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Oms lag , fctcgraf i e  en lay -cut : 
H .  van der 2waag 

Printed by ICG Printing, Dordrecht 



STELL I NGEN b ij het proefschr i f t  " P a i nful i r r i tab l e  bowel 
syndrome and d i verticu l o i s i s "  van Ger H Ri tsema . 

1 Een segmenterende s i gmoid contract i e , waargenomen t i j dens 
het rad i o l o g i sch onderzoek van het colon , gecorre l eerd aan 
de karakter i s t i eke p i j n  ervar i ng van d e  pati ent , i s  een 
pos i t i ef diagnosti sch c r i terium b i J  een p i J n l i J k  i r r i tab l e  
bowel syndrome . 

2 B i J  drukmeting in het s i gmoid wordt de weerstand tegen de 
voortgang van de dar m i nhoud gemeten . 

3 De p i j n  b iJ het i r r i tab l e  bowel syndrome wordt veroorzaakt 
door drukgo l ven met een amp l i tude die boven de normals 
fys i o l o g i sche v a r i a t i e  u i tsti J g t . 

� Segmenterende s i gmo i d  contracties gaan gepaard met druk
golven met hogs amp l i tudes en piJn : colon k o l i e k . 

5 Het p i j n l i j k  i r r i tab l e  bowel sy ndrome en de d i verticulosis 
zijn dee! van een hy permot i l i te i tstoestand . 

6 B i j  de beoorde l i ng van de resul taten van een drukmeti ngson
derzoek is het voldoende de mot i l i t e i ts i ndex te berekenen , 
de opperv l akte ender de curve behoeft n i et bepaald te worden . 

7 Pati enten met onbegrepen , d i scont i nue bui kpiJnkl achten 
behoren een f y s i o l og i sch ger icht rad i o l og i sch colon onderzoek 
te ondergaan . 

8 Een curati eve behande l i ng van r e c i d i ve rende aften is 
niet bekend C Renn i e  JS , Reade PC , Scu l l y  C .  Recurrent 
aphtous stoma t i t i s . Br Dent J 1 985 ; 159 : 36 1 -7 ) . 

9 Een verbreding van de enkel vork , waarneembaar op de 
ongeval sfoto , wij st n i et a l l een op een l ass i e  van het 
l i gamentum deltoideum maar ook op een verscheuring van 
het l i gamentum t ibio-f ibulare anter i us . 

10 Dubbel-b l i nd onderzoek komt de geneeskunde wel maar de 
geneeskunst n i et ten goede . 

1 1  De fysiotherapeut kan psychotherapeuti sch vee l betekenen 
C Sonnen AEH . Een goede f y s i otherapeut heeft veel voordelen 

boven de psy ch iater . Medisch Contact 1986 ; �l: 509- 10 ) . 

12 De steunzool v indt geen steun in de wetenschappe l i j ke 
l i teratuur . 

13 Een radiodi agnost meet k l i n i sch denken en meedenken . 

1� Een rontgen foto geeft geen gekl eurd beeld . 
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REUIEW OF THE LITERATURE 1 
1 . 1  I ntroduc t i on 

Around each p i ece of know l edge often 
there is a halo of uncerta i nty . 

1 . 1 . 1  I BS :  a hatch-patch 

An e d i tor i al C l) stated that in the i r r i table bowe l 
syndrome C I BS ) doctors subscribe ta an aston i s h i ng range of 
opinions : at one end that the d i sorder i s  psych i a t r i c, at the 
other end that it i s  functiona l . I n  another e d i tor i a l  C 2 )  it was 
sai d  that t h i s  sy ndrome is one of the mast d i ff i cu l t  cond i t i ons 
ta d i agnose . There is a need ta deve lop a standardised 
d iagnost i c  test C 2 ; 3 ) . The d i sorder can, up unt i l  now , on l y  be 
iden t i f i ed by the exclusion of organ i c  d i sease C � -6 ) . 

Pat i ents who consu l t  the i r  phy s i c i ans far bowel symptoms do 
this espec i a l l y  if abdom i na l  pain is concerned C 7 ) . The 
presence of pain can suggest a funct iona l abnorm a l ity C B ) . 

An i nternational conference about I BS C 9 )  suggested ta 
def i ne I BS by i ts sy mptoms . F ive subgroups were menti oned : 
spast i c  colon , p a i n l ess d ia rrhea, atan i c  const i p a t i on , gas and 
chronic abdom i na l  p a i n . These cond i t i ons are d iverse in 
symptomato l ogy . D i fferent pathaphy s i ol o g i c  defects may be 
found . Other authors menti oned some other symtoms , not i nc luded 
in the f i ve subgroups : pe l l ety stoo l s ; mucus in stool ; nausea ; a 
change in bowel hab i t ;  r e l i ef o f  p a i n  w i th bowel movement and a 
sensation of incomplete evacuation (9-26 ) 

Conc l us i on : pat i ents thought to have I BS can have d i arrhea 
and / or cons t i pat i on with or w i thout p a i n ; or p a i n  w ith or 
w ithout a lternat i ng bowel habi t s . There i s  a hatch-patch of 
d i fferent cond i t i ons . 

1 . 1 . 2  I nc i dence 

1 . 1 . 2 . 1  I BS 

The I BS i s  the most common d i sorder seen i n  
gastroenterolog i c  practice C 21 ; 27-29 ) . I n  a lead i ng arti c l e  i t  
i s  even stated that every doctor knows , o r  should know , that the 
most common cause of recurrent abdom i n a l  pain i s  t h e  spas t i c  
colon or p a i n f u l  I BS C 30 ) . 

About 70% of the pati ents is fema l e  C 3 1 ; 32 ) . The 
onset often is between 20 and �O years C 3 1 ; 33 ) . I t  
a r i ses d e  nova after S O  y ears o f  age C 33 ) , P a i n, 
descr i bed as ach ing or co l i cky , is very common and often 
i n  the left l ower abdomen C 9 ; 33 ; 3� ) . 

age of 
sel dom 
mostly 

l ocated 

Confus i ng l y , it appeared that the symptom pattern of the 
spas t i c  colon occurred in 1 3 . 6% of a pparent l y  hea l thy peop l e  
C 35 ) . Pat i ents reach ing hosp i ta l , therefore, may be the t i p  of 
a p a i nful iceberg C 30 ; 36 ) . When exact l y  do dev i a t i ons from 
average gut func t i on and the i r  percept i on become a func t i onal 
d isorder? There i s  a cont i nuum between norma l i ty and d i sease 
C 37 ). 

When do scraw l s  an a canvas became art ? 
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1 . 1 . 2 . 2  D i ve•ticulosis 

D ive• t i cu l osis of the colon i s  s e l dom seen i n  pat i ents l ess 
than �O y ea•s of age C 38;39 ) . I n  postmo•tem stud ies 30 % of the 
col ons was affected at the age of mo•e than 50 y ea•s C �O ) . Th i s  
h i gh i n c i dence i s  cont•asted w i th t h e  • a • i ty w i th w h i c h  i t  i s  
obse•ved i n  t•op ical count • i es C � l ) . 

Rad i o l og i ca l l y , the d i sease is seen in about �0% of the 
col ons i n  patients above 70 y ea•s of age in Weste•n soc i ety 
C 38 ) . The d i ve•t i cu l a  a•e most nume•ous i n  the s i gm o i d  colon 
C �0;�2-�5 ) ,  Only in �% of the cases w i th d i ve•t i cu l os i s  the 
d i sease was not l ocated i n  the s i gmoid C 39 ) . 

About 50% of the pat i ents is fema l e  C �0 ; �3 ); so in cont•ast 
to the I BS the•e is no h i ghe• incidence in women . 

Abdom i na l  pa i n ,  usua l l y l ocated i n  the left l owe• abdomen 
and some t i mes col i cky, is often p•esent C �2;�6 ; �7 ) . Howeve• , 
othe• autho•s stated that uncomp l i cated d i ve•t iculosis does not 
p•oduce cha•acte• i s t i c  symptoms C �8 ) . 

1 . 1 . 3 P a i n  

The ! BS i s  a ch•on i c  cond i t i on 
pain and/o• an al te•at ion in bowe l 
ident i f i a b l e  anatom i c  abno•ma l i ty 
howeve• i s  infa l l i b l e  C 59-63 ) ,  

cha•acte• i zed by abdom i n a l  
hab i t s  i n  the absence of any 

C 9; 1 5;27; �9-58 ). No test 

It is t i me to s h i ft the empha s i s  to the pati ent and he• / h i s  
p a i n  C 6�-66 ) . I t  i s  advi sed to put abdomina l  p a i n  w i thout bowe l 
distu•bance i nto a sepa•ate catego•y when t • i a l s  a•e done ( 9 ) , 
Methods must be found that w i l l  enable phys i c i ans to i dent ify 
this painful synd•ome p os i t i v e l y  ( 6 ) . Dve• - i nvesti g a t i on to 
excl ude o•gan i c  d i sease must be p•evented C 67 ) , 

Pain i s  a subject ive phenomenon . Sensat i ons of pat i ents , 
howeve• , must be co••el ated to obse•vat i ons of docto•s C 68;69 ) . 
I f  no anatom ical d iso•de• i s  found i t  may mean that the pain i s  
caused b y  a functi ona l d i so•de• . 

The•e is much abdominal pain C 5; 9;32;65; 7 0 )  and the 
pati ent ' s  •equest to know the cause of the pain C 69 ) . Howeve• , 
the•e i s  meage• know l edge as to i ts cause C l -3;9;71-78 ) . 

The p•esent i nvest i ga t i on i s , the•efo• e , •est • i cted to the 
painful ! BS .  Consti pat ion and d i a••hea w i thout pain is not 
stud ied . 

1 . 1 . � What causes the p a i n ? 

Expe• i mental phy s i o l ogy conj o i ned w i th c l i n i ca l  obse•va t i on 
may dete•m ine the t•ue natu•e of many mo•b i d  states C 79 ) . This 
statement also conce•ns the painful ! BS .  Many autho•s assumed a 
• e l a t i on between i ntestinal cont•act i ons and pain of pat i ents 
C80-8 9 ) . Is hy pe•segmentat ion C i nc•eased cont•acti ons of the 
c i •cula• musc l es of the colon seen du• i n g  the ba• i um enema ) the 
sou•ce of the pain C 32; 3 3 )  ? Is the pain due to an abno•mal 
•esponse to gut d i stens ion C 90 )  o• to an abno•mal gut d i stension 
C 91 -9� ) ? One autho• concludes that these pati ents have a 
co l o n i c  hy pe•a lgesia C 33;9� ) . 

The •ep•oduct ion of the pat i ents ' pain du•ing s i gmoi doscopy , 
howeve• , g i ves no p•oof fo• ! BS ,  acco• d i ng to some autho•s C 78; 
95 ) . The expe• i mental data achi eved by p•essu•e •eco• d i ng in the 
s i gmo i d  a•e sa i d  to be i nconclusive o• conf l i c t i ng C 96-100 ) . 
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I n  the o p i n i on of the present author , i t  i s  necessary to 
reproduce the pat ients ' own character i s t i c  p a i n  and to see 
whether there is a rel at i onsh i p  between pai n ,  colonic 
contract ion and pressure record i ngs . I n  t h i s  way i t  i s  possi b l e  
to see whether t h e  p a i n  i s  caused by a n  abnormal funct i on . A 
repeatable reproduction of the p a i n  i s  necessary : f irst dur ing 
the bar i um enema and secondl y  during the pressure record i ng . 

Accord ing to Webster ' s  D i c t i onary a funct i onal d i sease i s  
any derangement of a n  organ i n  which there i s  n o  apparent damage 
or structural change . According to many doctors , however , a 
func t i ona l d i sease means that the cause must be psycho l og i c .  To 
them the word funct iona l is more or l es s  i dent i c a l  w i t h  "of 
psuchol o g i c  ori g i n " . But a funct ional d i sorder C i n the meaning 
of a d i sturbed function of an organ ) i s  d i fferent from a 
psychol o g i c  d i sorder, a l though the psyche can express i tse l f  by 
changes i n  the funct i on . 

The func t i onal d i sorder must be object i f i ed by means of 
exper imental phy s i o l og y . 

1 . 1 . 5 The pathways of the v i sceral p a i n  sensation 

1 . 1 . 5 . 1  I ntroduct i on 

There are two components of pa i n :  d i scr i m i na t i ve and affec
t i ve . The former i nc ludes the abi l i ty ta i dent ify the stimulus 
as ori g i na t i ng from somat i c  or v i sceral t i ssue, the l atter the 
exper i ence of aversiveness which mot i vates protec t i ve behavior 
C l01 ) . Both these components have connec t i ng pathways w i th the 
l imbic l obe of the forebra i n  produc i ng the emoti ona l d i mensi ons 
of the p a i n  experience C 78 ; 1 0 1 ) . Another d i scri m i nation is i n  
normal and pathol o g i c  p a i n  C l 02 ) , Norm a l  p a i n  arises from acute 
or chron i c  s t i mu l at ion of normal nociceptor endings by i ntense 
stimul i .  Patho l og i c  p a i n  occurs spontaneously or i n  response ta 
weak s t i mu l i  due to pathol o g i c  a l t erat i ons of nerve 
exci tabi l i ty . Another d i scri m i na t i on i s : phy s i c a l  or organ i c  
p a i n  versus psychogenic o r  non-organ i c  p a i n  C l03 ) . A d i f f i c u l ty 
is the unre l iabi l i ty of the patient ; p a i n  l eaves i n  the m i nd but 
a very i m perfect reco l l ec t i on of its exact s i te C l O�) . 

P a i n  mechan i sms should be stud i ed i n  human subj ects because 
of the a va i l ab i l i ty of a sensory report . However , for ethical 
reasons, most exper i mental work on p a i n  w i l l  have to come from 
animals . This may l ead to controversies . D i screpanci es between 
cats and primates < humans and monkeys ) have been est i mated . The 
animal model that is in most aspects compara b l e  to man is the 
monkey . Other d i screpancies may derive from d i fferences i n  
l evels o r  types of anesthesia empl oyed b y  d i f ferent groups o f  
i nvestigators and i n  d i fferent anima l s . 

Another problem i n  the p a i n-puz z l e  i s  the p l as t i c i t y  of the 
noci ceptive system C the nervous system which rece i ves and 
conveys p a i nful s t i mu l i  to the bra i n ; nocere - to inj ure, capers 
- to rece i ve )  in humans . I t  can change its character w i th 
experience of l ong-enduring p a i n . I n  these pati ents drugs appear 
to be more of a h indrance than a he l p  C lOSJ . 

There are two afferent components of the nervous system: 
sensory and non-sensory pathways .  The i mpul ses which pass 
upwards i n  the sensory paths i nto the bra i n  enter consci ousness 
and form the basis of sensation . Noci ceptors rec e i v i ng and 



transm i t t i ng noxi ous st i mu l i  are part of t h i s  sensory sy stem . 
The impu l ses which traverse the non-sensory pathways do not 

enter consciousness but subserve ref lex funct i ons ; 
mechanoreceptor refl exes and per i sta l t i c  refl exes are part of 
this system C 1 06 ) , A s i m p l e  refl exarc cons ists of an i mpulse 
travel l ing centri petal ly i n  a neuron through the dorsal root 
gang l i on , ( and somet i mes the ventral root gang l ion C 1 07 ; 1 08 ) )  t o  
the cel l -body of a connec t i ng neuron , synaps i ng i n  t h e  spinal 
cord , where an exci tation i mpulse i s  sent through a motor neuron 
to a musc l e . The v i scera l reflex pathway i nvol ves a four neuron 
cha i n  ( 109 ) , The afferents of the mechanoreceptors of the p e l v i c  
colon , i nc l uded i n  the v isceral ref l ex path are exci ted b y  
stretch o r  contract ion a n d  travel v i a  t h e  parasympathe t i c  nerves 
( 1 1 0 ) , 

Neurons are sa i d  to be m u l t i p o l ar because they have three 
or more processes . One axon carries i mpu lses away from the ce l l 
body to the peri pheral t i ssues ( efferent f i ber ) and two or more 
dendri tes carry the s t i mu l us centri pet a l l y  ( afferent f i ber ) to 
the cel l -body . There e x i st complex connect i ons in the nervous 
t i ssue . A nerve contains both afferent and efferent f i bers . 

A noxious s t i mu l us i n  
nociceptor which sends a 
pathways to the ascend ing 
bra i n . We w i l l  d i scuss these 

1 . 1 . 5 . 2  The painful s t i mu l us 

the v i scera l organs excites a 
stimulus a l ong v isceral afferent 

paths of the spinal cord and the 
steps in the next paragraphs . 

Sti mu l i  can be d i v ided i nto i nnoxious ( causi ng no i njury ) 
and noxious ( causing i njury ) ones . A noxi ous st i m u l us tri ggers 
noc i cept i ve reacti ons , i n c l ud i ng the feel i n g  of p a i n  in humans . 
Noxious s t i mu l i  are commo n l y  associ ated w i t h  i njury . U iscera , 
however , can be cut w i thout evok ing a p a i n  sensa t i on C 1 0� ; 1 0 8 ) . 
I n  contrast , d istension or an i sometri c  or powerful contraction 
of the colon i s  p a i nful C 9� ; 1 0� ; 1 06 ; 1 08 ; 1 1 1il 1 2l . I f  there is 
an impact i on C an obstruct i on ) , a colon contract ion a l ters from 
relatively isotoni c  C no change in tension but a reduct i on i n  
vo l ume ) to rel at i ve l y  i sometr i c  ( no change i n  volume but a rise 
i n  tens i o n )  so that h i gh pressures are caused . The afferent 
d i scharges from the mechanoreceptors are enhanced . These may 
cause conscious pain sensa t i ons C 1 06 ) . The thresho lds w i th 
which these afferents respond appear to vary considerably i n  
cats , i n  t h e  l ower end of t h e  colon C 1 1 3 ) , 

Gal l b l adder d i stension causes d i scharges i n  spl anchnic 
nerve f i bers C 1 1 3 ) . Pressure , app l i ed t o  the b i l i ary system 
above the phy s i o l og i c a l  range in the ferret , evokes afferent 
act i vity in the s p l anchn i c  nerve C ll� ) . I t  was shown that this 
stimulus was painful as there was a noc i cept ive ref lex . I n  
animals pseudo-affect ive reacti ons , such as trans i ent i ncreases 
in b l ood pressures and heart rate , ascerta i n  the presence of 
pain C lOBl . 

Besi des powerful contract i ons and pass ive d i stens i on of a 
v i scus , other v i sceral cond i t i ons causing pain are i n f l ammation 
of the mucosa or of the serosa and tors ion or trac t i on on the 
mesentery C 1 06 ) . Some features of v i sceral pain are poor 
loca l iz a t i on and reference to a soma t i c  reg i on C 1 0� ; 1 05 ; 1 1 5l .  
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1 . 1 . 5 . 3 Noc i ceptors 

Speci f i c  noc i ceptors have funct ional characteri s t ics which 
make them respons ive o n l y  t o  nox ious s t i mu l i  ( 1 1 6 ) . Spec i f i c  
visceral noci ceptors have been found i n  t h e  heart , the l ung and 
the test i s  of dogs . 

Some evidence of the exi stence of spec i f i c  noci ceptors i n  
v i sceral organs has been obtai ned C ll� ) . I n  the b i l i ary system 
of the ferret spec i f i c  noc i ceptors were descr i bed acting on h i gh 
pressures . These nociceptors cou l d  be responsi b l e  for the 
sensat i on of p a i n  that accompani es i ncreases in b i l i ary 
pressures produced by obstruc t i ons ( 108 ; 1 1 � ) . 

I t  may be that some mesenteri c  receptors a l so are 
noc i ceptors . Free nerve end i ngs i n  muscl es are a l so consi dered 
to be nociceptors ; they may be present in the gut ( 108) . 
Mechanoreceptors themsel ves may act as conductors for a p a i n  
evok i ng h i gh pressure s t i mu l us C 106 ) . 

1 . 1 . 5 . �  I ntramural p l exuses of the colon 

The intrinsic nerve p l exuses i n  the colonic wa l l  are 
net l i ke structures , which cont a i n  afferent and efferent nerves 
and nerves ent i r e l y  w i t h i n  the c o l on C 117 ) . The sensory f i bers 
are l ong dendr i tes or i g i na t i ng from the cel l -bodi es in the 
dorsal root gang l i a  ( 109 ) . The sympatheti c  and parasympathet i c  
extr i n s i c  i nnerva t i on i nterm i n g l e  w i th these meshworks. 

Three p l exuses can be d i s t i ngu ished ( 1 17 ) : 
The subserous p l exus i s  s ituated on the outside of the 

musc l es . Mechanoreceptors and possibl y  noci ceptors are 
s ituated here, i n  cats ( 1 05 ; 1 13 ) . 

The myenter i c  p lexus is l ocal i zed between the c i rcular and 
the l ongitudinal mus c l e  l ay ers . When the wa l l  of the co l on i s  
stretched t h i s  p l exus becomes t w o  d i mens i ona l , together w i th the 
submucous p lexus . The neurons are l y i n g  in a s i ng l e  l ay er C 1 1 7 ) . 
There i s  a func t i onal heterogene ity i n  the neurons C 1 1 8 ) . 

The submucous p l e xus lies i n  the connec t i ve t i ssue of the 
submucosa . I t  was found that the c o l on is i nnervated by 
mechanosensi t i ve f i bers in mammal s  ( 1 1 3 ; 1 1 9- 1 22 ) and by 
noc i ceptive f ibers i n  the domes t i c  fow l ( 1 23 ) . These f i bers 
were found in the submucous p l exus C 1 19 ) . These 
mechanoreceptors respond to d i stens i on of the colon in the cat 
( 107 ; 12� ; 1 25 )  and in the dog C 1 26 ) . They probab l y  subserve 
refl exes C 127- 1 2 9 ) . 

1.1 . 5 . 5  V i scer a l  afferent per i pher a l  pathways 

Noc i ceptive f ibers are genera l l y  e i ther f i ne l y  mye l i nated 
or unmy e l i nated ( 105 ; 1 10 ) . The sma l l e r  the f i bers the l esser 
my e l inated , the s l ower the conduct ing ve loci ty . 

The sympatheti c  s p lanchn i c  nerve may be i nvo l ved i n  
v i sceral p a i n  conduc t i on as nox ious s t i mu l i  to t h e  b i l i ary 
system gave reac t i ons i n  this nerve C lOB ; ll� ) . Mechanoreceptors 
that have their afferents in the splanchni c  nerve responded to 
nox i ous s t i mu l i .  The y , however , may a lso f ire to apparent l y  
i nnoxious events such as contract i ons of t h e  v i scus C 1 1 0 ) . A 
dual role for spl anchnic afferents i n  s i g na l l i ng about i nnoxious 
and nox i ous s t i mu l i  cannot be excl uded ( 1 1 0 ) . 
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Most sensory f i bers have the i r  end i ngs in the serosa C 1 30) . 
Afferent f i bers of extr i ns i c  or i g i n  reach the gut wal l through 
the vagus nerve for the proximal part and the spl anchnic nerves 
for the d i stal part . They have their ce l l -bodies i n  the spinal 
gang l i a C 1 20 ) . These f i bers p l ay a maj or role i n  reflex act i v i ty 
and norma l l y  a minor role in sensation C 1 05 ) . Most afferent 
fibers enter the spinal cord v i a  t he dorsal horn a l ong the 
dorsal roots ( 1 05 ) . Some f i bers in an i m a l s  and humans may enter 
via the ventral roots C 1 07 ; 1 3 1 ) . The central endings of these 
f i bers enter the super f i c i a l  tract of L i ssauer C 1 32 ) which have 
now been shown to exist , in the monkey , of 80% of pri mary 
afferent f i bers C 1 05 ) . 

1 . 1 . 5 . 6 Ascend i ng noc i ceptive pathways i n  the spinal cord 

The most i mportant pathway s in the human spinal cord 
transm i t t i ng noc icepti ve i nformation to the bra i n  ascend in the 
antero l ateral white matter on the s i de contra l ateral to the 
source of the noxi ous i nput C 1 05 ) . C l i n ical evi dence i s  d i v i ded 
on the l evel at which s p i notha l a m i c  tract C STT ) ce l l s  cross 
over . Some ce l l s  decussate i mmed i ately in the monkey C 105 ) ,  
U i scera l  afferents can a l so b e  shown t o  excite STT cel l s . One 
author d i v i des the STT i nto a paleospi notha lamic part and a 
neosp i notha lamic part ( 1 33 ) , The paleosp i notha l a m i c  tract has 
neurons which reach the l i mbic system of the fore-bra i n . The 
neosp i notha lamic tract transm its noc i cept ion al ong l ong f ibers 
direct l y  to the thal amus . 

Uisceral p a i n  i s  referred to a somat i c  reg i on C 10� ; 1 1 5 ) . 
What is the cause of the p a i n  referra l ? I t  appeared i n  cats 
that 75% of the neurons responding to e l ectr ical stimulation of 
the splanchn i c  nerve a l so had a cutaneous recept ive f i e l d  
C v iscero-somat i c  neurons ) ;  23% had o n l y  a cutaneous receptive 
f i e l d  and no vi sceral i nput ( somatic neuron s )  whereas 2% only 
had a v isceral i nput ( vi sceral neurons ) C 13� ) . Other authors 
also found some spinal cord neurons which sel ect i v e l y  responded 
to v i sceral stimu l i  C 1 35 ) . I t  was suggested that there m i ght be , 
i n  humans , a convergence of cutaneous and vi sceral afferent 
i nput onto the same STT-ce l l s  in the spinal cord; the pattern of 
input fol l owing the dermatoma l organ i zation C 10�;105 ; 108 ; 1 1 5 ;  
1 36 ) . I nput from v i sceral noci ceptors wou l d  acti vate the shared 
STT ce l l s . The bra i n  wou l d  m i s i nterpret the source of the pain , 
based on l earned exper i ence from the more common epi sodes i n  
ear l y  chi ldhood when cutaneous noc i ceptors act i vated t h e  same 
pathway . This theory i s  cal led the convergence-proj ect i on 
theory C 1 05 ) , Many second order neurons responded to e l ectrical 
st imu l a t i on of s k i n  nerves as wel l as s p l anchn i c  nerves i n  cats 
C 1 3� ; 137 ; 1 3 8 ) , There was some inhibitory i nteraction between the 
two sets of i nputs C 1 37 ) , U i sceral nox i ous i nputs converge main
l y  onto those neurons which have a nox i ous cutaneous i nput C 1 3� ; 
1 39 ) . Other authors descr i bed v i scerosomatic convergence on STT 
neurons i n  monkeys C l �O ) , Noxi ous i ntens i t i es of v i sceral 
stimulation appeared to be necessary to acti vate spinal cord 
neurons hav i ng v i scerosomat i c  convergence C l � l ) 

The reference of co lonic pain has a l so been studied . I t  
appeared that the afferents from the s k i n  i n  the f l ank were 
convergent w i th the afferents from the colon , in cats C 1 1 3 ) . 

An a l ternat ive explanation of referred pain may be that 
some afferents m i ght branch to supply both v i sceral and somatic 



7 

structures ( 1 05 ; 1 � 2 ) . 
Two types of nociceptive neurons are encountered in the 

dorsal horn : noc i ceptive spec i f i c  neurons and mul t i receptive 
neurons C 1 05 ) . The nocicep t i ve speci f i c  neurons are on l y  
act i vated i f  a damaging stimulus i s  g i ven : they can provide 
unambiguous s i gnals that nox i ous s t i m u l i have occurred . The 
mu l t i receptive neurons respond to i nnoxi ous mechanical s t i mul i 
and to nox i ous ones . I t  may be that these neurons act as 
detectors of nox i ous s t i mu l i depend ing on the commands they 
rece ive from h igher centers . There may be a descending control , 
espec i a l l y  i n  behaving animals ( 1 05 ) . This control may be 
i nh i b i tory to ascend ing act i vat i on < 1 05 ; 1 0 6 ) . These 
mul t i receptive cel l s  may be inhibi ted by the system of D i ffuse 
Noxi ous I nh i b itory Controls C ON I C ) . The desc r i b i ng of t h i s  
system i s  beyond t h e  scope of t h i s  study . 

�s determ i ned from the resu lts of chordotom i es the 
noc i ceptive f i bers in the STT in humans show a somatotop i c  
organization C 1 05 ) . The abdom inal part l i es i n  between the leg 
and the thora x . 

1 . 1 . 5 . 7 Pathways i n  the bra i n  

The s t i mu l i  conducted through t h e  S T T  arr i ve i n  t h e  Uen
tral Posterior Lateral C UPL ) nucl eus of the thal amus i n  
pri mates . The occurrence o f  neurons i n  the UPL nucleus that 
respond to nocicept ive sti mu l i  from the abdomi n a l  v i scera has 
been demonstrated i n  cats and monkey s C 1 05 ; 1�3;1�� ) . The 
proj ect i on to the UPL nuc leus i s  somatotop ica l l y  organi zed 
< 105 ) . 

Since p a i n  produces arousal i n  the bra i n , the act i v i ty of 
much of the cerebral hemi sphere i s  a l tered by a painful event . 
This makes i t  d i f f i c u l t  to sort out cause and effect in the 
pain-processing c i rcui try < 1 05 ) . In monkeys neurons have been 
found in the somatosensory cortex C the postcentral gyrus ) , 
apparent l y  recei v i ng a proj ect i on from noc i ceptive neurons of 
the UPL nucleus of the thal amus . 

Cort ical neurons , i n  the cat, appeared to have i nput from 
sma l l  mye l i nated afferent f i bers of the s p l anchnic nerve <108 ) . 
Pont i ne ret i cu l ar units , p l ay ing a r o l e  i n  the defeca t i on 
reflex, respond to afferent impulses from the d i sta l colon i n  
dogs < 1� 5 ) . 

The cort i c a l  neurons are able to encode noxi ous s t i mu l i  
< 1 05 ) . The f i na l  e l ement in the i nterpretation of referred p a i n  
i n  terms of v i scerosomatic convergence , i s  t h e  proj ection to the 
cortex of the mi xed v i scerosoma t i c  message < 10 8 ) , 

I mpu lses a r r i v i ng v i a  the p a l eo-STT synapse w i t h  neurons 
which reach the l imbic system and profusel y  proj ect to many 
other parts of the bra i n . I n  t h i s  way motivational and emotional 
d i mensions may be added to the pain experience < 78 ; 1 0 1 ; 1 3 3 ) . 

The somatosensory cortex shows a somatotop ical 
organ i zat i on . 

1 . 1 . 5 . 8  Conc lusions 

I sometr i c  or powerful contracti ons of smooth muscle of the 
col on can be painfu l . �n i mpac t i on of the forward going of the 
contents of the c o l on can provoke such a contraction caus ing 
high pressures . These high pressures can evoke afferent 
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d i scharges from mechancreceptcrs i n  the colonic wa l l . These 
discharges carry stimu l i  i n  the afferent f i bers . The responding 
thresho lds cf the mechancreceptcrs vary w i de l y . 
Mechancreceptcrs may act as ncci ceptcrs i f  a very h i gh pressure 
i s  present . Spec i f i c  ncci ceptcrs were recent l y  found in the 
b i l i ary sy stem cf the ferret . They react to pressures above 
phy s i o l o g i c  range . Spec i f i c  ncc i ceptcrs are poss i b l y  also 
present i n  the mesentery cf the gut . 

The sensory pathways cons ist cf 
1 /  The pri mary neuron w i t h  i ts 

sympathet i c  sp l anchn i c  nerve and 
spinal cord . 

a relay cf three neurons . 
a fferent f i bers i n  the 

its ascending f i bers in the 

2/ The secondary neuron ascending as the spi nothal am i c  
tract C ST! ) i n  the ccntralateral part c f  the sp inal cord . There 
i s  evi dence that this neuron has connec t i ons w i th the l i mb i c  
system . This neuron reaches t h e  ventrcpcster icr l ateral C UPL ) 
nuc l eus of the thal amus . 

31 The ter t i ary neuron l i es i n  between the UPL nucleus of 
the thal amus and the scmatcsenscry cortex cf the pcstcentra l 
gyrus where the stimulus reaches consci ousness . 

A scmatctop ical organization i s  found i n  the STT, i n  the 
UPL nucleus of the thal amus and i n  the postcentral gyrus cf the 
cortex . 

The prob l em cf referral of v i scer a l  pain to the super f i c i a l  
skin c a n  b e  exp l a i ned by t h e  convergence proj ection theory and 
the m i s i nterpreting of the bra i n . The ncci ceptive sy stem as a 
who l e  is p lastic: i t  can change its character w i th experience cf 
l ong enduring pa i n . 

1 . 2 Colonic anatomy ; pathol o g i c  and rad i o l og i c  anatomy of I BS , 
pred i vert icular d i sease and diver t i cu l cs i s  

1 . 2 . 1  Colonic anatomy 

The colon i s  about 150 cm i n  adu l t s , but vari a t i ons occur . 
The rectum i s  about 1 5  cm long C 1 17 ) . The muscu lar coat i s  
composed of i nner c i rcular and outer l ongi tudina l l ay ers o f  
smooth muscle .  The longi tud i n a l  musc l e  l ayer-forms a con t inuous 
coat w i th three concentrations of mus c l e  f i bers into f l a t  l ong 
bands , c a l led taen i a  col i ,  separated by a very much thinner 
intertaen i a l  zone . One taenia is l ocated a t  the mesoccl i c  
border a t  the posterior side cf the co lon , the other two taeni a ,  
the ant i -mescco l i c  ones , are s i tuated one-third of the 
ci rcumference around on the anterior and med i a l  side . Because 
these taeniae are shorter than the other coats of the co l on , 
haustra or saccu l a t i cns are formed C 1 �6 ; 1 � 7 ) . 

I n  the s i gmoid colon the three taenia are arranged i n  the 
form cf an i sosce l es triang l e  C having two equal sides ) , one 
under the mesentery and two c l ose together , enc l os i ng the short 
ant i mesenter i c  zone to form the base C 1 �6 ; 1 �8 ) , 

The other l ayers cf the colon are : mucosa w i th the 
muscu l a r i s  mucosae Ca continuous sheet c f  smooth muscle l y ing 
d irect l y  beneath the mucosa ) ;  submucosa Ca l ayer of connective 
t issue , providing a loose framework for the passage cf vess e l s  
and nerves ) and sercsa C the outermost c o a t  cons i st i ng cf areo lar 
t i ssue covered by a s i ng l e  l ayer cf squamous mescthe l i a l  c e l l s ) . 
The muscu lar coat l i es in between the submuccsa and the sercsa . 
The segmental arter i es which supply the colon i c  wa l l  arise from 
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the mesenter i c  arcade as short and l ong vessel s ;  the former 
penetrate the l ateral muscle wa l l  nearby the mesenter i c  taenia . 
The l ong vesse l s  penetrate the mus c l e  wa l l  j ust on the 
mesenter i c  side of the ant i mesenter i c  taeniae C l �B ) . They 
weaken the l ay er of c i rcular musc l e  by forming tunne l s  C 1�7 ) . 

1 . 2 . 1 . 1  L i ght and e l ectron m i croscopic anatomy 

I n  l i ght m icroscop ic i nvest igation the c i rcular musc l e  
l ayer i s  n o t  homogeneous but i s  made up o f  d i screte crescentic 
arcs composed of fascicu l i  50-200 microns w i de , incomp letely 
separated from each other by connective t issue sept a . Muscle 
ce l l s, running obl i quely, l ink these fasc icu l i  together . These 
fasc i cu l i  are embedded in a proteo g l y can matri x  that a l so 
contains col l agen and e l astin f ibers . E l as t i n  is sparse l y  
disti buted around t h e  myenteri c  p l exus a n d  between t h e  fascicul i 
farm i ng a w i de l y  spaced meshwark running d i agona l l y  through the 
substance of the muscl e  layer . Larger spaces i n  the 
i nterf i br i l l ary matr i x  conta i n  cap i l l a r i e s  and nerve f i bers . The 
taeniae of the longitud i n a l  musc l e  l ayer are a l so composed of 
fascicu l i  but they conta i n  a greater amount of col l agen and 
e lastin . The c i rcul ar and the long i tudinal l ayers are bound 
together by musc l e  ce l l s  runn ing from the taeni a e  into the 
circular l ay er, accompan i ed by co l l agen and , parti c u l a r l y, by 
e l astin C 1 �9 ) . 

I n  e l ectron m icroscop ic study the musc l e  ce l l s  are of 
uni form s i z e  and spindle shape . The ce l l  surface is mod i f ied by 
speci a l  structures : raws of cavea l ae C spheroidal i nvaginatians 
of the ce l l  membrane w i th a narrow opening ta the extrace l lu l ar 
spac e )  a l ternate with dense bands C the s i te of i nser t i on of 
actin f i l aments ) .  The dense bands of adjacent cel l s  often l i e  
apposite ta one another farming i ntermed i ate junct ions , which 
often l ink the tip of one cel l ta the centra l part of a 
neighbour i ng c e l l . I n  contract i on these bands remain i n  
appos i t i on, i t  i s  t h e  cavea l ae bearing p a r t  o f  t h e  ce l l  that i s  
d istorted C 1� 9 ) . 

Elastin f i bers have 2 components : a centra l amorphous care 
of the protein e l as t i n  C the maj or part of each mature f i ber of 
e last i n )  and a surrounding l ay er of f ine beaded f i l aments . Newl y  
l a i d  dawn e last i n  i s  e l ectron dense, becoming lucent as i t  
matures C 1� 9 ) . 

1 . 2 . 2  Pathol o g i c  anatomy of I BS, predi verticu lar d i sease and 
d i verticu lasis 

The sigmoid colon in patients with the painful I BS i s  not 
removed . Sometimes, however , no d ivert i cu l a  cou l d  be found in a 
resected speci men of the s igmoid in a patient w i t h  pain in the 
left l ower abdomen thought ta be suffe r i ng from d ivert iculasis 
C 1�6 ; 1 50 ) . The pain of these pati ents had d i sappeared after the 
operatian C 1 50 ) . Probab l y , they suffered from painfu l I BS .  The 
muscl es of these specimens appeared ta shaw thi cken i ng . This 
thickening i s  ca l l ed by same authors a hypertrophy of the 
muscl es C 38 ; 1 5 0 ) . I t  was shown h i stalag ica l ly, however, that 
this thickening i s  not the res u l t  of hypertrophy or hyperpl as i a  
C 1�6-1 �9 ; 1 5 1 ; 1 5 2 ) . T h e  thickening i s  caused by a contracted 
state or cantracture ( 1 �7 ; 1�9 ; 152- 15� ) of the l ong itudina l  
musc l e  l ay ers . 
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The most constant feature of d i vert i cu l os i s  i s  t h i s  
thicken i ng of the musc l e  layers . I t  precedes the appearance of 
the d i vert i cu l a  C 1 � 7 ) . The c i rcular muscle consi sts of bund l es 
of muscle f i bers bunched together , between these bundles are 
gaps where the c i rcu lar musc l e  may be absent so that a s i te of 
l east res i stance Ca l ocus m i nor i s  res i stent i a e )  i s  a t  hand 
C 1 �7 ) . There is a shorten ing of the co l on caused by the 
contracture of the longitudinal muscle l eading to a corrugated 
appearance of the c i rcular muscle resem b l ing a concer t i na C 15� ) . 
The mucosa is redundant and gathered i n  folds . Somet i mes i t  i s  
herni ated i n  t i ny pouches through the i rregul a r l y  t h i ckened 
c i rcular l ayer C 1 5 3 ) . 

Ear l y  i n  the i r  devel opment d i verti cula, l i ke hernias , are 
reduc i b l e . At f i rst the i r  covering may conta i n  a few muscl e  
f i bers but soon these atrophy C 1 �7 ) . W e  may ca l l  d i vert icula 
hern i a t i ons of the mucosa and the muscul a r i s  mucosae through the 
muscular coat C l �6-1�8 ) . The d i verti cu l a  are thought to be 
caused by pulsion of the mucosa . They are cal l ed f a l se 
divert i cu l a . True d i vert i cu l a  are covered by a l l  l ay ers of the 
wa l l  of the i ntest ine C 1 52;1 55 ) . 

These outpouches a r i se from the w a l l  of the colon i n  four 
rows most l y , one at each s i de of the mesenteric taenia and one 
at the mesenter i c  s i de of each anti mesenter i c  taeni a . They 
never penetrate the taeniae themse l ves C 1 �8 ) . The colonic wa l l  
is obv i ously weaker between the taeniae a s  i t  consi sts m a i n l y  of 
circular muscl e .  Th i s  musc l e  i s  further weakened by the gaps 
between the bunched bundl es and by the s i tes at which the 
segmental arter ies and veins p ierce i t .  The d i vert i cu l a  are 
l ocated at these weakened spots ( �2;1 � 7 ; 1 �8 ; 156-161 ) .  As the 
fa lse d i vert icula have no musc l e  cover they have not the power 
to expel feces . This can be v i sua l i sed rad i o l og i ca l l y  C f i g  
l a , b ) . Often the neck o f  these pouches are narrowed b y  the 
c ircu lar muscl e  so that their cont a i ned feces become 
i nspi ssated . I nf l ammat ion may be caused . 

1 . 2 . 2 . 1  M i croscopic pathol og i c  anatomy 

L i ght m i croscopy reve a l s  an exaggerat i on of the crescent i c  
arcs i n  the circular musc l e , t h e  fasc i cu l i  are attenuated and 
the i r  w i dth reduced to 1 0-50 m i crons. The taeni a e  show none cf 
the var i a t i ons seen in the circular l ay er . In nei ther muscle 
l ayer i s  there ev i dence of act i v e  contract ion . An obvi ous 
i ncrease in the content of e last i n  f i bers in the taen iae c o l i  i s  
seen . The amount o f  e l as t i n  i n  the c i rcular mus c l e  i s  not 
increased . The appearance and amount cf co l l agen i s  norma l i n  
both muscle l ayers C l �S ) . 

I n  e lectron m i croscopic inves t i ga t ion the i ncrease i n  the 
e l as t i n  content of the taen iae i s  conf i rmed . A greater var i ety 
i n  the staining of e l astin was noted , w i th some f i bers staining 
dark l y , suggest ing recent depos i t i on . I so l ated groups of f i ne 
f i l aments cf e l astin were seen l y ing a l one in the matr i x  sug
gesting act i ve e l astogenes i s  C l �S ) .  

I t  i s  concl uded that the taeniae are thi ckened a s  a resu l t  
o f  the contracture secondary t o  e l ast i n  depos i t i on C 1�9 ) . There 
was no e l ectron m i croscopic evi dence cf act i ve , susta i ned 
contract i on in e i ther muscle l ayer C nc d i stortion of the 
cavec l ae bearing parts cf the muscl e  ce l l s ) . The ccntracture cf 
the taeni ae, w i th the i ncreased amount of e l ast i n  f i bers , 



Fig . l a  The s i ng l e  
exam i na t i on : 
descendens . 

1 1  

contrast phase o f  
d i vert iculosis of t h e  

the bar i um 
s i gmo i d  and 

enema 
colon 

Fig . l b  The same pat i ent , two months l ater . Several d i vert i cu l a  
a r e  st i l l  f i l led w i t h  bar i umsul phate . The t i ny white 
streaks on both s i des above the i l i ac w i ngs are probably 
caused by previ ous intramuscu l ar i n j ect i ons . 
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shortened the sigmoi d  colon b y  about one-s i xth normal l y . The 
crescent i c  folds of the c i rcular musc l e  are more promi nent , so 
it is understandable that , when the ci rcu l ar musc l e  contracts, 
isol ated segments of h i gh pressure can b e  formed . I t  is said 
that i ncreased intraluminal pressure s t i mu l ates further e l astin 
production C l �S ) . Repeated e l ongation and re l axation of smooth 
musc le t r i ggers an i ncreased uptake of co l l agen and hy a luronate 
in rab b i t  aorta C l 62 ) . 

So i t  seems that i ntermi ttent d i stension as caused by the 
movements of sma l l  stools , may tri gger an i ncreased deposi t i on 
of matr i x  components . E l astin molecules are l a i d  down i n  a 
contracted state C l 63 ) thus mainta i n i ng the taen iae i n  a 
shortened pos i t i on . 

F i g . 2a A segment ing contract i on of the sigmo i d  dur ing the 
double contrast phase of the bar i um enema examinat i on . 
The hand i ndicates the s i te of the characterist i c  p a i n . 

Fig . 2b After gl ucagon this contraction has d i sappeared together 
w i t h  the pain . 
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1 . 2 . 3 Rad i o l o g i c  anatomy 

1 . 2 . 3 . 1  Rad i o l o g i c  anatomy of ! BS 

X-ray s i gns of ! BS are : a segmenta t i on C f i g  2a , b ) C a lso 
cal l ed segmental contrac t i on ; segmental areas of spasm ; spast i c  
colon ; i ncreased segmentat i on ; hy persegmentat ion ; i rregular 
haustrat i on ;  i ncreased haustra l mark ings or deep cut t i ng ; 
contract ion r i ngs or rosary beads ) and/or a contract ion of 
lengthy segments C f i g  3a , b ) C also ca l l ed stri ng s i gn ) C 26 ; 87-
89 ; 1 6�- 1 7 ll . I t  is better not to use the term "str i ng s i g n "  i n  
descr i b ing t h e  rad i o l og i c  s i gns of ! BS as t h i s  s i gn i s  
part i c u l a r l y  restri cted to Crohn ' s  d i sease . 

F i g . 3a A contraction of two l engthy segments of the s i gmoid . 
The pat i ent f e l t  the charact e r i s t i c  pain in the l eft 
l ower abdomen . 

F ig . 3b After reassurance there is a r e l axation of the s i gmoid 
and a decrease of the pain . 
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Fig. �a Lengthy contraction or the sigmoid during a reproduction 
or the characteristic pain. 

Fig. �b The pain is decreasing, so is the contractile state or 
the sigmoid. 
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The pat i ent may ree l a n  urge t o  derecate dur i ng the 
beg inning or the barium i nvest i g a t i on , this can orten be 
control led by having her or h i m  breathe deep l y  C 26 ) . I n  cases 
or a painrul ! BS the pat i ent ' s  characteri stic p a i n  may be 
reproduced C and recogni zed ) during the bar ium enema C BB ; BS ) . 
Act ive contractions i n  the s i gmoid colon may be seen during t h i s  
acute p a i n  C r i g  �a , b ) .  Reassu r i ng remarks rrom the r ad i o l og i st 
or a musc l e  r e l axant orten relax the colon and the patient . 

1 . 2 . 3 . 2  Rad i o l o g i c  anatomy or the pred ivert icu l ar state 

The normal segmentat i on or the s i gmo i d  is repl aced by a 
ragged out l i ne or l i t t l e  convex i rregular i t i es , cal led saw 
toothed , serrated edge , pa l l isade or rip p l e  border appearance 
C 1�7 ; 1 53 ) . I n  t h i s  pred iverticular state the haustra are very 
c l ose together . T i ny hern i at ions or the mucosa in the uneven 
thickened c i rcular muscle may be seen C r i g  5) C 26 ; 38 ; 1 53 ) . 

F ig . 5 Pred iverticular state 
contrast exami nat i on . 
v is i b l e . 

or the s i gmoid colon i n  doub l e  
T i n y  herni a t i ons o r  t h e  mucosa are 
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1 . 2 . 3 . 3 Radi olog i c  anatomy o f  diverticul osis 

"Some men there are , who . . .  l ove d i verti cu l aes and turne 
as ide i nto crooked waies . . .  " ( W i l l iam Strong , 1 6�7. C 1 6 1 ) ) . 

The word d i vert i cu l um comes from the Lat i n  d i verto C I  turn 
as i d e )  and , l i teral l y , means a sma l l  turn ing aside , The word was 
used to denote a by-pass , a lodging , or a wayside shel ter . I n  
E l i zabethan t i mes i t  was appl ied t o  a house o f  i l l -repute C 16 1 ) . 

fig . 6 D i vert iculosis of the s i gmoi d .  
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D ivert icula are v i s i b l e  as sma l l  sacs r i l led w i th barium 
C r i g  6 ) . I r  there is much recal mater i a l  in the sac , only a 
rlask shadow may be seen C r i g  7) . On s i n g l e  contrast radi ographs 
the pouch may be h i dden beh i nd the barium-sul phate C 1 � 8 ) . 
Dur i ng double contrast i nvest i gat i on i t  i s  poss i b l e  to i mprove 
the detection or the diverticu l a  ( 1 72) (rig 8) . 

With double contrast the d i s t i n c t i on or d i verticula rrom 
polyps may cause d i rr i cul t i es . Both may cast a c i rcu l a r  l i near 
shadow i n  the race-on v i ew . The c i rcular l i ne i n  a d i verticulum 
has a sharp outer edge and a b l urred, ruzzy i nner edge ; i n  a 
sma l l  sess i l e  p o l y p  i t  is the reverse C 1� 8 ; 1 7 3 ) , 

F ig . 7 D i verticulosis w i t h  two r l ask shadows , demonstrating 
recal mater i a l  i n  the d i vert icu l ar sacs i n  double con
trast examination or the colon . 
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F i g . Ba S i n g l e  contrast : t i ny d i verticula . 

Fig . Bb Doub le contrast: more t i ny d i verticu l a . 
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I t  i s  best to i dent i fy a p o l y p  as a dark stain i n  a white 
bar i um f i l l ed co lon or as a t i ssue mass protrud ing i nto the gas
f i l l ed i ntest i ne , as seen in prof i l e by good pos i t ioning . I t  i s  
i mportant to make the r i ght d i agnos i s  s i nce p o l y ps a n d  even 
cancers of the s i gmo i d  may occur i n  the presence of d i verticula 
C f i g  Sa , b ;  f i g  1 0 ) . 

Other d i agnos t i c  features of d i v ert i cu l osis are : the 
i nterhaustral folds are deeper and the colon f a i l s  to e l ongate . 
The c ircular musc l e  can st i l l  be seen to contract and r e l ax . 

F ig . Sa S in g l e  contrast exam i nat i on : d iv ert iculosis and po l y p . 
The pol y p , w i th a l ong stem , i s  v i s i b l e  as a b l ac k  sta i n  
i n  a w h i te s i gmoi d .  

F i g . 9b Double contrast exam i nation of the same pat i ent . 
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In the present study a routine s i n g l e-contrast and double
contrast colon exam i nat i on was carr i ed out , i n order to make as 
few fa lse-negat ive or false-posi t ive d i a gnoses of d i vert i c u l a  
and /or of polyps or carc i nomas as poss i b l e  C 1 7�- 1 77 ) . 

F i g . 1 0  D ivert i cu l os i s  and cancer . Characteri s t i c  features of a 
m a l i gnant s i gmoid tumor . 
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1 . 2 . �  Comp l i cations i n  d i vert iculosis 

A thorough d i scuss ion of the comp l i cations i n  d i vert i cu l o
sis i s  bey ond the scope of this study . A short ment ion i s  
necessary to make c l ear t h a t  t h i s  d i sease m a y  become l i f e  
threaten ing . T h e  compl i cations are d i verticu l i t i s  a n d  its 
sequences : narrow i ng and perforat i on w i t h  abscess or f i stula 
format i on ( 178- 1 8 1 ) .  Somet i mes hemorrhage i s  encountered C 1 8 1 ) . 
The bar i um enema i s  the i nvest i gat i on of cho ice C 1 78) ( f i g  1 1 ) . 
I n  case of a perforation ( f i g  1 2 )  we may be i n  trouble w i th a 
high l y  l ethal cond i t ion ( 1 79) . Formerl y  d i vert i c u l os i s  was known 
as d i verticul i t i s  C�S ) but this term shou l d  be used when there 
is evi dence of i n f l ammat i on C 180) . I f  the i n f l ammat i on i s  
l oca l i zed i n  the wa l l  of the sac t h e  term d i verticul i t i s  i s  
app l icab l e . I f  t h e  inf l ammat i on , through micro- or macroper
forat ion , is l oca l i zed m a i n l y  in the per i d i verticular t i ssues 
and the per icol i c  fat , the name peri d i vert i cu l i t i s  is more 
suitab l e  C 1 81 ) . 

More terms , however , l ead to more confus i on . The d i f ference 
between d i vert i cu l i t i s  and per i d i vert icul i t i s  is of l i m i ted 
c l i n i c a l  value . I t  i s  more important to know i f  there i s  a 
perforation w i t h  a per iton i t i s  or a sea led off perforation 
w ithout a per iton i t i s . 

F ig . 1 1  D i vert iculosis w i t h  d i verticul i t i s . Narrow ing of the 
s i gmoid lumen , short b l unt protrusions from the l umen , 
the d i verticula are occluded by t he inf l ammat i on . 
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1 . 3 Colonic physio l ogy 

1 . 3 . 1  Funct i ons 

1 . 3 . 1 . 1  Mucus secret ion 

The colonic mucus i s  a v i scous substance formed by the 
secretion of the goblet ce l l s  C a lso cal led mucus ce l l s )  of the 
epithe l ium , comb ined w i th substances from the lamina propr i a  
C l y i ng i mmed i ately under t h e  epithel ium ) :  i mmunog l obu l i nes and 
l ympho i d  cel ls and substances from the b l oodstream ; among others 
album i n  and transferr i n  C 1 1 7 ) . Colonic mucus expressed in dry 
wei ght conta ins 72% prote ins , 12% nuc l e i c  acid from shedd ing and 
bacte r i a l  cel ls and 6% g l y coprote i n . Colon i c  mucus a l so 
contains up to 1 00 mM potass i um per l i ter , so in cases of 
d i arrhea or colonic c l eans i ng , as i n  preparation for a bar i um 
enema , much K may be lost . Phy s i ca l  proper t i es of mucus are i ts 
gel form ing abi l i ty , due to its h i g h  hydroph i l i a , and its 
form ing of a protect ive barrier . 

F i g . 12 Perforat i on with abscess in C per i ) d i vert icu l i t i s . 
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1 . 3 . 1 . 2 Absa•pt ian and sec•etian of wate• ; i nte•actians w i th 
f i be• 

Lack of a colon l e ads ta excessive ente• i c  l ass of wate• 
( 1 82 ) . The cecum and p•ax i m a l  colon of humans absa•b wate• ma•e 
e ff i ci ent l y  than do the descend ing colon and s i gmo i d  C 32 ;  1 82 ) . 
About 350 ml of wate• i s  absa•bed pe• day . 

With i nte•est g•aw ing i n  d i eta•y f ibe• and its poss i b l e  
• a l e  i n  colonic funct i on i n  hea l t h  and d i sease , the poss i b l e  
i nte•actians between f i be• and t h e  co lon a • e  ta be cansi de•ed . 
The st•uctu•al a• f i b•aus components of d i eta•y f i be •  i nc l ude 
cel l u l ose , hem i ce l l u l ase , and l i gnin . The nanst•uctu• a l , ma•e 
soluble substances a•e ma i n l y  found in the ce l l  wal l  and include 
pect in , gums and muc i lages and a l ga l  p a l y saccha• i des . 
Nanst•uctu•a l palysaccha•ides have wate• holding and g e l l ing 
effects C 25 ) . Wate• i n i t i a l l y  absa•bs t a  the su•face of the 
f i be• ; ma•e wate• f i l l s  i n  the i nte•sti ces . The ab i l i t y  of 
f ibe• ta hold wate• •anges f•am � . 5  g•ams of wate• pa• g•am of 
b•an ta O . � g•am of wate• pa• g•am of potato . Fa• a long time 
b•an has been known t a  expand and soften the stool . Pa•t of the 
f i be •  mate• i a l  i s  metabo l i zed by colonic bacte r i a  ( 1 1 7 ) . 
Pect i n , a lthough hyd•aph i l i c ,  i s  d i gested in the colon and 
the•efore has l i t t l e  effect an feca l bu l k  C 65 ) ; 50-75% of 
d ieta•y f ibe• may be b•aken dawn in the colon C l l 7 ) . The 
i nc•ease in stool b u l k  i nduced by f i be •  is greats• than that of 
stool w e i ght , and the p•apa•t i an of wate• ta solid i n  the stool 
changes l i ttle . The trapp ing of gas may account fa• the softer , 
bulk ie• stoo l . 

B•an w i l l  hu••Y gast•ai ntest i n a l  t•ans i t  i n  those i n  wham 
it is s l ow , and may s l aw it in those in wham it is fast . I t  
appea•s that a t  l east 2 0  g•ams c f  unp•acessed b•an pe• day a•e 
necessa•y ta have an effect an t•ans i t . F i ne bran , haweve • , has 
much l ess b u l k i ng effect , pe•haps because of i ts weake• wate• 
ho l d i ng capacity . 

The colon can a l so sec•ete f l u i d . F l u i d  sec•etian by the 
colon was la•ge l y  i gnored by phy s i o l og i sts unt i l  c l i n ical 
abse•vati ans demanst•ated that this phenomenon cant • i buted ta 
ce•tain d i a••heal i l l nesses . Co lonic sec•etagogues a•e among 
athe•s b i l e  acids . The f l u i d  sec•eted i s  an i soton i c  
u l t•afi l t•ate of p l asma . T h e  mecha n i s m  by which wate• i s  
sec•eted i s  unce•ta i n . I n  v i t•o , sec• e t i an i s  assoc i ated with 
i nc•eases of mucosa ! adeny l ate cycl ase and cy c l i c  AMP C adenas i ne 
5 ' -phaphate ) ( 1 82 ) . 

B i l e  acids and fatty acids •educe colonic absa•pt i an and 
even evoke a net secretion of f l u i d . T h i s  phenomenon i s , i n  
v iva , dose • e l ated and • a p i d l y  •eve•s i bl e . The mechanism fa• 
b i l e  acids and fatty ac i d  sec•etian is unce•tai n  and p•abab l y  
mul t i facta • i a l , the • a l e  o f  a l te•ed pe•meab i l ity i s  doubtful 
C l l 7 ) , B i l e  ac i ds and fatty acids a • e  patent cytatax i ns ,  
causing mucosa! damage i n  the c o l on . When b i l e  acid reabsa•ptian 
i n  the sma l l  gut i s  •educed C e . g .  fal l o w i ng resection of the 
i leum ) catha•tic b i l e  acids f l ood the c o l on , causing d i a••hea 
< 1 1 7 ) , Fatty acids a•e sa i d  ta stimul ate the mucus secre t i on and 
the meta• act i vi ty of the colon C 25 ) . D ieta•y f i ber a l ters b i l e  
acid metabo l ism . L i gni n ,  a f i ber component , and psy l l ium , l i ke 
cha l esty•amine , w i l l  b i nd b i l e  salts . 



1 . 3 . 1 . 3 Storage of fecal matter 

The d i stal ha l f  of the colon i s  responsible for storage of 
feces unt i l  it can be expe l led vol untar i ly C 32 ) . The rectum i s  
norma l l y  empty . T h e  u r g e  to defecate i s  e l i c i ted when a 
threshold volume is reached i n  the rectum C 1 1 7 ) , Stretching 
i nduces a sensation of urgency . 

1 . 3 . 1 . � Moti l i ty of the colon 

1 . 3 . 1 . � . 1  I ntroduction 

I n  order to move the colon i c  contents from cecum to rectum 
mot i l i ty C a l so cal led motor or contract i l e act i v i ty or movements 
of the colonic wal l )  i s  necessary . The t ypes of movements that 
occur and the way they are coord i nated are i mperfect l y  
understood . A colonic contract i on i s  n o t  a l ways equal to a 
forward movement ( propu l s i on )  of the contents . Contract ion of 
the circular musc l e  resu lts i n  segmentat i on ;  contract ion of the 
l ong itudinal musc l e  i n  shorten ing and stra i ghtening of the colon 
C 32 ) . The c i rcular and the l ongi tudina l musc les are capable of 
i ndependent act ivity C 18 3 ) . 

Movements of the gut wa l l  are said to arise through 
intrinsic reflexes i nvol v i ng neura l pathways runn ing between 
mechanareceptors and musc l e  l ay ers C 106 ) . The movements may be 
induced by loca l l y  appl ied d istension . There are 
mechanoreceptors C e l so cal l ed d i stension-sens i t ive receptors ) i n  
the mucosa . These receptors appear to be , i n  the smal l  
i ntest i ne , c f  two k i nds : l ow and h i gh thresho l d  ones . I t  i s  
postulated that l a w  l eve l s  of d i stens ion excite the low 
thresho ld mechanoreceptors and l ead to the preparatory phase of 
moti l i ty : contract i on of the long i tudinal musc l e  together w i th 
rec i procal i nh i b i t i on of the c i rcu l ar musc l e .  This resu lts i n  a 
zone of i ncreased c i rcumference of the i ntest ine which 
stimulates the h i gh thresho l d  receptors . Through t h i s  the 
empty ing phase i s  i n i t i ated : an abora l l y  mov i ng wave of 
contract ion cf the c i rcular muscl e  coupled w i th reci procal 
relaxation of the l ongi tud i na l  musc l e  C l O&) . Some authors a lso 
found t h i s  phenomenon of d i stension causi ng movements in the 
colon C l 9 ; 9� ) ; others cou l d  not f i nd it C 18� ) . 

1 . 3 . 1 . � . 2  Patterns of mot i l i ty 

Several d i s t i nctive patterns of mot i l i ty have been observed 
in normal human subjects . 

A/ Basic tone . This i s  supposed to be a contract i l e  state 
upon which the other contractions are superi mposed C 6 5 ) . 

8/ Segmentation C or nonpropulsive or nonpropagative seg
mental contractions ) :  a to and fro movement of the contents 
C 185 ) . These contracti ons are caused by isol ated units of 
c i rcular smooth musc l e  and promote the absorption o f  water i n  
the prox imal part cf t h e  colon . 

C/ Propu l s i on : the contents of the colon are d i sp laced i nto 
a more distal part . Nei ther el ectromyography nor pressure 
recording have yet descr ibed the propu l s i ve mechan ism , probab ly 
due to the sl owness of colonic events C l 1 7 ) . Probabl y  
prematurely , these movements a r e  d i vi ded i nto four types C 32 ) : 

al haustral propu l s i on : the contents of a s i ng l e  segment or 
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haustrum are moved i nto the next one w i t hout being returned ; 
bl mul t i haustral propu l s i on : a number of haustra are 

invol ved as a coord i nated un i t ; 
c/ mass propul si on or mass movement : the colonic lumen 

becomes w i de ahead of mu l t ihaustra l contract i ons and the fecal 
mass trave l s  d i sta l l y  over a l ong d i stance . T h i s  happens only in 
the d i stal h a l f  of the colon and may be assoc i ated w i t h  
synchronous contract i on of c i rcular a n d  l ongitudinal musc l es ;  

d i  perista l s i s : a bolus i s  d i s p l aced abora l l y  by 
advancing c i rcumferenti a l  r ing of contrac t i ons preceded 
wave of r e l axation in coordination w i th a contract ion of 
l ong itudinal mus c l e  C 27 ; 78 ; 1 06 ; 1 1 7 ) . 

an 
by a 

the 

D I  Retropu l s i on < or retrograde propu l s ion ) :  the contents of 
the colon f l ow oral l y . I t  occurs most often i n  the prox imal 
part of the colon a l l ow i ng prol onged contact of the l i quid stool 
with the absorp t i v e  surface C 1 30 ; 1 86 ) . T h i s  retrograde movement 
may a l so occur i n  the d i st a l  colon < 183 ) . 

1 . 3 . 2  Control systems 

A deta i l ed descri p t i on of the contro l l ing mechani sms of 
colonic movements i s  beyond the a i m  of t h i s  study . A short 
summary is g iven for the sake of compl e t eness . The coord i na t i on 
of co lonic movements depends on three control systems ( 32 ) . 

A l  The neurogenic sy stem i s  d i v i ded i nto a parasympathet i c  
o r  cho l i nerg i c  part C the predomi nant effects a r e  i ncreased 
act i v i t y  of the colonic musc l e s )  and a s y mpathe t i c  or adrenerg i c  
p a r t  C which i s  predom i nant l y  i n h i b i tory ) ,  T h e  col ocol i c  ref l e x  
p lays another i mportant r o l e . 

Bl The myogenic system : the smooth musc l e  of the colon 
generates spontaneous e l ectr i c a l  i mp u lses resemb l i ng ,  more or 
l ess , the pacemaker act i v i ty of the heart . These i mpu l ses can be 
recorded w i t h  the a i d  of e l ectromyograph i c  i nvest i gat i ons C 32 )  
C see sect ion 1 . 7 ) .  

C l  The hormona l system . Exogenous Chol ecystok i n i ne C CCK ) 
and endogenous CCK , w h i ch may be rel eased i n  response to mea l s , 
may l ead to excess ive c o l on moti l i ty . Fasting and postprandial 
concentr a t i ons of i nsu l i n ,  gastr i n , p o l y peptide or substance P ,  
enterog l ucagon , neurotens i n  , mot i l i n and gastric i n h i b i tory 
poly pept ide C G I P )  were reported to be normal in patients w i t h  
I BS C 78 ; 1 8 7 ) . G l ucagon h a s  been reported to abo l ish act i v i ty 
and decrease the tone of the colon C 32 ; 1 1 7 ) . 

1 . 3 . 3  Methods of recording colonic mot i l i ty 

1 . 3 . 3 . 1  I ntroduct ion 

The methods w i th which the colon mot i l ity i s  recorded have 
to l ead to reproduc i b l e  and quant i tat i ve results C 78 ) . 

I t  i s  poss i b l e  to get i nformat i on about the e l ectr ical 
act i v i t y  of the colonic musc les w i t h  e l ectromyography or w i th 
the a i d  of str a i n  gauge force transducers . The l atter are 
frag i l e  and the i r  e l ectrical character i s t i cs may change w i t h i n  
the bow e l  C 130 ) . They must be f i xed to t h e  external surface of 
the colon and therefore , are not app l i cab l e  in humans . 
Electromyography i s  d i scussed in sect i on 1 . 7 .  

The co lonic tran s i t  t i me i s  a rough way of record i ng the 
moti l ity . I t  can be stud i ed w i th radi opaque markers or labe l l ed 
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mea l s . 
The i ntraluminal pressure can be recorded w i th a pressure 

sens ing dev i ce l oca l i zed in the sigmo i d . This method i s  a l so 
ca l l ed manometry . The terms pressure record i ng and manometry are 
used interchangeably i n  the l i terature . Manometry i s  the science 
of pressure measurement of l i quids and gases . Pressure i s  the 
force exerted by one body on another , or by a l iq u i d  or gas on 
its surroundi ngs C l8 8 ) . So i t  i s  better to speak of pressure 
record i ng . This subj ect w i l l  be d i scussed in the fol lowing 
sect ion . 

The rad i o l ogist has the opportun i ty to study the mot i l i ty 
of the colon wa l l  w i t h  the a i d  of c i ne f l uorography C 1 89 ; 190) , 
or bar i um i nvest i gation and f l uoroscopy C 87-89 ) . I t  i s  poss i b l e  
t o  study the i mpact of the wa l l  movements on the movements of 
the contents . 

The combinat i on of intraluminal pressure record i ngs and 
rad i o l og i c  i nvestigat i on of the movements of the s i gmoidal wa l l  
seemed t o  the present author the best method i n  study ing the 
phenomena related to the mot i l i ty of the colon C 1 83 ; 1 86 ; 1 89-
193 ) . This subj ect w i l l  be d i scussed i n  sect ion 1 . 3 . � . 2 .  

1 . 3 . 3 . 2 I ntraluminal pressure recording 

�n i ncrease of the intraluminal pressure i n  a segment of 
the colon most l y  results from a contract i on of the musc l es which 
reduces the volume of that segment . The pressure i s  r e l ated to 
the magni tude and rate of the vo lume change . Such a reduc t i on of 
volume may expel some of the contents of that segment . Th i s  
expuls i on , however , may b e  opposed by a resi stance from adj acent 
segments which a l so , s i mu l taneous l y , contract or do not relax 
C 1 9�) . The resu l t  i s  an i ncrease i n  pressure i n  that particular 
segment . On l y  a resi stance to f l ow causes , techni ca l l y  
speak i ng , a r i se i n  pressure C 27 ; 1 06 ; 1 95 J . 

The absence of change of intraluminal pressure may mean a 
lack of contract ion or may mean l oca l contraction of a segment 
w i th no resi stance to f l ow ,  actua l l y  producing propu l s i on . 
Pressure , mot i l i ty and transport of contents seem i n  no way 
synonymous . 

Pressure recordi ng may esti mate the resi stance to the f l ow 
of the contents of the colon . The he i ghts of pressure to which 
the wa l l  of the colon i s  exposed are measured . 

From the l i terature the data to which a correct pressure 
record ing invest i gat i on must meet were gathered and tabulated 
C 27 ; 32 ; 96- 1 00 ; 1 30 ; 1�7 ; 183 ; 1 8� ; 1 86 ; 1 87 ; 189-2 1 2 J  C ta b l e  1 )  

1 /  Bowel preparation i s  necessary t o  avo i d  p l ugging the 
i ntrasigmoidal pressure sensi ng device and to ensure i dentical 
colonic contents i n  a l l  subj ects C i . e .  an empty s i gmo i d )  C l 99 ) . 

2/ The number of i nvesti gated persons must be g i ven . The 
def i n i t i on of the group must be as c l ear as poss i b l e . This i s  
d i f f i cu l t  i n  the I BS group because o f  the lack o f  a posit ive 
di agnostic criterion . 

31 The d i stance from the anus must exceed 15 cm as the 
rectum i s  about that l ength C 1 1 7 ) . The dev i ces are often p l aced 
at about 30 cm from the anus C l 00 ; 196- 199 ) . The real d i stance 
must be , if a r i g i d  s igmoi doscope is use d , l ess than the value 



l / Preparat i an 

2/N - number 

3 / S i te of record ing 
� / Pressure sens i ng 

dev i ces 

S/Way of i ntroduct ion 
6 / Ca l i brat i an 
?/Recording equi pment 

8 /The procedure and the 
durat i on of recording 
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colonic c l eansing regime 
fast ing per i od before study 
control cases ; pati ents w i t h  an 
1 85 and/or d i v erticulasis 
d i stance from anal verge i n  cm 
ba l l oon l ength , d i ameter 

a i r / f l u i d  f i l led 
open ended tubes d i ameter of l umen 

constant f l ushing 
a i r / f l u i d  transm ission 

e l ectron i c a l  

rad i at e l emete r i ng 
r i g i d  or f l e x i b l e  
no basal pressure 
paper speed 

m icratransducers 
or stra i n  gauges 
capsules 
sigmai dascope 
recording 

aid of rad i o l og i c  equi pment and v i deo 
resting per iod 
fast i ng peri od 
postprand i a l  period : standard mea l 
past-gut-relaxant per i od : k i nd of drug 

i n  m i nutes 
per per i od 

9 / Pa i n-pressure correlat ion 

Tab l e  1 Necessary data of mot i l i ty record ing 

read off the barrel , because of the i nev i ta b l e  stretching of the 
sigmoid . T h i s  probl em is overcame w i th the aid of a f l e x i b l e  
s i gmoi dascape ( 1 87 ) . The pos i t ion of the dev ice i n  the s i gmoid 
has ta b e  checked . T h i s  can be done through f l uaroscopy i f  the 
sigmo i d  i s  coated w i th bariumsu l phate . 

�I The appl ied pressure sens ing devi ce may be a ba l l oon , an 
open ended tube or , mare recent l y , an e lectron i c  m i cro
transducer . The part icular farm of the wave-patterns depend an 
i t . 

Ba l l oons may consti tute a fore ign body which may mod i f y  
moti l i ty . They m a y  be moved ta another s i t e  by a powerfu l  
contract ion C 1 30 ; 1 86 ; 1 9� ) . This techn i c  m a y  be n o t  capable of 
record ing changes w i th a frequency of more than f i ve ta n i ne per 
m inute ( 18 6 ) . The l ength and d i ameter of the ba l l oons must be 
menti oned . Errors arise out of the use of ba l l oons of vari ous 
shapes and vol umes . The ba l l oons may b e  f i l l ed ta d i fferent 
pressures w i t h  air or f l u i d . I t  is a comp l ex problem w i th many 
items which have ta be considered so that m i stakes are easi l y  
made . 

That may be the reason why l ater open ended tubes were 
app l ied . The studies app l y ing these tubes have y i e l ded resu lts 
which d i ffer from ear l i er work C l86 ; 1 9 1 ) . Most l y , however , a 
control group and a group w i t h  pati ents i s  studied so that a 
compar i son between d i fferent investigat i ons is poss i b l e . 

Ta prevent p l ugging , f l ushing of the tubes i s  necessary . 
With f l ushing , however , i t  is i mpass i b l e  ta use bar ium contrast 
ta visua l i ze the colonic wa l l  in order ta see i ts mot i l i ty 
dur i ng the pressure waves . Sa when the comb ination of pressure 
record ing and rad i o l og i cal study is employed , no f l ushing can be 
real i zed . E l ectron i c  m i crotransducers offer a goad so lut i on ta 
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this prob l em , they need no f l ushing . These e l ectron i c  pressure 
catheters have been used , but not in comb i nation w i th 
radi ography C 200 ) . 

S/ The pressure catheter i s  most l y  i ntroduced i nto the 
sigmoid through the b i opsy-channel of a f l e x i b l e  s i gmoi doscope . 

6/ The equ i pment must be c a l i brated so that i t  is known 
what the pressure equ i v a l ent is of a measured wave on the 
recording paper C 183 ; 21 1 ) . The basal pressure is net i n c l uded , 
only the waves ever this base l i ne . Th i s  basal pressure proba b l y  
i s  m a i n l y  a mani festation of t h e  hydrostat i c  pressure cf the 
t i ssue mass above the point c f  reference C 21 1 ) ,  or of the bas i c  
tone cf t h e  sigmoid colon C 65 ) . 

71 The k i nd of recording apparatus , transducers and 
amp l i f i ers must be menti oned . 

When the paper speed i s  l ow , e . g .  2 . 0-0 . s  cm/m i n , i t  i s  
impossible t o  measure accurat e l y  the hei ght and durat ion of each 
separate wave C 27 ; 99 ; 1 9B ; 200) . A speed cf about 15 c m / m i n  C 2 . S  
mm/sec ) or hi gher i s  mere sui t ab l e  to that a i m  C 1 83 ) . 

B/ The patients are l y ing at ease en a couch in a quiet 
room . A fast ing per iod , a st i mu l ated state after a standard meal 
and a peri od after a parasympathcm imetic drug C ne ostigmine er 
prost i g m i n e )  or a gut r e laxant C pethi d i ne er g l ucagcn ) are 
stud i ed C l 91 ; 2 1 2 ) . 

Uery often a recording per i od of 30 m i n  is practi sed w i th 
an adaptat ion period of 15 m i n  before the record ings start C 1 98 ; 
200 ; 202 ; 20� ; 205 ; 2 1 0 ) . 

9/ Pain-pressure corre l ation . The present author is i n
terested in the correlation between pressure record i ng and p a i n  
sensat i ons . I s  t h e  pain corre l ated to a part i c u l ar s i gmoidal 
contrac t i on? C 2 1 3 ) . 

1 . 3 . � Rad i o logic invest iga t i on cf co l on i c  phy s i o logy 

1 . 3 . � . 1  Rad i o logic i nvest igation 

On November B,  1 895 , W . C . R o ntgen d i scovered the X-rays 
C 2 1� ) . In 1 898 the f i rst report was publ i shed about the 
movements c f  the stomach in humans studied by means of the X
rays C 2 1 5 ) . Soon the study ing of the movements of the colon , i n  
cats , fol l owed C 21 6 ) . Perista l s i s  C and ant iperista l s i s  i n  the 
r i ght colon ) , was observed . In 1 909 and 1 9 1 1  further 
observat i ons on the mot i l i ty of the c o l on , in humans , were 
pub l i shed C 2 1 7 ; 21 8 ) . In 19�5 the i n f l uence of rage e n  the 
mot i l ity was estab l i shed . A contracti on cf a l engthy segment 
was observed in a rat that was in a rage . The same rat , l ater 
and calm , showed no contraction C 2 1 9 ) . 

Other authors descr ibed the a l terat i ons i n  mot i l i ty cf 
sigmoid , seen dur i ng a bar i um enema , thought to 
characterist i c  of I BS :  segmentation and/or contract i on 
l engthy segments C 26 ; B7-B9 ; 1 6�- 1 7 1 ) C see sect i on 1 . 2 . 3 . 1 ) . 

the 
be 
of 

It was suggested that these pecu l i ar states of contract ion 
of the sigmo i d  could be caused by castor o i l ,  used i n  the 
c l eans i ng of the col on C 220 ) or by a bar i um suspension at low 
temperatures C l 70) . The castor o i l  i s  not the only cause because 
the present author a l so sees these contract ion patterns 
nowaday s ,  and his patients don ' t  use castor o i l  C 22 1 ) . The 
bar i umsul phate shou l d  be at bodytemperature . 

I t  seems poss i b l e  to recogn ize t h i s  functional abnorma l ity 
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dur ing a bar ium enema . I t  i s ,  however , not possi b l e  to quant ify 
these data ( 189 ; 1 90 ; 222 ; 223 ) . The development of i mage 
i ntens i f i ers reduces the dose o f  rad i a t i on , so that a more 
prolonged exam i nation can be undertaken . These dev e l opments 
have extended the scope of rad i o l ogy in the study of gut 
moti l i ty . 

The p a i n  from w h i ch the pati ents suffer can a l so be 
studied . There may b e  a correl a t i on between the abnormal 
contract i on of the s i gmo i d , as seen dur i ng the barium enema , and 
the l eft abdominal p a i n  ( 87-89 ) , I t  has to be avo i ded to 
suggest to the pat i ent that she/he has to fee l the p a i n  dur i ng 
the bar ium enema . 

The present author d i sagrees w i th another author C 22�) who 
stated that the radi o l o g i st must not be aware of the c l i n i c a l  
d i agnos i s . The rad i o l og i st has to know what the thoughts of the 
c l i n i c ian are in order to perform the most appropriate 
examinati on . The rad i o l og ist has to have interest i n  the study 
of func t i on a l  abnormal i t i e s  and has to perform the su i ta b l e  
examination . 

The present author agrees w i th o t hers that there i s  a need 
for stud i es emp loy i ng s i mu l taneous radiography and pressure 
recor d i ng to e lucidate the colonic mot i l i ty C 1 8 6 )  and to get 
more i nforma t i on about the cause of the pain i n  p a inful I BS .  I t  
i s  necessary to measure the h e i ght of the waves w h i ch correlate 
w i th the pat i ents ' p a i n . Is the intrasi gmoidal pressure of such 
a height that the receptors in the wa l l  are t r iggered to send a 
pain s t i mu lus centr i peta l ly ?  

1 . 3 . � . 2  Rad i o l o g i c  
record ing 

i nv estigation comb i ned w i th pressure 

In pressure recording it is thought that the r i se i n  
pressure i s  a n  act iv e  contraction ( 9 ) . But i s  i t  i ndeed a n  
act ive contract i on ? I n  1 9 6 1  the f irst systemat i c  study of 
colonic mot i l i ty by the combined method o f  radi o l o g i c  study and 
pressure reg istrat i on was pub l i shed ; c i neradi ography was app l i ed 
C 1 91 ) . The types of movements were bowel shorten i ng or lum i n a l  
narrowing or combi na t i ons . Shorten i ng w a s  present when t h e  
haustr a l  conf i gurat i ons moved towards e a c h  other . Narrowing was 
observed a s  a reduction in the w i dth of the bowel whi l e  
maintain ing paral l e l i sm of the wal l s . T h i s  narrowi ng cou l d  be 
mul t i haustr a l  or s i ng l ehaustral .  Other mani festations were 
segmentation : l oca l contract ions that deepened the haustral 
folds C 192 ) . The shorten i ng i s  caused by a contraction of the 
long i tud i n a l  musc l e s . The narrowing and segmentation i s  caused 
by a contraction of the c i rcu l ar musc l es . 

Ear l ier i nterpretat i ons of pressure changes i n  terms of 
mot i l ity appeared to b e  m i s i nterpretations C 1 83 ; 206 ) . It was 
d i scussed in section 1 . 3 . 3 . 2 that it may b e  more appropr iate to 
consi der pressure a s  resu l ting from a resi stance to f l ow . I n  
i nv es t i ga t i ons , comb i n i ng radi o l og i c  technics and pressure 
record i ng , it appeared that if the f l ow was not resisted there 
was colonic mot i l i ty and movement of the contents w i thout an 
i ncrease o f  the pressure C i sotonic contrac t i on C 1 06 ) ) ,  I f  the 
f l ow was resi sted and there was colonic mot i l i ty C as is the case 
i n  a segmental contraction of the s i gmo i d )  the pressure became 
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elevated . Other authors a l so found that not 
observed movements had pressure recording 
cinerad i o l ogy C 1S2 ; 225 ) . I t  was concl uded 
that pressure record ing may be a recording of 
flow . 

a l l  rad i o l o g i ca l l y  
counterparts i n  

from these stud i es 
the resi stance to 

1 . 3 . 5  Methods of ana l y s i ng pressure recordi ngs C table 2 )  

1 . 3 . 5 . 1  I ntroduction and h istory 

Most mot i l i ty stud i es in humans have been conf i ned to the 
rectum and rectos igmo i d  areas C 27 ) . The ana l y s i s  of phy s i o l o g i c  
records i s  complex and t i me consum i ng . C o l o n i c  record i ngs are 
among the most d i f f i c u l t  because of thei r  var i ab i l i ty and of our 
i ncompl ete knowledge about the i r  meaning C 32 ) . The scor ing 
shou l d  be done i n  such a way that the i nvest i gator i s  not 
b iased . There must be c l ea r l y  defi ned scor i ng c r i ter i a . Only a 
few of the existing stud ies met these requi rements C 32 ) . The 
records have l argely been scored v i sua l l y . U i sual methods vary 
cons i derab l y  from one study to another as there i s  no 
universa l l y  accepted scor ing convent i on . 

Ear l i er workers descr i bed three t y pes of waves C B2 ; 1 8 3 ) , 
Other authors have quest i oned its usefulness and categor i zed the 
waves in the i r  own way . Some authors C SS )  d i scerned : 

al s i m p l e  wave : monophas i c  and approx imat e l y  symmetrica l ; 
b/ complex wave : two or more waves together , the l i ne does 

not return to the base l i ne ;  
c/ repet i t i ve wave : a sequence of two or more waves , the 

curve returns to the base l ine . I t  is poss i b l e  to d i scern the 
sing l e  wave . 

Other authors descr i bed peak waves and base l ine shifts 
C 1 92 ) . Peaks were ident i f ied by a rap i d  change i n  up- and 
downstrokes , base l ine shi fts exhibi ted slow up- and downstrokes . 
Pattern i nterpretation has not progressed far because a wide 
vari ety of wave forms i s  recorded C 1 30 ) . It i s  a subj ect i ve 
form of i nterpretation . 

1 . 3 . 5 . 2  Character i s t i cs of the waves 

Most 
degree of 
describe 
t ime . 

i nvesti gators now prefer to descr ibe the overa l l  
act i v i ty C 2 7 ) . The term "mot i l i ty i ndex " i s  used to 
the total change i n  i ntra luminal pressure per u n i t  of 

The mot i l i ty i ndex i s  the sum of the products of the 
amp l i tude and durat i on for each wave , expressed per per i od of 
t ime C 1 S ; 27 ; 1Sl ) . Some authors , however , mul t i p l y  the mean 
ampl i tude and the percentage durat i on of act i v i ty C 203 ) ; others 
use for t h i s  product the term i ndex of tota l act i v i ty C 202 ) ; 
others even use the term mot i l ity i ndex , for that product C 205 ) . 
Uery confusing . 

A wave i s  def i ned as a curved l i ne p l aced upon a base l ine 
w i th an ampl i tude and a durat i on . 

The amp l itude is the vert ical d i stance between the basal 
pressure l ine and the h i ghest point of the wave or curve C 21 1 ) . 
The pos i t i ve pressure dev i a t i on from base l ine must be of at 
l east 2 mm Hg C SS ) . The amp l i tude can be expressed , i n  mm Hg or 
i n  Pascal according to the S . I .  C Sy s t e me I nternational in 
French ) agreements C ta b l e  2 ) . 
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1 /  I nc i dence : t h e  number of waves p e r  p e r i od of t i me . 
2/ Amp l i tude of the waves , 1 mm Hg is about 1 33 . 3  Pa C Pasca l ) . 
3 1  Durat ion of the wave in second C s ) . 
�I Mot i l i t y  i ndex - the sum of the products of the amp l i tudes + 

the durat i on of each wave per period of t i me . 
formu l a : E  ( amp l i tude x dura t i o n )  i n  t m i n / t  m i n  

5 /  Area under t h e  curve . 
6/ Mean numbers � SEM ( standard error of the mean ) . 
71 Stat istical anal y s i s . 

Table 2 Methods of ana l y s i s  and charact e r i s t i cs of the waves 

The durat i on is measured i n  seconds from the point of 
deflection from the base l i ne to the return C 1 92 ) . The base l ine 
of the recorder has t o  be stab l e  C 2 1 1 ) . The record ing paper has 
to move at a standard speed so that the durat i on of any pressure 
wave can be measured . 

I n  case of comp lex waves i t  i s  d i ff i cu l t  to know what the 
dur a t i on i s . No crite r i a  cou l d  be f i nd in the l i terature to 
solve t h i s  problem . 

The i n c i dence of the wave is the number of waves ocurr ing 
i n  a period of t i me . 

As many waves are far from s i nuso i d , but have i rregu lar 
shapes , i t  is debatab l e  i f  i t  i s  correct to take the mot i l ity 
index as the i ndex of the change in pressure So some 
investi gators est i mate the area under the curve to describe that 
change C 32 ; 200 ; 2 1 0 ) . I t  is possi b l e  to c a l c u l ate that area w i th 
the a i d  of a computer . One can trace the pressure waves on paper 
of uni form standard w e i ght and cut them out C 2 1 0 ) . Another 
poss i b i l ity is to count the squares under the curves on the 
record i ng paper . 

A study i n  w h i ch a compar i son is made between mot i l ity 
i ndex calcu l a t i ons and area under the curve est i ma t i ons cou l d  
not be found i n  t h e  l i terature . 

Of each characteristic the mean numbers and the SEM 
( standard error of the mean ) are cal culated . After this a 
stat istical ana l y s i s  must be done . Some authors have appl ied 
t h i s  a n a l y s i s  to the i r  numbers C 1 99 ; 200 ; 20� ; 205 ) . 

1 . � Ter m inolog y  

1 . � . 1  I ntroduction 

Cons iderat ion of bowe l hab i t  may i nc l ude s i x  parameters 
C 9 ; 65 ; 226 ) C table 3 ) . Trad i t i ona l l y  one bowel movement per day 
i s  thought to be ideal . Of 1 500 i ntervi ewed hea l thy persons 99% 
had bowel movements w i t h i n  the frequency l i m i t s  of every third 
day and three t i mes a day . Nevert h e l ess , some regarded 
themse l ves const i pated and took l axat i ves ( 65 ; 227 ) . Stool 

1 Stool frequency 
2 Stool consi stency 
3 Stool weight 
� Ease of defecat i on 
5 Sensat i on of rectal empt i ness 
6 Trans i t  t i me measurements 

Tab l e  3 Some parameters of bowel hab i t  
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frequency d i ffers whether the informat i on i s  obtai ned from 
reca l l  or from a prospecti ve d i ary C S ) . 

I n  order to prov ide more obj ect i ve evi dence of stool 
consi stency a penetrometer has been devi sed and gone i nto 
producti on C 228 ) . Penetrometry consi st s  of measurement of the 
d i stance trave l l ed i nto the stool o f  a standard ,  po inted , 
i nverted cone , dropped from a standard h e i ght . 

Stool we i ght may range from 35 to 225 grams per stoo l , 
there are age and geograph i c  var i a t i ons C 9 ; 22 6 ) . The average 
norma l stool wei ght i n  Western soc i ety is between 1 00 and 150 
grams dai l y  C S ) . 

Difficu l ty in evacuating stool s  i s  even more d i fficult to 
eva luate . How does one define str a i n ing ? 

Pat i ents suffering from d i vert iculosis comp l a i n  of 
sensat i ons of non-empti ness after a bowe l movement . I t  i s  
specul ated that some feces i s  retai ned i n  the d i vert i c u l a  which 
i s  expe l led afterwards , f i l l ing the s i gmoid w i th stoo l s  aga i n . 
Pat i ents w i th I BS may comp l a i n  of an i ncomp l ete evacuati on . 
Th i s  may be caused by the hy persegmentat i o n  of the s i gmo i d  as i s  
demonstrated dur ing the bari um enema C f i g  2 ,  section 1 . 2 . 3 . 1 ) . 
I t  may be that the bar i umsul phate i s  trapped i n  saccules C B S ) . 
Another explanat i on may be that there i s  a tendency to prol apse 
formation or an i nc i p i ent anal pro l apse . 

Transit t i me i s  the t i me requi red for a meal to pass 
through the gastrointest i n a l  tract . It varies w i de l y  i n  
d ifferent popu l at ions w i t h  d i fferent f i ber consumpti ons . F l u i ds 
and so l i ds have d i f ferent rates of transi t .  The mean transi t  
t ime through the human colon measured w i t h  the a i d  of radi opaque 
markers i n  food in normal adu l ts is about four days and i n  
normal chi l dren two and a ha l f  day C 226 ) . 

A h i gh f i ber d i et favors fast trans i t  ti mes C 185 ) . The 
Ugandans have a trans i t  t i me of 36 hours as opposed to 83 hours 
for f i ber def i c i ent B r i t i sh i nd i v i dua l s . The average Afr i can 
dai l y  d i et conta ins about 60 grams of d i etary f i ber , i t s  Briti sh 
counterpart 12 grams C 6 5 ) . 

I n  consider i ng bowel habit it i s  necessary that the doctor 
persona l ly examines the stool i n  d i f f i cu l t  cases of persisting 
comp la i ners i n  order to obj ectify the qual i ty ai d the quanti ty 
of the stool s .  

The def i n i t ion of normal bowe l habits i s  d i f f i cu l t  because 
these habits are rel ated to many factors , among others the 
soc i a l  habits of peop l e , the geographic var i at i ons , the k i nd of 
food that i s  taken ( f i ber consumpt i on ) and the age of the 
stud i ed peop l e . It i s  important that the doctors , concerned w i th 
pat i ents w i th problems w i th the i r  stool s ,  come to an agreement 
about d ef i n i t i ons . 

1 . � . 2  Constipation 

One of the characteristics of consti pa t i on C const i pare - to 
crowd together ) may be a number of stoo l s  of l ess than three per 
week C S ; 229 ) . The stoo l s  are hard , l umpy , scybal ous or 
pel leta l . Constipation may be defi ned a s  stra i n ing at stool for 
more than 25% of occasi ons ; thus d e f i ned 6% of apparentl y  
healthy Brit i sh people has to b e  cons i dered as consti pated C S ) . 
Pat i ents comp l a i ning of "const i pation " may mean : i nfrequent or 
d i ff i cu l t  defecation or abdom inal d i scomfort , d i stension or 
"wind " , The sensation of rectal emptiness i s  not spoken about 
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( 9 ; 65 ; 229 ) . T h e  transit t i me i n  these pati ents i s  suspected t o  
b e  above t h e  mean t i me . 

1 . � . 3  D i arrhea 

Diarrhea C d i a  rhein t o  f l ow through , Greek ) can be 
def i ned as four or more defecat i ons dai l y . The consistency of 
the stool i s  watery or semi-so l i d  on more than 25% of occas i ons 
C 9 ; 22 9 ) . The trans i t  t i me is shortened as most t i me of the 
bowe l contents is spent in the c o l on . 

D i arrhea may occur paradox ical l y  i n  i mpacted pati ents . T h i s  
i s  n o t  recogni zed unless d i gi ta l  rectal examination i s  
performed . Only f l u i d  f i nds its way around the sol i d  fecal mass 
i n  the rectum . 

I n  the l i terature i t  i s  stated that a compl aint i s  worthy 
of med i c a l  cons i deration by the very fact that the pat i ent has 
come forward w i th the comp l a i nt to the doctor ( 9 ; 226 ) . I n  the 
author ' s  o p i n i on the doctor must have the knowl edge to sort out 
these comp l a i nts i nto pathol o g i c  and non-patho l o g i c  ones . 
Moreover she/ he should have the courage to te l l  the pat i ent what 
has been found . I f  the cause of the compl a int is not found , that 
must be told i nstead of • i t  must be nervousness • .  

1 . � . � I BS 

Concerning I BS there has been a verbal debr i s  ( 1 6 5 )  a lmost 
l i ken i ng the d i arrhea some t i mes met in t h i s  condi t i on . 
The fol l ow i ng terms have been found i n  the l i terature : adaptive 
co l i t i s , atax i c  colon , autonomic imbalance of the colon , chroni c  
catarrha l col i t i s ,  chroni c  spasmodic affect i ons of the 
colon , col i ca or col i t i s  mucosa , co l i cky s i gmoid syndrome , colon 
or colonic neuros i s , colon hyperi rr i tab i l e ,  colonic enterospasm , 
dys k i nesi a  or dyssynerg i a  of the colon , endocr ine i mbal ance of 
the colon , func t i onal enterocolonopathy , funct ional d i arrhea , 
func t i onal d isorders of the colon , g l arry enter i t i s , g l ut i nous 
d iarrhea , i nstable colon , i ntest i n a l  croup , i r r i ta b l e  bowel 
syndrome C I B S ) , irritable colon , i rr i tab l e  colon syndrome , 
irritab l e  gut syndrome , l i enter i c  d i arrhea , membranous catarrh 
of the i ntest i ne , membranous enter i t i s  or col i t i s , muco
membranous col i c  or col i t i s , mucous col i t i s  or col i c ,  
myxaneuro s i s  o r  myxoneuros i s  i ntest i na l i s  membranacea , nervous 
d iarrhea , neurogen i c  mucous col i t i s , nonspec i f i c  d i arrhea , 
spasmod i c  stricture , spasmomyxarrhea , spast i c  colon , tender 
colon syndrome , tubular d i arrhea , unhappy colon , unsta b l e  colon , 
vagotoni a  of the colon and vegeta t i v e  neuros i s  of the colon 
( 9 ; 23 ; 26 ; 32 ; 80 ; 82 ; 1 68 ; 205 ; 230-232 ) . 

The Germans and the French have their own spec i a l  names . I n  
German there are : Re izcol on ( 1 6 )  and decampensi ertes Colan C 26 ) . 
I n  French the names a l most sound l i k e  songs : c o l opathie 
fonctione l l e  doul oureuse C 1 5 )  or l ' ent e roco l i te muco
membraneuse . 

I t  seems as i f  the gaps i n  our know l edge C 22 8 )  are 
up w i th an overwhe l m i n g  number a f  names . 

f i l l ed 

The f irst descr i ption af I BS i n  the l i terature was , as far 
as cou l d  be checked , in 1 820 ( 233 ) . Other publ i cat i ons fo l lowed 
i n  1 830 ( quoted by 6 5 ) ; 1 8�9 ( 23 � )  and i n  1871 ( 235 ) . I n  those 



days the mal ady was cal l ed membranous enter i t i s  or spasmod i c  
stri cture . A pecu l iar discharge of membranous matter or j e l l y  
casts was noted ; this mater i a l  resembled ordi nary mucus . Some 
pati ents suffered from attacks of abdom i n a l  pa i n , a l so cal led 
spasmodic or col i cky pain C 233 -235 ) . 

Later on i t  was thought that ! BS was a c l i n ical pi cture of 
a dysfunct i on of the bowel that incl udes some combina t i on of 
three sy mptoms : colonic pain ; upset bowe l hab i t  and 
hypersecretion of mucus C 236 ) , Other authors ment i oned : a /  pain 
and/or a l ternat ing bowel habits ; b /  d iarrhea or a l terna t ing 
di arrhea and const i pa t i on , no pa i n ;  c/ no i dent i f i a b l e  anatomi c  
abnorma l i ty C 1 7 ; 20 ; 2� ; 26 ; 27 ; 50 ; 53 ; 58 ) , Some authors ca l l  t h e  
malady spastic co l on i f  pain i s  concerned , which i s  r e l i eved 
w i t h  bowel movement C S ; l l ; 50 ; 226 ; 235 ) . The spast i c  colon may be 
assoc i ated w i th const i pat i on C S ; 23 ; 2� ; 65 ; 226 ) , or there may be 
no d i sturbance of bowel hab i t  ( 237 ) . P a i n  is the cardina l , 
commonest and most d i stressing symptom of ! BS ( 9 ; 33 ; 3� ; 233-
235 ; 238 ) . The pain may be l ocated i n  the left l ower abdomen and 
may be col i cky , i n  bouts or sharp p i ercing knife l i ke C 23 ; 33 ; 3� ;  
206 ; 237 ) . The d i arrhea most l y  i s  p a i n l ess C 1 7 ; 20 ; 2� ; 26 ; 27 ; 50 ; 53 ;  
58 ; 206 ; 226 ) . 

Phy s i ca l  exam i nation of the abdomen may reveal l i t t l e , but 
a surg i c a l  scar i s  common . The colon may be pal pated , rope l i ke ,  
and tender , espec i a l l y  i n  spastic cases . Another author 
describes more and other phy s i c a l  s i gns : a /system i c  s i gns : cool , 
clammy hands and f l ushing of the skin of the face and neck ; b /  
abdom inal s i gns : an excess i v e l y  palpable and tender colon and 
scars c/ rectal s i gns : i ncreased c l i n i ca l l y  assessed anal 
sph i ncter i c  tone ; a pos i t i ve mucosa! t a p  s i gn C pa i n  on tapping 
the f i nger , dur i ng rectal exam i nat ion , a ga i nst the mucosa on the 
sacral s i de of the rectum ) ; an empty or near l y  empty rectum and 
the presence of hard or f irm feces C S ) . Pat i ents w i th the pain
ful ! BS were sa i d  to have more backpa i n  and a constant fee l ing 
of t i redness than matched control s  C 239) . 

The third characterist i c  of the syndrome is the absence of 
any i dent i f i a b l e  anatom i c  abnorma l ity . A barium enema 
exam ination and a s i gmoi doscopy must show no anatom ical 
abnorma l i t i es ;  a b i opsy must be within normal l i m i t s ;  b l ood 
tests including haemog l ob i n , ESR C er y throcyte sedi mentat ion 
rate ) , serum a l bumi n , and l i ver func t i on tests must a l so be 
w i t h i n  norma l l i mits ; there must be no b l ood i n  the stool 
( 19 ; 20 ; 32 ; 55-58 ; 238 ) . 

I t  recent l y  appeared that even computed tomographic stud ies 
of the painful abdomen were carr ied out and i nterpreted as 
normal i n  �O pati ents C 2� 0 ) . A CAT-scan i nvesti gation i s  not 
indicated i n  such cases . 

As there are no pos i t ive d i agnost i c  criteria for the ! BS 
C 6 ) , the syndrome remains i l l  defined C 6� ; 2� 1 -2�3 ) . Thus , 
arbi trary dec i s i ons in d i agnos i ng a painful ! BS cannot be 
e l i m i nated C 2 ; 2�� ) . Exclusion of organic d i seases remains 
necessary . 

1 . � . 5  Secondary ! BS 

The term secondary I BS may be m i s l eading . On one s i de i t  
means that ! BS may coinc i de w i th other i l l nesses , on the other 
s ide that other i l l nesses may m i m i c  the symptoms of I BS .  The 
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consequence may be that patients , suffe r i n g  from J BS ,  who appear 
to have ga l l stones too , and who are treated by a chol ecystectomy , 
may have an i mprovement of the sy mptoms of the J BS whereas other 
pati ents may not i mprove . Espec i a l l y  fema l e  persons , w i th J BS ,  
sti l l  suffer w i t h  i t  when the stone-fi l led g a l l b l adder or 
append i x  C wi t h  or w i thout h i stologic evi dence of i n f l ammat i on )  
i s  removed o r  when a gynaeco l og i c a l  operat i on has been performed 
C 23 ; 32 ; 76 ; 2�5 ) . I n  one ser ies �0% of new referra l s  of pati ents 
with ! BS had undergone previ ous abdom i na l  surgery and 33% had 
l ost the i r  append i ces w i thout a c l ear a l l ev i a t i o n  of their 
symptoms C 23 ; 32 ; 5� ; 7 6 ) . 

The other s i de of the probl em i s  that some pati ents are 
thought to have func t i on a l  symptoms of a painful I B5 ,  but no 
d iagnostic tests are performed to excl ude an organ i c  d i sease . 
Too many anxi ous pati ents w i t h  co l o n i c  cancer may w a i t  over l ong , 
because their symptoms are thought to be funct i ona l ,  before the 
correct anatom i c  d i agnosis i s  made C 23 ; 32 ; 23 1 ; 2�6 ) , 

I t  i s  t i me to develop a test so that the d i sorder 
i n  painful I B5 can be d iagnosed pos i t i ve l y . 

1 . � . 6  Lactase defici ency 

Some pati ents w i th d i arrhea , thought to have an J BS ,  may 
have a l actase def i c i ency . Th i s  defi c i ency l eads to a l actose 
mal absor p t i on and d iarrhea C 2�7 ; 2�8 ) . I t  was advised to perform 
the l actose t o lerance test i n  J BS pati ent s . However , 
hypo l actasia appears to p l ay on l y  a m i nor r o l e  i n  the e t i o l ogy 
of the ! BS ,  espec i a l l y  i n  the group w i thout p a i n l ess d i arrhea 
C 2�9 ) . Recent l y ,  the l actose t o l erance test was carr i ed out 
only in those ! BS pati ents who comp l a i ne d  of d i arrhea C 5 ) . Yet , 
rare l y , a pat i ent w i th const i pat i on who has a hypolactas i a  may 
be encountered . 

1 . 5 E t i o l ogy and pathogenesis of painful J BS and d i vert iculosis 

1 . 5 . 1  I n troduct i on 

Et i o l ogy C ae t i a  - cause ; l ogos - s c ience ) descri bes the 
cause of a d i sease . Pathogenesis C pathos - d i sease ; genei n  - to 
produce ) e xp l a i ns i n  w i ch way the cause l eads to a d i sease 
C 1 8 8 ) . Somet i mes the terms e t i o l ogy and pathogenes i s  are used 
i nterchangeab l y  C 250 ) . I n  t h i s  sect ion we w i l l  d i scuss both 
i tems together . 

1 . 5 . 2  E t i o l ogy and pathogenesis of p a i n f u l  J BS 

Three main factors are i mportan t : i ncreased s i gmo i d a l  
mot i l ity , poss i b l y  congen i ta l ; d i etary ; psycho logical C 250 ) . 

1 . 5 . 2 . 1  I ncreased s i gmo i d a l  mot i l ity 

According to the l i terature , the s i gmoidal mot i l ity may be 
i ncreased i n  pat i ents w i t h  abdomi n a l  p a i n  C 19 1 ; 1 97-200 ; 20� ; 205 ) . 
Other authors found no i ncreased mot i l i ty i n  such pat i ents w i t h  
a spas t i c  co l on C 99 ) . Others found a normal mot i l i ty i f  t h e y  had 
no symptoms C 203 ) , One author stated , in a r e v i ew , that the data 
obta i ned by pressure record i ng , so far , is conf l i c t i ng C 97 ) . 



36 

Some i nvest i gators stud ied the r e l a t i onsh i p  between pain 
and s i gmo i d a l  mot i l ity . One i nvest i gat i on showed a corr e l at i on 
between hy permot i l ity and p a i n  sensat i ons i n  5 of 7 painful I BS 
pati ents C l00 ) . Others insuff l ated ba l l oons i n  the rectos igmo i d  
to evoke p a i n  sensations C S�) or to reproduce t h e  pat i ents ' p a i n  
C 83 ; 8� ) . Dur ing si gmoi doscopy or bar ium enema i t  i s  also 
poss i b l e  to e l i c i t  p a i n  C 85-8S ; 25 1 ) . The source of the pain may 
be hypersegmentat i on or an unusua l l y  strong contract ion C 3 2 ) . 
I s  there an i ncreased tens ion in the colonic wa l l  or a co l o n i c  
hyper a l ge s i a  C Sl -S�) ?  

A correlation between p a i n  and hy permot i l i t y  could not be 
found i n  one invest igation C 9S ) . Neverthe l ess , i t  was suggested 
that the p a i nful I BS m i ght b e  rather funct i onal than 
psycho l og i cal C 25 1 ; 252 ) . 

1 . 5 . 2 . 2  Low f i ber d i et 

A high f i ber d i e t  C HFD ) may resul t  in a marked decrease of 
pain or cramps i n  pat i ents w i th painful I BS C 5 ; 25 ; 5� ; 57 ; 65 ; 253-
256 ) . So f i ber def i c i ency may be i mportant . A careful ly 
contro l l ed c l i n i c a l  t r i a l  demonstrated that 20 grams of wheat 
bran C ar four s l i ces of who l e  mea l brea d )  da i l y  i mproved I BS 
symptoms , espec i a l l y pain C 57 ) , Wheat bran is current l y  being 
used by 93% of B r i t i sh gastroentero logists . 

1 . 5 . 2 . 3  Psycho l og i c  factors 

The psycho l o g i c  or psy chosoma t i c  e t i o l o g i c  factor in I BS i s  
a b i g  prob l em . Exci tement resu lted , i n  a case report , i n  
evacuation o f  feces from a transverse c o l ostomy C 257 ) . Patients 
w i th I BS may have more mot i l i ty of the s i gmo i d  colon because 
they are frequen t l y  emot i ona l l y  aroused or they may m i s l abel 
norma l phy s io l og ical act i v i t y  because they are neuroti c  C 238 ) . 
Unsy mpathet i c  d i scussi on of cert a i n  emot ional conf l i cts led to 
hypomot i l i ty i n  1 8  pati ents w i th d i arrhea whereas p a i n  stimulus 
l ed to hypermot i l ity i n  seven vol unteers C 258 ; 259 ) . D i arrhea 
predom inant I BS may be r e l ated to anxiety C 260 ; 26 1 ) . A pos i t ive 
asso c i a t i on between psy choneuro t i c  d i sorders and I BS was shown 
C 262 ; 263 ) , I rr i table colon was thought ta be a bod i l y  change 
accompany i ng emotional conf l i ct in response to envi ronmental 
stress C 26� ; 265 ) . Pain prone pati ents were assumed ta choose 
suffering as the ir way of l i f e  C 266 ) . There m i ght be a gene t i c  
pred i spos i t i on t o  neurot i c i sm w h i c h  pred isposes to I BS C 267 ) . I t  
is said that the causation of d i sease by psychosoc i a l  s t i m u l i  i s  
unproven , but at a h i gh level o f  susp i c i o n  C 268 ) . 

According to another author , however , a l l  d i seases are 
mul t i causa l , the relat ive contribution of the somat ic , 
psychal a g i c  or soc i a l  component varies from d i sease ta d i sease 
C 269 ) . Anxi ety is a part of the i l l ness experience in a l l  
pat i ents C 270 ) . 

The present author agrees w i th the fal l ow i ng statement 
" Even under ideal research cond i t i ons , i t  is w i se to remember 
how d i f f i c u l t  it is ta prove the absence of a rel ation " C 27 1 ) .  
The evidence of the r e l a t i ons between psycha l o g i c  phenomena and 
functiona l a l terat i ons i n  the colon is anecdotal C 65 )  and the 
role of psychosoc i a l  factors in pat i ents w i th the I BS i s  
controvers i a l  C S ) . 
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1 . 5 . 3  E t i o l ogy and pathogenesis of d ivert iculosis 

The three factors which are mai n l y  of concern are : 
congenital ; dietary and increased sigmoidal moti li ty . 

1 . 5 . 3 . 1  Congen i t a l  factors 

Pat i ents w i th congen i t a l  abnormal col l agen , as in cases 
w i t h  Ehlers-Danlos syndrome C 272 ) , Marfan ' s  syndrome C 273 ) or 
neuromuscu lar d i sorders of the gut C 27�) may have colonic 
d i verti c u l a  i n  an ear l y  stage of l i fe . 

I t  i s  suggest ive that congen i t a l  factors p l ay a r o l e  in the 
resi stance of the co lonic wa l l  against intraluminal pressures . 

1 . 5 . 3 . 2  Low f i ber d i et 

A low f i ber d i e t  fed to rats or rabbits led to the 
format i on of co lonic d i verticula C 275 ; 276 ) . Hemice l l u l os e  in the 
form of psy l l i um was found to prevent the devel opment of 
d ivert i c u l a  C 275 ) . I n  humans i t  i s  reported that a low f i ber 
diet C Western soc i ety ) l eads to a h igher i ncidence of 
diverticulosis compared to peop l e  w i t h  a h i gh f i ber intake 
C tropica l or Afr i can soc i ety ) (�1 ; 277-28 1 ) .  I t  was found that 
the tens i l e  strength of the sigmo i d  was sma l ler in a Western 
group than in an Afr i can group C 282 ) . Divert iculosis may be a 
def i c i ency d i sease , there i s  a lack of f i ber C 283-285 J . New 
support was publ i shed for this i dea . The p a l eo l i t h i c  d i et m i ght 
have i n c l uded more nond i gest i b l e  f iber than the Western soci ety 
d iet C 286 ) . 

A l ow f i ber d i et , producing sma l l  stoo l s , may l ead to 
i ntermittent d i stension of the sigmoid so that an i ncreased 
uptake of e l as t i n  may be t r i ggered C 1�9 ) C see sect i on 1 . 2 . 2 ) . A 
law f i ber d i et may a l so cause a narrowing of the s i gmoid so that 
segmentation is mare prom inent and h i gh pressures can be 
produced more frequent l y  C 1�7 ; 287 ) , The r e l at ionsh i p  between 
fiber d i e t  and i ntras i gmaidal pressures has been demonstrated 
( 276 ; 288-291 ) .  

1 . 5 . 3 . 3 I ncreased s i gmaidal mot i l ity 

D i vert i c u l a  appear ta occur i n  other sites i n  the body , 
there are some hy potheses about the e t i o logy . I t  i s  thought 
that 2enker ' s  d i verti c u l um of the esophagus i s  caused by a 
dysk ines i a  of the cr i capharyngeal musc l e  C 78 ) . After endoscop i c  
treatment of such d i vert i cu l a , t h e  resti n g  pressures were 
decreased C 292 ) . Ureter a l  d i vert i c u l a  may be caused by an 
i ncreased pressure in the ureter C 293 J . 

The r o l e  of smooth musc l e  hy peract i v ity i n  d i vert iculasis 
of the s i gmoid was a l so acknow l edged i n  r a d i o l og y . By hypotanic 
bar i um enema , w i t h  the a i d  of prabant h i ne , retrograde s i gmoid 
obstruct ion cou ld be eva l uated , and the true d i agnos i s  of 
d i vert iculosis cou l d  be made C 29�) . 

I nvest igators , record ing mot i l i t y  i n  the s i gmoid of 
pat i ents w i th d i vert i c u l os i s ,  found , i n  compar i son to control s ,  
h igher act i v i t y  C 202 ; 2 1 0 ) . Others found t h i s  after morphine and 
prost igmine adm i n istrat i on C 1�7 ; 2 1 1 ; 21 2 )  or if these pat i ents 
had symptoms C 205 ) . 
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1 . 6 Reproduct ion of abdom inal pain i n  
d ivert iculosis 

1 . 6 . 1  I ntroduction 

painful I BS and 

According to Webster ' s  d i ct ionary to reproduce means : to 
make a copy or dupl i cation C of a pi ctur e , or the l i ke ) or to 
repeat . To repeat means : to do or make agai n .  A correlat i on 
means : a c l ose or mutua l r e l a t i on or r e l a t i onsh i p  between two 
phenomena . 

I n  the present study the term to reproduce is used when a 
corre l at i on , between a subj ective phenomenon C pa i n )  and an 
obj ective phenomenon C sigmo i d a l  contract i on ) , as seen during the 
barium enema i nvest igation , i s  observed again dur ing the 
pressure recording study . This reproduct i on confi rms a 
corre l at i on between pain and s i gmoidal contract i on . The 
contraction must coincide correlative l y , and not acci denta l l y , 
w i th the pa i n ,  so that it may exp l a i n  the pain . I s  it poss i b l e  
t o  reproduce t h e  corr e l a t i on pai n-contraction during the 
pressure record i ng so that i t  i s  c l ea r  that the observed 
correlation is real ? A substrate of the pain has to be l ooked 
for , be it patho l o g i c  i n  anatomy or i n  func t i on . 

I t  i s  the obj ective of the present author to try to f i nd an 
X ray f i l m  of the prob l em i n  the pati ents w i th a painfu l I BS .  
The pain and the abnormal function have to be reproduced . The 
present author wants to produce i t  in a photograph . 

1 . 6 . 2  The r e l a t i onsh i p : mot i l i ty - p a i n  

When a pat ient i s  i nvesti gated , she or he te l l s  us when 
pain i s  f e l t . When we pal pate the r i ght upper abdomen in. a 
pat i ent w i th gal l stones , having a p a i nful attack , t h i s  i s  
painfu l . I f  there is no attack , there may be no pai n , a l though 
the g a l l stones are i n  s i tu . Norma l l y the contractions of smooth 
musc l e  of the gal l b l adder or of the s i gmoid are not painfu l . 
However , i f  there is an impact i on , the contract i ons are very 
painful and are ca l l ed cramps or spasms C 78 ; 1 06 ) . 

I s  it poss i b l e  to obj ectify this patho l og i c  function ? I t  
i s  poss i b l e  to obj ectify the patho logic anatomy C ca l c u l i )  i n  the 
g a l l b l adder . 

1 . 6 . 2 . 1  Si gmoi doscopy and pain 

Dur i ng sigmo i doscopy 
correlat ion may be noted 
Others found that inj ection 
pati ent ' s  symptoms C 251 ) , 

C i n painful ! BS pati ents ) a 
between spasms and pain C 9 ; 80 ; 85 ) . 

of a i r  might reproduce some of the 

1 . 6 . 2 . 2  Barium enema and pain 

It is the rule , i n  pat i ents thought to have a painful I BS ,  
t o  have a bar i um enema done t o  excl ude other d i seases C 78 ; 1 9 1 ) . 
Sc it i s  l og i c a l  to see i f  it is poss i b l e  to f i nd the cause of 
the pain dur ing this i nvest igation . 

I t  appeared poss i b l e , according to some authors , to 
reproduce the patient ' s  character i st i c  p a i n  dur i ng a bar i um 
enema C 88 ; 89 ) . Other authors , descr i b i ng the rad i o l o g i c  s i gns 
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of I BS ,  did not l ook for a reproduc t i on of the pain C 1 6� - 1 7 1 ) .  
I t  was stated , that the rad i o l og i c  method i s  a rel i a b l e  technic 
with wh i ch i t  i s  poss i b l e  to reproduce the pain and to correl ate 
the p a i n  w i t h  the functional state of the s i gmoid C 87 ) . 

1 . 6 . 2 . 3  Pressure recording and p a i n  

I n  i nvest i gat ions i n  animals i t  w a s  shown that pressure 
above the phy s i o l og i cal l im i t , app l i ed to the ga l l b l adder , 
evoked a painful stimulus i n  the spl anchn i c  nerve C 1 06 ; 1 08 ; 1 1 � ) . 
I t  i s  known that a h i g h  pressure in the ga l lb l adder l eads to 
pain i n  pat i ents : a gal l stone col i c . 

I n  the sma l l  i ntest ine a cor r e l a t i on between p a i n  and 
d i sordered mot i l ity was suggested dur i ng pressure recording 
( 90 ; 285 ) . 

Some authors , recor d i ng s i gmo i d a l  pressure and p a i n  i n  
painful I BS ,  coul d  not f i nd a corre l at i on between p a i n  and 
pressure C 88 ; 88 ; 1 87 ) . Others noted a n  abnorma l l y  i ncreased 
s i gmoidal mot i l ity in such pati ents C 20 ; 1 8 1 ; 1 97 - 1 88 ; 20� ) or 
higher amp l i tudes of the waves if they had sy mptoms 
C 1 9 1 ; 20� ; 206 ) . These authors d i d  not w r i t e  about a corre l at i on 
between a painful event and a part i c u l ar wave . Some authors 
found an intersegmental i ncoordination c o i nc i d i ng w i th cramp i ng 
pain i n  stoma pat i ents C 81 ; 82 ) . 

I n  another study i t  was noted that the onset of abdom inal 
pain coinc i ded correl at i v e l y  w i th a marked i ncrease i n  the motor 
act i v ity of the colon i n  5 out of 7 i n v est i gated painful I BS 
cases C 1 00 ) . The pain may be func t i ona l and caused by 
contracti ons of the s i gmoid C 8 ; 25 1 ; 25 2 ) . 

However , i t  is poss i b l e  to prove that the contract i ons are 
painfu l : if a corr e l a t i ve coinci dence o f  pain and contrac t i ons 
i s  ev i dent and can be reproduced , the proof is there . 

1 . 7 E lectromyography 
A f i rm footho l d  on a s l i ppery s l ope ? 

C A lmy 1 88 0 )  

For t h e  sake of com p l eteness a short rev iew of t h i s  subj ect 
w i l l  be g i ven . 

Colonic smooth muscl e ,  l ike musc l e  i n  other parts of the 
gut , generates e l ectr i c a l  s i gnals that are respon s i b l e  for the 
pac i ng of contract i ons . These e l ectr i ca l  s i gna l s  can be recorded 
dur i ng e l ectromyography w i th the aid of mucosa! suct ion 
e l ectrodes C 1 3 0 ) . Two wave forms have been demonstrated : s l ow 
waves and spike potent i a l s . The s l ow waves are phasic 
undu lat i ons i n  e l ectrical potent i a l  of the smooth muscle 
membrane . The spike potent i a l  i s  characte r i zed by a rapid 
def l ection of the e l ectr i ca l  recor d i ng C 27 ) . 

Four types of co lonic myoe l ectr i c a l  act i v ity have been 
described in in v i vo stud i es of normal subj ects ( 238 ; 296-300 ) . 

l /  S l ow waves occur at a frequency of up to 1 3  cy c l e s /m i n . 
These waves are cal l ed e l ectr i c a l  contr o l  act i v ity C ECA ) , basic 
e l ectrical rhy thm C BER ) or simply s l ow waves . Slow waves 
originate in the c i rcular musc l e . The domi nant frequency of slow 
waves may depend on the location i n  the d i st a l  bowel from which 
i t  i s  recorded : rectal s i tes may show six cycles / m i n  i n  
appro x i mately 90% of act i v i t y ; at 25 cm f r o m  the anus t h e  
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three to four cycles / m i n  may be seen i n  about 97% of act i v i ty . 
2/ Short spike bursts consi st of two to ten seconds C s )  

bursts o f  potent i a l s , they are a l so termed di screte e l ectrical 
response act i v i ty C DERA ) . They are associ ated w i th contracti ons 
i n  ��% of cases . 

3 1  Long spike bursts or conti nuous e l ectr i c a l  response 
act i v ity C CERA ) cons i st of trains of spi kes l asting 6 . �  s or 
longer . They are assoc i ated w i th lumen-occluding , segment ing 
contract i ons on 60% of occasi ons and cause the to and fro 
movement of the colonic contents . 

� /  Contract i l e  e l ectr i c a l  complexes C CEC ) are bursts of 
e lectr i cal osc i l l a t i ons i n  25 to �O cy c l es / m i n . They are 
associated w i th l umen occ luding contracti ons i n  55% of 
occurrences . It was said that these bursts may be respons i b l e  
f o r  contractions l eading to transport of colonic contents . They 
may o r i g i nate i n  the l ongitudinal musc l e . 

Regarding painful I BS i t  appeared i n  stud i es , which used 
slow waves as a dependent measure , that these s l ow waves 
occurred at two frequenc i es :  six and three cycles/mi n .  The 
former was the dominant frequency in control groups as we l l  as 
i n  I BS groups , but the three cyc l e / m i n  frequency appeared to be 
sign i f i cant l y  more frequent i n  the ! BS p a t i ents than i n  controls 
C 296 ; 297 ; 30 1 ) . Other authors found i n  contro l s  s l ow wave 
frequenc ies of 6 . 2  waves / m i n  and i n  ! BS pati ents frequenc ies of 
3 . 1 / m i n  C 302 ) . Conf l i c t i ng resu l t s  were found by other 
i nvest i gator s :  they could not estab l i sh uni que myoelectrical 
characte r i s t i cs i n  pati ents w i t h  the 1 85 C 32 ) . Others found an 
abnormal spike burst i n  pat i ents w i th the ! BS C 23B ; 300 ) . It was 
stated that these discrepancies have not yet been expl a i ned 
C 238 ) . 

Discrepanc i es between i nvest i gators may be due to 
d i fferences i n  the part of the gut from which i s  recorded , or to 
d i fferences i n  f i l te r  and amp l i f i er character i s t i cs , or to 
d i f ferences i n  patient popu l a t i on . Nei ther the recording 
technics nor the methods of ana l y z i ng myoelectrical data have , 
as yet , been standardi sed C 238 ) . 

The relationship between the e lectr ical and motor 
act i v i t i e s  of the human colon i s  sa i d  t o  be poo r l y  understood 
C 303 ) . I n  an edi tor i a l  the hope was expressed that the ! BS m i ght 
be recogn i zed by his pattern o f  myoe l ectrical act i v i t y , so that 
we wou l d  have gai ned a f irm footho l d  on a s l i ppery s l ope C 30� ) . 
Sc far , this hope rema i ns . 

1 . 8 D i fferenti a l  d i agnos i s , therapy and prognosis 

1 . 8 . 1  D i fferent i a l  d i agnos i s  

The d i fferent i a l  d i agnos i s  i s  restr i cted to the l e f t  l ower 
abdom inal pain , the d i arrhea and const i pa t i on are not included . 
I n  the f i rst p l ace we have to d i fferent i ate between painfu l ! BS 
and d i vert iculosis . A barium enema i s  necessary to make the 
r ight d i agnosis . This exami nat i on and / or a s i gmoi doscopy are 
indicated to exclude colonic tumors C l 0 ; 2�6 ) . Left renal col i c  
may a l so s i mulate the pai nfu l I BS C l 0 ; 7B ; BO ; l 7 0 ) . 

Other cond i t i ons which must be dist i nguished are 
infl ammatory , i nfect i ous and i schemic col i t i s , and l actase 
def i c i ency . I n  cases cf fema l e  pati ents one must bear i n  mind 
the poss i b i l ity of dysmenorrhoea , endometriosis or l eft-sided 
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sal p i ng i t i s  ( 1 0 ; 80 ; 170) . Rare d i seases we may have ta t h i nk of 
are parphyr i a  and tabet i c  c r i ses . 

1 . 8 . 2  Painful ! BS :  therapy and prognos i s  

I n  1905 i t  w a s  thought t h a t  t h e  treatment w a s  ta k e e p  the 
colon empty C 230 ) . I n  1 928 , however , it was wri tten that f r u i t  
a n d  vegetab les h a d  b e e n  exc l uded t a o  r i gorously ( 80 ) . Later an, 
i t  was assumed that r e l i e f  of symptoms , espec i a l l y  of p a i n , 
m i ght be poss i b l e  i n  three way s :  by a h i gh f i be r  d i et , gut 
relaxants and/or psychotrop i c  drugs and psy chotherapy . 

1 . 8 . 2 . 1  H i g h  f i ber d i e t  

Your baker , y our doctor : 
the "drug " i s  wha l e  meal bread . 

Same of the features of f iber have been d i scussed i n  
sect ion 1 . 3 . 1 . 2 .  Nonstructural polysacchar i des appeared ta have 
water h o l d i ng and ge l l i ng effects C 25 ) . Bran softens the stoo l . 
Unprocessed bran has much mare effect than f i ne bran . Pect i n  i s  
d igested a n d  h a s  thus l i tt l e  effect an f e c a l  bulk . 

Pat i ents may respond ta an i ncreased amount of d i etary 
f iber ( 5� ; 250 ) . Twenty grams of bran , or four s l i ces of whale 
meal bread , dai l y , i mproved the sy mptoms ( 5 7 ) . In p l aceba
cantra l led t r i a l s  of bran , however , the p l acebo gave goad 
resu lts tao C 5 ; 9 ; 253 ; 25� ; 305 ) . I t  m i ght be poss i b l e  that the 
compos i t i on of the p l acebo was not goad ; one of the consti tuents 
was p o l y v iny l pyrral i dane . Th i s  is i nert , but i t  is not 
absorbed , so that it has bulking proper t i es and may have 
therapeut i c  effects in painful ! BS pat i ents C 306 ; 307 ) . 

1 . 8 . 2 . 2  Gut r e l axants 

As the cha l i ne r g i c  part of the neuragen i c  sy stem 
predom i nant l y  i ncreases the mot i l i t y , it is l o g i c  ta use 
ant icha l i nergics , i f  a hy permat i l ity is suspected . These drugs 
have been advi sed and were thought ta be of benef i t  ( 308-3 1 � ) . 

A per i pheral dopamine antagon ist C dampe r i dane ) was compared 
in a doub l e -b l i nd study w i t h  a p l acebo i n  pat i ents w i th the ! BS 
C 315 ) . The p l acebo gave as goad results as the drug . 

1 . 8 . 2 . 3 Psychotrop i c  drugs and psychotherapy 

I n  a study phenobar b i t a l  was preferred ta p l acebo , subj ec
t i v e l y  C 3 1 3 ) . A s i gn i f i cant d i f ference between d i pheny l hydanta i n  
and p l acebo cou l d  n o t  be demonstrated i n  another study C 3 1 6 ) . 
Psychotherapy has been t r i ed out , success was c l a i med ( 3 1 7-321 ) .  

Same autha�s comb i ned h i gh f i ber d i et, a gut r e l axant 
and/or a psychotrop i c  drug , some t i mes w i t h  a l l e v i at ion ( 3 1 2 ; 322-
32� ) . The use of a l ternative med ic i ne appeared ta be common i n  
pat i ents w i th the ! BS C 325 ) . 

Thanks ta methods far the measurement of mot i l i ty 
therapeut i c  steps can be taken an a r a t i on a l  basis C 326 ) . The 
resu lts can be obj ect i f i ed . 



�2 

1 . 8 . 2 . �  Conc l us i ons 

! BS is d i fficult to treat so that many treatments are 
recommended . Few good doub l e-b l i nd stud ies have been done , too 
few . D i etary f i ber may l ower pressures in the s i gm o i d  C 9 ) . Pain 
is rel i eved by high f i ber d i et , be i t  a pl acebo effect or a rea l 
med i cal resu l t . I t  is best to start w i t h  who le meal bread or 
brown bread and other foods r i ch i n  natural f i ber before 
prescr i b i ng bran C 9 ) . 

As ! BS is a chron i c  i l l ness drugs should be prescr i bed w i th 
great precaut ion . I nstead of try i ng a psy chotrop i c  drug , it is 
better to try to reassure the pati ent C l 0 ; 80 ) . 

The best way to reassure i s  to e x p l a i n  what the cause of 
the p a i n  i s .  This i s  another argument for the f i nd ing of a 
pos i t i v e  d i agnost i c  c r i t e r i on i n  pai nful ! BS and to f ind the 
cause of the pain . 

1 . 8 . 2 . 5  Prognosis of painful I BS 

The prognos i s  appears to be , i n  so far as cure i s  
concerned , not good . Few peop l e  become and rema i n  symptom-free , 
although subj ect i v e  r e l ease may be obta i ned C l 7 ; 5� ; 78 ; 327-330 ) . 

I t  was suggested that l ongstand i ng p a i nful I BS m i ght l ead 
to d i verticulosis C 26 ; �6 ; 330 ) . This item i s  d i scussed i n  the 
fol lowing sect i on . 

1 . 8 . 3  O i verticulos i s : therapy and prognosis 

Once d i verticula are formed , they cannot be cured . The 
mere e x i stence of d i verticula does not justify the exc i s i on of 
the affected si gmo i d  C 33 1 ) . Attent i on shou l d  be d i rected 
towards the prevent i on . 

H i gh f i ber d i et may prevent the forma t i on of d i ver t i cu l a  as 
bran leads to l ower i ntras i gmoidal pressures C 276 ; 289 ; 290 ) . Th i s  
d i et l ed to a normal bowel hab i t  and a r e l i e f  o f  pain 
C l �7 ; 28� ; 285 ) . Two pati ents have been descr i bed who m i ght have 
shown , rad i o l og i ca l l y , a revers i b i l i ty of i nc i p ient d i ve r t i cu l a , 
after a y ear of treatment w i th a high f i ber d i e t  C 332 ) . This 
d iet may prevent further comp l i cati ons of d i verticulosis ( 291 ) . 

I n  the past decade s i gmoid myotomy came i nto the p i cture . 
As i nadvertent perfora t i on dur i ng the operat i on often occurred , 
reoperat i on was regu l a r l y  requ i red C �2 ) . This may be the reason 
why the operat i on is no l onger performed nowaday s .  The eating 
of brown bread i s  much safer . 

The prognos is of d i ver t i cu l os i s  i s , concern i n g  cure , not 
good , they do not d i sappear . The compl i cat i ons are 
d ivert i cu l i t i s  with narrow ing and perforat ion , as d i scussed i n  
sect ion 1 . 2 . � .  

1 . 9 Poss i b l e  l i nks between I BS and d i verticulosis 

1 . 9 . 1  I ntroduct ion 

Many authors asked the quest i on if there are l i nks between 
painful I BS and d i ver t i cu l os i s . Are these two cond i t i ons 
d ifferent phases of a s i n g l e  ent i ty C 26 ) ?  I s  there a gradual 
deve lopment from one d i sease to the other C 205 ; 333 ) ?  I s  there 



one hypermot i l e  state i n  these cond i t i ons C 33� ; 335 ) ?  Other 
authors i n c l uded d i vert iculosis in the i r  group of pat i ents w ith 
I BS C 336 ) . 

1 . S . 2. Sequence of events? Corr e l at i on w i th age 

The mean age i n  pat i ents with an I BS is l ower than that of 
pat i ents w i th a d i vert iculosis C 26 ; 32 ; 1 72 ; 337 ) . This sequent i a l  
order w i l l  not d i rect l y  mean a causa l one . A long l ast i ng 
long i tud inal i nvest igation of a l arge group of pati ents w i th a 
painful I BS is necessary to prove that . 

1 . S . 3  Preva l ence 

The prev a l ence C the proport ion of cases in a defined 
popu l at i on in a period of t i me C 1 88 ) ) of both cond i t i ons i s  h i g h  
C 27-30 ; �1 ) . Thus , a coinc idence i s  eas i l y  m i s i nterpreted as a 
corre lat ion . I n  a report the devel opment of d iver t i c u l o s i s  i n  
pat i ents w i t h  a painful I BS was 2�% , i n  the genera l popu l a t i on 
i t  was 12% (�6 ; 330 ) . Erroneously these authors conc l uded that 
d iverticulosis in I BS was twice the occurrence of d i vert i cu l os i s  
i n  t h e  general popu l at i on . Perus ing the i r  art i c l es made c l ear , 
however , that the occurrence of d i verticulosis i n  both 
cond i t i ons is the same i n  pat i ents of the same age . 

A d i fferent prev a l ence between fema l e  and m a l e  has been 
reported i n  the d i seases C 3 1 ; 32 ; �0-�3 ) ( sect i on 1 . 1 . 2 ) . 

1 . S . � S i m i l ar i ty i n  e t i o l ogy 

1 . S . � . 1  Lack of f i ber 

A l ow f iber d i et p l ays an i mportant r o l e  in the e t i o l ogy of 
painful I BS and d i vert iculosis C see section 1 . 5 . 2 . 2  and 
1 . 5 . 3 . 2 ) . I t  may be assumed that painful I BS is caused by a 
colon " that is strugg l ing w i th our modern f iber-def i c i ent d i et "  
( 2�1 ) .  

1 . S . � . 2  One hypermot i l e  state ? 

1 . 9 . � . 2 . 1  Pressure record i ng 

I n  painful I BS and d i vert iculosis a hy permot i l i ty i n  the 
s i gmoid may b e  found C se e  sect ion 1 . 5 . 2 . 1  and 1 . 5 . 3 . 3 ) . I t  was 
thought that the colonic changes i n  p a i n f u l  I BS m i ght faci l i tate 
the devel opment of d i ve r t i cu l a  ( 33� ; 335 ) . 

There may be two forms of d i vert i c u l os i s  C 338 ; 339 ) : 
A/ S i m p l e  massed d i verticulos i s . I n  t h i s  cond i t i on i t  was 

assumed C 33 8 )  that the narrow i ng and shortening of the colon was 
caused by a shortness of mucosa caused by the numerous pockets . 
This form may show a d iver t iculosis i n  the ent i re c o l on . There 
are mos t l y  few symptoms of pain C 339 ) . 

8/ D i vert iculosis w i t h  spastic c o l on resul t ing i n  the 
heaping up of big muscu l ar folds and narrow i ng of the l umen . 
Form 8 cou l d  support the i dea of a r e l at i onsh i p  between painful 
I BS and d i verticulos i s . These pati ents show the actual presence 
of the comb ination of painful I BS and d i vert iculosis C 339) . 

Some s i m i lar i t i es between the two d i seases have been found 
i n  pressure record ing after food and cho l ecystok i n i ne C 3�0 ; 3�1 ) .  



1 . S . � . 2 . 2  E l ectramyagraphy 

The myael ectr i c  act i v i t y  in the twa d i seased states has 
been stud i ed . One researcher faund a myae l ectr i c a l  evi dence ta 
l ink them ; ethers cau l d  net f i nd that C 33� ; 3�2 ) . 

1 . S . � . 2 . 3 Rad i a lagic f i nd i ng s  

The r e l at i on between p a i nfu l I BS a n d  diverticulasis had 
a lsa been studied radia l ag i ca l l y . D iverticu l a  may be caused , as 
appears i n  bar i um enema i nvest igat i o n , c i nerad i agraphy and 
pressure record ing C 3�3 ) , by a hypersegmentatian . They o r i g i nate 
i n  the graaves between the thick muscu l ar ral l s .  In ane pat i ent , 
ser i a l  rad i a l ag i c  abservat i ans shewed that the appearance af 
d iverticula accured after a per i od af e l even y ears after the 
demanstrat i an af the hypersegmentatian C 33 8 ) . 

The rad i a l ag i c  s i gns af hypersegmentatian af the c i rc u l ar 
musc l e  af the s i gmoi d ,  seen bath i n  painfu l I BS and 
d iverticulasis are an indication that in bath cand i t i ans a 
hypermat i l i ty exists . 

1 . S . S  S i m i l ar i ty i n  symptoms and rad i o l og i c  s i gns 

Both cond i t i ons may be accompanied by recurring epi sodes o f  
l eft l awer abdom inal p a i n  and/or d i sturbed bawel h a b i t s  C 26 ; 33 ;  
3� ; 37 ) . 

Rad i a lagica l l y , i t  appears that bath cond i t i ons shaw a 
contract i l e sigmo i d  on bar ium enema study . I n  ! BS the 
contract i l e  state i s  more pronounced than in d i vert i cu l osis 
C 26 ) . Twa cases who showed radi o lo g i c  s i gns of irritab l e  colan 
and i nc i p i ent diver t i cu l a  were descr i bed C 332 ) . Are these cases 
pat i ents w i th an ! BS ar a d i vert i cu l o s i s  or are these pati ents 
i l lustra t i ng the l i nk between the two cond i t i ons? 

1 . 9 . 6  S i m i l ar i ty i n  treatment 

High f i ber d i et is of great s i g n i f i cance in the treatment 
of both cond i t i ons C see sect ion 1 . 8 . 2  and 1 . 8 . 3 ) . 

1 . 9 . 7  Conclus i on 

I t  may be that ! BS i s  not the o n l y  one e t i o l o g i c  factor i n  
diver t i cu losis , but i t  seems ev i dent that I BS cau l d  be one af 
them . This probab i l i ty would be approach ing proof i f  more 
evi dence cou l d  be gathered that in both cond i t i ons hypermot i l ity 
exists . 



OBJECTIVES OF THE STUDY 2 
Pati ents were stud i ed who had a h i story , sy mptoms and 

med ical workup compa t i b l e  w i th painful i r r i table bowel syndrome 
C I BS ) . The pat i ents fe l t ,  during a s i n g l e  and doub l e  contrast 
barium enema i nvest i ga t i on , the i r  own character i s t i c  pain and 
showed , s i mu l taneous l y , a cuntraction of the s i gmo i d . These 
patients underwent a second rad i o l og i c a l  study , w i t h  a barium 
enema o f  sma l l er v o l ume , and , s i mu l taneous l y , a cont i nous 
recor d i ng of the i ntra-si gmo idal pressure . 

The same i nvest i g a t i ons were performed in a cont r o l  group 
and i n  two groups of pat i ents w i th d i vert i cu l o s i s :  one w i thout 
and one w i th ! BS- l i ke pain . A l l  the characte r i st i cs o f  the 
waves , including the area under the curve and the mot i l i ty i ndex 
were esti mated in the four groups . 

The a i ms of the study : 

1 /  The f i rst obj ective was to obt a i n  i nforma t i on about the 
reproduc i b i l i ty of the corre l a t i on of the character i s t i c  p a i n  
and v i s i b l e  contract i ons o f  t h e  s i gmoi d .  Such reproduc t i on wou l d  
mean that i t  i s  poss i b l e  to recognize a p a i nf u l  ! BS by one care
ful , physi o l o g i ca l l y  d i r ected s i ng l e  and doub l e  contrast bar i um 
enema examinat i on . 

2/ The second obj ect ive was 
a l l  muscu l ar act i v i ty o f  the 
movements o f  the sigmoidal w a l l ,  
i ntra l um i n a l  pressure . 

to answer the quest i on whether 
s i gmo i d , as demonstrated by 

is expressed by a change in the 

3 1  The third obj ective was t o  compar e  the basa l , postpran
d i a l  and post-g l ucagon pressure recordi ngs in the four groups , 
pay ing spec i a l  attent ion to pressure changes dur i ng the 
character i s t i c  pain . 

�I The fourth obj ective was to formu l ate accura t e l y  con
siderati ons about the mechanism of that character i st i c  pain . 

5/ The f i fth obj ect i ve was to reconsi der the hypothes i s  
that painful ! BS and d i verticulosis a r e  express i ons o f  one 
hypermo t i l e  state . I s  painful I BS a n  e t i o l o g i c  factor of 
d i vert iculosis? 

6/ The s i xth obj ect i ve was to answer the ques t i on whether 
it i s  necessary to esti mate the area under the curve as we l l  as 
the mot i l i ty i ndex in eva l ua t i ng the resu l ts of the pressure 
record i ngs . 
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PAT I ENTS AND METHODS 
3 . 1  Pati ents and selection criter i a . 

3 . 1 . 1  Def i n i t i ons and inclus i on crite r i a  for the pressure 
recording i nvest i gation . 

I n  t h i s  study four groups of pat i ents were stud i ed : a 
control group , a painfu l I BS group , a di vert iculosis group and a 
painful I BS w i t h  d i vert iculosis group . The pati ents i n  the 
var i ous groups were defi ned as f o l l ows : 

Al a contro l  case : 

al has no anatom i c  abnorma l i ty in a bar ium enema nor i n  a 
s i gmoidoscopy , no pai nfu l contractions are encountered ; 

bl may have vague d i scomfort in the upper abdomen or b l ood i n  
t h e  stool ; 

cl has a normal b l ood chem istry . 

Bl a pat i ent w i th the painful I BS :  

a l  shows a corr e l a t i on of the charact e r i s t i c  p a i n  w i t h  a s i gmo i d  
contract i on dur i ng t h e  bar ium enema ( contrac t i on causes pain ; 
relaxat i on r e l i eves the pai n ) . The term character i s t i c  pain 
means : the pain which forced the pat i ent to visit the doctor . 

bl has a d i scont i nuous pain in the left l ower abdomen ; 
cl has p a i n  for longer than three months ; 
di may have , i n  the h i story , a l terna t i ng bowel hab i ts , 

( d i arrhea and , at another t i me , const i pat i on ) ; 
el has deter i oration of the pain i n  corr e l at i on w i th a meal or 

a defeca t i on and may have p a i n  r e l i e f  by a bowe l movement ; 
fl has no anatom i c  abnormal i ty in a bar i um enema nor i n  a 

s i gmci dcscopy ; 
gl has no b leed i n  the stee l ; 
hi has a normal b l ood chemi stry . 

Cl a pat i ent w i t h  a d i vert iculcsi s :  

a l  has a d i vert i cu l cs i s  cf the sigmoid colon ; 
bl may or may not have vague p a i n  in the abdomen . 

DI a pati ent w i th a painful I BS w i th d i vert i cu l os i s :  

a l  shews a corr e l at i on o f  the character i st i c  p a i n  w i t h  a s i gmoid 
contract i on during the barium enema exam i nat ion ; 

bl has a d i vert iculcsis of the s i gmoid colon . 

3 . 1 . 2 Data cf the patients who underwent a pressure record ing 
invest igation 

During h i s  da i l y  work as a general pract i s i n g  rad i o l og i st 
the author sel ected the cases for the pressure record i ng . A 
protocol was used C ta b l e  � ) . D i rect l y  after the bar ium enema 
exam i nation the pat i ents were p l aced , according to the resu l ts , 
in one of the four groups . I nformed consent was obtai ned . 



P a t i ent : name date : 
sex : fema l e / m a l e  
date of b irth 

History : p a i n : ki nd : vague/ col i cky / knife l i ke/ d i sconti nuous 
l i k e  l abour pains yes/no 
l oca l izat ion : left lower abdomen/ e lsewhere 
duration : <  3 months ; 3 months - 1  y ear ; 1 y ear-5 y ears ; 

5-10 y ears ; > 1 0 years 
corre l a t i on w i th meal yes/no 
corre l a t i on w i th defecation yes/no 

p a i n  l eads to urge yes/no 
defecation l eads to p a i n  r e l ease y e s / no 

defecat ion : a l terna t i ng : 
i ncomp l ete empty ing : 
b l ood : 

barium enema exami nat i on : 
singl e-contrast reproduct i on of the pain 

urge to defecate 
x-ray f i l m  segmentation of s i gmoid 

yes/no 
yes/no 
yes/no 

contraction of l engthy segment 
after defeca t i on : segmentation of s i gmoid 
doub l e-contrast relaxat i on of the contracted part 

r e l i e f  of the p a i n  
1 mg g l ucagon i . v .  

dive r t i cu l os i s  of the s i gmoid colon 

D i agnos i s : Contro l /  painful 1 85 /  d i ve r t i c u l o s i s /  
p a i n f u l  ! BS w i th d i verticulos i s / other . 

Table � Protocol form for the barium enema examinat ion 

yes/no 
y es/no 
yes/no 
yes/no 
y es/no 
yes/no 
y es / no 
yes/no 
y es/no 

The three groups of 1 5  pati ents incl uded 1 1  fema l e  and four 
m a l e  pat i ents each . The fourth group of e i ght pat i ents i n c l uded 
six fema l e  and two m a l e  pat i ents . 

The mean age � the SEM ( standard error of the mean ) was : 
A/ i n  the control group : �8 . 7�1 . 7  y ears ( range : 38-59 y e ar s )  
B l  i n  the painful ! BS group : �3 . 6�2 . 2 years ( 3 1 -60 y ears ) 
Cl i n  the d i verticu l o s i s  group : 53 . 9�1 . 6  y ears ( 36-60 years) 
D I  i n  the painfu l I BS w i th d i verticulosis group : �9 . 5�2 . �  y ears 

( range : 36-58 years ) . 
The control cases were s i gn i f i cantl y  y ounger than the 

divert i cu l osis pat i ents C p< 0 . 05 ,  Student ' s  t test ) , the painful 
! BS pat i ents were a l so y ounger than the d i verticulosis cases 
C p< 0 . 00 1 ) .  The other d i fferences i n  age were not s i g n i f i cant . 

3 . 1 . 2 . 1  Data from h i story and referr i ng phys i c i ans ( i tem and number 
of patients ) .  

Al control group : N - 1 5  
occ u l t  b l ood i n  stool 
vague pain i n  upper abdomen 
durat ion : < 3  months 

3 months t o  
1 -5 y ears 

3 
1 y ear : � 

3 

: 5 
: 1 0 

corr e l a t i on w i th meal and defeca t i on 0 
: y e s : 0 defeca t i on : a l terna t i ng no : 1 5 
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8/ painful I BS group : N � 1 5  

C /  

d isconti nuous p a i n  l oca l i sed i n  t h e  l eft l ower abdomen : 1 5  
col i cky / labour l i ke pa i n : 1 2  
duration : 3 months to l y ear : 

1 - 5  y ears 
5-10 y ears 
> 1 0 y ears 

1 
5 
6 
3 
6 

: 1 2 C some patients showed a 
a meal and a defeca t i on ) .  

corre l a t i on w i th mea l 
corre l a t i on w i th defecation 

corre lation w i t h  both 
defecat i on : a l ternating 

incomplete empty ing : 

d i verticulosis group : N - 1 5  
vague or conti nuous pa i n : 1 1  
l oca l i sation in the left l ower 
duration : < 3  months 

3 months to l year : 
1 -5 years 

corr e l a t i on w i th meal 
corre l a t i on w i th defeca t i on 
defecation : a l ternating 

2 
'i 
5 
2 
1 

y es :  1 0  no : 5 
yes : 6 no : 9 

abdomen 6 

y es : 3  no : 1 2  
incomplete empty ing : y es : 5  no : lO 

DI painful I BS w i th d i verticulos i s  group : N - 8 
loca l i sation i n  l eft l ower abdomen : 8 
duration : 1 -5 y ears : 1 

5- 1 0  years : 'i 
> 1 0 years : 3 

corr e l a t i on w i th mea l : 3 
correlation w i th defecation : 5 
defecat ion : a l ternating : y es : 5  no : 3  

i ncomplete empty ing : y es : 6  no : 2  

3 . 1 . 2 . 2  Resu l ts of the bar i um enema exam i nation C tab l e  5 )  

The three pat ients i n  the control group who showed a 
segmentation of the s i gmoid had only m i nor symptoms , no p a i n  was 
e l i c i ted and the m i l d  d i scomfort di sappeared spontaneous l y . 

The ma i n  compl a i nt of the pati ents in the painful I BS group 
was a characteristic pai n , which pain was reproduced during the 
enema . The pati ent recogni zed the pa i n  which most l y  occurred at 
the moment of segmentation or l engthy contract ion of the 
sigmo id . Two pati ents presented a r eproduction of the i r  pain 
dur ing air i nsuff l at i on , when the s i gmo i d  was expand i ng . 

Twe l ve pati ents of the group w i th a d i vert iculosis showed , 
dur ing the enema , some segmentat ion or l engthy contraction of 
the sigmo i d . This d i sappeared after reassurance . These pati ents 
did not exper i ence pain . 

E ight pat i ents w i th a d i verticu l os i s  of the s i gmoid 
presented the same pa in-pattern as the pat i ents i n  the painful 
I BS group . They had pain w i th a mean duration of about n i ne 
y ears . The i r  pain was reproduced during the bariun enema 
exam i na t i on and was r e l i eved after a r e l axat i on of the s i gmo i d . 



Group c I D I D  

Pain duri ng enema 0 1 5  0 8 

Reproduct i on or the 
characteristic pain 0 1 5  0 8 

Urge to derecate 3 1 2  1 1  5 

Segmenta t i on or l engthy 
contract i on or s i gmoid 3 1 5  1 2  8 

Relaxat i on arter g l ucagon 0 1 0  0 7 

reassurance 0 5 1 2  1 

Pain r e l ier 15 8 

Tab l e  5 Resul ts or the barium enema exam i na t i on . 
C - contro l ;  I - p a i nrul I BS ;  D - d i verti c u l os i s ; 
I D  - p a i nrul I BS w i th d i ve r t i c u l os i s . 

3 . 2 Methods 

3 . 2 . 1  Unbi ased observer . 

During the pressure recording as 
subsequent ana l y s i s  or the data and 
numbers the author was unbi ased . 

3 . 2 . 2  Prepara t i on . 

wel l as during the 
the calcu l at i on or the 

In preparing the pat i ents a c l ean s i gmoid was prererred i n  
order t o  make i t  poss i b l e  to v i sua l i z e  the s i gmo i d  w i t h  t h e  a i d  
o r  bar i um-sul phate . T h e  colon w a s  c l eansed p r i o r  to the 
pressure study i n  the same way a s  it was c l eansed prior to a 
bar i um enema exam i na t i on C 221 ) . I n  a preparati on-per i od or two 
days the pat i ents observed the rol l ow i ng i nstruct i ons : a /  a low 
residue d i e t , b /  d r i n k i ng or a t  l east 3 l i ters or water per day , 
c/ 2 x 1 5  grams or magnes i um-sul phate per day , d/ 2 x 1 0  m i l 
l igrams o r  b i sacody l C Du l co l a x )  per day . The magnesium 
sul phate and the b i sacody l were to be taken in the morning 
berore the breakrast and in the n i ght two hours arter d i nner . 

Bes i des the usual b l ood chemi stry the serum potas s i um l eve l 
was a l so est imated , as i t  has been publ i shed that the d i arrhea , 
ocurr ing dur ing the c l eansing period , cou l d  l ead to a 
hypoka l i em i a , espec i a l l y  i n  pati ents who use d i uretics and 
d i g i t a l i s  C 3�� ) . Hy poka laemia may l ead to a hy po-act i v i t y  or the 
s igmoi d a l  musculature . 
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fig . 1 3  Devi ces used 1 /  X-ray tube , 2 / h i gh-vol tage generator , 
3 1  image i ntens i f i er C l -3 : Opt i mus M200 C Ph i l i ps ) ) ;  � /  
micro transducer catheter w i th lumen and pressure 
sensor ; �a/ m i crct i p  cf catheter C f i g . 1 � )  the catheter 
is a PC-�7 1 - �  C Mi l l ar ) ; 5/ f l e x i b l e  s i gmci dcsccpe , 
TCF 15 C Ol y mpus ) ,  6 /  stra i n  gauge bridge w i t h  exci ta
tion supp l y , 7 1  i nput amp l i f i er w i th i so l a t i on barr ier , 
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B/ output ampl i f i er w i th g a i n  contro l ;  6-B : CGR 1000 Catheter i 
sat i on system C CGR B i omedica l ) ;  9/ v i de o  i mage processor , U I P  
300 C Pi e  Data Medical ) ;  1 0 /  analog v i de o  converte r , AUC BOO 
C Phi l i ps ) ; 1 1 /  v i deom i xer , UMC B l  C Satco ) ; 1 2 /  v i deo 
d i st r i bu t i on box and recorder control UDB 01 C Kemptron ics ) ;  1 3 /  
v ideo product i on recorder , U P R  1 ,  Ampex corporation ; 1 �  and 1 5 /  
v i deo mon i tor , 9B07 C Ph i l i ps ) , 1 6 /  ana l o g  moni tor , C G R  1000 , 1 7 /  
f lu i d  j et recorder , Osci l l omink B C S i emens J . 
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3 . 2 . 3  Devi ces and catheter . 

The dev ices used in this study are shown in f i gure 13 and 
1 � . 

Prev ious l y , open ended tubes have been used , w h i ch need 
f l ush i ng to keep them open . The f l us h i ng wou l d  have washed out 
the r ad i o l og i c contrast , render i n g  the s i gmoi d a l  wa l l  i n v i s i b l e . 
That ' s  why an e l ectronic m i crotransducer catheter , a new 
pressure record ing dev i ce , was employed . These catheters do not 
need f l ush i ng so that the mot i l ity of the s i gmo i dal wa l l  rema ins 
v i s i b l e . 

The techn ical spe c i f icat i on of the e l ectro n i c  
m i crotransducer catheter : t h e  type of sensor i s  a s i l i con str a i n  
gauge ; t h e  pressure range i s  from -300 up to +�00 mm Hg ; the 
sens i t i v ity is 3 . 1  mU / U / 1 00 mm Hg ; the temperature error band 
i s  3 mm Hg max imal sh ift from 23 degrees to 38 degrees C e l s i us ; 
the l i near ity & hysteresis is �0 . 5% of f u l l  sca l e ; the d r i ft i s  
less than 1 2  m m  H g  i n  1 2  hours ; the natural frequency i s  2 5  to 
�o kHz , the b r i dge resistance i s  1 300 to 2000 Ohm . The 
reference pressure i s  the atmospher i c  pressure . 

a b c 

F i g . l�a M i c rotransducer catheter . 

Fig . l�b M icrot i p  of catheter , face-on v i ew . 

F i g . l�c M i crot i p  of catheter , seen in prof i l e . 
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The noise i n  the system appeared ta be of no 
s i g n i f i cance . The effect ive w i ndow of the m i crotransducer i s  
l . lx0 . 575 mm . The d r i ft far t h e  period of t i me that the 
i nvest i gat i on lasted was � mm Hg , a neg l i g i b l e  i n f l u ence as the 
study concerns a comparat ive one in which a control group i s  
included . 

3 . 2 . �  S i gmaidascapy , ca l i brat i on , i ntroduction of the m i cro 
transducer catheter . 

I mmediate l y  prior ta the pressure record i ng a si gmai dascapy 
was performed w i th the a i d  of a f l e x i b l e  sigmai dascape . The 
endascapist l ooked far anatom i c a l  abnorm a l i t i es . I f  these were 
encountered the pat i ent cou l d  not be i ncorporated i n  the study 
except if d i verticula were seen . 

The equi pment was ca l i brated w i t h  the a i d  of a b l ood 
pressure c l ack . The cal i bration pressure was 1 00 mm Hg . A 
def l ect i on of the pen by 1 mm an the record ing paper of the 
f l u i d  j et recorder corresponded ta a pressure r i se of 1 mm Hg . 
I n  pat i ents w i t h  pressures of mare than 60 mm Hg 1 mm 
corresponded ta 2 mm Hg , i n  the rare cases i n  which the 
pressures exceeded 120 mm Hg , 1 mm corresponded ta � mm Hg . Na 
basa l pressure was recorded as we were i n terested i n  the changes 
of the i ntrasi gma idal pressure . 

The catheter was introduced through the b i opsy channel of 
the f l e x i b l e  s i gmaidascape i nto the s i gmo i d  ta a d i stance of 30 
cm from the anal verge . After the i ntroduct i on of the catheter , 
the s i gmaidascape was w i thdrawn unt i l  i t  lay outs ide the 
pati ent . The pos i t i on of the m i crotransducer was 
checked f luarascap ica l l y . The a i r ,  which was i nc i dental l y  
infl ated dur i ng the s i gmai dascapy , was drai ned through a sma l l  
tube which was i ntroduced i nto the rectum and remai ned there far 
10 m i n . 

Through the central l umen of the catheter , 20-�0 ml of a 
20% suspension of bar i um-sul phate , a t  body temperature , was 
i nj ected i nto the s i gmoi d .  I n  this way the pos i t ion of the 
m icratransducer was checked and the mot i l i t y  of the s i gmaidal 
wal l became v i s i bl e . 

3 . 2 . 5 Procedure . 

The sma l l  tube through which the a i r  had escaped , was 
removed . The pat i ent rested for 15 m i n . 

I t  was e xp l a i ned ta the pat i ent that the pressure and the 
mot i l i ty of the s i gma i d a l  wa l l  were recorded . I f  pain was felt , 
the pat i ent had ta t e l l that . Not h i ng was suggested ta the 
patient . The record i ngs were performed in a quiet room . The 
pati ent lay at ease in a sup i ne pos i t i on an a couch . C l ase 
contact was kept . 
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At regular i nterva l s  the proper funct ioning of the system 
was checked by having the pati ents cough which gave a steep and 
wel l recognizab l e  r i se i n  the pressure record ing C f i g  1 5 ) . 

The pressure was recorded during 3 per i ods of 30 m i n  each : 
A/ The fast ing per i od . The procedure started at 1 2h30 p . m  . .  

After the l ow residue d i nner and the l axati ves of the reg ime 
taken the n i ght before , the pati ents were not permi tted to eat 
or dr ink unt i l  they were offered the standard meal dur i ng the 
pressure study . 

8/ The standard meal . I t  is reported in the l i terature that 
a meal may g i ve a hy peract i v ity of the s i gmoid C 20� ; 208 ; 2 1 0 ) , 
Former l y  this reactive hy peracti v i ty was ca l l ed : gastro-co l i c  
response . However , the response also occurred after total 
gastrectomy . Another name was suggested : co l on i c  response to 
eating C 3�5 ) . The means by which eating a mea l produces an 
i ncrease i n  mot i l ity of the co l on i s ,  u p  unt i l  now , unreso lved 
C 3�5 ) , Neurotens i n  m i ght medi ate the postprand i a l  i nduced 
changes in the mot i l ity pattern : an endocr i ne-medi ated effect 
C 3�6 ) . The fat component of the d i e t  was suggested to be the 
predom i nant stimulus of colon i c  motor act i v i ty C 3�7 ) . I n  another 
study it was found that the response to a meal was 
cho l i nerg i ca l l y med i ated C 3�8) . I n  pati ents w i th an 
e l ectrophy s i o l o g i ca l l y  documented complete thoracic spinal cord 
i nj ury , it became evi dent that the Central Nervous System i s  
essenti a l  for the postpran d i a l  i ncrease i n  act i v ity C 3� 9 ) . 
Shamfeed ing C sp i tt i ng the mast i cated food i nto a cup w i thout 
swa l l ow i ng ) d i d  not st imulate the colon C 350 ) . DP-CCK C an 
octapept i de of cho l ecy stok i n i n )  had a m i nor r o l e  i n  this 
response . 

Some researchers use a standard meal of 1 000 kcal or �000 
k j o u l e  C 3�8 ) , others use a 2�00 k j o u l e  meal C 35 1 ) . I n  t h i s  study 
i t  was deci ded to g i ve a standard meal of i ntermed i ate calorie
l oad . A meal of 3200 k j ou l e  ( cons i st i n g  of one egg of about 50 
grams , 250 ml m i l k ,  � s l i ces of cheese , C each of about 15 grams ) , 
1 role of bread and about 20 grams of butter ) was offered . 

Fig . 15 Cough ing : a steep r i se in pressure is caused . 
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C/ The post - g l ucagon period . G lucagon has metabo l ic as we l l  
a s  gastroi ntest inal act i ons C 352 ) . I n  t he metabo l i c  action the 
output of g l ucose from the l i ver is i ncreased , in the 
gastro intestinal act ion the mot i l i t y  of , among others , the colon 
is i n h i b ited . Doses of 0 . 2- 1 . �  mg have been used i n  the 
l i terature ( 353 ; 35� ) . G l ucagon brought about an i ntensive 
relaxat i on of the smooth musc l e ; i t  was suggested that i t  m i ght 
be used in the treatment of spas t i c  p a i n  C 355 ) , Other authors 
found that bar ium enema stud ies performed w i th g l ucagon produced 
s i g n i f i cant l y  l ess spasm and d i scomfort C 356 ) . I t  was also 
found that g l ucagon caused an i nh i b i t i on of food i nduced motor 
act i v i t y  ( 357 ) . 

I n  t h i s  study crysta l l in e  pancreat i c  g lucagon C G lucagon 
"L i l l y " )  was used i n  a dose of 1 mg C l  U) of g l ucagon 
hydrochl o r i de to which �9 mg of l actose was added . This powder 
was d i ssolved and i ntravenous l y  adm i n i stered , ha l f  an hour after 
the start of the postpran d i a l  peri od . 

3 . 2 . 6 Pressure record ing 

The recorded pressure waves were written , w i th the a i d  of 
the f l u i d  J et recorder , on paper which was d i v i ded i n  squares of 
1 by 1 mm , 5 by 5 mm and 1 0  by 1 0  mm , so that i t  was poss i b l e  
to count t h e  squares under t h e  curve . The paper speed was 5 mm 
per second , so that each curve cou l d  be measured : i ts height , 
i ts l ength and i t s  area under the curve . 

Pat i ent : name : date : 
sex : fema l e / m a l e  
birth date : 

Si gmoi doscopy . 

Recording : a/ the s i gmoidal pressure 
b /  the contracti ons of the s igmo i d a l  wa l l  
c /  the pain o f  the patient 

Fast i ng per i od : pain 
reproduct i on of p a i n  
contract i ons of s i gmo i d  
corr e l at i on : pai n-contrac t i on s i gmoid 

Postprand i a l  per iod : pain 
reproduct i on of pain 
contractions of s i gmo i d  
corr e l a t i on : pa in-contraction 

Postgl ucagon per i od : rel i e f  of p a i n  
decrease of contrac t i ons 
corre lat ion : re l i ef of pain and 

decrease of contrac t i ons 

yes/no 
y es/no 
y es /no 
y es/no 

y es / no 
y es/no 
yes/no 
y es/no 

y es/no 
y es/no 

y es / no 

Table 6 Protoco l-form used dur ing the pressure recording stud ies 
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Duri ng the pressure study f l uarascapy was i nc ident a l l y  
performed i n  order t o  see what happened ta the s i gmaidal wa l l  i n  
rest a n d  i n  act i v i ty . I f  ind i cated these f luoroscopic images 
were recorded on v i deotape . 

This method enab l ed us to record three i tems : 
al the mot i l ity of the sigmoidal wal l 
bl the p a i n  of the pati ent and 
cl the wave which corre l ated w i th the p a i n  

A protoco l w a s  used C tab l e  6 ) . 

3 . 2 . 7 Ana l y s i s  of the data . 

A wave was defi ned as a curved l i ne p l aced an a base l i ne 
w i th a l  an inci dence ; bl an amp l i tude ; c l  a durat ion ; and d i  an 
area under the curve . 

al The inci dence of the waves was expressed in the number 
of waves per m i nute . 

bl The amp l i tude i s  the vert ical d i stance between the basal 
l i ne and the h i ghest point of the curve and i s  expressed in mm 
Hg C f i g  1 6 ) . The pos i t ive pressure dev i a t i on from base l ine has 
to exceed 2 mm Hg , sma l l er waves were not counted . Negat ive 
pressures were seldomly seen and were not counted , as was done 
by other researchers C 99 ; 21 1 ) . The mean amp l i tude of the waves 
was obtai ned by adding the amp l i tude of a l l  waves and d i v i d i ng 
the sum by the number of the waves . 

As no cri ter i on concerning the def i n i t i on of a comp l e x  wave 
C i n which the tracing does not return to the base l i ne ,  f i g  17a , 
b )  cou l d  be found in the l i terature , the fol lowing cr i terion was 
devel oped : i f  the duration of such a comp l e x  wave was l onger 
than �3 s C be i ng the w i dth of one sheet of our record i ng paper ) 
the wave was cons i dered to end as the pressure l ine approached 
the basel i ne a t  a d i stance of 10 mm Hg or l ess . Th i s  separation 
of waves is arbitrary . However , w i thout a c l ear def i n i t i on i t  
i s  i mpass i b l e  t o  ach i eve reprodu c i b l e  resu lts . 
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F i g . 16 The ampl i tude and the durat i on . The two vert ical l i nes 
i nd i cate the endpoi nts of the wave , 
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c/ The du•at i on of the wave is measu•ed f•om the point of 
def l ection of the cu•ve f•om the base l i n e  to the •etu•n and 
exp•essed in seconds C s )  C f i g  1 6 ) . The mean du•at i on was 
calculated by d i v i d i ng the sum by the numbe• of the waves . 

di The a•ea unde• the cu•ve was esti mated by count ing , 
manua l l y  and v i sua l l y , the squa•es unde• the waves , as seen on 
the •eco•d i ng pape• . These squa•es cou l d  co••espond to 1 ,  25 o• 
100 squa•e mm . The mean a•ea of the cu•ves was est i mated by 
add i ng the a•ea of a l l  waves and d i v i d i ng the sum by the numbe• 
of the waves . 
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F i g . 17a Complex wave : the t•acing does not •etu•n to the base
l ine . The du•a t i on of t h i s  wave exceeds �3 s .  The 
wave i s  cons i de•ed to end when the p•essu•e l ine 
app•oaches the base l i ne a t  a d i stance of 1 0  mm o• l ess . 
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F i g . 17b Comp lex wave : The du•at ion of t h i s  wave does not exceed �3 s .  The 2 ve• t i c a l  l i nes at t he beg i n n i ng and at the end
_ 

of t h i s  wave indi cate the endpo i nts . The add i t i ona l fou• ve•tica l  l i nes i l l ust•ate whe•e acci denta l l y , the endpoi nts cou l d  have been l a i d  if th� def i n i t i on was not c l ea • l y  stated . 
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Of these i tems the mean and the standard error of the mean 
C SEM ) was calcu lated w i th the aid of a calcu lator . These numbers 
were esti mated per per i od ( fast i ng , postprand i a l  or 
postglucagon ) and over a l l  three per i ods together C overal l ) ,  per 
pat i ent and per group . Spec i a l  attent i on was g iven to the 
correlat i on between pain and pressure waves . The resu lts of the 
three groups were compared . 

The mot i l ity index C M ! ) i s  a deri ved number as i t  i s  the 
sum of the products of amp l i tude and durat i on of each wave . The 
MI was calculated , and expressed in mmHg . s .  The same 
calculations as w i th the other i tems were carr ied out . 

f i na l l y  a stati s t i cal ana l y s i s  was performed . 

3 . 2 . 8 .  Stat istical ana l y s i s . 

This ana l y s i s  i s  obl i gatory to estab l i sh whether the 
d i fferences found are acc i dent a l  or corre l a t i ve . 

Uar i ous tests have been performed ( chapter � ) . The two
s ided Mann-Wh i tney C or W i l coxon rank sum ) test C d istribu t i on
free or non-parametric i . e  the d i st r i bu t i on of the v a r i ab l es is 
not as in a Gauss ' curve ) ,  corrected for t i es , is app l i ed in the 
tables 7 - 1 3  and 27 . The two-sided Student ' s  t-test ( assum ing 
unequal vari ances) i s  used i n  the tables 23 , 25 and 26 . The 
W i l coxon matched pairs s i gned rank test i s  appl i ed in the mean 
val ues in f i gure 25 . 

The f i gures are not s i g n i f i cant ( i nd i cated as NS) if the 
resul ts of the ana l y s i s  is that p ( probab i l ity ) i s  > 0 . 05 .  I f  
they are s i g n i f i cant t h i s  i s  i nd i cated by • ,  •• or ••• One • 
means p < 0 . 05 :  the chance that the resu lts are m i staken l y  
i nterpreted as rea l l y  d i fferent i s  l e s s  than 5% . I n  t h e  same 
way •• means : p < 0 . 01 and ••• : p < 0 . 00 1 . 



RESULTS 4 
The mean numbers w i th the standard error of the mean C SEM ) 

are shown i n  the f i gures 1 8-2� . The results of the statist i ca l  
ana l y s i s  a r e  tabu l ated C tables 7 - 1 3 ) . T h e  numerical f i nd i ngs 
are tabul ated in the append i x  C tables 16-22 ) . 

The term " overa l l " is used to i n d i cate that the f i gures of 
the three per i ods a r e  taken together . 

� . 1  Character ist ics of the waves . 

� . 1 . 1  I nc i dence . 

The number of waves per m i n  i s  about 1 .  The i nc i dence ap
peared to be s i gn i f i cant l y  h i gher only in the fasting and the 
postgl ucagon per i od of the p a i nful I BS w i th d i ve r t i c u l o s i s  group 
compared to the control group ( f i g  1 8  and tab l e  7 and 1 6 ) . 

I 
N 
c 
I 
D 
E 
N 
c 
E 

1 . � 

1 . 2 

1 . 0 

0 . 8  

0 . 6  

o . �  

0 . 2 

0 

C I D I D  
fast ing 

C I D ID C I D I D  
postprand i a l  post g l ucagon 

C I D I D  
overa l l  

F i g  1 8  The mean i n c i dence C w i th SEM ) i n  waves / m i n  i n  the four 
groups and i n  the three peri ods . C - contro l ;  I - painful 

I BS ;  D = d i vert i c u l os i s ; ID - painful I BS w i t h  d i verticulos i s . 

Compared groups C - I  C-D C- I D  I -D I - I D  D- I D  

Fast i ng NS NS • NS NS NS 
Postprand i a l  NS NS NS NS NS NS 
Postgl ucagon NS NS • NS NS NS 
Over a l l  NS NS NS NS NS NS 

Tab l e  7 I nc i dence : sta t i s t i c a l  anal y s i s  ( Mann-Whi tney test ) 
of the d i fferences between the groups i n  the three 
peri ods and overal l .  

NS - not s i g n i f i cant ; • - p< 0 . 05 ;  •• - p < 0 . 01 ; ••• - p< 0 . 001 . 
C - contro l ; I - painful I BS ;  D - d i vert i cu l os i s ; 
I D  - painful I BS w i th d i vert i cu l os i s . 
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� . 1 . 2 Amp l i tude , 

Only afte• the adm i n ist•at i on of g l ucagon the amp l i tudes 
we•e statist i ca l l y  s i g n i f i cant l y  hi ghs• i n  the pa inful ! BS 
g•oup , i n  compa• i son to the cont•o l s . I n  the d i ve•t i cu l os i s  
g•oup t h e  amp l i tudes we•e highe• i n  a l l  th•ee pe• i ods i n  
compa• i son to t h e  cont•o l s . The p a i nful ! BS w i t h  d i ve • t i cu l os i s  
pati ents showed s i g n i f i cant l y  h i ghe• amp l i tudes i n  compa• i son to 
the th•ee othe• g•oups i n  a l l  pe• i ods ( f i g  1 9 ,  tab l e  8 and 1 7 ) . 

The h ighest amp l i tude in the cont•ol g•oup was 1 1 6 mm Hg 
< 15 . S  k Pa ) , in the painful ! BS g•oup i t  was 1 08 mm Hg C l � . �  
kPa ) , in the di ve•t iculosis g•oup i t  was 16� mm Hg ( 21 . 9  kPa ) 
and i n  the painful ! BS w i th d i ve•t iculosis g•oup the h ighest 
p•essu•e measu•ed 22� mm Hg < 29 . 9  k Pa ) . 

so 

M �5 
E 
A �O 
N 

35 

A 30 
M 
p 25 
L 
I 20 
T 
u 1 5  
D 
E 1 0  

5 

C I D I D  
fast ing 

C I D I D  C I D I D  
postp•and i a l  postg l ucagon 

C I D I D  
ove•a l l  

F i g  1 9  The mean amp l i tude < w ith SEM ) i n  m m  Hg i n  the fou• g•oups 
and i n  the th•ee pe• i ods . 1 mm Hg - 1 33 . 3  Pa . 
C - cont•o l ; I - painfu l ! BS ;  D • d i ve•ticul os i s ; 
I D  - painful ! BS w i t h  d i ve•ticulos i s . 

Compa•ed g•oups C - I  C-D C- I D  I -D I - I D  D - I D  

Fast ing NS • 
Postp•and i a l  NS •• 
Postglucagon • ••• 
Ove•a l l  NS ••• 

••• NS 
••• NS 
••• • 
••• NS 

••• 
•• 
•• 
• •• 

• • 
• 
• 
•• 

Tab l e  B Amp l i tude : statistical ana l y s i s  C Mann-Whi tney test ) of 
the d i f fe•ences between the g•oups i n  the th•ee 
pe• i ods and ove•a l l . 

NS - not s i g n i f i cant ; • • p< 0 . 05 ;  •• • p< 0 . 01 ;  ••• - p < 0 . 00 1 . 
C • cont•ol ; I • painful I BS ;  D • d i ve•t i cu l os i s ;  
I D  - painful I BS w i th d i ve•t iculos i s . 
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'f . 1 . 3 Du•at ion . 

The du•ation i n  painful ! BS ,  d i veI"ti cu l os i s  and painful ! BS 
w i th d i veI"ticulosis compaI"ed to the contI"ols was s i g n i f i cant l y  
longeI" i n  many peI" i ods . The duI"ation i n  painful ! BS i n  
compaI" i son to d i ve I" t i cu l o s i s  was not s i g n i f i cant l y  d i ffeI"ent . 
The waves a lso d i d  not l ast l ongeI" i n  the painful ! BS w i th 
d i veI"ticulosis pat i ents compaI"ed to the painful ! BS and the 
d iveI" t i cu l o s i s  pat i ents C fi g  20 , tab l e  S and 1 8 ) . 
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30 

27 . 5  

25 

22 . 5  

20 

1 7 . 5  

1 5  

1 2 . 5  

1 0  
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C I D I D  
fast ing 

C I D ID C I D I D  
postp•and i a l  post g l ucagon 

C I D I D  
OVeI"al l 

F i g  20 The mean duI"at ion C w ith SEM ) i n  s ,  i n  the fouI" gI"oups 
and i n  the thI"ee peI"i ods . 
C - contI"o l ;  I - painful ! BS ;  D - d i veI"t iculos i s ; 
I D  - painful ! BS w i th d i ve•ticulos i s . 

CompaI"ed gI"OUps C- I C-D C - I D  I -D I - I D  D- I D  

Fast ing • • •• • •  NS NS 
PostpI"and i a l  NS NS NS NS NS 
Postgl ucagon • • •  • •  • NS NS 
Ove•a l l  • • •  •• •• NS NS 

Table S DuI"at ion : sta t i s t i c a l  ana l y s i s  ( Mann-Wh i tney test ) 
the d i ffeI"ences between the gI"OUpS in the thI"ee 
peI"i ods and oveI"a l l . 

NS - not s i gnificant ; • - p < 0 . 05 ;  •• - p< 0 . 0 1 ;  • • •  - p < 0 . 001 . 
C - contI"o l ; I - painful ! BS ;  D - d i veI"ticulos i s ; 
I D  - painful ! BS w i t h  d i veI"ticulos i s .  

NS 
NS 
NS 
NS 

of 
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� . l . � Total area under the curve 

The total area under the curves is the sum of a l l  areas 
under the curves of each pat i ent . Th i s  i tem was a l most a l ways 
greater i n  the painful ! BS group , the d i vert i c u l o s i s  group and 
the painful ! BS w i t h  d i vert iculasis group compared ta the 
contro l group . The compar i son painful ! BS and d i verticulasis 
d i d  not reveal a hi gher period . The total area was a l ways 
greater in painful ! BS w i th d i vert i cu l as i s  i n  compar i son ta 
painful ! BS .  On l y  the "overal l "  total area was hi gher i n  
painful ! BS w i th d i verticulosis compared ta d i verticulas i s  C f i g  
2 1 , tab l e  1 0  and 1 9 ) . 

1 80 

T 1 60 
0 
T l�O 
A 
L 1 20 

100 
A 
R 80 
E 
A 60 

�o 

20 

0 - -�- - - -�- - --

C I D I D  
fasting 

C I D I D  C I D I D  
postprand i a l  postg l ucagan 

C I D I D  
over a l l  

F i g  2 1  T h e  total area under t h e  curve C w i t h  SEM ) i n  square 
mm x 1 000 i n  the four groups and i n  the three per i ods . 
C - control ; I - painful I BS ;  D - d i verticulosis ; 
I D  • painful ! BS w i th d i verticulos i s . 

Compared groups C - I  C-D C- I D  I -D I - I D D- I D  

Fast i ng NS • • •  • • •  NS • •  NS 
Postprand i a l  NS •• •• NS • NS 
Postgl ucagan •• • • •  • •• NS •• NS 
Overa l l  • • • •  ••• NS ••• • • 

Tab l e  10 Total area under the curve : stat istical ana l y s i s  
C Mann-Wh i tney test ) o f  t h e  d i fferences between the 
groups i n  the three per i ods and overal l .  

NS • not s ig n i f i cant ; • - p < 0 . 05 ;  • •  - p < 0 . 0 1 ; ••• - p< 0 . 001 ; 
C - contro l ; I - painful ! BS ;  D • d i vert i cu l as i s ; 
I D  - painful I BS w i th d i verti c u l as i s . 
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� . 1 . 5 Mean area under the curve 

The c a l c u l a t i ons of the s i g n i f i cant d i fferences w i th the 
mean area show a l most the same outcome as the calculations w i th 
the total area C table 10 and 1 1 ) . See a l s o  fig 22 and tab le 20 . 

2250 

2000 

1 750 
M 
E 1 500 
A 
N 1 250 

A 1 000 
R 
E 750 
A 

500 

250 

0 
C I D I D  
fast ing 

C I D I D  C I D I D  
postprand i a l  postgl ucagon 

C I D I D  
overa l l  

F i g  2 2  The mean area C w i t h  SEM ) i n  square m m  i n  the four groups 
and i n  the three per i ods . 
C - control ; I - painful ! BS ;  D - d i vert i c u l os i s ; 
I D = painful ! BS w i t h  d i vert i cu l os i s . 

Compared groups C - I  C-D C- I D  I -0 I - I D  

Fast i ng • • • •  • •• NS •• 
Postprand i a l  NS •• • •  NS • 
Postgl ucagon ••• • • •  • • NS • •  
Overa l l  • •  • • •  • • •  NS • •  

D- I D  

NS 
NS 
NS 
• 

Table 1 1  Mean area under the curve : stat i st i cal ana l y s i s  C Mann
Whitney test ) o f  the d i fferences between the groups 
in the three peri ods and overal l .  

NS - not s i g n i f i cant ; • - p< 0 . 05 ;  •• - p< 0 . 0 1 ; ••• - p< 0 . 00 1 . 
C - contro l ;  I - painful ! BS ;  D - d i verti c u l osi s ;  
I D  - painful ! BS w i t h  d i vert i c u l os i s .  
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'f . 1 . 6 Tota l mot i l i t y  index 

The s i g n i f i cant resu lts of the total mot i l i ty index are 
a l most the same as the resul t s  of the tota l area under the curve 
( table 10 and 1 2 ) . See a l so f i g  23 and table 2 1 . 

1 1 0 
T 
0 1 00 
T 
A 90 
L 

M 
0 
T 
I 
L 
I 
T 
y 

I 
N 
D 
E 
x 

80 

70 

60 

so 

'fO 

C I D I D  
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C I D ID C I D I D  
postprand i a l  postgl ucagon 
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over a l l  

F i g  2 3  The total mot i l i t y  i ndex C w i t h  SEM ) i n  m m  Hg . s  x 1 000 
in t he four groups and in the three per i ods . 
C - contro l ;  I - painful ! BS ;  D - d i verticulos i s ; 
I D  - pa inful 1 8S w i th d i verticulos i s . 

Compared groups C - I  C-D C- I D  I - D  I - I D  

Fast ing NS ••• ••• NS •• 
Postpran d i a l  • •• ••• NS • 
Postg l ucagon •• ••• ••• NS •• 
Overa l l  •• ••• ••• NS •• 

D - I D  

NS 
NS 
NS 
• 

Tab l e  12 Total mot i l i t y  i ndex : sta t i s t i c a l  ana l y s i s  C Mann
Whitney test ) of the d i f ferences between the groups 
in the three per i ods and overa l l . 

NS - not s i g n i f i cant ; • - p < 0 . 05 ;  •• - p< 0 . 0 1 ; ••• - p<0 . 00 1 . 
C - contro l ;  I - painful I 8S ;  D - diver t i c u l osi s ; 
I D  - pa inful I BS w i th d i vert i c u l os i s . 
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� . 1 . 7 The mean mot i l i ty i ndex 

The c a l cu l at i ons w i th the mean mot i l ity i ndex show a l most 
the same s i g n i f i cant resu l t  as the c a l c u l at i ons w i th the tota l 
and the mean area under the curve and as the total mot i l ity 
i ndex C table 10 , 11  and 1 2 ) . See a l so fig 2� and tab l e  22 . 
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ft 
C I D I D  
fasting 

.... 

-
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i 
C I D I D  C I D I D  

postprand i a l  postg l ucagon 

The mean mot i l i ty i ndex C w i t h  SEM ) in mm Hg . s  
in the four groups and i n  the three per i ods . 

-

f 
f-

C I D I D  
over a l l  

C • control ; I a painful I BS ;  D • d i v erticulosis ; 
I D  - pa i nfu l J BS w i t h  d i vert i cu l o si s .  

Compared groups C - I  C-D C- I D  I -D I - I D  D - I D  

Fast ing NS ••• ••• NS • •• NS 
Postprand i a l  • •• •• NS • NS 
Postg l ucagon ••• • •• • •• • •• NS 
Over a l l  •• ••• • •• NS •• • 

Table 1 3  Mean mot i l ity i ndex : stat i s t i c a l  ana l y s i s  C Mann
Whitney test ) of the d i f ferences between the 
groups i n  the three periods and overa l l . 

NS - not s i gn i f i cant ; • • p< 0 . 05 ;  •• - p < 0 . 01 ;  ••• - p< 0 . 00 1 . 
C - control ; I • pa i nful I BS ;  D • d i verticulosis ; 
I D  • painful ! BS w i th d i v er t i c u l o s i s  
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� . 2 The corre lat ion pai n-wave . 

� . 2 . 1  The character i s t i cs of the painful waves in the painful 
! BS group and i n  the p a i nfu l I BS with d iver t iculosis group 

Duri ng the pressure record i ng i nvestigation a repeated 
reproduct i on of the character i s t i c  pain o f  the pat i ents , as 
observed during the barium enema exam i nat i on , was seen in 1� of 
the 1 5  pati ents with painful I BS a nd i n  seven of the e i ght 
pat i ents w i t h  painful I BS w i th d i verticulos i s . Total l y , a 
reproduc t i on was seen i n  21 of 23 pat i ents C about 90% ) . The two 
pati ents who did not show a reproduct ion suffered from 
d iscon t i nous pa i n ,  not rea l c o l i cky , i n  the left l ower abdomen , 
far shorter than 1 y ear . 

Three pati ents showed one painful wave . I t  is not poss i b l e  
ta make stat istical calcu l a t i ons i n  these cases . T h e  other 
pat i ents demonstrated this phenomenon mara often . The average 
number of painful waves per pati ent i s :  7 . �  � 1 . 3 C table 23 , 
append i x ) . About 7 % C 89 / 12�9) of the waves in painful I BS and 
about 8% C 66/8�1 ) o f  the waves in painful ! BS w i t h  
d i vert i c u l o s i s  appeared t o  b e  painful . 

Tab l e  23 C append i x ) shows the mean values of the amp l i tudes 
of the waves dur i ng which the pati ents d i d  not fee l pain C th e i r  
p a i n  w a s  n o t  reproduced d u r i n g  these waves ) ,  and , on the r i ght 
side , the mean amp l i tudes of the waves which were acca�pani ed by 
the i r  pain . The amp l i tude o f  these pai nfu l waves is 
s i g n i f i cant l y  h i gher i n  compar i son w i th the waves which d i d  not 
cause pain , in most pat i ents . I n  the p a t i ents w i th a pai nfu l 
I BS the mean amp l i tude of the painless waves i s  1 2 . 3  mm Hg C l . 6  
kPa ) , in the painful waves t h i s  mean v a l ue i s  28 . 2  mm Hg C 3 . 8  
kPa ) . These mean values are , i n  the painful I BS w i t h  
d ivert iculosis group , 30 . 7  m m  H g  C � . 1  kPa ) i n  the p a i n l ess waves 
and 6 1 . 3  mm Hg C B . 2  kPa ) i n  the painful waves C see a l so f i g  2 5 ) . 
Stat i st i ca l l y  these numbers are s i g n i f i cant l y  d i fferent . 

Conc l us i on : pressure waves w i t h  s i g n i f i cant l y  h i gher 
ampl i tudes corr e l ate w i t h  pa i n . 

Tab l e  2� C append i x )  makes c l ear 
p l ay a role i n  the evok i ng o f  pain . 
are found , except i n  pat i ent number 
the painful waves i s  even shorter . 

that the dura t i on does not 
No s i g n i f i cant d i fferences 

SO in whom the durat ion of 

Tab l e  25 ( append i x )  shows that the mean area under the 
curve is s i g n i f i cant l y  greater i n  the p a i nful waves i n  e i ght 
pat i ents w i th a pai nfu l I BS and i n  two pati ents with a painful 
I BS w i th d i vert i cu l osi s ,  compared to the p a i n l ess waves . In the 
painful I BS group the mean value o f  the painful waves i s  
s i g n i f i cant l y  h i gher i n  compar ison t o  the mean v a l u e  o f  t h e  
painless waves C see a l so f i g  25 ) . 

Table 26 ( append i x ) demonstrates that the mean mot i l i t y  
i ndex i n  the p a i nful waves i s  s i gn i f i cant l y  greater than t h e  
mean M I  of the painless waves i n  s i x  pat i ents w i t h  a p a i n f u l  ! BS 
and i n  two pat i ents w i th a painful I BS w i t h  d i ve r t i cu l os i s . The 
mean value o f  the painful waves i s  s i g n i f i cant l y  greater than 
that of the p a i n l ess waves i n  the pa inful I BS group C f i g  2S J . 
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The character i st i cs of the p a i n l ess waves 
painf u l  waves C PW )  in painful I BS C l )  and 
w i th d i vert i c u l os i s  C I D ) . Amp l i tude i n  mm 
the curve i n  square mm ; mot i l i ty i ndex i n  
val ues w i th SEM ( der ived from the tables 
append i x )  

'! . 2 . 2  Pain versus n o  pain i n  d i verticulos i s . 

W PW W PW 
I I D  

C W )  and o f  the 
in painful ! BS 
Hg ; area under 

mmHg . s .  Mean 
23 , 25 and 26 , 

The results of the two groups w i th d i vert i c u l o s i s  are 
compared i n  tab l e  27 ( append i x ) . 

The mean amp l i tude of the seven pati ents w i th a pa inful ! BS 
w i th d i vert iculosis and w i th a reproduct ion of the i r  
characteristic pain dur i ng the pressure recor d i ng i nvest igation 
is i n  every per i od , s i g n i f i cant l y , g reater than the mean 
ampl i tude of the 1 5  pati ents w i th a d i ve r t i c u l o s i s  w i thout pain . 

The durat i on of the curves shows no stat i st i c a l l y  
sign i f i cant d i fferences . T h e  areas under t h e  curve a n d  the 
mot i l ity indices are not often , stat i s t i c a l l y , greater i n  the 
pat i ents w i th a painful I BS with d i vert i cu l os i s . 

Conc lusion : s i g n i f i cantly h i gher amp l i tudes are correlated 
w ith pain exper i ences . 
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� . 3 Conc luding comments on the resu lts 

The results from the tables 7 through 1 3  are summar i zed i n  
t a b l e  l � . O n l y  t h e  stat i s t i c a l l y  s i g n i f i cant d i fferences are 
ment i oned here . 

The inci dence i s  not d i fferent e xcept on two occasions 
C table 7 and 1 � ) . 

The mean amp l i tude i s  h i gher i n  the d i vert i culos i s  group 
compared to the contro l s  and i n  the painful ! BS w i th 
divert i c u l osis group compared to the controls and the 
d i verticulosis group C table B and 1 � ) . 

The durat i on i s  l onger in some per i ods in the groups w i t h  
pat i ents i n  compari son to t h e  group w i th contro l s , b u t  n o t  i n  
the groups w i th pat i ents compared to o n e  another C table 9 and 
l � ) . 

The areas under the curve i ncrease from controls to the 
painful I BS w i th d i verticulosis C tab l e  1 0 , 1 1  and l �  and f i g  2 1  
and 22 ) . I n  pa i nful I BS w i t h  d i verticulos i s  t h e  greatest 
resi stance to f l ow was found . 

The mot i l ity indi ces show a l most the same outcome as the 
areas under the curve C table 1 0 - 1 3 ) : the resi stance to f l ow 
increases : controls < painful I BS < d i verticulosis < painful I BS 
w i th d i vert i c u l os i s .  

c < I c < D c < I D  I < D I < I D  D < I D  

I n  F ; PG 

A PG F ; PP ; PG ; O  F ; PP ; PG ; O  P G  F ; PP ; PG ; O  F ; PP ; PG ; O  

Du PG ; O  PG ; O  F ; PG ; O  

TAr PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  a 

MAr PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  a 

TM I PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  F ; PG 

M M I  PG ; O  F ; PP ; PG ; O  F ; PP ; PG ; O  P G  F ; PP ; PG ; O  a 

Tab l e  1� Summary of stat i s t i c a l l y  s i g n i f i cant d ifferences , 
from the tab l es 7 through 1 3 . 

The characteristics of the waves are statist ica l l y  s i g n i f i cant i n  
the men t ioned per i od . 

C - contro l ; I - painful I BS ;  D - d i vert i c u l os i s ; I D  - pa i nful ! BS 
w i th d i verticulosi s .  
I n  - inc idence ; A - a mp l i tude i n  mm Hg ; Du - dura t i on i n  s 
TAr - total area under the curve i n  mm H g . s ;  MAr - mean area ; 
TMI - tota l mot i l i ty i ndex ; M M !  - mean m o t i l i ty i ndex . 
F - fast i ng ; PP - postprand i a l ; PG - postgl ucagon ; O - overa l l . 
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The impression is created that the pati ents w i th a painfu l 
I BS have a pos i t ion i n  between the control cases and the 
pati ents w i th a d ivert i cu l os i s  cases and that the pat i ents w i th 
a d i verticulosis are posi t ioned in between the pat i ents with a 
painful ! BS and a painful ! BS w i th d ivert i cu l os i s . 

Of the 23 pat i ents with a reproduct i on of the i r  
character i s t i c  p a i n  dur i ng the bar i um enema exam inat i on 2 1  cases 
showed a second t i me a reproduct i on during the pressure 
recording i nvest i g a t i on : 90% . 

I t  appeared i n  our study that the amp l i tude is very often 
s i g n i f i cant l y  greater in the painful waves in compar i son to the 
painless waves ( ta b l e  23 , append i x ) . I s  the h i gh a mp l i tude 
respons i b l e  for the experi enced pain? 

The duration i s  of no s i g n i f i cance C table 2� ) . The mean 
area and the mean mot i l i ty i ndex are l ess often s i g n i f i cant l y  
d i fferent C table 2 5  and 26 ) . 

� . �  F l uoroscopy during the pressure recording 

Dur ing f l uoroscopy the author did not see contrac t i ons of 
the s i gmo i d  when there were no pressure record i ngs . Espec i a l l y  
dur i ng the postgl ucagon per i od i t  became c l ear , i n  the f i ve to 
ten m i n  rest of the s i gmoid immed i a t e l y  fo l l owing the 
adm i n i strat i on of g l u cagon , that there are no pressure trac ings 
when the s i gmoidal wa l l  does not move . 

On the other hand i t  became ev i dent that there someti mes 
m i ght be seen contractions of the muscu l a r  wa l l  of the s i gmoid 
colon a t  the s i te of the m i crotransduce r , w i t hout measura b l e  
changes i n  t h e  pressures . This was espec i a l l y  observed when the 
s igmo i d  was not segmented . The i mpression was g a i ned that the 
contents of the colon cou l d  move free l y . 

Conc l us i on : not a l l  muscular act i v i ty has counterparts i n  
the trac i ngs , but there a r e  n o  trac i ng s  w i thout acti v i t y . I n  
this aspect i t  must b e  adm i tted , howeve r , that the observer i s  
not unbi ased i n  t h i s  observat ion , s o  that a subj ect i v e  component 
cannot be excl uded comp l et el y . 

� . 5 Cycl i c  contrac t i ons 

Some authors C 1 9 )  descri bed in t h e i r  pressure record ing 
study , us i ng ba l l oons , s l ow , i so l ated , contractions lasting 
about 1 5  s or l onger . These contract i ons correspond , accor d i ng 
to the authors , to the three to four c y c l e / m i n  contr ac t i ons 
reported in e l ectromy ography . 

The author found , v i sua l l y , i n  the present pressure 
recordi ngs , cyc l i c  waves on 20 occas i on s  i n  the 1 5  pat i ents of 
the control group , and of 35 occasions in the 1 5  pat i ents of the 
painful ! BS group . These preva l ences are , i n  compar i son with 
the sum of about 1 190 waves i n  the who l e  control group and the 
sum of about 1 3�0 waves i n  the who l e  p a i nful I BS group , very 
l ow . They seem of no s i g n i f i cance . 



5 
D I SCUSS I ON 

5 . 1  Pressure recording is resi stance record ing . 

Exper i mental phy s i o l ogy con j o i ned w i th 
c l i n i ca l  observation may deter m i ne the 
true nature or many morb i d  states . 

C Cl ark 1 859 ; 79 ) 

The present pressure record i ng study was combi ned w i th 
r luoroscopy . The i mpress ion was created that not a l l  muscu lar 
act i v i ty or the s i gmoid had counterparts in the pressure waves . 
No pressure waves , however , were seen w i thout act i v i ty . Other 
authors round the same C 1 83 ; 1 9 1 ; 193 ; 225 ) . Propu l s ive 
contract i l e  act i v i ty i s  preceded by a wave or relaxation 
C 27 ; 32 ; 78 ; 1 06 ; 1 1 7 ) . In propu l s i on the resi stance to rlow 
thererore i s  m i n i ma l , thus the pressure waves are m i n i ma l  too 
( i soton i c  contrac t i o n ) . 

Some authors d i d  not observe a movement or the contents or 
the bowe l in one-third or the pressure waves C 1 92 ) . They , 
however , emp l oy ed rad iotelemetr i c  capsules w h i c h  move rree l y  i n  
the gut , and whi ch may show a pressure wave every t ime they meet 
the wa l l  or the bowe l . 

Contract i on or the c i rcu l ar musc l e  l ayer or the colon l eads 
to a segmentat i on as can be seen d ur i n g  a bar i um enema 
exami nat ion . Uery strong contrac t ions or the c i rcular musc l e , 
cal led hy persegmentat ion , g i ve r i se to a constr i c t i on or the 
bowel l umen . This hypersegmenta t i on resu lts in an i mpedance to 
the r l ow in anal d i rection . I n  the r i ght colon t h i s  
hypersegmentati o n  i s  phy s i o l og i c . Hypersegmenta t i on , results i n  
an i ncrease or pressure as recorded i n  o u r  study . Another 
researcher round the same C 1 06 ) . 

Conc l us ion : Absence or waves during the pressure record i ng 
means e i ther prop u l s i on or absence or contract i l e  act i v i ty . 
Presence or waves means contract i on p l us resi stance to r l ow . 
Essent i a l l y , the recording or pressure i s  the recordi ng or 
resi stance . 

5 . 1 . 1  The solut i on to a paradox . 

Several authors have been puzzled by not i ng a hy permot i l i ty 
in cons t i pated I BS pat i ents and a hy pomot i l i ty i n  d i arrheal I BS 
pat i ents . They ca l l ed t h i s  r i nd i ng paradox i c a l  as they thought 
that consti pation ought to show a l ow act i v i t y  and d i arrhea a 
high a c t i v i t y  C 9 ; 20� ; 229 ; 358 ; 359 ) . 

The present author agrees , w i t h  Chr i stensen ( 96 ) , that the 
hyperac t i v i ty i n  const i pa t i on is caused by the non-propu l s i ve or 
segmenting act i v i ty or the s i gm o i d  resu l t ing i n  a resi stance to 
net r l ow in anal d i rect ion . The segmenta t i on l eads to the 
rorma t i on or sea l ed err chambers in w h i ch h i gh pressures can be 
bui l t  u p , i r  the contract i on or the c i rcular musc l es goes on . 
Th i s  was demonstrated i n  the present study . The author a lso 
agrees w i th Tucker and Schuster C 27 )  that d i arrhea may be 
associ ated w i th a l oss or the segment ing contract i l i ty . 

Thanks to the comb i na ti on or r luoroscopy and pressure 
recording it became c l ear that the record ing or the pressure is 
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a record ing of t h e  resi stance to f l ow . H i g h  recordi ngs mean h i g h  
resi stance to f low a n d  const i pat ion , l ow record i ngs mean l o w  
resi stance to f l ow a n d  d i arrhea . That i s  t h e  solution to the 
paradox . 

5 . 2 The reproduction of the corre l a t i on : p a i n-contract ion . 

Twenty one of the 23 p a i nful pat i ent s , w i t h  ! BS- l i ke pa i n ,  
who f e l t  a reproduct ion o f  the i r  character i st i c  pain during a 
s i gmo i d a l  contract ion i n  the barium enema exam i nat i on , showed a 
second r eproduction of the corre l a t i on p a i n-expe r i ence and 
s i gmoi d-contract ion dur ing the pressure record i ng study . 

Especi a l l y  when study i ng a pati ent w i th a painful abdomen 
the rad i o l o g i st has to be perceptive to the comp l a i nts o f  the 
pat i ents during the bari um enema exam i na t i on . The subj ect ive 
d i scomfort must be noted and a reproduc t i on , i f  any , of the 
character i st i c  pain must be percei ved . A segmentat ion of the 
s i g mo i d  may corre late w i th that pa i n . The rad i o l og ist shou l d  be 
i nterested in the study of funct i onal d i s orders . 

Lumsden , True l ove and Chaudhary ( 88 ; 89 )  reported their 
find i ngs during bar i um enema stud ies i n  p a i nful 1 85 patients . 
They noted a corre l a t i on between the experi ence of abdom i na l  
pain , i dent ical w i t h  the previous comp l a i nt , and a 
rad i o l o g i c a l l y  observable contract ion o f  the co lon . Haubr i c h  
C BS )  observed , during col onoscopy , spasms w h i ch m i ght s i mu l ate 
the p a i n  of the pati ents . He p l eaded that the rad i o l og i st a l so 
seek pos i t ive e v i d ence for the d i agnos i s  of a painful 1 85 in a 
rad i o graph i c  confi gurat i on . I n  t h i s  way the bar i u m  enema 
exam inat i on can be more conc l us i ve than " negat i ve " . 

I n  this 
conf i gura t i on 
segmentation 
Bes i des that , 
characte r i s t i c  
occur . 

study i t  became c l ear that the rad i ograph i c  
which the rad i o l o g i st has to seek i s  a 

or a contrac t i on of a l engthy segment C f i g  2-� ) . 
however , a reproduct i on o f  the pati ent ' s  awn 

pain dur ing the barium enema examination must 

It is further necessary : 
al to make the s i gmo i d  r e l ax C w i t h  the a i d  of a bowel r e l ax i ng 

drug C g l ucagon or but y l scopolami ne ) or reassuranc e ) , 
bl to see the decrease of the contract ion and 
cl ta note a s i mu l taneous l y  occurr ing re l i ef o f  the pain . 

I n  t h i s  way the corr e l a t i on p a i n-contract i on is observed 
twice during the bar ium enema exami nat i o n : contraction e l i c its 
the pa i n , r e l axat i on rel i eves the pa i n .  

The rad i o l o g i st has to search for such a corre l a t i on , or no 
corr e l at i on w i l l  be found . 

5 . 3 The recogn i t ion of a painful 1 85 case by a bar i um enema 
exam i nat i on . Sens i t i v i ty , spec i f i ci ty , accuracy , 
pred i ct i ve value . 

Let us take the d i agnos i s , as obta i ned by the pressure 
record i ng , as the " g o l den " standard , and the bar i um enema 
examina t i on as the test . The d i agnos t i c  value C 36 0 )  of the 
rad i o l o g i c  i nvest i gat i on is shown in tab l e  1 5 . 
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Sens i t i v i ty •TP C True Pos i t i v e )  - T + / O +  - 2 1 / 2 1  x 100% - 100% 

Spec i f i c ity •TN C True Negat i v e )  - T-/0- - 30/32 x 100% - 9�% 

False Pos i t ive rat i o  - T+/0- 2/32 x 1 00% - 6% 

False Negat i ve r a t i o  - T - / O +  0/21 x 100% - 0% 

Pred i c t i ve Ualue+Test - TP / C TP+FP ) - 1 00 / ( 1 00+6 ) x 100% - 9�% 

Accuracy - TP+TN / a l l  pat i ents = C 2 1 +30 ) /53 X 100% • 96% 

Tab l e  1 5  The d i agnost i c  value of the detect ion o f  the pain 
reproduction w i th the aid of a s i ng l e  and 
double contrast barium enema ex aminat ion . N • 53 . 

These f i gures may be i mpressi ve but the group of pat i ents 
i s  sma l l  and the i nterest o f  the researcher i n  t h i s  subj ect i s  
great ; so the value of these f i gures i s  l i m i ted . Besides that , 
it was the bar i um enema exam ination that i n d i cated i f  a case 
underwent a pressure recor d i ng study or not , so the true 
posit i v e  ratio cou l d  be noth ing l ess than one hundred percent 
and the false negat i v e  rat i o  noth ing more than n i l percent . 

One quest ion , however , can be answered c l ear l y : i t  i s  
poss i b l e  to recogn ize a p a i n f u l  I BS pat i ent w i th a b a r i u m  enema 
exam inat ion . The author agrees w i th Backus C 87 )  that the barium 
enema study i s  a r e l i ab l e  and reprodu c i b l e  technic for the 
search of a corr e l a t i on between symptom patterns and funct ional 
derangements . The rad i o l o g i st must have i nterest i n  func t i onal 
pathol ogy and search for i t . 

5 . �  The cause of the pa i n . 

The pathogeni c  spot l i ght is brought to bear on 
the d i sordered s i gmoidal mot i l i ty C A lmy 335 ) . 

The pati ent wants to know what the cause of the pain is C 69 )  
C sect ion 1 . 1 . � ) . Tucker and Schuster C 27 )  wrote i n  1981 : " More 
recent l y , attempts have been made to correlate these changes i n  
intraluminal pressure w i t h  pat i ents ' symptoms of p a i n  . . . .  " .  The 
quest ion i s ,  as ten Thi j e  wrote C 78 ) : "Why are contract i ons of 
the colon painful ?" These pains can be e l i c i ted during a barium 
enema examinat i on ,  as d i scussed i n  sect ion 5 . 2 and 5 . 3 ,  but a l so 
dur ing a s i gmo i doscopy . 

I n  accordance w i th the suggest i o n  of Thompson ( 9 )  the 
present author has i nvesti gated the pain of the ! BS pat i ents and 
has put it i nto a separate category , apart from the d i arrhea and 
the const i pat i on . 

Some authors noted a cramping pa i n ,  i n  stoma pati ents , 
coinc i d i ng w i th an i ntersegmental i ncoordi nat ion C B l ; 82 )  or i n  
pat i ents dur i ng an operat i on under l ocal anaesthes i a  when the 
bowel was contracting C 1 36 ) . 

Ritchie C 9� ) , Swarbick a . a .  C B� )  and Oworken e . a .  C 83 )  
i nduced colonic pain by i n f l a t i ng b a l l oons . I n  2 9  o f  the �8 
pat i ents the pain i nduced was the same pain i n  qua l ity and s i te 
as t h e i r  present comp l a i nt C B� ) . R i t c h i e  C 9� )  hypothesi zed a 
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colon i c  hy peralgesia i n  his pati ents he a l so thought , on the 
other hand , that the pain cou l d  be caused by an i ncreased 
tens i on i n  the colon i c  wa l l  ( 33 ; 9� ) . 

Hertz ( 91 -9 3 ) assumed , as far back as 1 91 1 , that the 
sensa t i on of v i scera l p a i n  was due to an i ncrease i n  tens i on on 
the f i bers of the muscular coat of the colon . Later on i t  
appeared , i n  pressure record i ng stud i e s , that i n  painful I BS 
pati ents colonic mot i l i ty was abnorma l l y i ncreased ( 1 97-
200 ; 20� ) . I n  t h i s  study the same was found C tab l e  1 9 ) . 

Wangel and De l l er C 20� ) and Conne l l  e . a .  ( 1 98 ) found h igher 
ampl i tudes in painful I BS pat ients , in the present study the 
same was found . Those authors C 20� , 1 98 ) , however , did not l ook 
for a corre l a t i o n  between h i g h  amp l i tudes and p a i n  experi ences 
as the author i n  t h i s  study d i d . The mean amp l i tude in the 
painful I BS group of the present study was in the fast i ng per i od 
9 . 8  mm Hg and in the postprand i a l  period 1 5 . 3  mm Hg C ta b l e  1 7 ) ; 
Conne l l  e . a .  C 1 98 ) found 10 . 9  and 1 6 . 7  mm Hg respect i v e l y . These 
resu l ts are we l l  comparab l e . 

Chaudhary and Truelove ( 1 9 1 ) found high amp l i tudes , and 
Parks and Cannel l C 3� 0 )  as we l l  as M i s i ew i cz a . a .  C 203 ) found 
hyperac t i v i ty in the painful I BS pat i ents o n l y  i f  they had 
com p l a i nts . These f i nd i ngs may seem a l i tt l e  e n i gmat i c , but i n  
the author ' s  o p i n i on they are not . They paint i nto the 
phy s i o l o g i c a l  d i rection . I n  contrast w i th anatomi ca l  
abnorma l i t i es , phy s i o l og i cal o r  functional abnormal it i es are not 
permanen t l y  "at hand " . I f  there are no p a i ns , there are no 
functional probl ems and no func t ional pathol ogy can be found . 

The corr e l a t i on of p a i n  and contrac t ion was sought far by 
Holdstoc k , M i s i ew i cz and Wal l e r  C 100 ) . They found that the onset 
of abdom inal pain co i nc i ded w i th a marked i ncrease in the 
mot i l i ty of the colon in f i ve out of seven pati ents w i th a 
p a i nful I B5 .  They did not correlate the pain exper i ence w i th 
the amp l i tudes of the waves . 

Harvey and Read C 25 2 )  reproduced the p a i n  through an 
i ntravenous inj ect i on of chol ecystak i n i n  i n  four of e i ght 
pati ents who comp l a i ned of attacks of abdom inal p a i n  after food , 
The researchers noted a t y p i c a l  attack of the pat i ents ' usual 
pain , at a t i me when there was a hypermat i l ity . These authors 
did not study the r e l at i onsh i p  of amp l i tude of the wave and p a i n  
expe r ience e i ther . 

Fram the present study , i n  w h i c h  the amp l i tudes of the 
p a i nful waves were correl ated w i th the p a i n  exper i ences , i t  
became c l ear that the p a i nful waves are assoc iated w i th 
statist i ca l ly s i gni f i cant l y  h i gher amp l i tudes C table 23 ) .  The 
mean ampl i tude of the painful waves in painful I B5 pat i ents i s  
28 . 2  compared t a  1 2 . 3  m m  H g  i n  the waves w i t hout p a i n . R i t c h i e  
C 236 ) regarded same p a i n  i n  pai nfu l I B5 cases as d u e  to 
contrac t i on waves which averaged �S mm Hg . He d i d  not compare 
this f i nd i ng w i th the resu l t s  in contro l s . He thought that t h i s  
amp l i tude w a s  n o t  h igh enough ta cause the pa i n . T h e  patients i n  
the present study d i d  feel p a i n  w i th m e a n  amp l i tudes of 2 8  m m  
Hg , so the i r  pain exper i ences appear to be at var iance w i th the 
thoughts of R i t ch i e . 

Bloom e . a .  C 99 )  stud i ed ten I BS pati ents w i t h  d i arrhea 
and /or const i pation . They found l ower amp l i tudes in these cases 
with the a i d  of t e lemanometr i c  capsu l es . No c l ear r e l a t i onshi p  
cou l d  b e  observed between the occurrence o f  p a i n  and any 
part i c u l ar wave form . I t  is l o g i c a l  that B loom e . a .  C 99 )  found 



l ower ampl i tudes , 
observed that 
C S ; 20'f ; 229 ; 359 ) . 

7'f 

i n  compar i son to control s ,  a s  
there i s  a hy pomot i l i ty 

i t  has been 
i n  d i arrhea 

In sect ion 5 . 1  it was d i scussed that pressure recording i s  
res i stance record ing a n d  t h a t  pati ents w i t h  a d i arrhea " j ust l e t  
the contents r l ow through " ,  as t h e  Greek meaning or t h e  term 
d i arrhea i nd i cates . The expl anat i on , why B l oom e . a .  C 99 )  cou l d  
not r i n d  a correlation between p a i n  a n d  wave rorm m a y  be that a 
telemetric p i l l  moves too rree l y  i n  the colon to be able to 
estab l ish the h i gh waves which corre l ate w i th pain and 
contrac t i on , as was round i n the present study . 

M i s i ew i cz C l 8 7 )  round , on pressure record ing i nvest i gation , 
in the " true " sigmoid C the pressure sensors had been introduced 
through a r le x i b l e  s i gmoidoscope ; as was done in t h i s  study ) a 
hyposegmentat i on . This observation i s , together w i t h  the study 
or B l oom e . a . , at vari ance w i t h  a lmost a l l  prev i ous stud i es 
C 1 91 ; 197-200 ; 20'f ; 3'f0 ) in which a hy permoti l i ty was round . I n  
the present study the same round . I t  may be that M i s i ew i cz ' s  
pati ents ( 187 ) were symptoml ess , as they were i n  one or h i s  
other stud i es C 203 ) . As d i scussed ear l ier i n  this sect i on : a 
runctional pathology i s  not constan t l y  present . 

fig . 26a Segment ing contract i on or the s i gmoi d . 

f i g . 26b The patient i nd icates where the pain is re l t . 

fig . 26c The p a i n  has d i sappeared . The pat i ent and the s i gmoid 
are rel axed . 
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In the present study a corr e l at i on of three s i gns was found : 
a/ a rad i o l o g i ca l l y  v i s i b l e  segmentation of the s igmo i d  ( f i g  26 ) 
b/ h i gh ampl i tudes ( fi g  2 7 )  
c /  p a i n  sensati ons o f  t h e  p a t i ent . 
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f i g . 27a No pain is f e l t  dur i ng t h i s  wave of �8 mm Hg . 
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fig . 27b The character i st i c pain i s  fe l t  C as i ndicated by the 
spi kes ) dur i ng this wave o f  63 m m  Hg . 
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The author i s  tempted to ca l l  the correl a t i on : s i gmoidal 
contract i on and pain reproduction , as occurring dur ing the 
bar ium enema exam i nation , " the painful ! BS phenomenon " .  The 
correlat i on of re laxation of the s i gmoid and decrease of the 
discomfort must a l so be estab l i shed , whereas it a l so must be 
made c l ear that the pat i ent ' s  character i s t i c  pain , which urged 
her / h i m  to v i s i t  the doctor , i s  reproduced dur i ng the bar i um 
enema study . The pati ent has to feel her / h i s  pain and to report 
about it w i thout the suggestion or i n f l uence of the rad i o l o g i st . 

The correlat i on contraction and p a i n  was again reproduced 
in 90% of the pati ents during the pressure recording study . 

5 . � . 2  Colon i c  col i c . 

I n  former days C 36 1 ; 362 ) the term co l i c was used to 
indi cate pain in the colon . As d i scussed i n  sect ion 1 . 1 . 5 . 2 such 
powerful contract i ons , as have been recorded in t h i s  study , can 
be evoked by an obstruct ion of the forward movement of the 
contents of the colon . In pat i ents w i th a p a i nful ! BS or a 
painful I BS w i th d i vert i c u l os i s  this obstruc t i on may be caused 
by a hy persegmentation : a co l i c- l i ke contraction of the smooth 
musc l e  of the co lon . There seem to be a colonic col i c . Another 
name used is spasti c  colon . The best name is p a i nf u l  ! BS .  

About the cause of the hypersegmentat ion knowl edge i s  
scanty ; a l ow f i ber d i et may p l ay an i m portant role . Pressure 
record i ng in pat ients who have used a h i gh f i ber d i e t  can reveal 
more about this quest i on .  

5 . � . 3 P a i n  experi ences . 

from this study of the pathophy s i o l ogy of the s i gmoi d  one 
factor which infl uences the p a i n  expe r i ences has been revea l ed :  

1 /  the evoked amp l i tudes are above the norma l phy s i o l o g i c  range . 

The study of the l i terature C see sect ion 1 . 1 . 5 )  revea l ed 
three factors : 

2/ the vary ing responding thresho lds of the receptors ; 
3/ the p l as t i c i ty of the noc i ceptive sy stem ; 
�I the emotional i nf l uence through the l i mb i c  sy stem . 

The explanation why two of the 23 pat i ents w i t h  a "painful 
I BS phenomenon " d i d  not experi ence a reproduct ion of their pain 
may be sought i n  one of these factors . 

5 . 5 Hypermot i l e state i n  painful I BS and d i vert i cu l os i s . 

Are both cond i t i ons d i f ferent phases 
of one s i n g l e  ent i ty ? C Th i j n  1 973 ; 26 ) 

Severa l researchers found hi gher a c t i v i t y  in d i vert iculosis 
compared to contro l s  C 202 ; 205 ; 2 1 0-21 2 ; the present study ) .  

Parks and Conne l l  ( 202 ) , using perfused open ended tubes , 
found h i gher amp l i tudes i n  d i vert i cu l os i s . They found i n  the 
fast i ng per i od a mean pressure of 5 . 8  mm Hg in the i r  controls 
and 7 . 9  mm Hg i n  the d iver t iculosis group . After the mea l these 
pressures measured respective l y  6 . 6  and 1 2 . 2  mm Hg . In the 
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present study h i gher amp l i tudes were measured C table 1 7 ) : 
contr o l s : 7 . 6 mm Hg i n  the fast ing and 9 . 9  mm Hg i n  the 
postprand i a l  period ; d i verticu l os i s : 1 � . 8  mm Hg i f  fast ing and 
21 . 0  mm Hg post-prand i a l . A stra i n  gauge m i crotransducer , w i th 
central l umen , was app l i ed i n  this study so that the v a l ues may 
be d i fferent . The resu l ts ,  however , point i nto the same 
direct i on . 

Wei nrei ch and Andersen C 205) c a l c u l ated the product of the 
mean amp l i tude and act i v i ty percentage and found h igher f i gures 
in painful d i verticu l o s i s  p a t i ents , i f  they had p a i n , than i n  
contro l s . I n  this study the same was found C tab l e  1 � ; 2 1  and 
22 ) . 

Arfwidsson and Kock C 21 0 )  found more m i l l i grams of acti vity 
in d i verticulosis than in contro l s . They cut out the paper an 
which the indiv idual pressure waves above the basa l l i ne were 
wr i tten and wei ghed the paper . This resul t  i s  comparab l e  ta the 
f ind i ngs of the present study C ta b l e  1� , 1 9 ,  and 20 ) .  

Pa inter publ i shed much about d i verticulasis pati ents C �7 ;  
1 �7 ;  2 1 1 e . a . ; 21 2  a . a . ; 2� 1 ;  283 e . a . ; 28� e . a . ; 285 ; 287 ; 3�3 
e . a . ) .  He cal led d i verticulasis a def i c i ency d i sease . I n  
pressure record ing , using open ended tubes , h e  found , after 
pros t i g m i ne , hi gher ampl i tudes and l onger durati ons in the 
d ivert i c u l a  bear ing r eg i on of the s i gmoid C 21 2 ) . 

I n  studies comb i n ing pressure record ing and c i neradi ography 
Pai nter C 287 ) observed that the d i vert i cu l a  var ied i n  size 
according to the pressure i n  the bowe l . The segmentation 
narrowed and at t i mes occ l uded the colon i c  lumen , i n  which way 
high intr a l um i n a l  pressures cou l d  b e  generated . During 
f luoroscapy the i nvest i g ator d i d  not c l ear l y  observe this i n  the 
present study . I n  one case Painter recorded a pressure of 60 mm 
Hg . I n  t h i s  study an amp l i tude of 22� mm Hg C 29 . 9  k P a )  was 
recorded as the h i ghest pressure ( section � . 1 . 2 ) . 

Painter and Bur k i tt C 3� 3 )  suggested that the h i g h  pressures 
" b l ew up " a segment ( formed by the constricting or segment ing 
circular musc l e )  so that the mucosa penetrated through the weak 
spots in the muscu l a r  layer . I n  the present study support for 
this assumpt ion was found as s i g n i f i cant l y  h i gher amp l i tudes i n  
the two groups w i th a d i vert iculosis were measured C ta b l e  1 7 ) . 

Eastwood a . a .  C 20 1 )  found results w h i ch r a i sed same doubts 
about the raised intraluminal pressures i n  p a t i ents w i th a 
divert iculosis . They used open ended tubes but do not ment i on i f  
they perfused these tubes , t h i s  fact m a y  e x p l a i n  their d i fferent 
findings . 

As a l ready was d i scussed in sect ion 5 . � .  it became c l ear 
that painful I BS pati ents were mare act ive i n  the i r  s i gmoid 
colon than contro l s  ( 89 ; 1 9 1 ; 1 97-200 ; 20� ; 252 ; 3�0 ; the present 
study ) 

5 . 5 . 1  Reacti ons to drugs 

Parks and Canne l l  C 3� 0 )  and Chasen e . a .  C 3� 1 ) found h i gher 
responses of painfu l I BS and d i vert i c u l o s i s  pat i ents to drugs . 
The present author found the same . After the i n j ect i on of 
g l ucagon a per i od of i nact i v i ty of about f i ve to ten m i n  was 
seen , other authors found the same ( 352-355 ) . After t h i s , more 
act i v i ty was observed in the pat i ents in compar i son w i t h  the 
contro l s  C tab l e  8 - 1 � ) . I t  seems as i f  the s i gmoid has gained 
energy dur i ng the 5 to 10 m i n  "rest " after the adm i n i strat ion of 
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g l ucagan , which energy fac i l i tates the hy permat i l i ty . 

S . S . 2  Conclusion 

The condi t i ons painful ! BS ,  d i vert iculasis and painful ! BS 
with d i verticulas i s  shaw a hypermot i l e  state . The three 
cond i t i ons react in the same way ta drugs . Snape C 33� ) asked in 
1 98� : Are there hypermat i l e  states i n  these cond i t i ons ? "  
The resu lts of the present study shaw that there are . 

S . 6  The distribution of age and resi stance ta f l aw 

As the ages were s ig n i f icant ly d ifferent i n  same of our 
cases ( sect i on 3 . 1 . 2 ) one m i ght assume that the d i fferent ages 
l ed ta d i fferent mot i l i t i es and amp l i tudes . In f i g  28 i t  i s  
demonstrated that there i s  n o  corre l a t i on between the mean age 
of the groups and the overa l l  total mot i l ity i nd i ces . The mean 
age does not increase i n  the same way as the mot i l ity i ndex . 

The resi stance to f l ow is independent cf the age cf the 
pat i ents . 
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Fig 28 Compar i son c f  the mean ages C i n y ears ) c f  the four 
groups with the overa l l  total mot i l ity i ndex 
C in mm Hg . s  x 1 000 ) < compare tab l e  2 1  and f i g .  23 ) . 
C - control ; I - painfu l ! BS ;  D - d i vert iculosi s ;  
I D  - painful ! BS with d i verticul os i s . 
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The colon of the p a i nful J BS pat i ents has to endure the 
high pressures for a long per iod as it became c lear that these 
pat i ents may have pain for a l ong t ime C sect i on 1 . 8 . � ) . After 
many y ears of h i gh pressures d i vert i c u l a  may become mani fest i n  
the o l der pat i ent . Thi j n  C 26 )  suggested t h i s  poss i b i l ity . 

5 . 7 Area under the curve or mot i l i t y  i ndex ? 

I n  the present study the area under the curve and the 
mot i l i ty i ndex were esti mated in order to see if both var i ab l es 
have to be c a l c u l ated i n  the eva l u a t i ng of the resu l ts of 
pressure record i ng stud ies . When the resu l ts of the tab l es 1 0  
through 1 3  a r e  compared , i t  becomes c l ear t h a t  t h e  s i g n i f i cant 
outcome i s  a l most comparab l e  C see a l so t ab l e  1 � ) . The resu l ts 
are o n l y  d i fferent i n  the compa r i son of the groups 
d i ve r t i c u l o s i s  and pai nful ! BS w i th d i vert i cu l osi s .  

As far as the author could check no other researchers d i d  
a l l  these calculations . Some calculated o n l y  the mot i l i t y  i ndex 
C 19 ; 1 91 ) , others determi ned the area under the curve by an 
i ntegrator C 20 0 )  or a balance C 21 0 ) . 

from the resu lts of the present study i t  appears that i t  i s  
n o t  necessary to estab l i sh both t h e  mot i l i ty i ndex a n d  t h e  area 
under the curve . I t  i s ,  however , necessary to measure the 
amp l i tude of the wave , as that character i s t i c  has appeared to be 
of i mportance for the explanat i on of the pa i n . 

I t  seems suff i c i ent to estab l i sh the amp l i tude and the 
durat i on of the waves so that the mot i l i ty i ndex C table 2) can 
be c a l cu l ated . 

5 . 8 Contract i ons : three to four c y c l es per m i nute ? 

Wh i tehead , Eng e l  and Schuster C 1 9 )  descr i bed , as was 
d i scussed in sect i on � . 5 ,  in thei r  p ressure record i ng study , 
slow contract i ons w h i ch m i ght correspond to the three to four 
cyc l e / m i n  contract i ons reported in myoel ectr i c a l  i nvest i gat i ons 
C 296 ; 297 ; 30 1 ; 363 ) . The present pressure record i ngs d i d  not show 
that . The f i n d i ngs of W h i tehead e . a .  C 19 )  could not be 
conf i rmed , ne i ther cou l d  Lat i mer C 32 ) . W h i tehead e . a .  recorded 
at n i ne to 1 �  cm from the anus , and thus in the rectum . I n  the 
present study the author recorded 30 cm f rom the anus , and thus 
i n  the s igmoi d .  This may be the e x p l anat i on for the d i fference . 

The present author agrees w i th H u i z i nga e . a .  ( 30 3 )  that the 
r e l a t i onshi p  between the e l ectr i ca l  and motor act i v i t ies , so 
far , is poo r l y  understood . 

5 . 9  Some hypotheses about the pathophy s i o l ogy of p a i nful ! BS ,  
d i vert i cu l os i s  and p a i nful ! BS w i t h  d i vert i cu l os i s . 

As d iscussed in sect i on 1 . 2 . 2  there i s  a contracted state 
of the longitudinal musc l e  in d i verti cu l osi s ,  and probab l y , i n  
painful I BS .  I n  these contracted muscles e l ast i n  i s  depos i ted i n  
a contracted state C l �9 ) , The contracted state o f  the 
l ongitud i na l  muscl es i s  mai nta i ned through these e l ast i n  
depos i ts . T h e  consequence i s  that t h e  long i tudinal mus c l e  cannot 
proper l y  contract so that the propu l s i on must be done a l most 
a l one by the c i rcular musc l e . T h i s  leads to a hy peract i v i t y  of 
the c i rcular musc l e  a s  has been demonstrated . But the 
hyperact i v i ty of the c i rcu l a r  musc l e  a l so l eads to a 



BO 

segmentation or a hypersegmentat ion as has been observed dur i ng 
the bar ium enenma exam i na t i on of the s i gmo i d  ( concer t i na- l i ke 
s igmoi d ) .  This hy persegmenta t i on can resu l t  i n  a constr i c t i on of 
the colonic l umen so that sealed off chambers can be formed and 
high amp l i tudes can be generated , as was demonstated in our 
study . 

I t  was d i scussed i n  sect i on 1 . 1 . S that mechano-sens i t i v e  or 
pressure-sensit ive f i bers i n  the colon i n  mamma l s  C l l 3 ; 1 2 1 ; 1 22 )  
and sensory f i bers i n  the b i l iary tract C l l � )  respond t o  h i gh 
pressures C 1 07 ; 12�- 1 26 ) and contract ion C l l 0 ; 1 2 1 ) . H i gher 
pressures g i ve r i se to h i gher stimu l i  C 1 06 ; 1 2 7 ) . The resu l t  is a 
sensat i on of pain caused by the h i g h  amp l i tudes in the sealed 
off chambers in the segmented s i gmoi d ,  as was found i n  the 
present study . 

But the nociceptive system is p l a s t i c  so that the pain i s  
n o  l onger felt by the pati ents and d i sappears . This may be the 
exp l anat i on why some pati ents w i t h  a d i vert iculosis do not 
appear to have felt much pain i n  the h i story . The h i gh 
pressures , however , rema i n . 

F i g . 29 T h i s  pat i ent shows an obstruct i ng colon i c  tumor . 
Prox imal to this tumor t i ny hern i a t i ons of the mucosa 
can be seen . There were no d i verticula e l sewhere i n  
the co l on . This f i l m  seems to demonstrate the 
assumpt i on that h i gh amp l i tudes cause d i verticula 
( courtesy of Prof . Dr . C . J . P .  Th i j n ) . 
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After y ears o f  h i gh ampl i tudes the mucosa begins to 
herni ate through the corrugated muscu l a r  wa l l ,  and i nc i p i ent 
herniati ons can be seen duri ng the bar i um enema exami nat ion as 
t i ny mucos a !  hern i a t i ons C f i g  5 ) . After many y ears of 
d isordered mot i l ity and i ncreased resi stance to f l aw w i th h i gh 
amp l i tudes , d i verticu l a  may be formed . 

Rad i o l og i ca l ly the assumption of the format ion of d i ver
t i c u l a  through high pressures seem to be v i sual ised in a patient 
with an obstruct i ng tumor in the colon C f i g  2 9 ) . Prox i m a l  ta 
this obstruct i on t i ny hern i a t i ons of the mucosa are v i s i b l e . 

Th i j n  C 33 2 )  desc r i bed two pati ents in whom the t i ny 
d i ve r t i cu l a  apparent l y  were revers i b l e  after a year of a high 
f iber d i et . Further r ad i o l o g i c  i nvest i g a t i on i s  necessary to 
conf irm these f i nd i ngs . Neverthe l ess , Th i j n ' s  observation opens 
the way to a further revea l i ng of the secrets of the e t i ol ogy of 
d i ve r t i cu l o s i s  with the a i d  of the X-ray s . I t  was reported that 
a h i gh f iber d i et decreased the hyperact i v ity C 289 ; 290 ) so that 
the radiolog i cal l y  observed revers i b i l i t y  has a pathophy s i o l o g i c  
base . 

The amp l i tudes were very h i gh i n  the pat i ents w i th a 
painfu l I BS w i th d i ve r t i cu l a s i s  and l ower i n  the pati ents w i th a 
divert iculosis C table 1 7 ) . I t  seems as i f  the d i vert i c u l a  are 
being formed i n  the pat i ents w i th a painful ! BS with d i ver
t icu losis and have been formed in the patients w i th a diver
t i cu l osi s . It may be hy pothes i zed that the process of 
diver t i c u l a  format i on may be burnt out : the amp l i tudes are 
decreasing , the pains are decreas ing too . 

The pain i n  painful ! BS i s  a nox i ous stimu l us as , in the 
l ong run , the high ampl i tudes l ead to a damage of the s i gmoid 
with hern i a t i ons of the mucosa as the consequence . The react i on 
to this painful stimu l us ought to be a protect ive one : a high 
f iber d i et . 

I t  i s  the author ' s  o p i n i on that a l o w  f i be r  d i et p l ays an 
important role i n  the e t i o logy of p a i nfu l ! BS .  This d i et leads 
ta a n  i nterm i ttent d i stension of the s i gmoid resu l t i ng in a 
depos i t i on of contracted e l astin i n  the contracted l on g i tudina l 
musc l e . The c i rcular muscle shows a hypersegmentat ion resu l t i ng 
i n  a resi stance to the d i st a l  f l ow of the contents and i n  high 
ampl i tudes f e l t  by the p a t i ents as pain . The prevention of pain 
must be sought i n  a h i gh f i be r  d i et . 

I n  the e t i o l ogy of d i ve r t i cu l o s i s  the low f i be r  d i et as 
we l l  as the painfu l ! BS are of great i mportance . The author i s  
convi nced , howeve r , that both cond i t i ons a r e  determined 
m u l t i factor i a l l y  and that of these factors j ust one C in painful 
! BS )  or two C i n d i verticu l as i s )  have been revea l ed . 

I n  former days the pai nfu l ! BS was named : spasmod i c  
str i cture . I t  now appears that the pai n , i n  the pati ents w i th a 
painful ! BS and in the pati ents with a painful ! BS with 
d ivert iculas i s ,  i s  caused by a constr i cting or segment ing 
contract i on of the si gmo i d , resu l t i ng i n  h i gh amp l i tudes . The 
pati ent feels a spasm i . e .  a cramp ing p a i n  C 78 ) . I t  was stated 
C 36 � )  that i n  cases i n  which no spec i f i c  cause for the p a i n  
cou l d  be found these peop l e  had to be considered ta have 
functi ona l pain . The present study makes c l ear that this 
" funct ional pa i n "  i s  a pain caused by a d i sordered funct i on of 
the s i gmoid i n  these pati ents , which can be demonstrated by a 
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ba• i um enema examinat i on . 
The p•esent autho• d i sag•ees w i th othe•s C 36 5 )  who thought 

that the abno•mal act i v i t y  p•obab l y  was not the cause of the 
pain . 

5 . 1 0 D i ffe•ent i a t i ng painful I BS and d i v e• t i cu l os i s :  
the•apeut ical use ? 

The •eason why a pat i ent seeks medical adv i ce is that 
she / he wants an explanation of the cause of the pain and •el ief 
of the p a i n . 

I t  became c l ea• f•om the •esu l ts of this study that the 
cause of the pain must be sought i n  a n  i nc•eased •esi stance to 
f low w i th h i gh amp l i tudes . 

I n  section 1 . 9 the possi b l e  l i nks between painful I BS and 
d i ve•ticulosis we•e d i scussed . The c l i n i c a l  p•esenta t i on of 
both d i seases is s i m i la• : p a i n  and d i stu•bed bowel hab i t  
C 26 ; 33 ; 3� ) . Rad i o l og i c a l l y  both cond i t i ons may show a 
cont•act i l e  and segmenting s i gmo i d . 

F•om the l i te•atu•e i t  appea•ed that both cond i t i ons a•e 
t•eated w i th a h i gh f i be• d i et C sect i on 1 . 8 . 2  and 1 . 8 . 3 ) . 
Pat i ents w i th a painful I BS found • e l i e f  of the i •  p a i n  w i th high 
f ibe• d i et as wel l as w i t h  p l acebo-d iets C 5 ; 9 ; 253 ; 25� ; 305 ) . I n  
dive•ticulosis pat i ents high f i be• d i et led to a no•mal bowel 
hab i t  and •el ief of the pain C Pa i nte• : 1�7 ; 2� 1 ; 285 ) , to 
p•event i on of comp l i cat i ons C 291 ) , to a standa•diz ing of the 
•esi stance to f l ow i n  humans C 289 ; 290 ) , and to a dec•ease of 
i n c i p i ent o• t i ny d i ve•t i c u l a  as d i agnosed by •adi o l ogy 
C Thi j n : 332 ) . 

The i mmed i ate the•apeut i ca l  •el evance of the d i ffe•en
t i at i  ng i s  debatab l e  as both cond i t i ons a•e t•eated i n  the same 
way , by a high f i be• d i et . C l i n i ca l l y , of cou•se , i t  is 
necessa•y to know which of the two cond i t i ons we a•e dea l i ng 
with , a s  a d i ve•t i cu l os i s  can l ead to a l i fe th•eateni ng 
pe•fo•at i on . A phys i o lo g i ca l l y  d i •ected ba•ium enema 
examina ti on must be done , in painful p a t i ents , in o•de• to t•y 
to estab l ish a co••e lat ion between the cha•acte• i s t i c  p a i n  and a 
s igmoidal cont•act i on , so that the d i agnos i s  of a painful I BS 
can be obj ect f i ed and made on pos i t i ve g•ounds . Fu•the• i t  must 
be establ i shed if d i ve•ticula o• a co l o n i c  tumo• or another 
anatom i c a l  abno•ma l i ty a•e p•esent . 

5 . 1 1 Future devel opments 

Pati ents w i th a d i scont i nuous abdom inal pain ought to have 
a phy s i o logical l y  d i • ected s i ng l e  and doub l e  contrat ba•ium 
enema i nvest i gat ion of the colon i n  order to esta b l i sh if they 
have a painful I BS o• a painful I BS w i th d i ve•ticulos i s . I t  i s  
important to recogni z e  these patients so t h a t  they can b e  
t•eated by a high f i be• d i et a n d  t h e  development of d i verticula 
and the i •  compl i ca t i ons can be p•evented . 

Pat i ents f•om gene•a l p•act i t i one•s and med i ca l  
spec i a l i sts , among others gast•oentero logi sts but a l so 
gynaeco l o g i sts , w i t h  undi agnosed p a i n  ought to have a 
phy s i o l og i ca l l y d i • ected s i n g l e  and double contrast barium enema 
i nvest igation i n  o•de• to avoid a " Home• i c  pe•eg• i nat i on "  in the 
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hea l t h  care C 366 ) . 
I n  the pressure recording stud i es of ! BS pat i ents i t  i s  

i mportant to d i fferent iate between p a i n f u l  ! BS pati ents , I BS 
pati ents w i th d i arrhea , ! BS pat i ents w i th const i pa t i on or ! BS 
pat i ents w i th a l ternat i ng d iarrhea and consti pa t i on . I t  was 
found in t h i s  study that the painful I BS shows a hypermot i l i ty 
w i th h i g h  amp l i tudes . I t  may be assumed that the ! BS pat i ents 
w i th a d i arrhea show a l ow mot i l i ty , the I BS pati ents w i th a 
const i pa t i on show a h igh mot i l i ty and that the pati ents w i th an 
a lterna t i ng bowel hab i t  show a state o f  mot i l i t y  according to 
the state of the i r  defeca t i on . Further research can conf i r m  
these assump t i ons . 

I n  those pat i ents w i th a painful ! BS or a p a i nful I BS w i th 
d i verticulos i s  in whom the pain cannot be reproduced and 
correl ated w i th a segment i ng contract ion , ways have to be sought 
to make it poss i b l e  to obj ect i fy such a corre l a t i on dur i ng a 
bari um enema exam i n a t i on , e . g .  w i t h  parasympathomi me t i c  drugs 
C prost i g m i ne or neos t i g m i ne ) or cho lecystok i n i n . 

I t  i s  necessary to do pressure recor d i ng stud i es i n  
pati ents w i th a painful ! BS after a h ig h  f iber d i et i n  order t o  
obj ect i fy the sub j ect i ve re l i ef of t h e  pat i ents . Are the 
amp l i tudes l ower? I f  these amp l i tudes are l ower it may be 
expected that d i verticula forma t i on can b e  prevented by a h i gh 
f i ber d i et . 



6 
CONCLUS I ONS Of THE STUDY 

I n  chapte• 2 t h e  obj ect ives of the study we•e fo•mulated . 
The •esults of the p•esent p•essu•e •eco•ding i nvest igation l ead 
to the answe•s : 

1 /  The f i •st obj ect ive was to obta i n  i nfo•mat i on about the 
•ep•oduc i b i l i ty of the co••elation of pain and cont•act i on so 
that it may be poss i b l e  to •ecognize a painfu l I BS o• a painful 
I BS w i th d i ve•t iculosis pati ent w i th one ba•ium enema study . 

The co•• e l at i on pai n-expe•i ence and s i gmoid-cont•act i on was 
•ep•oduced i n  1� of 1 5  pat i ents w i th a painful I BS and in seven 
of e i ght pati ents w i th a painful I BS w i th d i ve•ticulosis du• i ng 
the p•essu•e •eco•ding invest igat i on . 

Th is co•• e l a t i on was obse•ved , fo• the f i •st t i me , du• ing 
the single and doub l e  cont•ast ba• i um enema and , seve•al weeks 
late• , fo• the second t i me du• ing the p•essu•e •eco• d i ng 
invest igation , in which the sigmoid was made v i s i b l e  by ba•ium 
sulphat e . 

Thus a pat i ent w i t h  a painfu l I BS can be •ecogni zed by a 
ba• i um enema study a l one , be i t  that such an exam i na t i on must be 
physi o l og i ca l l y  d i •ected . The •ad i o l o g i st must be i nfo•med by 
the patient about he• / h i s  cha•acte• i s t i c  pa i n , must be 
pe•cept i b l e  to the patient ' s  p a i n  and must have knowl edge of the 
phy s i o logy of the colon . The •ep•oduct i on of the pat i ent ' s  own , 
cha•acte• i st i c  pain , du• ing the ba•ium enema exam ination , i n  
combi nat i on w i th a segmentat i on of the sigmo i d , as we l l  as the 
•el i ef of the p a i n  w i th a • e l axation of the s i gmoid is a 
pos i t i ve d i agnost i c  c • i te • i on and may be c a l l ed " a  p a i nfu l I BS 
phenomenon " .  

2/ The second obj ect ive was to answe• the 
a l l  muscula• act i v i ty of the s i gmo i d , as 
movemens of i ts wa l l , i s  exp•essed by a 
int•aluminal pressu•e . 

quest i on whethe• 
demonst•ated by 

change i n  the 

Not a l l  muscu l a• act i v i ty , as seen by the i nvest i gating 
radi o l og i st , was exp•essed i n  p•essu•e waves : a pa•t of the 
v i s i b l e  cont•act i ons was not accompan i ed by d i scernable waves . 
The a•ea unde• the cu•ve and the mot i l i ty index , s t • i c t l y  
spoken , measu•e the deg•ee of the •esistance to f l ow of t h e  
s i g m o i d a l  contents . 

31 The t h i •d obj ective was to compa•e 
•eco•di ngs i n  the fou• g•oups , pay i ng spec i a l  
p•essu•e changes du• i ng t h e  characte• i s t i c  pain . 

the p•essu•e 
attent ion to 

I t  was poss i b l e  to co•• e l ate the amp l i tude of the p•essu•e 
waves w i th the pain sensat i ons of the patients . Painful waves 
had stat i s t i ca l ly s i gn i f i cant l y  h i ghs• amp l i tudes than p a i n l ess 
waves . 
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�I The fourth obj ect i ve was to formulate cons i dera t i ons 
about the mechan i sm of that character i s t i c  pain . 

The observa t i on that the p a i n  i s  accompa n i ed by a mp l i tudes 
above the range of contro l s ,  is compat i b l e  w i th the hypothe s i s  
that i ncreased i ntra luminal pressures C and compression o f  
mucosa! a n d  submucosal structures )  are the cause of t h e  pain . 
There appears to be a "colonic co l i c " . A t r i ad of pain
exper 1 ence , s i gmo i d-contrac t i on and h i gh-amp l i tude-wave was 
estab l i shed . 

5/ The f i fth obj ect i ve was to reconsi der the hy pothesis 
that painful I BS and d i v er t i cu l os i s  are e xpressi ons of one 
hypermot i l e  state , p a i nful ! BS being an e t i o l o g i c  factor of 
d i vert i c u l os i s . 

I n  the i nvest i gated groups of pat i ents the s i gmoidal 
mot i l i ty , or rather the pressures , i ncreased i n  the fol l ow i ng 
order : contro l s , p a i nful ! BS ,  d iv er t i c u l os i s  and p a i nful ! BS 
w i th d i vert iculos i s . Th i s  supports the hypothes i s  that these 
diseases are part of one hy permot i l e state . P a i nful ! BS may be 
one of the e t i o l og i c  factors of d i v er t i cu l os i s . 

6/ The s ixth o b j e c t i v e  was to answer the ques t i on whether 
the area under the curve as we l l  as the mot i l i ty i ndex ought to 
be est i mated in e v a l uat ing the resu lts of the pressure study . 

Strong evidence was gained that i t  i s  suf f i c i ent t o  
est i mate t he mot i l i ty i ndex , b e i ng t h e  s u m  of t h e  products of 
the amp l i tude and the duration of each wave . It i s  not 
necessary to esti mate the area under the curve as we l l . 
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SUMMARY 

Rad i o l og i c a l  a n d  mot i l ity stud i es of t h e  s i gmo i d  are 
descr i bed in three common cond i t i ons : painful irr itable bowe l 
syndrome C I BS ) , d i verticulosis w i thout and d i verticulosis w i th 
! BS-l i ke pain . The phenomenon , espec i a l l y  stud ied i n  these 
pat i ents and compared w i th a contro l  gr oup , was their l eft l ower 
abdom i n a l  pain and its corr e l ates . I BS pati ents w i th p a i n l ess 
diarrhea and/or p a i n l ess const i pa t i on w ere not cons idered . I t  
was hoped that co l l ection and compar ison o f  the data m i ght 
improve the d i agnostic poss i b i l i t i es of the rad i o l o g i st and 
mi ght e l ucidate the cause of the pain and poss i b l e  l i nks between 
the three cond i t i ons . 

The rev iew of the l i terature 

In chapter 1 the l i terature i s  rev i ewed . 
A pos i t i v e  di agnostic criter i on is l ack ing i n  pati ents with 

a pai nful ! BS .  The d i agnos i s  i s , trad i t i ona l l y , made by 
exclusion . Pain is a subj ect i v e  phenomenon . The doctor wants 
an object i ve , reproduc i b l e , phenomenon . Is the pain caused by 
an abnorma l s i gmoid funct ion? A reproduct ion of the patient ' s  
own character i st i c  pain i s  necessary dur i ng an i nvest i gat ion . 
An exam i na t i on must be performed in w h i c h  the character ist i c  
pain as we l l  as the s i gmoidal contrac t i ons s i mu l taneous l y  can be 
recorded so that they can be corre l ated . An abnormal funct ion 
of the s igmoid can be examined by pressure recor d i ng . S i gmo i d a l  
contracti ons c a n  be v i su a l i zed w i th t h e  a i d  of rad i o l o g i c  
methods . Can the d i agnos i s  painful ! BS be made w i th the a i d  o f  
a bar i um enema examinati on? 

In sect ion 1 . 1 . S it appeared , neurophys i o l o g i c a l l y , that 
powerful contrac t i ons may cause h i g h  pressures in the colon 
which can evoke afferent d i scharges from speci f i c  noci ceptors or 
mechanoreceptors .  The respond i ng thresholds of these receptors 
vary . The sensory pathways i n  the case of colonic pain are a l ong 
the splanchn 1 c  nerve , the s p i notha lam i c  tract , and the 
connect i ons between the thal amus and the somatosensory cortex of 
the postcentral gyrus . Mot i va t i ona l and emot i onal d i mens i ons 
can be added to the pain exper i ence . The noci cept i v e  sy stem i s  
p l ast i c . 

I n  sect ion 1 . 2 it is d i scussed that d i vert i c u l a  are thought 
to be hern iat i ons of the mucosa at weakened s i tes in the 
sigmo i d a l  wa l l . No e v i dence is found for a hy pertrophy or a 
hyperp l a s i a  of the l ongitud i na l  musc l es . The i r  thi cken ing i s  
caused b y  a contracted state , which i s  maintained b y  depos its of 
e l ast i n . I ntermi ttent segment a l  s i gmo 1 d a l  contract ion , as caused 
by sma l l  stoo l s  w h i ch are the consequence of a low f i ber d i et 
may tri gger an i ncreased depos i t i o n  of , among others , contracted 
e lasti n .  

I n  sec t i on 1 . 3 i t  i s  desc r i bed that i n  the mot i l ity of the 
colon C the movements of the colon i c  wa l l )  four patterns were 
observed : 1/ the bas i c  tone ; 2/ the nonprop u l s i ve segmental 
contrac t i on or segmentat i on wh i ch increases the resi stance to 
ana l f l ow ; 3/ the propu l s ive contract ion and � /  the retropu l s i ve 
contract i on . 

The mot i l ity has most l y  been recorded w i th the a i d  of 
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i ntra l um i na l  pressure recording a l one . The comb i na t i on w i th 
rad i o l o g i c  methods , w i th the a i d  of which the movements of the 
wa l l  can be v i sua l i zed , provi des the best method for study i ng 
the s i gmoidal mot i l i ty . 

The e t i o l ogy of the painful ! BS i s  d i scussed i n  sect i on 
1 . 5 .  There may be a hy permot i l ity of t he s i gmoid w i ch may be 
caused by a low f i ber d i et . The correlat i on of experi ences of 
pain and amp l i tudes of waves has not been stud i ed . The e t i o l ogy 
of d i vert iculosis i s  a l so sought i n  a l ow f i ber di et . I t  has 
been ca l l ed a def i c i ency di sease . 

I n  sect i on 1 . 8 the d i fferent i a l  d i agnos i s ,  therapy and 
prognos i s  are di scussed . H i gh f i ber d i et , but a l so pl acebo
d iets rel i eve the pain i n  pati ents w i t h  a painful ! BS and 
decreases the mot i l ity in pat ients w i th a d i vert icul iosis . Few 
good doub l e-bl i nd studies have been performed . Painful ! BS i s  a 
longstand ing d i sease . 

I n  sect i on 1 . 9 poss i b l e  l inks between pai nfu l ! BS and 
d i vert iculosis are d i scussed . The d i seases may both show a 
hypermot i l ity . One hy permot i l e  state i s  hy pothes i zed . 

The present pressure record ing investi gat i on . 

I n  chapter 2 the a i ms of the study are menti oned . F i rst a 
sing l e  and doub l e  contrast bar ium enema exam i na t i on was 
performed to sel ect t he pat i ents . Second l y  a pressure record ing 
i nvest igation was carried out , severa l  weeks l ater . 

Six questi ons were posed : 1 /  I s  i t  poss i b l e  to reproduce 
the correlat i on pain-contract i on for the second time dur i ng the 
pressure record ing study? I s  it poss i b l e  to recognize a painfu l 
I BS pati ent by a phy s i o l og i ca l l y d i rected bar i um enema study? 2 /  
I s  a l l  muscular act i v i ty of t h e  s i gmo i d , as demonstrated b y  
movements of its wa l l ,  expressed b y  a change i n  t h e  i ntraluminal 
pressure? 3 /  Are there spec i a l  pressure changes dur ing the 
character i s t i c  pain experi ences? � /  Is i t  poss i b l e  to formulate 
cons iderat i ons about the mechanism of such pain? S /  Are painfu l 
! BS and d i vert iculosis expressi ons of one hy permot i l e  state and 
is painful ! BS an e t i o l o g i c  factor of d i verticulosis? 6/ I s  i t  
necessary t o  estimate both the area under t h e  curve and the 
moti l i ty i ndex i n  evaluating the results of the pressure 
record i ng? 

In chapter 3 the pati ens and methods 
Four groups were stud i ed : a control 

group , a d i vert iculosis group and 
di vert i c u l osis group . 

The cases are defi ned in section 3 . 1 :  

are d i scussed . 
group , a painful 

a pai nfu l ! BS 
! BS 

w i th 

Al A control case has an anatom i ca l ly and funct i ona l l y  
normal bar i um enema exami na t i on . A s i gmoi doscopy does not reveal 
any abnormal ity . There may be some p a i n  in the upper abdomen or 
b lood in the stool . 

B/ A pat i ent w i th a painful ! BS has a d i sconti nuous pain i n 
the left l ower abdom inal quadrant for l onger than 3 months . The 
reproduction of the pai n ,  correl ated to a sigmoidal contract ion , 
is estab l i shed dur ing the bar i um enema study . The bar i um enema 
study and the s i gmoi doscopy does not reveal any anatom i c  
abnormal ity . There i s  no b l ood i n  t h e  stoo l . There may be 
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a l ternating bowe l habits and deterior a t i on of the pain i n  
correlation w i th a m e a l  or a defeca t i on . There i s  a normal 
b l ood chemistry . 

C/ A pat ient u1 i t h  a d ivert icu los i s  has a d ivert iculosis o f  
t h e  s i gmoid with or w i thout some vague pain . 

D/ A patient w i th a painfu l I BS w i t h  d i vert iculosis showes 
a reproduc t i on of the pain , corre l ated to a s i gmoidal contrac
t ion dur i ng the bar i um enema study . There i s  a d i vert i cu l os i s  
of t h e  s i gmo i d . 

The pat i ents were sel ected w i t h  the a i d  of an i nterview and 
a sing l e  and doub l e  contrast barium enema exam i na t i on . 
Rad i o l o g i ca l l y a patient w i th a painful I BS may be recogn i zed by 
a segmentation of the s i gmo i d . For the purpose of our study i t  
was ob l i gatory to reproduce t h e  p a i n  o f  t h e  pat i ents w i th a 
painful ! BS or a painful I BS w i th d i ver t i culos i s  dur ing the 
barium enema study . The observed s i gmo i da l  contract i on and 
relaxation had to be correlated to the character i s t i c  pain
experi ence . These pat i ents underwent a pressure recording study 
in order to see if the cor r e l at i on p a i n-exper i ence and s i gmoid
contraction cou l d  be reproduced . The corre l a t ion of the 
exper i ence of the pain and the character of the s i mu l taneously 
occurr ing pressure waves was a l so stud i ed . The characte r i st i cs 
found i n  the four groups were compared . 

The methods of the pressure recording exam ination are 
d i scussed i n  sect i on 3 . 2 .  1 /  A preparat ion was g i ven so that the 
s igmo i d  was empty . 2/ F i fteen pat i ents were stud i ed i n  the 
contro l ,  painful I BS and d i vert i cu l os i s  group , e i ght pat ients 
were i nvest i gated i n  the painfu l I BS w i th diverticulosis group . 
31 The recordi ng took p l ace at 30 cm from the anus . � /  A strai n  
gauge m i crotransducer was used . 5 /  T h e  catheter was i ntroduced 
through the b i opsy channel of a f l e x i b l e  s i gmoi doscope . 6 /  One 
mm defl ec t i on of the pen on the record ing paper was most l y  
cal i brated to b e  1 m m  Hg . 71 Rad i o l o g i c  techn ics were appl ied . 
The paper speed was 5 mm/sec . 8/ The pressure was recorded 
dur ing a fast i ng , a post-prand i a l  and a post-gl ucagon per i od , 
each l as t i ng 30 m i n . 9/ The pain-pressure corr e l a t i on was 
studi ed . 

The results are shown i n  chapter � .  Only the statist i ca l l y 
s i g n i f i cant f i gures are reported here : 

1 /  The inci dences C waves per m i n )  were a l most comparab l e  
between t h e  four groups . 2 /  T h e  a mp l i tudes were h i gher i n  
divert i cu l osis and i n  painful ! BS w i th d i vert i cu l os i s  compared 
to contro l s  and in painful ! BS w i t h  d i verticu l os i s  compared to 
d iver t i c u l os i s . The amp l i tudes were a l so h i gher i n  the painful 
waves compared to the p a i n l ess waves i n  the painful ! BS group 
and in the p a i nful I BS w i th diverti cu l osis group . 3 /  The 
durat i on of the waves was l onger i n  the three groups of pati ents 
compared to the control s . �/ The mot i l ity index C be i ng the sum 
of the products of the amp l i tude and the durat ion of each wave 
per period of t i me )  and 5 /  the area under the curve ( estimated 
by count ing the squares under the curve ) i ncreased in the 
fol l owing order : contro l s ,  pat i ents w i th painful ! BS ,  
di vert iculosis and painful I BS w i t h  d i verticulos i s . The mean 
moti l ity i ndex and mean area under the curve were greater i n  
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some pat i ents w i th painful waves in the group w i th painful I BS 
and in the group w i t h  painful I BS w i th d ivert iculos i s . 

The d i scuss i on i s  g i ven in chapter 5 and the con c l us ions 
from the i nvest igation are drawn in chapter 6 .  

The answers to the ques t i ons posed i n  chapter 2 are : 
1 /  I n  about 90% o f  the cases i t  was poss i b l e  t o  reproduce 

for the second t i me the pai n-contracti on corre l a t i on ( f irst 
observed dur i ng the barium enema exam i nat i o n )  i n  the pressure 
recording i nvest igat ion . The pati ent must be examined dur i ng a 
period of pain . A pat i ent w i th a painful I BS can be recogn i zed 
by a bar i um enema study i f  the radi o l o g i st i s  percept i b l e  to the 
pati ent ' s  pain and has know l edge of the C patha ) phys i o l ag y  o f  the 
s igmoid . 

The pos i t ive d i agnos t i c  c r i ter i on sought far in the painful 
I BS i s  a segment ing s i gmoidal contraction corre l ated to a 
reproduc t i on of the pat i ent ' s  p a i n  exper i ence . 

2/ Not a l l  muscu l a r  act i v i ty i s  expressed by a change i n  
the intraluminal pressur e . Pressure record i ng , usual l y  
cons idered t o  quant i fy mot i l ity , i s  a recording of resi stance . 

3/ The pain-exper i ences corre l ated w i th h i gh amp l i tudes of 
the waves . 

�I The pain seems ta be caused by p ressures w i th a very 
high amp l i tude . The amp l i tudes of the p a i n l ess contract i ons are 
not d i f ferent from the amp l i tudes observed i n  contro l s . There 
is a d i sordered funct ion of the s i gmo i d , i n  pat i ents w i t h  a 
painful I BS and w i th a pai nfu l I BS w i t h  d i verticulas i s . The 
resu l t  i s  a segmenting contract i on which l eads to h i gh pressures 
and pai n :  a "colonic col i c " . The r eproduc i b l e  corre l a t ion 
between pain and contraction which was observed , may be cal l ed 
"a painful I BS phenomenon " .  

Methods must be sought to evoke t h i s  I BS phenomenon . 
Pat i ents w i th undi agnosed abdomi n a l  p a i n  aught ta have a 
phy s i o l og i c a l l y  d irected barium enema exam i nat i on performed by a 
percep t i ve rad i o l og i st . 

S/ The resu lts can support the hypothesis that painful I BS 
and d i verticulosis are part of one hypermo t i l e  state . Painful 
I BS can be one of the e t i o l og i c  factors of d i verticulos i s . 

The h i gh amp l i tudes , occurring espec i a l l y  dur i ng the 
painful waves in the groups w i th painful I BS and painful I BS 
w i th d i verticulosis , may cause the format i on of d i verticu la . 
When the amp l i tudes in the painfu l I BS w i t h  d i verticulosis group 
are compared to the amp l i tudes i n  the d i vert iculosis group i t  is 
c lear that the amp l i tudes are h i ghest i n  the painful I BS w i th 
di ver t i cu l os i s  group . I t  may be suggested from this f i nd i ng 
that , when the d i verticula are present , the amp l i tudes become 
l ower . I s  the group w i t h  the painful I BS w i th d i verticulosi s ,  
in the present study , the l in k i ng cond i t ion between pai nfu l I BS 
and d i verticulasis? 

6/ The s i g n i f i cant resu lts i n  pressure recording can be 
obta i ned by the calcu l a t i on of the mot i l i t y  i ndex a l one . As the 
amp l i tude is important for the study o f  the cause of the pain , 
this var i a b l e  has to be measured . Moreover , the amp l i tude and 
the durat i on can easier be est i mated than the squares under the 
curve can be counted . 
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The fol l ow i ng hypotheses can be formul ated : a low resi due 
d i et may g i ve r i se to r a i sed amp l i tudes in the s i g mo i d  colon . 
These h i gh amp l i tudes can be felt as a painful event , as was 
found in the present study in the pat i ents w i th a painful ! BS 
and a painful I BS with d 1 vert iculos i s . These h i g h  ampl i tudes 
result i n  pu l s i on-divert i cu l a  so that a d i verticulosis is the 
consequence . 



9 1  
SAMENVATT I NG 

I n  d 1 t  proefschr 1 ft warden de resu l taten beschreven van een 
rad 1 o d 1 agnost1 sch - en een mot i l i te i tsonderzoek van het s i gmo i d  
b i j  drie v e e l  voorkomende z i ektebee l den : h e t  p i j n l i j k  I rr i tab l e  
Bowel Sy ndrome C I BS ) en de d i vert i c u l o s i s  zonder en m e t  een 
zelfde p i j n  als b 1 J  het ! BS .  Het onderzoek was spec i a a l  ger i cht 
op het sy mptoom van de p i J n  in de l i nker onderbu i k  en haar cor
relat i es met s 1 gm o 1 d  contrac t i es en drukgo l ven . De bev i n d i ngen 
biJ de p a t 1 enten warden onder l i ng ,  en met een contro l egroep , 
vergel eken . Pati enten met het I BS en een veranderd defaecati epa
troon C d i arree en/of obst i pat i e )  maar zonder p i J n  warden n i et i n  
het onderzoek betrokken . 

Het doe! van het onderzoek was om na te gaan of de 
verzame l i ng en de onder l i nge verge l i j k i ng van de gegevens zou 
kunnen l e i den tot een verbeter ing van de d i agnost i sche 
moge l i j kheden van de rad iodi agnost . Daarnaast bestond de hoop 
meer i n z i cht te k r i j gen zowel in de oorzaak van de p i j n  biJ deze 
z i ektebee l den als oak in hun eventue l e  onder l i nge relaties . 

Het l i teratuur onderzoek . 

I n  hoofdstuk 1 warden de bev i n d i ngen u i t  de l i teratuur be
sproken . 

B i j  het onderzoek van pat i enten met een p i j n l i j k  I BS i s  er 
geen posi t i e f  d 1 agnosti sc h  criterium . De d i agnose wordt "per 
exc l u s i on e m "  geste l d . P i J n  i s  een subj e ct i eve beleven i s . De 
arts w i l  een obj ecti eve en te reproduceren waarnem i ng . Wordt de 
p 1 j n  veroorzaakt door een abnormaal funct i onerend s i gm o i d  ? Een 
herha l i ng van de e i gen karakter i s t i e k e  p i J n  van de pat i ent 
t i j dens het onderzoek is nodi g .  Er moet een onderzoek gedaan 
warden waarb i j  de karakter i st i eke p i j n  a l s  oak het funct i oneren 
van het s i gm o i d  tege l i j kert i j d  warden gere g i streerd zodat ze met 
el kaar gecorrel eerd kunnen warden . Door drukmet i ng in het 
s igmo i d  kan een afw i j kende funct i e  warden vasgeste l d . Met 
rad i o l o g i sche methoden kunnen s i g m o i d  contract i es z i chtbaar 
gemaakt warden . Kan de d i agnose p i j n l i j k  I BS gesteld warden met 
behu l p  van een rad i o l o g i sch c o l on onderzoek? 

U it paragraaf 1 . 1 . 5 b l i j kt dat kracht i ge contract i e s  van de 
colon musculatuur hoge drukken kunnen verocrzaken . H i erdccr 
kunnen a fferente ontlad i ngen in spec i f i eke noci ceptcren of i n  
mechanoreceptoren opgewekt warden . De react i e  drem p e l s  van deze 
receptoren var i eren . I n  geval van p i j n  g e l e i d i ng u i t  het colon , 
bestaan de sens 1 be l e  banen u i t  ver b i n d i ngen tussen neuronen i n  
d e  nervus splanchn 1cus , d e  tractus s p i notha l am i cus e n  d e  con
nect 1 es tussen de thal amus en de somatosen s i b e l e  cortex in de 
gyrus postcentra l i s . Neurofy s i o l o g i sch werden aanw i j z i ngen 
gevonden dat mot i vat i e en emot i e  de p i j n  ervaring be invloeden . 
Het noc 1 cept i ef sy steem i s  p l astisch : chroni sche p i j n  wordt op 
den duur m i nder gevoe l d . 

D ivert i cul 1 warden beschouwd a l s  hern 1 a t 1 es van de mucosa 
door zwakke pl aatsen in de s i gm o i d  wand C paragraaf l . 2 ) . Er z i J n  
geen aanw 1 J z 1 ngen gevonden voor een hy pertrof i e  o f  een hyper
p l a s i a  van de long 1 tu d i n a l e  spier laag in hat s i g mo i d . De vast
gestelde verd i kk 1 ng wordt verocrzaakt door een gecontraheerde 
toestand , in stand gehouden door afzetting van e l as t i ne . I nter-
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mi tterende verw i j d i ng van het s i gmoi d ,  zea l s  veroorzaakt door 
we1nig ont last i ng d i e  het gevo l g  is van een vezel arme voed i ng , 
zou een verhoogde afzetting van e l as t i n e  in gang kunnen zetten . 

I n  paragraaf 1 . 3 wordt beschreven dat b 1 J  de mot 1 l i t e i t  van 
het colon C ook wel genoemd de beweg i ngen van de colon wand ) v i er 
patronen kunnen worden onderscheiden : 1 /  de basale tonus ; 2/ de 
n i et-propul s 1 eve segmenterende contract i e  of segmentat i e  d i e  de 
weerstand van de anaal waarts ger i chte stroom verhoog t ; 3/ de 
propulsi eve contrac t i e  en � /  de retropu l s i eve contract i e . 

De moti l i t e i t  van het s i gmo i d  wordt meestal a l l een 
gereg i streerd door i ntra luminale drukme t i ng . De comb i na t i e  
h iervan met rad i o l og i sche methoden , waardoor d e  beweg i ngen van 
de wand z i chtbaar gemaakt kunnen worden , b i edt echter de beste 
moge l i j khe i d  om d i t  te doen . 

De e t i o l o g i e  van de p i j n  b i J  het p i j n l i J k  I BS wordt 
besproken in paragraaf 1 . 5 .  Er zou een verhoogde mot i l i t e i t  van 
het s igmo i d  kunnen bestaan d i e  veroorzaakt kan worden door een 
voedi ngspatroon waarb i J  vezel arme voed ing wordt gebru i kt . De 
corr e l a t i e  tussen de p i j n  beleven i s  en de amp l i tudes van de 
gol ven b l eek n i e t  onderzocht . De e t i o l og i e  van de d i vert iculosis 
wordt ook gezocht i n  een vezel arme voed ing . Het i s  een 
def i c i en t i e  z i ekte genoemd . 

I n  paragraaf 1 . 8  warden de d i fferent iaal d i agnose , de the
rap i e  en de prognose besproken . Een vezelri J k  d i eet , maar ook 
een p l acebo-d i eet , vermi nderden de p i J n  b i J  pat i enten met een 
p i J n l i j k  I BS .  Er b l i J ke n  w e i n i g  goede dubbel - b l i nde onderzoek i n
gen gedaan te z i j n .  B i J  pat i enten met een d i vert iculosis b l eek 
een veze l r i j ke voed ing de mot i l i t e i t  t e  vermi nderen . P i j n l i J k  
I BS i s  een chroni sche z i ekte . 

I n  paragraaf 1 . 9 worden de moge l i j ke verbanden tussen het 
p i j n l i J k  I BS en de d i vert iculos i s  besproken . Beide kunnen een 
verhoogde mot i l i t e i t  van het s i gmoid l aten z i en . Het bestaan van 
� � n  hypermot i e l e  toestand wordt wel veronderste ld . 

Het mot i l i te i tsonderzoek . 

I n  hoofdstuk 2 wordt het doe! van het onderzoek besproken . 
Eerst werd er een enkel en dubbe l contrast colon i n l oop 
onderzoek gedaan om de pati enten t e  sel ecteren . Uervol gens 
werd , na enk e l e  weken , een drukmeti ngsonderzoek gedaan . 

Er werden zes vragen geste l d : l /  I s  het moge l i J k  de cor
relat i e  p i j n  en contract i e  veer de tweede keer te reproduceren 
gedurende het drukmet i ngsonderzoek? I s  het moge l i j k  een pa
t i ent met een p i J n l i j k  I BS te herkennen met een f y s i o l o g i sch 
ger i cht colon i n l oop onderzoek? 2/ Wordt a l l e  muscu l a i r e  act i 
v i  t e i t  van het s i gmo i d , zoals deze waargenomen kan warden door 
bewegi ngen van de wand , u i tgedrukt in een verander ing van de 
intra luminale druk? 3/ Z i J n  er spec i a l s  drukveranderi ngen t i J 
dens d e  karakter isti eke p 1 j n  b e l even i ssen? � /  Kunnen w i J  meer te 
weten komen over de oorzaak van de p i j n? S/ Z i J n  p i J n l i J k  I BS en 
d iver t i culos i s  onderdeel van � e n  hy permot i e l e  toestand en spee l t  
d e  eerste afwi J k i ng e e n  r e l  i n  de e t i o l o g 1 e  van d e  laatste? 6 /  
I s  h e t  nod i g  zowel d e  oppervlakte ender d e  curve a l s  de 
mot i l i te i ts i ndex te bepa l en b i J  de beoorde l i ng van de resu l taten 
van de drukmeting? 
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I n  hoofdstuk 3 warden de pati enten en de methoden bespro
ken . Er werden v i er groepen onderzocht : een controle groep , een 
groep met een p i J n l i J k  ! BS ,  een groep met een d i vert icu l os i s  en 
een groep met een p i J n l i J k  I BS met d i v e r t i c u l os i s . 

De groepen warden gedef i n i eerd i n  paragraaf 3 . 1 :  
Al Een contro l s  persoon mocht vage p i J n  i n  de bovenbu i k  

hebben . E r  mocht b l eed i n  d e  ont l a s t i ng z i j n . D e  b l oedchem i e  
echter moest normaal z i j n . Hat rad i od i agnast i sch colon 
anderzoek en de s i g mo i dosco p i e  machten geen anatomi sche of 
f y s i o l o g i sche afw 1 J k i ngen tonen . 

Bl Een pat i ent met een p i j n l i J k  ! BS had een d i scont i nue 
p1 j n ,  !anger dan 3 maanden bestaand , in de l i nker onderbu i k . De 
corr e l a t i e  tussen de p i J n  C de karakter i st i eke p i J n  van de 
pat i ent ) en een s i gmoid contract i e  moest t i j dens hat 
rad iod1 agnost i sch colon onderzoek vastgeste l d  z i J n .  Er was geen 
b l eed in de ont l a s t i ng . Eventueel was er een i ntra i nd i v i dueel 
w issel end defecat i e-patroon of trad een vererge r i ng op van de 
p i J n  in corr e l a t i e  met een maa l t i J d  of een defecat i e . De 
b loedchem i e  was normaa l . Een colon i n l oop onderzoek en een 
s i gmoi dosco p i e  toonden geen anatom i sche a fw i J k i ngen . 

C/ Een pat i ent met een d i vert i cu l os i s  had een d ivert iculo
s i s  van het s i gmo i d  al of n i e t  met vage p i j n . 

DI Een pat i ent met een p i J nl i J k  I BS met d i vert i cu l os i s  
toonde e e n  reproduct i e  v a n  de p i J n ,  gecorre l eerd a a n  sen 
sigmoid-contract i e , t i j dens hat colon i n l aap onderzoek . Tevens 
waren er d i vert icul i in hat s i gmo i d . 

De pat i enten warden gesel ecteerd op bas i s  van een anamnese 
en een colon i n l oop anderzaek u i tgevoerd zawe l met enk e l vaudi g  
a l s  met dubbe lcontrast . B i J  hat rad i o l ag i sch anderzoek van hat 
colon zau een pati ent met sen p i J n l i j k  I BS herkend kunnen warden 
aan een segmentat i e  van hat s i gmo i d . Het was vaar hat doe! van 
het onderzoek obl i gaat dat de p i J n  van de pat i enten met een 
p iJ n l i J k  ! BS of een p i J n l i j k  ! BS met d i verticulasis repraduceer
baar b l eek t i j dens hat radiologisch colon anderzae k . De waarge
nomen cantract i e  en r e l ax a t i e  van hat s i gmo i d  moesten gecarre
l eerd z i J n  aan de karakter i st i eke p i J n  b e l even i s  van de pat i ent . 

De a l dus gesel ecteerde p a t i enten anderg i ngen een mati l i 
tei t s  anderzoek door m i ddel van drukmet i ng ten e i nde na t a  gaan 
of de corr e l a t i e  tussen de p i J n  be l even i s  en de s i gma i dcontrac
t i e  eveneens repraduceerbaar was t i J dens d i t  tweede anderzaek . 
Oak hat karakter van de drukgolven , d i e  s imultaan met de p i J n  
aptraden , werd bestudeerd . De var i abe l en , gevanden b i j  de v i er 
groepen , werden onder l i ng vergel eken . 

De methaden van het drukmet i ngsonderzaek warden besproken 
in paragraaf 3 . 2 .  l/ Er werd een vaarber e i d i ng gegeven zodat het 
colon schoon was . 2/ Het aanta l  pati enten per groep was 1 5  in de 
control s ,  p i J n l i J k  I BS en d i verticulas i s  groep en acht in de 
p i j n l i J k  I BS met d i verticulosis graep . 3/ Er werd gemeten in hat 
s igmo i d  op 30 cm van de anus . �/ Er werd een m i c rotransducer
catheter gebru i kt . 5 /  De catheter werd v i a  het b i opsi e kanaa l 
van een f l exibele s i gmai doscoop i ngevoerd . 6/ Een mm u i ts l ag van 
de schr i J ver op het regi strat i e  pap i e r  was meestal gel i J k  aan 1 
mm Hg . 7 1  Rad iodi agnasti sche methaden warden toegepast . De 
papier sne l he i d  was v i J f  mm /sec . 8/ Reg i strat i e  vond p l aats 
gedurende een nuchtere per i ods , een peri ods d i rect na de 
maa l t i J d  en een per i ods d i rect na toed i e n i ng van g l ucagan . E l ke 



per i ods duurde 30 min . S /  De corre lat i e  p i J n-ervar ing en druk
golf werd bestudeerd t i j dens het drukmet i ngsonderzoek . 

De resul taten worden in hoofdstuk � verme l d . A l leen de 
statistisch s i g n i f i cants u i tkomsten worden h i er genoemd . 1 /  De 
inci dent i e  van de gol ven per m i nuut was vr i J we l  verge l i J kbaar 
tussen de v i er groepen . 2 /  De amp l i tudes waren hoger b i J  pa
t i enten met een d i ver t i culos i s  en met een p i J n l i J k  I BS met d i 
vert iculosis i n  verge l i J k i ng met d e  controles e n  eveneens hoger 
b i J  pat ienten met een p i J n l i J k  1 85 en di vert iculosis in verge
l i J k i ng met a l l een d i verticulos i s . De amp l i tudes van de gol ven 
d i e  met p i J n  gepaard g i ngen waren ook hoger in verge l i J k i ng met 
de go l ven d i e  n i et met p i J n  gepaard g i ngen b i j  de pat i enten met 
het p i J n l i J k  I BS en met het p i J n l i J k  I BS met d i vert iculos i s . 3 /  
De duur v a n  d e  golven , i n  seconden , was ! anger b i j  d e  pat i enten 
in verge l i J k ing met de controles . �/ De mot i l i te i ts i ndex , 
z i j nde de som van de producten van de amp l i tude en de duur van 
e l ks go l f ,  per t i j dspe r i ode en 5/ de opperv l akte ender de curve , 
bepaa l d  door hat tel l en van de v i er kant j es ender de curve , 
warden b i j  de v i er groepen berekend en onder l i ng vergel eken . 
Seide stegen i n  deze vol gorde : controlepersonen , pat ienten met 
een p i j n l i J k  I BS ,  pati enten met di vert i cu l o s i s  en pat i enten met 
een p i j n l i j k  I BS met d iver t iculos i s . De gemiddelde mot i l i 
teitsindex en de gemiddelde oppervlakte ender de curve waren 
groter b i j  somm ige pati enten met p i j n l i j ke gol ven u i t  de p i j n
l i J k  I BS groep en de p i J n l i J k  I BS met d i vert iculosis groep . 

I n  hoofdstuk 5 volgt de besprek i ng . De conc l u s i es z i j n  i n  
hoofdstuk 6 verme l d . De antwoorden op de i n  hoofdstuk 2 gest e l 
de vragen z i j n :  

l /  B i J  SO� van d e  pat i enten warden d e  corre lat i e  p i j n  en 
contract i e  C voor het eerst gezien t i J dens hat colon i n l oop 
onderzoek ) gereproduceerd t i j dens het drukmeti ngsonderzoek . De 
pat i ent meet worden onderzocht i n  een p e r i ode met p i J nk l achten . 
Een pat i ent met een p i j n l i j k  I BS kan herkend worden met hat ra
diodi agnost i sch colon onderzoek , mits de rad i odi agnost ontvan
kel i j k  is voor de p i j n  k l achten van de pat i ent en kenn i s  heeft 
van de pathofy s i o l og i e  van het s i gmoid . 

Het pos i t i eve d i agnost i sche criterium waarnaar , i n  d i t  on
derzoek , is gezocht , i s ,  b i J  een pat i ent met een p i J n l i J k  I BS ,  
een segmenterende s i gmoid contract i e  gecorre l eerd aan de karak
ter isti eke p i J n  ervar ing van de pat i ent . 

2/ Nist a l l e  muscu l a i re act iv i t e i t  van het s i gmoid b l eak 
een verandering i n  de intraluminale druk teweeg te brengen . 
Zender deze act i v i te i t  warden er echter geen drukgolven gezien . 
Het i s ,  u i t  d i t  onderzoek , gebl eken dat b i J  drukmeting d e  weer
stand tegen de voortgang van de darmi nhoud wordt gemeten . Druk
met i ng , beschouwd a l s  een parameter van de mot i l i te i t , i s  met ing 
van de weerstand . 

31 De beleefde p i J nk l achten corre l ee rden met golven met ho
ge amp l i tudes . 

�I De p i j n  l i j kt te worden veroorzaakt door drukgolven met 
een zeer hoge amp l i tude . De amp l i tudes waargenomen b i J  p i j n l oze 
contract i es versch i l len n i et van de amp l i tudes b i J  controls 
personen . Er bestaat een stoornis i n  de funct i e  van het s i gmoid 
b i j  pati enten met een p i j n l i J k  I BS en een p i J n l i j k  I BS met 
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d i verticulos i s . Het gevo l g  is een segmenterend contraherend 
sigmo i d , gepaard gaand met hoge drukken en p i J n :  sen "colon ko
l i ek " . De reproduceerbare waarneming van de corr e l a t i e  tussen 
de p i j n  bel even i s  en de contract i e  zou het " p i j n l i j k  ! BS 
symptoom " genoemd kunnen warden . Het is noodzake l i J k  te zoeken 
naar methoden om d i t  ! BS symptoom u i t te l okken . 

Pat i enten met onver k l aarde , di scon t i nue buikp i j n  behoren 
sen f y s i o l og i sch ger i cht radi o l o g i sch colon onderzoek te onder
gaan . 

S/ De resul taten steunen de hy pothese dat hat p i j n l i j k  I BS 
en de d i vert i cu l o s i s  deel z i j n  van � � n  hypermot i l i t e i tstoestand . 
P i J n l i J k  I BS kan � � n  van de e t i o l og i sche factoren van 
d i ver t i cu l o s i s  Z i J n . De hoge amp l i tudes , d i e  voora l  optreden 
t i j dens de p i j n l i J ke golven b i J  de groepen met een p i j n l i J k  I BS 
en een p i J n l i j k  ! BS met d i verticulos i s , kunnen de vorm i ng van 
d ivert icul i veroorzaken . De amp l itudes in de p i J n l 1 J k  I BS met 
d i verticulosis groep z i J n  hoger dan de amp l i tudes in de groep 
met a l l een een d i ve r t i c u l os i s . De amp l i tudes l i j ken l ager te 
warden wanneer de d i vert i cu l i  eenmaal z i J n  ontstaan . De vraag 
doet z i ch voor of de pat i enten met een p i j n l i J �: ! BS met 
d i vert iculosis de overgang vormen tussen d e  pat i enten met a l l een 
een p l J n l i j k  ! BS en de pat i enten met a l leen een d i ver t i culos i s . 

6/ De s i gnif icants resu l taten van een drukme t i ngsonderzoek 
kunnen verkregen warden door de bereken i ng van de mot i l i t e i ts
i ndex a l l een . Daar de ampl i tude belangr i J k  b l i J kt voor het on
derzoek naar de oorzaak van de p i J n ,  meet deze var iabele zeker 
gemeten warden . Het berekenen van de mot i l i t e i tsi ndex verdient 
de voorkeur boven het bepa l en van de opperv l akte ender de cur
ve . 

De vol gende hy pothesen kunnen geformu l eerd warden : Een 
veze larm voed ingspatroon kan l e i den tot verhoogde ampl i tudes van 
de motori sche gol ven i n  het s i gmo i d . Deze hoge druk golven 
l e i den tot p i J n  l i J den , zea l s  b i J  d i t  onderzoek ward vastgeste l d  
b i J  pati enten m e t  e e n  p i J n l i J k  ! BS e n  met een p i J n l i J k  ! BS met 
d i vert i cu l osis . De hogs druk golven resu l teren in p u l s i ed i ver
t 1 cul i l e i dend tot sen d ivert iculos 1 s . 
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APPEND I X  

Tabl e  1 6  I nc i dence : number- of waves per- m i n  in the four- gr-cups , 
in the three peri ods and overa l l . 

A/ Control 

pat . fast i ng postprand i a l  postgl ucagon overal l  

0 1  0 . 77 O . BO 1 . 37 0 . 93 
02 a 0 . 37 0 . 20 0 . 19 
03 O . 'i3 2 . 27 0 . 87 1 . 19 
O'i 0 . 13 O . 'iO O . 'i7 0 . 33 
OS 0 . 33 1 . 90 0 . 77 1 . 00 
06 1 . 1 3 2 . 23 l . S3 1 . 63 
07 0 . 10 0 . 10 O . S3 0 . 2'i 
OB 0 . 20 1 . 03 1 . 07 0 . 77 
OS 'i . 1 0 O . 'i3 2 . 'i7 2 . 33 
1 0  a O . 'iO a . so 0 . 30 
1 1  1 . 77 0 . '±3 O . 'iO 0 . 87 
1 2  0 . 20 1 . 20 0 . 83 0 . 7'± 
1 3  1 . 30 2 . 13 a . so l .  'i'i 
l 'i a . 57 0 . 7a a . 80 a . SS 
l S  0 . 33 0 . 67 a . so a . so 

MEAN 0 . 76:!:,0 . 27 1 .  00:!:,0 . 20 0 . 88:!:,0 . l S  0 .  88:!:,0 . 1 5 

B /  Painful I BS 

pat . fast i ng postprandi a l  postgl ucagon overa l l  painful wave 

16 0 . 20 O . 'i7 0 . 27 0 . 3 1  0 . 02 
1 7  a . so a . so 1 . 37 O . S2 O . O'i 
1 8  1 . 'iO a . so 1 . 07 1 . 12 0 
lS a . so 1 . 1 3 1 . 23 1 . 09 O . O'i 
20 0 . 1 7 a . so 1 . 1 7 0 . 6 1  0 . 22 
2 1  O . 'iO 0 . 63 l . 'i7 0 . 83 0 . 02 
22 0 . 20 a . 67 1 . 1 3 a . 67 0 . 13 
23 a . S7 0 . 67 0 . 73 0 . 7S 0 . 01 
2'i 1 . SO a . S7 1 .  'i3 1 . 1 7 0 . 0 1  
25 a . so 1 . 60 a . so 0 . 87 0 .  l 'i  
2 6  2 . 53 1 . 37 1 . 70 1 . 87 a . as 
27 2 . 03 O . S3 a . S7 1 . 3 1  0 . 01 
28 0 . 23 1 . 83 1 . 27 1 . 1 1  0 . 1 2 
2S a . so 2 . a7 1 .  '±7 1 .  '±8 a . O'i 
30 0 . 90 0 . 73 O . S3 0 . 72 0 . 06 

MEAN 0 . S2:tO . 18 0 . S7:!:,0 . 1 3  1 . 09!;0 . 1 1  0 . S9;t0 . 10 0 . 06!;0 . 0 1 
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Table 1 6  I nc idence ( cont i nued ) 

Cl Diver t i cu losis 

pat . fasting postprand i a l  postgl ucagon overal l  

3 1  0 . 87 0 . 57 0 . 63 0 . 6S 
32 0 . 23 1 . 87 1 . 13 1 . 08 
33 1 . 73 0 . 60 a . so O . S'i 
3'i 0 . 70 1 . S3 1 . 53 1 . 3S 
35 0 . 73 1 . 1 3 O . S7 O . S'i 
36 1 . 03 1 . 1 3 1 . 27 1 .  l'i 
37 0 . 17 1 . 37 1 . 63 1 . 06 
38 1 . 20 1 . 67 0 . 70 1 .  lS 
39 1 . 23 1 . 'i7 1 . 07 1 . 26 
'tO 1 . 30 0 . 57 2 . 1 3 1 . 33 
't l  0 . 1 3 0 . 73 1 . 'iO 0 . 76 
'±2 2 . 27 1 . 't3 1 . 10 1 . 60 
't3 1 . 'tO 1 . 27 0 . 87 1 . 18 
't't 0 . 87 0 . 83 0 . 67 0 . 7S 
'tS 2 . 'iO 1 . 60 0 . 70 1 . 60 

MEAN 1 . 08:!:_0 . 18 1 . 2 1 :!:.0 . 12 1 . 0S:!:_0 . 1 2 1 . 1 3:!:_0 . 07 

D I  Painful ! BS w i th d i vert i cu l os i s  

pat . fast i ng postprand i a l  postg l ucagon overa l l  painful wave 

'i6 1 .  'i7 a . so 1 .  'i7 1 . 28 0 . 03 
't7 2 . 07 1 . 1 3 a . so 1 . 37 0 . 18 
't8 1 . 'tO 0 . 87 1 . 1 0 1 . 1 2 0 . 03 
't9 0 . 63 a . so 0 . 80 0 . 78 0 . 20 
50 0 . 87 0 . 83 0 . 93 0 . 88 O . O't 
5 1  1 . 1 0 1 . 20 1 . 57 1 .  2't 0 . 1 8 
52 0 . 93 1 . 50 1 . S't 1 . 32 0 
53 1 . 'iO 1 . 70 1 . 50 1 .  'i3 0 . 07 

MEAN 1 . 23:!:.0 . 1 6 1 . 13:!:_0 . 1 1 1 . 23:!:_0 . 12 1 . 18:!:_0 . 08 0 . 1 0:!:_0 . 03 
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Tab l e  1 7  Mean amp l itude of the waves i n  mm Hg C zSEM ) in the fou• g•oups , 
in the th•ee pe• i ods and ove•a l l . 

A/ Cont•ol 

pat . fast ing 

01 l 't . 0:!;.1 . 6  
02 0 
03 5 . 3:!;.0 . 7  
O'i 1 3 . 6:!;.6 . 1  
05 18 . 2:!;.'i . 2  
06 9 . 9:!;.0 . 9  
07 5 . O:!;.l . 5  
OB 7 . 5:!;.2 . 7  
09 9 . 7:!;.0 . B  
1 0  0 
1 1  5 . 5:!;.0 . 't  
1 2  't . 3:!;.0 . B  
1 3  7 . 6:!;.0 . 6  
l 'i  B . 9:!:_2 . 5  
1 5  't . 7:!;.0 . 5  

MEAN 7 . 6:!:_1 . 3  

B /  Painful ! BS 

pat . fast ing 

16 3 . 3:!;.0 . 2  
1 7  6 . 9:!;.2 . 'i  
18 6 . 3:!;.0 . 2  
1 9  1 6 . 0:!;.2 . 2  
20 B . 't:!;.3 . 2  
2 1  't . 2:!;.0 . 9  
22 1 0 . B:!;.3 . 2  
23 't . 7:!;.0 . 6  
2'i B • 'i:!;.0 • 9 
25 1 2 . 2:!;.3 . 0  
26 9 . B!_0 . 7  
27 23 . 1 :!;.2 . 0 
28 2 . 9:!:_1 . 2  
29 1 9 . 3:!;.1 . B  
30 1 0 . 2:!;.l . 't 

MEAN 9 . B:!;.1 . 5  

postp•and i a l  

1 2  . O:!;. 1 . 2 
5 . 7:!;. 0 . 7  

2 1 . 2:!:. 2 . 0  
1 9 . 0:!;. 3 . 5 
1 1 . 5:!;. l . 3 
1 1 . 3:!;. 0 . 7 

3 . 7:!;. 0 . 7  
7 . 5:!;. 0 . 6  
B . 9+ 1 . 2 
9 . 3� 1 . 6 
3 . B:!;. 0 . 2 
't . 5:!;. 0 .  7 
6 . 7:!:_ O . 't 

1 8 . 0:!;. 3 . 0 
't . 9:!;. O . 't  

9 . 9:!;. 1 . 5 

postp•and i a l  

3 . 9:!;. 0 . 3 
9 . 5:!;. 1 . 5 
9 . 'i:!;. 1 . 3 

27 . 9:!:. 2 . B  
B . 5:!;. 1 . 9 
B . 6:t_ 1 . 6 

2'± . 2:!;. 1 . 9 
5 . 7:!;. O . B 

l 'i . 9:!;. 2 . 9  
3 1 . 2:!;. 3 . 7  
1 2 . 5:!:. 0 . 9 
29 . 1 :!;. 'i . 9  
l 'i . 6:!;. 1 . 0 
1 6 . 6:!;. 1 . 'i 
l't . 3:!;. 1 . 'i 

1 5 . 3:!;. 2 . 3 

postg l ucagon 

1 5  . 3:!;.1 . 9  
5 . 3:!;.0 . 7  
9 . 2:t_l . 3  
7 . 9:!;.1 . 3  
5 . 'i:!;.0 . 5  

1 8  . 9:!;.1 . 9  
B . 3:!;.1 . l 

l't . 2:!;.l . 'i  
1 3  . B:t_l . 't  

6 . 3:!;.0 . 9  
3 . B:!;.0 . 1  
B . B:!;.l . 7 

1 0 . Y::t_0 . 9  
7 . 3:!;.1 . 3  
9 . 1 :!;.l . 9  

9 . 6 :!;.l . 1  

postg l ucagon 

5 . 2:!;.0 . B  
l 'i  . B:!;.1 . 5  
1 3 . 1 :!;.0 . 5  
2'i . Y::!;.l . Y: 
1 1 . 5:!;.l . 2  
1 6  . 6:t_l . 5  
2 1 . 0:t_2 . 't  

6 . 9:!;.l . O  
1 2 . 7 :!;.l . 'i  

7 . 5:!;.1 . 0  
1 0 . 7 :!;.0 . B  
23 . 6:!;.'t . 5  
1 2 . l :!;.1 . 6  
25 . Y::!;.3 . 2  
1 1 . 6:!;.l . 6  

l 'i  . 5:t_l . 7 

ove•a l l  

l 't  . O:t_l . O  
5 . 6:!;.0 . 5  

1 6 . Y::!;.1 . 5  
1 3 . 1 :!;.l . 9 
1 0 . 7:!;.l . O 
1 3 . 3:!;.0 . B 

7 . 2:!;.0 . 9  
1 0 . 6:!;.0 . B  
1 1 . 1 :!;.0 .  7 

7 . 6:!;.0 . 9 
Y: . 9:!;.0 . 3  
6 . 0:!;.0 . 7 
7 . 7:t_0 . 3  

1 1 .  'i :!;.l . 'i 
6 . 2:!;.0 . 7  

9 . 7:!;.0 . 9  

ove•a l l  

'i . 1 :!;.0 . 3  
1 1 . 3:!;.l . 2  

9 . 3:!;.0 . 7  
23 . 2:!;.l . Y:  
1 0 . 't:!;.0 . 9  
1 2 . 6:!:.l . l  
2 1 . 1 :!;.l . 6 

5 . 7:!;.0 . 5  
1 1 . 2:!;.0 . 9  
23 . 1 :!;.2 . 7  
1 0 . 7:!:,0 . 5  
2'i . 7 :!;.1 . 9  
1 3 . 2:!;.0 . 9  
20 . 1 :!;.l . 3 
1 1 . 9:!;.0 . 9  

l 't . 2:!;.l . 7 

painfu l wave 

7 . 3:!;. 0 . 3  
3 1 . 5:!;. 3 . 3  

0 
Y: l . 3:!;. 7 .  7 
l't . 2:!;. 1 . 6 
3Y: . 5!,1 2 . 5  
29 . 1 :!:. 2 . 9  
1 3 . 0  
29 . 0  
59 . 3!, 7 .  't 
2 1 . B:!;. 2 . 5  
57 . 0  
2'i . 6:!:. 2 . 7  
38 . 5:!;. 1 . 9 
2 1 . 7!, 3 . 0  

28 . 2:!;. 'i . 3 
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Tabl e  1 7  Mean amp l i tude C c:anti nued ) 

C /  D iver-t ic:ulasis 

pet . fasting postprandi a l  postg luc:agon over-a l l  

3 1  35 . 2:!:,9 . 0 5'i . 8 :!:.1 'i . 0  30 . 7 :!:.7 . 7 39 . 2;:!:5 . 9  
32 1 'i • 'i:!:.1 • 'i 1 0  . '±::!::. 1 . 1  1 'i .  l ;:!:l . 7 1 2  . 0;:!:0 . 9  
33 l 'i . 6:!:,1 . 5  1 3 . 9:!:. 2 . 9 1 3 . 7;:!:3 . 0  l 'i  . 3;:!:1 . 2  
3'i 1 0  . 0!_2 . 1  1 0 . 1 ::!:. 0 . 8 7 . 8;:!:0 . 8  9 . 2 :!:,0 . 6  
35 8 . 5:!:,0 . 9 1 1 . 'i:!:. 1 . 'i 35 . 7 ;:!:5 . 1  1 9 . 0;:!:2 . 3  
36 1 5 . 6:!:,2 . 5  23 . 8::!:. 3 . 2 22 . '±;:!:3 . 6  20 . 6;:!:2 . 3  
37 25 . B!,2 . 5  1 5 . B!, 2 . 2 20 . 9:!:,1 . 8  1 8 . 9::!:.l . 'i 
38 23 . 6:!:,l . 7  35 . 8 ::!:.  1 . 9 29 . 6:!:,2 . 5  30 . 5:!:,1 . 3 
39 8 .  3:!:,1 . 3  1 6 . 5;:!: 2 . 1  2 1 . 5:!:,1 . 'i  1 5 . 2;:!:1 . 1  
'iO 9 . 8;:!:2 . 2  1 0 . 6::!:. 1 . 7 1 9 . 3:!:,2 . l  1 5 . 0:!:,l . 'i 
'i l  5 . 8!_1 . 5  2 1 . 'i:!:. 2 . 5  26 . 3:!:,3 . 1  23 . 5:!:.2 . 1  
'i2 1 6 . 2::!;.0 . 9  1 8 . 9;:!: 2 . 0 20 . 7;:!:2 . 5 1 8 . 0;:!:0 . 9  
'i3 1 7  . 9;:!:2 . 'i  1 5  . O :!:.  2 . 5  9 . 8 :!:,l . 7 l'i . 9;:!:1 . 'i  
'i'i 8 .  'f::!;.l . 1  35 . If;:!: 5 . 5 37 . 2 ;:!:5 . 2  26 . 0 ;:!:2 . 9  
'i5 7 . 6:!:,0 . B  2 1 . 6::!:. 2 . 7  l 'i . 0:!:.2 . 'i  1 3  . 2:!:.1 . 2  

MEAN l 'i  . 8:!:.2 . 1  2 1 . 0:!:. 3 . 2 2 1 . 6;:!:2 . 3  1 9 . 3:!:.2 . 0  

D I  Painful I BS w i t h  d i ver-t ic:ulosis 

pat . fast ing postprandi a l  postg l uc:agon aver-a l l  pa i nful wave 

'i6 1 5 . 3::!;.1 . B  1 5 . 8::!;.3 . 0  2 3 . 8::!:. 2 . 7 1 8 . 7 :!:.1 . 5  52 . 3:!:. 1 . 8 
'f7 2 1 . 'i:!:.3 . 'i 35 . 2:!:.S . 3  1 5 . 'i:!:. 2 . 5  2'i . 1 :!:.2 .  'i 55 . '±::!::. 7 . 9  
'i8 25 . S:t.'i . 6  'f3 . 3:t.S . 3  1 8 . 7:!:. 1 . 5 27 . 9:!:.2 . 6  7 1 . 7:!:. 2 . 6  
'±9 27 . 2::!;.'f . s  20 . 0:t.3 . 9  'i S . 3:!:. 6 . 9  30 . 6:!:.3 . 3  55 . 6::!:. 5 . 3  
so 'i2 . 3:t.S . O  '±9 . 9:!:.'i . 8 79 . 0::!:.l'i . 6  57 . 7:!:.S . 9  33 . 5::!:. 5 . 3  
5 1  27 . 5::!;.'f .  7 'i8 . 1 ;:!:5 . 6  'i0 . 3:!:. 5 . 3  39 . 3;:!:3 . 2  93 . 6::!:. 5 . 3  
52 32 . 'f::!;.3 . 3  'i 7  . 2;:!:'i . 3  'f8 . 7 :!:.  6 . 0  'i3 . 1 ;:!:5 . 5  0 
53 25 . S:t.2 . 3  36 . 'i ::!;.3 . 'i  37 . 1 :!:. 'i . 5  32 . 8:!:.3 . 6  66 . 7 :!:.  5 . 1  

MEAN 27 . 1 :!:.2 . B 37 . 0:!:.' L 6  38 . 5:!:. 7 . 2  3'i . 3:!:.'i . 3 6 1 . 3::!:. 7 . 1  
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Tab l e  1 8  Mean durat i on of the waves in s C ±SEM ) i n  the four groups , 
in the three per iods and overa l l . 

A/ Control 

pat . fast i ng 

01 
02 
03 
O'f 
05 
06 
07 
08 
09 
10 
11 
1 2  
1 3  
1 Lf 
1 5  

1 1 . 0:!:. 1 . 1  
0 

1 1 . 8:t, 1 . 5 
10 . 9:t, 1 . Lf 
25 . 9:!:. 2 . 2  
1 3 . 8:!:. 1 . 1  

5 . 2:!:, 1 . 2 
1 3 . O:!:. Lf . 1  

9 . 8:t, 0 . 6  
0 
9 . Lf:t, 0 . 9  

2 1 . 2:!:. 2 . 8  
21.f . 7 :!:.  1 . 8 
1 5 . 7:!:. 2 . 6 
l 'f . 3:!:. 2 . 1  

MEAN 1 2 . 5:!:. 2 . 0 

Bl Painful I BS 

pat . fast i ng 

1 6  10 . 1 :!:, 2 . 3  
1 7  22 . 9:!:. 7 . 0 
1 8  1 1 . l :t, 0 . 9  
1 9  20 . 2:!:. 1 . 9 
20 75 . 0:t,30 . 8  
2 1  1 2 . 1 :!:. 2 . 6 
22 1 8 . 5:!:. 7 . 0 
23 8 . 2:!:, 1 . 3 
21.f 8 .  7:!:. 0 .  7 
25 36 . 9:!:. 7 . Lf 
26 1 8 . 1 :!:. 1 . 9 
27 25 . 1 :!:. 1 . 9 
28 21.f . 5:!:. 7 . Lf 
29 29 . 6:!:. 2 . 5  
30 33 . 2:!:. 3 . 9  

MEAN 23 . 6:!:. Lf . 3 

postprand i a l  postg l ucagon 

1 3 . 1 :!:. 1 . 2 
1 0 . 5:!:. 0 . 9  
1 6 . 7:!:. 0 . 7  
28 . 7 :!:.  6 . 8  
1 3 . 8:!:. 0 . 9  
1 2 . '± :!:. 0 . 9  
28 . 2:t, 9 . 1  
1 3 . 6:!:. 1 . 5 
76 . 2:!:.32 . '±  
2 1 . 3:!:. 2 . 3  
1 2 . 3:!:. 2 . 0  
20 . l :!"_  1 . 3 
1 8 . 3:!:. 0 . 9 
1 9 . l :t 1 . 8 
1 2 . 9:!: 1 . 2 

2 1 . 1 :!:. •t . 2 

postprand i a l  

1 7 . l :!: l . 6 
16 . 2:!:. 1 . 3 
17 . 6:!"_ 3 . '±  
21.f . 3:!:. 2 . 5  
1 5 . 0:!: 5 . 2  
1 9  . 2:!"_ 1 .  7 
30 . 5:!-_ 2 . 5  
22 . 1 :!:. 3 . 0  
80 . 0:!:.33 . 6  
1 9 . 0:t 1 . 8 
25 . 6:!:. 1 . 9 
1 7 . 7:!:. l . 3 
2 1 . 1 :!:. 1 . 0 
1 7 . 9:!:. 0 . 9  
25 . 9:!:. 2 . 3  

2'± ' 6:t '± . 1  

l 'f . 6+ 1 . 2 
1 3 . 5!: 2 . 3  
1 1 . 'f :!:. 1 . 2 
27 . O:!:. 5 . 6  

7 . 8:!:. 0 . 6  
l 'f . 9:!: 0 . 9  
2 1 . 9:!:. 5 . 8 
1 2 . 7 :t,  1 . '± 
1 0 . 0:!"_ 0 . 8  
20 . 6::!:. 2 . 7  
1 8 . 8:!:. 3 . 1  
1 8 . 7:!:. 1 . 8 
1 3 . 8:!:. 0 . 8  
1 0 . 2:!:. 1 . 8 
1 2 . 6:!:. 1 . 5 

1 5 . 2:!:. 1 . 3 

postg l ucagon 

1 8 . '±:!:. 3 . 1  
1 6 . 7:!:. 1 . Lf 
17 . 9:!:. 2 . '±  
25 . 2:!:. 1 . 8 
3 1 . 9:!:. 2 . 1  
25 . 9:!:. 1 . 3 
31.f . 1 :!:. 2 . 5  
3 1 . 3:!:. 'f . 9  
28 . 2:!:.l l . 5  
2 1 . 8:!:. 2 . 6  
27 . 9:!:. 1 . Lf 
17 . 3:!:. 1 . 3 
20 . 5:!:. 2 . 0  
1 7 . 7 :!:. l . O 
28 . 3:!:.10 . 7  

21.f . 2:!:_ 1 . 5 

overa l l  

1 3 . 3:!:.0 . 7  
1 1 . 6:!:.1 . 0  
l 'f . 5:!:.0 . 6  
22 . 6:!:.3 . 0  
1 3 . 6 :!:.0 . 8  
1 3 . 5;t.0 . 6  
20 . 7:!:.'± . 5  
1 3 . l :!:.1 . 0  
l 'f . 0:!:.2 . 3  
20 . 9:!:.1 . 8 
1 1 . '±:!:.0 . 9  
1 9  . 6:!:.1 . 0  
1 9 . 3:!:.0 . 8 
1'± ' 7:tl . 3 
1 3 . l :!:.0 . 9  

1 5 . 7:tl . O  

overa l l  

1 6 . 0:!:.l . '± 
1 8 . 6 :!:.2 . '±  
1 5 . 0;t.1 . 3  
23 . 5:!:.1 . 2 
36 . 9:!:.3 . 6  
22 . 0:!:.1 . 1  
3 1 . 3:!:.1 . 9  
1 7  . 8:!:.2 . 1  
28 . 2;t.7 . 5 
23 . 0;:!:2 . 0  
22 . 9;:!:1 . 1  
2 1 . '± ±.1 . 1  
2 1 . l :tl . 1  
20 . 2;:!:0 . 8  
30 . 2;:!:3 . l  

23 . 2±.1 . 6  

painful wave 

1 3 . 5::!:.l . 5  
1 6 . 8:!:.l . 3 

0 
20 . 2::!:.l . 3  
33 . 8;:!:2 . 8  
30 . 2;:!:9 . 8  
38 . 3;:!:3 . 8  
28 . 0  
88 . '±  
25 . 5;:!:2 . 9  
25 . 8::!:.'f . 2  
28 . 0  
23 . 8;:!:2 . 9  
1 9 . 1 :!:.3 . 7  
3 1 . 0;:!:6 . 0  

28 . 2±.'± . 9  
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Tab l e  1 8  Mean duration ( conti nued ) 

C l  D i ver-t iculosis 

pat . fast i ng postprand i a l  postg l ucagon over- a l l  

3 1  'i 9  • '±::!:. 7 . 'i 25 . '± ::!:.  1 . 9 1 2 . 3::!:. 1 . 3 3 1 . 5 ::!:.3 . 8 
32 63 . 6::!:.26 . 8  1 6 . 6::!:. 1 . 6 25 . 1 ::!:. 'i . o  23 . 0::!:.2 . 7 
33 1 7 . '±::!:. 1 .  7 2 1 . 1 ::!:. 3 . 2  2'i . 1 ::!:. 7 . 3  1 9 . 'i ::!:.1 . 8 
3'i 18 . 6::!:. 2 . 6 l 'i . 8 ::!:.  1 . 1  1 8 . '± ::!:.  1 . 9 1 6 . 8::!:.l . O 
35 1 7 . 2::!:. l . O 23 . 6::!:. l . 'i 28 . 5::!:. 2 . 2  23 . 6::!:.1 . 1  
36 28 . 0::!:. 2 . 8 18 . 3::!:. 1 . 'i 1 1 . 8::!:. 3 . 3  1 9  . 0::!:.1 . 3  
37 3'i . 9:!:_ 7 . 1  23 . '±::!:. 1 . 8 25 . 7::!:. 2 . 3  2 5  . 2::!:.1 . 5  
38 'i6 . 3:!:_ 3 . 6 37 . l :!:_  2 .  'i 3'i . '± ::!:.  2 . 8 39 . 7 ::!:.1 . 8  
39 l'i . O::!:. 1 . 8 23 . 6::!:. 2 . 1  'i l  . '± ::!:.  'i . 1  25 . 5 ::!:.1 . 8  
'iO 22 . 6::!:. 1 .  7 1 6 . 9::!:. 2 . 7 1 5 . 9::!:. 2 . 7  1 8 . 2::!:.l . O 
'i l  3 'i  . 8:!:_ 5 . 2 2 1 . 2::!:. 1 . 9 25 . 2::!:. 1 . 5 2'i . 5::!:.1 . 2  
'i2 26 . 7::!:. 1 . 3 25 . 6::!:. 2 . 0 28 . 7::!:. 2 . 3  26 . 8::!:.1 . 0  
'i3 28 . 7::!:. 1 . 7 1 5 . 2::!:. 0 . 8 19 . 1 ::!:. 1 . 5 2 1 . 5::!:.l . O  
'i'i 20 . 6::!:. 1 . 9 28 . 3::!:.10 . 8  25 . 6::!:. 2 . 3  2'± . 7::!:.3 . 9  
'iS 8 . 9::!:. 0 . 5  9 . 6 ::!:.  0 . 7  1 7  . 6::!:. 2 . 3  1 0 . 5::!:.0 . S  

MEAN 28 . 8::!:. 3 . 8 2 1 . '± ::!:.  1 . 7 23 . 6::!:. 2 . 1  23 . 3:!:_1 . 7  

DI Pai nfu l ! BS w i th d i ver-t iculosis 

pat . fast ing postprand i a l  postg l ucagon over- a l l  painfu l wave 

'i6 18 . 9:!:_2 . 5  1 3  . 'i::!:.1 . 5  2'i . 9::!:. 3 . 9  1 9 . 9::!:.l . 9  76 . 'i ::!:.'iO . 5 
'i7 16 . 9::!:.1 . 7 l 'i  . 8::!:.1 . 1  6 . 5::!:. 1 .  7 l'i . 0::!:.1 . 0  20 . 0::!:. 'i . 8  
'i8 1 7 . 7:!:_2 . 6  20 . 8 ::!:.2 . 5  2'i . 2::!:. 2 . 1  20 . 6:!:_1 . 'i  3 1 . 9::!:. 8 . 8  
'i9 2'i . l ::!:.1 . 7 17 . 9::!:.1 . 8 30 . 9::!:. 2 . 8  2'i . 0::!:.1 . 'i 29 . 2::!:. 1 . 9  
so 35 . 7:!:_5 . 1  26 . l ::t.1 . 9 1 6 . 5::!:. 1 . 'i 25 . 8::!:.2 . 0 'i .  2::!:. 2 . 5  
5 1  1 2 . 2::!:.0 . 9  25 . 3:!:_2 . 1  20 . 2::!:. 1 .  'i 1 9 . 7 ::!:.1 . 0  25 . 7::!:. 3 . 2  
52 28 . 3:!:_2 . 7  2 6  . 8 :!:_1 . 5  1 8 . 8::!:. 2 . 'i  25 . 'i :!:_l . 3  0 
53 27 . 'i::!:.O . 'i l 'i . 7::!:.1 . 2  35 . 9::!:.10 . 3 26 . l ::!:.2 . 7 126 . 2::!:.68 . 0  

MEAN 22 . 7::!:.2 . 7  20 . 0 ::t.2 . 0  22 . 2::!:. 3 . 2  2 1 . 9::!:.1 . S  'i'i . 8::!:.15 . 9 
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Tab l e  1 9  Total a•ea unde• the cu•ve i n  squa•e mm C x  1 000 ) in the fou• 
g•oups , i n  the th•ee pe• i ods and ove•a l l . 

Al Cont•ol 

pat . fast ing 

0 1  7 . 9  
02 0 
03 1 . 8 
O't l .  't 
05 6 . 5 
06 9 . 'i  
07 0 . 3  
08 2 . 0  
09 37 . 6  
1 0  0 
1 1  6 . 2  
1 2  1 . 2 
1 3  1 9 . 0  
l 't  'i . 3  
1 5  1 . 6 

MEAN 6 , 6:!:_2 . 6  

8/ Painful I BS 

pat . 

1 6  
1 7  
1 8  
1 9  
20 
2 1  
2 2  
2 3  
2't 
25 
26 
27 
28 
29 
30 

MEAN 

fast ing 

0 . 'i  
l l . O  

7 . 0 
1 6 . 2  

6 . 0  
l . 5 
2 . 8  
3 . 0 
8 . 0  

1 3 . 7  
26 . 3  
8'i . 9  

2 . 5  
27 . 'i  
1 8 . 2  

1 5 . 3:!:_5 . 'i  

postp•and i a l  

8 . 6  
l . 9 

'i8 . 6  
9 . 6 

2 1 . 5  
22 . 8  

0 . 8 
9 . 8  

53 . 3  
5 .  'i 
l . 6 
6 . 9  

1 9 . 1  
1 2 . 1  

3 . 2  

1 5 . 0:t.'t . 2  

postp•and i a l  

2 . 1  
'f. l 
9 . 9  

'i3 . l  
8 . 2  
6 . 2  

2'i . 5  
5 . 6  

B'i . 2  
59 . 8  
2'i . 2  
2'i . O  
33 . 0  
38 . 'i  
1 3 . 3  

25 . 'i :!:.6 . o  

postg l ucagon 

1 7 . 8  
l . 2 
5 . 9  
5 . 2  
1 . 9 

26 . 5  
7 . 3 

1 5 . 5  
25 . 9  

5 . 0  
2 . 2  
7 . 0  
9 . 3  
'i .  6 
3 . 6  

9 . 3:!:_2 . 1  

postg lucagon 

1 . 6 
1 7 . 7  
1 8 . 2  
'i2 . 6  
2'i . 7  
32 . 2  
56 . 7  

9 . 1  
5'i . O  

5 . 3  
3 1 . 5  
2 1 . 7 
1 9 . 3  
3't . 2  

8 . 5  

25 . 2:!:.'i . 3  

ove•a l l  

3'i . 't  
3 . 1  

56 . 't  
1 6 . 2  
29 . 8  
58 . 7  

8 . 3  
27 . 3  

1 1 6 . 7  
1 0 . 't 
1 0 . 0  
1 5 . 1  
'i7 . 't  
20 . 9  

8 . 'i 

30 . 9:!:_7 . 7  

ove•al l  

'i . 1  
32 . B  
35 . 1  

1 02 . 0  
38 . 9  
39 . 9  
83 . 9  
1 7 . 7  

l't6 . 2  
78 . B  
82 . 0  

1 30 . 6  
5'i . 8  

1 00 . 0  
'iO . O  

65 . 8:!:_10 . 7  

painful wave 

0 .  'i 
'i .  0 
0 
8 . 6  

1 7 .  'i 
2 . 8  

2't . 'i 
0 . 6  
3 . 1  

37 . 7  
7 . 6  
3 . 2  

1 1 . 3  
5 .  'i 
6 . 1  

8 . 8:!:_2 . 7  
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Tab l e  19 The tota l ar-ea under- the cur-ve ( conti nued ) 

Cl Diver-t icu lasis 

pat . fast i ng pastpr-and i a l  pastg l ucagan aver-al l  

3 1  63 . 9  'f6 . 0  1 3 . 8  1 2 3 . 7  
32 2S . 7  22 . 8  23 . 2  7 1 . 7  
33 3'i . 3  1 1 . 1  1 6 . 2  6 1 . 6  
3'f 9 . 8  20 . 2  1 2 . 7  'f2 . 7  
3S 6 . 9  l S . 2  68 . 7  90 . 7  
36 27 . 9  2S . 9  36 . S  90 . 3  
37 8 . 3 29 . 2  S9 . 'f  97 . 0  
38 72 . 9  l O'f . 6  3'f . 6  2 1 2 . 1  
39 1 3 . 1  'f l . 6  62 . 7  1 1 7 . 'f  
'±0 1 9 . 3  6 . 3  '±3 . S  69 . 1  
'± 1  1 . 6 2 1 . 2  'f2 . 2  6S . 1  
'±2 7S . 1  '±2 . '± 38 . 1  l SS . 6  
'f3 3 1 . 8  19 . 1  1 0 . 6  6 1 . S  
'±'f 9 .  '± 68 . 2  36 . 'f  1 1 3 . 9  
'fS 1 2 . 2  26 . 6  1 1 . 6  SO . '±  

MEAN 27 . S;t.6 . 3  33 . 3::t_6 . S  3'± . 0::t_S . O  9'f . 9::t_1 1 . 6  

D I  Painful I BS w i th d i ver-t i cu l as i s  

pat . fasting pastpr-and i a l  past g lucagan aver-a l l  p a i nful wave 

'±6 3'± . 1  19 . 0  1 00 . 'f 1 S3 . S  33 . S  
'±7 60 . 8  38 . 8  6 . 2  l OS . 8  39 . 0  
'±8 S0 . 3  '±6 . '± 3S . O  1 3 1 . 6  1 3 . 7  
'±9 2S . S  20 . S  S'± . 1  1 00 . 1  '±7 . 1  
so 7 1 . 2  S2 . 7  7 1 . 7  1 9S . 7  '± . 6  
S l  20 . 9  68 . '±  60 . 8  lSO . O  S9 . 2  
S2 '±2 . 2  66 . 1  S7 . 9  1 66 . 2  0 
53 '±6 . 3  66 . '±  128 . 0  2'±0 . 7  79 . 2  

MEAN '±3 . 9::t_6 . o  '± 7  . 3::t_7 . 1  6'f . 3::t_13 . 2  lSS . S;t.16 . 'f  39 . S;t.9 . 7  



1 30 

Tab l e  20 The mean area under the curve in square mm C ±SEM ) i n  the 
four groups , in the three per i ods and overa l l . 

A l  Control 

pat . fast i ng postprand i a l  postg l ucagon overa l l  

0 1  3'fS:!:. S2 3SS+ 'f9 'f3S:!:. SS 3Sl :!:.  32 
02 o 11s±: 27 1 S8:!:. so 183:!:. 2'i 
03 1 39:!:. 19 7 1 S :!:.  85 228:!:. 'i2 S27:!:. 60 
O'f 260:!:. 150 80 1 :!:.  22'f 371 :':, 7 1  S'il ;t:.103 
OS 6'f7:!:. 133 377:!:. 58 8 1 :!:.  9 332:!:. 'f3 
06 27S:!:. 33 3'fl :!:. 38 S75;t: 55 3SS:!:. 27 
07 83:!:. 38 26S:!:. 77 'fS'±;t:l 71 378:!:.127 
08 3'fl :!:.  23S 316:!:. 'i7 '±8'±:!:. 80 3S6:!:. 'i7 
OS 30S;t: 'iO '± 1 00:!:.2037 3'±S:!:. '±6 SSS:!:.l'iO 
10 0 '±S3:!:. 71 330:!:. 85 38'±:!:. 57 
1 1  1 1 7:!:. 1 3  1 2 1 :!:.  2 'i  1 8'±:!:. 37 1 28:!:. 1 1  
1 2  l lS;t: 38 1S2:!:. 1'± 280:!:. 'i l  226:!:. 18 
13 '±87:!:. 36 2S8:!:. 20 3'±3:!:. 32 36'±:!:. 17 
1 '± 2S1 :!:. 20 S76:!:. 98 lSO:!:. 60 338:!:. so 
l S  1 6 1 :!_  27 1 5S:!;. 20 237:!:. 65 1 86:!:. 2'± 

MEAN 23S:!:. 'i6 6 1 7 :!:.  2S'i 3 1 6!_ 35 35S:t 3'i 

B/ Painful I BS 

pat . fast i ng postprandi a l  postg lucagon overal l pai nfu l wave 

16 69:!:. 17 l '±S:!:. 1 9  202:!:. 38 l 'i7:!:. 17 208:!:. 8 
1 7  '±07:!_ 17S 27'±:!:. 7 1  'i31 !. 'i7 3SS:!:. 6'i SSS:!:. 1 2  
1 8  1 66:!:. 1 3  366:!:. 78 S70:!:.1 16 3'±7:!:. 'i6 0 
lS 601 :!.  82 1268:!:. l'iO 1 1 S2!_121 lO'iO!. 75 2 160:!:.18S 
20 1 207:!:. '±38 S'i'i!. 150 70S:!:. 71 707:!:. 7'i 87 1 :!:.1 13 
2 1  1 2S:!:. 35 326:!:. 61 731 :!:. SS 532:!:. 'f8 1 'i03:t 23 
22 '±66:!:. 227 1 22S:!:. 122 1 666:!:.208 1 3SS:t13'± 2031 !_353 
23 1 03:!:. 30 28 1 !.  'iS 'f 1 2 :t  82 2'f9:t 3S 630 
2'f 1 77:!. 21 'fS50:!:.3370 1 2S7:!:.8'i7 1 3S2:!:.6S'f 3080 
25 9 1 1 :!:.  297 1 2'f7:!:. 19S 3S3:!:. 5'± 1 0 1 0:!:.1'±0 2902:t'i'f3 
26 3'f6:!:. 33 S90:!:. 5 1  6 1 7 !.  37 'i88:t 2'f 9S6:!:. 6 1  
27 1391:!_ l lS 856:!:. 127 7'iS:!:.12S 1 1 07:!:. 80 3 1 SS 
28 363:!:. 106 SSS:!:. 'f3 S08:!:. 76 S'fB:t 38 1031:!:.l'il 
2S lOlS:!:. 78 6 1 S:!:. 53 777:!:. 89 752:!:. 'i3 1 3'fS:!;.1 1 1  
30 673:!:. 1S3 60S:!:. 78 S2S:!:.1 1S 61S:!:. 7'± 1 0 1 3 :!:.196 

MEAN 53'f:!:. lOS S27 :!:. 302 7 1 1 :!:.  SS 7 1S:!:,102 l 'fS5:t2SS 



1 3 1  

Tab l e  2 0  M e a n  area under the curve ( conti nued ) 

C/ D iverticulosis 

pat . rest i ng postprand i a l  post g l ucagon overal l  

3 1  2'i56!, 6 1 'i  2555!, 'i70 727!,181 1 995!,3'±6 
32 3671 !,23'±3 'i06!, 68 682!,127 739!,188 
33 659!, 99 6 1 8!, l'iS 1 08 1 !,'i63 725!,106 
3'i 'i69!, 90 3'i7!, so 276!, 'i3 3'il !,  32 
35 313!, 35 'i'iS!, 'i2 2367!,'±72 1 067!,190 
36 9 1 1 !,  1 62 762!, 100 960!, 95 877!, 78 
37 1668!, 303 7 1 3!. 132 1 2 1 2 !,190 1 02 1 !.1 17 
3B 2025!. 1 99 2092!. lS'i 1 6'i7!,138 1 SB2!,102 
39 353!, 7 1  9'i6:t. 120 1 958:!:_163 1 039!, 91 
'iO 'i95:t, BS 373!, 65 6BO:t.108 576!. 65 
'il 'i07:t, 36 96'i!, 167 1 006!,130 957!. 98 
'i2 1 1 05!. 87 985!, 12'i 1 156!,l'i7 1 080!. 65 
'i3 75B!, BO 503:t B2 'i07:t 58 580!. 'i8 
'i'i 360:t 'iB 272B;tl5B6 1 B 1 9 ±.268 1 605±_569 
'i5 1 69!. 22 567±. 95 'i8'i±.108 360!. 'il 

MEAN 1 055±. 256 1 000!_ 205 1 097!_158 996±.133 

D/ Painful I BS w i th d iverticulosis 

pat . resti ng postprandi a l  postg l ucagon overa l l  painrul wave 

'i6 775±.lSB 702!,1B6 2283!. 667 133'i:t,273 1 1305:!:_7597 
'i7 980!,206 l l  'i2:t1S'i 228!. 'i6 860±.120 2'i37:t 629 
'iB 1 198±_298 1 786!,2'±0 1 06 1 !.  1 12 1305:tl'i5 'i580;t2689 
'iS 13'il:t2'i5 760!_173 2256!. 376 l'i30:t_175 261B:t 295 
so 27'iO;t'i80 2 1 10!_279 256 1 !.  530 2'i77:t259 1 155:t 300 
5 1  632:!:_106 1 899:t277 1 293!. 188 1 293!_126 3698:!:_1562 
52 1 563±.526 l'i69!,127 1 259!. 287 l'i02:tl57 0 
53 1 102!,208 l lS l :t  B l  28'i3:t.1081 1 793!,273 13196!_7013 

MEAN 1291!_232 1377:t186 1 723!. 317 l'i87;t168 5570:!:_1783 
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Tab l e  2 1  Total moti 1 1  ty i ndex : i n  m m  Hg . s  C x  1000 ) i n  the four groups , 
i n  the three periods and overa l l . 

A/ Control 

pat . f'asting postprandi a l  postglucagon overa l l  

01 3 . S 'i . 0  1 0 . l  1 8 . 0  
02 0 0 . 7 0 . 5  1 . 2 
03 0 . 8  26 . '±  3 . 0 30 . 2  
O'i 0 . 7  7 . 0  3 . 1  1 0 . 8  
05 'f . 5  10 . 5  1 . 0 16 . 1  
06 '± . 3  1 0 . 1  1 3 . 3  27 . 7  
07 0 . 1  0 . 3  3 . 3  3 . 7  
OB o . s 3 . 2 6 . 0  1 0 . 1  
OS 1 7 . '±  13 . 7  12 . 6  '±3 . 7  
1 0  0 2 .  '± 2 . 2  '± .  7 
1 1  2 . s 0 . 7  o . s  '± .  '± 
12 0 . 5  3 . 3  3 . 7  7 . 6  
13 7 . 7  7 . S  3 , S  1 9 . '±  
1 '± 3 . 7  B . 3  2 . S  1 '± . S  
1 5  0 . 7  1 . 3 1 . S 3 . 8  

MEAN 3 . 2::!:.1 . 2  6 .  7 :!:.1 . 8  '± . 6:!:.1 . 1  1'± . '±:!:.3 . 1  

B /  Painful I BS 

pat . fast ing postprandi a l  postglucagon overa l l  painful wave 

16 0 . 2 1 . 0 0 . 7  1 . S 0 . 2  
1 7  5 . 3  2 . 5  1 0 . S  1 8 . 7  2 . 1  
18 3 . 1  5 . 1  8 . 5  16 . 7  0 
1 9  S . 2  23 . 2  23 . 8  56 . 2  3 . 3  
20 2 . 3  6 . 3  1 3 . 2  21 . 8  1 0 . 5  
21 0 . 7  3 . 6 1 8 . 6  22 . S  1 . B 
22 1 . S 1 5 . 3  26 . 0  '±3 . 2  1 3 . 5  
23 1 . 6 2 . 8  5 . S  1 0 . 2  0 . 6  
2'± 3 . 8 '±0 . '± 20 . 0  6'± . 2  2 . 6  
25 6 . S  31 . 6  2 . '±  '±0 . S  1 9 . 9  
26 1 3 . B  1 3 . 0  1 5 . 1  '±1 . 9  '± . o  
27 3'± . 8  16 . 5  1 3 . 2  6'± . 5  1 . 6 
28 1 . 2 1 7 . 6  1 1 . 1  29 . S  6 . 5  
29 1 '± . 6  1 8 . 9  2 1 . 5  55 . 0  3 . 1  
30 9 . 7  B . 8 5 . 1  23 . 6  '± .  '± 

MEAN 7 . 3::!:.2 . 3  1 3 . 8::!:.3 . 0 1 3 . 1 ::!:.2 . 0 3'± . l :!:.5 . 1  '± .  9:!:.l . '± 
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Tab l e  21 Tota l  mot i l i ty i ndex ( continued ) 

C/ D i vert iculosis 

pet . resti ng postprand i a l  postg l ucagon overa l l  

3 1  68 . 7  25 . 2  s . '±  103 . '±  
32 6 . 6 1 1 . 7 1 2 . 2  30 . 6  
33 18 . 7  7 . 2  B . O  33 . S  
3'± '± . 1  1 1 . 2  B . 3  23 . 6  
35 3 . 3  B . S  33 . B  '±5 . 6  
36 S . B  1 6 . 6  20 . 3  '±6 . 7  
37 '± .  7 1 7 . 0  32 . 1  53 . 7  
38 '±0 . B  69 . 0  2 1 . 5  1 3 1 . '±  
39 5 . 1  1 7 . 6  27 . '±  50 . 1  
'±0 S . 3  3 .  '± 26 . 1  38 . B  
'±1 0 . 7  1 1 . '±  28 . S  '±0 . 6  
'±2 3 1 . 2  2'± . 3  22 . 2  77 . 6  
'±3 2 1 . 1  S . 6 5 .  '± 36 . 1  
'±'± '± . s  3 1 . 5  2 1 . 5  57 . 5  
'±5 s . s  1 2 . '± 6 . 1  2'± . 0  

MEAN 1 5 . 6±_'± . B 18 . '± ±.'± . 1  18 . S;t.2 . S 52 . 9±_7 . B  

D/ P a i nrul I BS UJ i th d i verticulosis 

pat . rest i ng postprand i a l  post g lucagon overal l  p a i nrul wave 

'±6 1 7 . 1  B .  '± 35 . 3  60 . 7  1 2 . 3  
'±7 30 . 3  23 . 1  3 . 6  57 . 0  20 . 7  
'±B 28 . 0  25 . B  1 5 . 1  68 . S  7 . B  
'±9 1 3 . B  1 1 . 7 '±1 . 0  66 . '±  30 . 0  
so '±0 . S  33 . 6  '±5 . B  1 1 9 . S  2 . 6  
5 1  1 1 . S  '±B . 1  '±'± . 5 1 0'± . 1  '±3 . 0  
52 2'± . 7  53 . S  '±1 . S  120 . S  0 
53 2 9 . B  26 . 6  60 . 6  1 17 . o  3'± . 5  

MEAN 2'± . 5±_3 , 5 28 . S±_S . 6  36 . 0±_6 . '±  BS . 3 ±_1 0  . 1  2 1 . 6±_5 . 6  
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Tab l e  22 Mean mot i l ity index i n  mm Hg . s C ±SEM ) i n  the fcu• g•cups , 
in the th•ee per- i cds and cve•a l l . 

A/ Ccnt•cl 

pat . fast ing 

01 1 7:!:. 3 
02 0 
03 59:!:, 8 
O't 1 75:!:. 89 
05 '!67:!:,105 
06 1 28:!:. 16 
07 28:!:. 1 1  
08 l 'iB:!:,105 
09 l'i2:!:. 2 1  
1 0  0 
1 1  S't:!:. 7 
1 2  89:!:, l 'i 
1 3  1 97:!:. 2'± 
l 'i 2 18:!:.105 
1 5  6 6 :!;.  13 

MEAN 1 29:!:. 30 

B/ Painf'u l I BS 

pat . f'ast ing 

16 3'i:!:. 8 
17 197:!:. BB 
l B  7'i:!:. 7 
1 9  305:!:. 52 
20 575:!:.225 
2 1  5 6 :!:.  22 
22 308:!:.212 
23 S't:!:. 1 7  
2'i B't:!:. 1 2  
25 'i60:!:.135 
26 l B l :!:.  20 
27 570:!:. S't 
28 1 75:!:. 'i9 
29 19:!:. 2 
30 360:!:. 66 

MEAN 230:!:. 'i9 

pcstp•an d i a l  

1 69+ 2 
62!: 1 1  

388:!:. 52 
582:!:. l'i9 
1 8'± :!:.  2 9  
1 50:!:. 1 8  

93:!:. 20 
l O'i:!:. 15 

1050:!:. 5'±9 
203:!:. 'i2 

5 1 :!:.  1 1  
93:!:. 9 

1 23:!:. 9 
396:!:. BS 

6'±:!:. B 

2'±7:!:. 69 

pcstp•and i a l  

7 0 :!:.  1 1  
1 6B:!:. 3B 

BB:!: 'iB 
6B'±:!:. BB 
'±22:!:. 15B 
1 B9:!:. '±B 
766:!:. 101 
1 39+ 2B 

237B:t1S3'± 
65B:!:. 1 05 
3 1 B :!:.  3 1  
590::_ 1 15 
320:!:. 2B 
305::_ 30 
399:!:. 7'i 

506:!:. 1 '±5 

pcstg l ucagcn 

2'i6:!:. 35 
78:!:. 20 

1 15 :!:.  20 
223:!:. 53 

't't:!:. 7 
289:!:. 33 
206:!:. 72 
1 88:!:. 29 
170:!:. 25 
1 5 1 :!:.  'i2 

72:!:. 1 3  
1 5 0 :!:.  25 
1 '±'±:!:. 1 't 
1 20:!:. 'i3 
1 27:!:. 39 

1 55:!:. 17 

pcst g lucagcn 

92:!:. 17 
266:!:. 39 
26'i:!:. 5'i 
6'±2:!:. 66 
377:!:. 'tB 
'i22:!:. 'i l  
765:!:.123 
26B:!:. 79 
'±6'±:!:.21 '± 
1 60:!:. 22 
296:!:. 2't 
't55:!:. 95 
291 :!:.  52 
'±BB:!: 7B 
319::!:. 7B 

37 1 :!:.  't5 

cve•al l  

205 + 20 
GB!: 10 

2B2:!:. 36 
360:!:. 72 
1 79:!:. 25 
1 87:!:. 15 
1 66:!:. S'i 
l'i7:!:. 1 8  
20B+ 39 
17'±!: 30 

56:!:. 5 
l l't:!:. 1 1  
1 50:!:. 9 
2'±0:!:. 'i6 

BS:!: 1'± 

175:!:. 21 

ever-a l l  

69:!:. 8 
226:!:. 35 
1 65:!:. 23 
57't:!:. 't't 
'±07:!:. 56 
305:!:. 32 
720:!:. B l  
l '±'t:!:. 28 
6 1 1 :!:.269 
52'±:!:. 73 
2'±9:!:. 1 5  
5 '± 6 :!:.  't5 
299:!:. 25 
'± 1 3 :!:.  32 
363:!:. 't l  

37'i:!:. 'i9 

p a i nf'ul wave 

9B:!:. l'i 
519:!:. 'i'± 

0 
822:!:.1'±2 
525±. B7 
9 1 9 :!:.  39 

1 1 26:!:,172 
630 

256'± 
1 52B:!:.2'±9 

500:!:. 58 
1 596 

592:!:.1 10 
770:!:.l'iB 
733:!:,229 

861 :!:.166 
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Tabl e  22 Mean mot i l ity i ndex ( cont i nued ) 

C/ Diver t icu losis 

pat . fasti ng 

3 1  26'f3:!:_S6S 
32 S'f9:!:.3S1 
33 3SS:!:. S7 
3'f 1 S'f:!:. 'f2 
3S 1S2:!:. 20 
36 316:!:. so 

37 S38:!:_22S 
38 1 1 3'f:!:.1 'fS 
39 1 37:!:. 33 
'fO 238:!:. SO 
'f l  1 8 1 :!:.  26 
'f2 'f59:!:. 'f8 
'f3 S03:!:. 70 
'f'f 1 73:!:. 2S 
'fS 76:!:. 1 2  

MEAN S63:!:_172 

postprand i a l  

1 'f83:!:. 'f l l  
208:.!:. 'f l  
'fOl :.!:. 122 
1 S3:.!:. 3'i 
2'f9:.!:. 27 
'f87:!:. 77 
'f l 'f :!:.  8'i 

1 38 1 :.!:.  123 
'f O l :.!:.  S6 
20 1 :.!:.  'f'f 
S 1 7 :.!:.  SS 
565:.!:. 89 
2S3:.!:. 'fB 

1 26 1 :!:.  SB'f 
26'f:!:. 'f7 

SS2:.t. l lS 

postg l ucagon 

'f96:.t.218 
360:.!:. 62 
S33:.!:.23'f 
1 80:!:. 3S 

1 1 66:.!:.237 
S3'f:.!:. 9S 
6SS:!:. SB 

1 02'f:!:.127 
8S8:!:. 86 
'f08:!:. 83 
67S:!:.102 
67 l ;t1Q8 
207;t 'f9 

1 07S;t17S 
2SO;t 83 

60S;t 80 

DI P a i nful I BS w i th d i vert i cu l os i s  

pat . fasting 

'f6 389:!:. SS 
'f7 'f88;tl 16 
'f8 666:!:_161 
'fS 726:!:.13S 
SO lSSS;t.276 
S l  38S:!:. 78 
52 880;t162 
S3 7 1 0:!:_12'f 

MEAN 72S:!:_1 3'f 

postpran d i a l  

30S;t 90 
679;t130 
SS'f;t.177 
'f32;t10S 

1 3'f2;t169 
1 373;t2'f2 
1 1 S8:.t.172 

S 2 1 ;t  26 

8S6;t1SO 

postg lucagon 

802;t22'f 
13'f;t 'f l  
'fS6;t so 

1 707;t32'f 
1 637;t3'f6 

S'f7;t1S6 
908;t2'f6 

1 3'f6;tSOS 

992;t1SS 

overal l  

1 667;t'f36 
3 1 S ;t  'f6 
39S;t S9 
1 8S;t 2 1  
S 3 6 ;t  SS 
'fS3;t S7 
S66;t 6S 

1 228!. 80 
'f'f'f;t 'f3 
323!. 'fB 
SS7;t 7 1  
S39;t 'f3 
3 'f l ;t  37 
8 1 0;t217 
173!. 22 

S72;t103 

overa l l  

S28;t S7 
'f63;t 7 1  
6 8 2 !.  8'f 
S'fS;t13S 

l S l B;t.160 
S33;t107 

1 093;t187 
8 6 l ;t12S 

878;t1 1S 

painful wave 

'f l l l ;t.2272 
1 2S l ;t  373 
2SS2;t1333 
1 667!. 233 

638!. 16S 
268S;t 3S7 

0 
57S3;t3387 

2677!. 666 
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Table 23 Mean amp l i tude i n  mm Hg . C ±SEM ) of the p a i n l ess and p a i nful 
waves apart . CN - number of the waves ) , Student ' s  t test ; 

Painful 

pat . 

1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
2'i 
2S 
26 
27 
28 
29 
30 

MEAN 

fi!i n[!.!! 

pat . 

'i6 
'i7 
'i8 
'iS 
so 

S l  
S2 
53 

MEAN 

NS - not s i g n i f i cant ; • - p< 0 . 05 ;  •• - p< 0 . 01 ;  ••• - p< 0 . 001 . 

I BS 

pain less waves 

3 . 9:t,0 . 3  
1 0  . 3:!:,1 . 1  

9 . 3:t,0 . 7  
1 3  . 0:!:,1 . 'i 

8 . 2:t,1 . 0  
1 2  . 0::!:,1 . 1  
19 . 0::!:,l . 7 

5 . 6::!:,0 . S  
1 1 . 0::!:,0 . 9 
1 5 . 8::!:,2 . S 
1 0 . 2::!:,0 . 'i  
2'i . 'i:!:,l . 9  
1 1 . 7::!:,0 . 8  
19 . 5:!:,l . 2 
1 0  . 9:t,O . 8  

1 2 . 3::!:,1 . 'i  

N 

26 
79 

101 
9'i 
35 
73 
'i8 
70 

1 0'± 
6S 

160 
1 17 

89 
1 29 

SS 

H!5 l!l!th i;ji V§!(tJ,!;;y,),g:ijj.:ij 
p a i n l ess waves N 

1 7 . 8::!:,l . 'i  1 1 2  
1 9  . 'i:!:,2 . 3  107 
26 . 3::!:,2 . 3 98 
22 . 0::!:,3 . 2 S2 
59 . 0:t.S . 9  7S 
30 . 3::!:,3 . 1  1 00 
'±0 . 8::!:,1 . 3 1 08 
29 . 6::!:,0 . 6 123 

30 . 7:!:,'i . 8 

p a i nful waves 

7 . 3:t, 0 . 3  
3 1 . 5:!:, 3 . 3  

0 
'i l  . 3:!:, 7 . 7  
l 'i . 2::!:, 1 . 6 
3'i . 5::!:,12 . 5 
29 . l :t.  2 . 9 
1 3 . 0  
29 . 0  
S9 . 3::!:, 7 . 'i 
2 1 . 8::!:, 2 . 5  
57 . 0  
2'i . 6::!:, 2 . 7  
38 . S:t. 1 . 9 
2 1 . 7::!:, 3 . 0  

28 . 2::!:, 'i . 3  

�8 cat . )  

p a i nful waves 

S2 . 3::!:, 1 . 8 
SS . '±:t. 7 . 9  
7 1 . 7:t.17 . 2  
SS . 6::!:, S . 3  
33 . S:t. S . 3  
93 . 6:!:, S . 3  

0 
66 . 7::!:, 5 . 1  

6 1 . 3:!:, 7 . 1  

N stat . ana l y s i s  

2 •• 
'i •• 
0 
'i • 

20 •• 
2 NS 

1 2  • 
1 
1 

1 3  ••• 
8 •• 
1 

1 1  •• 
'i ••• 
6 • 

••• 

N stat . ana l y s i s  

3 ••• 
1 6  •• 

3 NS 
1 8  ••• 

'i NS 
1 6  ••• 

6 ••• 

••• 
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Tab l e  2't Mean duration i n  s C ±SEM ) : overa l l  and painful waves apart . 
Student ' s  t test ; NS - not s i gn i f i cant ; • - p < 0 . 05 ;  
•• - p < 0 . 0 1  • • •  - p <  0 . 00 1 . 

P a i nful I BS 

pat . overal l  p a i nful waves stat . an a l y s i s  

16 16 . O:!;,l . 't 1 3 . S:!;, 1 . 5 NS 
1 7  l B . 6:!;,2 . 't  1 6 . B :!:.  1 . 3 NS 
l B  15 . 0:!;,1 . 3 0 
1 9  23 . 5:!;,l . 2  2 0  . 2:!;, 1 . 3 NS 
20 36 . 9:!;,3 . 6  3 3  . B:!;, 2 . B  NS 
2 1  2 2  . O:!;,l . l 30 . 2:!;, 9 . B  NS 
22 3 1 . 3:!;,l . 9  3B . 3:!:, 3 . B  NS 
23 1 7 . B:!;,2 . 1  2B . O  
2't 2B . 2:!;,7 . S  BB . If  
25 23 . 0:!:,2 . 0  25 . S:!:. 2 . 9  NS 
26 22 . 9:!;,l . 1  25 . B:!:. 't . 2  NS 
27 2 1 . 't:!;,l . 1  2B . O  
2B 20 . 2:!;,0 . B 23 . B:!;, 2 . 9  NS 
29 20 . 2:!:,0 . B 1 9 . 9:!:, 3 . 7  NS 
30 30 . 2:!:,3 . 1  3 1 . 0:!:. 6 . 0  NS 

P a i nful I BS w i th d i vert iculosis 

pat . over-a l l  painful waves stat . anal y s i s  

't6 1 9  . 9:!:,1 . 9  76 . 't:!:.'tO . 5 NS 
't7 l't . 0:!;,1 . 0  20 . 0:!:, 't . B  NS 
'tB 20 . 6:!;,l . 't  3 1 . 9:!:, B . B  NS 
't9 2't . 0:!;,l . 't 29 . 2:!:, 1 . 9 NS 
so 25 . B:!:,2 . 0  't . 2:!:, 2 . s  •• 
5 1  19 . 7:!;,l . O  25 . 7:!:, 3 . 2  NS 
52 25 . 't:!;,1 . 3  0 
53 26 . 1:!;,2 . 7  1 26 . 2:!:,68 . 0  NS 
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Tab l e  2S Mean area under the curve C ±SEM ) : p a i n l ess and painful waves . 

P a i nful 

pat . 

1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
23 
2't 
2S 
26 
27 
28 
29 
30 

MEAN 

P a i nful 

pat . 

't6 
't7 
'tB 
't9 
so 
S l  
S2 
S3 

MEAN 

Student ' s  t test : NS - not s i g n i f i c ant ; • - p< O . OS ;  •• - p < 0 . 01 ;  
••• - p< 0 . 001 . 

I BS 

p a i n less waves p a i nful waves stat . anal y s i s  

l 't3:!:. 92 208:!:. B •• 
36't:!:. 6't 99S:!:. 12 ••• 
3't7:!:. 't6 0 
99S:!:. 7S 2 1 60 :!:.  lBS •• 
6 1 3:!:. 9't 871 :!:.  1 1 3  NS 
SOB:!:. 'tB l 't03:!:. 23 ••• 

12S0:!:.13S 203 1 :!:.  3S3 NS 
2't3:!:. 3S 630 

1376:!:.S't't 3080 
632:!:.l'tO 2902:!:. 't't3 •• 
't6S:!:. 23 9S6:!:. 6 1  ••• 

1089:!:. 80 3 19S 
't8B:!:. 36 1 0 3 1 :!:.  l'tl •• 
733:!:. 'tl 1 3'tS:!:. 1 1 1  • •  
S7't:!:. 77 1 0 1 3 :!:.  196 NS 

6SS:!:. 9S l 'tSS:!:. 2S9 ••• 

I BS with d i verticu l os i s  

p a i nless waves painful waves stat . ana l y s i s  

1067:!:.263 1 1 30S:!;.7S97 NS 
62't:!:.1 1S 2't37:!:. 629 • 

1 20't:!:.l'tS 'tS80:!:.2689 NS 
1019:!:.17S 2618:!:. 29S •• 
2S'tB:!:.2S9 l lSS:!:. 300 •• 

SOB:!:.126 369B:!:.1S62 NS 
1320:!:.153 0 
1237:!:.261 1 3 1 96:!:.7013 NS 

12'tl:!:.202 SS70:!:.1783 NS 
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Tab l e  26 Mean mot i l ity i ndex i n  mm Hg . s  C ±SEM ) : p a i n l ess and painful waves . 
Student ' s  t test ; NS - not s i gn i fcant ; • - p< 0 . 05 ;  •• - p< 0 . 01 ;  
••• - p < 0 . 001 . 

Painful I BS 

pat . p a i n l ess waves p a i nful waves stat . ana l y s i s  

1 6  67:!:, 9 98:!:, l't NS 
17 2 1 1 :!:,  35 519:!:, 't't ••• 

18 1 65+ 23 0 
1 9  550!: 't5 822:!:. l't2 NS 
20 3'i0:!:, 70 525:!:. 87 NS 
2 1  288+ 3 1  919:!:. 39 •• 
22 6 1 8!: 86 1 126:!:. 172 • 
23 l'il:!:, 27 630 
2't 592:!:,269 256't 
25 32'i:!:, 69 1 528:!:. 2't9 • •  
26 237:!:, 1 5  SOO:t, 58 •• 
27 537:!:, 't't 1 596 
28 263:!:, 23 592:!:. 1 1 0  • 
29 't02:!:, 32 770:!:, l't8 NS 
30 326:!:, 37 733:!:. 229 NS 

MEAN 337:!:. 't't 86 1 :!:.  166 ••• 

Painful I BS w i th d i vei:t i cu l o s i s  

pat . p a i n l ess waves painful waves stat . ana ly s i s  

't 6  't32:t 97 't l l l :!:.2272 NS 
't7 339±. 69 1 29 1 :!:.  373 NS 
'i8 623:!:,130 2592:!:,1333 NS 
'i9 70l :t.1 56 1 667:!:. 233 • 
so 1565±_186 638:!:. 169 •• 
5 1  6 15±.102 2689:!:. 357 ••• 
52 1 066:!:,18 1  0 
5 3  622:t. 6 3  5753:!:,3387 NS 

MEAN 7'i5:!:,139 2677 :!:. 666 NS 
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Table 27 The mean values C ±SEM ) of the chat"actet"i s t i cs of the waves 
in the fout" peI"iods in divet"ticulosis and in painf u l  1 8S w i th 
divet"t iculos i s .  
Statistical ana l y si s :  Mann-Whi tney test : NS - not s i g n i f i cant ; 
• - p< 0 . 05 ;  •• - p< 0 . 01 ; ••• -p< 0 . 001 . 

dive•t iculosis p a i nful 1 8S statistical 
w i th ana l y s i s  

d iveI"t iculosis 
Amp l i tude i n  mm Hg C fI"om tab l e  1 7 )  

fasting l'f . 8:!:, 2 . 1  27 . 1 :!:, 2 . 8  • •  
postpI"and i a l  2 1 . 0:!:. 3 . 2  37 . O!_ 'i . 6  • 
postgl ucagon 21 . 6:!:. 2 . 3  38 . 5!. 7 . 2  • 
oveI"a l l  1 9 . 3:!:. 2 . 0  3'f . 3 !.  'f • 3 •• 

Du•ation in seconds C fI"om tab l e  1 8 )  

fast ing 28 . 8:!:, 3 . 8 22 . 7 !.  2 . 7  NS 
postpI"an d i a l  21 . 'f :!:.  1 . 7 20 . 0!. 2 . 0  NS 
postgl ucagon 23 . 6:!:. 2 . 1  22 . 2:!:. 3 . 2  NS 
OVet"a l l  23 . 3:!:. 1 . 7 21 . 9!. 1 . 5 NS 

Total at"ea undet" the CUI"Ve in squaI"e mm C x  1 000 ) C ft"om t ab l e  1 9 )  

fast ing 27 . S!. 6 . 3  'f3 . 9!. 6 . 0  NS 
postpI"an d i a l  33 . 3!., 6 . 5  'i7 . 3!. 7 . 1  NS 
post g lucagon 3'f . O!., 5 . 0  6'f . 3!,13 . 2  NS 
OVBI"al l  9'i . 9!.,1 1  . 6 155 . 5!,16 . 'f •• 

Mean at"ea undet" the CUI"Ve in squar-e mm C fr-om t ab l e  20 ) 

fast ing 1055!., 256 1 29 1 !.  232 NS 
postpt"andi a l  1 000:!:. 205 1 377!. 186 NS 
postg lucagon 1 097!. 158 1 723!. 317 NS 
OVeI"a l l  996!., 133 l 'f87!. 168 • 

Total mot i l ity index in mm Hg . s  C x  1000 ) C fI"om tab l e  2 1 )  

fast ing 1 5 . 6:!:. 'f , 8  2' L 5!. 3 . 5  NS 
postpI"and i a l  1 8 . 'f:!:. 'f . 1  28 . 9:!:. 5 . 6  NS 
postg l ucagon 1 8 . 9!., 2 . 5  36 . 0!. 6 . 'f  • 

OVeI"a l l  52 . 9!. 7 . 8  89 . 3!,10 . 1  NS 

Mean mot i l ity index in mm Hg . s  C fI"om table 22 ) 

fast ing 563!. 172 725!. 13'f NS 
postpI"andial 552!., 1 1 5  856!. 150 NS 
postg l ucagon 609:!:. 80 992:!:. 195 NS 
OVeI"a l l  572::!: 103 878!. 1 19 • 
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