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ABST6ULm - I 
- - - -- - - 

The purpose of this study was t o  examine the  v a r i a b i l i t y  i n  the shape of 
- -- 

body surf aces  r e s u l  r i n g  from th ree  common post ioning p r a c t i c e s  which t .  

a r e  used i n  conjunction wi th  Moire topography. Hoire topographs were obta ined 

by means of a  C l in ica l  Shape Monitor (CSM). 
- - 

- 

In  Stage I of the study three  normal s u b j e c t s  were randomly pos i t ioned 

t e n  t i m e s  i n  e a c h  of  t h r e e  p o s i t i o n s  and Moire  t o p o g r a p h s  w e r e  taken.  Four 
-1 . t 

premarked cross-sec t ions  on each Hoire topograph were d i g i t i z e d  using a  semi- 

a u t o m a t e d  sygtem. D i g i t i z e d  d a t a  w e r e  a n a l y z e d  u s i n g  a  shape  a n a l y s i s  
-+- 

program. 
- 

An a s s e s s m e n t  of t h e  c l i n i c a l  Shape Moni tor ,  by t h e  N a t i o n a l  Rebearch 
- 

Council, determined t h a t  i t s  accuracy was w i t h i n  22.7 mm. 
b 

Analysis  of the  r e p o s i t i o n i n g  da ta  w i n g  t h e .  noimal-scores c o r r e l a t i o n  
* 

t e s t  shoved t h a t  t w e n t y - e i g h t  of t h e  f  o r t y T i v e  d a t a  s e t s  w e r e  -normal ly  ' 

d i s t r i b u t e d .  Consequen t ly  i t  was n o t  p o s s i b l e  t o  compare t h e  p o s i t i o n i n g  

methods on the b a s i s  of t h e i r  average c o e f f i c i e n t s  of *a r i a  t i o n  because of,  unequal 
.e / 

--- 

numbers of va r i ab l -es  per posi t ion.  
f l  

The c o e f f i c i e n t s  of v a r i a t i o n  w e r e  r a n k e d  by p o s i t i o n i n g  p r o c e d u r e ,  * - 
sub jec t  and v a r i a b l e s  measured There was no one method of p o s i t i o n i n g  which 

was - 

the 

c l e a r l y  l e s s  v a r i a b l e  t h a n  any o t h e r . g a n k i n g  by v a r i a b l e s  s h o w e d - t h a t  
- -- 

l e a s t  v a r i a b l e  parameter measured was a rc leng th  r a t i o .  

I n  S t a g e  I1 of  t h e  s t u d y  one s u b j e c t  w i t h  a  s p i n a l  d e f o r m i t y  was 
R 

r e p o s i t i o n e d  t e n  t i m e s  i n  each of t h e  t h r e e  p o s i t i o n s .  The n o r m a l - s c o r e s  

c o r r e l a t i o n  t e s t  of t h e  measurements f o r  each p o s i t i o n  was done. Eleven of 

fifteen data  s e t s  were n-alfy f i s t t i b u t i d .  Each p o s i t i e a i n g  proeedttre w a s  



t ed  by d e t e r l i n i p g  the coef f  i c . len t  of v a r i a t i o n  of the  normally d l  s t r i  buted 
+ - > 

~ $ t r i a b l e ~ .  The l e a s t  v a r i a b l e  method of p o s i t i p n i n g  was  f r e e  *and ing  

( C ~ a v e r a g e / l O O  = 0.343, n  = 4 j ,  ' w h i l e  t h e  n e x t  was  i n ~ I i n e ~ ~ p o s X t i o n i n g ~  - -  
P 

(CVaverage1100 = 0.250, n  = 3) and f i n a l l y  s e a t e d  @sitioning-(maverage/lOO 

- = 3.538, n  a 4). 

A c l i n i c a l  c a s e  s t u d y - w a s  c o n d u c t e d  c o n c u r r e n t l y .  A 6 c o l i o t i  c  p a t i e n t  
1 

w a s  m o n i t o r e d  . u s i n g  i n c E i n e d  p o s i t i o n i n g  o v e r  a  , p e ~ i o d  of- 1.42 y e a r s .  

P r e d L 3 t i o n s  -of c h a n g e s  i n  t h e  s c o l i o r i c  c u r v e  w e r e  made u s i n g  t h e  f i v e  

- -  v a r i a b l e s  ( l a t e r a l  dev ia t ion ,  a r c l e n g t h  r a t i o ,  hump he igh t ,  r i b  hump i n d e x  
I 

and $ump ang le )  used  i n  S t age  I. ~ r e d i ~ t i i n s  of curve i n c r e a s e s  and decreases  
y -  

mad2 f rom t h e  a b o v e  f i v e  v a r i a b l e s  d i d  n o t  c o r r e s p a n d  w i t h  any of th'e Cobb 

a n g l e  measurement; from t h e  radiographs.  - %, 

Unt i l  t h e  i n h e r e n t  v a r ~ a b i l  i t y  of topographica l  measurements i s  reduced, 

i t  i s  n o t  p o s s i b l e  t o  a s s e s s  w h e t h e r  s k e l e t a l  c h a n g e s  a r e  r e f l e c t e d  i n  

changes of topography which r e l a t e  t o  t h e  cosmet ic  a spec t  of t h e  condit ion.  - 
I n  C O ~ C ~ U S ~ O ~ ,  t h e , g ~ e a t e e t  h ,provements  i n  the  r e l i a b i l i t y  of c l i n i c a l  -- 

shape mon i to r ing  w i l l  r e s u l t  from t h e  improvements i n  procedures'  f o r  p a t i e n t  

p o s i t i o n i n g .  
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i- 
h Beeire ro es t ab l~ i r i  a s t a n d a r d i z e d  c l i n i c a l  proceifure  of photograpxng 

,' 

Shadow Hoire Topgraphs bas been e x p r e s s e d  a t  bo th  t h e  F i r s t  (1980) and the 

(1 982)  ~ n t e r n a  ti 0-1 S y m p o s i a  on H o i r e  Fringe Topography and Spinal  

Ikzf o r r h i t i e s .  In t h e e  symposia  i t  was-cla imed t h a t  :Shadow H o i r e  Topography 
- 

i n  a n  i n e x p e n s i v e  a n d  a c c u r a t e  m e t h o d  o f  r e c o r d i n g  e h a p e .  However ,  t h e  

v s r i a * l i t y  of r e c o r d i n g  t h e  s b a p e  of human s u b j e c t s  r e m a i n s  i n  q u e s t i o n .  

The p r o c e d u r e s  f o r  p a t i e n t  p o s i t i o n i n g  which a r e  c u r r e n t l y  f o l l 6 w e d  a r e  baeed , 
- - 

Qn t h e  r e a e d r c h e r s '  b i a s e s  f r a n  e x p e r i e n c e  and p r e v i o u s  p r a c t i c e s .  

I n  o r d e r  t o  d e t e r m i n e  t h e  v a r i a b i l i t y  of p o s i t i o n i n g  p r o c e d u r e @ ,  t h e  
* 

i n v e s t i g a t o r  h a s  e x a m i n e d  t h r e e  m e t h o d s  o f  p o s i t i o n i n g  i n  a s y s t e m a t i c ,  

e m p i r i c a l  raanner. C o n c l u s i o n s  baeed on d a t a  c o l l e c t e d  i n  d i f f e r e n t  p o e i t i o n u  
'L 

e h p u l d  be  v i e w e d  c r i t i c a l l y .  T h a t  i s ,  s i g n i f i c a n t  v a r i a b i l i t y  o f  t h e  b a c k  

shape o c c u r s  f rom one method o f  p o s i t i o n i n g  t o  a n o t h e r .  Thus d a t a  c o l l e c t e d  

u s i a g  d i f  f ereat p o s i t i o n i n g  t e c h n i q u e s  should not  b e c d a r e c t  ly ccatnpared. As a 
/ 

restil t of &is s t u d y  re-endrti ons f o r  s t a n d a r d i z e d  p r + c a d u r c s  fac the 

e v a l u a t i o n  of s p i n a l  d e f o r m i t i e s  have  been made. 
0 

' O n e  of t b e  o b j e c t i v e s  o f  t h i s  work  was t o  e s t a b l i s h  n procedure  by which 

t o  m o n i t o r  t h e  shape of t h e  back of a n  i n d i v i d u a l  who had been d i a g n o w d  and 

was u n d e r g o i n g  t r e a t m e n t  f o r  i d i o p a t h i c  s c o l i o s i s ,  This p r o c e d u r e  was 
,._ . 
- 1  - * ,  

f o r m u l a t e d  and  l e e d  t o  m o n i t o r  the. Case' S tudy  p a t i e n t .  

- % o v e r a l l  o b j e c t & e  of t h e  p r o j e c t  was t o  f o r m u l a t e  a p ~ o r e d u r e  f o r  



t he  c sw ==en1 o f  at? c h a n n e s o f  s u r f a c e  s b a p  ~~~~~~~~~~~~~a8~8 

of sp ina l  c u m t u r e  and/or r o t a t i o n .  S p e c i f i c a l l y ,  this r e sea rch  was aimed 
--- 

a t  : I - - 

1.. q u a n t i f i c a t i o n  of .the v a r i a b i l i t y  of t h r e e  p a t i e n t  p o s i t i o n i n g  
-- 

procedures - - - 

L-. - * .  
2. rrpecif i c a t i o n  of a  p r o c e d u r e  f o r  a e s e s s i n g  t o p o g r a p h i c a l  shape  

changes of the k c k  and 
'. 

3. r e p o r t i n g  of t h e  o b s e r v e d  changes  of t h e  back s u r f a c e  s h a p e  of a  

I s c o l i o t i c  p a t i e n t  who underwent  a  1.42 y e a r  p e r i o d  o f - o b s e r v a t i o n  and 
/ 

t rea tment  during t b e  c o l l e c t i o n  of data f o r  t h i e  study. 

b 

I n  t h e  t r e a t m e n t  of s c o l i o s i s ,  t h e  e a r l y  d e t e c t i o n  of s p i n a l  c u r v e  

progression i s  very important.  Hoe e t  a l ,  ('1978) make t h i s  observation. With 

e a r l ?  de tec t ion  the  t rea tment  prognosis  i e  good. S t r u c t u r a l  changes bf the  

v e r t e b r a l  column a r e  examined  w i t h  - t h e  a i d  of r a d i o g r a p h s .  C u r r e n t l y ,  

s s s o c i a t e d  changes  of shape  of t h e  body a r e  n o t e d  by c l i n i c a l  o b s e r v a t i o n  

aided wi th  crude t o o l s  which have l i m i t e d  r e l i a b i l i t y .  

P e r s o n a l  o b s e r v a t i o n - - i n d i c a t e s  t h a t  i n  o r d e r  t o  examine  i n t e r n a l  

s t r u c t u r a l  changes, radiographs may remain an  important  technique. However, 

d ; ta  or observat ion  from radiographs a r e  not c l e a r l y  r e l a t e d  t o  t h e  ex te rna l  

changer of the shape of s t r u c t u r e s  which a r e  a t t ached  t o  and a f f e c t e d  by the  

changes of the  s h p e  of t h e  spine. . 

 searchers began t o  s t u d y  t h e  use  of t h e  Shadow l o i r e  Topograph ic  

technique fo r  this purpose. The f i r  st conference t o  draw- these  r e  searchers  



- 

t o g e t h e r  was h e l d  i n  Vermont i n  1980. The t o p i c s  of c o n c e r n  i n c l u d  d  
- -- 9 

i n s t r u m e n t a t i o n ,  s c h o o l  s c r e e n i n g ,  M o i r e  ~ o n t o u r o g r a p h y  and  q u a n t i t a t i v e  

- -- 

m e a s u r e m a t s  as w e l l  as contourography and t h e  computer. 

A b r i e f  rev iew of s c o f i o s i s ,  Shadov Uoire  Topography, and the probleme 

e n c o u n t e r e d  v i t h  e a c h  f o l l o w s .  T h i s  w i l l  d e m o n s t r a t e  t h e  need  f o r  t h e  

-- i n fo rma t ion  de r ived  f r a a  t h i s  study. 
C 

S c o l i g s i s  

The v e r t e b r a l  column per forms t h r e e  main f u n c t i o n s :  

1. i t  s u p p o r t s  t h e  h e a d  and  t r u n k  and  t r a n s m i t s  t h e i r  w e i g h t  t o  t h e  l o w e r  - 
a 

e x t r e m i t i e s  through t h e  p e l v i c  a r c h  
J - - 

2. it p r o t e c t s  the s p i a a l  cord 
' 1  

3.  i t  a ' l l o v s  c o n s i d e r a b l e  movements by t h e  i n t e r v e r t e b r a l  j o i n t s  and d iscs .  
. .  

E s s e n t i a l l y  t h e  s p i n e  c o m p r i s e s  24 s t a c k e d  v e r t e b r a e .  L a r g e  t h r e e -  

dimensions 1 d i s p l a c e m e n t  s and  i n t e r  connec t ions  wi th  numerous l igaments  and 

musc les  make the  spine an ex t r eme ly  complex s t r u c t u r e ,  I n t e r a c t i o n s  w i t h  r i b e ,  

t r u n k  a n d  t h e  e x t r e m i t i e s  f u r t h e r  c o m p l i c a t e  t h e  x e c h a n i c s  of t h e  s p i n e .  

During g rov  th and a g i n g  the components of the s p i n e  themselves - ch;nge a s  we l l  

-- 
a s  t h e i r  i n t e r a c t i o n  v i t h  t h e  o t h e r  e lements  (Moe, Winter,  Bradford, Lest&ein, 

S c o l i o s i s  i s  t h e  l a t e r a l  b e n d i n g  and  a s s o c i a t e d  a x i a l  r o t a t i o n  of t h e  

v e r t e b r a l -  co lumn  (Dorland's I l l  u s  t r a t e d  M e d i c a l  Dic t i p n a r y  , 1981). The 

s e v e r i t y  of t h e  s c o l i o s i ' s  can  v a r y ' g r e a t l y .  I t  i s  p o s s i b l e  f o r  u n t r e a t e d  

s p i n a l  c u r v a t u r e  t o  i n c r e a s e  i n  a n g u l a t c o n  t o  t h e  p o i n t  t h a t  s e c o n d a r y  

p h y s i o l o g i c a l   complication^ become 1 i ~ f  ;-threatening. For t h i s  reaeon, t he  

medica l  f i e l d  i s  i n v e s t i g a t i n g  assessment  procedures crtricb w i l l  a i d  i n  the  
0 



ea r ly  de tec t ion  of 'the syrptome of the d isease ,  - - 

Id iopa th ic  e c o l i o r i s  i s  one type- of sco l ios i s .  As t h e  name impl ies ,  i t s  

- c a u s e  i s  unknown. T h i s  t y p e  can be  f u r t h e r  c l a s s i f i e d  by a g e  a t  which t h e  

deformity vas f i r s t  obeerved. The curve which i s  observed may r e a c t  i n  one 

of three ways a t  some time during the  p e r s o d s  matura t ion  a s  fo l lows :  - 

t he  curve can 1, remain t h e  same 

2. spontaneously co r rec t  i t s  al ignment or  

3. i n c r e a s e  i n  m a g n i t u d e  ( ~ o e ,  W i n t e r ,  B r a d f o r d ,  

L o n s t e i n ;  1978). - 
- - 

Currently the re  a r e  no measurements which r e l i a b l y  p red ic t  which curves w i l l  

r e a c t  i n  each of these  th ree  ways (Lonstein, Carlson, 1984). 

Cl in ica l  C h a r a c t e r i s t i c s  
A 

l ~ i s  i m p o r t a n t  f o r  t h e  o r t h o p a e d i c  s u r g e o n  t o  p e r f o r m  a c o m p l e t e  

e v a l u a t i o n  on t h e  i n i t i a l  v i s i t  of p a t i e n t s  w i t h  s p i n a l  d e f o r m i t i e s .  
- 

Ibcumenta t ion  s f  t h e  patieat 's ptty s i c a l  cond i t ion  and compf i c a t i o n s  a r i s i n g  - 

a s  a  r e s u l t  of the deformity (pain, r e s p i r a t o r y  c a p a c i t i e s  and neurologica l  
+.. 

s i g n s )  i s  n e c e s s a r y .  T h i s  i n f o r m a t i o n  i s  G i t a l  t o  de te rmine '  t h e  c o r r e c t  , 

diagnosis  and t o  r eeva lua te  a  p a t i e n t  a t  a f u t u r e  date. 

A number of c h a r a c t e r i s t i c s  s h o u l d  be n o t e d  d u r i n g  t h e  p h y s i c a l  

exami&n. I n  the genera l  e v a l u a t i o n  s i t t i n g  h e i g h t  and s t a n d i n g  h e i g h t ,  
. 

arm span and weight a r e  measured. F l e x i b i l i t y  of t h e  sp ine  i s  eva lua ted  us ing 

bending t e s t s .  The p a t i e n t  i s  asked t o ' f l e x  a t  t h e  h ips ,  extend, and bend t o  , 

bo th  t h e  r i g h t  and l e f t  s i d e s .  The r a n g e  of rnot'ion d u r i n g  t h e s e  bend ing  . 

t e s t s ,  e s p e c i a l l y  s i d e o  bending,  i s  i n d i c a t i v e  of t h e  f l e x i b i l i t y  of t h e  

curve. A favourable response t o  t r ea tmen t  vould  be an a r r e s t  of a  progress ive  



curve v i t h  a  cosme t i ca l ly  a c c e p t a b l e  r e s u l t .  

n e  f o r w a r d  b e n d i n g  t e s t  i s  a n  e v a l u a t i o n  w h i c h  i s  done i n  e c o l i o r i r  - 
- - 

screening  and cfinfcaf evaluation t o  check f o r  a r i b  hump.  A rllr bump 
-. 
i n d i c a t e s  v e r t e b r a l  r o t a t i o n  a n d  t h u s  t h e  p r e s e n c e  o f - a  s t r u c t u r a l  .curve.  

P a t i e n t s  bend f o r v a r d  a l l o w i n g  t h e i r  arms and head t o  hang. Knees should be 
\ 

- - 
s t r a i g h t .  E v a l u a t i o n  o f  t h e  s u b j e c t  i n  t h i s  s t a n d a r d i z e d  p o s l t . i o n  i s  

impor t an t  so t h a t  i t  i s  p o s s i b l e  t o  see  i f  t h e r e  i s  a  l a t e r  prominence i n  4 
t he  up- t h o r a c i c  o r  luntbosacral area.  1f a  curve i s  p re sen t ,  i t s  l o c a t i o n ,  

l e n g t h  and sharppess  should be no ted ,  C h a r a c t e r i s t i c a l l y ,  a  t h o r a c i c  c u r v e  -- 
.. 

w i l l  be accen tua t ed  by t h e  presence of a  r i b  hump prominence. I f  t h e  curve i s  

i n  t h e  lumbar r e g i o n  t h e r e  may be prominence of the  i l i a c  c r e s t  on the s i d e  

h e  c q n c a v i t y  of t h e  c u r v e .  On f o r v a r d  bend ing  t h e r e  w i l l  a p p e a r  t o  be a  

a r e a  on  t h e  convex s i d e  of t h e  c u r v e  due t o  t h e  r o t a t i o n  of t h e  

v e r  t  e  bra1 bodies. 

I f  s p i n a l  c u r v a t u r e  i s  s n s p e c t e d  a s  a  r e R u l t  of t h e  i n i t i a l  c l i n i c a l  

, F , a l u a t i o n ,  the o r t b o p a e d i s t  proceeds t o  s p e c i f y  the  m o u p t  of cu rva tu re  by . '  

r a d i o g r a p h i c ' e v a l u a t i o n  (Personal  communication Dr. S. Tredue l l ,  1980L. 

Radiographic Eva lua t ion  

- - 

R a d i o g r a p h s  y i e l d  i n f o r m a t i o n  a b o u t  t h e  s p i n a l  def  o r m i t r  i n c l u d i n g  

l o c a t i o n ,  s i z e  a n d  f l e x i b i l i t y  of t h e  c u r v e ,  t h e  p r e s e n c e  of v e r t e b r a l  

anomalies ,  a l o n g  v i t h  bone age  of t h e  pa t i en t .  

The s t a r d a r d  s e r i e s  of r ad iog raphs  taken t o  supply the  a b w e  in fo rma t ion  

f o r  s c o l i o s i s  i n c l u d e s  s t a n d i n g  a n t e r o p o s t e r i o r ,  l a t e r a l , ,  s u p i n e ,  and 
-/- 

r i g h d l e f  t b e n d i n g  v i e w s .  A r a d i o g r a p h  of t h e  l e f t  hand a n d  w r i  s t  i s  a l s o  

taken t o  de te rmine  bone a g e  of t h e  p a t i e n t  (ME e t  a1. 1 ~ 7 8 ) .  



Tbe supine radiographs show t b e  al ignment of t h e  sp ine  wi th  t h e  e f f e c t s  - 
- -- 

of g r a v i t y  r e m w e d  If  the curve measureraent i s  c m p a r a b l e  i n  .s tanding and 
t C  

supine pos i t ions ,  the curve , i s  probably s t r u c t u r a l  i n  natae. T r ~ B t l e n t  w i l l  - 

s t i l l  aim t o  a r r e s t  progression of the curve. 

Side-bending f  i l m s  a r e  used t o  determine t h e  f l e x i b i l i t y  of the curve. 

These a r e  t a k e n  v i  t h  t h e  p a t i e n t  s u p i n &  A c t i v e  Liending i l l u s t r a t e s  t h e  

a b i l i t y  ~f t h e  m u s c l e s  t o  c o r r e c t  t h e  d e f o r m i t y .  The amount of c o r r e c t i o n  
-- 

gained is determined by c m p a r i n g  these  

f i l m s .  I n  some  i n s t i t u t i o n s  t h e s e  

radiographic  assessment whi le  i n  o t h e r s  

f i l m s  wi th  s tanding and o the r  supine.  

a r e  d o n e  a s  p a r t  o f  t h e  r o u t i n e  
- 

they are. used only a s  a  pre-surgery 

The p o s i t i b n i n g  of  t h e  p a t i e n t  f o r  e a c h  r a d i o g r a p h  must  be done w i t h  

ca re .  A p a t i e n t  wi'th a f l e x i b l e  cu rve  can  e a s i l y  e x a g g e r a t e  i t  e i t h e r  by 

moving o r  by b e a r i n g  v e i g h t  unequa l ly .  The measurement  of t h e  s p i n a l  

curvatur 'e  cou ld  a l s o  be i n a c c u r a t e  i f  t h e  f i l m  i s  t a k e n  w i t h  any d e g r e e  ol.f 

In-house s t u d i e s  done i n  t h e  S p i n a l  D e f o r m i t i e s  C l i n i c ,  Children 's  
- - 

H o s p i t a l ,  Vancouver found  a n  i n t r a m e a s u r e r  v a r i a b i l i t y  of  2 4 d e g r e e s  f o r  

measurement  of a  s c o l  i o t i  c  c u r v e  (Per  s o n a l  communica t ion  D r .  S. ' ~ r e d w  e l l ,  

1980). This compares p s i  t ive ly t o  the  measurement v a r i a b i l i t y  repor ted  by 

others .  Cochran and Nachemson (1985) r epor ted  in te rmeasure r  v a r i a b i l i t y  of + 
4 degrees for the  measurement of a n t e r o p o s t e r i o r  radiographs. - 

, b d i o g r a p h i c  Dosages 
. . 

- 
R a d i o g r a p h i c  e x p o s u r e  i s  a n  i n v a s i v e  d a t a  c o l l e c t i o n  t e c h n i q u e .  Many - 

- e f f o r t s  have been mde t c  minimize both the  exposure and the re fo re  the  r i s k  . 



o f  t h i s  t y p e  o f  e v a l u a t i o n .  N o t t a g e ,  Waugh & H c H a s t e r  (1981) m&sured t h e  

exposure d i r e c t l y  which t h e i r  p a t i e n t s  were rece iv ing .  The mean gonadal doses 

v e r e  1 9  mr& i n  males  and e s t i m a t e d  a t  a  maximum 95 mrepr i n  femaleo. The mean 
- 

e n t r a n c e  s k i n  d o s e  w a s  1 7 4  mrem. T h e r e  was  a  l a c k  of u n i f o r m i t y  of 

r a d i o g r a p h i c  technique6  between t e chn ic i ans .  The dosages receiv ed v  ere v i t h i n  
A- 

r 

accep ted  annual  l i m i t s .  The average dose r ece ived  by the  gene ra l  p u b l i c  per 

y e a r  from t h e  environment i s  100 mran ( ~ o t t a g e ,  Waugh h HcHaster  1981). - 
a . Badiographic exposure i n  H o s p i t a l  "s Ra i o l o g y  Depa r tmen t  

f o r  a  s t a n d a r d  i n t e r o p o s t e r i o r  - r a d i o g r a p h  of a  s c o l i o t i c  p a t i e n t  h a s  been 

m e a s u r e d  a t  a n  a v e r a g e  g o n a d a l  dose  of 3.38 mrad  (1 mrad i s  a p p r o x i m a t e l y  

e q u a l  t o  1 mrem, Chi ldren ' s  R a d i o l o g y  Dept., P e r s o n a l  Communica t ion ,  

a 
1 9 8 5 ) ( ~ c ~ o r m a n d  & P e l ,  19851, I t  s h o u l d  be n o t e d  t h a t  b o t h  of t h e s e  

+ f a c i l i t i e s 3 - a r e  l a r g e  w e l l - e q u i p p e d  s p e c i a l i z e d  cen t r e s .  Sma l l e r  aseessment  -- 
c e n t r e s  may not  have the  same a b i l i t y  t o  minimize r ad iog raph ic  exposure. 

Curve* Measurement 

. - -  
The l o c a t i o n  of t h e  curve  i s  c l a s s i f i e d  a s  c e r v i c a l ,  t h o r a c i c  o r  lumbar 

depending on the  p s i t i o n  of i t s  apex. It i s  a l s o  c l a s s i f i e d  a s  r i g h t  o r  l e i  t  
b 

by i t s  convexity.  

A t h o d .  The end T y p i c a l l y  t h e  c u r v e  i s  r n e a ~ u r e d  a c c o r d i n g  t o  Cobb' 

v e r t e b r a e  of the  curve a r e  de te rmired .  These a r e  t h e  l a s t  v e r t e b r a e  which a r e  

1 ,  J t i l t e d  i n t o  t h e  concavi ty  of t h e  curve being measured. A l i n e  i s  d ravn  a long  

1. t h e  e n d - p l a t e  of t h e  uppe r  e n d  of t h e  mos t  c r a n i a l  r t e b r a  i n  t h e  curve .  A P 
second l i n e  i s  drawn a l o n g  t h e  end-plate  of t he  l o d e r  end of t h e  m e t  caudal . 

- - 

ve r t eb ra .  L ines  a r e  d r a m  perpendicular  t o  the  end v e r t e b r a e  lines. The ang le  

f o r m e d  by t h e s e  t w o  l i n e s  i s  the a n g l e  w h i c h  i s  measu red .  F i g u r e  1 



i l l u s t r a t e s  the t i l t i n g  vhich i s  referred to. -- - - - 

Figure I Curve i d e n t i f i c a t i o n  and measurement by Cobb's method. The angle of 

Cobb equals the angle subtended by the arc of the curve. 

0- method of c l a s s i f y i n g  vertebral rotat ion i s  according t o  a system of 

grades. The shadows of the p e d i c l e a  are  examined t o  determine the grade of 



- 
r o t a t i o n ,  The g r a d i n g  system i s  i l lustrated MQW & a d ~ n n d ,  1969); 

Grade 0 Grade I Grade I1 Grade I11 Grade IV 

Figure  I1 C l a s s i f i c a t i o n  method of s p i n a l  curve r o t a t i o n .  

8 

i s  

The Ch i ld ren ' s  H o s p i t a l  c l i n i c  now g r a d e s  r o t a t i o n  by m e a s u r i n g  t h e  

J 

s u r f a c e  r o t a t i o n  of the back when the  p a t i e n t  i s  i n  a  forward  bend p o s i t i o n  

( B u n n e l l  19831, a n d  by m e a s u r i n g  t h e  s p i n a l  r o t a t i o n  u s i n g  a nomogram, L 

d w e o p e d  through the  Al f r ed  I Dupont I n s t i t u t e  and s o l d  by Metroqic  Neuro, 

t o  measure t h e  a p i c a l  v e r t e b r a l  r o t a t i o n  'of t h e  spine. 
0 

Once the  curves  have been i d e n t i f i e d ,  'the end v e r t e b r a e ,  which have been 1 

i -. 
-- 

s p e c i f i e d ,  a r e  used throughout t h e  course of t r e a t m e n t  f o r  r e e v a l u a t i o n  of 
.- 

the s i z e s  of the  curves.  

Inc idence  

Organized s c r e e n i n g  programs a r e  conducted i n  North America, Europe and 

Japan  t o  i d e n t i f y  c h i l d r e n  suspec ted  of having s p i n a l  curvature.  Commonly,an - 

i n c i d e n c e  of 5% of t h e  p o p u l a t i o n  i s  e s t i m a t e d  t o  h a v e  a  p e r s i s t e n t  s m a l l  

f l e x i b l e  cume.  I n  a r e a s  which do i n t e n s i v e  s c r e e n i n g  programs the  inc idence  

i s  r e p o r t e d  t o  be h i g h e r  ( ~ o e ,  W i n t e r ,  B r a d f o r d ,  L o n s t e i n ,  1978). I n  Japan  

w h e r e  Shadov  M o i r e  Con tou rography  and Low Dose X-rays a r e  employed ,  t h e  



i n c i d e n c e  h a s  been r e p o r t e d  t o  be a s  h i g h  a s  9.5% (Ohtsuka,  S h i n o t o ,  Inoue,  
% 
- 1981). T6e d i f f e r e n c e  i n  t6e r i g o m  o f  s c r e e n i n g  i n  t h e s e  a r e a s  c o u l d  

- account f o r  the discrepancy of t h e  r epor ted  incidences. - 
The c l i n i c a l  i n c i d e n c e  of c u r v e s  t e n  d e g r e e s  0% g r e a t e r  i s  23 p e r  

-- 
thousand of the  poglllation. The c l i n i c a l  incidence of curves t h i r t y  degrees - 
or  g r e a t e r  is  2 per thousand of the population (Lonstein, Carlson 1984). 

The incidence i n  t h e  population, a t  ma tu r i ty  compared t o  t h e  degree, is  

shown i n  the f  01 l o v i n g  g rapd- -  

lnciccence /- 

no. / I000 populatio 

Figure I11 The r e l a t i o n s h i p  degree of cu rva tu re  and i t s  incidence 

a t  matur i ty .  

C u r r e s  below t h i r t y  d e g r e e s  w i l l  c a u s e  n e i t h e r  back p a i n  nor  pulmonary 

c o ~ r p l i c a t i o n  i n  a d u l t  l i f e .  C u n e u r e a t e r  t h a n  f o r t y  d e g r e e s  t e n d  t o  

progress  i n  a d u l t  l i f e  and may cause s i g n i f i c a n t  medical problems. C l i n i c a l l y  

i t  i s  i s p e r t a r t €  to prevent c a r v e s  f r c m  p r o g r e s s i n g  t o  greater 6 t h i r t y  
+.$. 

degrees. A non-imraeive methold .of  monitoring i s  impor tant  so t h a t  t h e  non- 



progres;ive group w i l l  not  r ece ive  a  high exposure t o  x-rays. 

The e t i o l o g y  -of t h e  d i s e a s e  h a s  r emained  e l u s i v e  s i n c e  i t s  f i r e t  

observation.  D i e t ,  muscle a c t i v i t y  of the paraver tebra l  muscles, metabolism 

and a 1  t e r a t i o n s  of  m e t a b o l i s m  of, c o m e  c t i v e  t i s s u e ,  j o i n t  tendon and 

l i g a m e n t o u s  e l a s t i c i t y ,  s t r u c t u r a l  d i s t u r b a n c e s  of t h e  bones,  d i s c s  o r  - 

l igaments  a s  w e l l  a s  enzymatic and gene t i c  f a c t o r s  a r e  among these examined 

i n  the search f o r  the cause(s)  of scoliosis. ' .  

M wihter ,  Bradford and Lonstein (1978) shoved Zorab's (1970) work on 

simul taneous a c c e l e r a t i o n  of s p i n a l  curve angula t ion  and growth (Figure IV). , 

To date the  r o l e  of hormonal changes on s p i m l  curvature  remains unresolved. 

Figure IV ,The r e l a t i q a s h i p s  .of both angula t ion  and v e l o c i t y  of growth t o  age 



6 

After  t h e  bones of t h e  v e r t e b r a l  column have matured t h e  curvature  which 
- - -- - - - - 

e x i  sts can  n o t  be reduced  by- any means o t h e r  t h a n  s u r g e r y .  The law of , 

deformity which e x i s p  i n  sco l ios i s .  

by the  amount of pressure  exer ted  on 
- - 

of t h e  curve ,  t h e  v e r t e b r a l  b o d i e s  

g r o v t h  on t h a t  s i d e .  Converse ly ,  

v e r t e b r a l  b o r d e r s  a r e  s e p a r a t e d  and 

v e r t e b r a l  bodies. Early t rea tment  and 

That is, v e r t e b r a l  growth i s  infhuhnced 

each v e r t e b r a l  bod$. On t h e  concave e i &  

a r e  i n  c o n t a c t ,  r e t a r d i n g  t h e  ra te  of 

on t h e  convex s i d e  of t h e  c u r v e  t h e  

bone g rowth  r e s u l t s  i n  wedging of t h e  

observat ion a r e  des i reab le  t o  l i m i t  t h e  

i n c r e a s e s  of ' sp ina l  c u r v a t u r e  which would o c c u r  i f  a l l o w e d  t o  . p r o g r e s s  

,-rally (Hoe, winter ,  Bradford, Lonstein, 1978). 
/' x 

' Muscular Impl ica t ions  

~ n c t e a s i n ~  curva tu re  changes t h e  o r i e n t a t i o n  of 1 t h e  s k e l e t a l  components 

so  t h a t  there  i s  an  increased mechanical demandbn the syktem. Concurrently, 

muscu la r  e f f e c t i v e n e s s  i s  dec reased .  A s  t h e  s p i n e  bends l a t e r a l l y ,  t h e  
- - - 

t e n s i o n  a b o u t  t h e  f a c e t s ,  d i s c s  and l i g a m e n t s  i s  d i s t o r t e d  i n  a way t h a t  

causea  t h e  v e r t e b r a e  t o  r o t a t e .  R o t a t i o n  c o n t r i b u t e s  t o  d e c r e a s e d  m u s c l e  

l e v e r a g e s .  Changes i n  a l i g n m e n t  i n c r e a s e  t h e  amount of f o r c e  r e q u i r e d  t o  

e f f e c t  movement. A s  t h e  components of t h e  spine  f a l l  out of l i n e ,  t h e i r  own 

v e i g h t  perpetuates malalignment. 
, 

Theoret ica l  c a l c u l a t i o n s  demonstrate t h a t  t h e  c e n t r e  of g r a v i t y  of the  

upper  body i s  i n  l i n e  * i t h  t h e  & i c a l  v e r t e b r a  u n t i l  t h e  c u r v e  r e a c h e s  40 
. - 

degrees. A s  40 degrees is  approached' t h e r e  i s  a n  inc reas ing  bending moment. 

-- 

Beyond 40 d e g r e e s ,  t h e  c e n t r e  of g r a v i t y  f a l I s  w i t h i n  t h e  c o n c a v i t y  o f  t h e  I 
curve. A t  t h i s  point  i t  is only t h e  tens ion of t h e  l igaments  and .tendons on 

.. 
I 

- 



t - - 
t h e  convex  s i d e  of t h e  c u r v e  w h i c h  ? r e  s u p p o r t i n g  i t .  ae the spine btnda 

- 

l a t e r a H y ,  the tens ions  about-%ha face t s ,  dgecs and l igaments  arc di r r tbr ted  . 

- 

i n  a  way t h a t  c a u s e s  t h e  v e r t e b r a e  t o  r o t a t e .  The v e r t e b r a l  b o d i e s  i n  t h e  

c u r v e  t e n d  t o  move t o w a r d s  the convex s i d e  of t h e  c u r v e ,  p u l l i n g  t h e  r i b s  

w i t h  them.' The r i b s  f o l l o w  t h e  v e r t e b r a l  body a s  i t  r o t a t e s .  A8 t h e  

c u r v a t u r e  i n c r e a s e s  t h e  l e a d s  of t h e  r i b s  a r e ~ l e s s  d i r e c t e d  toward* t.be . ' 

v e r t e b r a l  body. The r i b s  a l s o  change from t h e i r  normal &wnw.ard ang le  t o  a 
b 

more v e r t i c a l  p q s i t i o n  (Hoe, Winter,  ~ r a d f m d ,  L o n e t e h ,  197 8). 
- - 

Deformation of t h e  thorax  e l i m i n a t e s  t h e  c o r r e c t i v e  c a p a b i l i t i e s  of t h e  - 
musc les .  L a t e r a l  l e v e r a g e  i s  l o s t  a s  t h e  l i n e s  of f o r c e  b e g i n  t o  c r o s s  t h e  

c e n t r a l  a x i s  of  s p i n a l  rnodiol.  I n  f a c t ,  m u s c l e s  which n o r m a l l y  have 
- - 

c o r r e c t i v e  a c t i o n s  could iecome con t r ibu to r s  t o  the deformity ( ~ o e ,  Winter, 

B r a d f o r d ,  L o n s t e i n ,  1978). The f o l l a w i n g  c o n c l u e i o n s  w e r e  drawn from t h e  

a t h e o r e t i c a l  a m  ly s e s  of the biomechanics of s c o l i o s i s  co r rec t ion  by means of 

t r u n k  m u s c l e  s t i m u l a t i o n  (Schu l  t z ,  Haderspeck,  Takashima,  1981). T h e i r  

f i n d i n g s  i n d i c a t e d  t h a t  chariges i n ,  t h e  l a t e r a l  c u r v e ,  s a g i t t a l  c u r v e  and 
- 

r e l a t i o n  a b o u t  t h e  l o n g i t u d i n a l  a x i s  g e n e r a l l y  t ake  place ind~pendarrt-ly uf ---7 

each other.  If the  muscle spans the  convex o r  the concave s i d e  of a  -curve, i t  

w i l l  c o r r e c t  or inc rease  t h a t  curve respect ive ly .  I f  the  muscle i s  a n t e r i o r  

or p o s t e r i o r  t o  the  spine,  i t s  con t rac t ion  w i l l  decrease o r  inc rease  a  lumbar 

l o r d o s i s  and i n c r e a s e  o r  d e c r e a s e  a  t h o r a c i c  kyphoais, respect ive ly .  These 

au thors  noted t h a t  i t - v a s  d i f f i c u l t  t o  p red ic t  from elementary cons ide ra t ions  

which change about t h e  long i tud ina l  a x i s  w i l l  occur and what w i l l  happen when 
~. 

s e v e r a p  d i f f e r e n t  m u s c l e s  c o n t r a c t  a t  t h e  same t i m e  t o  produce  a b-alaneed 

u p r i g h t  trunk. 



The purprc of trerc;rtat is  to i d c e t i i y  the group which faces the rirk 

of s p i r t  curot increrrt and to arrest rbe rpi-1 curvatura. The reraion far 

th tr  i a  twofold. First ,  qaiw t curoaturc which is allawed to Lncteree Eca ~t 

- .  
e x t r a e  u.iil become 1 ifc t b r t r t t n i a g  by d i  t r u p t i t t g  pufeonary atrd vrrculax 

functioning ( H u e ,  Winter, Bradford, Lonctc ia ,  1978). Second, curmet ic  

oppcarao;ct bas  r definite effect on the pat i en t ' s  persoaal body image and . 
thcr*fore h i r f h ~ r  w c i a l  interaction (khrnowitt ,  Swv, Pinter, 19%).  

% 

Types 4f TTW-VC 
c -- 

IL is porriblc for: a young flexible curve to  correct spontaneously.'~ If 

tkia docs* net: occur, treatment must attempt t o  arrtrt the progression of the 
.T 

* '  
curve (Hoe, Winter, Bradford, 'Loastein, 1978). Three treqtment el ternstivee . 

-current Ip c x i  rt : 

2. e l e c t r i c a l  s t imula t ion  

3,. and t h e  f ina: alterartitre - operative intervention. 
- 

Other ma-medical sourccr of t r e a t e a t  include ~turopathr, chiropractors and 
\-% 

The r o l t  coaroa treatment  for spinal c u r n a t u r e  is by orrhotic 

u r u g g l r o t .  Bracing supports the body shape and relies on correction to copie - 

from, t h e  p s t i t r r c  e x e r c i s e s  both ia and oiut of t h e  brace.. Several comaon 
-- 

arthoses vhicb ~ r e  umd at Cliildreds ' ~ ~ s p i t i l  in Vmcouver are the ? I i f~~~ht  

Brice) .ad r4prr t ioar  tbtrtof. 



~ l e c t r i c a l  e t i p t u l a t i o n  a f f e r s  crn a 1  t e r n a t i v e  t o  o r t h o t i c  mauagemeat; 
- - - -  - 

E l e c t r i c a l  t t i m u l a t i o n  e l i c i t s  t h e  c o n t r a c t i o n  of s p e c i f i c  m u s c l e  g roup6  

v h i e b  s t ra ighten  t h e  spine by a p r e s c r i b e d  amount. T h e r e  a r e  T w o  t t -es tex  
J 

approsches .  One uses s u b c u t a n e o u s  e l e c t r o d e s  next t o  t h e  s p i n e  v b i l e  tire 
4 

o t h e r  urrer cutaneous e l e c t r o d e s  -located l a t e r a l  t o  t h e  sp ine  (Bobechko 1972, 

~ ~ e r a i v t - i n t e r v e n t i o n  i s  o n l y  used  when t h e  s i z e  of t h e  s p i n e l  c u r v e  

has  become s o  l a r g e  t h a t  the  s p i n e  begins t o  co l lapse .  Without s t a b i l i z a t i o n  
- - 

of t h e  sp ine ,  compl i ca t ione  a r i s i n g  from i t s  c o l l a p s e  a r e  i n e v i t a b l e .  

i 
P r e s c r i  p t ion  C r i t e r i a  

B r a c e  t r e a t m e n t  i s  recommended i n  t h e  c a s e  of i n c r e a s i n g  s p i n a l  

c u r v a t u r e  of twenty- f ive  degre'es or  more wi th  a s s o c i a t e d  v e r t e b r a l  r o t a t i o n  

(Dr. S. T redve l l ,  Personal  Communicat5on 1980). 
I 

I 

The S c o l i o s i s  C l i n i c  of C h i l d r e n ' s  B o s p i  t a l ,  Vancouver  commonly 

p r e s c r i b e s  t h e  Hilwsukee  race f o r  c a s e s  i n  which-che curve i s  loca t ed  i n  t h e  

high t h o r a c i c  r e g i o n  andlor i s  difficult t o  cont ro l ,  The l l ro~acalumhar Sacral - 

Orthose (TLSO) i s  commoniy used for t h e  c o n t r o l  of lumbar curves. I t  i s  a l s o  

used f o r  some t h o r a c i c  curves  which i t  i s  a b l e  t o  s t a b i l i z e .  

, I r e a  tment E f f e c t i v e n e s s  S t u d i e s  

S t u d i e s  have compared  t h e  e f f e c t i v e n e s s  of  t r e a t m e n t  o n  t h e  b a s i s  o f .  

c o r r e c t i o n  of the e p i a a l  cun ie  (measured i n  degrees  or  percent co r r ec t ion ) ,  

d e c o m p e n r a t i o n  of t h e  r i b  hump ( m e a s u r e d  i n  c e n t i m e t r e s '  oy p e r c e n t  

dec impensa t ion)  o r  a perc ieved  cosmet ic  appearance (on a s u b j e c t i v e  sca le ) .  
C 

A long-term follow-up s tudy  6f 85 p a t i e n t s  t r e a t e d  v i t h  t h e  Yilvaukee - 

Brace v a s  r e p o r t e d  by Cochran  a n d  Hachelason i n  1985. ~ o H i v e  d a t a  t o  



-- 
* 

d--- 

suggest t h a t  t h e  Milwaukee Brace a lways  a c t s  i n  a p r e d i c t a b l e  mannerpwxzcnot - 

A 
producid.  A s  i n  p r e v i o u s  s t u d i e s ,  i t  seemed t o  f u n c t i o n  s o m e t i m e s  a s  a  . 

/ 

-- m r r e c t i v e  d e v i c e  and s o m e t i m e s  a s  a holdLing dev ice .  O v e r a l l  r e s u l t s  were  

c a l l e d  "successful" s i n c e  f e v  curoes progressed beyond f i f t y  degrees.' Rudicel 

and Renshav measured t h e  decompensa t i o n  achieved us ing  t h e  n i l  w& Brace. - - 

F o l l o w i n g  t r e a t m e n t ,  d e c o m p e n s a t i o n  ranged  f rom 0 t o  3.1 c e n t i m e t r e s .  The 
" 

. study concluded t h a t  i n  s p i t e  of compliant brace t r ea tmen t  t h e  r e s u l t s  were 

Reports of the  e f f e c t i v e n e s s  of bracing wi th  the  TLSO suggest t h a t  i t  i s  

most e f f e c t i v e  i n  the  treatment.  of curves wi th  an apex a t  the  e igh th  thorac ic  

v e r t e b r a  o r  lower (Laurnen, Tupper, Mullen 1983; Willner 5 P e t t e r s s o n  1983; 

J o n a s s o n - R a j a l a ,  J o s e f  sson,  Lundberg,  N i l s s o n  1984). These s t u d i e s  d i d  n o t  

deal  with @e p r e d i c t a b i l i t y  of the  r e s u l t s  of curves t r e a t e d  wi th  the  TLSO. 

Hoire Topography 

P r i n c i p l e s  

Hoire topography u t i l i z e s  a  s imple  photographic 

c r e a t e  a  th ree  dimensional map. The express ion "Moire 

s t r i p e d  p a t t e r n  t h a t  occurs when two o r  more d i f f e r e n t  

technique i n  order  t o  

Fringe" i s  used f o r  a .  

types of p a t t e r n s  . a r e  . . 

overlapped. 

H o i r e  i s  n o t  a  new techn ique .  It was knovn  t o  t h e  f i e l d  of  s t r e s s  

a n a l y s i s  a s  t h e  o b l i q u e  shadow method. The h i g h  c u r v a t u r e  which  i s  

c h a r ~ c t e r i s t i c  of some r e g i o n s  of t h e  human body have  p r e s e n t e d  s p e c i f i c  

probl-s f o r  medical a p p l i c a t i o n s  of the Hoire method (Takasaki 1981). 

% 

I t  i s  p o s s i b l e  t o  c r e a t e  Moire  p a t t e r n s  by s e v e r a l  methods.  I n  e a c h  



c a s e  the- i n t e r r e l a t i o n s h i p  a•’ t h e  gra t i rg  and i t e  aW-i,~tt&&w-~y- 

determined  by the  geometry of the system. 

F igure  V I l l u s t r a t i o n  of t h e  p r i n c i p l e  of h g f o r m a t i o n  of f r i n g e s  (Takasaki 

A c u r v e d  o b j e c t  i s  i l l u m i n a t e d  by a p o i n t  s o u r c e  of l i g h t ,  L. I t  i s  

observed  from p o i n t  C. The r e g i o q  i l l u m i n a t e d  by t h e  l i g h t  source through t6e 

g r a t i n g  and t h e  r e g i o n  v h i c h  can be obse0rved from po in t  C through t h e  g r a t i n g  

a r e  shown by s e t s  o f  l i n e s  f a n n i n g  o u t  f rom p o i n t s  L a n d  C. The two s e t s  of 

s t r i p e s  p r o j e c t  t v o  r s e t s  of c u r v e d  l i n e s  on  t h e  o b j e c t ' s  s u r f a c e .  The - - 



i n t e r s k c t i o n  p o i n t s  of these two sets a r e  seen fre C a s  bri-ght spo t s ,These  
L C  

- 
sjYots f orrn a s e t  of Moi re  f r i n g e s  which l o o k  l i k e  c o n t o u r  l i n e s  (Takasak i ,  -- 

1981). 

Other Hoire techniques inc lude  a p ro jec t ion  techniques developed by t h e  

Pujinon Corporation and the p ro jec t ion  method which i s  based on t h a t  of Miles - 
and S p e i g h t  (1975). 

The ~ u j i m n  FM40 is  a g r a t i n g  p ro jec t ion  system which i s  s o t  a t  a 5 mm 

f r i n g e  i n t e r v a l .  I t  u s e s  a 650  w a t t  Halogen l i g h t  s o u r c e ,  and F u j i  MA 35X 

camera. Adaptations can be ma& t o  a t t a c h  an i n s t a m a t i c  camera. These u n i t s  

have been used widely i n  Japanese school screening programs. 

The p r o j e c t i o n  sys tem d e s c r i b e d  by M i l e s  & S p e i g h t  (1975) invo lv i s  

p h o t o g r a p h i n g  a s p e c i ~ l l y  p r e p a r e d  g r i d  which i s  p r o j e c t e d  o n t o  a f l a t  

# 

r e fe rence  screen. Each p a t i e n t  i s  then photographed wi th  the  g r i d  p ro jec ted  

on t h e i r  back. The r e f e r e n c e  g r i d  and p a t i e n t  g r i d  a r e  t h e n  p r i n t e d  o n t o  

1 i t h o g r a p h i c  f i l m .  On a l i g n i n g  t h e  r e f e r e n c e  g r i d  o r d i n a r y  Moire c o n t o u r  

f r i n g e s  a r e  produced. 

IZI a d d i t i o n  t o  Noire topography techniques t h e r e  i s  ras t e r s t e reography ,  

holography and stereophotogrammetry (Heirholzer,  Frobin 1981; Windischbauer 

1981). 

There a r e  problems v i t h  the  ~ o i r e  method. These shortcomings include:  

- the necess i ty  for p r e c i s i o n  of the geometry of the system 

, -  noise c rea ted  by two types of f r i n g e  d i f f u s i o n  . I 

- - changing f r i n g e  i n t e r v a l  wi th  inc reas ing  f r i n g e  number 

- problems v i t h  measuring a l i v i n g  "squirming" body 
-- - 

- i d e n t i f i c a t i o n  of c o n v e x i t y  and c o n c a v i t y  i s  n o t  p o s s i b l e  v i t h o u t  

ledge of the  shape ( n o i r e  Fringe Topography and Spinal  Deformity - 
-- of an I n t e r n a t i o n a l  Symposium 1981). -- 



Medical A p p l i c a t i o n  

The. examinat ion  of nev techniques,  and t h e  re f inement  of o l d  technique8 

to d e s c r i b e  s p i n a l  d e f o r m i t i e s  cont inues  t o  be done. I n  my o p i n i o n  t h i s  i s  an 
- -- 

i n d i c a t i o n  t h a t  techniques  c u r r e n t l y  used e i t h e r  do not g ive  a  t r u e  p i c t u r e  

of a  t h r e e  d imens ional  s p i n a l  deformi ty  o r  a r e  t o o  complex t o  use c l i n i c a l l y .  

Shadow M o i r e  Topography i s  a  n o n - i n v a s i v e  t e c h n i q u e  w h i c h  h a s  been 
- - 

i n v e s t i g a t e d  f o r  the  c l i n i c a l  a n a l y s i s  of s p i n a l  de fo rmi t i e s .  1 

When' u s ing  Shadow Moire Topography f o r  ' the  measurement of a  human ahaped 

t h e r e  a r e  two p r o c e d u r a l  p r o b l e m s  v h i c h  exist. The f i r s t  and  s i m p l e s t  

i 
prob lem t o  d e a l  w i t h  i s  o r i e n t i n g  t h e  'Moire  s c r e e n  o r  p r o j e c t i o n  t o  t h e  

\ 4 

pa t i en t .  The second, and more d i f f i c u l t  problem i s  d u p l i c a t i n g  the patient 's  

p o s t u r e .  I n  o r d e r  t o  u s e  M o i r e  Topographs  f o r  c o m p a r a t i v e  s t u d i e s ,  t h e  
/ 

T o p o g r a p h s  m u s t  be t a k e n  s o  t h a t  t h e  p a t i e n t ' s  p o s t u r e  can be r e p r o d u c e d .  

The t h r e e  me thods  of  p a t i e n t  p o s i t i o n i n g  w h i c h  have  been examined  a r e  

c u r r e n t l y  be ing  used by r e s e a r c h e r s  i n  t h e  f i e l d  of Shadow Hoire  Topography 
-- 

and t h e  s tudy of s p i n a l  d e f o r m i t i e s .  v 

~ I l l u s t r a t k o n s  of  t h e  t h r e e  me thods  of  p o s i t i o n i n g  a r e  i n c l u d e d  i n  
- 

Appendix I which i n c l u d e s  the  s t a n d a r d  i n s t r u c t i o n s  given t o  each p a t i e n t  

r e g a r  d ing  pos i t i on ing .  



TBE "STUDY 
- +- 

It v a s  proposed t h a t  Shadow Moire Topography i s  a u s e f u l  techpique f o r  

a s s e s s i n g  c h a n g e s  i n  s h a p e  of t h e  b a c k  wh ich  o c c u r  w i t h  p r o g r e s s i v e  

s c o l i o s i s .  

- 

By potheses  

b 

Three hypotheses v e r e  t e s t e d :  

T o p o g r a p h i c  m e a s u r e m e n t s  of r e p e a  t.ed Shadow Moire Topographs a r e  

r e p e a t a b l e  t o  w i t h i n  4 1.25 mm. 

Changes seen  i n  topographic  measurements a r e  p o s i t i v e l y  r e l a t e d  t o  

curve c l a s s i f i c a t i o n .  . 

p a t i e n t  p o s i t i o n i n g  a f f e c t s  t h e  v a r i a n c e  of s h a k  measurements of 

l i v e  s u b j e c t s  by Shadow H o i i e  Topography. 



Equipment 

Accuracy  of t h e  C l i n i c a l  Shape Moni to r  (cSM) was d e t e r m i n e d  by the  

Department of Phys ics  of t he  ' ~ a t i o n s l  Research Council  of Canada (NRC). The 
*.. 

NRC t e s t  model, designed t o  e v a l u a t e  t h e  performance of moire  inatr t iments ,  
1 

was  u s e d  t o  p r o d u c e  t e s t  pho tog raphs '  w i t h  t h e  MERU-CSM. The t e s t  model 

c o n s i s t e d  of  v a r i o u s  s l o p i n g  s u r f a c e s  and  a number of c o n t r o l  p o i n t s  w i t h  
< - 

known XYZ coordinates .  The photographs were taken wh i l e  the  ou t  a i d e  r e f e r e n c e  

s u r f a c e  o f  t h e  t e s t  mode l  was  p a r a l l e l  t o  t h e  MERU-CSM and p r a c t i c a l l y  i n  

c a n t a c t  w i t h  it. The c a l c u l a t e d  v a l u e s  of the con t ro l  p o i n t s  were compared 
- 

w i t h  t h e  known coord ina t e s  of t h e  c o n t r o l  po in t s  t o  e v a l u a t e  t he  performance. 

of t h e  CSM. -- 4 

The C l i n i c a l  Shape Monitor (&MI, Nikon F'E 35mm camera and Viv i t a r - f  l a s h  

( l i g h t  d i f f u s e r  removed), and Fadak PX 135 b lack  & whi t e  f i l m  were used f o r  
eL 

d a t a  c o l l e c t i o n .  

F ive  by seven i n c h  photographs were d i g i t i z e d  us ing  a Summagraphics Bi t  

Pad O n e  d i g i t i z i n g  t a b l e t  and P a r t  1 of t he  Shape Ana lys i s  P a c k g e  (MI). 

P a r t  I1 of t h e  Shape A n a l y s i s  Package  (SAP111 was u s e d  t o  a n a l y z e  t h e  

r a w  d a t a .  P r o g r a m s  w e r e  w r i t t e n  * i n  P a s c a l  a n d  r u n  o n  a n  IMS 8000 

microcomputer. 



Tkti e study was e o n d u e t e d  i n  t v o  s t a g e s ,  

S tage  I 

I n  S t a g e  I t w o  t h i n g s  w e r e  d e t e r m i n e d .  F i r s t ,  t h e  v a r i a b i l i t y  of 

measurements due t o  t he  operator's e r r o r  i n  d i g i t i z i n g  the  -Moire Topographs 

was  d e t e r m i n e d .  Second,  t h e  v a r i a b i l i t y  of m e a w r e m e n t s  due t o  t h e  

p o s i t i o n i n g  p r o c e d u r e  was  d e t e r m i n e d .  

_ A randomized b lock  d e s i g n  was t h e  exper imenta l  model used t o  de te rmine  

the  v a r i a b i l i t y  due t o  the p o s i t i o n i n g  procedure used. The t h r e e  p o s i t i o n i n g  

methods chosen we=e f r e e  s tanding ,  e a t i r e  body i n c l i n e d  ( t o  10 dkgrees) ,  aad 

seated. Three ske1,etal ly  mature  a d u l t s  w i t h  no known 

s t c d i e d  Each s u b j e c t  was photographed us ing  each  

methods.  A t o t a l  of  30 M o i r e  Topographs  w e r e  t a k e n  of e a c h  Ten 

Topographs were taken w i t h  t h ~  p a t i e n t  i n  each of t h e  t h r e e  pos i t i ons .  The 30 

Topographs were taken i 6  a randomized ord:r-within the  span  of one hdur. 

Data Co l l ec t ion  . 
Ana lys i s  of t h e  da t a  was a semi-automated procedure. Five by sevea Moire 

ropcgraphs v e r e  manually d i g i t i z e d  us ing  the  S A X .  Four h o r i z o n t a l  paec t ions  

w e r e  d i g i t i z e d  ( a t  p r e m a r k e d  l o c a t i o n s  on t h e  body). These  l o c a t i o n s  a r e  

i l l u s t r a t e d  i n  F i g u r e  VI. The d a t a  f o r  e a c h  s u b j e c t  was  c o l l e c t e d  d u r i n g  a 

s i n g l e  s e s s i o n .  Marker  p l a c e m e n t  was  m a i n f a i n e d  f o r  t h e  d u r a t i o n  o f  t h e  

r e p o s i t i o n i n g  s t u d y .  



F i g u r e  

plac erne 

- - 

-- - 

b 

nt of body surf 

4 

Data Analys i s  

The Shape Analys is  P a c b g e  (SAPII.) vas used t o  analy  

.. - /' 
z o a  of  t h e  

z e  the raw data. The 

SAP11 was a pascal program which ca l cu la ted  topographic var iab le s  from the 

raw data. For each of  'the premarked loca t ions ,  a  s ec t iona l  contour l i n e  was 
- 

% 

de f ined .  

The topographic var iab le s  ca l cu la ted  far each horizontal  contour were as  



1 .  h l l ~ l p  he ight  - the "hn height  d i f f erence  of the two peaks . 

F i g u r e  V I I   cross-secti99l v i e w  o f  t h e  back s u r f a c e  where "hh" r e p r e s e n t s  

the hump height .  

6" I 
2 ,  hump ang le  - the angle  formed by the l i n e  linki'ng t h e  two p e a k  and a i 

horizontal  l i n e  

hump angle  = BBCTAE (h j l a ib ) )  - 

Figure VIII A cros s - sec t iona l  v i e v  of the back sur face  vhere "d' represents  
- - * 

. the hump angle. 



3;' l a t e r a l  d k v i a t i o n  - 
Z 

of the  l?ne l i n k i n g  

t h e  , d i s t a n c e  from the . c p n t r r l i n p + i . , t  

the  two peaks 

l a t e r a l  d e v i a t i o n  = (A-b)/2 
X 

, /" 
, , 

Figure  I X  A c r o s s - s e c t i o n a l  view of the back s u r f a c e  where " d 1 I  i s  

d e v i a t i o n .  

When s p & e x i s t e d  on b o t h  t h e  r i g h t  Knd t h e  1 ; f t  s i d e s  of  

c a l c u l a t i o n  of  t h e  l a t e r a l  d e v i a t i o n  of t h e  s p i n e  v a s  done. The 

the  l a t e r a l  

t h e  back,  a  

c e n t r e l i n e  

-- v a s  d e f i n e d  a s  t h e  l i n e  b e t v e e n  s e v e n t h  c e r v i c a l  v e r t e b r a  ( C 7 )  and t,he 

> 

g l u t e a l  f o l d .  The d i s t a n c e  b e t w e e n  t h e  peak  and  t h e  c e n t r e l i n e  was c a l l e d -  

11 11 a  , and t h e  d i s t a n c e  b e t w e e n  t h e  p e a k  and  t h e  r i g h t  s i d e  of t h e  c e n t e r l i n e  
. - 

va's c a l l e d  I%". The h e i g h t  d i f f e r e n c e  of t h e  t v o  p e a k s  v a e  c a l c u l a t e d  and  

c a l l e d  %". When o n l y  1 p e a k  v a s  d e t e c t e d  o n  e i t h e r  t h e  l e f t  o r  r i g h t  s i d e ,  

t he  d i f f e r e n c e  of h e i g h t  of t he  peak and a po in t  i n  equal d i s t a n c e  from the  

c e n t r e l i n e  on t h e  o p p o s i t e  s i d e  of t h e  back  wae c a l c u l a t e d  a n d  c a l l e d  n6". 

Bowever ,  s o m e t i m e s  t w o  p e a k s  w e r e  s e l e c t e d  on one  s i d e .  I n  t h i s  c a s e ,  t h e  

peak v h i c h  v a s  n e a r  t h e  c e n t r e l i n e  was a u t o m a t i c a l l y  de t ec t ed  and ma& t o  be 

the  t r u e  hump for  u s e  i n  c a l c u l a t i o n .  
1 - - 



4 - 
4. r i b  hrnsp index - measure of t r m k  r o t a t i o n  

. - 
+ 
I I ............... ...... I . . . .  .................... 0% 

**' i 

taaa W i I "I 
Figure X A cross-sect ional  view of the surface  of the back where ,''hh" i s  the 

hump height  and 'kt' i s  t h e  t r m k  vidth .  - -  
- 

5. arclength - i )  length of t h e  contour l i n e  t o  t h e  l e f t  of t h e  cen t re  

i i )  length of the contour l i n e  t o  the  ' r igh t  of the cen t re  

i i i )  q u o t i e n t  of t h e  l e n g t h  of t h e  l e f t  s i d e  and r i g h t  

s ide  of the contour l ine.  

Figure XI A cross-sect ional  view of t h e  back su r face  where "it' i s  t h e  length 

of the left side of the s u r f a c x  of t h e  back and I t i i "  i s  t h e  l e n g t h  of t h ~  

r i g h t  eide of the  surface  of t h e  back. 



Two t a b l e s  c o n t a i n i n g  t h e  p a t i e n t ' s  I .D. ,  d a t e ,  name and a l l  the 
- - 

topographic measurements v e r e  wi th  each a n a l y ~ i s .  A contour drawing 

i l u s t r a t i n g  t h e  cross-sec t ions  d i g i t i z e d  was a l s o  produced. 
- - 

Normality of the Data 

The normal-scores c o r r e l a t i o n  t e s t  f o r  normal i ty  wss'used 

normal i ty  of the  study data. Standard devia t ion ,  a s  a  measure of 

t o  check - -  t h e  % 

v a r i a b i l i t y ,  

depends on t h e  n o r m a l i t y  of t h e  d a t a .  The c o r r e l a t i o n s  of s t u d y  s c o r e s  t o  
-- 

n o m a l  scores  were used t o  determine the  l w e l  of s i g n i f i c a n c e  of ~ o r m a l i t y  

of the  study data. 

e 

I d e a t i f i c a t i o n  of Sources of Error  

D i g i t i z i n g  V a r i a b i l i t y  , 

The d i g i t i z i n g  v a r i a b i l i t y  was determined from repeated d i g i t i z a t i o n s  of 

a  s i n g l e  Moire topograph. Two s p e c i f i e d  sec t ions  wefe d i g i t i z e d  ten  times. 

T h i s  t e s t  was r e p e a t e d  on t h r e e  s e p a r a t e  days. The mean and standard 

d e v i a t i o n  of t h e  r e p e a t e d  m e a s u r e s  of each t o p o g r a p h i c  p a r a m e t e r  vere 

c a l c u l a t e d  ( ~ u e n o u i l  l e  1966). 

V a r i a b i l i t y  Due t o  Pos i t ion ing  Procedure 
i d' 

The s t a n d a r d  d e v i a t i o n  was c a l c u l a t e d  f o r  
/ 

t h e '  p o s i t i o n s  (3) f o r  e a c h  of t h e  measurement  

used 

e a c h  s u b j e c t  ( 3 )  i n  each of 

v a r ' i a  bl e s  ( 5 ) .  The maximum 

value  of each measurement v a r i a b l e ,  r ep resen t ing  the  maximum deformi ty  of the 
B 

four  cross-se c t i o n s  d i g i t i z e d ,  was used t o  determine the  s tandard  devio tioe . 
of the  measurement. 

Subsequently, the  c o e f f i c i e n t s  of v a r i a t i o n  f o r  each v a r i a b l e  fo r  each 



The coeftitiaat of verirt ion i s  used trr campare the v r r i r t i o n  of d i f f e r e a t  

u o p l t s ,  t.& w i t h  d i f f e r c a t  arithopctic means (PltrrdrtPentals o f  Bioatatistice 

Stage I 1  

Yariabit i t y  Due cu Posi t ioning  Procedure Used on a S c o l i o t i c  Pat ient  
B 

The procedure  f o r  d e t e r m i n i n g  t h e  v a r i a b i l i t y  due t o  pos i t ioning 

d e s c r i b e d  OR t h e  previous page uos f d l o v e d  u ~ i ~ g  i subject  w i t h  a s c o l i o s i e .  
d 

G a r  Study 
1 

A cfiatcal case study was carr ied  out. Pour atswotmeets of one pat ient  

were doac over r period of i.42 years. Hoirt  measurements vere  coupled with  

t h ~  Cob& raglc merrurcd f  ror a radiograph taken at  the s a m e  assessment.  Hoire 

m e r r u r e n t n r r  p r e v i o u s l y  d t ~ c r i b 6 d  (bump he ight ,  husp angle, r i b  .hump index, 

l r r a r r l  d r v i s c  i c n ,  i r c l e n p t h  r a t i o )  were c a l c u l a t e d  from each'  Hoire 
. . 
T opograpb. 

.Ybe v i s b i l  i c y  of w i n g  surface rbpe sreasurereents t o  predict  changes of 

s p i n a l  cut'lratui-e w a s  cxan i t t td .  The t t e r i a b l e s  v e r e  recorded  a s  i n c r e a s e d ,  

d e c r e o ~ d  or tmctungtd. A cornomitant change of three  of the  f i v e  measurement 

p.rorrters must have occurred for a predictiofi  to be m d e .  

-- 



R e s u l t s  

C l i n i c a l  Shape Honitor perf Ante 

The C l i n i c a l  Shape Hon i to r ' s  a c c u r a c y  was a s s e s s e d  by t h e  N a t i o n a l  & - -  

Research Council. The f o l l o w i n g  r e s u l  ts  were obta ined  : 
-- - 

For a n  a v e r a g e  f r i n g e  d e p t h  of 5.4 mm., " P o i n t s  on t h e  v e r t i c a l  

2 
s u r f a c e s ,  i n c l i n e d  towards t h e  l i g h t  source could only be r ead  w i t h  

d i f f i c u l t y .  E r r o r s  a r e  g e n e r a l l y  w i t h i n  5.4 mm. (1 f r i n g e )  f o r  1 2  

o b s e r v e d  p o i n t s  ... 
a p p r o x i m a t e l y  t w o  

- 

photograph8 i n d i c a t e d  

f r i n g e .  I t  s h o u l d  be 

Two s e t s  of t e s t  p h o t o g r a p h s  w e r e  made  

v e e k s  a p a r t .  Compar ison  of c o r r e s p o n d i n g  

t h a t  t he  r e s u l t s  were r 2 p e a t a b l e  t o  w i t h i n  one 

n o t e d  t h a t  e x t r e m e  c a r e  h a s  t o  be t a k e n  t o  

. i n s t a i l  t h e  c a m e r a  and l i g h t  a n d  o r i e n t a t i o n s  w i t h  r e s p e c t  t o  t h e  

s c r e e n .  We f e e l  t h a t  a m o r e  p o s i t i v e  s e t t i n g  of t h e a m e r a  and t h e  

l i g h t  s o u r c e  i s  e s s e n t i a l  t o  o b t a i n  t h e  n e c e s s a r y  r e p e a t a b i l i t y  

fH.C. van  W i j k ,  P h o t o g r a m m e t r i c  R e s e a r c h ,  ' D i v i s i o n  of  P h y s i c s ,  

Nat iona l  Research Coupcil  1983) ". 
A copy of t h i s  r e p o r t  has  been inc luded  i n  Appendix 111 of t h e  thes i s .  

D i g i t i z i n g  V a r i a b i l i t y  

The d i g i t i z i n g  v a r i a b i l i t y  was determined from repea'ted 
- ~ 

a s i n g l e  Moire Topograph. The means and s tandard  d e v i a t i o n s ,  

d'igi t  i z a t  i ons of 

s e e d  i n  Table I 

were c a l c u l a t e d  for f i v e  Moire v a r i a b l e s .  



-- 
- 

Table f Summary of t h e  v a r i a b i l i t y  of c a l c u l a t e d  v a r i a b l e s  due t o  d i g i t i z i n g  

e r r o r s  

CALCULATED VARIABLES 

l a t e r a l  a r c 1  eng th h a p  

he igh t  

(cm> (cm) 

Mean 1.510 1.238 0.570 

r o t a t i o n  hump 
- 

i ndex  a n g l e  

(degrees  ) , 

I n  summar t h e  s t a n d a r d  d e v i a t i o n  incu r red  i R  r e p e a t e d  measurements of ' ' 
\ 9' 

Moire  p h o t o g r a p h s  was  9 . 0 8 1  cm (Std .  dev. of t h e  l a t e r a l  d e v i a t i o n  - 
measurement ) . 

/- 

Normality of ' t he  Data 

T h e . n o r m a l i t y  of t h e  r e p o s i t i o n i n g  d a t a  w a s  t e s t e d  u s i n g  t h e  no rma l  
--- 

s c o r e s  c o r r e l a t i o n  t e s t  (Cryer, 1986). The c o r r e l a t i o n  l e v e l s  a r e  presented  

i n  Table 11. I n  twenty-e ight  of t h e  f o r t y - f i v e  c o r r e l a t i o n s  n o r m a l i t y - o f  t h e  

d i  e t r i  but ion could not  be r e j e c t e d .  Theref o re  t h e r e  were  seventeen  which were  

not normally d i s t r i b u t e d .  



- - 

Table I1 Normal-Scores c o r r e l a t i o n  t e s t  f o r  n o r m a l i t y  of l a t e r a l  deviation: 
a r c l e n g t h  r a t i o ,  hump height, r i b  hump index  and h t m q x w  f e r e u ~ L ~ ~ ~ t  - .  
i n  each p o s i t i o n  

Subject 1 
. L a t e r a l  Devia t ion  

P o s i t i o n  1 0.971 
P o s i t i o n  2 0.963 
P o s i t i o n  3 0.942 

Arclength R a t i o  
P o s i t i o n  1 0.9% 
P o s i t i o n  2  Or958  

, *  P o s i t i o n  3 1 .OOO 

Hump Height  
P o s i t i o n  1 0.974 
P o s i t i o n  2 ' 0.974 
P o s i t i o n  3 0.873 fff 

Bib Rump Index 
P o s l t i o n  1 0.964 . 
Po. i i t ion  2  0.905 ff 

P o s i t i o n  3  0.878 fff 

Hump Angle  
P o s i t i o n  1 ,0 .865  - 
P o s i t i o n  2 0.893 * 
P o s i t i o n  3 0.892 * 

Note : 
I 

Subject 2 

- - 

0.954 
0.922 
0.795 ff* 

fn normal i ty  r e j e c t e d  a t  p < 0.01 
* . normali ty  r e j e c t e d  a t  p < 0.05 
(Cryer ,  1986) 

Subjec t  3 ' 

P o s i t i o n  1 = s e a t e d ;  P o s i t i o n  2 = s t a n d i n g ;  P o s i t i o n  3 = i n c l i n e d  

V r i a b i l i t y  of Repos i t i on ing  Normal S u b j e c t s  3 
The n o r m a l  s u b j e c t s  G e r e  t h r e e  male  v o l u n t e e r s .  They had no  p r i o r  

\ h i s t o r y  of s w e r e  back pa in  o r  f a m i l i a l  s p i n a l  d i so rde r s .  The subjec ts '  mean 

age was 29.1 years ( r a n g e  25  - 3 2 .  years ) .  T h e i r  mean h e i g h t  v a s  180.7 c m  

( r a n g e  174  - 188 cml ;  mean maae  was 79.5 kg. ( r a n g e  7 4 -  88 kg.). 
- 



. - 
'Ihe Nature of 

T h e  n a t u r e  

a n a l y s i s .  F i r s t ,  

t h e  Data 
. - 

- -- - - - 
of the d a t a  c r e a t e d  t w o  p r o b l e m 8  f o r  t h e  s t a t i s t i c a l  

t h e  measu remen t  of l a t e r a l  d e v i a t i o n  depended on the 

p r e s e n c e  of a p r o m i n e n c e  on  bo th  s i d e s  o f  t h e  m, id1ineqof  t h e  back. I f  t w o  - 

prominences v e r e  not  found the  v a r i a b l e  could not be c a l c u l a t e d  and a  v r l u e  

of z e r o  v a s  a s s i g n e d .  T h e r e f o r e  v h e n  z e r o  o c c u r r e d  i t  may h a v e  been  a n  

assig-d va lue  r a t h e r  than a  measurement of the back's symmetry. Second, the  
C 

v a r i a b l e s  hump h e i g h t ,  r o t a t i o n  index  and hump a n g l e  r e l i e d  on t h e  presence 

of r i g h t / l e f  t asynamme try. If t h e  r i g h t  and l e f t  s i d e s  v e r e  symmetr ica l  t he re  -, 

v a s  no r i b  hump a n d  a l l  t h e s e  v a r i a b l e s  w e r e  e q u a l  t o  z e r o .  I n  46% of  t h e  

,cases  the  hump h e i g h t ,  r o t a t i o n  index  and hump a n g l e  measurements v e r e  z e r o  - - 

v i t h  the  p a t i e n t  u s ing  t h e  s e a t e d  p o s i t i o n i n g  procedure. These two problems 

l i m i t e d  the use of s m e  s t a t i s t i c a l  t r e a t m e n t s  (e.g. l o g  X t ransformat ion) .  

The per  c e n t a g e  of o c c a a i o n s  i n  w h i c h  i t  was  p o s s i b l e  t o  c a l c u l a t e  a-  

measurement f o r  each v a r i a b l e  i s  p re sen ted  i n  Table 111. The s e ~ t e d  p o s i t i o n  

was t h e  only one f  c% v b i c h  t h e r e  was m i s s i n g  data .  Missing d a t a  was -common t o  

a l l  s u b j e c t s .  . 
T'he t e s t  f u r  no rma l i ty  of the d a t a  r e v e a l e d  t h a t  seventeen  of t h e  da t a  

s e t s  w e r e  n o t  n o r m a l l y  d i s t r i b u t e d  t h u s  e l i m i n a t i n g  them f r o m  f u r t h e r  

a n a l y s i s .  The consequence of t h i s  was t h a t  t h e  positionirllg procedures  were 

.x 
n o t  m t e d . o n  t h e  b a s i s  of a v e r a g e  c o e f f i c i e n t  of  v a r i a t i o n .  The non-normthl 

d a t a  B e t s  e l i m i n a t e d  r e s u l t e d  i n  a n  unequa l  n u n b e r  of c o e f f i c i e n t s  of  

v a r i a t i o n  c a l c u l a t e d  f o r  e a c h  p o & i o n i n g  p r o c e d u r e .  Compar i son  of t h e  , 

a v e r a g e  c o e f f i c i e n t s  of v a r i a t i o n  based  on unequal numbers of obse rva t ions  

could have been atisleading. 



- - 
T a b l e  $11 P e r c e n t a g e  of o c c a s i o n s  i n  w h i c h  i t  was p o s s i b l e  t o  c a l c u l a t e  a 

v a l u e  f o r  l a t e r a l  d e v i a t i o n ,  a r c l e n g t h  r a t i o ,  hump he igh t ,  r i b  hump index and 

hump a n g l e  (based on 90 Hoi re  Topographs of t h r e e  normal sub jec t s ) .  

l a t e r a l  d e v i a t i o n  

a r c l m g t h  r a t i o  

h m p  height-. 

r o t a  t i o n  index  

s t and ing  ( X )  i n c l i n e d  ( X )  sea t ed  (2)  
-7 

Visual  In spec t ion  of the Cross-sec t iona l  Prof i l e e  
= 

Overlays of each pat ient ' s  c ros s - sec t iona l  p r o f i k s  a r e  presented i n  t h e  k- 
Y 

f o l l o w i n g  pages. Q u a l i t a t i v e l y  the  p r o f i l e s ,  of s t a n d i n g  c e . p a r e d  t o  i n c l i n e d  

compared t o  s e a t e d  p o s i t i o n i n g ,  appear  t o  be d i f f e r e n t .  Standing and i n c l i n e d  -. 

p o s i t i o n i n g  appear  t o  be l e s s  v a r i a b l e  than  t h e  s ea t ed  p o s i t i o n i n g  prof i l ee .  

F igure  XI1 Subjec t  B J  a )  s t a n d i n g ;  b) i n c I i n e d ;  c )  s e a t e d  p o s i t i o n  



Figure XI11 Subject CS a) standing; b) inclimd; c)  seated p i t i c n  

a b C 

4 

figure -1- a) standing; b) M i n e d ;  c) seated, pstion 



C o e f f i c i e n t  of V a r i a t i o n  F indings  

The s tandard .  devia  t i o i r  and mean of 

p o s i t i o n  i s  r e p o r t e d  i n  Appendix 11. I n  

d i f f e r e n t -  v a r i a b l e s ,  each w i t h  d i f f e r e n t  

each v a r i a b l e  f o r  each person i n  each 

order  t o  compare the  v a r i a b i l i t y  of ./ 
a r i  thme ti c  means, t b e  c o e f f i c i e n t  of -- - I 

v a r i a t i o n  h a s  been  c a l c u l a t e d  f o r e e a c h  v a r i a b l e  f o r  e a c h  s u b j e c t  i n  e a c h  

n 
position. The c o e f f i c i e n t  of v a r i a t i o n  and i t s  s t a n d a r d  d e v i a t i o n  have been 

summarized i n  Table IV. 

T a b l e  I V  C o e f f i c i e n t  of v a r i a t i o n  (CV)  and  i t s  s t a n d a r d  d e v i a t i o n  f o r  e a c h  
v a r i a b l e  f o r  each s u b j e c t  i n  each p o s i t i o n  (each CV v a l u e  has  been presented  
a s  a  r a t i o  of s t a n d a r d  d e v i a t i o n  d iv ided  by t h e  mean va lue  i n  t h e  f o l l o v i n g  
t a b l e  r a t h e r  than  expres sed  as a percentage).  

Sub jec t  1 Sub j e c t  2 Subjec t  3 
a Std .  Dev. CV Std .Dev .  CV Std .  Dev. 

L a t e r a l  Deviat ion 
P o s i t i o n  1 
P o s i t i o n  2 
P o s i t i o n  3 

Arc length  R a t i o  
P o s i t i o n  1 
P o s i t i o n  2 
P o s i t i o n  3 

Hmp H e i g p  
P o s i t i o n  1 
P o s i t i o n  2 
P o s i t i o n  3 

R o t a t i o n  Index 
P o s i t i o n  1 

. P o s i t i o n  2 
P o s i t i o n  3 

Hump Angle 
P o s i t i o n  1 
P o s i t i o n  2 
P o s i t i o n  3 - da ta  not  normally d i s t r i b u t e d  

P o s i t i o n  1 = s e a t e d ;  P o s i t i o n  2 = standing; P o s i t i o n  3 = i n c l i n e d  



I t  was n o t  p o e s i b l e  t o  c a l c u l a t e  t h e  sum of t h e  c o e f f i c i e n t &  of 
-- 

v a r i a t i o n  (CV) f o r  the three  s u b j e c t s  i n  each p o s i t i o a  Seventeen of f o r t y -  

f i v e  data s e t s  ware not n o r m a l l y  d i s t r i b u t e d ,  t h u s  e x c l u d i n g  them f rom 

f u r t h e r  a n a l y s i s ,  I t  i s  of n o t e  t h a t  n i n e  of t h e  d a t a  s e t s  which  v e r e  n o t  

F nprmally d i s t r i b u t e d  v e r e  c o l l e c t e d  us ing t h e  i n c l i n e d  pos i t ion ing .  procedure, 

seven the  f r e e  s tanding procedure and one the sea ted  procedur ? 
The c o e f f i c i e n t s  of v a r i a t i o n  of the  normally d i s t r i b u t e d  data  s e t s  were 

ranked from lowest  t o  highest.  The graphs which fo l low i l l u s t r a t e  the spread 

of t h e  r a n k i n g  of  t h e  c o e f f i c i e n t s  of v a r i a t i o n  by p o s i t i o n i n g  p r o c e d u r e ,  

v a r i a b l e s  measured and by sub jec t .  

There was no pos i t ion ing  procedure which was c l e a r l y  l e s s  v a r i a b l e  than . 
t h e  o t h e r s  t e s t e d .  The r a n k i n g  of t h e  c o e f f i c i e n t s  of v a r i a t i o n  by s u b j e c t  

shoved t h a t  v a r i a b i l i t y  egi s t e d  w i t h i n  t h e  meagurements made on each subject .  

Tha t  i s  cone r e p r e s e n t e d  t h e  e x t r e m e s  of t h e  v a r i a b i l i t y  p o s s i b l e .  The 

ranking c l e a r l y  shoved t h a t  a r  c l  ength r a t i o  was t h e  l e a G = v a r i a b l e  parameter 

s tudied .  

L e g e n d  f o r  F i g u r e  X V  o n  f o l l o w i n g  p a g e  

P o s ' n  1 = s e a t e d  L .  Dev = l a t e r a l  d e v i a t i o n  
P o s ' n  2 = s t a n d i n g  A C R  = a r c l e n g t h  r a t i o  

* P o s ' n  3 = i n c l i n e d  H H  = h u m p  height 
R I  = r o t a t i o n  i n d e x  
H A  = hump a n g r e  

S u b .  1 -  = s u b j e c t  1 
S u b .  2 = s u b j e c t  3. 
S u b .  3 = s u b j e c t  3 



S u b .  1 - 

S u b .  2 

Pos'n 1 
'7 

Pos'n 2 

Pps'n 3 

S u b .  3 I * * * * *  * *  * * * *  

**  * ***  * A *  A** f f  

* * 5: ? t * *  '* * 
* 
k * * * .R 

L .  Dev 

'AC R 
, 

H H  

R a n k  

F i g u r e  Y V  R a n k i n g  o f  t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  b y  

/ 
p o s i t i o n i n g  p r o c e d u r e ,  v a r i a b l e  a n d  s u b j e c t  ( n o r m a l  s u b j e c t s )  

Summary of the. V a r i a b i l i t y  of Re p s i  t i m i n g  Normal S u b j e c t s  . 

'0 

I n  summary, i n  t v e n t y - e i g h t  of f c r cy - f ive  ca se s ,  t h e  .da ta  r ep re sen t ed  
I 

i normal d i s t r i b u t i o n s .  The o b s e r v a t i o n ,  f rom.  v i s u a l  l n s p e  c t i o n  of t h e  da  t a ,  -t 

t h a t  s t v d i n g  a n d  i n c l i n e d  p o s i t i o n i n g  p r o f i l e s  w-ere l e s s  v a r i a b l e  t h a n  

s e a t e d  p o s i t i o n i n g  p r o f i l e s  could no t  be con•’ i rmed s t a ~ t i  s t i c a l l y .  Arc length  

r a t i o  e x h i b i t e d  t h e  l o v e s t  v a r i a b i l i t y  of t h e  p a r a m e t e r s  i n c l u d e d  i n  t h i s ,  

s tudy .  

V a r i a b i l i t y  of Repos i t i on ing  S c o l i o t i c  P a t i e n t  

The p a t i e n t  v a s  16.4 y e a r s  of age ,  162.5 cm t a l l ,  veigbed 50 kg. and h.d  



I - 
. a  h i s t o r y  of f - a m i l i a l  s p i n a l  d e f o r m i t y .  She was d i a g n o s e d  a s  h a v i n g  

- - -- - - 

i d i o p a t h i c  s c o l i o s i s  i n  Hay 1 9 8 4 . a e  had a  r i g h t  t h o r a c i c  s c o l i o s i s  ( f rom 
- 

T6-101 and a l e f t  t h o r a c o l w h a r  s c o l i o s i s  (from Tll-L3) wish t B e  cxa~ve6 

m e a s u r i n g  14 and 1 7  degrees .  The t h o r a c o l u m b a r  c u r v e  was d i a g n o s e d  as t h e  

primary curve and had an assoc ia ted  Grade I r o t a t i o n .  

The Nature of the ~ a t a  

Once a g a i n ,  a s  w i t h  t h e  o b s e r v a t i o n s  of normal  s u b j e c t s  t h e r e  w e r e  

c e r t a i n  c o n d i t i o n s  i n  v h i c h  a  measurement  c o u l d  n o t  be  made. I n  t h i s  c a s e ,  

miss ing  l a t e r a l  d e v i a t i o n  values  occurred  i n  seven of t en  observat ions  wi th  
- 

t h e  p a t i e n t  i n  t h e  s e a t e d  p o s i t i o n .  Theref  o r e  t h e  s t a n d a r d  d e v i a t i o n  was 

c a l c u l a t e d  f o r  e a c h  v a r i a b l e  f o r  t h e  s c o l i o t i c  s u b j e c t  i n  e a c h  p o s i t i o n .  
/ 

Table V summarizes the  f indings .  

Normality of the  Data 

Elormality of the  r e p o s i t i o n i n g  da ta  was t e s t e d  us ing  t h e  normal-scores 

c o r r e l a t i o q  t e s t  (Cryer, 1986). The c o r r e l a t i o n  l e v e l s  a r e  presented i n  Table * V on page 40. Eleven of  the  f i f t e e n  c o r r e l a t i o n s ,  of t h e  s c o l i o t i c  patient 's 

da ta ,  c o r r e l a t e d  a t  a t  least the 0.05 l e v e l  of s i g n i f i c i n c e  wi th  the normal 
- 

scores .  

Visual Inspection of Cross-Sectional P ~ o f  il ea - 

h e r l a y s  of the cross-sec t ional  p r o f i l e s  were drawn f o r  the scoli 'osis  

pa t ient .  Q u a l i t a t i v e l y ,  s tanding and incl irred p o s i t i o n i n g  p r o f i l e s  appear t o  , 

be l e r e  v a r i a b l e  than seated pos i t ion ing  p ro f i l e s .  
- 



Figure  XV S c o l i o s i s  s u b j e c t  T;L a )  s t and ing ;  b )  i n c l i n e d ;  c )  s e a t e d  p o s i t i o n  

C o e f f i c i e n t  of '  V a r i a t i o n  F indings  . 
The c o e f f i c i e n t s  of v a r i a t i o n  were c a l c u l a t e d  f o r  each v a r i a b l e  for  each 

p o s i t i o n  f o r  t h e  s c o l i o t i c  p a t i e n t .  The a v e r a g e  of t h e  c o e f f i c i e n t s  of 

v a r i a t i o n  of t h e  da t a  s e t s  which were  normally d i s t r i b u t e d  were used t o  r a t e  
- 

t h e  v a r i a b i l i t y  of e a c h  p o s i t i o n i n g  p r o c e d u r e .  An unequa l  number of 

measurements were  normally d i s t r i t u t e d  t h e  d i f f e r e n t  pos i t i ons .  The average6 

must  t h e r e f o r e  be viewed c r i t i c a l l y .  S c a d i n g  v a s  r a t e d  a s  the  b e s t  method 

( ~ f a v e r a g e f 1 0 0  = 0.643, n = 4 ) - v h i f  e  i n c l i n e d  p o s i t i o n i n g  v a s  r a t e d  seco iv i  
- 

(CVaverage /100 = 0.250, n  = 3 )  and  s e a t e d  p o s i t i o n i n g  was r a t e d  t h i r d  
* 



(CVaverage1100 =' 3.538, n  * 4). T a b l e  V p r e s e n t s  t h e  t e s t  of n o r m a l i t y  
- 41 - -- -- 

4 C , 
- - 

r e s u l t s  a s  v e l l  a s  t h e  s t a n d a r d  d e v i a t i o n  of t h e  o r i g i n a l  v a r i a b l e  and 

t coef f i cen t  of v a r i a t i o n l  f o r  each measurement taken i n  each pos i t ion  for- the  

o c o l i o t i c  

Table V S 

p a t i e n t .  
t 

td. dev ia t ion  of t h e  original vaf lab le ,  c o e f f i c i e n t  of v a r i a t i o n  and 
normal-scores c o r r e l a t i o n  of 'cacti i tem f o r  the p a t i e n t  i n  each pos i t ion  

Std. Deviation Coeff. of Var. N-score Corre la t ion  
Pos i t ion  1 
1. dev. ,+ 0.16 2 .O1 0.94 
a rc leng th  + 0.01 0.01 1.00 
h m p  height  * +~t 0.86 ** 
r i b  h. index +c 2.18 7.26 - - 0.93 
h m p  angle  2 4.58 4.87 0.97 

Posi t ion  2  
1. dev. w ** 0.91 *J: , 

arc leng th  2 0.01 0  .OO 0.96 -- 
h m p  height  + 0.0 0  .O1 0.99 

. r i b  h. index 2 0. 0.11 0.94 
htmp angle  + - 0  .05 0.98 

Poei t ion  3 
l.dev. 2 1.10 0.50 0  .93 
a rc leng th  2 0.01 0.01 1.00 
h m p  height  +* * 0.91 
r i b  h. index - ++* 0.87 *** 
hunp a n g l e .  + 1.25 0.24 , 0.98 I 

~ - 

Note : 
'.*tf a o w a f i t y  r e j e c t e d  a t  the  p < 0.01 l eve l  
*+ normality r e j e c t e d  at. the p < 0.05 l e v e l  
(Cryer, 1986) 

Pos i t ion  1 = seated;  P o s i t i o n  2 = scanding; P o s i t i o n  3 = inc l ined  
9 



I n  add i t ion ,  t h e  c o e f f i c i e n t s  af v n r i a t i o n  ver~rankeq--fmm- 

highest.  The graphs which fo l low i l l u s t r a t e  the spread 06 the ranking of the  
_ - - - L  

c o e f f i c i e n t s  of v a r i a t i o n  by pos i t ion ing  procedure and by v a r i a b l e s  measured. 

The o b s e r v a t i o n ,  f rom v i s u a l  i n s p e c t i o n  of t h e  d 'ata ,  t h a t  s t a n d i n g  and 
-- 

i n c l i n e d  p o s i t i o n i n g  p r o f i l e s  w e r e  l e a s  v a r i a b l e  t h a n  s e a t e d  p o s i t i o n i n g  

p r o f i l e s  c o n c u r r e d  w i t h  t h e  o b s e r v a t i o n  of t h e  normal  prof il ecr. These 
/- 

observat ions  could not  be confirmed s t a t i s t i c a l l y .  Arc1 ength r a t i o  eirhi b i  te-d 

t h e  l o w e s t  v a r i a b i l i t y  of t h e  p a r a m e t e r s  i n c l u d e d  i n  t h i s  s t u d y  f o r  t h e  

s c o l i o r i c  p a t i e n t  as, i t  d i d  f o r  t h e  study bf normal subjects .  - P 
9 

L. Dev 

A C R  

H H  

R I  

HA 

P o s ' n  1 

P o s ' n  2 

P o s ' n  3 

- 

a 

F i g u r g  X V I I  . R a n k i n g  o f  the c o e f f i c i e n t s  of y a w a t i o n  b y  
p o s i t i o n i n g  p r o e e d u f e  a n 4  V ~ L - i a b l e  (patient s t u d i e d )  

. . 

* * * *  
* *  ***  
* * 



P 

w 

S e a m  of t b t  ~ a ' r k b i f i t y  of Reporitio~iag r S c o l i o t i c  S u b j e c t  -- - - -- 

l a  r u r m r r y ,  i n  eltverr of f i f t e e n  c r s t r ,  data r e p r t o a a t t d  normal 
- - 

- - 

d i  a t  ti b u t i o a r .  The obrcrvr t ioa  f roe v i r u s l  i q s p e c t i o n  of t h e  d a t a  t h a t  

r t r s d i n g  and i ~ t i m d  p o r i t i o a i n g  p r o f  i l e a  were less v a r i a b l e  t h a n  s e a t e d  

positioning p r o t i l t s  v r s  c a a f i r m e d  by the  d e t e r m i n a t i o a  of t h e  average .. - --- - - -- 
cocff i c imt  of v a r i a t i o n  f b r  each method,  Due t o  the  unequal number of 

coefficients of v a r i a t i o n  for u c b  procedure' rhti r e s u l t s  of t h i s  metbod of 

ranking of procedures  skould be viewed c r i t i c c t l l y .  

Ranking the c o e f f i c i e n t s  o f  v a r i a t i o n  i l l u s t r a t e d  t h a t  no  o n e  

posit 'oeirrg p r o c e d u r e  use  c l e a r l y  s u p e r i o r  t o '  another. I t  d i d  show t h a t  

a r c l e n g t b  r a t i o  u a e  t h e  least v a r i a b l e  o f ,  t h e  p a r a m e t e r s  inctuded i n  t h i e  

st  udy . 

Rccolrne~dat iono f o r  a C l i a i c a i  Procedure 
-- 

Of t h e  three me tboda of poei t i o n i n g  s tud ied ,  om poai t i o n i n g  procedure 

coeld n o t  be recommended o v e r  ano the r  on t h e  k a e i e  of t h e  f i n d i n g s  o f  t h i s  

study. -- 

- I f  l a t e r a l  d e v i a t i o n  is regarded  a s  a n  impor tan t  c l i n i c a l  i n d i c a t o r  of - 

r p i a r l  -- curve s ta tus  tk s t a n d i n g  or  i n c l i n e d  methods of p o s i t i o n i n g  would be -- 

supe r io r  t o  t h e  s e a t e d  p o s i t i o n i n g  procedure. Absence of s l a t e r a l  d e v i a t i o n  

v ~ 1 u t . i ~  672 of tbe o b s e r v a t i o n s  v o u l d  m)re t h i s  var iable  unacceptable  f o r  

7 c l  iaical d e c i s i o n  making purpoeeu. 

The a r c l e n g t h  r a t i o  wan t h e  least v a r i a b l e  parameter  'used i n  t h i s  study. 

kclcrrgth r a t i o  appea r s  t o  be independent of t he  p o s i t i o n i n g  procedure used. 

I t  would be v o r t b w h i l e  t o  investigate the re levance  of thie v a r i a b l e  f o r  t h e  
-- - 

study of s c o l i o s i s .  



&se Study - 

The s u b j e c t  w a s  12.3 y e a r s  o f  a g e  a t  t h e  o n s e t  o f  t h e  s t u d y .  Her c u r v e  

w a s  a  I e f t  thoracolumbar  curve of 32 degrees ,  a s  measured by Cobb's method, 

ex t end ing  from T10 t o  L3. H e r  h e i g h t  was 137 cen t ime t r e s .  Onset of menarche - 
had b e e n  0.5 y e a r s  p r e v i o u s  t o  t h e  i n i t i a l -  v i s i t .  S h e  was  m o n i t o r e d  and  

t r e a t e d  o v e r ' a  p e r i o d  o f  1.42 y e a r s :  D u r i n g  t h i s  e  was  t r e a t e d  w i t h  

both a  th&acolumarsqcra l  o r t h o s e  (TLSO) and a  ~ i l d a u k e e  b d c e  (MB) bef,ore 

h e r  c u r v a t u r e  r e q u i r e d  su rge ry  t o  a r r e s t  t h e  curve progress ion .  During t h i s  

same p e r i o d  h e r  c u r v e  p r o g r e s s e d  f r o m  15 d e g r e e s  t o  more  t h a n  44 d e g r e e e .  

Tab le  VI summarizes t h e  measurements made du r ing  o b s e r v a t i o n  of t h e  pa t i en t .  

Table  V I  Summary of t h e  maximum topographic  measurements of t h e  pa t ien t ' s  
back a s  c a l c u l a t e d  from Moire topcgraphs.  . . 

CALCULATED VARIABLES 
-;z-_;=__ 

Date Co bb L a t e r a l  Arc length  Bump Rota ti  a n  Hump Treatment - 

d/m/yr  Angle Dev ia t i on  Ra t io  Height Index Angle 
(deg rees )  (em) (--I 7 (em) (--I ( deg rees )  

29/9/82 1 5  2.3 0.9 3.4 16.8 15 
21/2/83 33 1.3 0.9 3.7 13.9 13 TLSO 
161 5/83 33 1.9 2.4 4.7 16.7 17 TLS 0 
20/2/ 84 44 2.5 2.3 4.7 17.3 17 MB 
--/6/ 84 Surgery - Harr ing ton  Rod I n s t r u m e n t a t i o n  

P r e d i c t i o n  of Curva ture  I n c r e a s e s  f  row Sur face  To'pography Gi t lcu la t i9ns  
/ 

A s i g n i f i c a n t  chacge i n  s p i n a l  c u r v a t u r e  was p r e d i c t e d  i f  a  concomitant  

change i n  t h r ee  of t h e  f i v e  topographic  parameters  o c c u r r e d  



_ There w e r e  no  c o r r e c t  p r e d i c t i o n s  made u s i n g  s u r f  ace t o p o g r a p h y  - - 
c a k d a t i o n s  during tke study o f C k ~ C p a t i e n t ,  The  l a c k  o t  p r e d i c t i o n  may 

i 
r e s u l  t f rota e i t h e r  _or- bo th  of  t w o  phenoma. F i r s t ,  t h e  i n h e r e n t  llp l a r g e  

.* 

c o e f f i c i e n t s  of v a r i a t i o n  of some v a r i a b l e s  a s  seen i n  normal s u b j e c t s  may 

prec lude  a c c u r a t e  p red ic t ion .  Second, s k e l e t a l  changes may not  be r e f l e c t e d  

i n  changes of topography. The second ques t ion  can not  be confirmed u n l e s s  the  

=- 
v a r i a  bif i t y  of topographl 'cal riieasurement can be reduced. Table VII d e t a i l  s 

the p r e d i c t i o n s  made and the  corresponding Cobb ang le  measurements. 

I 

- - 

Table VII summary of t h e  Cobb a n g l e  changes and i n c r e a s e / d e c r e a s e  p r e d i c t i o n s  
f ram surface topography c a f  t d a t i o n s ,  

P red ic t ed  Inc rease  Actual  Cobb Angle P r e s c r i p t i o n  
Yes No Same (degrees ) - - - 

Observat ion 
TLSO brace  
TLSO brace 
Milwaukee brace  



T o p o g r a p h i c  m e a s u r e m e n t s  of  no rma l  m a l e  s u b j e c t s  a r e  a f f e c t e d  by 

r epos i t i on ing .  The pa t h o l o g i c a l  case s t u d i e d  r e f l e c t e d  the same r e s u l t s .  

N o r m a l i t y  of t h e  d a t a  v a s  t e s t e d .  I n  t w e n t y - e i g h t  of t h e  f o r t y - e f i v e  

c o r r e l a t i o n s  n o r m a l i t y  of t h e  d i s t r i b u t i o n  c o u l d  n o t  be  r e j e c t e d .  Of t h e  
- - 

seventeen cases  which were not  normally d i s t r i b u t e d ,  t h e  c o r r e l a t i o n  l e v e l s  

were  high. 

The c o e f f i c i e n t s  of v a r i a t i o n  d i f f e r e d  f o r  each v a r i a b l e  and each  method 

of  p o s i t i o n i n g  f o r  t h e  n o r m a l  s u b j e c t s  s t u d i e d .  D e t e ' r m i n a t i o n  of t h e  b e a t  

p r o c e d u r e  c o u l d  n o t  be done s t a t i s t i c a l l y  because  of t h e  n o n - n o r m a l i t y  of 

s e v e n t e e n  d a t a  s e t s .  
- 

Bank ing  of t h e  c o e f f i c i e n t s  of v a r i a t i o n  by p r o c e d u r e  s h o v e d  no 

dominance of any o w  p o s i t i o n i n g  procedure. 

Ranking by measurement parameter '  d i d  show t h a t  a r c l e n g t h  r a t i o  was t h e  

l e a s t  v a r i a b l e  parameter  f o r  both the  normal group and the s c o l i o t i c  p a t i e n t  

t e s t e d  The q u e s t i o n  r ema ins  i f  i t  i s  a u se fu l  measurement of su r f ace  shape 

changes .  F u r t h e r  e x a m i n a t i o n  of hov  t h e  measu remen t  would  be a f f e c t e d  by 

surf ace  shape changes i s  necessary .  

These f i n d i n g s  have i m p l i c a t i o n s  f o r  f u t u r e  vork i n  t h i s  f i e l d .  Further  

b a s i c  s t u d i e s  i n t o  u n d e r s t a n d i n g  p o s i t i o n i n g  procedur ies  i s  r e q u i r e d .  

P o s i t i o n i n g  i s  i m p o r t a n t  n o t  o n l y  t o  t h e  st 'udy of s c o l i o s i e ' b u t  t o  a l l  

imaging based d a t a  c o l l e c t i o n  systems. Kuovledge of t he  e r r o r s  in t roduced  by 

p o s i t i o n i n g  i s  e s s e n t i a l  s o  t h a t  thxey can  be  a c c o u n t e d  f o r  and  d a t a  can  be 

i n t e r p r e t e d  c o r r e c t  ly .  + 

*- 
O f  t h e  t h r e e  p r o c e d u r e s ,  f r e e  s t a n d i n g  a p p e a r e d  t o  be t h e  l e a s t  

c o n t r o l l e d  p o s i t i o n i n g  p r o c e d u r e ,  However,  i t  may t a k e  a d v a n t a g e  of a  



4 

h a b i t u a t e d  p o s t u r e  a n d  t h e  body's r i g h t i n g , . r e s p o n s e .  The o t h e r  p o s i t i o n i n g  
- - - - - - -- - 

p r o c e d u r e s  a r b  s u b j e c t  t o  t h e  p a t i e n t ' s  c o n s c i o u s  a t t = m p t  t o  f o l l o w  
& 

i n s t r u c t i o n s ,  uich fever c u e s  f r o m  h a b i ' t u a t e d  patterns, The one w l i o t i c  
/ - 

patient 's  a e a e u r e a e n t s  d i d  concur w i t h  the  normal group's r e s u l t s ,  Once a g a i n  

no o m  method of p o s i t i o n i n g  was c lear ' ly  super ior .  I n  a d d i t i o n  the '  parameter  

a r c 1  e n g t h  r a t i o  d e m o n s t r a t e d  low measu remen t  v a r i a b i l i t y ,  I t  h a s  been  
.7 - 

c o n j e c t u r e d  by S a h l s t r a n d  (1978) t h a t  s c o l i o s i s  i s  due t o  a d e f e c t  of 

pa t ien ts '  balance o r  r i g h t i n g  response. I n  l i g h t  of S a h l s t r a n d s  r e sea rch ,  a  
- 

s c o l i o t i c  group should  be s t u d i e d  t o  de te rmine  i f  t h e  v a r i a b i l i t y  measures  a r e  
- - 

/ a c t u a l l y  the same f o r  t h i s  group. , 

/ 

- I n  67% of t h e  r e p o s i t i o n i n g  photographs l a t e r a l  d e v i a t i o n  could no t  be 

measu red  Ca lcu la t ion  of t h e  l a t e r a l  d e v i a t i o n  depended on the  presence  of a  
- 

prominenece on both a i d e s  of t h e  m i d l i n e  of t h e  back, The meaeurement would 

be of l i m i t e d  v a l u e  f o r  c l i n i c a l  s t u d i e s  i f  i t  can not  be measured, 

Three sources  of e r r o r  - v e r e  i d e n t i f i e d  i n  t h i s  study. F i r s t ,  e r r o r  due 

t o  t h e  a c c u r a c y  of $he  e q u i p m e n t  (22.7 mm.) was  q u a n t i f i e d  by t h e  N a t i o n a l  . 

Research Council. Second, S tage  I of t h i s  s tudy de termined  t h e  v a r i a b i l i t y  of 

r epea t ed  d i g i t i z a t i o n s  by a s i n g l e  o p e r a t o r  ( s t a n d a r d  d e v i a t i o n  w a s  +0.81 

mm). This  is w e l l  w i t h i n  t h e  p r e c i s i o n  t o  which t h e  C l i n i c a l  Shape Monitor i s  

c a p a b l e  o f .  E f f o r t s  t o  improve  t h e  a c c u r a c y  of t h e  m e a s u r e m e n t  of s u r f a c e  - a 

s h a p e  t h e r e f  o r e  l a y  i n  c o l l e c t i o n  o f  t h e  d a t a  r a t h e r  t h a n  i t s  a n a l y s i s .  

F i n a l l y ,  t h e  e r r o r  due  t o  r e p o s i t i o n i n g  s u b j e c t s  w a s  a d d r e s s e d .  S i n c e  

d i g i t i z i n g  e r r o r  v a s  n e g l i g i b l e ,  v a r i a b l i t y  of t h e  measurements of more than  

+2.7 mm. s h o u l d  h a v e  b e e n  due t o  c h a n g e s  of t h e  b a c k  e h a p e  v h e n  t h e  s u b j e c t  - 

me v s r i a b i I i t y  due t o  r e p o s i t i o n i n g  d i f f e r e d  from s u b j e c t  t o  s u b j e c t  f o r  

each procedure, For example, for t h e  measure of l a t e r a l  d e v i a t i o n  of s u b j e c t  
h 



1 i n  t h e  s e a t e d  p o s i t i o n  t h e  c o e f f i c i e n t  of v a r i a t i o n  - was 1.42, v h i l e  f o r  
- 

s u b j e c t  2 i t  w a s  5.75 and  f o r  s u b j e c t  3 i t  was  0.65. e s e  d i f f e r e n c e s  a r e  Y 
- 

notable .  I n  f u t u r e  s t u d i e s  i t  may be of i n t e r e s t  t o  examine 

b e t w e e n  s u b j e c t s .  I t  would  be u s e f u l  t o  h a v e  a  method 

t h e  d i f  f  erencee 

t o  chooee  t h e  

a p p r o p r i a t e -  method of p o s i  t i o n i n g  f o r  i qd iv idua l  pa t i h n t  s. 

Because of the  predominance of females ,  a s  compared t o  males,  who have. 

c u r v a t u r e  ,of t h e  sp ine  f u t u r e  s t u d i e s  should inc lude  f ema le  subjec ts .  

The c l i n i c a l  assessment  showed t h a t  whereas Cobb angle  can show s k e l e t a l  

changes, t hese  a r e  n o t  n e c e s s a r i l y  r e f l e c t e d  i n  changes of topography which 

r e l a t e  t o  t h e  c o s m e t i c  a s p e c t  of t h e  ' c o n d i t i o n .  The a c c u r a c y  of p r e d i c t i n g  

s p i n a l  curve i n c r e a s e s  and dec reases  i n  t h e  case btudy was 0.0 J. However, i n  

t h e  c l i n i c a l  s i t u a t i o n  t h e  i n f l u e n c e s  of u n c o n t r o l l e d  v a r i a b l e s  w a r r a n t  - 
examinat ion.  ~ h e s e  influences inc lude  changing s p i n a l  c u r v a t u r e  tind changing 

t r ea tmen t .  T h e ~ s u b j e c t  of this c l i n i c a l  case study changed t r ea tmen t  t h r e e  

t i m e s ,  f rom o b s e r v a t i o n  t o  a  Thoraco lumbar  s a c r a l  o r t h o e i s  t o  a  ~ i l w a u k e e  

brace. Each change of t r e a t m e n t  occurrkd before  the  combined rddiographic  and 

t s p o g r a p h i c  assessment .  I n  t h e  second and t h i r d  examinat ions  t r ea tmen t  had 

been maintained. The i n c r e a s e  i n .  c u r v a t u r e  which had occurred  on the second 

examinat ion  was then  i d e n t i f i e d  on t h e  t h i r d  e.kamination. The ques t ion ,  "Do 

B a c c o m o d a t e  t o  imposed  t r e a t m e n t s ? " ,  c o u l d  be a sked .  I f  so ,  would  

p r e d i c t i o n  of curve changes be p o s s i b l e  a f t e r  accomodation t o  t rea tment  had 

occu r red?  

The s u b j e c t  s t u d i e d  i n  t h i s  t h e s i s  was a n  exampls  of both i n i t i a t i n g  and 

changing t r ea tmen t  s s  i n c r e a s e s  of s p i n a l  cu rva tu re  occurred. She r ep re sen ted  . 

\ r 

a complex case  under which t o  make s p i n e l  c u r v a t u r e  p rog res s ion  p r e d i c t i o n s  

from s u r f a c e  topography measurements. 



* - - 

* 

The h y p o t h e s e s  t e s t e d  t o  e x a m i n e  Shadow H o i r e  Topography i s  a u s e f u l  
\ 

t e c h n i q u e  f o r  a s s e s s i n g  t h e  shape  c h a n g e s  of t h e  b a c k  wh ich  o-ccur w i t h  

s c o b i o s i s  can now be answered. 

F i r s t ,  t o p o g r a p h i c a l  m e a s u r e m e n t s  o b t a i n e d  by means o f  t h e  C l i n i c a l  

Shape Monitor a r e  r e p e a t a b l e  t o  ? i t h i h  2 2.7 mm a s  determined by t h e  Na t iona l  
~. 

\Research Council. 

Second, curve changes of t h e  p a t i  t s tud ied  could  n o t  be r e l a t e d  t o  t h e  i 
c a l c u l s t i o n s  made f rom Moi re  t o p o g r a p h s  i n  t h e  l o n g i t u d i n a l  c a s e  s t u d y  of 

> 

C t h i s  t h e s i s .  Whereas Cobb a n g l e  c a n  show s k e l e t a l  c h a n g e s ,  t h e s e  a r e  n o t  

n e c e s s a r i l y  r e f l e c t e d  i n  changes of the  'surface topography. 

T h i r d ,  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  could  n o t  'be  c a l c u l a t e d  

f o r  t h e  p a t i e n t  p o s i t i o n i n g  p r o c e d u r e s .  Rank ing  of t h e  -- c , o e f f i c i e n k s  of 

v a r i a t j o n  by p o s i t i o n i n g  p r o c e d u r e  r e v e a l e d  n o  c l e a r  d i f f e r e n c e  - b e t w e e n  
- 0 

procedures.  



The f o l l o w i n g  recommendations can be made t o  i q v e s t i g a t o r s  i n  t h e  f i e l d  

of Moire Topography and  S p i n a l  Def ormi tg  : 

1 )  i n v e s t i g a t i o n s  s h o u l d  be p u r s u e d  t o  e x a m i n e  t h e  r e a s o n s  f o r  t h e  l a c k  of 

normal i ty  of r epea t ed  measurements ; * 

2)  t h e  measurement problem of a s s igned  v a l u e s  and mis s ing  va lues  should be 

r e so lved  be•’ o re  f u r t h e r  s t u d i e s  a r e  done; 
/ 

3)  u s e f u l  v a r i a b l e s  which a r e  independent of diSf  e rences  due t o  pos i t i on ing  

;8, 
should be sough;. 



P a t i e n t  p o d  t ion ing  I n s t r u c t i o n s  
1 

.?* 

General Inf ofmation 

The equipment  which  you s e e  i s  used  t o  c r e a t e  a  c o n t o u r  map on y o u r  

back. I n  the same way a s  a geographical  contour map c i t e s  the  e l e v a t i o n  of a  

landecape a  b lack and whi te  photograph of your back w i l l  r ecord  t h e  shape and 

a l l o v  us t o  determine the  height  of the prominences on your b a c k  

Whi le  you s t a n d  i n  e a c h  of t h e  p o s i t i o n i ' n g  devic .es ,  which  I w i l l  
. ..- 

i n s t r u c t  you how t o  use l a t e r ,  the C l i n i c a l  Shape Monitor (CSM) w i l l  be moved 

q u i t e  c l o s e  t o  t h e  s u r f a c e  of y o u r  back. T h i s  i s  i m p o r t a n t  so  t h a t  t h e  

darkes t  poss ib le  contCur l i n e s  w i l l  be created.  

I n  order  t o  r ecord  your back shape your back must be bare  from the  neck 

t o  the mid-buttocks region and i t s  width. A t o t a l  of 30 photographs w i l l  be 

taken, 10 photographs w i n g  each of the  t h r e e  methods of pos i t ion ing  w i l l  be 

taken. ' 

Specia l  I n s t r u c t i o n s  f o r  the  use of each Pos i t ion ing  Device: 

1. Standing - Two photographs pill be taken wi th  your h e e l s  on t h a t  l i n e  i n  a 

/- 
comfor table  s tanding position. When you a r e  s t and ing  t h e r e  a l l o v  your arms t o  

hang loose ly  a t  your s ides ,  look  s t r a i g h t  ahead and b rea th  normally. I w i l l  
L 

r emind  you of t h e s e  t h i n g s  when t h e  p i c t u r e s  a r e  t a k e n  t o  e n s u r e  t h a t  t h e  

currect  pos i t ion  i s  assumed. 



2. I n c l i n e d  - N o t i c e  t h a t  t h i s  p o s i t i o n e r  i s  n o t  a t t a c h e d  t o t h e  va l  - - - 
l e a n s  on the  wall.  To p o s i t i o n  your f e e t ,  place them between the upright  bare  

s o  t h a t  you can f e e l  t h e  hor izon ta l  bar a t  the  bottom touch the f r o n t  of your 
-- 

ankles. Now l e a n  forward a g a i n s t  the upright  bars. You should f e e l  your h i p  

bones r e s t  aga ins t  t h e  upr ight  bars  and i f  poss ib le  your shoulders a s  well. 

L e t  y o u r  a r m s  hang l o o s e l y  a t  your  s i d e s ,  l o o k  s t r a i g h t  ahead,  and b r e a t h  

normally. 
I 

3 .  S e a t e d  - S i t  on t h e  edge  of t h e  c h a i r  v i t h  y o u r  f e e t  a p a r t  and knees  

bent. Bend forward w i t h  your anus  hanging. Now press  your palms and f i n g e r s  

t o g e t h e r .  L ine  y o u r  f i n g e r s  up  v i t h  t h e  l i n e  on t h e  f l o o r  and a l s o  l o o k  a t  

t h e  l ine .  Breath normally (Harada e t .  a 1  1981). 



- 
Standard Deviation (6) and mean (y) values of each variable  for each subject 

i n  each posi t ion 

Lateral Deviation (cm) 
+ 

Subject 1 Subject 2 Svb j ect  3 
- - - 

S x 8 x S x 

Posit ion 1 - +0.219 -0.15 9 . 1 8 4  -0,03 9 . 3 2 3  0.50 

Posit ion 3 - 4.646 -0.80 9 ~ 9 2 4  0.25 9 . 2 2 8  -0.92 

t 
3 

Arclength Ratio 

Subject 1 Subject 2 Sub j ect  3 
- - - 

8 x S x 8 x 

Posi t ion 1 - +0.010 1.02 9 . 0 1 8  0.97 3 . 0 0 9  0.96 

Position 2 - +6.020 1.61 $.OOf 0.98 3 . 0 1 1  1.02 

Posi t ion 3 - 4.007 1.03 9 . 0 1 7  0 , s  9 . 0 0 7  1.02 

Hump Height ( c d "  

Sub j ect  1 Subject 2 S u b j e c t 3  , 

- - 
X 

- 
8 '8 x 8 x 

Posit ion 1 - M.448 -0,.55 9 . 3 5 6  -0.516 9 . 3 2 8  -0.11 

Posi t ion 2 - +l.OZO 0.37 9 . 2 6 2  -0.84 9 . 5 8 9  h . 9 4  
r, 

Pss i t ion  3 9 . 8 1 0  0.11 9 . 5 7 7  -0.47 9 . 5 5 7  -0.42 



Standard Deviat ion  ( 8 )  and mean (XI va lues  of each variab1.e for each 
-- 

- - - -  
- - 

subject  i n  each posit ion continued ... 

Subject 1 Subject 2> Subject 3 

Position 1 - +1.220 -1.54 +1 .ZOO -0.56 13.975 -0.30 

Position 2 - +3.300 0.77 g.771 -2.70 d.790 -2.71 

Position 3 - +2.310 -0.53 21.630 -1.65 s.293 .-lo 85 

Hump Angle (degrees) 

Subject 1 Subject 2 Subject 3 

Position 1 - +3,120 -2.49 22.610 -0.46 22.160 -0.73 

Position 2 - +4.650 1.33 g.110 -3.52 21.390 -4.20 ' 
- 

Position 3 - +3.910 -1.03 52.500 -2.21 0:659 -3.39 
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- , HeRU Shadow no i r6  C l in i ca l  &ape Monitor (WEBIFCSH) 

T -  - - -- 

;' T& NRC t e s t  model, designed 'to evaluate the pe r fo runce  of q i r 6  
instnunekts,  was used t o  produce t e s t  photographs v i t h  the IIEIW-CSH. The 
Lest model c6ns i s t s  of yprio* s l o w  surfaces  and a -Bar &f +on€&- - 
points  h t h  hovq XYZ coordinz8t.e~. "The layout of the control  pointr  a*d , 
thhir XYk co,ordinates a r e  shown on the attached sketch representing one 
qua r t  .of the model surf  ace. The same coordinate, va1uee. a r e  appl icable  t o  
the corresponding point6 on the other three' sect ions  of the ~ d e l .  

The photographs vere Q taken while the outside reference surf ace of t h e ,  
t e s t ,  model was paral le l ,  t o  $he MERU-CSM screen and prac t ica l ly  i n  contact 
with it. A Contax RTS camera v i t h  a 50mn Zeiss lens  was q e d .  The camera 
.was ,focusbed a t  39 and a l ens  opening f:8 was used. The follovSng 
di6tances were s e t  between the,camera lens  and the l i g h t  source: 

. . 
phgto #l d = 392.lmm 

12- 457.2mpi !- 

t 3' 548.3- 
14 a -685.& 
55 , 912.8mm ' 

In  order t o  increase  the  depth over which the f r inges  could be , ' 

i den t i f i ed ,  a s l i t ,  approximately lOmm vide, was placed i n  f ront  of the 
e l ec t ron i c  f lash.  The use of the  slit increased the distance,  over which a 
s a t i s f a c t o r y  f r i nge  image qua l i t y  vas obtained, t o  more than 30- which was 
adequate t o  cover the e n t i r e  depth of the t ea t  model. Without the s l i t ,  
f r inges  could only be i d e n t i f i e d  over a dis tance of about 20& from the 
screen. 

The f r inge  number, estimated t o  one tenth of the f r inge  in te rva l  was 
read on the d i f f e r e n t  photographs f o r  twelve symmetrically located targe ts 
of the t e s t  object  ( s ee  photo #I). For ta rge t s  v i t h  the same! Z-coordinate 

- -- 

t he  readings were averaged i n  orxer tT d n i a i z e  the e f f e c t  of -a  posaible 
lack of para l le l i sm of the screen with respect t o  the t e s t  object reference 
surface.  The averaged f r i nge  values vere wed to  ca lcu la te  the distance 
between the screen and the t a r g e t s  usfag the equation: 

- - 
with the  given values for  d ,  P and s and the average recorded fr inge value 
N. The calculated values hN were compared with the corresponding Z- - .  
coordinates of the  test object .  The following r e s u l t s  were obtained: 

photo fl A s a t i s f a c t o r y  moir€ pat tern  was obtained over the e n t i r e  
(d = 392.1mm) depth of the test object  (30Om). The e r ro r s  are 

1 general ly  within 2.4m (3 f r inge)  f o r  12 observed points. 

photo f2 A s a t i s f a c t o r y  moire pa t te rn  vaa obtained over the e n t i r e  
(d = 457.2mm) depth of the t e s t  object ,  although so- d i f f i c u l t y  - wan - 



photo 43 ' 
(d 548.3r~~)  

photo 14 
(d - 6 8 S . b )  

photo IS 
( d  912.8m) 

experisGd t o r e e d  points on the v e r t i c d i  surfar+ which 
is incl ined towards the i g h t  sikrce. . Errors  ere 
genezall.3 'vi_rhin 4 . h  Sf-1 fcl?  &aerm&-cr. - 

- 

Poiatr  an t'ns v e r t i c a l  surface,  i a c l l aed  tovards the  
l i g h t  source could olrly be resd with d i f f i c u l t y .  Errors  
a r e  general ly  within 5.4- (1 f r inga) f o r  12 obuerved 
points. - z 

The a g e  qua l i t y  of the  f r iageu,  on both v e r t i c r l  
surfaces  deter aot allow f o r  a p rec i se  i den t i f i ca t i on  of 
thc  f r inges .  For tht  ho r i ron t r l  surface, the errors are 
general ly  within 3 . b  (1 frtage) f o r  6 observed points. 

- 

The overa l l  image qual i ty  do- not p e a t  a precise  
ider i t i f i ca t ion  of the  fr inges.  

test photogra* w e r e  Pade approxiamtely trro weeks apar t .  
Comparison of corresponding photographs indicated t ha t  the r e s u l t s  were 
repeatable wlthin one f r i n p .  It should be noted however that extreme care  
he. t o  be taken t o  i n s t a l l  the camera and the l i g h t  i n  t h e i r  correct  
posi t ions  a d  orientatiocls with respect to  the  screen. We f e e l  tha t  a more 
p o ~ i t i v e  uet t ing of the  cspara and the l ightsource is e s s e n t i a l  t o  obtain - 
the  necessary r epea t ab t l i t y .  This is ~ r t i c u l a r l y  important when the  
instrument is t o  k used by d i f f e r e n t  persons who not necessar i ly  may have 
the capabi l i ty  to adfust  the varioue components of the instr-at v i t h  a 
suf  f i c i e a t  degree of accuracy, 

-. 
Ottawa, Harch 1983 

H.C. van Wljk 
Photogrammetric Research 
Division of Physics 
National Research Council 

-- 



I s P P E N D I X I V  
P 

m, 

Raw Rara - the maximum value of each xariahl.e, represent* t l ~ ~ m a x i m ~ ~ ~ ~  - - 

deformity of the  four cros s - sec t ions  d i g i t i z e d ,  was used t o  determine the 
standard deviations. The maximum values are presented i n  the fo l lov ing  table. 
See the author for the complete raw data f i l e s .  

. >  - - - ?* 

' a- 



Subject 1 - seated posit ion 

. Trial # L.  Dev. Arc1 ength Hump Height - Rib Hump Hump Angle - 

Subject 1 - free standing posit ion 

Subject 1 - inclined posi t ion 



M U  DATA - WBHAL SUBJECTS CONTINUED 1 - 
- . 

S u b j e c t  2 - s e a t e d  pos i t ion 

+ T r i a l , #  L .  Dev. Arc1 ength 

S u b j e c t  2 - f r e e  standing posi t ion 

Rib t i k p  

- - 
Hmp Angle 

- - Subject 2 - inclirsed pos i t ion  



R A W  DATA - R O W  SUB3ECTS ClBTR?UED 
- - - -  

Subject 3 - seated  pos i t i on  

Trial f L .  Dev. Arc1 q t h  

Subject 3 - free standing p o s i t i o n  

Subject 3 - i n c l i n e d  pos i t i on ing  

R i b  Hump 

1.57 
-1.53 
0 .oo 
0 .oo 
q.00 
0 000 
0 .oo 

-1.52 
0 .oo 

-1.53 . 

Hump Angle 



- * 

RAW DATA - SCOLIOTIC PATIENT 

S c o l i o t i c  Pat ienr  - seated  pos i t i on  

Tria l  # L. Dev. Arc1 ength 

0.97 
0 . 9 4  
0 .95  
0.95 
0 . 9 4  
0 .93 
0 . 9 5  
0.96 
0.93 
0 .96 

Hump Height Rib Hump Hump h g l e  

S c o l i o t i c  Subject - free standing pos i t ioning  

S c o l i o t i c  Pat ient  - i n c l i n e d  p o s i t i o n  
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