s sn e r , 1981).

In  th e  p re s e n t  in v e s tig a tio n , th e  cariogenic p o ten tia l of th e  various 
s tra in s  was b a se d  m ainly on th e ir  ab ility  to su rv iv e  and  p ro d u ce  acid  a t 
low pH . T he v iab le  coun ts of S tr e p , m utans a t  th e  d iffe ren t sam pling 
tim es w ere no t m onitored in  th is  s tu d y , b u t  th is  should  be  in co rp o ra ted  
in to  fu tu re  s tu d ie s  to  determ ine w hether d ifferences a re  fo u n d , betw een 
s tr a in s ,  in  th e  num bers of v iable b a c te ria , and  to calculate th e  24 h o u r 
count as a  p ro p o rtio n  of th e  in itia l coun t.

A nother fa c to r  w hich may b e  im portan t re g a rd in g  th e  cariogenic p o ten tia l 
of a S t r e p . m utans s tra in  is its  ab ility  to  ad h ere  to  th e  too th  su rfa ce . 
D ifferences in  th e  p o ten tia l of th e  s tra in s  to adh ere  may have been  
p a r t ly  re sp o n sib le  fo r  th e  d ifferences in  levels of colonisation seen  
following im plantation  of th e  s tra in s  in  th e  appliance s tu d ie s . T his may 
account fo r  th e  fa c t th a t  le ss  good co rre la tion  was found  betw een th e  
levels of in  s itu  dem ineralisation  following im plantation of S tr e p . m utans 
and th e  re s u lts  of in  v itro  cariogen ic ity  te s ts  u s in g  th e  same s t r a in s , th a n  
the co rre la tio n  betw een  in  v itro  re s u lts  and  th e  dem ineralisation seen , in  
the app liance  model, w ith normal and  su cro se  p laq u es.

In th is  p re lim in a ry  s tu d y , only one s tra in  from  each of th e  s ix  v o lu n tee rs  
was u s e d . A lthough  all of th e  S tr e p . m utans colonies iso lated  from each 
ind iv idual w hich w ere  te s te d  u s in g  th e  biochem ical scheme of S hkla ir and  
Keene (1974) belonged  to  b io type  c , in  fu tu re  s tu d ie s , multiple s tra in s  from 
each su b jec t shou ld  b e  in v e s tig a te d  to  determ ine w hether d ifferences ex is t 
in th e  cariogen ic  p o ten tia l of d iffe ren t s tra in s  w ithin an  ind iv idual. 
F u r th e r , th e  re p ro d u c ib ility  of th e  re su lts  in  re la tion  to  each  s tra in  should 
be te s te d , as some v a ria tio n  was seen  among th e  fo u r experim ental ru n s , 
for each s tra in  invo lved  in  th is  experim en t, p a rtic u la rly  w ith re g a rd  to  Az 

values.

The re s u lts  of th is  s tu d y  su g g e s t th a t ,  in  addition  to  actual num bers of 
S trep . m utans p re s e n t ,  th e  cariogenic p o ten tia l of th e  ind iv idual s tra in s  is 
relevant in  de term in in g  w h e th er o r no t dem ineralisation will occur. T h u s, 
investigation of cariogen ic  p o ten tia l an d  th e  ab ility  of th e  organism  to
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a d h e re , shou ld  p e rh a p s  b e  in co rp o ra ted  in  fu tu re  caries a c tiv ity  te s ts  a n d , 
a lth o u g h  th e  m ultifac torial n a tu re  of th e  carious p ro cess  means th a t  th e  
re lev an ce  of o th e r  fa c to rs  should  also be co n sid ered , th is  model may be  
u se fu l as one of sev e ra l sc ree n in g  te s ts  in  a sse ss in g  th e  caries  r is k  of an  
in d iv id u a l.

5 .1 1 . C onclusions.

S ign ifican t d iffe ren ces  w ere found in  cariogenic p o ten tia l of th e  S tr e p . 
m utans s tra in s  iso la ted  from  six  of th e  ind iv iduals involved  in  th e  
app liance  s tu d y  d e sc rib ed  in  C h ap ter IV . While th e re  was no sig n ifican t 
re la tio n sh ip  betw een  th e  sa liv a ry  ch a rac te ris tic s  and  th e  su b jec t’s n a tu ra l 
and  experim en ta l caries  lev e ls , th e  in  v itro  cariogenic p o ten tia l of each 
s tra in  c o rre la ted  s ig n ifican tly  w ith  th e  DMFS score  and  in  s itu  
dem ineralisation  ex p erien ced  b y  th e  ind iv idual from whom th e  s tra in  was 
iso la ted .

Whilst th is  p re lim in ary  s tu d y  involved only six  ad u lt v o lu n te e rs , an d  was 
ca rrie d  o u t u s in g  only  one s tra in  of S tr e p . m utans from each  su b jec t, th e  
re su lts  ob ta ined  su g g e s t th a t  fu r th e r  w ork , u s in g  a much la rg e r  num ber of 
su b jec ts  an d  m ultiple s tra in s  from  each  ind iv id u a l, should  be u n d e rta k e n . 
In ad d itio n , su ch  an  in v estig a tio n  should  be  ca rried  ou t u s in g  a child 
population . T he p re lim in ary  w ork on th is  small sample su g g es ts  th a t  th e  
model may h av e  p o ten tia l fo r  developm ent as an  additional sc reen in g  te s t ,  

for th e  d e tec tio n  of h ig h  caries  r is k  in d iv idua ls .
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CHAPTER V I.

IN SITU  EARLY COLONISATION STUDY.

6 .1 . In tro d u c tio n .

S ev e ra l s tu d ie s  h a v e  c h a ra c te r is e d  th e  hum an m icroflo ra  d u r in g  th e  e a r ly  

s ta g e s  of co lo n isa tio n  of te e th  (S o c ra n sk y  e t a h  , 1977; S yed  & L o esch e , 

1978; N yvad  & K ilian , 1987) a n d  h av e  fo u n d  th a t  S trep to co c cu s  s p p . 

dom inate th e  p la q u e , w ith  a  m inor c o n tr ib u tio n  from  A ctinom yces s p p . 

H ow ever, m uch of th e  in fo rm ation  availab le  on e a r ly  p la q u e  developm ent 

has b e e n  o b ta in e d  from  u l t r a s t r u c tu r a l  s tu d ie s  (S a x to n , 1973; N yvad  & 

F e r je rsk o v , 1987), l ig h t m icroscopic s tu d ie s  of Gram s ta in in g  a n d  

m orphological g ro u p s  (T h e ilad e  & T h e ila d e , 1970), in v e s tig a tio n  of th e  

d ev e lo p in g  f lo ra  on a r t if ic ia l s u p p o r t in g  s t r u c tu r e s  su ch  a s  p la s t ic  film s o r 

Mylar s t r ip s  (R o n stro m  e t  a l . , 1977; T h e ilad e  e t al_., 1982) o r  from  s tu d ie s  

in vo lv ing  f is s u r e  in s e r t s  (T h e ilad e  e t a h  , 1974; S v a n b e rg  & L o esch e , 1977), 

w hilst on ly  a re la t iv e ly  sm all nu m b er of c u ltu ra l s tu d ie s  of e a r ly  sm ooth 

su rface  s u p ra -g in g iv a l  p la q u e  h av e  b een  c a r r ie d  o u t ( S o c ra n sk y  e t  a l . , 1977; 

Takam ori e t  al_., 1978; Moore e t aL , 1982; N yvad  & K ilian , 1987).

An in v e s t ig a tio n  w as th e re fo re  u n d e r ta k e n  to  a s c e r ta in  w h e th e r  th e  

appliance model cou ld  be  u tilis e d  to  p ro v id e  ad d itio n a l d a ta  on th e  

com positional a n d  n u m erica l ch an g es  ta k in g  p lace  d u r in g  th e  e a r ly  s ta g e s  

of p la q u e  dev elo p m en t on enam el s u r f a c e s . T he s tu d y  w as c o n d u c te d  in  a

lo n g itud ina l m an n er a n d  w as d e s ig n e d  to  allow

i] th e  id e n tif ic a tio n  a n d  en u m era tio n  of th e  d ev e lo p in g  m icroflo ra  

d u r in g  48 h o u r  p e r io d s , a n d

ii] th e  a s s e s s m e n t of th e  e ffe c ts  of r e g u la r  su c ro se  ap p lica tio n s  a n d  

th e  im p lan ta tio n  of S t r e p , m u tan s  o n  p la q u e  developm en t.

In a d d itio n , th e  t e s t  w as c a r r ie d  o u t o v e r  p e r io d s  of th r e e  w eek s, w ith  

plaque sam p lin g , f o r  a n a ly s is  a s  a b o v e , c a r r ie d  o u t a t  2 , 7 an d  21 d a y s .
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6 .2 . E xperim ental M ethods.

Two D ay S tu d y.

Enamel s lab s  of know n su rfa ce  a rea  w ere p re p a re d  as desc rib ed  in  Section 
2 .3 .7 . Twelve s lab s  w ere m ounted on to  each tro u g h  a rea  of th e  
app liance (F ig . 6 .1 . ) ,  an d  th e  device was w orn fo r p e rio d s  of 48 h o u rs , 
d u r in g  w hich time th e  su b je c t’s norm al d ie t was m aintained. T h ree  
v o lu n tee rs  w ere invo lved  in  th is  s tu d y . One ind iv idual p a rtic ip a ted  in  th e  
th re e  experim en tal p ro to co ls , ou tlined in  Section 4 .3 .1 . c a rried  out over 
th re e  se p a ra te  48 h o u r  p e r io d s , w hilst th e  o th e r two su b jec ts  w ere each 
involved  in  a  sing le  tw o -d ay  experim en t, d u rin g  which time a 10 % w /v  
su cro se  so lu tion  was app lied  to one s id e , as desc rib ed  in  Section 3 .4 .2 . ,  
w hilst th e  o th e r  tro u g h  a re a  rem ained u n tre a te d .

P laque sam ples w ere collected from th e  enamel s labs a f te r  2, 6, 10, 24, 30 
and 48 h o u rs  as d e sc rib ed  in  Section 2 .5 .2 . On each occasion, p laque was 
h a rv e s te d  from  fo u r  slabs - two on each s ide . The sam ples w ere 
collected in  th is  w ay in  an  attem pt to minimise an y  effec t th a t th e  
position  of each  slab  in  th e  tro u g h  a re a  may have h ad  on th e  composition 
of th e  p laq u e  m icroflora. Each sample was d isp ersed  in  1 ml ABB, 
d ilu ted  an d  inocu la ted  on to  blood a g a r , MSB and  Rogosa SL a g a r  p la te s  as 
desc rib ed  in  2 .5 .4 . A fte r ap p ro p ria te  in cu b atio n , also d esc rib ed  in  Section 
2 .5 .4 . ,  th e  p laq u e  composition was determ ined and  th e  iso lates ex p ressed  
bo th  as  a  p e rc en ta g e  of th e  to ta l colony form ing u n i t s , an d  as a  count p e r  
mm2 of enamel su rfa ce  as d esc rib ed  in  Section 2 .5 .5 .

T w enty-one D ay S tu d y.

Nine enamel s lab s  w ere m ounted on to  each side of th e  removable 
appliance of one su b jec t an d  th e  device was th e n  w orn fo r  periods of 
th ree  w eeks. P laque sam ples w ere collected from th re e  s labs on each 
side a t 2 d a y s , 7 days an d  3 w eeks. T h ree  sep a ra te  experim ental ru n s  
were c a r r ie d  o u t on th e  one su b jec t, d u rin g  which time th e  th re e  
experim ental p ro toco ls  ou tlined  in  Section 4 .3 .1 . w ere followed, g iv ing  a 
total of 6 s lab s  p e r  sam pling time fo r  each  of th e  NP, SP and  SPM 
conditions. The p laq u e  sam ples w ere p ro cessed  as desc rib ed  above, and
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Fig. 6 .1 . Twelve enamel slabs m ounted on tro u g h  a rea  of app liance.
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th e  m icrobial com position de term ined , b o th  b y  p ro p o rtio n a l an d  abso lu te  
c o u n ts .

Data H andling w ith R egard to  A bsolute C ounts.

T he abso lu te  coun ts w ere e x p re ssed  in  decimal log form , an d  fo r  each  
sam ple, h a lf th e  minimum detection  value of th e  p la te  from  w hich th e  
coun t was ob ta ined  was added  to  th e  count of each organism  u n d e r  s tu d y , 
b e fo re  ca lcu la tin g  i ts  count p e r  mm2 enamel su rface  and  th e n  log 
tran sfo rm in g  ( see Section 2 .8 . ) .

As Haemophilus sp p . w ere no t d e tec ted  in  a la rg e  p ro p o rtio n  of th e  
sam ples ob ta ined  from Subject A, in  b o th  th e  2-d a y  and  21-d a y  
ex p erim en ts , th e  log  count w hich would have  been  ob tained  u s in g  th e  
above m ethod would, on almost all occasions in  normal p laq u e , have  
re p re se n te d  m erely  th e  value of ha lf th e  detec tion  limit on th e  non- 
selec tive  p la te  from  w hich th e  counts w ere b e in g  ob ta ined . T h ere fo re  
th e y  would no t have  re flec ted  th e  tru e  s itu a tio n . For th is  re a so n , 
abso lu te  coun ts  fo r  Haemophilus sp p . have no t been  g iven .

Sim ilarly, L actobacillus sp p . was v e ry  ra re ly  iso lated  in  th e  2-d a y  s tu d y . 
A lthough the  estim ation of ha lf th e  detection  limit was made on th e  n e a t 
selective  p la te s , and  th e re fo re  was a much sm aller value th an  th a t 
obtained  from  th e  non -se lec tive  p la te s , as Lactobacillus sp p . was iso la ted  
from only  a  few sam ples, th is  estim ation was no t th o u g h t to  be  
ap p ro p ria te . The organism  was th e re fo re  excluded  from th e  Tables in 
which ab so lu te  coun ts w ere g iven , fo r  th e  2 -d ay  s tu d y .

However, one of th e  aims of th is  experim ent was to  a sse ss  th e  e ffec t of 
the im plan tation  of S tr e p . m utans on th e  composition of th e  m icroflora and  
the v iab le  num bers of th is  organism  iso la ted . A lthough S tr e p . m utans was 
not iso la ted  from  all sam ples, it  was iso lated  from most sam ples obtained  
u n der SPM conditions an d , as a  selective medium was u se d , th e  estim ated 
value fo r  th e  n ea t p la te s  on which th e  organism  was no t d e tec ted  was 
re la tive ly  sm all. T h e re fo re  absolu te  counts a re  g iven  fo r  S tr e p . m utans as 
this allows assessm en t of th e  change, w ith time, in  count of th e  organism  

per mm2 enamel su rfa c e , following im plantation.

436



A bsolu te  coun ts  w ere calcu lated  fo r  th e  rem ainder of th e  predom inan t 
o rg an ism s, b u t  have  n o t b een  g iven  fo r th e  organism s w hich w ere only 
occasionally  iso la ted , fo r  reaso n s in d ica ted  above.

6 .3 .  R esu lts.

As p laq u e  sam ples in  th e  2-d a y  experim ental ru n s  w ere ob ta ined  u n d e r  all 
th re e  experim en tal p ro toco ls only fo r  Subject A, to  allow assessm en t of 
th e  e ffec t of SPM conditions on p laque m icroflora, th e  re s u lts  fo r  th is  
su b jec t a re  co n sid ered  sep a ra te ly . Sim ilarly, th e  th ree -w eek  ru n s  w ere 
perfo rm ed  only  b y  S ub ject A and  so , b y  combining th e  d a ta  from  th e  two 
experim en ts  fo r  th is  su b jec t, th e  e ffec t of time from  2 h o u rs  to  3 w eeks 
could b e  in v e s tig a te d . In  th e  ea rly  p laque s tu d ie s , combined re s u lts  fo r  
th e  th re e  su b jec ts  have  also been  g iven , to  allow com parison of th e  b o th  
norm al a n d  su cro se  p laque m icroflora a t  d iffe ren t sam pling tim es.

6.3.1. M icrobial Composition of Plaque Samples O verlying Rnamel S lab s, 
D uring Two D ay Experim ental P eriods.

Subject A .

The p redom inan t cu ltivab le  p laque m icroflora, e x p re ssed  as a  p e rcen tag e  of 
the to ta l f lo ra , fo r  Subject A, u n d e r each trea tm en t condition, is shown in  
Table 6 .1 . ,  an d  th e  abso lu te  counts of th e  iso la tes a re  g iven  in  Table 6 .2 . 
The s ta tis tic a l analy ses  of variance  fo r th ese  re su lts  a re  g iven  in  Table
6 .3 . an d  6 .4 . ,  an d  th e  la t te r  shows th a t  a h ig h ly  s ig n ifican t in c rease  in  

total m icrobial count o ccu rred  w ith time.

Positive cocci predom inated  in  all p laque sam ples, ra n g in g  from 63.2 % to 
93.9 %, w ith  no s ig n ifican t effect of time o r trea tm en t condition w ith  
reg a rd  to  mean p e rc en ta g e  count (see Table 6 .3 ) . H ow ever, a h ig h ly  
sign ifican t in c rease  in  abso lu te  count occu rred  w ith time ( p  < 0 .001 ), in  
each trea tm en t g ro u p . The absolute count of positive  cocci was 
sign ifican tly  h ig h e r  in  SP th a n  in  NP samples ( p  < 0 .0 5 ), w ith  th e  values 
for SPM sam ples b e in g  in term ed ia te . As positive  cocci com prised th e  
majority of organism s iso la ted  from each sam ple, th e  same p a t te rn  and  
level of sign ificance  is seen  fo r effect of trea tm en t on to ta l microbial 

counts.
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S tr e p . o ra lis  accoun ted  fo r th e  v a s t m ajority  of th e  s trep to co cc i iso la ted  

u n d e r  all tre a tm e n t co n d itio n s , a t  most sam pling tim es, r is in g  in  p ro p o rtio n  
u p  to  30 h o u rs ,  b u t  th e n  fa lling  s lig h tly  in  th e  final sam ple, w ith  th e  
e ffe c t of time b e in g  s ig n ifican t a t th e  1 % level. S im ilarly, th e  abso lu te  
co u n ts  ro se , in  g e n e ra l, w ith  time ( p  < 0.001) and  only  in  su cro se  p laque  
d id  th e  num bers of th is  organism  fall a t  48 h o u rs . No trea tm en t e ffec t 
was seen  w ith  re g a rd  to  p e rcen tag e  co u n t, b u t  th e  abso lu te  count of 
S t r e p . o ralis  was h ig h e r  in  su crose  th an  norm al p laques ( p  < 0 .0 5 ). 
S t r e p . m utans was no t iso lated  from  an y  sample of th e  normal o r su cro se  
p la q u es , b u t  u n d e r  SPM conditions com prised 11.0 and  28.1 % of th e  to ta l 
m icroflora a t  2 an d  6 h o u rs , re sp ec tiv e ly , b e fo re  fa lling  to  u n d e tec tab le  
levels a t 10 h o u rs . The organism  was th en  iso lated  a t 0.1 % of th e  to ta l 
m icroflora in  all SPM sam ples from 24 to  48 h o u r s . However th e  abso lu te  
count ro se  from  1.10 log10 cfu p e r  mm2 enamel su rfa ce , a t 2 h ,  to  2.73 a t 
24 h ,  in  SPM sam ples. A lthough th e  in c rease  was no t seen  in  NP a n d  SP 
sam ples, th e  r is e  in  abso lu te  count w ith time was sign ifican t a t th e  5 % 
level. A lthough  no sign ifican t trea tm en t e ffec t was seen  w ith  re g a rd  to  
p e rcen tag e  co u n ts , th e  abso lu te  num bers of S tr e p . m utans w ere 
s ig n ifican tly  h ig h e r  ( p  < 0.001) in  th e  SPM sam ples, com pared to  p laques 
w here th e  organism  h ad  no t been  inoculated .

S tre p . san g u is  com prised a v e ry  variab le  p ro p o rtio n  of th e  m icroflora in  
all tre a tm en t cond itions, ran g in g  from Not D etectable to 46.4 %, b u t  was 
s ig n ifican tly  h ig h e r  in  normal p laque th an  in  samples ob tained  u n d e r  th e  
o ther p ro toco ls  ( p  < 0 .0 1 ), and  was generally  h ig h e r a t th e  2 an d  48 h o u r 
sampling tim es ( ag a in , p  < 0 .0 1 ). However, desp ite  a  s lig h t fall a t  6 
hours u n d e r  NP an d  SP conditions, th e  absolu te  count of S tr e p , sangu is 

showed a h ig h ly  s ign ifican t increase  ( p  < 0.001) w ith time.

Positive b a cilli com prised a mean of 23.4 and 20.0 % in  th e  2 h o u r sam ples 
from norm al an d  su cro se  p laq u es , re sp ec tiv e ly , b u t only 1 .8  % in  th e  2 h  
samples ob ta in ed  u n d e r  SPM conditions. In  th e  la s t g ro u p , positive  bacilli 
always acco u n ted  fo r  le ss  th an  6 % of th e  to ta l flo ra . U nder all
treatm ent cond itions, positive  bacilli consisted  almost e n tire ly  of 
Actinomyces sp p . In  norm al and  sucrose  p laq u es , th e  p ro p o rtio n  of 
actinomyces fell be tw een  2 and  10 h o u rs , b u t re fe ren ce  to  th e  abso lu te  
counts shows th a t  th e  num ber of organism s rem ained fa irly  s ta tic  over th is  

period, b e fo re  r is in g  1000-fold u p  to  48 h o u rs .
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T he p e rc e n ta g e  d is tr ib u tio n  of A. odonto ly ticus and  th e  ca ta lase  positive  

an d  n eg a tiv e  d iv isions of A. v iscosus / n a es lu n d ii, iso la ted  from  p laque 
ob ta in ed  from  S ubject A u n d e r  each trea tm en t condition , a t all sam pling 
tim es is  show n in  T able 6 .5 , A. odonto ly ticus was iso la ted  a t  only  one 
sam pling time (24 h o u rs )  u n d e r  normal p laque conditions, b u t  was iso la ted  
a t  all sam pling tim es from  su crose  p laq u e , and  all b u t  two sam pling times 
from  SPM. C atalase positive  members of th e  A. v iscosus I n aeslund ii 
g ro u p  w ere iso la ted  on only fo u r of 18 sam pling times w ith  no trea tm en t 
e ffec t b e in g  seen , b u t  th is  organism  was n e v e r iso la ted  from  sam ples 
ob ta ined  a t  24 - 48 h o u rs . The catalase negative  division of th is  g ro u p  
also te n d e d  to  b e  iso la ted  only from th e  e a rly  sam ples, and  in  th e  two 
h o u r sam ples u n d e r  NP and  SP conditions, com prised 14.9 and  8 .9  % 
re sp e c tiv e ly  of th e  to ta l p laque flo ra .

Lactobacillus sp p . w ere not iso lated  from an y  sample u n d e r  th e  th re e  
trea tm en t cond itions.

Veillonella sp p . com prised almost th e  to ta l negative  cocci iso la ted , an d  th e  
mean p e rc e n ta g e  count showed no obvious tre n d  in  re la tion  to  time o r 
trea tm en t cond itions, b u t  th e  abso lu te  counts showed a h ig h ly  s ig n ifican t 
in c rease  w ith  time ( p  < 0.001, see Table 6 .4 . ) ,  and  th e  num bers w ere 
g en era lly  h ig h e r  in  th e  su crose  p laque samples com pared to  norm al p laque  

( p  < 0 .0 5 ).

N egative bacilli com prised a mean of betw een 6 .5  and  13.0 % of th e  to ta l 
m icroflora fo r  most of th e  NP and  SP sam ples, b u t accounted  fo r only  1 .9  
% of th e  NP flo ra  a t 2 h o u rs , and  2 .4  % of th e  SP flo ra  a t 30 and  48 
h o u rs . U nder SPM conditions, th e  p ro p o rtio n  of negative  bacilli 
decreased  w ith  tim e, from 9 .0  % a t two h o u rs  to 2.1 % a t 48 h o u rs , b u t 
overall, no s ig n ifican t time o r trea tm en t e ffect was seen . How ever, th e  
absolute coun t of negative  bacilli in c reased  w ith  time in  all trea tm en t 
g roups ( p  < 0 .001 ), w ith no sign ifican t d ifference  betw een trea tm en t 

conditions.

Haemopbihi s s p p . w ere no t d e tec ted  from  an y  sample u n d e r  NP cond itions, 
bu t w ere iso la ted  from a t leas t one sample of SP and SPM p laque a t each 
samplin g  tim e, w ith  th e  e ffec t of th e  sucrose  addition b e in g  sign ifican t a t 

the 1 % level.
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Ba.ctepoid.es s p p . accoun ted  fo r  1 .9  % of th e  2 h o u r p laque u n d e r  NP 

con d itio n s , b u t  th e re a f te r  ra n g e d  from 7 .8  to 12.2 % in  th is  trea tm en t 
g ro u p . T his was s ig n ifican tly  h ig h e r ( p  < 0.001) th a n  th e  p ro p o rtio n s  
ob ta ined  from  SP and  SPM p laq u es . However, w ith re fe ren ce  to  abso lu te  
c o u n ts , no s ig n ifican t trea tm en t e ffec t was seen , b u t  th e  num bers of th e  
organism  in c re a se d  w ith  tim e, in  all trea tm en t g ro u p s ( p  < 0 .001 ).

T hree S u b jects.

T he p e rc e n ta g e  d is tr ib u tio n  of th e  predom inant cu ltivable flo ra  iso la ted  a t 
each  sam pling tim e, fo r  th re e  su b jec ts  com bined, u n d e r  NP an d  SP 
conditions is shown in  Table 6 .6 . ,  and  a com prehensive sum m ary of all th e  
o rganism s iso la ted  is  g iven  in  Table 6 .7 . The abso lu te  counts of th e  
p redom inan t organism s a re  shown in  Table 6 .8 . ,  an d  th e  s ta tis tic a l analyses 
a re  g iv en  in  T ab les 6 .9 . and  6.10.

As was found  w ith  th e  re su lts  from Subject A alone, th e  positive  cocci 
com prised a  v e ry  h ig h  p ro p o rtio n  of th e  p laque m icroflora a t all sam pling 
times u n d e r  b o th  trea tm en t conditions, and  ran g ed  from 66.5 - 88.2 %. 
The p ro p o rtio n  of th is  m orphological g roup  ten d ed  to  r is e  in  b o th  g ro u p s 
from th e  in itia l value b u t  th en  fell again  a f te r  30 h o u rs , and  th e  
d ifference  in  p ro p o rtio n s  w ith  time was s ign ifican t a t  th e  5 % level ( see 
Table 6 .9 . ) .  The abso lu te  count of positive  cocci ro se  sign ifican tly  w ith 
time ( p  < 0 .0 0 1 ), and  was also sign ifican tly  g re a te r  u n d e r  su crose  
conditions com pared to  normal p laque ( p  < 0 .0 1 ), w ith th e  maximum 
d ifference  b e in g  seen  a t  30 h o u rs , a lthough  th e  re su lts  fo r NP and  SP 

samples w ere sim ilar a t 48 h o u rs .

The to ta l coun t of organism s iso lated  para lle led  re su lts  fo r  th e  positive  
cocci, r is in g  w ith  time ( p  < 0 .001), and  be in g  h ig h e r in  th e  samples 
exposed to  e x tra -o ra l  su cro se  applications ( p  < 0 .0 1 ). Sim ilarly, th e  
absolute coun t of all g ro u p s , g en era  and  species u n d e r s tu d y  ro se  w ith 
time, in c lu d in g  S t r e p . m utans w hich com prised only  a  v e ry  small p ro p o rtio n  
of th e  to ta l m icroflora, an d  w ith re sp ec t to  p e rcen tag e  cou n t, showed no 
re la tionsh ip  w ith  tim e. F or b o th  p e rcen tag e  and  abso lu te  co u n ts , no 
significant tre a tm en t e ffec t was seen  re g a rd in g  S tre p . m u tan s .
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S tr e p . o r a l i s  was th e  most ab u n d an t species on all sam pling occasions, a n d , 

as w ith  p o sitiv e  cocci as a whole, ro se  in  p ro p o rtio n  following th e  in itia l 
sam ple to  a maximum a t 30 h o u rs , and  fell th e re a f te r . T his time e ffec t 
was s ig n ifican t a t  th e  0 .1 % level. The abso lu te  count of S tr e p . o ra lis , 
o th e r  th a n  th e  48 h o u r sample u n d e r SP conditions, ro se  w ith time ( p  < 
0 .0 0 1 ). T he p ro p o rtio n  of S tr e p , oralis was s lig h tly  h ig h e r in  su cro se  
p laq u e  sam ples (n o t s ig n if ic a n t) , b u t  a  more m arked d ifference  was seen  
w hen com paring abso lu te  counts (s ign ifican t a t th e  1 % le v e l).

S t r e p . san g u is  showed th e  opposite t r e n d , w ith  re g a rd  to  p ro p o rtio n s , b e in g  
h ig h e s t a t  2 an d  48 h o u rs  ( p  < 0 .0 5 ), and  more ab u n d an t in  th e  NP th a n  
SP sam ples ( p  < 0 .0 5 ). However, no sign ifican t trea tm en t e ffec t was 
seen  w ith  r e g a rd  to  abso lu te  co u n ts , which ro se  w ith  time in  b o th  
trea tm en t g ro u p s  ( p  < 0 .001).

The m ean p ro p o rtio n s  of S tr e p . sa livarius (seen  in  Table 6 .7 .)  u n d e r  NP 
and  SP conditions a t 2 h o u rs  w ere 5 .2  and  10.5 %, re sp ec tiv e ly , and  
th e re f te r  a  fa ll took place to undetec tab le  levels a t 24 h o u rs , in  b o th  
trea tm en t g ro u p s . H ow ever, th e  organism  was d e tec ted  in  low p ro p o rtio n  
a t 30 and  48 h o u rs , com prising less th an  1 % of th e  to ta l m icroflora a t th e  
la t te r  sam pling tim e.

At 2 h o u rs  u n d e r  normal p laque conditions, members of th e  M icrococcus j 
Staphylococcus g roup  accounted  fo r a mean level of 8 .3  % of th e  to ta l 
m icroflora, b u t  in  all su b seq u en t samples in  th is  trea tm en t g ro u p , an d  in  

all su c ro se  p laq u es  th e y  w ere e ith e r u n d e tec ted  o r p re s e n t in  v e ry  low 

p ro p o r tio n s .

The mean p ro p o rtio n  of positive  bacilli fell from th e  in itia l va lue, befo re  
ris in g  again  in  th e  la te r  samples ( s ign ifican t a t th e  5 % le v e l) . No 
sign ifican t tre a tm e n t e ffec t was seen in  th e  p ropo rtions of positive  bacilli, 
b u t th e  ab so lu te  coun ts w ere s ign ifican tly  h ig h e r u n d e r SP conditions ( p  < 
0.01) , w ith  th e  g re a te s t  d ifference b e in g  found a t  30 h o u rs . The abso lu te  
count of po sitiv e  bacilli fell s ligh tly  from 2 to 6 h o u rs , b u t ro se  

th e re a f te r .

Actinomyces sp p . followed th e  p a tte rn  described  fo r positive  bacilli, w ith  
the low est v a lues b e in g  found  a t 10 ho u rs  in  b o th  cases, a lthough  th e
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proportions for bP were sligh tly  higher. The effects of time and 

treatment on mean percentage count were both significant at the 5 % 
lev el. The absolute counts of this genus were again higher in sucrose  
than in normal plaques (significant at the 1 % le v e l) , and under both  
treatm ent conditions, again followed the pattern with time described for 
positive bacilli. At the species level, A, odontolyticus was present at all 
sampling times from SP plaque, and all but one time (10 hours) from NP 
plaque. Overall, the proportion of the species decreased after the 2 hour 
sample, b u t rose again at 24 hours. The percentage counts were 
generally  higher in the SP samples. The catalase positive division of A. 
v iscosu s / naeslundii was isolated at only four sampling times for the two 
treatment conditions combined, and the mean result never comprised more 
than 3 % of the total microflora. The catalase negative division was 
isolated at more sampling tim es, and was present in the h igh est proportion  
at 2 and 6 hours for both NP and SP, where the counts ranged from 2.5  
to 5 .0  %.

Although the low est proportion of negative cocci was found at 30 hours, 
for both NP and SP conditions, the proportion and absolute counts, in 
general rose with time (significant at the 1 % and 0.1 % lev e ls , 
r esp e c tiv e ly ) . The values obtained from SP samples were significantly  
higher than from the samples produced under NP conditions. In general, 
YeilloneHn sp p . paralleled the results for negative cocci, but in several 
samples from 24 hours on, Neisseria sp p . accounted for a greater  

proportion of the total flora than did veillonella.

The proportion of negative bacilli, under NP conditions, remained stable 
with time a t around 7 -  10 %, while in sucrose plaque the percentage  
count of negative bacilli decreased overall, with time, from 9 .0  to 2 .6 %. 
Although, for the two treatments combined, no significant time effect was 
seen with regard to mean percentage counts, in general the absolute 
count rose in both normal and sucrose plaques with time, and this was 
significant at the 0.01 % level. The number of negative bacilli was 
higher in  sucrose than in normal plaques ( p 4 0.05) ,  with the greatest 

difference again being seen at 30 hours.

Haemophi 11 1r sp . was isolated from all but one sampling time under NP 
conditions and a t all sampling times from sucrose plaque. The proportion
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of Haem ophilus s p . showed no p a tte rn  w ith  tim e, b u t  was g en era lly  s lig h tly  
h ig h e r  in  th e  NP sam ples (s ig n ifican t a t th e  5 % le v e l) . Sim ilarly, th e  
p ro p o rtio n  of B actero ides sp p . was h ig h e r u n d e r  NP conditions ( p  < 0 .01) 
b u t  no time effec t was seen . However, as w ith  all o th e r  o rgan ism s, th e  
ab so lu te  coun t g en era lly  ro se  w ith time ( p  < 0 .001 ), a lth o u g h  th e  48 h o u r 
value  in  su c ro se  p laque  was lower th an  th e  30 h o u r re s u lt .  No sig n ifican t 
tre a tm en t e ffec t was seen  w ith  re g a rd  to  abso lu te  co u n ts.

A h is tog ram  sum m arising th e  p e rcen tag e  d is trib u tio n  of Gram p o sitive  and  
n eg ativ e  cocci an d  bacilli fo r all su b jec ts , u n d e r  b o th  trea tm en t 
co n d itio n s , a t each  sam pling tim e, is shown in F ig . 6 .2 . an d  a h istogram  
show ing th e  mean to ta l counts obtained from each  trea tm en t condition , a t  
each sam pling tim e, fo r th e  th re e  su b jec ts  combined is shown in  F ig . 6 .3 . 
In  F ig s . 6 .4 . an d  6 .5 . th e  changes w ith time of th e  positive  and  n eg ative  
coccal an d  b a c illa ry  co u n ts , and  th e  to ta l co u n ts , u n d e r  NP an d  SP 
conditions re sp ec tiv e ly  a re  ind ica ted , and  it  can be seen  th a t th e  to ta l 
coun ts c losely  p a ra lle l th e  Gram positive  coccal counts on b o th  g ra p h s .

The mean d iffe ren ces  in  log10 counts p e r  mm2 enamel su rfa c e , betw een 
SP an d  NP p la q u e s , a t each  sam pling time a re  shown in  F ig . 6 .6 . T he NP 
counts fo r  each  Gram sta in in g  and  morphological g ro u p , an d  th e  to ta l 
co u n ts , h av e  b een  su b tra c te d  from th e  co rrespond ing  SP co u n ts , and  th e  
re su lta n t va lues p lo tted . I t can be seen  th a t ,  w ith th e  exception  of th e  48 
hou r n eg a tiv e  b ac illa ry  re s u lt ,  on ev e ry  occasion, th e  calculated value is 
po sitiv e , in d ic a tin g  th a t  h ig h e r counts w ere obtained from  th e  p laques 
exposed to  e x tra -o ra l  su cro se  applications.

6 .3 .2 .  M icrobial Composition of Plaque Samples O verlying Enamel S lab s, 
D uring Tw enty-O ne Day Experimental P eriods.

The p e rc e n ta g e  d is trib u tio n  of th e  predom inant cultivable m icroflora 
isolated from  one su b jec t from 2, 7 and  21-d ay  plaque sam ples, u n d e r  NP, 
SP and  SPM cond itions, is shown in Table 6 .1 1 ., and  a com prehensive 
summary of all organism s isolated  is shown in  Table 6 .12. The counts of 
the p redom inan t m icroflora a t each sampling time is shown in  Table 6 .1 3 ., 
and th e  s ta tis tic a l analyses of variance of th e  p roportional and  abso lu te  

counts a re  show n in  T ables 6 .14. and 6 .1 5 ., re sp ec tiv e ly .
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T he mean p ro p o rtio n  of positive  cocci d ecreased  in  all trea tm en t g ro u p s  
with, tim e, th e  2-d a y  re s u lts  ran g in g  from  76.3 - 92.4 %, com pared to  th e  
ra n g e  of 25.6 - 46.0 % fo r th e  21-d a y  sam ples. T his change was h ig h ly  
s ig n ific an t ( p  < 0.001 - see Table 6 .1 4 .)  T his re la tio n sh ip  w ith  time was 
m ainly a ttr ib u ta b le  to S tr e p . o ra lis , whose re su lts  followed a  sim ilar 
p a t te rn  of equal s ign ificance . However, re fe ren ce  to  abso lu te  counts of 
th e  m icroflora (T able  6 .1 3 .)  shows th a t ,  overa ll, no s ig n ifican t change in  
S t r e p . o ralis  o c cu rred  w ith time. No trea tm en t e ffec t was seen  fo r  th is  
o rgan ism , fo r  e ith e r  p ro p o rtional o r absolu te  co u n ts . T hese re s u lts  w ere 
p a ra lle led  b y  th e  re s u lts  fo r positive  cocci, and  th e  to ta l m icrobial co u n ts , 
w here no re la tio n sh ip  w ith time o r trea tm en t conditions was seen .

The mean p ro p o rtio n  of S tre p . sanguis in c reased  w ith time u n d e r  norm al 
p laque conditions b u t ,  in  b o th  SP and  SPM, p laques showed a  s lig h t 
in c rease  from  2 to  7 d a y s , followed b y  a m arked fall in  p ro p o rtio n . 
O verall, th e re  was no sign ifican t time e ffect w ith re fe re n ce  to  
p ro p o rtio n a l c o u n ts , b u t the  values obtained from SP sam ples w ere 
s ig n ifican tly  h ig h e r  th a n  those  from NP and  SPM ( p  < 0 .0 1 ). This 
trea tm en t e ffec t was only  s ign ifican t a t the  5 % level fo r abso lu te  c o u n ts , 
b u t h e re ,  a  s ig n ifican t change in  num bers w ith time was seen  ( p  < 0 .0 5 ), 
w ith th e  co u n ts  r is in g  a t seven  d a y s , and  falling  again s lig h tly  in  th e  fina l 
sam ples.

S tre p . m utans was e ssen tia lly  unchanged  in  p ropo rtion  w ith time in  NP and  
SP con d itio n s , b u t  showed a m arked r ise  in  mean p e rcen tag e  count from 
1.6 % a t 2 d ays to  18.0 % a t  21 days in  samples w here th e  organism  h ad  
been im plan ted . A sign ifican t trea tm en t effect ( p  < 0 .001), o ccu rred  
with S t r e p . m u ta n s , w hich was considerab ly  h ig h e r a t all sam pling times 
u n d er SPM conditions compared to th e  o th e r two trea tm en t g ro u p s . A 
similar d iffe ren ce  betw een SPM, and th e  p laques w here th e  organism  was 
not in o cu la ted , was seen  w ith re fe rence  to absolu te counts (s ig n ifican t a t 
the 0 .1  % level) b u t ,  un like th e  p roportional re su lts  w here no sign ifican t 
change w ith  time o c c u rre d , th e  absolute counts ro se  betw een 2 an d  7 days 
under all tre a tm e n t conditions and  rem ained a t approxim ately th is  level in  

the fina l sam ples -  th is  change w ith time was sign ifican t ( p  < 0 .0 5 ). 
S trep . s a liv a r iu s , shown in  Table 6 .1 2 ., was u n d e tec ted  in  most sam ples, 
under all tre a tm e n t conditions, and a t th e  two sam pling times when i t  was 
isolated, i t  com prised le ss  th an  1 % of the  to tal cultivable m icroflora.
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yeillonella  sp p . com prised th e  to ta l of th e  negative  cocci iso la ted  a n d , fo r  

th e  th re e  tre a tm en t conditions com bined, had  its  h ig h e s t mean p ro p o rtio n  
in  th e  7-d a y  sam ples, and  th e  lowest a t 21 d ay s . T his change in  time 
was s ig n ifican t ( p  < 0 .0 5 ). Sim ilarly, th e  abso lu te  coun ts ro se  betw een  2 
an d  7 d a y s , b e fo re  fa lling  to  an  in term ediate  level in  th e  fin a l sam ple. 
T he sign ificance  level fo r  th is  change in  count w ith time was 0 .1  %. No 
s ig n ifican t tre a tm en t e ffec t was seen  fo r  Yeillonella s p p . ,  w ith  re g a rd  to  
e ith e r  p ro p o rtio n a l o r abso lu te  coun ts.

P ositive  bacilli showed a h ig h ly  s ign ifican t r ise  in  p ro p o rtio n  and  abso lu te  
coun t w ith  time in  all trea tm en t g roups ( p  < 0 .001), and  a sim ilar p a t te rn  
was seen  w ith  Actinom yces s p p . .  which was again  sign ifican t a t th e  0 .1  % 
level. No s ig n ifican t trea tm en t effect o ccu rred  fo r e ith e r  th e  g roup  o r th e  

g e n u s . At 7 d a y s , w here Actinomyces sp p . com prised 21.2 - 37.7 % of th e  
to ta l f lo ra , th e  most ab u n d an t species of th is  genus was A. odonto ly ticus 
w hich acco u n ted  fo r  more th a n  50 % of th e  Actinomyces s p p . u n d e r  each  
trea tm en t condition . H owever, a t 21 d a y s , th e  cata lase  negative  A. 
v iscosus I n aeslu n d ii (ie . A. n aeslund ii-like) organism s com prised th e  
m ajority  of Actinom yces sp p .in  th e  NP, SP and  SPM p laq u es .

Lactobacillus sp p . com prised a v e ry  low p ro p o rtio n  of th e  to ta l m icroflora 
in all p laq u e  sam ples, and  showed no p a tte rn  w ith time o r trea tm en t 
conditions. N ev erth e le ss , the  absolu te counts ro se  w ith time in  all 
trea tm en t g ro u p s , th e  count a t 2 days ra n g in g  from 0.04 - 0.47 log10 cfu 
p e r mm2 enamel su rfa c e , while th e  ran g e  a t  21 days was 1.53 - 2 .60. 
This p a t te rn  was sign ifican t a t th e  1 % level.

N egative bacilli showed no sign ifican t change in  p ro p o rtio n  o r count w ith 
time, and  th e  mean p ropo rtion  n ev er com prised more th an  6 % of th e  
plaque m icroflora, a t an y  tim e, in  any  trea tm en t g ro u p . Haemophilus sp p . 
had h ig h e s t  mean p ro p o rtio n  in  each trea tm en t g roup  in  th e  in itia l sam ple, 
and in d eed  was no t d e tec ted  in  any  su b seq u en t sample in  e ith e r  SP o r  SPM 
plaques. T h is  fa ll w ith  time was s ign ifican t a t th e  5 % level an d  th e  
sligh tly  h ig h e r  p ro p o rtio n s  found u n d e r normal p laque conditions was also 
sign ifican t a t  th is  level. Because of th e  low isolation freq u en cy  of th is  
organism , abso lu te  counts have not been  given (see Section 6 .2 ) . The 
mean p ro p o rtio n  of B actero ides s p p . , u n d e r each trea tm en t condition , ro se  
from th e  2-d a y  value (sign ifican t a t the  5 % lev e l), while th e  absolu te
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co u n ts  also showed a s ign ifican t time effec t ( p  < 0 .0 1 ), w ith  th e  num bers 

r is in g  from  2 - 7  d a y s , and  rem aining a t th is  level in  th e  21-d a y  sam ples. 
With r e g a rd  to  b o th  p ro p o rtio n s  and  c o u n ts , no s ig n ifican t tre a tm en t 
e ffec t was seen .

A h istog ram  sum m arising th e  p e rcen tag e  d is tr ib u tio n  of Gram p o sitive  and  
n eg a tiv e  cocci an d  bacilli, u n d e r  each trea tm en t condition , a t  each  
sam pling tim e, is shown in  F ig . 6 .7 .

6 . 3 . 3 .  Change in  M icrobial Composition of Plaque from Two Hours to  
T w enty One D ays, in  One Subject.

The 2-d a y  an d  21-d ay  experim ental ru n s  w ere perform ed a t  d iffe ren t 
tim es, an d  4 sam ples w ere obtained a t each sam pling time fo r  each  
trea tm en t condition in  the 2 - 4 8  h o u r experim ent, while six  sam ples w ere 
ob ta ined  fo r each  ca teg o ry  in  th e  th ree -w eek  experim ent. T h u s , w hen 
combining re s u lts  of th e  two experim en ts, fo u r samples w ere available fo r 
each sam pling time u p  to  30 h o u rs , te n  samples fo r 48 h o u rs  and  s ix  fo r  7 
and  21 d a y s . T he p ropo rtional an d  abso lu te  counts of th e  p redom inan t 
m icroflora iso la ted  in  th e se  experim ental ru n s  a re  g iven  in  Tables 6 .1 .and
6 .3 . (2 -d ay  ex p erim en t), and  6 .11. and  6 .13. (21-day  ex p erim en t).

The to ta l m icrobial count u n d e r NP conditions was sim ilar a t 2 and  6 
h o u rs , w ith  values of 1.82 log1Q cfu p e r  mm2 enamel su rface  and  1 .88 , 
re sp ec tiv e ly , b e fo re  reach in g  a p la teau  a t 48 h o u rs , w here th e  mean 
counts w ere 6.58 (in  th e  2 -day  experim ent) and  6.84 (in  th e  21-day 
ex p erim en t). The counts rem ained s ta tic  th e re a f te r . In  su crose  p laque 
sam ples, th e  maximum count was reached  a t 30 h o u rs , w ith a value of 

approxim ately  7.00 log10 p e r  mm2 enamel su rface , while u n d e r  SPM 
conditions, the  p la teau  count was reached  a t 48 h o u rs , when th e  count was 
6.78. In  each  case , th e  to ta l count achieved was sim ilar, a lthough  w ith  
the su c ro se  p laq u e  samples th e  maximum count was a tta in ed  more qu ick ly .

The mean p ro p o rtio n  of positive  cocci, u n d e r all trea tm en t conditions, rose  
sligh tly  from  th e  in itia l value (approxim ately 70 %) u n til 30 - 48 h o u rs  
(approxim ately  80 %), a f te r  which i t  fell m arkedly  to  a ro u n d  45 -s in  7- 

day, an d  33 % in  21-day  sam ples.
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N egative  cocci showed no tre n d  in  mean p ro p o rtio n  from  2 h o u rs  to  21 

d a y s , b u t  w ere g en era lly  a t th e ir  h ig h e s t in  7-d a y  sam ples. P ositive  
bacilli fe ll from  th e  values ob tained  a t 2 h o u rs  (approx im ate ly  15 %) to  a  
m uch low er level in  sam ples tak en  a t 10 - 30 h o u rs . A small r is e  was 
seen  a t 48 h o u rs , b u t  a g re a te r  in c rease  o ccu rred  th e re a f te r ,  w ith  th is  
g ro u p  form ing approxim ately  30 % of th e  7-d a y , and  50 % of th e  21-d a y  
sam ples.

N egative  bacilli accounted  fo r  approxim ately  10 % of th e  to ta l m icroflora 
u p  to  24 h o u rs ,  b u t  g en era lly  fell su b seq u en tly , and  a t 21 days com prised 
a ro u n d  4 % of th e  to ta l organism s iso la ted .

S t r e p . m utans was e ith e r  u ndetec tab le  o r p re s e n t a t 0 .1  %, o r le s s , of th e  
to ta l flo ra  in  th e  norm al and  sucrose  p laques a t all sam pling times u p  to 
21 d a y s . In  th e  SPM p la q u e , S tr e p . m utans fell from  in itia lly  h ig h  levels 
(11 .0  % a t 2 h o u rs  and  28.1 % a t 6 h o u rs ) to v ir tu a lly  u n d e tec tab le  levels 
up  to  2 d a y s . The organism  co n stitu ted  13.1 % of th e  flo ra  a t 7 days 
and  18 .0  % a t 21 d ay s . However, re fe ren ce  to  abso lu te  coun ts 
dem o n stra ted  a r is e  from 1.10 log1Q cfu p e r  mm2 enamel su rface  a t 2 
h o u rs  to  5 .60  a t 7 d a y s , a lthough  th e  counts a t 10 and  24 h o u rs  d id  no t 
f it  th e  g en e ra l t r e n d .  The count a t 21 days was v ir tu a lly  u n ch an g ed  from 

the  7-d a y  v a lu e .
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T ab le  6 .1 .

SUBJECT A 
NORMAL PLAQUE

+ve cocci 

S . m utans 

S . san g u is  

S . o ra lis

-ve cocci 

VeilloneUa

+ve bacilli

Actinom yces

Lactobacillus

-ve  bacilli

Haemophilus

B actero ides

Mean (SD) predom inant cu ltivab le  p laque flo ra  
e x p re sse d  as a p e rcen tag e  of th e  to ta l f lo ra , a t 
2 - 48 h ,  fo r S ub jec t A, u n d e r  each  trea tm en t
condition , n=4.

2h 6h lOh

72.7
(10 .3)

80.8
(14.6)

88.9
(15.7)

ND ND ND

46.4 
( 0 .4)

5.8
(11.6)

ND

26.2
(10 .0)

75.0
(24.2)

88.9
(15.7)

1.9 
( 2 .7 )

1.7 
( 3 .4)

ND

1.9 
( 2 .7)

1.7 
( 3 .4)

ND

23.4 
( 4 .9)

4.8 
( 3 .9)

ND

21.6 
( 2 .2 )

1.9 
( 3 .8 )

ND

ND ND ND

1.9 
( 2 .7)

12.6
(11.7)

11.1
(15.7)

ND ND ND

1.9 
( 2 .7 )

11.8
(12.4)

11.1
(15.7)

24h 3 Oh 48h

83.8 
( 7 .7 )

92.2 
( 9 .7 )

74.7
(19 .2)

ND ND ND

14.2
(16 .7)

2.6 
( 5 .2 )

41.3
(25 .2)

69.6
(23 .8)

89.6 
( 8 .2 )

33.4
(19 .8)

ND ND 9.1
(10 .8)

ND ND 9.1
(10 .8)

8.3
(11 .8)

ND 4.0  
( 4 .6 )

8.3
(11 .8)

ND 2.1 
( 4 .2 )

ND ND ND

7.9 
( 9-7)

7.8 
( 9 .7 )

12.2
(15 .8)

ND ND ND

7.9 
( 9 .7 )

7 .8 
( 9 .7 )

12.2
(15 .8)
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SUBJECT A
SUCROSE PLAQUE

2h 6h lOh 24h 3 Oh 48h

+ve cocci 63.2
(28 .4)

80.1
(23 .9)

83.9
(13 .2)

83.4
(13 .9 )

91.8 
( 7 .0 )

78.0
(35 .5 )

S . m utans ND ND ND ND ND ND

S . san g u is 13.0
(15 .4)

ND ND ND 4.7 
( 9 .4 )

13.1
(15 .1 )

S . o ralis 46.4
(17 .6)

77.0
(22.8)

83.0
(14.0)

81.8
(13 .7)

87.1
(10 .6)

52.2
(48 .6)

-v e  cocci 6 .6 
( 5 .9 )

7.9
(13 .1)

2.1 
( 4 .2 )

2.8 
( 3 .3 )

2 .4  
( 3 .2 )

7.5
(12 .2)

V eillonella 6.6 
( 5 .9 )

2.2 
( 2 .5)

ND 2.8 
( 3 .3 )

2.4 
( 3 .2 )

7.5
(12 .2 )

+ve bacilli 20.0
(14 .5)

4.4 
( 6 .4)

1 .0  
( 2 .1)

4.2 
( 2 .9)

2.5 
( 5 .0 )

12.2
(24 .4)

Actinom yces 18.6
(16 .4)

4.4
( 6 . 4 )

1 .0  
( 2 .1)

4.2 
( 2 .9)

2.5 
( 5 .0 )

12.2
(24 .4)

Lactobacillus ND ND ND ND ND ND

-v e  bacilli 10.2 
( 9 .5 )

6.5 
( 5 .8 )

13.0
(10 .2)

9 .4
(13 .1)

3.3 
( 4 .7 )

2.3 
( 4 .6 )

Haemophilus 5.4
(10.7)

2.1 
( 4 .2)

10.2
(12 .2)

9.4
(13.1)

3.3 
( 4 .7 )

2.3 
( 4 .6 )

B actero ides 1.2 
( 2 .5)

3.3 
( 4 .3)

2.8 
( 5 .6 )

ND ND ND

Table 6 .1 . cont.
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SUBJECT A
SPM

2h 6h 10b 24h 30h 48h

+ve cocci 76.5
(22 ,1 )

81.9
(16 .0)

64.5
(25 .9)

89.7 
( 9 .9 )

93.9 
( 1 .6 )

90.6 
( 4 .2 )

S . m utans 11.0
( 7 .4 )

28.1
(48.0)

ND 0.1 
( 0 .0 )

0.1 
( 0 .0 )

0.1 
( 0 .0 )

S . san g u is 1 .9
( 3 .8 )

ND 14.2
(21 .9)

8 .2  
( 7 .7)

ND 4.0  
( 2 .8 )

S. o ra lis 65.7
(18 .3 )

43.5
(38 .5)

48.2
(30 .2)

78.6
(12 .6)

93.9 
( 1 .6 )

84.9 
( 4 ,4 )

-v e  cocci 12.6
(12.8)

7 .0
(10.2)

23.8
(27 .0)

0.8 
( 1 .7 )

3.7 
( 4 .3 )

4 .4  
( 6 .3 )

VeiUonella 10.8
(11 .4)

6.4
(10.7)

8.5
(12 .4)

0.8 
( 1 .7 )

3.7 
( 4 .3 )

4 .4  
( 6 .3 )

+ve bacilli 1.8  
( 2.1)

0.8 
( 1.6)

5.9 
( 7 .5)

3.1 
( 6 .2)

ND 2.9 
( 3 .4 )

A ctinom yces 1 .8
( 2.1)

0.8 
( 1 .6 )

5.9 
( 7 .5 )

3.1 
( 6 .2 )

ND 2.9 
( 3 .4 )

Lactobacillus ND ND ND ND ND ND

-v e  bacilli 9 .0
(11 .9)

6.1 
( 7 .2 )

6 .0
( 1 .4 )

6 .3 
( 4 .2)

2.3 
( 2 .7 )

2.1 
( 4 .2 )

Haemophilus 0 .9
{ 1 .8 )

3 .0  
( 6 .0 )

2.5 
( 2 .9 )

4.0 
( 5 .9)

1.1 
( 2 .2)

2 .1  
( 4 .2 )

B actero ides 6 .2
(12 .5 )

1.7 
( 3 .4 )

3.5 
( 4*1)

2.4 
( 2 .8 )

1 .2  
( 2 .4 )

ND

Table 6 .1 . eont.
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Mean (SD) m icrobial coun ts (log10 cfu p e r  mm2 enamel 
slab su rfa ce )  of predom inant p laque m icroflora, a t  
2 - 48 h ,  fo r  Subject A, u n d e r  each trea tm en t 
condition , n=4.

SUBJECT A 
NORMAL PLAQUE

2h 6h lOh 24h 30h 48h

+ve cocci 1.64 1.81 2.64 4.24 5.52 6.50
(1 .72) (0 .73) (0 .29) (1 .43) (0 .85) (0 .24)

S . m utans 0.33 0.27 0.30 0.31 0.33 0.33
(0 .08) (0 .19) (0 .08) (0 .21) (0 .09) (0 .03)

S . san g u is 1.54 0.90 1.39 3.06 3.81 6.16
(1 .61) (0 .91) (1 .04) (1 .08) (0 .88) (0 .15)

S . o ralis 1.42 1.76 2.64 4,14 5.50 6.10
(1 .52) (0 .69) (0 .29) (1 .49) (0 .86) (0 .52)

-v e  cocci 0.88 0.60 1.39 2.50 3.54 5.30
(0 .80) (0 ,71) (1 .04) (1 .02) (0 .93) (0 .71)

Veillonella 0.88 0.60 1.39 2.50 3.54 5.30
(0 .80) (0 .71) (1 .04) (1 .02) (0 .93) (0 .71)

+ve bacilli 1.40 0.99 1.39 2.91 3.54 5.16
(1 .44) (0 .66) (1 .04) (0 .93) (0 .93) (0 .81)

A ctinom yces 1.38 0.79 1.39 2.91 3.54 4.97
(1 .43) (0 .76) (1 .04) (0 ,93) (0 .93) (0 .76)

-v e  bacilli 0.88 1.20 1.56 3.11 4.13 5.36
(0 .80) (0 .81) (1 .28) (1 .53) (1 .61) (1 .07)

B actero ides 0.88 1.18 1.56 3.11 4.1.3 5.36
(0 .80) (0 .80) (1 .28) (1 .53) (1 .61) (1 .07)

Total 1.82 1.88 2.65 4.25 5.52 6.58
(1 .84) (0 .78) (0 .35) (1 ,38) (0 .92) (0 .31)



SUBJECT A
SUCROSE PLAQUE

2h 8h lOh 24h 30h 48h

+ve cocci 2.14
(0 .98)

2.71
(0 .88)

3.64
(1 .26)

5.63
(0 .82)

7.02
(0 .82)

6.71
(1 .09)

S . m utans 0.32
(0 .03)

0.42
(0.03)

0.36
(0 .04)

0.44
(0 .08)

0,35
(0 .07)

0.38
(0 .08)

S . san g u is 1.34
(1 .28)

1.18
(0 .56)

1.74
(1 .28)

3.83
(0 .78)

5.43
(1 .15)

5.63
(1 .32)

S . o ra lis 2.02
(0 .82)

2.70
(0 ,88)

3.63
(1 .26)

5.62
(0 .83)

6.99
(0 .78)

6.06
(1 .02)

~ve cocci 1.10
(0 .86)

1.63
(0 .52)

1.97
(1 .00)

4.17
(0 .69)

5.50
(1 .09)

5.35
(1 .66)

V eillonella 1.10
(0 .86)

1.47
(0 .65)

1.74
(1 .28)

4.17
(0 .69)

5.50
(1 .09)

5.35
(1 .66)

+ve bacilli 1.59
(0 .70)

1.57
(0 .38)

1.91
(1 .06)

4.36
(0 ,79)

5.33
(0.72)

5.25
(1 .68)

Actinom yces 1.59
(0 .70)

1.57
(0.38)

1.91
(1 .06)

4.36
(0 .79)

5.33
(0 .72)

5.25
(1 .68)

-v e  bacilli 1.21
(0 .88)

1.81
(0 .67)

2.65
(1 .57)

4.41
(1 .33)

5.54
(1 .14)

5.07
(1 .34)

B actero ides 0.81
(1 .00)

1.53
(0 .42)

1.97
(1.67)

3.83
(0 .78)

5.09
(0 .63)

4.83
(1 .04 )

Total 2.32
(0 .85)

2.78
(0 .79)

3.68
(1 .24)

5.68
(0 .85)

7.00
(0 .84)

6.68
(1 .07)

Table 6 .2 . cont.
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SUBJECT A
SPM

2h 6h lOh 24h 3 Oh 48h

+ve cocci 1.89
(0 .63)

2,95
(1 .27)

2.85
(1 .58)

5.11
(0 .76)

6.01
(2 .02)

6.80
(0 .79)

S . m utans 1.10
(0 .69)

2.06
(1.87)

0.29
(0.17)

1.41
(0 .80)

2.41
(0 .49)

2.73
(0 .28)

S. san g u is 0.49
(0 .42)

1.14
(1.32)

1.82
(1 .13)

3.90
(1 .02)

4.04
(1 .99)

5.46
(0 .91)

S . oralis 1.82
(0.59)

2.38
(0.48)

2.72
(1 .70)

5.07
(0 .74)

6.01
(2 .02)

6.78
(0 .81)

-v e  cocci 0.95
(0 .44)

1.73
(1.05)

2.20
(1.05)

3.38
(0 .88)

4.52
(2 .22)

5.38
(0 .95)

Veillonella 0.91
(0 .40)

1.61
(1.21)

1.78
(1 .23)

3.38
(0 .88)

4.52
(2 .22)

5.10
(1 .01)

+ve bacilli 0.79
(0 .42)

1.31
(1.22)

1.72
(1.22)

3.46
(1 .31)

4.04
(1 .99)

5.28
(0 .68)

Actinom yces 0.61
(0 .53)

1.31
(1,22)

1.72
(1.22)

3.46
(1 .31)

4.04
(1 .99)

5.28
(0 .68)

-v e  bacilli 0.50
(0 .26)

1.69
(0.97)

1.96
(1.45)

3.98
(0.97)

4.40
(1 .91)

5.17
(1 .13)

Bacteroid.es 0.50
(0 .26)

1.38
(1.20)

1.61
(1.66)

3.38
(0.74)

4.21
(1 .68)

4.92
(0 .70)

Total 1.95
(0 .53)

2.98
(1.23)

3.02
(1 .51)

5.12
(0.78)

6.00
(2.02)

6.78
(0 .79)

Table 6 .2 . cont.
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SUBJECT A 
PERCENTAGE COUNT

Time T reatm ent Position Side

+ve cocci NS NS NS NS
S. m utans NS NS NS NS
S . san g u is ** ** NS NS
S . o ralis ** NS NS NS

-v e  cocci NS NS NS NS
V eillonella NS NS NS NS

+ve bacilli * NS NS NS
A ctinom yces * NS NS *

L actobacillus NS NS NS NS

-v e  bacilli NS NS NS NS
Haemophilus NS ** NS NS
B actero ides NS *** NS NS

NS = Not s ig n ifican t * -5 p  < 0.05 ; ** = p < 0 .0 1  ; *** = p  < 0.001

Table 6 .3 .  S ta tis tica l analysis of e ffec t of tim e, trea tm en t,
position  and  s id e , on p e rcen tag e  predom inant p laque 
m icroflora isolated  from S ubject A, a t 2 - 48 h .
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SUBJECT A 
ABSOLUTE COUNT

Time T reatm ent Position Side

+ve cocci *** * NS NS
S . m utans * *** NS NS
S . san g u is *** * NS NS
S . o ra lis *** * NS NS

-v e  cocci *** * NS NS
Veillonella *** * NS NS

+ve cocci *** NS NS NS
A ctinom yces *** * NS NS

-v e  bacillus *** NS NS NS
B actero ides * * * NS NS NS

Total * * * * NS NS

NS = Not s ig n ifican t *  -> p  < 0.05 ; *** = p  < 0.001.

Table 6 .4 .  S ta tis tica l analysis of e ffec t of tim e, tre a tm en t,
position  and s ide , on microbial counts of p redom inant 
p laque  m icroflora iso lated  from Subject A, a t 
2 - 48 h .
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SUBJECT A 
ACTINOMYCES SPECIES
NORMAL PLAQUE

2h 6h lOh 24h 30h 48h

A . odon to ly ticus ND ND ND 6.2
(12 .5)

ND ND

A. v /n  c a t. +ve 6 .6 
( 9 .4 )

ND ND ND ND ND

A. v /n  c a t. -v e 14.9
(11 .6)

1.9 
( 3 .8 )

ND 2.1 
( 4 .2 )

ND 2.1 
( 4 .2 )

SUCROSE PLAQUE
2h 6h lOh 24h 30h 48h

A. odon to ly ticus 3.6 
( 7 .2 )

2.3 
( 4 .6)

1 .0  
( 2 .1 )

4 .2  
( 2 .9 )

2.5 
( 5 .0 )

12.2
(24 .4 )

A. v /n  c a t. +ve 6.1 
( 7 .2 )

2.2 
( 2 .5)

ND ND ND ND

A. v /n  c a t. -v e 8.9
(13 .5)

ND ND ND ND ND

o JrM
2h 6h 10b 24h 30h 48h

A. odon to ly ticus 0.8 
( 1 .7 )

ND
(

4.2
6 .4)

3.1 
( 6 .2 )

ND 2.9 
( 3 .4 )

A. v / n  c a t. +ve ND ND
(

1.6
2.7)

ND ND ND

A. v /n  c a t. -v e 1 .0  
( 1 .9)

0.8 
( 1 .6)

ND ND ND ND

Table 6 .5 .  Mean (SD) p e rcen tag e  d is trib u tio n  of A . odonto ly ticus
an d  catalase positive  and  negative  d iv isions of A. 
v iscosus/ n aeslu n d ii, a t  2 -  48 h  fo r  Subject A, 
u n d e r  each trea tm en t condition, n=4.
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Mean (SD) predom inan t cu ltivab le  p laque flora  
e x p re ssed  as a p e rcen tag e  of th e  to ta l m icroflora, 
a t 2 - 48 h , fo r th re e  su b jec ts , u n d e r  NP and  SP 
co n d itions, n=8.

ALL SUBJECTS 
NORMAL PLAQUE

2h 6h lOh 24h 30h 48h

+ve cocci 76.9
(17 .2)

79.8
(18.7)

83.2
(15 .6)

80.9 
( 9 .4 )

82.0
(14 .9 )

71.6
(17 .0)

S . m utans 0.3 
( 0 .7 )

0 .2  
( 0 .4)

0.03 
( 0 .1)

0.2 
( 0 .4)

0.01
(0 .04)

0.05
(0 .05)

S . san g u is 20.5
(23 .2)

11.0
(12.8)

11.2
(11.8)

19.5
( 1 7 .1 )

8.9
(11 .9)

35.6
(19 .0 )

S . o ra lis 41.9
(17 .8)

65.7
(23.7)

68.5
(22.1)

59.4
(23.2)

70.2
(23 .8)

35.0
(17 .2)

-v e  cocci 3.3 
( 4 .2)

4.7 
( 7 .1)

7.2
(10.1)

5 .0  
( 7 .5)

2 .4 
( 3 .5)

10.7 
( 9 .0 )

Veillonella 2.3 
( 4 .1)

4.7 
( 7 .1 )

6.0 
( 8 .0 )

0.5 
( 1 .5 )

0.5 
( 1 .5 )

5 .3  
( 8 .4 )

+ve bacilli 10.7
(11 .1)

8.1
(10.1)

ND 7.5 
( 9 .8 )

4 .4 
( 9 .5 )

8 .4  
( 9 .1 )

Actinom yces 9 .0
(10 .0)

6.6 
(10.7)

ND 7.2
(10.0)

3.9 
( 9 .3)

7 .2  
( 8 .9 )

Lactobacillus ND ND ND 0.3 
( 0 .8 )

0.5 
( 1 .5 )

0 .4  
( 1 .1 )

-ve  bacilli 9 .0
(20 .2)

7 .4  
( 9 .9 )

9.6 
( 9-0)

6 .6 
( 8 .3)

10.0 
( 9 .8 )

8.6
(11 .6)

Haemophilus 8.3
(20 .4)

ND 5.9 
( 7 .1)

2.6 
( 5 .9 )

6.1 
( 9 .7)

2.5 
( 4 .4 )

B actero ides 0.6 
( 1 .6)

6.9
(10.0)

3.7 
( 9 .1)

3.9 
( 7 .6 )

3.9 
( 7 .6 )

6.1
(12 .2)
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ALL SUBJECTS
SUCROSE PLAQUE

2h 6h lOh 24h 3 Oh 48h

+ve cocci 71.6
(22 .4)

86.0
(17 .8)

83.0
(11*6)

71.7
(20.0)

88,2 
( 8 .4 )

66.5
(27 .5 )

S . m utans 2.1 
( 5 .0 )

ND 0.2 
( 0 .4)

0.7
( 1 .3 )

0.05
(0 .05)

0.2 
( 0 .3 )

S . san g u is 12.9
(16.7)

8.8
(17.0)

5.3
(10.3)

2.3 
( 3 .9)

7.6 
( 9 .7 )

16.8
(27 .2 )

S , oualis 45.8
(18 .2)

67.7
(20.3)

72.0
(22 .2)

68.6
(20.0)

78.9
(12 .8)

48.7
(32 .3)

- ve cocci 5 .4
( 6 .8)

3.9 
( 9 .6)

5.8
( 9 = 4)

13.7
(17 ,9)

2.7 
( 3 .3 )

14,0
(11 ,8)

Veillonella 5.4 
( 6 .8)

1.1 
( 2 .0)

3.2 
( 6 .6)

3.5 
( 4 .6)

2.0 
( 2 .5)

12,7
(11 ,6)

+ve bacilli 13.5
(13.9)

5 .2  
( 7 .6)

2.8 
( 5 .3)

8,1 
( 9 .2)

4 .0 
( 6 .8 )

15.7
(18 .3 )

A ctinom yces 12.8
(14 .5)

5 .2  
( 7 .6)

1.8 
( 2 .9)

7.6 
( 8 .7)

4 .0  
( 6 .8 )

14,6
(18 .4)

L actobacillus ND ND ND ND ND 1.1 
( 3 .1 )

-v e  bam lli 9 ,0  
( 8 .7)

4,3 
( 5 .2 )

8,4 
( 8 .9)

6.5 
( 9 .5)

5.1 
( 6 .6)

2 ,6 
( 4 .0 )

Haem ophilus 2.7
( 7 .6 )

2.1
( 3 .8)

6.7 
( 9 .2)

6.5
( 9 .5)

2 .4  
( 3 .4)

2,6 
( 4 .0 )

B actero ides 2 .7  
( 5 .9 )

1.7
( 3 .3)

1 .7 
( 3 .9 )

ND 2.7 
( 5 .2 )

ND

Table 6 . 6. cont.
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T ab le  6 .7 . Total cu ltivable p laque flo ra , e x p re sse d  as p e rc e n t
age of th e  to ta l m icroflora, a t  2 - 48 h ,  fo r  th re e  
su b jec ts  com bined, u n d e r  NP and  SP cond itions, n=8.

ALL SUBJECTS 
NORMAL PLAQUE

+ve cocci 
S . m utans 
S . san g u is  
S . o ralis  
S . sa liv a riu s  
S . m illeri 
O th e r S tre p .
ANOz S tre p . 
M icrococcus / S taph

-v e  cocci
Veillonella

N eisseria

+ve bacilli
A . odon to ly ticus
A. v /n  c a t. +ve
A. v /n  c a t. -ve
Lactobacillus
P r  opioniba c t erium
U niden tified

-ve  bacilli 
Haemophilus 
B actero ides 
U nidentified

2h 6h lOh

76.9 79.8 83.2
0.3 0.2 0.03

20.5 11.0 11.2
41.9 65.7 68,5

5.2 1 .0 2.1
1 .0 2.1 ND
ND ND ND
ND ND 0.5
8.3 ND ND

3.3 4.7 7.2
2.3 4.7 6 .0
1 .0 ND 1.1

10.7 8.1 ND
1.9 3.6 ND
2.2 ND ND
5.0 3.0 ND

ND ND ND

0.8 ND ND

0.5 1.5 ND

9.0 7.4 9 .6

8.3 ND 5.9

0.6 6.9 3.7

ND ND ND

24h 30h 48h

80.9 82.0 71.6
0.2 0.01 0.05

19.5 8.9 35.6
59.4 70.2 35.0

ND 1.8 0.9
0.4 ND ND
1.2 ND ND
ND 0.5 ND
ND 0.5 ND

5.0 2.4 10.7
0.5 0.5 5.3
4.5 1.9 5 .4

7.5 4.4 8 .4
6.2 3.9 6 .2
ND ND ND
1.0 ND 1.0
0.3 0.5 0.4
ND ND ND
ND ND 1.0

6.6 10.0 8.6
2.6 6.1 2.5
3.9 3 .9 6.1
ND 1.5 0.6
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ALL SUBJECTS
SUCROSE PLAQUE

2h 6h lOh 24h 3 Oh 48h

+ve cocci 71.6 86.0 83.0 71.7 88.2 66.5
S . m utans 2.1 ND 0.2 0.7 0.05 0 .2
S . sang tiis 12.9 8.8 5.3 2.3 7.6 16.8
S . o ra lis 45.8 67.7 72.0 68.6 78.9 48.7
S . sa liv a riu s 10.5 5.6 4.9 ND 1.6 0.7
S . m illeri 0 .6 0.5 0.4 ND ND ND
A N 02 S tre p . NU 1.0 ND ND ND 0.3
M icrococcus / S ta p h . ND 1.3 0.4 ND ND ND

-v e  cocci 5 .4 3.9 5.8 13.7 2.7 14.0
V eillonella 5 .4 1.1 3.2 3.5 2.0 12.7
N eisseria ND 2.8 2.5 10.2 0.7 1.2

+ve bacilli 13.5 5.2 2.8 8.1 4 .0 15.7
A , odon to ly ticus 5.3 1.6 1.8 7.6 4.0 13.5
A. v j n  c a t. +ve 3.0 1.1 ND ND ND 1.1
A. v7n  c a t. -v e 4.5 2.5 ND ND ND ND
Lactobacillus ND ND ND ND ND 1.1
Prop ion ibacterium ND ND 1.0 ND ND ND
U niden tified 0.7 ND ND 0.4 ND ND

-v e  bacilli 9 .0 4.3 8.4 6.5 5 .1 2.6

Haemophilus 2.7 2.1 6.7 6.5 2.4 2.6

Eikenella 1.8 ND ND ND ND ND

B actero ides 2,7 1.7 1.7 ND 2.7 ND

Fusobacterium 1.8 0.6 ND ND ND ND

U niden tified 0.6 ND ND ND ND 1.1

Table 6 .7 . cont.
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Mean (SD) m icrobial coun ts (log10 cfu p e r  mm2 enamel 
slab  su rface ) of predom inant p laque m icroflora a t 
2 - 48 h ,  fo r th re e  su b jec ts  com bined, u n d e r  NP 
and  SP conditions, n=8.

ALL SUBJECTS 
NORMAL PLAQUE

2h 6h lOh 24h 3 Oh 48h

+ve cocci 1.65
(1 .28)

2.03
(0 .74)

3.29
(1 .71)

4.48
(1 .28)

5.66
(0 .72)

6.33
(0 .57)

S . m utans 0.27
(0 .14)

0.45
(0 .38)

0.70
(0 .72)

0.99
(0 .95)

0.61
(0.56

1.42
(1 .27)

S . san g u is 1.12
(1 .37)

1.18
(0.94)

2.40
(1 .94)

3.60
(1 .10)

4.38
(1 .13)

5.94
(0 .64)

S. o ralis 1.44
(1 .12)

0.71
(0 .82)

2.15
(1 .41)

2.85
(1 .06)

3.86
(0 .91)

4.98
(0 .78)

-v e  cocci 0.83
(0 .78)

0.82
(0.53)

2.18
(1 .40)

3.14
(1 .22)

4.07
(1 .08)

5.35
(0 .79)

Veillonella 0.74
(0 .82)

0.82
(0 .53)

2.15
(1 .41)

2.85
(1 .06)

3.86
(0 .91)

4.98
(0 .78)

+ve bacilli 1.08
(1 .12)

1.04
(0.45)

1.72
(1 .52)

3.22
(1 .28)

4.05
(1 .05)

5.27
(0 .63)

Actinom yces 1.04
(1 .12)

0.94
(0.53)

1.72
(1 .52)

3.16
(1 .31)

4.02
(1 .01)

5.16
(0 .62)

-v e  bacilli 0.71
(0 .64)

1.00
(0.64)

2.19
(1 .43)

3.30
(1.23)

4.49
(1.41)

5.19
(0 .90)

B actero ides 0.62
(0 .67)

0.99
(0.63)

1.78
(1 .55)

3.06
(1 .35)

4.07
(1 .14)

4.92
(0 .97)

Total 1.76
(1 .22)

2.11
(0.71)

3.33
(1 .65)

4.52
(1 .24)

5.72
(0 .78)

6.44
(0 .56)
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ALL SUBJECTS
SUCROSE PLAQUE

2h 6h lOh 24h 3 Oh 48h

+ve cocci 2.15
(0 .87)

2.40
(0 .70)

3.90
(1 .22)

5.07
(1 .36)

6.59
(0 .84)

6.52
(0 .76)

S . m utans 0.54
(0 .43)

0.30
(0 .20)

0.89
(0 .89)

1.66
(1 .92)

1.12
(1 .30)

1.69
(1 .96)

S . san g u is 1.26
(1 .19)

1.04
(0.74)

2.43
(1 .36)

3.60
(1 .06)

5.36
(0 .91)

5.41
(0 .99)

S . o ralis 1.96
(0 .82)

2.30
(0 .76)

3.82
(1 .27)

5.05
(1 .38)

6.53
(0 .83)

6.15
(0 .70)

~ve cocci 0.96
(0 .68)

0.91
(0 .86)

2.51
(1.2,3)

4.02
(1 .01)

5.21
(0 .93)

5.62
(1 .14)

Veillonella 0.96
(0 .68)

0.83
(0.83)

2.31
(1 .30)

3.74
(1 .31)

5.16
(0 .91)

5.59
(1 .14)

+ve bacilli 1.34
(0.93)

1.16
(0 .71)

2.37
(1.36)

4.03
(1 .54)

5.11
(0 .59)

5.53
(1 .19)

Actinom yces 1.34
(0 .93)

1.16
(0.71)

2.33
(1 .32)

4.02
(1 .52)

5.11
(0 .59)

5.50
(1 .17)

-v e  bacilli 1.10
(0 .62)

1.08
(0.94)

2.73
(1.18)

3.87
(1 .54)

5.32
(1 .01)

5.07
(0 .96)

B actero ides 0.81
(0 .74)

0.86
(0 .79)

2.28
(1 .36)

3.37
(1 .20)

5.06
(0 .72)

4.78
(0 .70)

Total 2.26
(0 .80)

2.44
(0.67)

3.92
(1 .20)

5.18
(1 .36)

6.59
(0 .84)

6.60
(0 .73)

Table 6 .8 . con t.
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ALL SUBJECTS
PERCENTAGE COUNT

Time T reatm ent Position Side Subject

+ve cocci * NS NS * *
S. m utans NS NS NS NS NS
S . san g u is * * NS NS NS
S . o ralis *** NS NS NS ***

-v e  cocci ** * NS NS ***

V eillonella * NS NS NS NS

+ve bacilli * NS NS NS NS
A ctinom yces * * NS NS NS
L actobacillus NS NS NS NS *

-v e  bacilli NS NS NS NS
Haemophilus NS * NS * ***

B actero ides NS ** NS * **

NS = Not s ign ifican t . * = p  < 0.05 ; ** = p  < 0.01 ; *** _ p  < 0.001.

T ab le  6 .9 . S ta tis tica l analysis of e ffec t of tim e, tre a tm e n t,
position , side and  su b jec t on p e rcen tag e  predom inant 
p laque m icroflora, iso la ted  from th re e  su b jec ts , a t  
2 - 48 h .
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ALL SUBJECTS
ABSOLUTE COUNTS

Time Treatm ent Position Side Subject

+ve cocci •4c He He ** NS NS He He

S . m utans ** NS NS NS He He*
S . san g u is HcHcHe NS NS NS He
S . o ralis HcHcHe ** NS NS He He

-v e  cocci He He He NS * NS
Veillonella *** ** NS NS NS

+ve bacilli He* NS NS He He He

Actinom yces He He He He* NS NS He He He

-v e  bacilli He He He * NS NS NS
B acte ro id es He He He NS NS NS He

T otal He He He ** NS NS He He

NS = Not s ig n ifican t ; * = p  < 0.05 ; ** = p  < 0.01 **** = p  < 0.001

T able 6 .1 0 . S ta tis tica l analysis of e ffec t of tim e, tre a tm en t,
p osition , side and  su b jec t on microbial counts of 
p redom inant p laque m icroflora, iso lated  from 
th re e  su b jec ts , a t  2 - 48 h .
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T able  6 .1 1 . Mean (SD) predom inant p laq u e  flo ra , e x p re sse d  as 
p e rc en ta g e  of to ta l m icroflora, a t 2, 7 an d  21 d a y s , 
from one su b jec t, u n d e r  each tre a tm en t condition , n=6.

NORMAL PLAQUE

2 day 7 day 21 day

+ve cocci 92.4 ( 4 .9) 32.4 (18 .0) 25.6 (25 .7 )
S . m utans 0.03 (0 .05) 0.03 (0 .05) 0.04 (0 .05 )
S . san g u is 5 .4 ( 9 .3) 13.5 (11 .2) 20.7 (27 .6 )
S . oralis 85.6 ( 9 .9) 16,5 (14 .1) 3.3 ( 4 .1 )

-v e  cocci 1 .3 ( 2 .7) 28.2 (13 .3) 12.0 (16 .5 )
V eillonella 1 .3 ( 2 .7 ) 28.2 (13 .3) 12.0 (16 .5)

+ve bacilli 2 ,2 ( 1 .9 ) 37.7 ( 9-6) 55.5 (27 .0 )
A ctinom yces 2.2 ( 1 .9 ) 36.2 ( 8 .8 ) 55.3 (26 .8 )
Lactobacillus ND 0.02 (0 .04) 0.3 ( 0 .5 )

-v e  bacilli 4.1 ( 3 .7) 1.7 ( 2 .6 ) 6 .0 ( 4 .4 )
Haemophilus 3.9 ( 3 .8) 0 .8 ( 2 .0 ) 0.8 ( 1 .8 )
B actero ides 0.2 ( 0 .4) 0 .8 ( 2 .0 ) 1.7 ( 2 .3 )

SUCROSE PLAQUE
2 day 7 day 21 day

+ve cocci 76.3 (17 .8) 55.4 (13 .0) 46.0 (19 .2 )

S . m utans 0.1 (0 .04) 0.1 (0 .05) 0 .1 (0 .04)

S . san g u is 33.9 (20.0) 42.4 (11 .4) 18.6 (12 .8 )

S . o ralis 41.6 (34.1) 9 .4 ( 9 .2) 18.6 (12 .8 )

-v e  cocci 17.1 (19.3) 12.2 ( 4 .4 ) 6 .3 ( 2 .8 )

Veillonella 17.1 (19.3) 12.2 ( 4 .4 ) 6.3 ( 2 .8 )

+ve bacilli 4.1 ( 3 .4) 26.7 (11 .0) 42.3 (19 .1)

Actinom yces 4.1 ( 3 .4 ) 26.1 (11 .9) 37.5 (19 .2)

L actobacillus 0.02 (0 .04) 0.02 (0 .04) 1 .6 ( 2 .5 )

-v e  bacilli 2 .5 ( 5 .6 ) 5.7 ( 7 ,2 ) 5 .4 ( 4 .0 )

Haemophilus 0.8 ( 1 .9 ) ND ND

B actero ides ND 2.7 ( 2 .9) 3 .0 ( 3 .7 )
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SPM

2 day 7 day 21 day

+ve cocci 88.0 ( 9 .0 ) 56.8 (25 .5 ) 30.1 (16 .7)
S . m utans 1.6 ( 3 .0 ) 13.1 (16 .1) 18.0 (20 .7)
S . san g u is 21.4 (22 .9) 27.4 (20 .2 ) 6 .2 ( 7 .9 )
S . o ra lis 62.7 (27 .8) 16.0 (14 .3) 5 .6 ( 7 .8 )

-v e  cocci 10.2 ( 9 .5) 16.6 (15 .0) 3 .5 ( 4 .3 )
Veillonella 10.2 ( 9 .6) 16.6 (15 .0) 3.5 ( 4 .3 )

t-ve bacilli 0.4 ( 1 .1) 21.2 (12 .7) 62.8 (18 .6)
A ctinom yces ND 21.2 (12 .7) 58.9 (17 .6)
Lactobacillus 0.03 (0.05) 0.05 (0.05) 0.05 (0 .05)

-v e  bacilli 1.3 ( 2 .0) 4 .0 ( 6 .7 ) 2.7 ( 4 .6 )
Haem ophilus 0.9 ( 1 .5 ) ND ND

B actero ides ND 2.8 ( 4 .0 ) 2.7 ( 4 .6 )

Table 6 .11. con t.
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T ab le  6 .1 2 . Total p laque flo ra  e x p re ssed  as p e rcen tag e  of to ta l 
m icroflora, a t 2, 7 an d  21 d a y s , from  one su b jec t, 
u n d e r  each trea tm en t condition , n=6.

NORMAL PLAQUE

2 day 7 day 21 day

+ve cocci 92.4 32.4 25.6
S . m utans 0.03 0.03 0.04
S . san g u is 5 .4 13.5 20.7
S . oralis 85.6 16.5 3 .3
S . sa liv a riu s ND 0.2 ND
S. m illeri 0.7 ND ND
O th e r S tre p . ND 0.8 ND
A N 02 S tre p . 0.2 0 .8 2.4
M icrococcus / S taph 0.4 0.5 ND

-v e  cocci 1.3 28.2 12.0
Veillonella 1.3 28.2 12.0

+ve bacilli 2 .2 37.7 55.5
A. odon to ly ticus 2.2 23.3 13.4

A. v /n  c a t. +ve ND 6.6 8 .0

A. v /n  e a t. -v e ND 6.3 33.9

A . m eyeri ND ND ND

Lactobacillus ND 0.02 0.3

B ifidobacterium ND ND ND

E ubacterium ND ND ND

U nidentified ND 1.5 ND

-v e  bacilli 4.1 1.7 6 .0

Haemophilus 3.9 0.8 0.8

C apnocytophaga ND ND 3.3

B actero ides 0.2 0.8 1.7

F usobacterium ND ND ND

U nidentified ND ND 0.2
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SUCROSE PLAQUE

2 day 7 day 21 day

+ve cocci 78.3 55.4 46.0
S . im itans 0.1 0.1 0.1
S . san g u is 33.9 42.4 18.6
S . o ra lis 41.6 9.4 18.6
S . sa liv a riu s ND ND ND
S . m illeri ND 0.6 ND
O th e r S tre p . ND ND 3.0
A N 02 S tre p . ND 0.6 5.9
M icrococcus/ S ta p h . 0 .8 2.3 ND

-v e  cocci 17.1 12.2 6.3
V eillonella 17.1 12.2 6 .3

+ve bacilli 4.1 26.7 42.3
A, odon to ly ticus 3.3 22.6 7 .1
A. v /n  c a t. +ve ND 2.1 4.8
A. v /n  c a t. -v e ND 1.4 25.6
A . m eyeri 0 .4 ND ND
L actobacillus 0.02 0.02 1.6
B ifidobacterium ND ND 1.4

E ubacterium ND 0.5 1 .0

U n id en tified 0 .4 ND 0.8

-v e  bacilli 2.5 5.7 5 .4

Haem ophilus 0.8 ND ND

C apnocytophaga 0.8 1.1 1 .8

B actero ides ND 2.7 3 .0

Fusobacterium ND 1.2 ND

U niden tified 0.9 0.7 0.6

Table 6 .12. con t.
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SPM

+ve cocci 
S . mutants 
S . san g u is  
S . o ralis  

S . sa liv a riu s  
S . m illcri 

O th e r S tre p .
A N 02 S tre p . 

M icrococcus / S ta p h .

-v e  cocci 

Veillonella

+ve bacilli 

A . odonto ly ticus 
A. v /n  c a t, +ve 
A . v /n  ca t. -v e  
A. meyeri 

L actobacillus 
B ifidobacterium  
E ubacterium  
U niden tified

-v e  bacilli
Haem ophilus
C apnocytophaga
B actero ides
F usobacterium
U niden tified

2 day 7 day

88.0 56.8
1 .6 13.1

21.4 27.4
62.7 16.0

0.8 ND
ND ND
0.6 ND
ND 0.6
1.1 ND

10.2 16.6
10.2 16.6

0.4 21.2
ND 14.5
ND 3.7
ND 3.0
ND ND

0.03 0,05
ND ND
0.4 ND
ND ND

1.3 4.0
0 .9 ND
ND 1.2
ND 2.8
ND ND

0.9 ND

Table 6 .12. cont.

21 day

30.1 
18.0

6. 2

5.6 
ND 
ND 
ND 
0.5 
ND

3.5
3.5

62.8
14.3
23.1
28.4 
5 .0

0.05
4.7 
ND 
ND

2.7 
ND 
ND
2.7 
ND 
ND
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T ab le  6 .1 3 .

NORMAL PLAQUE

+ve cocci 
S . m utans 
S . san g u is  
S . oralis

-v e  cocci 
V eillonella

+ve bacilli
A ctinom yces
Lactobacillus

-v e  bacilli 
B ac te ro ides

Total

SUCROSE PLAQUE

+ve cocci 
S . m utans 
S . san g u is  
S . o ra lis

-v e  cocci 
Veillonella

-tve bacilli
Actinom yces
L actobacillus

-ve  bacilli 
B actero ides

Total

Mean (SD) microbial counts (log10 cfu  p e r  mm2 enamel 
slab  su rface ) of p redom inant iso la tes from  p laque 
ob ta ined  from one su b jec t, a t 2, 7 an d  2,1 d a y s , u n d e r  
each trea tm en t condition, n=6.

2 day 7

6. 82 (0 .28) 6..05
0. 48 (0.68) 0.,72
4. 99 (0 .70) 5..60
6. 80 (0 .35) 5.,74

4. 81 (0 .77) 5.,92
4. 81 (0.77) 5,.92

5. 14 (0.78) 6,.12
5. 14 (0.78) 6,.11
0. 04 (0 .10) 0.,23

5. 35 (0.70) 4.,74
4. 72 (0 .66) 4.,74

6,,84 (0 .30) 6..50

2 day 7

6,,32 (0.94) 6..81

0,,91 (0.84) 1.,36

5.,92 (0.89) 6..70

5.,96 (1.06) 5,.94

5.,45 (0 .46) 6,,17

5,.45 (0.46) 6..17

5..09 (1 .02) 6,.48

5 .09 (1.02) 6,.46

0,.26 (0 .44) 0..09

4 .80 (1.05) 5..77

4,.63 (0.86) 5..60

6 .42 (0.87) 7,.04

475

day 21 day

(0.63) 5 .86 (0 .61)
(1 .05) 1,.31 (0 .73)
(0 .81) 5 .59 (0 .84)
(0 .67) 5,.05 (0 .46)

(0 .27) 5..50 (0 .17 )
(0 .27) 5,.50 (0 .17)

(0 ,46) 6,.51 (0 .48)
(0 .48) 6..26 (0 .57)
(0 .46) 1.,53 (2 .10)

(0 .66) 5.,50 (0 .46)
(0 .66) 4.,88 (0 .54)

(0 .46) 6.,50 (0 .38)

day 21 day

(0.52) 6.54 (1 .13)
(0 .90) 1.18 (0 .96)
(0 .51) 6.15 (1 .11)
(0 .84) 5.98 (1 .23)

(0 .46) 5.77 (1 .11)
(0 .46) 5.77 (1 .11)

(0 .48) 6.51 (1 .18)
(0 .50) 6.45 (1 .19)
(0 .07) 2.60 (2 .82)

(0 .43) 5.69 (1 .22)
(0 .48) 5.45 (1 .12)

(0.44) 6.85 (0 .89)



SPM

2 day 7 d ay 21 day

+ve cocci 5. 95 (1 .05) 6..52 (0 .68) 6,.36 (0 .58)
S . m utans 3. 40 (1 .40) 5.,60 (0 .89) 5,.57 (1 .24)
S . san g u is 5.,21 (1 .07) 6..17 (0 .54) 5,.57 (0 .82 )
S . o ralis 5.,73 (1 .14) 5..79 (1 .03) 5 .48 (0 .74)

-v e  cocci 4.,76 (0.58) 5..95 (0 .14) 5,.47 (0 .65)
V eillonella 4..76 (0.58) 5..95 (0 .14) 5,.47 (0 .65 )

+ve bacilli 4,.10 (0.86) 6,.09 (0 .34) 6..70 (0 .36)
Actinom yces 4,.01 (0 .86) 6,.09 (0 .34) 6,.67 (0 .37 )
L actobacillus 0,.47 (0 .56) 1,.15 (1 .32) 2,.03 (1 .07 )

-v e  bacilli 4..28 (1 .10) 5 .33 (0 .77) 5..35 (0 .61 )
B actero ides 4,.01 (0 .86) 5,.30 (0 .72) 5..35 (0 .61 )

Total 5 .95 (1.01) 6 .78 (0 .39) 6..87 (0 .40)

Table 6 .13 . cont.
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PERCENTAGE COUNT

Time T reatm ent Position Side

+ve cocci *** NS NS NS
S . m utans NS *** NS NS
S . san g u is NS ** * NS
S. oralis *** NS NS NS

-v e  cocci * NS NS NS
Veillonella * NS NS NS

+ve bacilli *** NS NS *

A ctinom yces *** NS NS *

L actobacillus NS NS NS NS

-v e  bacilli NS NS NS NS
Haem ophilus * * NS NS
B actero ides * NS NS NS

NS = Not s ig n ifican t * -> p  < 0.05 ; ** == p  < 0.01 ; *** = p  < o.oc

T ab le  6 .1 4 . S ta tis tica l analysis of e ffec t of tim e, tre a tm en t,
position  and  side on p e rcen tag e  p redom inant 
cu ltivable  flo ra , from p laque obtained from one 
su b jec t, a t  2, 7 and  21 d ay s.
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ABSOLUTE COUNT

Time T reatm ent Position Side

+ve cocci NS NS NS NS
S. m utans * *** NS NS
S . san g u is * * NS NS
S . o ralis NS NS NS NS

-v e  cocci NS NS NS
V eillonella NS NS NS

+ve bacilli NS NS NS
A ctinom yces *** NS NS NS
Lactobacillus ** NS NS NS

-v e  bacilli NS NS NS NS
B actero ides ** NS NS NS

T otal NS NS NS NS

NS = Not s ig n ifican t ; * = p  < 0.05 ; ** = p  < 0.01 ; *** = p  < 0.001

T ab le  6 .1 5 . S ta tis tica l analysis of effec t of tim e, trea tm en t,
position  and  side on microbial counts of p redom inant 
cu ltivable  flo ra , from p laque obtained  from one 
su b jec t, a t 2, 7 and  21 d ay s.
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6 .4 . D iscussion .

6 . 4 . 1 .  T w o-day S tu d y .

Comparison o f Normal and Sucrose Plaque M icroflora.

T he sam pling tim es u se d  in  th is  s tu d y  w ere chosen to  allow th e  e ffec t on 
th e  p laq u e  m icroflora of im plantation of th e  S tr e p . m utans on to  th e  te s t  
a re a s  to  be  a sse sse d , and  also to allow a com parison of th e  re s u lts  w ith 
th e  fin d in g s  of o th e r  s tu d ie s  on ea rly  p laque developm ent. In  th e  p re s e n t  
in v es tig a tio n , i t  was possib le  to m onitor th e  change w ith time in  abso lu te  
co u n ts  of th e  organism s p re s e n t in  th e  p laq u e , as well as e x p re ss in g  each 
as  a  p e rc en ta g e  of th e  to ta l m icroflora. While some o th e r s tu d ie s  have  
also re la te d  th e  counts to  u n it su rface  a rea  of enamel (S o cran sk y  e t a l . , 
1977; N yvad & K ilian, 1987), o th e rs  have e x p re ssed  th e  re s u lts  on ly  in  
p ro p o rtio n a l term s (R itz , 1967; Theilade e t a l . ,  1982).

A lthough  th e  s tu d ie s  b y  Socransky  and  co-w orkers (1977) and  N yvad and  
K ilian (1987) re p o r te d  th e  to ta l count of m icroorganism s as well as  th e  
p ro p o rtio n a l coun ts of th e  iso la tes , absolu te  counts fo r each  organism  w ere 
n o t g iv en . In  th e  p re s e n t s tu d y , th e  num ber of each organism  iso la ted  
was e x p re sse d  as a  p ro p o rtio n al count, an d , fo r  th e  predom inant o rgan ism s, 
th e  ab so lu te  count was also calcu lated . In  ea rly  p laq u e , th e  to ta l count 
is ch an g in g  o v e r th e  experim ental p e rio d , and  th e re fo re  if a  change in  
re la tiv e  p ro p o rtio n s  of organism s is o b se rv ed , i t  is im portan t to  know 
w h e th e r th is  is due to  an increase  in  the  num bers of some organ ism s, a 
d ecrease  in  o th e rs , o r a combination of b o th . Only if p ro po rtional and  
ab so lu te  coun ts of organism s a re  know n, can th e  m icroflora of e a r ly  p laque 

b e  fu lly  a sse sse d .

The u se  of m ultiple enamel slabs located w ithin a small a re a  on th e  in  s itu  
ap p lian ce , m eant th a t  long itud inal s tu d ies  could be perfo rm ed , w ith  th e  
same in tra -o ra l  conditions p e rta in in g  th ro u g h o u t th e  experim en t. T h u s , 
when p laq u e  sam ples w ere removed from th e  d iffe ren t enamel s lab s , a f te r  
v a ry in g  time in te rv a ls , su b jec t ch arac te ris tic s  such  as sa liv a ry  m icroflora 
would b e  as  sim ilar as possib le  a t th e  d iffe ren t sam pling tim es. T h is is 
in  c o n tra s t to  th e  w ork of R itz (1967) and  S ocransky  and  co-w orkers 
(1977), w here  p laque sam pling a f te r  v a ry in g  in te rv a ls  from b ase -lin e  was
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perfo rm ed  on seq u en tia l occasions, and  th u s  changes in  th e  o ra l 

env ironm ent betw een  th e  experim ental ru n s  may have in fluenced  th e  
m icrobial re s u lts  ob ta ined .

T he re s u lts  of th e  to ta l counts fo r th e  th re e  su b jec ts  combined showed 
an  in c rease  in  m icrobial num bers from 2 to 48 h o u rs , u n d e r  b o th  normal 
an d  su c ro se  p laque  conditions. This was most ev iden t betw een 6 and  30 
h o u rs  in  b o th  g ro u p s , w ith  a  sm aller in c rease  to  48 h o u rs  u n d e r  NP 
co nd itions, an d  th e  count rem aining s tab le  betw een 30 and  48 h o u rs  u n d e r  
SP cond itions.

N yvad  an d  Kilian (1987), who u sed  an appliance model w ith  hum an enamel 
b locks m ounted in  th e  lower v e s tib u la r reg io n , found  an exponential 
in c re a se  in  cell num bers betw een 0 and  8 h o u rs , and  a slow er in c rease  
th e re a f te r  to  24 h o u rs , a t which time a count of 106 - 107 c fu /0.024 cm2 
was fo u n d . S ocransky  and  co-w orkers (1977) u sed  th e  b u cca l su rface  of 
th e  u p p e r  f i r s t  molars and  found a baseline value following clean ing  of 103 
c fu / cm2 . A fte r 5 m inutes th is  count in c reased  to  105 - 10s cfu /cm 2, and  
th e re a f te r  rem ained s tab le  up  to 8 h o u rs . Between 8 h o u rs  and  1 - 2  
d ays a  sh a rp  in c rease  was found , up  to a  to ta l of 10s cfu /cm 2 too th  
s u rfa c e . T he re s u lts  of th e  p re se n t s tu d y  a re  p e rh ap s  more sim ilar to  
th o se  of S o cransky  an d  co -w orkers , since th e  toted counts rem ained fa ir ly  
s tab le  betw een 2 and  6 ho u rs  (102 - 103 cfu/mm2 - ie , 104 - 10s 
cfu /cm 2) and  ro se  to  104 - 106 cfu/mm2 (ie , 10® - 108 cfu/cm 2) b y  1 - 2  

d a y s .

E x tra -o ra l su cro se  application had  a sign ifican t e ffec t on viable co u n ts , 
w ith  an  in c rease  in  num ber associated  w ith SP conditions b e in g  a p p a ren t 
u p  to  30 h o u rs , b u t  little  d ifference b e in g  seen  a t 48 h o u rs . N yvad & 
Kilian u s e d  su cro se  supplem entation only d u rin g  th e  in itia l 8 h o u rs , d u rin g  
w hich time th e  exponential increase  in count was seen . However, in  the  
p re s e n t  s tu d y , a lthough  increased  num bers of organism s w ere seen  in  th e  
su c ro se  p la q u e , no obvious difference in  the  p a tte rn  of in c rease  w ith time 
was a p p a re n t betw een the  normal and sucrose  p laque conditions.

The p ro p o rtio n a l re su lts  showed th a t , u n d e r bo th  cond itions, positive  cocci 
p redom inated  in  all samples betw een 2 and  48 h o u rs , ra n g in g  th ro u g h o u t 
from a mean of 66.5 to  88.2 %. No sign ifican t d ifference  was found
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betw een  th e  p ro p o rtio n s  u n d e r  NP and  SP, b u t  overall a  s ig n ifican t time 
e ffec t was seen , ( p  < 0 .0 5 ), w ith th e  h ig h e s t levels of positive  cocci b e in g  
found  betw een 6 and  30 h o u rs .

S trep tococci com prised almost th e  to ta l positive  cocci in  all sam ples, 
a lth o u g h  members of th e  M icrococcus / S taphylococcus g ro u p  com prised 8 .3  
'o of th e  to ta l flo ra  a t 2 h o u rs  u n d e r NP conditions. T his may have  b een  
a  re s u l t  of sk in  contam ination, a lthough  some o th e r s tu d ies  h av e  fo und  a 
sim ilar p ro p o rtio n  of th is  g roup  of organism s in  a few e a r ly  p laque  samples 
(S o c ran sk y  e t a l . , 1977; N yvad & K ilian, 1987). Of th e  s trep to co cca l 
sp e c ie s , S t r e p . oralis dominated th e  p laque m icroflora a t almost all 
sam pling tim es, w ith th e  mean p e rcen tag e  of th e  to ta l cfu  a t  each  
sam pling time ra n g in g  from 35.0 - 78.9 %. The h ig h e s t levels of th is  
spec ies  w ere again  found  betw een 6 and  30 h o u rs , an d  while N yvad and  
Kilian also found an in crease  in  p ropo rtion  from 4 to 24 h o u rs , th e  
p e rc e n ta g e  levels w ere much lower th an  in  th e  c u rre n t s tu d y . H ow ever, 
th e  problem s w ith  nom enclature (p rev iously  d iscu ssed  in  C h ap ter III) make 
com parison of levels of th e  strep tococcal species re p o rte d  in  d iffe ren t 
s tu d ie s  ex trem ely  d ifficu lt - fo r exam ple, some au th o rs  have  re p o rte d  th a t 
S t r e p . san g u is  predom inates in  early  p laque samples ( Ostrom  e t a l . , 1977; 
S o c ran sk y  e t a h , 1977; Syed & Loesche, 1978), while N yvad and  Kilian 
(1987) found  S tr e p . mitis to  be p re se n t in  g re a te s t p ro p o rtio n . T hey  
s u g g e s t ,  how ever, th a t  th e  varia tion  in  th e  rep o rte d  re su lts  may have been  
due to  d ifferences in  th e  nom enclature u se d , p a rtic u la rly  w ith  re g a rd  to  
th e  S tr e p . san g u is  / mitis J oralis g roup .

In  th e  p re s e n t  s tu d y , th e  h ig h est p ro p o rtions of S tr e p . sa liv ariu s  w ere 
found  in  th e  2 h o u r samples (5 .2  % (NP) and  10.5 % (S P )) , while th e  levels 
fo und  u n d e r  b o th  trea tm en t conditions a t 48 h o u rs  w ere u n d e r  1 %. 
S o c ran sk y  and  co-w orkers (1977) found th a t S tr e p , sa livariu s was not 
d e tec ted  in  an y  p laque sample a f te r  15 m inu tes, while Theilade an d  co
w o rk ers  (1982) iso lated  th is  organism  in  only v e ry  small p ro p o rtio n s  from 
a few 3 an d  8 h o u r samples from th e  g ingival crevice a rea  of th e  n a tu ra l 
d en titio n . S tr e p , sa livarius comprised a much la rg e r  p e rcen tag e  of th e  
to ta l f lo ra  in  th e  s tu d y  b y  Nyvad and Kilian (1987), w ith  th e  median value 
a t 4 h o u rs  b e in g  16 %, falling  to a level of 4 % a t 24 h o u rs . In  th e  
la t te r  s tu d y  th e  enamel blocks were mounted on a buccal flange in  th e  
lower vestibu lum , and  the  re la tive ly  h igh  num bers of S tre p . sa livariu s  seen
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in  th e  in itia l sam ples may have been  due to  d ire c t con tac t betw een  th e  

enamel su rfa ce  and  th e  buccal m ucosa, allowing d ire c t inoculation of th e  
o rganism  in  th e  te s t  p laq u e . In  th e  p re s e n t s tu d y , how ever, th e  enamel 
s lab s  w ere m ounted on recessed  tro u g h s  in  th e  lingual flanges of a  lower 
app liance  w ith  no d ire c t mucosal con tac t. The com paratively  h ig h  levels 
of th is  organism  in  th e  in itia l p laque sam ples of b o th  s tu d ie s  may re fle c t 
th e  fa c t th a t  S t r e p . sa livariu s com prises a  re la tiv e ly  h ig h  p ro p o rtio n  of th e  
sa liv a ry  m icroflora, and  th e re fo re  will account fo r  a re la tiv e ly  h ig h  
p e rc e n ta g e  of th e  organism s associated  w ith  th e  enamel su rfa c e , w hen i t  is  
new ly exposed  to th e  o ral environm ent. As sa liv a ry  organism s may be  
loosely  b o u n d  contam inants, r a th e r  th a n  firm ly  ad h e ren t members of th e  
p laq u e  flo ra , f lu sh in g  of th e  enamel su rfaces  w ith s te r ile  saline was 
perfo rm ed  in  th is  s tu d y  (see  Section 2 .5 .1 .)  p r io r  to  sam pling, as 
recom m ended b y  N yvad and  Kilian (1987).

S t r e p , sa liv ariu s  is n o t norm ally found in  den tal p laque (R o g ers , 1969), an d  
th e  p ro p o rtio n s  of th is  organism  found a t 48 h o u rs  in  th is  s tu d y  w ere 
low er th a n  th e  in itia l levels, su g g es tin g  th a t o th e r members of th e  oral 
m icroflora w ere becom ing adso rbed  and  rep lica tin g  d u rin g  th is  p e rio d , 
re s u lt in g  in  a  g rad u a l exclusion of th e  S tr e p . sa livariu s  cells from th e  
p la q u e . Ostrom  and  co-w orkers (1977) found  S tr e p , sa livariu s com prised 
approx im ate ly  50 % of th e  to ta l strep tococcal flo ra  a f te r  7 d a y s , in  th e ir  
in tr a -o ra l  cariogen ie ity  te s t  model. The au th o rs  s ta ted  th a t  th is  was 
p ro b a b ly  due to  th e  Dacron gauze covering  th e  enamel slabs p ro v id in g  a 
su itab le  re te n tiv e  su rface  fo r  th is  organism , w ith  th e  e x tra -o ra l su cro se  
app lica tions w hich w ere employed also co n trib u tin g  to  th e  r is e  in  num bers 
of S t r e p . s a liv a r iu s . In  th e  p re se n t s tu d y , a lthough  e x tra -o ra l su cro se
ex p o su res  w ere ca rried  o u t, th e  slabs w ere uncovered  d u rin g  th e  
experim en tal p e rio d , and  while th e  S tr e p , sa livarius counts u p  to  10 h o u rs  
w ere h ig h e r  in  th e  sucrose  associated p laque, th e  levels in  b o th  p laques 

fell a f te r  th is  tim e, to  similar low levels.

Actinom yces s p p . accounted  fo r th e  m ajority of positive  bacilli iso la ted  
from all sam ples. At two h o u rs , re la tive ly  h igh  levels of Gram positive  
bacilli w ere  p re s e n t ,  namely 10.7 % in  normal plaque w here th e  catalase 
neg a tiv e  d iv ision  of A. v iscosus / naeslundii predom inated , and  13.5 -6 in 
su cro se  p la q u e , in  w hich A . odontolyticus and catalase positive  and  
n eg ative  d iv isions of A. v iscosus } naeslundii w ere p re s e n t in  sim ilar
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p ro p o rtio n s . N yvad an d  Kilian (1987) fo und  sim ilar levels of Gram 
p o sitiv e  bacilli a t th e  in itia l sam pling time (4 h o u rs )  b u t  of th e se  
organism s only 50 %, approx im ately , w ere a sc rib ed  to  th e  genus 
A ctinom yces, w ith th e  A. v iscosus / naeslund ii g roup  p redom inating  and  
th e  m ajority  of th e  rem ain ing  positive  bacilli b e in g  u n id en tified  due to  
in su ffic ien t g row th  o r in d is tin c t o r incom plete r e s u lts .  In  a  s tu d y  b y  
Theilade and  co-w orkers (1982), Gram po sitiv e  bacilli form ed 11 % of th e  
to ta l iso la tes in  th e  3 h o u r sam ples, w ith  th e  v a s t  m ajority  b e in g  
id en tified  as  A. v iscocus- l ik e . Sim ilarly, S ocransky  and  co -w orkers (1977) 
found  A. v iscosus to  predom inate in  ea rly  p laque  sam ples iso la ted  from  a 
sm ooth too th  su rfa c e , in  one ind iv idual. In  th e  p re s e n t s tu d y , how ever, 
A . v isco su s -like  organism s did no t form  a g re a te r  p ro p o rtio n  of th e  p laque  
m icroflora th a n  A. naeslu n d ii-like organism s, in  th e  initial sam ples, an d  
N yvad and  Kilian comment th a t a lthough  in  v itro  s tu d ie s  dem onstrate  
d iffe ren ces  in  th e  ab ility  of A. v iscosus and  A. n aeslund ii to  a d h e re  to  
p e llic le -co v ered  h y d ro x y ap a tite  su rfa ce s , th e  c h a rac te ris tic s  of d iffe ren t 
in d iv id u a ls  may cause v a ry in g  re su lts  in  v iv o .

In  th e  c u r re n t  s tu d y , th e re  was a decrease  in  p ro p o rtio n  of Actinom yces 
from  th e  in itia l sam ples u n til 10 h o u rs , when th e  low est value was found  
in  SP p laq u es  (2 .8  %) and  th e  organism  was un d e tec tab le  in  norm al p la q u e s . 
T h e re a f te r , th e  p ro p o rtio n  in  bo th  NP and SP in c reased  in  th e  24 h o u r 
sam ples, fell again  b y  approxim ately 50 % a t 30 h o u rs , and  in c re ase d  to  
a ro u n d  th e  in itia l level a t  48 h o u rs . N yvad and  Kilian (1987) fo und  
sim ilar re s u l ts ,  w ith th e  lowest mean p e rcen tag e  count (approx im ately  4 %) 
b e in g  see n  a t  8 h o u rs , and  an  increase  a t 24 h o u rs , a lth o u g h  th e  count a t 
th is  time was s till lower th a n  th e  in itia l coun t. S coransky  and  co
w o rk ers  (1977) re p o rte d  a  decrease in  th e  p ropo rtion  of Actinomyces sp p . 
a t  1 - 2 d a y s , which th e y  a ttr ib u te d  to  a r ise  in  S tr e p . s a n g u is , as  th e  
ab so lu te  coun ts  of Actinomyces sp p . rem ained u n ch an g ed . N yvad an d  
Kilian also no ted  a r is e  in  p roportion  of s trep tococci accom panying th e  fall 
in  p e rc e n ta g e  count of positive  bacilli, w ith  th e  predom inan t s trep tococcal 
species  b e in g  S tr e p . oralis -  a sim ilar p a tte rn  was seen  in  th e  c u r re n t  

s tu d y .

S o cran sk y  an d  co-w orkers (1977) su g g ested  th a t th e  change in  re la tiv e  
p ro p o rtio n s  of s trep tococci and  Actinomyces sp p . may b e  due to  e a r lie r  
a d so rp tio n  to  th e  enamel su rface  o r earlie r rep lication  of th e  s trep tococc i

484



while Nyvad and Kilian (1987) considered that the relative increase in 
streptococci was due to differences in growth rates of the two genera.
In the present stu d y , the absolute count of Actinomyces sp p . fe ll between  
2 and 6 h o u rs, but b y  10 hours was present in considerably greater  
numbers than in the initial samples. However, the proportion of 
Actinomyces spp . was at a minimum at 10 h ou rs. Positive co ed  were 
more abundant in the initial sample than Actin omyces sp p . ,  and rose in  
absolute terms between 2 and 6 hours, and between 6 and 10 hours. 
From 10 hours onwards, the numbers of positive cocci and Actinomyces 
sp p . increased at similar ra tes, although the former were always presen t in  
greater num ber. These findings would be in keeping with the theory put 
forward b y  Socransky and co-w orkers, su ggestin g  that Actinomyces spp - 
take longer to adsorb and commence replicating on the enamel surface.

Gram neg ativ e  cocci in c reased  in  mean p ro p o rtio n  up  to  10 h o u rs  in  
norm al p la q u e , an d  24 h o u rs  in  su crose  p laq u e , b e fo re  fa lling  b u t  r is in g  
again  in  th e  final sam ple. N eisseria s p p . h ad  its  h ig h e s t p ro p o rtio n  in  
th e  24 h o u r  p laq u es , w here it  accounted  fo r 4 .5  % (NP) and  10.2 % (S P ). 
H orikaw a an d  co-w orkers (1978), u s in g  a selective medium fo r  N eisseria  
s p p . ,  found  th a t  th e  h ig h est levels (approxim ately  10 %), of th is  organism  
o c c u rre d  a t  one h o u r , w ith  th e  mean p ro p o rtio n  d ecreasin g  a t  4 an d  12 
h o u rs . The mean p e rcen tag e  of Veillonella sp p . found  in  th e  c u rre n t 
s tu d y , ra n g e d  from  0.5 % to  12.7 %, w ith  th e  h ig h e s t values b e in g  seen  a t 
10 h o u rs  (N P ), 24 h o u rs  (SP) and  48 h o u rs  (NP and  S P ). R itz (1967)
re p o r te d  th a t  Veillonella s p p . accounted fo r 1 % of th e  to ta l m icroflora a t 
1 d a y , com pared w ith  0.5 % (NP) and 3.5 % (SP) in  th e  p re s e n t  s tu d y . 
N yvad an d  Kilian found  th a t negative cocci com prised less  th a n  2 % of th e  
iso la tes  a t  all sam pling times up  to  24 h o u rs , while Theilade an d  co
w o rk ers  (1982) quoted a rise  in  median p roportion  from 0 % a t 3 h o u rs  to  
22 % a t  one d ay . I t  is  su g g es ted  th a t th e  fre q u e n tly  re p o r te d  in c re ase  in  
Veillonella s p p . and  decrease  in  N eisseria  s p p . ,  w ith tim e, may b e  due to  
ch an g es  in  th e  local p laque  environm ent, which becomes m ore anaerob ic  
w ith  in c re a s in g  p laque th ick n ess  (R itz , 1967; Horikawa e t a l . , 1978).

N egative bacilli remained fairly stable in normal plaque, accounting for  6.6  
to 10 % of the total microflora at all sampling tim es, while the proportion  
of th is group of organisms, under SP conditions, accounted for  
approximately 7 % of organisms at 2 - 22 hou rs, but decreased to 2 .6 -s at
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48 h o u rs . Gram n eg ative  ro d s  w ere iso la ted  only  ra re ly  from p laque 
sam ples b y  N yvad and  Kilian (1987), while Theilade an d  co -w orkers  (1982) 
fo u n d  th a t  th is  g roup  com prised 3 % of th e  organism s in  Gram s ta in ed  
sm ears a t  24 h o u rs . Kilian and  co-w orkers (1976) su g g es te d  th a t  
Haem ophilus s p p . may be  a common organism  in  e a r ly  p la q u e , and  found  
th a t  th is  genus com prised approxim ately  10 % of th e  to ta l anaerob ic  
m icroflora in  18 h o u r p laque sam ples from smooth too th  su rfa c e s , w hile, in  
th e  p re s e n t  s tu d y , Haemophilus sp p . ra n g e d  from  ND to  6.7 %, w ith no 
tr e n d  b e in g  seen  in  re la tion  to  time.

A ccord ing  to  th e  re s u lts  of o th e r s tu d ie s , B actero ides sp p . do no t a p p ea r 
to  b e  common organism s in  ea r ly  p laque samples (S o cran sk y  e t a l . , 1977; 
Theilade e t §d_., 1982; N yvad & K ilian, 1987). H ow ever, in  th e  c u r re n t  
s tu d y , while B actero ides sp p . w ere unde tec tab le  o r iso lated  in  v e ry  low 
p ro p o rtio n  in  p laque samples from two of th e  su b je c ts , in  S ub jec t A , th is  
organism  accounted  fo r all the  negative  bacilli in  th e  normal p laque  
sam ples (ra n g in g  from  1.9 to  12.2 %). When th e  re s u lts  fo r  th e  th re e  
su b jec ts  w ere com bined, th e  mean p e rcen tag e  of B actero ides sp p . was s till 
re la tiv e ly  h ig h , re fle c tin g  th e  wide in te r-su b je c t varia tion  o c cu rrin g  in  th is  
small su b jec t sample size . However, in  th e  48 h o u r sample from th e  21 
d ay  s tu d y , th e  fin d in g  of re la tiv e ly  h ig h  levels of B actero ides sp p . in  
S ub jec t A was not re p e a te d , su g g es tin g  th a t th e  re su lts  from  th e  e a rly  
s tu d y  w ere u n c h a rac te ris tic .

T he im portance of ob ta in ing  da ta  in  bo th  p ropo rtional and  abso lu te  counts 
can  b e  seen  b y  considering  th e  re su lts  fo r ind iv idual g ro u p s and  
o rgan ism s. For exam ple, while th e  p ro p o rtio n  of most organism s was 
u n a ffe c ted  b y  tim e, o r only a  s lig h t association was seen , a  h igh ly  
s ig n ific an t r is e  in  th e  num bers of to ta l organism s and  each  g ro u p , genus 
an d  species  was o b serv ed . Similarly, while th e  app lication  of e x tra -o ra l 
su c ro se  h ad  little  effect on the  p ropo rtions of most of th e  iso la tes , a 
com parison of abso lu te  counts obtained from normal and  su cro se  p laques 
dem o n stra ted  th a t sucrose  s tre ss in g  caused  a sign ifican t in c rease  in  th e  
num ber of most organism s. C onversely , while th e  p ro p o rtio n  of S t r e p . 
san g u is  was s ig n ifican tly  h ig h e r u n d e r normal p laque cond itions, th e  ac tua l 
coun ts  of th e  organism s in  p laque obtained  u n d e r  th e  two trea tm en t 

conditions was sim ilar.
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T h u s , im portan t t re n d s  in  re la tio n  to  th e  p laque  m icroflora may n o t be  

ap p re c ia te d  if re s u lts  a re  g iven  w ith  re s p e c t to  only  th e  p ro p o rtio n a l o r 
ab so lu te  co u n ts .

E ffect o f S trep , m utans Im plantation on Early Plaque Sam ples.

As inoculation  of S tr e p . m utans was perfo rm ed  only  in  S ub jec t A in  th is  
s tu d y , th e  re s u lts  of th e  SPM p laques can only  b e  com pared w ith  th e  NP 
an d  SP sam ples ob ta ined  from th a t  su b je c t, r a th e r  th a n  th e  combined 
re s u lts  of all th re e  su b jec ts .

While S t r e p . m utans was no t d e tec ted  in  an y  of th e  p laque  sam ples 
ob ta ined  u n d e r  NP an d  SP conditions, th e  organism  com prised 11.0 % of 
th e  to ta l iso la tes  from th e  SPM plaque a t 2 h o u rs . In  th e  6 h o u r SPM 
sam ples, S t r e p , m utans accounted  fo r 28.1 % of th e  m icroflora, b u t  fe ll to  
an  u n d e tec tab le  level a t 10 h o u rs , and  th e re a f te r  was p re s e n t  a t 0.1 % of 
th e  m icroflora a t each sam pling time.

T he in itia l h ig h  levels of S tre p . m utans w ere p ro b ab ly  due to  im plantation 
of th e  organism  a t 0 and  4 h o u rs , a lthough  fu r th e r  inoculation  was 
p erfo rm ed  a t 24 and  28 h o u rs , w ith no su b seq u en t r is e  in  p ro p o rtio n  of 
th e  organism  iso la ted  o ccu rrin g  in  th e  30 and  48 h o u r  sam ples. This 
su g g e s ts  th a t  su ccessfu l im plantation only took p lace w here a  m icroflora 
was no t a lre ad y  e s tab lish ed  on th e  enam el, an d  th a t  o th e r  o rgan ism s, 
d e riv e d  from  sa liva , com peted w ith  th e  S tr e p . m utans and  becam e dom inant 
w ith in  10 h o u rs , a lthough  th e  la tte r  continued  to be  iso la ted  in  all 24 h o u r 
sam ples. F u r th e r  im plantation of S tr e p . m utans did no t cause a r is e  in  
p ro p o r tio n  of th is  organism , p resum ably  due to  th e  fac t th a t  th e  o th e r  
o rganism s w ere a lread y  e s tab lish ed , and  may, in  ad d itio n , have b een  
p ro d u c in g  fac to rs  an tagon istic  tow ards th is  organism .

T he  ab so lu te  counts of S tr e p , m utans a t 30 an d  48 h o u rs  w ere co n sid erab ly  
h ig h e r  th a n  in  all o th e r samples inc lud ing  those  in  w hich th e  organism  
com prised th e  h ig h e s t p roportional coun t, su g g es tin g  th a t  m ultip lication of 
th is  organism  was ta k in g  place th ro u g h o u t th e  experim ental p e rio d , b u t  to  

a le s s e r  e x te n t th a n  w ith o th e r p laque organism s.
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In  the two h o u r  sam ples u n d e r  SPM cond itions, th e  p ro p o rtio n  of p o sitive  
b acilli, a t  1 .8  %, was lower th a n  in  NP and  SP sam ples (23 .4  an d  20.0 %, 
re sp e c tiv e ly ) , while sim ilar low coun ts (le ss  th a n  5 %) w ere seen  a t 6 
h o u rs ,  u n d e r  all trea tm en t conditions. A t th is  sam pling tim e, th e  major 
d iffe ren ce  in  mean p e rc en ta g e  cou n t, o th e r  th a n  w ith  S tr e p . m u tan s , was 
w ith  S tr e p , o ralis w hich com prised 43.5 % in  SPM com pared to  75.0  % and  
77 .0  % in  norm al and  su cro se  p laq u es , p resum ab ly  due to  th e  p re sen c e  of 
la rg e  num bers of S tr e p . m utans in  th e  to ta l m icrobial c o u n t. H ow ever, 
d e sp ite  th e  re la tiv e ly  low p ro p o rtio n  of S tr e p . oralis in  SPM sam ples a t  6 
h o u rs ,  th e  ac tu a l count of th is  organism  was g re a te r  th a n  th e  count in  NP 
sam ples, w here th e  species accounted  fo r  75.0  % of th e  to ta l flo ra .

6 .4 .2 .  T w en ty -one D ay S tu d y .

T he re s u lts  of th e  21 day  s tu d y  showed a s ig n ifican t decrease  in  th e  
re la tiv e  p ro p o rtio n s  of s trep tococci and  an in c rease  in  th e  levels of 
p o s itiv e  bacilli ov er th e  experim ental p e rio d , u n d e r  each trea tm en t 
cond ition . This is in  agreem ent w ith th e  in  vivo fin d in g s  of Syed and  
L oesche (1978), w here a  change in  th e  p redom inant g enus from  
S trep to co ccu s to  Actinomyces was observ ed  over a th ree -w eek  p e rio d  in  
in te r-p ro x im a l p laq u es . In  th e  c u rre n t s tu d y , th e  fa ll in  th e  s trep to co ccal 
coun t w ith  time was due la rg e ly  to  a m arked decrease  in  th e  p ro p o rtio n  of 
S t r e p . o ra lis , an d  a r ise  in th e  positive  bacilli, due mainly to  a s ig n ifican t 
in c re a se  in  Actinomyces sp p . At 7 d ay s , A. odonto ly ticus was th e  
p redom inan t species in  th is  g ro u p , while in  th e  th ree -w eek  sam ples, th e  
ca ta lase  n eg ative  d ivision of A. v iscosus / naeslund ii (ie . A. n aes lu n d ii-like) 
com prised th e  major p ro p o rtio n  of Actinomyces s p p . in  all th re e  trea tm en t 
g ro u p s . Sim ilarly, Socransky  and  co-w orkers (1977) found  an  in c rease  in 
A . n a e s l u n d i i -h k e organism s w ith tim e, d u rin g  a 16-d ay  experim ental 

p e r io d .

T he p ro p o rtio n  of S tr e p . m utans was unchanged  a t  0 .1  % o r le ss  in  norm al 
a n d  su c ro se  p laq u es  a t all sampling tim es, while u n d e r  SPM cond itions, th e  
mean p e rc en ta g e  count of th is  organism  was 1 .6  % in  th e  2 d ay  sam ples 
r is in g  to  18.0 % a t 21 d ay s . As no im plantation of S tr e p , m utans was 
p erfo rm ed  a f te r  28 h o u rs , th is  su g g es ts  th a t th e  p ro p o rtio n  of th e  
o rganism  p re s e n t  a t  two days was suffic ien t fo r  i t  to be  se lec ted  fo r 
u n d e r  th e  su cro se  conditions. However, no such  in c rease  in  p ro p o rtio n
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was seen  in  sam ples w here e x tra -o ra l su c ro se  app lications w ere perform ed 
w ithou t im plantation of S tr e p . m u tan s , su g g es tin g  th a t ,  in  th is  su b jec t, th e  
co n cen tra tio n  of S tr e p . m utans was below th e  th re sh o ld  n e c e ssa ry  fo r  th e  
o rganism  to become a  dom inant member of th e  p laque flo ra , even  w hen 
r e g u la r  su cro se  applications w ere u sed . In  term s of abso lu te  coun ts  of 
o rg an ism s, S tr e p . m utans in c reased  b y  a sim ilar am ount ov er th e  21 days in  
norm al an d  su cro se  p laq u es , b u t only  u n d e r  SPM conditions was a  m arked 
r is e  seen .

S tre p , sa liv ariu s  was v e ry  ra re ly  d e tec ted  in  all trea tm en t cond itions, and  
w here  iso la ted , form ed a v e ry  low p e rcen tag e  of th e  to ta l m icroflora. 
T h is is  in  agreem ent w ith  th e  find ings of o th e r s tu d ie s  d esc rib ed  in  
Section 4 .6 .9 . ,  w here th is  organism  has been  found  to  be  a  ra re  c o n stitu en t 
of m ature  p laq u e .

Im plan tation  of S t r e p . m utans has b een  perform ed b y  a  num ber of 
w o rk e rs , b u t only ea rly  samples have been  collected, to  determ ine th e  
su ccess  of th e  colonisation b y  th is  organism  (S v an b e rg  & L oesche, 1978; 
S v a n b e rg  & K rasse , 1981). No s tud ies  re p o r tin g  longterm  changes in  th e  
p laq u e  m icroflora following inoculation w ith  S tr e p . m utans a re  available fo r 
com parison w ith th e  c u rre n t r e s u l ts . An appliance s tu d y  b y  B orden  and
co -w o rk ers  (1980) involved  seeding  of S tr e p . m utans cells on D acron 
co v ered  enamel slabs and  application of sucrose  e x tra -o ra lly . A lthough as 
p re v io u s ly  d e sc rib ed  (see  Section 4 .6 .8 .)  th e  methodology employed d iffe red  
from  th a t  u sed  in  th e  c u rre n t s tu d y , an d  th e  two experim ents a re  
th e re fo re  no t d irec tly  com parable, B orden and  co-w orkers d id in v estig a te  
th e  m icroflora of p laque samples over a  7-d a y  p e rio d , following 
im plan ta tion . T hey  found th a t S tre p . m utans com prised a h ig h e r 
p ro p o rtio n  (58 %) of the  strep tococcal p laque flo ra  th an  was found in  th e  
p re s e n t  s tu d y  (23 %). H igher levels of S tre p , sa livarius (17 %) w ere also 
fo und  in  th e  experim ental p laque of B orden and  co -w orkers , an d  th e  v e ry  
h ig h  p ro p o rtio n s  of b o th  th ese  strep tococcal species was th o u g h t to  b e  due 
to  th e  D acron gauze p ro v id ing  a suitable re ten tiv e  meshwork in  which 
th e se  organism s could p ro life ra te . In  th e  p re se n t s tu d y , as no D acron 
co v erin g  was u sed  on th e  enamel s lab s , organism s p re se n t in itia lly , su ch  as 
implan ted  S tr e p . m u tan s , w ere re q u ired  to  adh ere  an d  compete w ith  o th e r 
p laque  o rgan ism s, w ithout the  h igh ly  re ten tiv e  fram ework p ro v id ed  b y  th e  
gauze . T h is  would explain , a t  leas t in  p a r t ,  th e  lower S tr e p . m.utans_
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levels  found  in  th e  c u rre n t s tu d y , com pared to  those  re p o rte d  b y  B orden  
an d  co -w o rk e rs .

N egative cocci form ed a s ign ifican tly  h ig h e r p ro p o rtio n  of th e  p laque 
m icroflora in  th e  7-d a y  sam ples, com pared to  th e  2- and  21-day  sam ples 
w here  sim ilar p ro p o rtio n s  w ere found . Only V eillonella sp p . w ere 
iso la ted , and  th is  absence of o th e r negative  cocci was also re p o r te d  b y  
S o c ran sk y  an d  co-w orkers (1977). T h e ir re su lts  w ere com parable w ith  th e  
c u r re n t  s tu d y , th e  h ig h e s t p ropo rtion  of Veillonella s p p . o ccu rrin g  a t 8 
d a y s , w ith  a  fall to  u nde tec tab le  levels a t 16 d a y s . A lthough a
p ro g re s s iv e  in c rease  in  Veillonella sp p . was not seen  w ith  tim e, th e  
p ro p o rtio n s  of some o th e r anaerobic spec ies, su ch  as anaerobic  s trep tococc i 
show ed a  s lig h t r is e  in  the  more m ature plaque sam ples.

L actobacillus s p p . w ere e ith e r u n d e tec ted  o r w ere iso la ted  in  low 
p ro p o rtio n  from  all samples u n d e r all trea tm en t conditions, d esp ite  th e  
re la tiv e ly  h ig h  levels of S tre p . m utans found in  th e  SPM p laq u es , w hich 
would b e  ex p ec ted  to  p roduce  h igh  levels of acid , and  th e re fo re  p o ssib ly  
se lec t fo r  th is  ac idu ric  organism .

H aem ophilus sp p . com prised a low p roportion  of th e  m icroflora in  th e  2- 
d ay  p laq u e  sam ples, and  th e re a f te r  fell to  low er, o r unde tec tab le  lev e ls , in  
a ll tre a tm e n t g ro u p s . A fall in  th e  p ro p o rtio n  of Haemophilus
p a ra in f lu e n z a e , th e  only species of Haemophilus iso lated  in  th is  s tu d y , has 
p re v io u s ly  b een  re p o rte d  in  m aturing  plaque samples (K ilian e t a l . , 1976).

T he p ro p o rtio n  of B acteroides sp p . was 3 % or less in  all p laque sam ples, 
b u t  in c re a se d  s ign ifican tly  w ith  time in  p laque samples obtained u n d e r  all 
tre a tm en t cond itions, as might be expected  fo r a s tr ic t  anaerobe su ch  as 

th is  o rgan ism , as d iscu ssed  below (Section 6 .4 .3 . ) .

While a m arked  change in  the  microbial composition of p laque samples was 
o b serv ed  a t  2, 7 and  21 d a y s , th e re  was no sign ifican t in c re ase , overa ll, in  
th e  to ta l m icrobial count w ith time, a lthough a m oderate r is e  o ccu rred  in  
th e  SPM sam ples. However, the  difference in  microbial co u n ts, when 
com paring th e  th re e  trea tm en t conditions was no t s ig n ific an t. The 
sim ilarity  of to ta l b ac te ria l counts in  these  plaques of d iffe ren t ag e , is 
com parable to  th e  w ork of Socransky  and  co-w orkers (1977) and  Syed and
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L oesche (1978), who found  no change in  abso lu te  coun ts  in  p laq u e  sam ples 

ag ed  2 - 1 6  days a n d  7 - 2 1  d a y s , re sp e c tiv e ly , w ith  S o c ran sk y  an d  co
w o rk ers  s ta t in g  th a t  a  maximal b a c te ria l mass is reach ed  in  p la q u e , w ithin  
w hich th e  m icrobial com position is con tinually  ch an g in g .

6 . 4 . 3 .  M icrobial Composition of Plaque from Two Hour to  T w enty One 
D ays, in  One Subject.

T he re s u lts  of th is  s tu d y  dem onstrated  a  r is e  in  th e  to ta l m icrobial coun ts  
in  p laq u e  sam ples u p  to  30 - 48 h o u rs , a f te r  which th e  to ta l num ber of 
o rganism s rem ained re la tiv e ly  s ta tic . The maximum num ber of organism s 
p e r  u n it  su rface  a rea  of enamel was sim ilar in  all tre a tm en t g ro u p s , b u t  
th is  value was ach ieved  sooner in  su cro se  p la q u e , p o ssib ly  due to  th e  
su c ro se  allow ing more ra p id  rep lication  to  tak e  p lace . H ow ever, th e  
p la teau  level of coun ts was reached  a t 48 h o u rs  w ith b o th  SPM and  NP 
sam ples, su g g e s tin g  th a t  th e  im plantation of S tr e p . m utans in te r fe re d  w ith  
th e  rep lica tion  of norm al e a r ly  co lon isers , so th a t  th e  enhanced  
m ultip lication seen  w ith su cro se  did not o ccu r.

A fte r  a  level of approxim ately  6.7 log10 cfu p e r  mm2 enamel su rfa ce  was 
re a c h e d , u n d e r  each trea tm en t condition, no f u r th e r  in c rease  in  to ta l 
num bers of organism s was seen , su g g es tin g  th a t  th e  capac ity  of th e  s ite  
h ad  b een  reach ed . S heer fo rces (M arsh & M artin, 1984) and  n u tr ie n t 
availab ility  may limit th e  b a c te ria l mass w hich th e  p laque can a tta in .

A change  in  th e  microbial composition of p laque  was o b serv ed  ov er th e  
th re e  w eeks, w ith  strep tococc i predom inating  in itia lly  b u t  b e in g  rep laced  
b y  Actinom yces s p p . as th e  predom inant organism  betw een 7 and  21 d a y s . 
T he rep lacem ent of th e  p ioneer species w ith tim e, to  a climax community 
w ith  a  more complex m icroflora and  h ig h  species d iv e rs ity , tak es  p lace due 
to  changes in  th e  local environm ent d u rin g  p laque accum ulation, w ith 
a lte ra tio n  in  th e  ox idation -reduc tion  p o ten tia l, pH , availab ility  of n u tr ie n ts  
an d  p ro d u c tio n  of metabolic e n d -p ro d u c ts , se lec tin g  fo r  d iffe ren t organism s 
(H ard ie  & Bow den, 1976). F u rth erm o re , "secondary" p laque  fo rm ers may 
a d h e re  to  organism s a lread y  p re se n t in  th e  p laq u e , and  th e re fo re  
accum ulate only  a t a  la te r  s tag e  (S o cran sk y  e t al_., 1977). Such 
popu la tion  changes due to  microbial fac to rs  a re  an  exam ple of au togen ic

succession  (M arsh & M artin, 1984).
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In  th e  sam ples w here  inocu lation  of S t r e p . m utans h ad  b e en  c a rr ie d  o u t, 

th e  organism  was iso la ted  in  re la tiv e ly  h ig h  p ro p o rtio n  a t 2 and  6 h o u rs , 
b u t  was u n d e tec tab le  o r p re s e n t  in  v e ry  low p ro p o rtio n  th e re a f te r  u n til  48 
h o u rs .  H ow ever, in  th e  21 day  ex p erim en ts , perfo rm ed  a t  d iffe re n t times 
from  th e  2 day  r u n s ,  only  a low p ro p o rtio n  (1 .6  %) of S t r e p . m utans was 
fo u n d  in  th e  in itia l sam ples, b u t a considerab le  in c rease  in  mean 
p e rc e n ta g e  count o c cu rred  a t th e  7 and  21 d ay  sam pling tim es, asso c ia ted  
w ith  a  r is e  in  mean count from  3.40 log10 cfu p e r  mm2 enamel su rfa ce  to  
5 .5 7 , o v er th e  21 day  p e rio d . In  th e  2 -d ay  experim en t, th e  p ro p o rtio n a l 
coun t was only  0 .1 % a t 48 h o u rs , an d  th e  abso lu te  coun t was 2 .7 3 , 
re p re se n tin g  only  a f if th  of th e  eq u ivalen t count a t  48 h o u rs  in  th e  
lo n g e r experim en t. As h as a lread y  b e en  d iscu ssed , i t  seems th a t  a 
th re sh o ld  count may e x is t fo r  S tr e p . m u tan s , and  only  if th is  is  ex ceeded , 
an d  su cro se  is p re s e n t ,  does a s ign ifican t r is e  in  th e  coun t o ccu r. 
T h e re fo re , i t  is  u n c e rta in  w h e th er th e  count ob tained  a t th e  end  of th e  
2-d a y  s tu d y  would have b een  su ffic ien t fo r  th e  organism  to  become a 
s ig n ific an t member of th e  p laque m icroflora . T h u s , a lth o u g h  b y  compiling 
th e  d a ta  from th e  two experim ental ru n s  invo lv ing  th e  one su b jec t, some 
id ea  of th e  p ro g ress io n  of counts o v er th e  3 w eek p e rio d  could be  
o b ta in ed , th e  com parison of th e  re s u lts  a t th e  d iffe ren t tim es is  no t as 
valid  as would have been  th e  case if  all th e  sam ples had  b een  ob ta ined  
d u r in g  th e  one experim ental ru n .

6 . 5 .  C onclusions.

T he m ethodology employed in  th e  s tu d ie s  de tailed  in  th is  C h ap te r allowed 
p laq u e  sam pling from enamel slabs of know n su rface  a re a  to  b e  p e rfo rm ed , 
th u s  p e rm ittin g  iso lates to  b e  ex p re ssed  b o th  as p ro p o rtio n a l an d  abso lu te  
co u n ts , so th a t th e  e ffec t of time on m icrobial composition and  b ac te ria l 
co u n ts  could be  in v e s tig a te d . V ery  few s tu d ie s  have  p re v io u s ly  re p o r te d  
th e  m icrobial composition of e a rly  p laque  w ith  re g a rd  to  b o th  p ro p o rtio n a l 
an d  abso lu te  co u n ts . The c u rre n t s tu d y  dem onstra ted  th e  im portance of 
b o th , so th a t  an  accu ra te  indication of th e  change in  th e  num bers and  
dom inance of d iffe ren t organism s can be  a sse sse d , in  re la tio n  to  time and  

trea tm en t co n d itio n s .

T he u se  of m ultiple enamel s ite s  on an  in  s itu  appliance allows 
lo n g itu d in a l s tu d ies  to  be  perfo rm ed , w ith  p laque sam ples ob ta ined  a f te r
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v a ry in g  time in te rv a ls  from  b ase lin e , so th a t  th e  local env ironm ent is  as 
co n s ta n t as possib le  th ro u g h o u t th e  experim en tal p e rio d .

T he app lication  of su cro se  d u rin g  th e  developm ent of p laq u e  made little  
d iffe ren ce  to  th e  p ro p o rtio n a l m icrobial com position, b u t  re su lte d  in  h ig h e r  
co u n ts  of all organism s in  v e ry  e a r ly  p laq u e .

T he  u se  of th e  in  s itu  device allowed slabs on th e  two sides of th e  
app liance  to  be  su b jec ted  to  d iffe ren t trea tm en t conditions sim ultaneously , 
th u s  e n su r in g  th a t  th e  same in tra -o ra l conditions w ere a ffec tin g  all th e  
s la b s . The fac t th a t  coun ts of S tr e p . m utans w ere no t in c re a se d , u n d e r  
norm al an d  su cro se  p laque cond itions, w hen th e  organism  was im planted  on 
th e  c o n tra - la te ra l s id e , ind ica ted  th a t no c ro s s -o v e r  e ffec t o c c u rre d , and  
su g g e s te d  th a t valid  com parisons betw een  th e  two s id e s , u n d e r  v e ry  sim ilar 
in tr a -o ra l  conditions b u t d iffe ren t trea tm en t cond itions, could be  m ade.

T hese  p re lim inary  s tu d ie s , invo lv ing  th re e  su b jec ts  in  th e  2-d a y  
in v estig a tio n  an d  one su b jec t in  th e  21-d a y  s tu d y , showed sim ilar fin d in g s  
w ith  re g a rd  to  m icrobial composition an d  to ta l b a c te ria l c o u n ts , com pared 
to  p rev io u s  w ork . H ow ever, th e  appliance h as  ad v an tag es  o v e r o th e r  
experim en tal m odels, as d esc rib ed  above, in  re la tio n  to  th e  p o ssib ility  of 
o b ta in in g  abso lu te  as well as p ro portional c o u n ts , long itud ina l s tu d ie s  u s in g  
m ultiple s ite s  w ith in  a  small a rea  and  th e  ab ility  to  su b jec t th e  two sides 
to  d iffe ren t trea tm en t conditions sim ultaneously , allowing com parative 
s tu d ie s  to  b e  m ade. This su g g es ts  th a t  th e  appliance may b e  a  su itab le  
model fo r  more ex ten siv e  inv estig a tio n  of th e  m icrobial com position of 
smooth su rface  p laq u e , and  fu r th e r ,  th a t  b y  ap p ly in g  te s t  su b s ta n c es  to  
one side  of th e  app liance , w ith th e  o th e r , u n tre a te d  s id e , a c tin g  as th e  
co n tro l, th is  model may b e  u sed  fo r  th e  in v estig a tio n  of th e  e ffec t of 
an ti-m icrob ia l ag en ts  on p laque m icroflora.
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CHAPTER V II

CONCLUDING DISCUSSION. 

7 . 1 .  Introduction .

As d iscu ssed  in  C h ap te r I ,  den ta l caries  is a  d isease  in  w hich m any in te r 
re la tin g  fa c to rs  a re  invo lved , w ith  th e  th re e  p rin c ip a l v a riab les  b e in g  th e  
h o s t ,  th e  d ie t an d  th e  p laque m icroflora. T his th e s is  was m ainly
concerned  w ith th e  re la tio n sh ip  betw een th e  composition of th e  p laque  
m icroflora and  th e  m ineral s ta tu s  of th e  assoc iated  enamel su rfa c e . In  
ad d itio n , th e  s tu d ie s  u n d e rta k e n  allowed m any o th e r  fa c to rs , know n to
in fluence  th e  carious p ro c e ss , to  be  in v es tig a ted  to  v a ry in g  e x te n ts . T his
C h ap te r  th e re fo re  in te r - re la te s  th e  re s u lts  of th e  d iffe re n t experim en ts 
c a r r ie d  ou t in  th is  th e s is , and  su g g es ts  w here fu r th e r  w ork in  th is  fie ld  
could be  p u rs u e d .

7 . 2 .  V ariation in  Enamel S u scep tib ility .

D ental enamel is no t hom ogeneous, and  d iffe ren ces  in  th e  su sc e p tib ility  of 
enam el s ite s  to  s ta n d a rd  acid  a ttack  have  b een  re p o r te d  ( de Groot e t  a l, 
1986). Almost all inv estig a tio n s  on th e  re la tio n sh ip  betw een  p laq u e  
m icroflora and  enamel dem ineralisation, c a rrie d  out in  th e  hum an ora l 
env ironm en t, h ave  invo lved  c ro ss-sec tio n a l o r long itud ina l clinical s tu d ie s  
in  w hich th e  su b je c ts ’ n a tu ra l den tition  is exam ined. In  su ch
in v e s tig a tio n s , i t  is  im possible to  determ ine th e  su sc e p tib ility  of th e  
enam el to o th  s ite s  to  dem ineralising s t r e s s e s ,  and  m any s tu d ie s  fail to  
d iscu ss  th is  im portan t variab le  w hen re la tin g  p laque m icroflora to

dem inera lisa tion .

T he u se  of th e  appliance model invo lv ing  th in  enamel sec tio n s , allowed an
in  v itro  in v estig a tio n  to  be  c a rrie d  out on th e  su scep tib ility  of con tro l
sec tions from te e th  which w ere to  be  u sed  in  th e  main m  s itu  
dem ineralisation  experim en t. The re su lts  d e sc rib ed  in  Section 3 .5 .3 .
a g re e d  w ith  o th e r in  v itro  r e p o r ts ,  in  fin d in g  la rg e  v a ria tio n  in
su sc e p tib ility  betw een d iffe ren t s i te s . T h e re  was no s ig n ifican t d ifferen ce  
betw een  mean levels of dem ineralisation in  sec tions from  d iffe ren t te e th , 
su g g e s tin g  th a t  a t le a s t as much v aria tion  e x is ts  in  enamel su sc e p tib ility
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betw een  d iffe ren t s ite s  on th e  same to o th , as betw een te e th . G rea te r 
am ounts of dem ineralisation  w ere seen  a t th e  cerv ica l m argin  com pared to  
o th e r  s i te s , so th e  fo rm er a rea  was no t u sed  as a te s t  s ite  in  appliance 
s tu d ie s  d esc rib ed  in  C h ap ters  III and  IV.

I t  h as  b e en  su g g es te d  th a t rem oving th e  o u te r  su rface  la y e r  of enamel 
p re -ex p erim en ta lly  may in c rease  enamel su scep tib ility  an d  re d u c e  v a ria tio n  
in  o b se rv ed  dem ineralisa tion . A braded  and  n o n -ab rad ed  enamel sec tions
from  th e  same too th  w ere th e re fo re  inc luded  in  th e  in  v itro  experim en t 
de ta iled  in  C h ap te r I I I ,  an d  w ere also u se d  in  an  m  s itu  in v estig a tio n  
d e sc rib e d  in  C h ap te r IV. B oth s tu d ie s  found  sim ilar r e s u l ts ,  nam ely th a t  
ab ra s io n  of th e  enamel su rface  re su lte d , o v era ll, in  more experim ental 
m ineral lo s s , b u t  th a t  th e  v a ria tio n  betw een  a b ra d ed  enamel s ite s  was ju s t  
a s  g re a t ,  if no t g re a te r ,  th a n  in  n o n -ab rad ed  su rfa c e s . The v a ria tio n  in  
dem ineralisation  found  in  th e  in  s itu  s tu d y  could no t be  exp lained  b y  th e  
com position of th e  o v e rly in g  p laque m icroflora.

One of th e  aims of c a r ry in g  ou t th is  small in  s itu  s tu d y  was to  determ ine 
w h e th e r t re a t in g  th e  enamel su rface  in  th is  m anner a ffec ted  th e  
com position of th e  associated  p laque m icroflora, as th is  does no t a p p e a r  to  
h av e  b een  in v e s tig a te d  p rev io u s ly . No d ifference  was fo u n d  betw een  
a b ra d e d  an d  n o n -ab rad ed  enamel, w ith re g a rd  to  e ith e r  p ro p o rtio n a l o r 
ab so lu te  coun ts of th e  associated  p laque m icroorganism s, an d  in  th is  
r e s p e c t ,  a b ra d ed  enamel would ap p ea r to  b e  su itab le  fo r  in v estig a tio n s  of 
th e  m icrobiology of ea r ly  enamel dem ineralisation . H ow ever, th e  v a ria tio n  
in  su sc e p tib ility  of enamel was no t overcome b y  rem oving th e  enamel 
su rfa c e , and  so i t  is  still u n certa in  a t p re s e n t w h e th er o r no t ab rad ed  
enam el should  be  u se d  in  su ch  s tu d ie s . T h u s , v a ria tio n  in  su sc e p tib ility  
of d iffe re n t enamel s ite s  is one of th e  fa c to rs  involved  in  th e  in itia tion  of 
c a ries  w hich i t  is  im possible to  contro l com pletely, and  th is  m ust b e  b o rn e  
in  mind w hen in te rp re tin g  th e  re su lts  of s tu d ie s  invo lv ing  th e  re la tio n sh ip  
betw een  p laq u e  m icroflora and  enamel dem ineralisation . F u r th e r ,  th is  may 
have  b een  one of th e  fac to rs  responsib le  fo r  th e  poor co rre la tion  betw een 
num bers of acidogenic organism s an d  q u a n tity  of m ineral lo s s , fo u n d  a t 
some s ite s  in  th e  in  s itu  dem ineralisation s tu d y  d esc rib e d  in  C h ap te r IV .
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7 . 3 . Q uantification  of Enamel D em ineralisation.

Most s tu d ie s  a ttem p tin g  to  re la te  p laque m icroflora to  enamel 
dem ineralisa tion  have  b een  perform ed in  v iv o , w here id en tifica tio n  of 
in c ip ien t carious lesions on th e  n a tu ra l den tition  is d ifficu lt, an d  acc u ra te  
q u an tifica tion  of th e  m ineral loss is  not p o ssib le . A few s tu d ie s  have 
th e re fo re  employed enamel slabs m ounted on an  in tra -o ra l  app lian ce , th e  
u se  of w hich allows accu ra te  assessm ent of m ineral co n ten t to  be  
perfo rm ed  p o st-ex p erim en ta lly  (Ostrom  e t a l . , 1977 ; G allagher & P ea rce , 
1979). H ow ever, p re -ex p erim en ta l quan tifica tion  of m ineral co n ten t 
canno t b e  u n d e r ta k e n , an d  th e re fo re  ad jacen t unexposed  enamel s ite s  a re  
u se d  as a  co n tro l, in  assessm ent of change in  m ineral con ten t d u r in g  th e  
ex p erim en ta l p e rio d . Bovine enamel slabs w ere employed in  th e  in  v itro  
s tu d ie s  d esc rib ed  in  C hap ter V, and in  th ese  experim ents assessm en t of 
dem ineralisa tion  was ca rried  out as d escribed  above. The susp ic ion  th a t 
th is  does n o t give a t ru e  indication of m ineral loss was s tre n g th e n e d  b y  
th e  fa c t th a t  th e  re s u lts  obtained w ith th is  m ethod w ere le a s t in  k eep in g  
w ith  th e  overa ll re s u lts  of th e  fo u r methods u sed  to a sse ss  th e  cariogenic 
p o ten tia l of S tr e p . m u tan s .

T he u se  of th e  s in g le-sec tion  technique in  th e  in  s itu  dem ineralisation 
s tu d y  allowed b o th  p re -  and  post-experim en ta l quan tifica tion  of m ineral 
c o n ten t, so th a t m ineral loss d u rin g  th e  experim ental p e rio d  could be  
ca lcu la ted . T h u s , th e  most accu ra te  assessm ent of enamel dem ineral
isa tio n  is  ach ieved  b y  u s in g  th in  enamel sec tions. A lthough u s in g  
p ro p o rtio n a l co u n ts , th e  microbial composition of th e  p laque associated  
w ith  th e  enamel sections was less similar to n a tu ra l too th  p laque th an  was 
slab  p la q u e , th e  m icroflora of th e  p laque was qua lita tive ly  sim ilar in  all 
c a se s . H ow ever, quantification  of th e  m ineral con ten t of slabs m ounted 
on th e  appliance was n o t possible e ith e r p re -  o r p o s t-ex p erim en ta lly , as 
d e sc rib e d  in  C h ap ter IV. While modification of th e  appliance design  
would allow th e  u se  of th ick e r slabs and  perm it po st-ex p erim en ta l 
sec tio n in g  an d  m icroradiography of th e  enamel to  b e  c a rrie d  o u t, th is  
would s till no t allow experim ental m ineral loss to be  m easured a c c u ra te ly , 
as th e  only  con tro l available would rem ain site s  of ad jacen t unexposed  
enam el. T h u s , a t p re s e n t, only b y  u s in g  enamel sec tions, w hich a re  
a sso c ia ted  w ith  a  m icroflora qualita tively  simila r  to  th a t ob tained  from  th e
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n a tu ra l  d en titio n , can m ineral loss o c cu rrin g  d u rin g  th e  experim ental p e rio d  
b e  q u an tified  a cc u ra te ly .

7 . 4 .  D iet and Enamel Dem ineralisation.

Since in  vivo s tu d ie s  have  found an association  betw een p laq u e  su cro se  
e x p o su re  an d  levels of dem ineralisation, s tre s s in g  of te s t  s ite s  w ith  a  10 % 
su c ro se  so lu tion  was c a rried  out in  two of th e  experim ental p ro toco ls as 
d e sc rib ed  in  C h ap ter IV. The use  of an appliance model enabled  th e  
s u g a r  to  be  app lied  e x tra -o ra lly , th u s  overcom ing th e  e th ica l problem  of 
a ttem p tin g  to  c rea te  cariogenic conditions in  th e  hum an o ra l environm ent .

T he re s u lts  showed no sign ifican t d ifference  in  mean p ro p o rtio n s  o r 
ab so lu te  coun ts of m icroorganism s betw een normal and  su cro se  p la q u e s , b u t  
fo u n d  a h ig h e r  isolation freq u en cy  of S tr e p . m utans associated  w ith  th e  
la t te r  p ro toco l. The d ifferences in  p laque composition w ere not as 
m arked  as  those  re p o rte d  b y  o th e r w o rk e rs , p ro b ab ly  due to  th e  fac t th a t ,  
in  th e  c u r re n t  s tu d y , no a ttem pt was made to  contro l th e  norm al 
b a ck g ro u n d  d ie ts  of th e  indiv iduals d u rin g  th e  experim ental p e rio d s . 
H ow ever, th e  e a r ly  p laque colonisation s tu d y  (Section 6 .3 .1 .)  found  h ig h e r 
to ta l abso lu te  counts of p laque m icroorganism s in  su cro se  p laq u e , com pared 
to  norm al p laq u e , d u rin g  the  f i r s t  30 h o u rs . B y 48 h o u rs , sim ilar 
m icrobial counts w ere ob tained  u n d e r b o th  cond itions, su g g es tin g  th a t  th e  
ad d itio n  of su cro se  allowed a fa s te r  ra te  of p laque g row th , u n til th e  
maximum cell mass had  been  achieved.

T he enamel s ite s  associated  w ith sucrose  s tre s s in g  in  th e  in  s itu  
experim en ts  ou tlined  in  C hap ter IV , experienced  slig h tly  h ig h e r levels of 
dem ineralisation  th an  those  u n d e r normal p laque cond itions, and  th is  
f in d in g  is in  agreem ent w ith those of o th e r s tu d ies  (von d e r  F eh r e t  a l . , 

1970).

As d iscu ssed  in  Section 4 .6 .2 . ,  d ie t analysis is  extrem ely  d ifficu lt, and  
th e re fo re  deta iled  analysis  of the  d iet h is to ries  of th e  ind iv iduals was no t 
a ttem p ted . H ow ever, no correlation was seen  betw een freq u e n cy  of 
in tak e  of ferm entab le  carbohydrate  d u rin g  th e  experim ental p e rio d s  an d  

levels of in  s itu  dem ineralisation.
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7 .5 . R elationsh ip  B etw een P laque M icroflora an d  BominoraliRatinn _

7 . 5 . 1 .  A dvantages of A ppliance Model.

T he main aim of th e  s tu d ie s  in  th is  th e s is  was to  develop a n  in  s itu  model 
su itab le  fo r  in v e s tig a tin g  th e  re la tio n sh ip  betw een th e  m icrobial 
com position of p laque  and  m ineral loss in  th e  assoc ia ted  enam el.

P rev io u s  in  vivo in v estig a tio n s  have m ostly invo lved  c ro ss-sec tio n a l an d  
lo n g itu d in a l s tu d ie s . While th ese  have  g en era lly  shown an  association  
betw een  th e  in itia tio n  an d  developm ent of caries an d  S tr e p . m utans lev e ls , 
an d  in  some cases w ith lactobacilli, c ro ss-sec tio n a l s tu d ie s  a re  unab le  to  
d em onstra te  a c au se -an d -e ffe c t re la tio n sh ip  (E dw ardsson , 1986). Whilst 
lo n g itu d in a l s tu d ie s  allow m onitoring of th e  p ro g ress io n  of a s ite  from  
in ta c t su rface  to  carious lesion , su ch  in v estig a tio n s  h av e  p ra c tic a l 
d isa d v a n ta g e s , no tab ly  th e  requ irem en t fo r  a v e ry  la rg e  num ber of s ite s  to  
b e  s tu d ie d  o v er a  long  time in te rv a l, w ith  consequen t dem ands on hum an, 
la b o ra to ry  an d  financial re so u rce s . The ca rie s -p ro n e  s ite s  in  th e  n a tu ra l 
d en titio n  a re  f is s u re s  and  in terprox im al a re a s , from which acc u ra te  p laque  
sam pling is v ir tu a lly  im possible. T h e re fo re , co rre la tion  betw een  a  d isc re te  
lesion  and  i ts  associated  p laque m icroflora is not p o ssib le . F u rth erm o re , 
problem s a rise  in  a ttem p tin g  to  d e tec t e a r ly  lesions on p laq u e-co v e red  
te e th ,  and  even  a f te r  de tec tion , accu ra te  quan tification  of th e  in c ip ien t 
lesion  cannot be  perfo rm ed .

T he u se  of an  in tra -o ra l  appliance on which enamel specim ens a re  m ounted 
can  overcom e some of th ese  d ifficu lties , as accu ra te  p laque sam pling and  
q u an tifica tio n  of enamel loss a t d isc re te  s ite s  a re  p o ssib le , and  ra p id  
m ineral lo ss can be  achieved  b y  s tre s s in g  te s t  s ite s  w ithout a ffec tin g  th e  
su b je c t’s d en titio n . How ever, only a  few s tu d ie s  have re p o r te d  th e  u se  of 
an  app liance  model in  th is  con tex t (O strom  e t a l . , 1977 ; G allagher & 
P e a rc e , 1979), a n d , as th e se  have employed D acron-covered  enamel s la b s , 
m icrobial composition of the  p laque was d iffe ren t from th a t on unco v ered  
enam el su rfa c e s , an d  accu ra te  p laque sam pling from specific  a re a s  was no t 
p o ssib le . T he appliance model u sed  in  th e  p re s e n t s tu d y  was d esig n ed  to  
allow th e  u se  of uncovered  enamel sections and  s lab s , from  w hich a ccu ra te  

p laq u e  sam pling could be achieved.
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A bsolu te  m icrobial c o u n ts , p e r  mm2 enamel su rfa c e , could be  determ ined  b y  
sam pling th e  p laque from  enamel s lab s , and  th is  was u tilised  in  th e  s tu d y  
on e a r ly  p laque  developm ent, d esc rib ed  in  C h ap te r V I, w here th e  change in  
com position of th e  p laque flo ra , from two h o u rs  to  th re e  w eeks, was 
in v e s tig a te d . A s tu d y  of th e  microbial succession  in  developing  p laque 
h a s  obvious re levance  w hen in v es tig a tin g  th e  re la tio n sh ip  betw een p laque 
m icroflora and  in itia tion  of enamel dem ineralisation , since i t  is  im portan t 
to  know  th e  changes in  p ro p o rtio n s  and  abso lu te  coun ts of specific  
organism s th ro u g h o u t th e  d u ra tion  of th e  s tu d y , r a th e r  th a n  sim ply a t  th e  
end  of th e  experim ental p e rio d , as was th e  case in  th e  main appliance 
s tu d y .

T he fin d in g s  th a t th e  application of sucrose  to  one side of th e  appliance 
d id  n o t a ffec t th e  p laque pH on th e  opposite  side (as  shown in  Section
3 .4 .5 . ) ,  an d  th a t  th e  im plantation of S tr e p . m utans on one side d id  no t 
in c re ase  th e  counts of th is  organism  on th e  o th e r side (see  Section 
4 .6 .7 . ) ,  in d ica te  th a t th e  appliance model can be  u sed  to  in v es tig a te  th e  
e ffec ts  of d iffe ren t trea tm en t conditions on p laque m icroflora and  enamel 
dem ineralisa tion , w ith  one side of th e  appliance ac tin g  as a  con tro l.

T h e re fo re , th e  c u rre n t s tu d ies  w ere designed  to  u tilise  th e  ad v an tag es  of 
th e  appliance model, as d iscussed  above, and  th e  re su lts  of th e se  
in v estig a tio n s  in to  p laque m icroflora an d  associated  enamel dem ineralisation 
a re  d iscu ssed  in  su b seq u en t Sections.

7 . 5 . 2 .  Streptococcus mutans and Dem ineralisation.

N um erous in  vivo s tu d ie s  have im plicated S tre p , m utans in  th e  aetio logy of 
th e  in itia tio n  of enamel dem ineralisation. The re su lts  of th e  appliance 
s tu d y , d e sc rib ed  in  C hap ter IV, found a positive  re la tio n sh ip  betw een 
S t r e p . m utans and  enamel dem ineralisation w ith re g a rd  to  isolation 
f re q u e n c y , mean and  median proportional counts of th is  organism . The 
f in d in g s  of h ig h  S tr e p . m utans levels in  association w ith  sound  ename l , and  
a few  cases of m ineral loss of betw een 500 and 1,000 Az u n its , in  th e  
a p p a re n t absence  of S tr e p . m utans in  overly ing  p laq u e , a re  also simila r  to  
th e  in  vivo re s u lts  of o th e r w orkers . I t  is  possible  th a t th e  organism s 
w ere p re s e n t ,  b u t  u n d e tec ted , in  th e  p laque overly ing  dem ineralised s ite s , 
due to  th e  p re sen ce  of microcolonies of S tre p . m utans b e in g  d ilu ted  in  th e
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p laq u e  sample so as to  become a neglig ib le p a r t  of th e  to ta l f lo ra . 
H ow ever, th is  is more of a  problem  in  in  vivo s tu d ie s , w here accu ra te  
p laq u e  sam pling from the ca rie s -p ro n e  s ite s  is d ifficu lt, while th e  appliance 
s tu d y  involved  small d isc re te  enamel s ite s  from  w hich accu ra te  p laque 
sam pling could b e  ach ieved . T h u s , a lthough  th e  experim ental d esign  
re d u c e d  th e  problem  of microcolonies b e in g  d ilu ted  w ith in  a  p laque  sam ple, 
i t  d id  no t e n tire ly  eliminate th is  p o ssib ility . H ow ever, i t  may have been  
th a t  S t r e p . m utans was indeed  a b sen t from  a few p laque sam ples associated  
w ith  m ineral lo ss , su g g es tin g  th a t o th e r acidogenic o rg anism s may be  
capable of in itia tin g  dem ineralisation . T his would also be  a  p o ssib ility  in  
th e  m any s ite s  w here dem ineralisation o c cu rred , b u t  S t r e p . mutans 

com prised 0.1 % or less  of th e  to ta l m icroflora.

I t  h a s  b een  shown in long itud inal s tu d ies  th a t a r is e  in  S tr e p . m utans 
o ccu rs  in  p laque p r io r  to  detection  of a lesion in  th e  associated  enamel. 
T h e re fo re , th e  absence of dem ineralisation desp ite  th e  p re sen ce  of S tr e p . 
m utans in  h ig h  p ro p o rtio n  in  the  c u rre n t s tu d y , may have been  due to  th e  
s h o r t  experim ental p e riod  employed. T h u s , had  th e  d u ra tio n  of th e  
ex p erim en t been  ex ten d ed , dem ineralisation may have o ccu rred  a t th e se  
s i te s .  T he sp a tia l a rrangem ent of b a c te ria  w ith in  p laque may also be  
re le v a n t in  determ in ing  w hether o r not m ineral loss from  th e  enamel 
su rfa ce  will tak e  p lace , and  may help  to  explain  th e  p re sen ce  of la rg e  
num bers of S tr e p . m utans in  th e  absence of u n d e rly in g  dem ineralisation.

A n o th er possib le  explanation  fo r th e  lack of co rre la tion  betw een S trep  ♦ 
m utans counts and  m ineral loss in  associated  enamel, is  th e  v a ry in g  
cariogen ie  p o ten tia l of d iffe ren t s tra in s  of th e  organism . The s tu d y  
re p o r te d  in  C h ap ter V, involving one s tra in  of S tre p . m utans from each 
v o lu n te e r , showed a sign ifican t corre la tion  betw een in  v itro  cariogenie 
p o ten tia l and  th e  level of in  s itu  dem ineralisation asociated  w ith  th e  

d iffe re n t s tra in s .

A f u r th e r  adv an tag e  of th e  appliance model was th a t ,  in  add ition  to  th e  
u se  of su cro se  s tre s s in g  of th e  plaque as described  in  Section 7 .4 . ,  in  some 
experim en tal ru n s ,  inoculation of th e  su b jec t’s own S tr e p . m utans on to  
th e  te s t  s ite s  could be  perform ed. The ru n s  involv ing  im plantation of 
S t r e p . m utans and  sucrose  s tre ss in g  re su lted  in  in c reased  levels of 
d em inerahsation , overall, compared to those associated  w ith normal and
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su c ro se  p la q u es . H ow ever, considerab le  in te r -s u b je c t v a ria tio n  o ccu rred  
following im plantation of S tr e p . m u tan s , fo r , a lthough  th e  isolation 
fre q u e n c y  of th e  organism  in c reased  fo r all su b je c ts , th e  mean p ro p o rtio n  
of S t r e p , m utans was little  changed in  some in d iv id u a ls . T his is similar 
to  th e  re s u lts  of o th e r w o rk e rs , who found variab le  im plantation su ccess  in  
d iffe re n t v o lu n te e rs .

T he  possib le  reaso n s fo r  th e  v a ry in g  su ccess of im plantation have been  
d iscu ssed  in  C hap ter IV, an d  the  s tu d y  d esc rib ed  in  C h ap ter V I, w hich 
m onitored th e  p ro p o rtional an d  abso lu te  coun ts of S tr e p . m utans in  ea rly  
p la q u e , following im plantation of th is  organism , su g g es te d  th a t  a  th re sh o ld  
coun t may e x is t , above which th e  organism  will become a predom inan t 
member of th e  p laque m icroflora when exposed to  re g u la r  su cro se  
a p p lic a tio n s .

O nly one of th e  su b jec ts  involved in  th e  appliance s tu d y  h ad  h ig h  n a tu ra l 
coun ts  of S tr e p . m utans in  p laq u e , and  th is  su b jec t showed h ig h  levels of 
dem ineralisation u n d e r normal and sucro se  p laque conditions. In  th e  
o th e rs , little  dem ineralisation was seen  u n d e r th ese  p ro to co ls , w hilst, 
o v era ll, in c reased  m ineral loss was noted  following S tr e p . m utans 
im plan tation . T h e re fo re , selection of ind iv iduals w ith h ig h e r sa liv a ry  and  
p laq u e  levels of th is  organism  might have re su lte d  in  g re a te r  am ounts of 
dem ineralisation u n d e r normal and su crose  p laque conditions, and  not 
n e ce ss ita te d  th e  im plantation of S tre p . m utans on to te s t  s i te s .

7 .5 .3 .  LactobaeUliis sp p . and  D em ineralisation.

T he in  s itu  dem ineralisation s tu d y  found a positive  corre la tion  betw een 
p laq u e  lactobacillus levels and enamel dem ineralisation of over 1,000 u n its . 
T h is  re s u lt  is in  agreem ent w ith those of o th e r w orkers in  su p p o rtin g  th e  
view th a t  th is  organism  is associated w ith estab lished  le s io n s .

T he iso la tion  freq u en cy  of Lactobacillus in  p laque associated  w ith sound 
s ite s  was h ig h e r  th an  th a t generally  rep o rted  in  clinical s tu d ie s . This 
may h ave  been  due to th e  increased  re ten tiv en ess  of th e  appliance te s t  
s i te s , com pared to  the  n a tu ra l d en titio n . T h u s , as Lactobacillus was 
f re q u e n tly  p re s e n t ,  a lthough  in  low p ro p o rtio n , in  p laque associated  w ith
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sm aller enamel le sio n s, i ts  ro le  in  th e  in itia tion  of enamel dem ineralisation 
rem ains u n c lea r.

7 . 5 . 4 .  The Role of O ther Organism s in  OemineraliRatirm_

In  some of th e  s ite s  w here m ineral loss was betw een 500 - 1,000 Az u n its , 
n e ith e r  S tr e p . m utans n o r Lactobacillus sp p . was iso la ted  from  re la te d  
p la q u e . T his su g g es ts  th a t  o th e r  acidogenic organism s may have b een  
re sp o n sib le  fo r  th e  dem ineralisation in  th e se  cases. H ow ever, no 
re la tio n sh ip  was found  betw een e ith e r  isolation fre q u e n c y  o r  mean coun t 
an d  in c re a s in g  dem ineralisation, fo r an y  of th e  o th e r organism s id en tified . 
T he s lig h t fa ll in  mean p ro p o rtio n  of S tr e p . san g u is  an d  S tr e p . o ra lis , 
w ith  in c reas in g  m ineral lo ss , is in  k eep in g  w ith th e  fin d in g s  of o th e r  
w o rk e rs , and  no tre n d  was ev id en t w ith re g a rd  to  A ctinom yces. H ow ever, 
th e se  s trep tococc i and  Actinomyces sp p . com prised th e  m ajority  of 
o rganism s iso la ted  from th e  su p ra -g in g iv a l p laque  sam ples, w ith  a change 
in  dominance from strep tococci to Actinomyces o c cu rrin g  betw een  7 an d  21 
d a y s , as d esc rib ed  in  Section 6 .4 .3 . T h e re fo re , th e se  organism s m erit 
f u r th e r  in v estig a tio n , and  as S tre p . m utans com prised on ly  a  small 
p ro p o rtio n  of th e  to ta l f lo ra , y e t showed a  s ig n ifican t co rre la tion  betw een  
in  v itro  cariogenie p o ten tia l and in  s itu  dem ineralisation , i t  would be  
in te re s t in g  to  perform  sim ilar in  v itro  te s ts  on S tr e p . san g u is , S tr e p , o ralis 
a n d  Actinom yces sp p . In  add ition , th e  cariogenie p o ten tia l of lactobacilli 
shou ld  b e  in v es tig a ted , th u s  determ ining  w h e th er an y  co rre la tion  ex is ts  
be tw een  th e  in  v itro  cariogenie po ten tia l of an y  of th e se  organism s and  
th e  n a tu ra l and  experim ental caries experience  of th e  su b jec ts  from whom 

th e  s tra in s  w ere iso la ted .

F u rth e rm o re , S tr e p . m utans and  lactobacilli w ere fre q u e n tly  iso la ted  only 
on selec tive  media, while th e  non-selective  p la te s  w ere th e  only  medium 
availab le  fo r  isolation of o th e r p laque organism s. T h e re fo re , a  positive  
co rre la tio n  betw een isolation freq u en cy  and  dem ineralisation in  human s 
canno t b e  excluded  fo r su ch  organism s u n less  s tu d ie s  w ith  a p p ro p ria te  
se lec tiv e  media a re  u n d e rta k en , a lthough  animal and  in  v itro  in v estig a tio n s  
w ould su g g e s t th a t  th ese  o th er organism s a re  n o t so s tro n g ly  im plicated in  

th e  carious p ro c e ss .
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7 . 5 . 5 .  Summary o f R elationship B etw een Plaque M icroflora and Knampl 
D em ineralisation.

T he fac t th a t  th e re  was a  r is e  in  isolation f re q u e n c y , mean an d  median 
co u n ts  of S tr e p . m utans in  p laque sam ples assoc ia ted  w ith  in c re as in g  
dem ineralisa tion , su g g es ts  th a t  th is  organism  is s tro n g ly  im plicated in  th e  
in itia tio n  and  developm ent of ca rie s , and  is  in  agreem ent w ith  fin d in g s  
re p o r te d  from clinical s tu d ie s . T he p ro p o rtio n  of lactobacilli was 
s ig n ifican tly  h ig h e r  in  p laque samples assoc iated  w ith  only  th e  most 
ex ten s iv e  enamel le sio n s, su p p o rtin g  th e  view th a t  th is  organism  is  se lec ted  
fo r  b y  th e  acidic conditions associated  w ith  e a r ly  dem ineralisation , an d  
may th e n  b e  involved in  th e  p ro g ress io n  of th e  lesion .

H ow ever, th e  re su lts  of th e  p re s e n t s tu d ie s  su g g e s t th a t ,  on some 
occasions, lesions may have developed in  th e  absence  of b o th  S tr e p . 
m utans an d  Lactobacillus sp p . T hus o th e r acidogenic organism s p re s e n t  in  
p laq u e  may, e ith e r  s in g ly  o r in  com bination, have b een  capable of 
in itia tin g  enamel dem ineralisation.

U n fo rtu n a te ly , th e  m ultifactorial n a tu re  of th e  d isease  p ro cess  makes i t  
im possible to  re la te  categorically  th e  p laque m icroflora to  dem ineralisation 
in  th e  hum an oral cav ity , a lthough  th e  u se  of th e  in  s itu  appliance enab led  
a ttem p ts  a t  s tan d a rd isa tio n  of experim ental conditions to be  made.

F u rth e rm o re , while in itia l s tu d ies  showed th a t fa c to rs  su ch  as  experim ental 
r u n ,  an d  su b jec t, in fluenced  th e  re su lts  to  some e x te n t, p a r tic u la r ly  
b ecau se  of th e  small num ber of vo lun teers  invo lved , th e  s ta tis tic a l package 
chosen  fo r  th e  analysis  of th e  re su lts  took th e se  fac to rs  in to  accoun t.

7 . 6 .  A ssessm ent of Cariogenie R isk .

In  ad d itio n  to a ttem pting  to s tan d a rd ise  experim ental conditions b y  u s in g  
th e  in tra -o ra l  appliance, as d iscussed  in  7 .5 .5 . ,  o th e r  fa c to rs  su ch  as 
s a liv a ry  m icrobial co u n ts , sa livary  b u ffe rin g  capacity  and  flow ra te ,  and  
d ie t ,  w hich m ight influence th e  carious p ro c e ss , w ere also s tu d ie d  to  t r y  
to  ob ta in  as com prehensive a p ic tu re  as possib le  of th e  in te r-re la tio n sh ip  
of th e  v a riab les  involved in  each su b jec t’s m outh. This h as only v e ry  
ra re ly  b een  perform ed in  o th e r microbiological caries  s tu d ie s . While th e re
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was a tre n d  tow ards a re la tio n sh ip  betw een  sa liv a ry  coun ts  of S tr e p . 
m utans an d  lactobacilli and  in  s itu  dem ineralisa tion , th is  d id  no t re a c h  a 
s ig n ifican t lev e l, and  no co rre la tion  betw een  f re q u e n c y  of in tak e  of 
fe rm en tab le  ca rb o h y d ra te  and  m ineral loss was fo u n d , as d iscu ssed  in  
Section 7 .4 . In  add ition  to  th e se  commonly u se d  caries  p re d ic tiv e  t e s t s ,  
in  v itro  te s t in g  of th e  cariogenie p o ten tia l of a  S t r e p . m utans s tra in  from  
each  su b jec t was p e rfo rm ed . D ifferences w ere found  in  th e  acidogenic 
and  dem ineralising  p o ten tia l among th e  s t r a in s , an d  th e  cariogen ie  
p o ten tia l of th e  S tr e p . m utans s tra in s  was fo und  to  co rre la te  w ith  th e  
DMFS score  and  in  s itu  dem ineralisation levels of th e  su b jec ts  from  whom 
th e  s tra in s  w ere iso la ted . While th is  was only  a  p re lim inary  s tu d y , 
invo lv ing  one s tra in  p e r  v o lu n tee r, th e  re s u lts  a p p ea r to  su p p o rt th e  
concept th a t ,  in  add ition  to  ac tua l num bers o r p ro p o rtio n s  of specific  
b a c te r ia  in  saliva o r p laq u e , th e  p a th o g en ic ity  of ind iv idua l organism s may 
v a ry ,  and  th is  shou ld  also be  considered  w hen a sse ss in g  caries  r is k .

T h is  s tu d y  was un ique  in  allowing th e  cariogenie  p o ten tia l of th e  S tr e p . 
m utans s tra in s  to  b e  com pared w ith b o th  th e  su b jec t’s p a s t  caries  
ex p erien ce  and  v e ry  re c e n t sh o rt- te rm  experim en tal dem ineralisation  
sco re s . If a  child  population  w ere to  be  u sed  in  a fu tu re  lo n g itud ina l 
c a ries  s tu d y , th is  would allow a co rre la tion  betw een  p a s t  caries  exp erien ce  
a n d  caries  increm ent d u rin g  th e  s tu d y , and  th e  cariogenie  p o ten tia l of th e  
ch ild re n ’s S tr e p . m utans s tra in s  to  be  made.

7 . 7 .  C onclusions and Suggestion s for Future S tu d ies.

C h ap te r IV d esc rib es  an  investig a tio n  of th e  p laque  flo ra  composition 
asso c ia ted  w ith  enamel dem ineralisation, u s in g  a m ethod w hich h a s  no t 
p re v io u s ly  b een  em ployed. The u se  of th in  enamel sec tio n s , d isc re te  and  
re a d ily  accessib le  te s t  s ite s  fo r  p laque sam pling, and  th e  ab ility  to  s t r e s s  
th e  te s t  a reas  to  allow rap id  dem ineralisation to  b e  p ro d u ced  w ithout 
a ffe c tin g  th e  v o lu n te e rs ’ n a tu ra l d en titio n , overcam e m any problem s 
a sso c ia ted  w ith  in  vivo c ro ss-sec tio n a l and  long itud ina l s tu d ie s .

O verall, th e  re s u lts  showed an association betw een S tr e p , m utans and  
m ineral lo s s , and  found h ig h  levels of lactobacilli a ssoc ia ted  w ith  th e  more 
ex ten s iv e  lesions. However, as has been  found  in  most o th e r  s tu d ie s , th e  
re la tio n sh ip  betw een S tre p , m utans and  dem ineralisation v a rie d  betw een
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s i te s , su g g e s tin g  th a t  o th e r  p laque  organism s also p lay  an  im portan t ro le  in  

th e  carious p ro c e ss , e ith e r  b y  c re a tin g  an  acidic env ironm ent capable of 
p ro d u c in g  m ineral loss in  th e  absence  of S t r e p . m u tan s , o r b y  m odifying 
th e  challenge of th is  o rganism . T his could be  ach ieved  e ith e r  b y  
m etabolising th e  acid  form ed, o r p o ssib ly  b y  non -acidogen ic  organism s 
b e in g  positioned  w ithin p laq u e  betw een th e  S tr e p . m utans cells an d  th e  
enamel su rfa ce .

While th e  m ultifactorial n a tu re  of th is  d isease  means th a t i t  is  im possible 
to  re la te  d irec tly  p laque m icroflora an d  dem ineralisation in  th e  hum an o ra l 
c av ity  due to  th e  in ab ility  to  exclude c o -ex is tin g  fa c to rs , th e  u se  of th is  
model can contro l o r m onitor some of th e se  in flu en ces . I t  is  th e re fo re  a 
u se fu l tool in  th e  in v estig a tio n  of th e  m icrobiology of d en ta l caries  
in itia tio n , an d  th e  re s u lts  ob tained  su g g e s t th a t  fu r th e r  w ork , u s in g  th e  
ap p lian ce , p o ssib ly  w ith  some m odifications as outlined  in  th e  p re c ee d in g  
sec tio n s , should  be  u n d e rta k e n .

T he  appliance also h as  p o ten tia l fo r  u se  in  e a r ly  p laque  developm ent 
s tu d ie s , since m ultiple enamel s labs m ounted on each side of th e  device 
o ffe r a  model w hich allows i] long itud ina l s tu d ie s  w ith p laque  sam pling 
a t  d iffe ren t times to  be  perfo rm ed , ii] iso la tes to  be ex p re ssed  in  term s 
of p ro p o rtio n a l and  abso lu te  co u n ts , and  iii] d iffe ren t trea tm en t 
conditions to  be te s te d  sim ultaneously  u n d e r  th e  same g en era l in tr a -o ra l  
cond itions. T h u s , f u r th e r  developm ent of th is  model, fo r  u se  on la rg e r  
su b jec t sam ples seems in d ica ted , and  i ts  possib le  u se  in  in v estig a tio n s  of 
th e  e ffec t of antim icrobial ag en ts  on p laque m icroflora could b e  ex p lo red .

F ina lly , re s u lts  ob ta ined  from th e  in  v itro  s tu d y  d esc rib ed  in  C h ap te r V 
s u g g e s t th a t  th e  d ifferences w hich e x is t in  cariogenie p o ten tia l of 
in d iv id u a l s tra in s  of S tr e p . m utans may help  to  exp lain  w hy a re la tio n sh ip  
be tw een  th e  num bers o r p ro po rtions of S tr e p . m utans in  a  p laque  sample 
an d  th e  caries  s ta tu s  of th e  associated  enamel s ite , is  no t alw ays seen .
A s ig n ifican t co rre la tion  betw een th e  cariogenie p o ten tia l of th e  s tr a in s , 
an d  th e  n a tu ra l and  experim ental caries experience  of th e  in d iv id u a ls  from 
whom th e y  w ere iso la ted , was found . T his s ig n ifican t re la tio n sh ip  was 
o b se rv ed  w ith  th re e  of th e  fo u r param eters  u sed  to  a sse ss  cariogenie 
p o te n tia l, nam ely th e  to ta l acid anion co n cen tra tio n , minimum pH level 
re a ch e d , an d  calcium re leased  from th e  enamel s lab s . In  th e  p re s e n t
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s tu d y , sam ples w ere rem oved fo r acid  anion an a lysis  on six  occasions 
d u r in g  e v e ry  24 h o u r  p e rio d . In  add ition  to  re p e a tin g  th is  s tu d y  u s in g  a 
la rg e r  su b jec t num ber an d  m ultiple s tra in s  of S tr e p . m utans from th e  
same in d iv id u a l, a ttem pts could b e  made to  stream line th e  model b y  
re d u c in g  th e  num ber of sam pling occasions, an d  de term in ing  w h e th er all 
fo u r  m ethods of a sse ss in g  cariogenie p o ten tia l a re  n e c e ssa ry . In  th is  
w ay, an  indication  could b e  ob ta ined  as to  w h e th er th is  model has 
p o ten tia l fo r  developm ent as an  add itiona l sc ree n in g  te s t  to  a id  in  th e  

de tec tio n  of h ig h  caries  r is k  ind iv id u a ls .
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APPENDIX I .

D erivation  of th e  Equation b y  Angm ar an d  co -w orkers  (1963).

T he g re y  level fo r  a n y  po in t in  th e  lesion , w hich h as  re su lte d  from  X -ra y  
ab so rp tio n  b y  b o th  o rgan ic  an d  ino rgan ic  com ponents ( th ick n e sse s  t„  and  
tm j re s p e c tiv e ly ) , can be  eq u a ted  a g a in s t an  eq u iv a len t aluminium (Al) g re y  
lev e l. H ence, fo r  a p a r tic u la r  level of ab so rp tio n  of X -ra y s  ( ie . g re y  
value  of a p a r t  of th e  le s io n ), th e  ab so rp tio n  can be eq u a ted  a g a in s t th e  
a b so rp tio n  in  an  aluminium stepw edge.

T h u s , | ^ t a = p mt m + p0t 0

w here, p^ = l in e a r  abso rp tio n  coefficient of th e
aluminium

11̂  = lin ea r ab so rp tio n  coefficien t of th e  m ineral 
component

p.0 = linear ab so rp tio n  coefficient of th e  o rgan ic  
component 

tm = th ick n ess  of th e  m ineral elem ent
t 0 = th ick n ess  of th e  o rgan ic  elem ent
ta  = equ ivalen t th ick n ess  of aluminium to  g ive 

th a t g re y  value

b u t ,  
and  
w h e re ,

t K = t m + tOJ w here t s = section  th ick n ess  
v  /V = t )t•  m  /  v  e  m  * L s

Vm = volume of m ineral component 
V„ = section volume

th u s , Vm/V s x 100 = 100 (p ^ ta -  p ^ h J

T he ab so rp tio n  coefficients depend  on th e  rad ia tion  so u rce  (e g . kY , 
ta r g e t ,  f i l te r ,  e t c . ) .  Angmar and  co-w orkers (1963) employed CuKa 
ra d ia tio n ; p«, p a n d  p0 w ere found from known d a ta , and  th u s  th e

equation  red u ces  to ,
% vol min = 52.77 t a  - 4.54 

“ TT-
T h u s , th e  only unknow n is h*, since t s can be  m easured  ( see Section
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2 . 3 . 4 . ) *  T herefore, for every  point in  the enamel, the equivalent 
aluminium th ickness (ta ) is  derived and percent volume mineral calculated.
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APPENDIX I I .

P rep a ra tio n  of Media.

P o u rin g  of P la te s .

All p la te s  w ere p o u red  in  a clean a ir  lam inar flow cab ine t (Microflow 
P a th f in d e r , In te rm e d ) . Each p la te  con tained  approx im ate ly  15 ml of 
medium, an d  was allowed to  cool an d  su rfa ce  d ry  fo r  20 m inutes b e fo re  i ts  
lid  was app lied . All p la te s  w ere s to re d  a t 4°C b e fo re  u se , an d  w ere u sed  
w ith in  one week of p re p a ra tio n .

Media :

A naerobic Blood B ro th .
Chem ically D efined Medium fo r S trep tococcus m u tan s .
Mitis S alivarius B acitrac in  A gar.
R ogosa S L A gar.
Todd - Hewitt B ro th .
T ry p tic  Soy Blood A gar.
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A naerobic Blood B ro th .

Source : Gibco - E urope L td . ,  P a is ley , Scotland .

Composition :

gram s p e r  l i tre

P eptone 140 10.0
B eef e x tra c t 2 .0
L iv er d ig e s t 3 .0
Y east e x tra c t  5 .0
Sodium chloride 5 .0
D ex tro se  5 .0
Haemin 0.005
Menadione 0.005
L - cy ste ine  1 .0
D ith io th re  i to l 0 .1
Sodium b icarb o n ate  0 .9

M ethod of P rep a ra tio n .

T h ir ty  two gram s of pow der w ere added  to  one l itre  of d is tilled  w a te r . 
A fte r th o ro u g h  m ixing and  check ing  th a t  th e  pH was 7 .3 , 20 ml volumes of 
th e  medium w ere d isp en sed  in to  u n iv e rsa l co n ta in e rs . T hese  w ere th en  
capped  t ig h tly  an d  au toclaved  a t 121°C fo r  15 m inutes.
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Chem ically D efined Medium fo r  S trep tococcus m u tan s . 
T e rleck y i, Willett an d  Shockman (1975)

Composition :

gram s p e r  l i tre

Sodium ace ta te 6 .0
Ammonium su lp h a te 0.6
A denine 0.035
G uanine 0.027
U racil 0.03
M anganese su lp h a te 0 .2
Sodium chloride 0.01
F e rro u s  su lp h a te 0.01
MnSO 0.01
Glutamine 0.005
L - glutam ic acid 0.3
L - ly sine 0.11
L - a sp a r ta te 0.1
L - isoleucine 0.1
L ~ leucine 0.1
L - m ethionine 0.1
L - se rin e 0.1
L - p h e n y la lan in e 0.1
L - th reo n in e 0.1
L - valine 0.1
DL - alanine 0 .2
L - a rg in in e 0 .2
L - cy stin e 0.2
L - h is tid in e 0.2

Glycine 0.2
L - hy d ro x y p ro lin e 0 .2

L - p ro line 0.2

L - try p to p h an 0.2

L - ty ro s in e 0 .2
Sodium h y d ro g en p h o sp h ate 3.15
Sodium d ih ydrogenphosphate 2.05
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Potassium  h y d ro g en p h o sp h a te 0.3
Potassium  d ih y d ro g en p h o sp h a te 0.44
Sodium c itra te 0.225
Riboflavin 0.0004
p-am inobenzoic acid 0.0001
Thiamine 0.0004
Nicotinamide 0.002
Pyridoxam ine 0.0008

M ethod of P rep a ra tio n .

The above c o n stitu en ts  w ere ad d ed  to  one l i tre  of d is tilled  w a te r , and  th e  
medium mixed o v e rn ig h t u s in g  a  m agnetic s t i r r e r .  Glucose was th e n  
ad d ed  a t a  con cen tra tio n  of 20 gram s p e r  l i t r e ,  and  th e  pH a d ju s ted  to  
pH 6 .5  ± 0 .1 w ith  NaOH. The medium was th e n  f i l te r -s te r i l is e d  th ro u g h  a
0.45 |jjn membrane f i l te r  and  d isp en sed  a sep tica lly  in to  20 ml s te r ile  b o ttle s  
an d  s to re d  a t 4° C.
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Mitis S alivarius B ac itrac in  A gar (MSB).
Gold, Jo rd an  and  van  Houte (1973).

Source : Difco L ab o ra to rie s , E ast M ailing, S u r re y , E ng land .

Composition (of Mitis S alivarius A gar) :

gram s p e r  l i t r e .

B acto - T ry p ta se  10.0
P ro teose  P ep tone No 3, Difco 5 .0
P ro teose  P ep tone , Difco 5 .0
B acto - D ex trose  1 .0
S accharose, Difco 50.0
D ipotassium  p h o sp h a te  4 .0
T ry p an  Blue 0.075
B acto - C ry s ta l Violet 0.0008
B acto - A gar 15.0

Method of P rep a ra tio n .

N inety  gram s of Mitis Salivarius A g ar, and  150 g  of add itional su c ro se  
w ere  added  to  one litre  of d is tilled  w a ter and  d isso lved  in  a Koch 
s team er. A fte r check ing  th a t  th e  pH was 7 .0 , th e  medium was d isp en sed  
in to  b o ttle s , in  100 ml and  500 ml volum es, an d  au toclaved  a t  121 °C fo r 
15 m inu tes. When th e  medium was re q u ire d , th e  a g a r  was m elted in  a  
Koch steam er. I t  was th en  cooled to  45 °C , and  1 .0  ml of 1 % Bacto 
Chapm an T e llu rite  (Difco L abora to ries  L td .)  an d  10 ml of a s te r ile  
so lu tion , con tain ing  20 u n its  of b ac itrac in  (Sigma Chemical C o .) p e r  ml 
w ere added  to  each l itre  of medium. P la tes  w ere th e n  p o u re d .
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Rogosa SL A g ar.

R ogosa, M itchell an d  Wiseman (1951).

S ource : Difco L a b o ra to rie s , E ast M ailing, S u r re y , E ng land .

Composition :

gram s p e r  l i t r e .
B acto ~ try p to n e 10.0
Bacto - Y east E x trac t 5 .0
B acto - A rabinose 5 .0
Bacto - Saccharose 5 .0
Sodium A cetate 15.0
Ammonium C itra te 2 .0
M onopotassium p h o sp h a te 6 .0
M agnesium su lp h a te 0.57
M anganese Su lphate 0.12
F e rro u s  Su lphate 0.03
S orb itan  monooleate 1 .0
B acto - A gar 15.0

M ethod of P rep a ra tio n .

S ev en ty  five gram s of pow der w ere ad d ed  to  one l i t r e  of d is tilled  w a ter 
and  d isso lved  in  a Koch steam er. For each  l itre  of medium, 1.32 ml of 
g lacial acetic  acid  (BDH Chemicals L td .)  was ad d ed . A fte r check ing  th a t  
th e  pH was 5 .4 , th e  medium was boiled fo r  a  f u r th e r  2 - 3  m inu tes. I t 
w as th e n  allowed to  cool and  p la te s  w ere p o u re d .
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Todd - H ewitt B ro th .
Todd and  Hewitt (1932)

Source : Gibco - E urope L td , P a is ley , Scotland .

Composition :
gram s p e r  l i tre

B eef H eart In fusion  3.1
P ep tone 180 20.0
D ex trose  2 .0
Sodium C hloride 2 .0
Sodium P h o sphate  D ibasic 0 .4
Sodium C arbonate  2.5

M ethod of P rep a ra tio n .

T h ir ty  gram s of pow der w ere ad d ed  to  one l i t r e  of d is tilled  w a te r , an d  
d isso lved  in  a Koch steam er. A fte r check ing  th a t  th e  pH  was 7 .8 , 20 ml 
volum es of th e  medium w ere d isp en sed  in to  u n iv e rsa l c o n ta in e rs . T hese  
w ere th e n  capped  tig h tly  an d  au toclaved  a t  121 °C fo r  15 m inu tes.
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T ryp tic  Soy Blood A gar.

Source : Gibco - E urope L td . P a is ley , S co tland .

Composition (of T ry p tic  Soy A gar) :

gram s p e r  li tre
P ep tone 140 
P ep tone 110 
Sodium C hloride 
A gar

15.0
5 .0
5 .0

15.0

M ethod of P rep a ra tio n  .

F o r ty  gram s of pow der w ere d isso lved  in  one l i tre  of d is tilled  w a ter in  a 
Koch s team er. A fte r check ing  th a t  th e  pH was 7 ,3 , th e  medium was 
au toclaved  a t 121 °C fo r  15 m inutes. T he medium was th e n  allowed to  
cool to  50 °C , and  7 .5 % d e fib rin a ted  h o rse  blood and  1 % Vitamin K } 
Haemin ad d ed . P la tes  w ere th e n  p o u re d .

516



APPENDIX I I I .

D em ineralising Solution fo r  in  v itro  Enamel S u scep tib ility  S tu d y . 
Damato, S tra n g  an d  S tep h en  (1988).

Composition :

Calcium ch loride 
Sodium h y d ro g e n  p h o sp h a te  
glacial ace tic  acid

M ethod of p re p a ra tio n .

T he CaCl2 an d  NaH2P 0 4 w ere w eighed an d  ad d ed  to  approxim ately  800 ml 
of do u b le -d is tilled  deionised w a ter. Glacial ace tic  acid  (2.875 ml) was 
th e n  ad d ed  an d  th e  pH a d ju s ted  to  4 .8  w ith  NaOH. The so lu tion  was 
th e n  made u p  to  one l i t r e  b y  th e  add ition  of double d is tilled  deionised  

w a te r .

0.2219 g  I l i tre  
0.3120 g  I l i tre  
2.875 ml ) l i tre
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APPENDIX IV .

INFORMATION SHEET FOR VOLUNTEERS.

"M icrobial F ac to rs  Involved  in  th e  E arly  D e- an d  
R em ineralisation of D ental H ard T issu es" .

T he p u rp o se  of th is  s tu d y  is  to  c h a rac te rise  acc u ra te ly  th e  m icroorganism s 
an d  env ironm enta l conditions n e c e ssa ry  fo r  th e  e a r ly  dem ineralisation  of 
enamel to  tak e  p lace .

T he involvem ent of v o lu n tee rs  in  th e  s tu d y  is  as follows :

1 . S c reen in g  T e s ts .
B efore inc lusion  in  th e  s tu d y  i t  will b e  n e c e ssa ry  fo r  a  num ber of 
sc ree n in g  te s ts  to  be  c a rrie d  ou t :
a ] In tra -o ra l  exam ination b y  d e n tis t  to  re c o rd  p a s t  an d  c u r re n t  

caries  a c tiv ity .
b ]  Collection of a 5 ml mixed sa liv a ry  sam ple, stim ulated  b y  chew ing 

a p a ra ffin  wax p e lle t.
c] D ental p laque  sam ples collected from  two low er te e th .

2. C o nstruction  of In tra -o ra l  A pp liance .
If  a f te r  th e  above sc reen in g  te s t  th e  v o lu n tee r is accep ted  in to  th e  
fu ll s tu d y  th e n  i t  will be  n e c e ssa ry  to  tak e  a fu ll u p p e r  an d  low er 
a lg ina te  im pression  in  o rd e r  to  c o n s tru c t a  lower acry lic  app liance .

3. Experimental Procedures.
On to  th e  low er appliance will b e  a tta ch e d  v e ry  small sec tions o r 
p ieces of enam el, which have b een  th o ro u g h ly  cleaned and  s te r ilis e d . 
The appliance will b e  w orn fo r  p e rio d s  of u p  to  3 weeks maximum. 
V olun teers will be  in s tru c te d  to  remove th e  appliance from th e  m outh 
to  c a r ry  ou t th e  following p ro ced u res  :
a] Normal to o th b ru sh in g  twice daily  u s in g  a n o n -flu o rid a ted  p a s te .

b ] F lossing once daily.
c] G eneral c lean ing  of th e  appliance tw ice daily , b u t leav in g  th e  

te s t  a re a  u n to u ch ed .
d ] Sucrose applications - a  10 % su cro se  solution will be  applied
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e x tra -o ra lly  to  th e  te s t  a re a  of th e  app liance fo r p e rio d s  of one 

m inu te . T h is will be  c a rr ie d  ou t n ine tim es daily ,
e] In  add ition  to  th e  above p ro c e d u re  i t  may b e  n e c e ssa ry  to 

inocu la te  th e  te s t  a rea  on th e  app liance w ith th e  volu n teer’s  own 
S trep , m utans in  o rd e r  to  p ro d u ce  m easurab le  dem ineralisation  on 
th e  te s t  enamel sec tio n s .

4. S a fe ty .
T heo re tica lly  th e re  is no rea so n  to  ex p ec t th a t  as  a re s u lt  of w earing  
th e  app liance as d e sc rib ed  p re v io u s ly , v o lu n tee rs  would exp erien ce  a  
su d d en  o r long  term  in c rease  in  d en ta l d isease  o r  a n y  o th e r  h ea lth  
p rob lem s. One of th e  re s e a rc h e rs  h as  p e rso n a lly  w orn  th e  appliance 
u n d e r  experim ental conditions fo r  o v e r one y e a r  w ithout an y  
de tec tab le  change in  d en ta l o r g en era l h e a lth .
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