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1 2 l ( 'H, \P ' t .ER ! )

Sco l ios is  i s  r t  t l t l cc - r l iu r t ' r t s io t t i r l  rk ' Í i r l r r r i r l  io r r  r i1 ' t l r c  s l r i r r t '  r 'h ich  is  l t ' c ' t ig r i i z t , r l  i r r

t h t ' Í l o u t  ; r l  l i c l '  l x  t l r r ' p 1  ( , s ( ' n c ' ( ' o f  : i  l i r t t , r ' ; r L  (  l l l l i r t l l l { , .  l ' h i s  c r r l v r t r r l r , i s  c ' l r a l i r r ' -
t t ' r ' i z c r l  l r . r ' z t t r  i t r i a l  r t i l : r t i r i t t  o Í  l l r c  v c r ' 1 t ' l l l r , ' .  

' I l r r . i r x i i r l  
t o l i r t i o r i  i n  t l r t ' t i r o t t r t i c

l c g i o r  n ' i l l  r r r o t ' r ' a r r 1  r l c Í i r t t t t  t l r o  a l t i i t l r r . r l  l i l r s  l r , s u l l i r r g  i r r  i r r r  i l s \ - 1 l r l r ( , 1 r ' i c i r l  l i l r

r i tgc .  I t t  i i o l r ( i  (  i l s ( ' s .  1 lLc  l r t r rgs  iu t .  r le l in r r t ' r l  caus i r rg  a  t l< : r ' r ' t ' asc  o {  l r r rLg  (  à l l ) i l ( ' i 1 \ '
; r r r r l  i r r  l r u t r  l t : s r r l t s  i t i  t l i l ï i c u l t i r , s  i r  l r l t ' a t l r i u g - .  

' l  
h ( '  s p i r i a l  r L t ' Í i r r r r r i r t i o r r  c a r r  a l s i r

( i l l l s ( '  i l  t  l r z r r r g t '  i r r  v o i c r ,  a r r r l  i r r  l r ; i c l i  l t r r i u .
E r u l l  r l t ' 1  r ' t l i o t r  ; r t t t l  t r ' ( ' a t r r r ( ' l r t  o l  s c o l i o s i s  i s  r r c t , r l r . c l  1 o  l ) r ( ' \ 1 ' u 1  p l o g l r , s s i , n r  o f

l l r c  s c o l i o l i r ' r ' u l r r ' .  
' f l r t ' r r r o s l  ( { ) l r n l o r  i r r r ; r g i r r g  r r r t ' l l l r r l  1 o  c , r i r r i r i r r t ' t l u ' r , r i s t i r r g

t ' t u v i t l t t l t ' i s  X  l i r v  i t r r a g - i r r g .  l l o t , < ' r . r ' t .  i 1  1 r ; r s  1 n ' o  t n a . ] r i t  r l l i r n ' l r i r c l i s :  t l r c  l a r l i ; r t i o r i
( ' \ l ) o s l n ( ' ; t t t r l t l r t ' 2 1 ) t ' l r i u i r t r t t ' l  o 1  t 1 l ' o l r l : r i r r c c i  i r n i r g e s .  T l L c l i r c l i i r t i o l r i b s l t ( , r t ' s l t i t l s

t l t t ' t t t t t t t l r c l  r i í  i t n a g c s  t r - i t i t h  r r r i r v  i r t ' t i r l t e r r  i r r r r n t i r l h - .  O r r  t l r c  t . r l l r t , r ' h i r r L r 1 .  s c ' o l i l r s i s
p t o g t c s s i o t t  s l t o r t l < l  l r c  r ' - t i r r r t i t r c r l  o f l t ' r r .  l r c t i i r r s t ' r t  s r r t l t l c r r  i r r t t r . i r s t . o l  t l r r , r ' r u l i r t r r l r ,
c ' o t t l t l  o t t r t r ' .  

' 1 ' l r c  
2 D  i s s u t ' t o t t t c s  l l o r r r  t l r r ' Í ; r c t  1 h i r 1  \  r ' i r r - i r n i r g r ' 1 r ' r i v i r k ' s  o r r l r -

2 I )  r l i r t a .  S i r r c ' r ' s r ' o l i o s i s  i s  i r  i l l )  p l r c r r o r r u , r r o r r  i t  s l r o r r l t l  i r l s o  l r c  t ' r a r n i r r o r l  i r r  . l l ) .
D t ' r ' i v i n g  t l r t ' l J ] )  t o t a l i o t r  s r r t l r  i r s  i l r e  i r r i i r L  l o t i r l i o r r  Í l o u r  1 h t ' X  l a v  i r r r i r g c  o l l r '
, l i r , ' :  I  l t |  r ' : l  i l t t ; r l  | r l  I o l  ; r l  i U I t  U l  ; r l ) l r ; r l  r ' l t l  l '  ) l  i l l  i { , 1 t .

L r  t h i s  t l r t ' s i s .  1 1 t c  r t s e ' o f  u l t t i r s o r t t t t l  i s  p t  o l r o s c t l  a s  i t t r  i r l t r , r ' r t i t i r - r , r v i r r ' 1 c i  i n r i r g r ,

t l t c  l r t L t t r ; r t r  s p i t r r ' .  ; r t t t l  a  p l t ' l i r r t i r t r l r -  s l n c l r - t o  Í i r l l o t ' s c o l i o s i s  p l r i g r , ' s . i , r r r  i '  l ' , , r -
f i n r i t ' r l .  I r r  t ' l i r r i t  a l  p l i r c t i c r ' .  l l - t r r o r L '  r t l l r a s o r t t L r l  i r n i r g i r r g  h i r s  r r t , r - r ' r '  l r r , c r r  l c l r r i l t l r l

t o l t i t v c i r t l t ' l t i t r c t t l a l t ' f l i ' r ' 1 . ' l - h t ' 3 ] ) o l i t ' t t 1 ; r l i o r t r i f l l r e t v t . r ' l t ' l l a e i r r i r l t l r t , i l l ) c r r .

\ . i r t l u ( ' o l  t i t c  s p i r r < ' i r l c  r l t ' r ' i r r ' t l  Í l o r r r  1 i u , i l l )  r r l t l a s o r u r r l  i r r L a g r '  ( r r l t l i r s o r r t u l  r - o l r r u u , ) .

l l r e , l l )  \ ' c I 1 ( ' l l l i r l  o t i e ' t t t a l i o r r  i s  r l c t t ' r ' r u i r r c r l  l r v  t h t ' a x i i i l  t o t i r f i o n  a r r l  l c r ' 1  t ' l r l i r l t i l t ,

For '  p l t r t  l i c ' r r l  Lc i rsor rs  t l r t '  Í i , r r : i J r i l i t v  s t i r r l l  n -as  i r l rp l i t , r l  o r i  i r  lo l ru r l r , t , r '  i l s l r , t r r l  o l  i r

l r ; r 1 i . l t 1  r t  j t l r  ' , . r ' , , 1 i , , 1  i r ' : i  r i t r , .
' I ' l r i s  

l l u ' s i s  i s  s l i r r ' 1 r ' r l  r v i t l r  t l r r ' l r i r s i c  r r r r r l c l s l a r r r l i r r g  a l r o r r l  t l r t ' r r l t l i r s o r r r r r l  i r n a g -
i r r g  o l  t l r r ,  l r r r r r r i r r r  s l r i r r t '  ( C h a p t c r  2 ) .  I J a s i c  r r l t l i r s o r i c  i r r r a g i r r g  c ' o r r s i s f s  o f  t l r c  r L '

s t  l i l r l  i o r r  a l x l t t  t l t c  i l l t i r g ( ' f c s o h l l i r . r r .  h r u ,  1 t i  i r r L l t t o r r ' t h c  r r i t  l i r s o r r r r r L i r r r a g t , c l r r i r l i l r ' .

i t t t t I  r ' t ' f l t ' t t i o l i  i s s t t ( ' s .  I u : r t l t l i l i o r L .  l l i t ' l ) l ] 1 s  ( ) l  t l r i ' r ' r ' r ' 1 t ' ] i l r r  t l r i t t  c a l  l r t , r ' a l r 1 r u i ' r l

l r v  r t l l r ' i t s r i r t t t r l  i t t  i r  t t i u t s t c t s t ' ( r r s i i r l )  s c a t t  i l  l l t r ' p o s 1 t ' r ' i o l  s c i r r r r r i r r g  i r p p l o a l l r l t c

t t t c t t l i o t t l r l .  T l o  1 1 1 r t ' s  r i l  l l D  r r l t l i r s o r t t t t l  s l s l t ' l r s .  i l D  l r l o l r c  a r i r l  l l c t ' l r ; r r r r l .  i u c

t l l s c ' t  i l r t ' r l .  
' l ' 1 r i s  

r ' l r i r p t t ' r ' i r l s r i  c o r l a i r r s  t l r c  t ' x p l i r r t i r t l r r r  o i  t l r t ' i r r r i r g i r r g  p l o l o c o l .  t l r o

t o o l r l i n ; r t c  s v s l  t ' r t r .  t h l  i r r r a g i r r g  p l i r r r c s .  a r r r l  t l r c  s ( : a u r r i r g -  r r p p l r i a c l r  r r s r r r l  l h l o r r g l r -

t i r t t  t l r i s  t i r c s i s .  F i r r a l l r - .  l h i s  c i r l l r t t , r ' r l e s t l i l r r , s  l l u ' s r . l r l c r t ' s  o l  t ' r r ' ,  , 1  i r r ; r l  i l u ; r l ( ,

r i t r l i r i s i t i o r r  r r s i r r g  i r l t l i r s o r r r r r l .  l r i r l t i t ' u l ; r r ' l l  u s i n g  r L  I l c t ' - l r a r r r l  : i D  n 1 1 r ' ; r s o r r l u l  s r ' . -

t  ( ' i l  1 .
- l ' l r r ' Í i i l l o r i ' i r rg  

c l r r rp t r , r ' s  i r l c  r l i l i r l c r l  i r r to  th ree  par ts .  Thc  f i rs t  par t  u -h i r 'h

l o r r s i s t s  o f  C h a p t c r  3  r l c s t l i l r r , s  i l  s c ( l r r ( ' n ( ( , o f  i r n a g c  i r t ' c l r r i s i t i o l  a r r r l  r , o l r r r r r c  r r .
( o n s l  l u ( ' l  i r i r r  1 r ' o c t ' r h u c s  l o : r t < l r L i l c  a  j l D  r r l t l i r s o r u r r l  i r r L i r g r ' ( r r l t l i r s o i r l r l  r - o l r u r r r ' 1

r r l  t l r t '  s l r i l t '  o Í  a  v o i r L i t t c t ' r ' .  I n  t l t r  i r r t r t r l r  r r t r l r r i . s i l i . o t t  l t t o t r r l t r r r .  u  . f t r t l t u r t r l  . l D

t t l l t t t . rou t t t l  . : t1 .s l t  tL t  t t ' t t . ,  t t . r r  t l  l .  l -L is  s r ' , s tc r r r  l i r r r  c r ip t i r l c  lo t rg  o l  la lg r ,  s l r 'u (  t r i r ( ' s

i r r r r l  r ' r ' t ' n  t l r l  l - l r o l r ' l r o r l r ' .  I 1  i s  o r r l r ' l i r r r i t c r l  l r r ' 1 l r r ,  \ ' o l u r l ( ' u ' l r i r ' l r  c a r r  l r l  r l c l r ' r ' t l r i

-  
! , , , 1 - n , " l i * u ; ' ; ; . 1 , , t , "  1 .  l l r ,  r ' r , r r l r : r 1  , 1  t h i s  t h t , s i s

I



ln
ac-
cic
rib
rity
,lso

725

by the tracking system. In the experirnent, the freehand 3D ultrasound system of
the Institute of High Frequencv Engineering, Ruhr-University Bochum, Germany
was used. It was cornposed of a 2D ultrasound machine, an optical tracking sys-
tem with active rnarkers to determine the position of the ultrasound probe, and a
computer systern. Due to computer riemory lirnitations, six scans of six overlap-
ping segments were performed; each segrnerrt was scanned in a single ultrasound
s\r'eep. The strearn of ultrasound frames consisting of the screen captures of the
2D ultrasound machine was stored in a file along with the 3D position and 3D ori-
entatiori of the frames. In the volume reconstruction procedure, the non-textual
parts of the frarnes were placed iri a volume. To handle multi,ple segments, two
add'iti,onal sub-procedures, uol,ume segrnertt al'ignment an,d uolume segment com-
poundi,rt,g, were deueloped. These sub-procedures were performed after the two well
known sub-procedures from literature: the bin-fillirrg and hole-filling. In the hole
filling sub-procedure, th,e use of olympi,c oy.terat'íon was proposed and compared
with the comÍnon operation, rnedian and average; in the bin-filling and volume
segrnent compouriding sub-procedure. the average operation was used. The re-
sults confirm that the freehand 3D ultrasound system is an appropriate system to
scan the human spine. In the volurne reconstruction procedure, the proposed two
sub-procedures are necessàry since the dispiacement values of volume segments are
higher than the positiorral accuracy of the freehand 3D ultrasound system that was
used in the image acquisition procedure. The quantitative evaluation shows that,
statistically, the olympic operation is better than the mean and median operations
although they are not much different in terms of grev level values.

After obtaining the ultrasound volume of the human spirre, the second part
of this thesis which consists of Chapter 4 describes the experirnent to determine
the feasibility to derive manually the 3D orientation of the vertebrae and the 3D
curvature of the spine; tlie 3D orientation is determined bv the axial rotation and
vertebral t i l t.

First of all, features or anatornical parts that appeared prominently in the
ultrasound volume were recognized and selected. They were the transverse pro-
cesses in most of the thoracic vertebrae, the superior articular processes in most
lumbar vertebrae, and the laminae in the thoracolumbar region. The rrext step
was to place landrnark points in the cerrters of mass of the two equal vertebral
features. The appearance of the vertebral features in the ultrasound volume was
not clear. This volunre resulted from the use of the average and olympic opera-
tions in the volume reconstmction procedure (Chapter 3). In order to improve the
appearance, 'in Chapte,r f , the marimum, operation in the uolume reconstruct'ion
procedure was introduced. The idea of using the maxirnum operation is based on
the theory that the nraxirmrm ultrasouncl echo cornes from a specular reflection
fiom a surface when it is perpendicular to the ultrasourrd beam. The results prove
that the maxirnurn operatiorr, which was used in the bin-filling, hole-filling, and
volume segment compounding sub-procedure, gives an improved appearance of the
vertebral features. Visually, the landrnark points v/ere more confidently created
in the volurne resultinq frorn tlie nraximum operation. New rnethods to calculate
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thc :  t t i l u l ,  ro l r t l . i t t r t ,  u r t r l  l r r t t ' l t r r t l  t i l . t  r t , s i r tq  l l t t  lL r :o  l r rn r l rn t t tA  lx t i r t t . :  r t r t  u r t t r t l r r t r , i .
Thr  u . r i r t l  n t l r t l i r t r t  i , s  t l t t :  r t t t t l l t  b t l r r t t  r t  l l t r  l i r t t  t l t r r l  r 'onr t r r ' l . s  Í l t r  l r ro  l r t r t t l t t t r t r l
pct'i,r t t,s rut d t,lt t' l t'.ft-r' l r1l t,t

L ' ( ' . t t ( ' l ) t t tL  t i l t  i . s  t l t c  r t r t t l l t  hc t r t to t  t l t r  , s r t r r t t , '  l i r t t ' , s .  l t t t l  r t . f t t ' r '  l tn t . j r  t : l i o r t  lo  t / t r  coror tu l
p lo r t t .  , )  t r t t r l  o , f  d r ' r ' l r i r t r l  th r  . lD  t  t r r t r t t tL l r  o . l  f l t t ' .  s l t i r tu l  co l  r r r r t r t  i .q  r t l , so  i r t tnx l  t r r r , t l .
' ] . l t , r : t . t t ' t . la t t t ' t l , i , sd l , t , i . t , t ' l ] ,h t1 t . t l t t ' t l t l ' . | . i t t

o . f  r t l . l  r t r t t l t r r r r .  \ r a l i t l i r t i c . r t t  u i r s  p t ' r ' l i r t t n e r r l  l r r - l ' c i r r p i u i n g  1 l r t , r ' c s t L J l s  o l  t l r c  r u i ' a
s L u ( ' l l l ( ' l r t s  i r i  l l r t ' t t l 1  r ' i r s o t u r t l  v o h r r r c  n - i t l r  l l r c  r ' o l l r , s p o r r t l i r r g  r t ' s r r l l s  i l  t l r r , \ l R J
vohur ( 'o f  t l t c  sarn t ' r 'o l t t t r te t , r ' .  S inc ' t '1111 '  1 :11111r r tcc r  n , i rs  in  a  r l i f i i ' r ' e r r r t  l ros i t io r r  n ' l r i k '
p e t Í o l r r r i t i g  l l r t ' t t l t t l s o t u r r l  i r r r r l  \ l l l l  s c a r l r i r r g  p l o l r , r h L r r - .  t l L t ' r - r i l i r l i r t i o r r  r i a s  t c -
s t l i t t c r l  t o  ( ' o l n l ) i u ( ' p c t  r - t ' t 1 t ' l r t i t  t l r c  i r , r i a l  r l i s t i r r x t ' .  l l r i ' r l i s l i r r r t t ' l r r ' l  n t e r i  t l r r , t n - r r
l a r t r L t r r l t k  p o i t r t s .  ' I ' l r c  t u c ' i r s r r t c u u ' r r 1 s  o f  l l r t ' i r x i a l  l o t a t i o r r  i r n d  v r , r ' t t , l t l l l  l i l t  o 1
t l i c  t  t ' g io t t  o l  t  I io rac i r '  \1 ' r ' t ( ' l ) r ' i r  

' f  
I  I  Í , )  g i r  t ' s  i l r r  i111  1  i lo ] )s ( ' f \ ' ( , r ' r ' i r l t ( ' r ' ( ) l ) se l  \ " ( , r '  ( ' l  ro r

l i t t r g t ' o 1  0 - 2 . 1 " / 0 -  l . Í ) " n u r l  0 . 7 - 3 . 2 ' / 0 . 1  2 . J " . r ' t ' s l r c c t i v c l r ' .  \ ' i r l i t l i r t i o n l l l o l o f
thc  iL - r ia l  c l i s1 : i tnc 'e  l r ( ' i l s lu ( ' l I ( 'n ts  i r r  l l r i s  r ( 'g i ( )L r  o f  t l r c  r r l t lasor i r r r l  vo lunrc  g iv r ,s  i t l
i t t t t i t t i l r s e t l c t r r l t t l c t o l r s t ' L \ 1 ' l  ( ' r ' l o l  l i i r r g e  o Í  0  -  2 . 7  r r r t r r , r ' 0 . )  -  1 . 3  r r i r r r .  I t  i r p l r c a l s
tha t  r l c tc l ru i r r i r rg  thc  i r -x ia l  lo l rL t io r r  i r r r r l  r , r , r '1 t ' l l a l  1 i l1  i s  Í i , r rs i l r l c  i r r  1 l r t ,  1 ( ,g io l  o1 '
t l t c l l t o l r t c i c ' \ ' ( ' f t e l ) r ' i l ( " 1 ' l - - l ' Í ) .  

- f l r t ' r l t ' t t ' r r r r i r i r r l i c i r r i s i r l s o í r ' i r s i l r l t ' i r r t l i t ' r ' t ' g i o u o f

Iu t t t l r : r t  le t  t t ' l i t  r i  L ' )  L  1 .  ] i r r t  i r i  i i  r ro l t '  cor r rp l t ' x  l r r i l l ) l i ( ' i ' .
l ' l r c  th i rc l  par t  (  o \ re ls  l lL t :  r rc rx l  l l n t ' c  c l r i rp t r , r ' s .  I t  r l t ' sc l i l r r , s  i r  ser l ru ' r r t ' t ,  o f

p t o t t ' r l t t t c s  1 o  r l t ' r ' i r - t ' t l r t ' 3 t )  r - t ' r ' t e l i l i r l  o r i c l l : l f i o l r  i r r r r l  i i D  s l r i r i n l  r ' r u v i r t u l r ' . s r l r i -
t tu lo r r t r r t i t : t r , l . l  t1 .  Sr - r t t  lno t t i z i rg  u - i t1 r  1 I i t '  r t r i r r r t t i r l  z rp l r lo t rcL .  Ih is  i r r l i r l rn r i l i o r r  l ' i r s
t ra l t r t t l i t l< td  Í lo r l  tu 'o  l ro i r t t s  ( ) r  t \ v t )  t ' r1ua1 r - t ' r ' t c l l i r l  l i ' i L tu lcs  i r l ) l ) ( .a l i rg  i r r  l l t t , t r l -
t t a s o u t t t l  r t r l t u r t t ' .  1 ' l r r ' p o i l t s  i r I ( ' t l l ( ' t t ' r r t c l s  o f  r r r i r s s  o f  t l r c  f i , a t r r l c s .  

' f l r l  
r r s t ' o f

1 )o i r l l s  o Í  t l i t ' r ' r ' r ' t r , ' ] r l i r l  1 i ' t r t r r l t , s  i r rs t r , : r t l  o f thc i l  aLr ' ; rs  i s  r r ro l i v r r lo r l  Jx ' t l i c  í t i r ' 1  t l ra t
t h c  t ' x i r t r t  l r o r r r L r l ; r l i c s  o f  t h t , r ' r ' r ' t c l l i r l  Í i , a 1 u l ( ' s  i r l c  r l i f l i c r r l t  t o  o l r t a i t r .  

' l i r  
r k . 1 r ' r ' r r r i u i ,

t l i t '  r ' t ' r t t c ls  o Í  t t t r t ss .  l l r t '  tu l i rs  s lu r r r l r l  f i l s t  l r r '  ( ' - \ t f i l (  t ( ' (1 .  l ' - x t l i r c t i r rg  t l i r , s r ,  iuca>
is  r ro t  t r i v ia l  r l tu '  to  l l r r '  ; rp1r t ' i r l i Lncr ,  o f  r rc l r - r ' r ' r ' t c l l i r l  Í i ' z r t ru t ' s  tha t  I r i rve  t l rc  s i i tu r ,

l r t o p c t t i t : s  a s  1 l t ( ' r r ' r ' t t ' l l a l  f i ' i r t u l e s .  N o r r - r ' t ' r ' t t , b l i L l  I i , r r t u l r , s  i r l r ' Í i r  i r r s t i r r r t l  l i b s
a t r r l  p l t ' t L t t t  t l i i r t  l r a l r ' ; r  I i i g h  i r r t c r t s i l r ' o l  ( ' \ ' ( ' l r  h i g l i t ' r ' l h z t r r  l l r t ' \ 1 . r 1 ( ' l ) l a 1  l i , i r t l l r ( , : :
l a r - t r t t ' t l t r u t s t l t ' s c ' s p t ' r ' i i r l l l i t t 1 I r t ' l u t l l r i r t  l ( ' g i ( ) n i r l s o I ) i l \ ' ( ' à t ( ( ) r r l ) i u a l ) l c i u t . r ' t r s i l i ' . , {

r te 'u ,  s l r r t . te . !J l l  lo  r : . r : t r r r r ' l  th r :  r l t l tb r r t l  . f l r t tu r rs  i s  i r t t r r t r l t r t t ' r l  .  
' l ' l t t ' a t l r r t t l i o r t  

i . s  t l r t r t r
bu  , f i r . s l  t r t  r ' . r t l r t r l t  t r , :  1111, , , , ,  non- t ' (  r ' l  t  l t r r t l  . f t t r l r t t r ' . ,  r t . :  1 to . : . s i l t l r .  t l t r  r t  lo  s t l t t l  l l t r
' t . , t ' ' t . t t ' | l t t l l , . f t l l | . t t tr 's ' t t , ,s. i t t t1l ,a,t tdlt t

( ' cc l l t t ( '  t t t  cx t  l r r t ie  t l t l  tLo t t - r ' t ' r ' t t ' l i l i r l  l i ' i r t ru t ' s .  Chapter  5  r l csc l i l r l s  sp i r ra l  l r r ragc
cu l ta r rc t ' t t t c t r l  l ) foar ( ' ( lu r ' ( ' .  To  c r r l i t r r rcc  t l rc  sp i r r r r l  i r r r r rg - r ' in  t l r c  r r l t l l sour r t l  Io l r r r r rc .
t l t e r  r t s t ' o f  l t ' r L g t h : r t t l i l r r r t c  Í i l 1 r , r  i s  i r r l r ' o < h u ' t ' r l .  1 ' l r i s  l i l t , t ' r '  r r t i l l z t , t l  l l r c  1 r ' r g - 1 l r  o Í
s t L u (  t r L r ' ( ' s  i t r  l o n g i t r r r l i r L r r l  r l i t t ' r ' t i t . r t t  i r s  i i  a r i t ( ' r ' i o l  t ( )  r ' ( ' r r r o \ ' ( ' l r o n - \ 1 ' l 1 t ' l r l i L l  f r , i r 1 r r l i , s .
T h e  Í i l t t ' r  c t t t l r k l - c r i  l n i l - \ - t t ( ' ( ' r l i r t i r  s t  l l l c t u r ' ( ' 1 o  s t o l r , t l x ' r r l t r a s o r r r r t l  v o l r l r r r ' .  l r r

thc  l i l t c t i r tg  p loccss .  lL l  lo r l t ' s  o f  t l r c  i r ' ( ' c  \ \ ( ' l ( ' t ' r .a l r r i r l r ' r1 .  a r r r l  on l r -  l l r t , rc i rL r ,s  u ' i t l r
t l t e  t  o t  t t ' s p o r t t l i r g  i t t t ' i i s  n ' i t l r i r r  a  c c l t i r i r r  l a r r g l  o f  t h r ,  l o r r g i t r r t l i r r i r l  k , r r g t h  l t ' r r r i i r r r l r l .
' 1 o  

f i t r r l  t l r t ' o p t i n r a l  v i r l t t c s  o l  1 l t t ' t i r r r g r ' .  t l r c  l i r r r r l r u i r l l i  p o i r l s  \ \ ' ( ' r ' ( ' r r s c r l .  ( ) r r i r r r t i -

t a t i r r ' r ' r ' a l t t l l i o r r  c k , l i v t , r ' s  [ i  -  I I  r r r r r r ; r s  t 1 u ' o l r t i l r n l  l o r L g i t r u l i r r ; r 1  r ' l r r g t ' .  T l i r , r r 1 r 1 r c r '
l r o u t r r l  t i f  t h t ' r ' i i r t g e  r ' ( , r 1 r o \ - ( . s  l l r t , r r o l - r ' t ' r ' t r ' l l ; r l  l i , i r t u l r , s  r r ' h i r ' l r  i r l e  ( , \ 1 r ' r r t i r , r l  i r r  l o u -
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g i t r r t l i n t r l  r i i l c t t i t - i r r  s t tc l t  i t s  sh in  i ru r l  n r t rsc ' les .  ' l ' h is  la r rgc  t r l so  le r r io l t : s  thu  r i l r s
a t tc l  p l t ' t t t : r  n - l r i t l t  l t i l ' t ' a  l t ' r rg lh  s l ig l r t , l r -  l i ugc . r ' l l r iu r  th t ' r ' r ' r ' l e l la l  1 i 'a t r rn ,s .  ' f l r t '

l on ' t ' r ' l ro r t r t<1  r ( ' l t Io \ ' ( ' s  t l r c  s r r r l l l  Í i ' a t r r l t ' s .  
' l ' hc  

l i l 1 t ' r ' i r rg  l r locc tL r r l r ,g i r r :s  i r  s ig l i f l : t r r r t
t l t ' c te i tsc  i l  t l t c  r t t t r rbc l  o f  iu r : l s .  t rJos t  o l  th r r  i r lu rs  a le  t l rc  a l r ,as  o Í  1 lu 'spru ic ius
o l r , j t ' c ' t s .  So  u tLo t lL t ' t  u l ( '1  ho( l  i s  r r r '< 'c .ss lLv  to  loca l i ze  t lu '  r r l t ' as  t - r1 '  t  hc  r - t : r ' l  e l r la l
Í t ' i t l t t t cs  l r l  s t tp i r r t ' ss iug  t l r ( '11 lu l l l ) ( ' r  o l  iu ( ,as  o Í  t lu ,spr t l io r rs  o l r . j r , r : t s .  

' l ' l r c .se  
a lo rs

I t ' t t ta i t r t ' c l  l r cca t rsu  t l r t ' l o r rg i tu r l i r ra l  l c r rg t l r  o f  t lu ,s t , i l r ' ( , t l s  \ \ : i r s  l ' i t l i i r r  t lu ' l i i tu l i r rg
l t r t tg t ' .  Chapter  6  t lesc l i l r t ' s  z r  p to t : r ' r1n lc  to  joc i r l i zc  thc  v t ' r ' t c l r r i r l  Í i ' a t r r l t ' s .  

' [ - luc t '

r t t t ' t l to r l s  l t i t s t ' r l  o t t  i r  le t  l t r t i r l r t t '  r t s ing  l l r r t ' s lu r l r l  u - t ' r ' r '  sc icc tcc l :  B t , r ' r rseu .  N i l rL rch .
iu rc l  I lo l ) r rs1  , \ t t to t t r t t t i c r  

- f  
l r l csho l r l  Sr ' k ' c '1  io r r  (RA ' l 'S ) .  \ , - i s r ra l l r -  a r r r l  r l ra r r t  i ta l  i vc l r - .

1 ] rc  RAfS g i r r ' s  ihc  l rcs t  t t ' s r r l1 .  L r  t l r c  c l r r i rn l  i1  a t i r - r ,  l re i l sLu( ' tu ( )1 r t  r , r ,h i r :1 r  r r t i l i z t ' r i
t l t t ' l i t t t t lnLa lJ i  po i l r t s .  t l r i s  r r rc tho< l  r l c l i r . t ' r ' s  l t ' ss  u r r r r r l r t : r 'o f  a l t , i r s  i r l r l  l ra - r in iu r r r
Iu tn tb t ' l  o f  t t ' t r t i t iu iug  la ru l t t r iu l i  y ro i r r l s .  ] t  r l t :a r rs  th i r t  th is  r rx : l l ro r l  p i ' t ' s t ' r ' r r , r1  : r l l  o f
t l t t t  t ' x1 t t ' c lc t i  r t t c ' i t s  o í  t lu ' r . c t t r ' l r t ; r l  1c ; r t r t l cs  a r r r l  l t ' r r rov t .s  r r ros t  i r r ' ( ' i l s  r i í t l re  sp t r l iu i rs
oI r. j r ,ct s.

C h a p t e r  7  r l e s c l i l r c s  t l r t ' 1 r ' o c r ' < l t t l  e  t o  ( l ( ' t ( , r n r i u t , s t ' u r i - i r r r t o r r r a t i t a l l r - t l r e  l l l )
o r i c t i t i t t io r t  o l  th t ' r -e l t t ' l r t i t t ' t t t t r I  t ] x r  i J l )  ( : r l r ' \ ' a t l l r ' ( ' o f  thc  sp i ru r .  l i o l  c ' l c i r  x ' r '1  c l r r i r .
aLc i ts  o í  t iLe  t r i ' o  ( ' ( lu i r l  vc r t ( ' l ) r ' i r l  l i ' a t t r l c .s  u ' r , r ' t , sc lcc t t ' r l  l r l  thc  l i r ru l r rLar ' l i  l ro i l t s  Í io r r r
i l t t '  r t l t r i r sor tu r l  r 'o ln t ru '  r ' csu l t t ' r l  Í lo r r r  t l r t '  r ' o tc l r la l  l i r i r t r r l cs  lo<  a l i za l ion  p loccr lu l t :
( C ' h l p t t ' r ' 6 ) .  T l r t ' r r .  l t s i n g  t h c  s l u r L .  n r c l l r o r l s  a s  r l c s c l i J r c r l  i r r  ( ' l r a l r t r t l  J .  t h c  c r , t r 1  t : r ' s
o f  r t t i t ss  o1 ' t l t t ' sc  f i ' i L lu tcs  l - r 'L t ' r rs r r r l  to  rk r r i r , c  thc  ax i i r l  lo t i r t io r r  a r r< l  vc r '1 r ' l l i r l  l i l t
o f  t l r c  r . t ' r1  e l l ; t .  uur l  thc  : l I )  ( ' l t r v i l t  u r ( '  o í  t l re  sP i r r t ' .  l r r  th t '  r lL ra r t i t r r t i r - r ,  ( , \ ' i rh ia t io l r .

th t ' r 'esu l ts  o f  t l r c  ax i i r l  ro t i r l lou  i ru r l  r . r ' r ' t c ln ' r r l  t i l t  nu ' i rs rucrn t , r r ts  r rs i r rg  t l rc  t r ,u i  t ' r ' s
o f  t t t z tss  u 'c lc ' r - t ' r i f i c< l  rv j th  l l t r '< 'o r tcspor rc l i r rg  l t , su l ts  t l c l i vc r i  rLs i lg  t lLe  l lu thu i r r ' l i
p o i t i t s . ' f l t e t - ' t t o t s r t t t ' i t t t l r c t a t r g c t i í 0 .  l - 3 . 3 o l r r t l  0 . 1 - 2 . 9 " . r ( , s l ) ( ' c l  i v e l \ ' . s ' l r i c l r i r l c
i l c (c l ) ta l ) l ( ' .  f l t c  i t t c ' r t r : t t l  i s  c lc l j r rc r l  l r r - l ron-  c l r i se  t lL t ,< 'c t r t t ,Ls  o Í  lL t rss  t rpp loac l t t , r I
th t ' to t l t ' spo t t r l i t rg  l t r t t r ln r ruk  l ro in ls  \ \ , l l i c l r  n ' t , r ' r ' ru i rn r r i r l l r -  r ' r ' t : l t t ' r l  ou  t1 r ( ' c ' r ' r r t c ls  o f
t t t i t ss  o í  thc  v t ' r ' t c l la l  í i r i r t rncs .  T l i c  i rcc r r l i r c ics  i r r  t lu , r ' t :g iou  o Í  t l l l a< ' i< 'v t ' f t c l ) r ' i r
' l  

I  -  T9  rvc t t '  i r r  t l i t '  r ' augr - ,o l '0 .E  -  2 .?  ru r r r .
I t t  c o r t t l t t s i o l r .  i 1 I  t h i s  l l L c . s i s  i l  l r ( ' \ \ ' i r l c a  t o  i r n r r g t , t l r t . i n t r n r u r  s 1 , i l r , ' r r s i r r g ; r

f i t r r ' l t t r tu l  i iD  t t l t l i r sorur t l  s r .s t r , r r r  i s  p lcscr r tc r l .  
' f1Le  

n( , ( 'ess iuv  f ïa r r r r , r i ' o lk  i rn r l  i t s
Ic l i t t t ' t l  i ss t t t ' s  r t t t '  p l t ' s t ' t t1 . t ' t1  i r rL r l  s t t t t l i t ' r i .  l cac l i lg , -  to  l l r t '  < 'o r i<  lns iou  t iLa t  t l t c  i r le i r
i s  Ic iLs ibLr : .  Po lc ' r r t ia l  i t t tp lo r - r 'nL t ' t t t s  iu r :  i< le r r l i Í ie r l .  

' l l l x ' r ' cs r rL t  
p l rx - i r I t ' s  i r  ] ras is

t rxva t r l s  t l re  a i r r r  1o  f i r l l o r i -  sco l ios is  p logr t ' ss iou  r rs i r rg  t r l t r i r sor r r r r l .


