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PREFACE

From 1928 t o  1931 th o  in v e s t ig a to r  to o k  su rfa c e  measurements o f  

th e  r e l a t i o n  o f  v a r io u s  p a r t s  o f  th e  hody o f  s tu d e n ts  i n  h e r  c l a s s e s .

These m easurem ents, mhioh mere ta k e n  th r e e  d i f f e r e n t  tim es b o th  b e fo re  and 

a f t e r  a  p e r io d  o f  in s t r u c t io n  in  p o s tu re  and body m echanics, in c lu d ed ! 

s ta n d in g  h e ig h t ,  s i t t i n g  h e ig h t ,  and a n te ro p o s te r io r  and d ia g o n a l r e l a 

tio n s h ip s  o f  v a r io u s  bony landmarks o f  th e  body. The a n te ro p o s te r io r  

measurements mere ta k e n  m ith  th e  P o s tu r im e te r ,*  an  in s trum en t designed  and 

c o n s tru c te d  b y  th e  American C hild  H ea lth  A sso c ia tio n  and used  by  th e  Asso

c i a t io n  t o  m easure th e  p o s tu re  o f  many school c h ild re n .* *

The fundam ental assum ptions an which th e  teao h in g  prooedure used 

in  th e  experim en ta l s tu d y  mas based  mere fo rm u la ted  by th e  in v e s t ig a to r  

a f t e r  a t te n d in g  a  s e r ie s  o f  ch a llen g in g  le c tu r e s  on p o s tu re  by  Habel 

E lsw orth  Todd a t  Teachers C o llege , Columbia U n iv e rs ity . These assum ptions 

m ere, b r i e f l y t  (a )  p o s tu re  i s  an  ex p re ss io n  o f  h a b i ts  o f  body m echanics,

* See Appendix fo r  photographs o f  th e  P o s tu r im e te r , page 171

** The School H ealth  Study by th e  American C h ild  H ealth  A sso c ia tio n  mas 
sea rch in g  f o r  answ ers to  such  q u e s tio n s  as th e  fo llow ing  t (1 )  What 
ty p e s  o f  measurement o f  p o s tu re  can  be d ev ised  which w i l l  have ob
j e c t i v i t y  and r e l i a b i l i t y ?  (2 )  What i s  th e  r e l a t io n  o f  thelum bar 
re g io n  t o  th e  abdom inal re g io n  o f  th e  body, and what i s  th e  r e l a t io n  
o f  th e s e  tw o re g io n s  t o  th e  p o s i t io n  o f  th e  head and th e  shou lders?  
In  th e  a t t empt t o  answer th e s e  q u es tio n s  a n te ro p o s te r io r  p o s tu re  mas 
measured i n  r e l a t io n  to  two a x e s , one th rough  th e  x ip h o id  p ro cess  
and th e  o u t e r  o f  th e  a n k le , th e  o th e r  th ro u g h  th e  c e n te r  o f  th e  
neok and th e  c e n te r  o f  th e  a n k le .  The r e s u l t s  o f  t h i s  s tu d y  a re  un
p u b lish e d .
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(b )  b a lan ce  and movement o f  th a  body ta k a  p laoe  by  o f  co n d itio n ed

neurcm usoular r e f le x  a o tio n  w ith o u t s o -o a lle d  v o lu n ta ry  c o n tro l o f  th e  

in d iv id u a l ,  (o ) th e  human body fu n c tio n s  a s  an  organism io li io le  th rough 

th e  in te g r a t iv e  a o t io n  o f  th e  nervous system s, (d )  p r in c ip le s  o f  meohanios 

ap p ly  t o  th e  human body as t o  inanim ate s t r u c tu r e s ,  (e )  tM niring  in flu e n c e s  

musole a o t io n ,  and ( f )  ohanging h a b i ts  o f  neurom usoular resp o n ses  to  

s t im u li  i s  b a s io a l ly  an ed u o a tio n a l p ro ced u re , n o t an  e x e ro ise  procedure*

In  th e  s tu d y , many o f  th e  changes idiioh toofc p laoe  in  th e  r e l a 

t io n s h ip s  o f  p a r ts  o f th e  body w ere found to  be in c o n s is te n t  w ith  e x is t in g  

th e o ry  on p o s tu re  and body meohanios* R eports o f  th e  s u b je c ts  on h e a l th  

v a lu e s ,  however, were v e ry  fa v o ra b le , p a r t i c u la r ly  w ith  re g a rd  t o  s le e p , 

r e s t ,  g re a te r  ease  in  everyday a o t i v i t i e s ,  le s s  "nervousness" and s t r a i n ,  

and g re a te r  a b i l i t y  to  r e la x  i n  th e  m id s t o f  te n s e  s i tu a tio n s *

The ex p erim en ta tio n  in d ic a te d  th e  need o f  o b je c tiv e  d a ta ,  p a r t i c u 

l a r l y  on th e  alignm ent o f  th e  s k e le ta l  s t r u c tu re  a s  th e  su p p o rtin g  fram e

work o f th e  w eight o f th e  body* U n ti l  suoh o b je c tiv e  d a ta  was ob ta in ed  

fu r th e r  s tu d y  r e la te d  th e  con tour o f  th e  body to  th e  alignm en t o f  th e  s k e le t a l  

framework, in te r p r e ta t io n s  o f  body alignm ent would o f  n e o e s s i ty  oon tin u e  to  

be la r g e ly  su b jec tiv e*

I t  seamed t o  th e  in v e s t ig a to r  t h a t  th e re  was a n  u rg e n t need o f  a  

b a s ic  s tu d y  in  p o s tu re  which would n o t o n ly  produce r e l i a b l e  d a ta  on th e  

alignm ent o f  th e  s k e le ta l  s t r u c tu r e ,  b u t  would p o in t  to  o th e r  re se a rc h  

needed e i th e r  t o  s u b s ta n t ia te  o r  to  r e d i r e o t  p re se n t p rocedure i n  th e  

a l l e v ia t io n  o f  p o s tu ra l  d i f f i c u l t i e s *

I t  i s  g e n e ra lly  g ran te d  t h a t  i n  m ost peop le th e re  a re  l a t e r a l  d i f 

fe re n c e s  i n  th e  h e ig h t o f  th e  sh o u ld ers  and th e  h ip s ,  and t h a t  l a t e r a l  c u r 

v a tu re  o f  th e  s p in a l column te n d s  to  occur to  same d eg ree . However, th e
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r e la t io n s h ip ,  i f  any, among th e se  and o th e r l a t e r a l  d e v ia tio n s  in  s k e le t a l  

a lignm ent i s  s t i l l  s u b je c t t o  opinion* The p re s e n t  s tu d y  was conducted 

w ith  th e  purpose o f  a t te n p t ln g  to  d isc o v e r ( l )  seme o f  th e  b i l a t e r a l  asym

m e tr ie s  i n  th e  alignm ent o f  th e  s k e le t a l  framework and (2 ) th e  e x te n t to  

which th e s e  asym m etries te n d  to  occur toge th er*

T his s tu d y  would have been im p o ssib le  w ith o u t th e  a id  o f  many co - 

w orkers and w ith o u t th e  encouragement o f  th o s e  f r ie n d s  and co lleag u e s  in 

te r e s t e d  in  i t 8 outcomes* Though in d iv id u a l  acknowledgement o f  th e  

generous h e lp  o f  th e se  f r ie n d s  oarm ot be made h e re ,  f o r  la c k  o f  spaoe , th e  

s tim u la t io n  o f  t h e i r  i n t e r e s t  i s  n o n e th e le ss  a p p re c ia te d  b y  th e  au thor*

To U abel E lsw orth  Todd, th e  a u th o r owes a  d e b t o f  g r a t i tu d e  f o r  

having  d is tu rb e d  h e r oomplaoenoy in  reg a rd  t o  p o s tu re  and body m eohanios, 

th e re b y  g iv in g  h e r  th e  in c e n tiv e  t o  undertake  an in v e s t ig a t io n  in  an  un

exp lo red  a re a .

The au th o r extends h e r s in c e re  th an k s  t o  P ro fe s so r  Jay  B* Nash 

f o r  g iv ing  h e r  th e  o p p o rtu n ity  to  c a r r y  o u t th e  re s e a rc h  on h e r  problem 

a t  New York U n iv ers ity *

The in t e r e s t  o f H. 0* lfahaney, o f  th e  E d u ca tio n a l D iv is io n  o f  

G eneral E le c t r i c  X-Ray C orp o ra tio n , h as  been  in v a luab le*  H is v is io n  o f  

th e  p o s s ib le  outcomes o f  such a  s tu d y  le d  him to  secu re  th e  su p p o rt o f  th e  

G eneral B le o tr io  X-Ray C orp o ra tio n , which k in d ly  fu rn ish e d  th e  x - ra y  ap

p a ra tu s  and th e  h e lp  o f  one o f  t h e i r  s p e c ia l i s t s  i n  rad io g rap h y , J* B. 

Thomas. Thanks a r e  due Ur* Thomas f o r  h i s  u n t i r in g  h e lp  d u rin g  th e  p e r io d  

when th e  rad io g ra p h s  were ta k e n . Thanks a ls o  a re  due th e  many members o f  

th e  G eneral E le o tr io  C orpo ra tion  b o th  i n  Chioago and in  New York C ity  

who gave t h e i r  tim e and s e rv ic e s  f r e e l y  f o r  th e  success o f  th e  p r o je c t .

For a s s i s t i n g  w ith  th e  im portan t t a s k  o f  ta k in g  and develop ing
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th e  rad io g ra p h s, th e  a u th o r  w ishes t o  th a n k  Elwood G lass fo r d ,  Edna 

H u h lfe ld , and George F re is in g e r*  The o o o p era tio n  o f  fe llo w  s t a f f  members 

o f  th e  Departm ent o f  P h y s io a l E duoation  d u rin g  th e  ta k in g  o f  the  ra d io 

graphs i s  a l s o  g r e a t ly  a p p re o ia te d .

To a l l  th o se  s tu d e n ts  who were s u b je c ts  f o r  th e  s tu d y , m ost o f 

v&iom have b een  in  t h e  p o s tu re  and body m echanics o la s s e s  o f  the  a u th o r 

s in c e  t h e i r  rad io g rap h s  w ere ta k e n , and who have made many ch a llen g in g  

in q u i r ie s ,  th anks a re  given*

For t h e i r  w ise  c o u n se ll in g  and c o n s tru c tiv e  o r i t io is m s ,  th e  

a u th o r 's  s in c e re  th an k s a r e  extended to  P ro fe s so rs  Harvey TT* Zorbaugh, 

C harles J* F ie p e r ,  and, p a r t i c u l a r ly ,  Frank S . L loyd, Chairman, who gave 

v a lu a b le  a s s is ta n c e  i n  shaping th e  problem  under c o n s id e ra tio n  and in  

h e lp in g  her t o  see th e  problem  a s  a  w hole.

Mayhew D e rry b e rry , Sen ior Publio  H ea lth  S t a t i s t i c i a n  o f th e  

N a tio n a l I n s t i t u t e  o f  H ea lth , W ashington, D. C ., and fo rm erly  o f th e  De

partm en t o f  P h y s ic a l E ducation  and  H ealth  o f  th e  Sohool o f  Eduoation o f 

New York U n iv e rs i ty ,  has g iven  s t a t i s t i c a l  guidance and encouragement s in ce  

th e  beg inn ing  o f  th e  s tu d y  and i n  doing t h i s  has g iven  m ost generously  o f  

h i s  time* The a u th o r i s  more th a n  happy t o  acknowledge h e r  debt o f  g r a t i 

tu d e  to  him*

S inoere  a p p re c ia t io n  i s  extended t o  S h a ile r  Upton Lawton, M*D*, 

f o r  guidance on an a to m ica l d a ta  and fo r  h i s  s p i r i t  o f  oooperation  and en

couragement which h e lp ed  t o  d is p e l  th e  more q u ick ly  th e  in e v i ta b le  d is 

couragem ents encoun tered  i n  th e  s tu d y .

The a u th o r  i s  in d e b ted  t o  Clay-Adams Company o f New York C ity  

f o r  th e i r  o o o p e ra tio n  i n  secu rin g  th e  photographs o f  th e  sk e le to n  used 

i n  th e  th e s is *



F in a l ly ,  th e  au th o r 1b deeply  g r a te f u l  t o  her f r i e n d ,  Anna D* 

C o rd ts , f o r  encouragem ent and f o r  e o n s tru e t iv e  c r i t i c i s m  o f  th e  m an u sc rip t, 

which have been o f  in e s tim a b le  value* I t  i s  hoped t h a t  th e  com pleted study  

w i l l  j u s t i f y  th e  i n t e r e s t ,  encouragement , and th e  a s s is ta n o e  o f  th e  many 

in d iv id u a ls  who have c o n tr ib u te d  so w i l l in g ly  o f  t h e i r  tim e and energy*
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CHAPTER I  

INTRODUCTION

The co n to u r o f  th e  human body has been , h e re to fo re ,  th e  main c r i 

t e r io n  o f  i t s  p o s tu re . The in t e r p r e ta t io n  o f  l a t e r a l  a n te ro p o s te r io r  

d e v ia tio n s  o f  th e  s k e le ta l  s t ru c tu re  from a  s o -c a l le d  norm al alignm ent has 

been p re d ic a te d  alm ost in v a r ia b ly  upon o b se rv a tio n  an d /o r measurement o f  

th e  su rfa c e  a sp e o t o f  th e  body, r a th e r  th a n  upon measurement o f th e  s k e le ta l  

s tru c tu re  i t s e l f .  Such d e v ia tio n s  have been d es ig n a ted  a s  " p o s tu ra l d e fe c ts "  

and th e se  in  tu r n  have g e n e ra lly  been  t r e a te d  as i f  th e y  w ere se p a ra te  o r 

independent e n t i t i e s  a p a r t  from and un in fluenoed  by th e  fu n c tio n in g  o f  th e  

body as  a  w hole. Poor p o s tu re , th e n , was b e lie v e d  t o  be th e  sum t o t a l  o f  

p o s tu ra l d e fe o ts  eaoh o f  which cou ld  be " c o rre c te d "  by  e x e rc is e s  designed  

s p e c i f i c a l ly  fo r  th a t  purpose* In  accord  w ith  t h i s  p o in t o f  view a  la rg e  

number o f e x e ro ise s  oame in to  u se  f o r  suoh p o s tu ra l  d e v ia tio n s  a s  round 

sh o u ld e rs , k yphosis , lo rd o s is ,  v is o e ro p to s is ,  s c o l io s i s ,  forw ard h ead , and 

p ran a ted  f e e t ,  n o t  t o  exhaust th e  l i s t .  Ehen in d iv id u a l tre a tm e n t o f  v a rio u s  

p o s tu ra l d i f f i c u l t i e s  th rough  s p e o if lo  e x e ro is e s ,  eaoh w ith  l i t t l e  o r  no 

re fe re n c e  to  th e  fu n c tio n in g  o f  th e  w hole, i s  n o t found in  c u r re n t  p o s tu re  

l i t e r a t u r e ,  i t  i s  an  ex o ep tio n  t o  th e  genera l ru le*

The problem  which m otivated  t h i s  in v e s t ig a t io n  grew o u t o f  a  

o o n f l io t  a r is in g  between th e  t r a d i t i o n a l  th e o ry  o f  p o s tu re  a s  above s ta te d  

and c e r t a in  g e n e ra lly  aooepted p r in c ip le s *  such as  th e  follow ing*

* These p r in c ip le s  a re  sy n th es iz ed  from v a rio u s  f i e l d s  o f  knowledge, p a r
t i c u l a r l y  anatomy, n eu ro logy , p h y sio lo g y , and psycho logy .
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1* The mind and body i n t e r r e l a t e  and in te r& o t in  t h e i r  

function ing*

2* Through th e  agency o f  th e  nervous system s th e  human be in g  i s  

an in te g ra te d  in d iv id u a l ,  an  organism io w hole.

5* No two in d iv id u a ls  a r e  a l i k e ,  p a r t i c u la r ly  in  neurom uscular 

h a b i ts  and in  p sy ah o lo g iea l re a c tio n s*

4* I t  i s  d o u b tfu l idiot her th e re  i s  any d i r e o t  v o lu n ta ry  o o n tro l 

o f  th e  i n t r i o  a t e ,  co n d itio n ed  r e f le x  a o t io n  ooourring  in  th e  

neurom usoular meohanisms to  produce b a lan ce  and movement o f  

th e  body*

PUBPQSB OF THE STODY

T his in v e s t ig a t io n  ho ld s t h a t  p o s tu re  edu o atio n  oan make a  d e f in i te  

c o n tr ib u tio n  to  th e  r e d u c t io n  o f  m en ta l, em o tio n a l, and p h y s ic a l s t r a in *  

T h ere fo re , th e  b a s ic  purpose o f  t h i s  s tu d y  i s  t o  p re se n t p e r t in e n t  d a ta  

on b i l a t e r a l  asynm etry i n  th e  alignm en t o f  th e  s k e le ta l  s t r u c tu re  t h a t  w i l l  

le a d , f i r s t ,  tow ard a  r e o r ie n ta t io n  o f  p o in t  o f  view on th e  s u b je c t o f  pos

tu r e  and body m eohanios; and seeond, tow ard a  te a c h in g  procedure w hich w i l l  

be more f u l l y  in  accord  w ith  p r in c ip le s  o f  g e n e ra l e d u ca tio n . To t h i s  end 

d a ta  w ere o o lle o te d  on th e  d if fe re n o e  in  p o s i t io n  o f  id e n t io a l  l a t e r a l  

p a r ts  o f  th e  s k e le ta l  framework as  th e  su p p o rtin g  mechanism o f body w eight* 

In  t r e a t i n g  th e se  d a ta  a  d e f in i te  a ttem p t has  been made to  ta k e  same o f  th e  

phenomena o f  fu n c tio n a l s k e le ta l  asynm etry o u t o f  th e  realm  o f  op in ion  in to  

a  dem onstrab le , v e r i f i a b l e  s ta tu s*  I t  i s  hoped th a t  th e s e  d a ta  may b e  used 

in  f u r th e r  re se a rc h  t o  determ ine w hat, i f  any, r e la t io n s h ip  e x i s t s  between 

th e  co n to u r o f  th e  body and th e  alignm ent o f  th e  s k e le t a l  s t r u c tu r e .
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THE PROBLEM

This s tu d y  proposes to  d isc o v e r  by mesns o f a n te ro p o s te r io r  ra d io 

graphs some o f  th e  d e v ia tio n s  from b i l a t e r a l  symmetry a h ic h  ooour in  th e  

alignm ent o f  th e  s k e le ta l  framework o f th e  human body when i t  i s  in  th e  

s ta n d in g  p o s i t io n ,  and t o  determ ine t h e i r  in te r r e la t io n s h ip *

A m p lif ic a tio n  o f  th e  Problem

In  th e  a n a ly s is  o f  d e v ia tio n s  from b i l a t e r a l  symmetry in  s k e le ta l  

a lignm en t, t h i s  s tu d y  w i l l  a ttem p t to  answer th e  fo llo w in g  q u e s tio n s :

1* Which p a r t  o f  th e  s k e le t a l  framework m a in ta in s  i t s  p o s i t io n  

most c o n s is te n t ly  over a  p e r io d  o f  tim e? What i s  th e  c o n s is 

ten cy  o f  p o s i t io n  o f  o th e r p a r t s  d i s t a l  t o  t h i s  most s ta b le  p a r t?

2* Do any b i l a t e r a l  asym m etries ooour to g e th e r  o f te n  enough th a t  

th e y  may be grouped in to  s p e c if ic  p a t te rn s  o f  b i l a t e r a l  asym

m etry? I s  th e r e  ev idence th a t  one ty p e  o f  movement, o r t h a t  a  

b le n d in g  o f  ty p e s  o f  movement produces a  p a t te r n  o r p a t te rn s  

o f  asymmetry?

3* Do s p e c i f ic  p a t te rn s  o f  b i l a t e r a l  asymmetry ooour to g e th e r  o f te n  

enough t o  in d io a te  a  g en e ra l p a t te r n  o f  b i l a t e r a l  asymmetry?

What u n i ts  o f  th e  s k e le t a l  s t r u c tu re  a re  invo lved  i n  th e  g en era l 

p a t te rn ?

4* Do any  b i l a t e r a l  s k e le t a l  asym m etries ooour more f re q u e n tly  

an one s id e  o f  th e  s t ru c tu re  th a n  on th e  o th e r?

5* Whioh a s y m e try  ooours most f re q u e n tly  w ith  o th e r  asym m etries 

i n  eaoh p a t te rn ?  Whioh asymmetry shows th e  h ig h e s t  c o r r e la 

t i o n  w ith  o th e r  asym m etries i n  th e  g e n e ra l p a t te rn ?
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6 . I s  ag e , sex , o r  handedness r e l a t e d  t o  b i l a t e r a l  s k e le t a l  

a sy m e try ?  I f  so , to  what e x te n t?

Fundamental Assumptions

The fundam ental assum ptions on w hioh th i s  s tu d y  i s  based  a re  as

fo llow s*

1* The s k e le ta l  s t ru o tu re  i s  th e  framework su p p o rtin g  th e  w eight 

o f  th e  body* I t s  component p a r t s  se rv e  a s  le v e rs  on which 

th e  su so le8  a o t  to  m a in ta in  th e  e q u ilib riu m  o f  th e  body w eigh t 

a s  a  w hole.

2 .  B i l a t e r a l  asymmetry te n d s  t o  ooour in  th e  s k e le ta l  a lignm ent 

o f  s o -c a l le d  norm al in d iv id u a ls .

3 . The alignm ent o f  th e  s k e le ta l  s tru o tu re  whioh ooours c o n s is 

t e n t l y  i n  th e  s ta n d in g  p o s i t io n ,  when th e  w eight i s  considered  

by th e  in d iv id u a l  t o  be  ev en ly  d is t r ib u te d  between th e  f e e t ,  i s  

th e  in d iv id u a l '8 p a t te r n  o f  p o s tu re ,  t h a t  i s ,  th e  p a t te r n  o f  

a lignm en t which he h a b i tu a l ly  assum es.

4 . The human body fu n c tio n s  a s  an  organism ie whole and in  ac

cordance w ith  Newton's T hird  Law o f  H o tian . Hence, when asym

m etry  ooours i n  th e  p o s i t io n  o f  any id e n t ic a l  l a t e r a l  p a r ts  a t  

one le v e l  o f  th e  s k e le ta l  s t r u c tu r e ,  i t  i s  a p t  t o  be aooompanied 

by  asyam etry i n  p o s i t io n  o f  id e n t io a l  l a t e r a l  p a r t s  a t  o th e r  

le v e ls  o f  th e  s k e le t a l  s t r u o tu r e .

5 . Ih e n  th e  s k e le ta l  s t r u o tu r e  i s  m ain tained  in  e q u ilib r iu m  in  

th e  u p r ig h t  p o s i t io n ,  i t s  a lignm ent and aooompanying m uscle 

a o tio n  a re  i n t e r r e la t e d  and in te rd e p e n d e n t.

6 . The b e s t  p o in t o f  re fe re n c e  f a r  th e  lo o a tio n  o f  a  v e r t i c a l  l in e  

t o  d iv id e  th e  s k e le t a l  s tru o tu re  in to  l a t e r a l  h a lv es  i s  th e



o a n te r  o f  th e  to p  o f  th e  sacrum where th e re  i s  a  d iv is io n  

o f  th e  w eigh t o f  th e  s p in a l  oolumn i t s  appended s t ru c 

tu r e s  in to  th e  r i g h t  and l e f t  s id e s  o f  th e  p e lv i s .

7 .  The conform ation  o f  th e  l a t e r a l  h a lv e s  o f  th e  s k e le t a l  s tru o 

tu r e  i s  s u f f i c i e n t ly  s im ila r  t o  a llo w  com parison o f  p o s i t io n  

o f  i t s  l a t e r a l  id e n t ic a l  p a r ts  th ro u g h  m easurem ent.

D e f in it io n s

V arious term s used  i n  t h i s  s tu d y  a re  d e fin e d  as  fo llow s*

A s k e le ta l  rad io g rap h  i s  a  shadow o f  th e  s k e le t a l  s t r u o tu r e  r e 

corded on a  photographic p la te  by p ass in g  x -ra y s  th rough  th e  t i s s u e s  o f

th e  body.

The a n te ro p o s te r io r  p o s i t io n  o f  a  s u b je c t  be ing  rad iographed  i s  

th e  p o s i t io n  i n  w hich th e  a n te r io r  p a r t  o f  th e  s u b je c t  i s  n e a re s t  th e  x -ra y  

tu b e , and th e  p o s te r io r  p a r t  i s  n e a r e s t  th e  x - ra y  f i lm .

The plumb l in e  used i n  t h i s  s tu d y  was a  w eighted  b ra s s  w ire  whioh 

was hung in  f ro n t  o f  th e  Po tte r-B uoky  diaphragm . I t  was rad iographed  

s im u ltan eo u sly  w ith  th e  s k e l e t a l  s tru o tu re  o f  eaoh s u b je o t .

The c e n t r a l  v e r t i c a l  a x is  i s  th e  p a th  o f  a  plumb l i n e  drawn on th e

rad io g rap h s th rough  th e  o e n te r  o f  th e  to p  o f  th e  saonm u

A p o in t  o f  re fe re n c e  i s  a  sp o t on th e  o e n t ra l  v e r t i c a l  a x is  o r  

on th e  s k e le t a l  s tru o tu re  from whioh th e  d is ta n c e  o f  a  s k e le t a l  p a r t  i s  

m easured.

AUgmnent o f  th e  s k e le t a l  framework i s  th e  r e la t io n s h ip  o f  i t s  

p a r ts  t o  eaoh o th e r  and t o  a  o e n t r a l  v e r t i o a l  a x is  w hioh ooours c o n s is te n t ly  

each tim e th e  su b je o t assumes a  s p e c if ie d  p o s i t io n .

^  P o s tu re  i s  co n s id e red  synonymous w ith  a lig n m en t.
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B i la te r a l  «2W » tr y  in  th e  a l ig n a e n t  o f  th e  s k e le t a l  framework 

ooours when th e  d e s ig n  o f  s k e le t a l  r e la t io n s h ip s  i s  th e  same on th e  r i g h t  

and l e f t  s id e s  o f  th e  s tru o tu re *

A d e v ia t io n  f r a n  b i l a t e r a l  symmetry i s  co n s id e re d  in  t h i s  study  

as  movement* whioh has ta k e n  p laoe a t  one o r  more j o i n t s  to  produoe a  con

s i s t e n t  d if fe re n o e  i n  th e  lo o a tio n  o f  id e n tio & l l a t e r a l  s k e le t a l  s t r u c 

t u r e s .

The ty p e s  o f  d e v ia t io n  a re  c l a s s i f i e d  i n  t h i s  s tu d y  a s  fo llow s* 

l a t e r a l  a n g u la tio n  o r r o ta t io n  in  th e  o o ro n a l p la n e ,* *  h o r iz o n ta l  r o ta 

t i o n  in  a  tr a n s v e rs e  p la n e , a n te ro p o s te r io r  r o ta t io n  in  a  s a g i t t a l  p la n e , 

and l a t e r a l  d e v ia tio n  in  a  ooronal p lane* I t  i s  recognized  t h a t  p robab ly  

no one type  o f  movement ooours s in g ly ,  o r  p u re ly  in  one o f  th e  anatom ical 

p lanes*

An asymmetry in  th e  alignm ent o f th e  s k e le ta l  s tru o tu re  i s  a  

m easurable d if fe re n c e  i n  th e  lo o a tio n  o f  l a t e r a l  id e n t ic a l  s tru o tu re s*

Type o f  asym netry i s  d e s ig n a ted  aooord ing  to  th e  ty p e  o r k ind  

o f  measurement used  to  determ ine th e  d if fe re n o e  i n  lo o a tio n  o f  l a t e r a l  

id e n t ic a l  p a r t s ,  a s  fo llow s*  a n g u la tio n , h o r iz o n ta l  d is ta n c e ,  d iag o n a l 

d is ta n c e ,  v e r t i c a l  d is tan ce*

A p a t te r n  o f  a s y n s t r y  in  th e  alignm ent o f  th e  s k e le t a l  s tru o tu re  

i s  a  c o n f ig u ra tio n  o f  asym m etries w hich c o n s is te n t ly  ooour to g e th e r  each 

tim e idle s u b je o t  assumes th e  same s p e o if ie d  p o s itio n *

The g en era l p a t te r n  o f  asynm etry i n  s k e le ta l  a lignm en t i s  th e  

b a s io  c o n f ig u ra tio n  o f  s k e le ta l  r e la t io n s h ip s  yfeioh te n d s  t o  ooour

* See page 8 f o r  k in d s  o f  movement*

** See page 7 f o r  p lan es  o f  th e  body*
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c o n s is te n t ly  in  th e  fu n c tio n  o f  m a in ta in in g  th e  balanoe o f  th e  body i n  a  

s tan d in g  p o s i t io n .

Compensatory. Asymmetries i n  s k e le ta l  a lignm ent a re  oon sid ered  

com pensatory when th e y  c o n s is te n t ly  occur to g e th e r ,  b u t on o p p o site  s id e s  

o f  th e  s t r u o tu r e .

The u n i t s  o f  th e  s k e le ta l  s t ru o tu re  which e n te r  in to  t h i s  s tu d y  

a re  th e  p e lv is ,  th e  th ig h s ,  th e  sp in a l oolumn. th e  upper th o ra x , and th e  

sh ou lder g i r d le .

The s p in a l  oolumn r e f e r s  to  th e  p r e s a e r a l  o r movable v e r te b ra e  

o f  th e  v e r te b r a l  oolumn.

The g lu te a l  f o ld  i s  th e  h o r iz o n ta l  c re a se  an th e  s u rfa c e  o f  th e
1

body se p a ra tin g  th e  b u tto o k  from th e  th ig h .

Newton* s T hird  Law o f  M otion. "To every  a o tio n  th e re  i s  an  equal 

and o p p o s ite  r e a c t io n .

P lan es  o f  th e  body.  "For d e s c r ip t iv e  purpose th e  body i s  supposed 

t o  be in  th e  e r e c t  p o s tu re ,  w ith  th e  anas hanging by  th e  s id e s  and th e  

palms o f  th e  hands d i r e c te d  fo rw ard . The median p lan e  i s  th e  v e r t i o a l  

a n te ro p o s te r io r  p la n e , p a ss in g  th rough  th e  c e n te r  o f  th e  t ru n k . This 

p lan e  w i l l  p a ss  approx im ate ly  through th e  s a g i t t a l  su tu re  o f  th e  s k u l l ,  

and hence any p lan e  p a r a l l e l  t o  i t  i s  term ed as  s a g i t t a l  p la n e . A v e r 

t i o a l  p lane  a t  r i g h t  an g les  t o  th e  m edian p lane  p a s s e s ,  rough ly  speak

in g . th rough th e  c e n t r a l  p a r t  o f  th e  o o ronal su tu re  o r th rough a  l in e  

p a r a l l e l  to. i t )  suoh a  p la n e  i s  known as  a  f r o n ta l  p lane  o r sometimes 

a s  a  oo ronal p la n e .  A p lan e  a t  r ig h t  an g les  t o  b o th  th e  median and th e

1 . Henry Gray, Anatomy o f  th e  Human Body. 22nd e d i t io n ,  page 1335.

2 . M illik a n  and G ale. E lem ents o f  P h y s io s , page 93 .
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f r o n ta l  p lan es  i s  term ed a t r s n s r e r s e  p la n e ."1

Kinds o f  movement. "The movements ad m issib le  in  j o i n t s  may be 

d iv id ed  in t o  fo u r  k inds t  g lid in g  and angu lar movements, o iroum duotion , 

and r o t a t i o n .  These movements a re  o f te n ,  however, more o r le a s  oambined 

in  v a rio u s  j o i n t s ,  so a s  to  produce an  i n f i n i t e  v a r ie ty ,  and i t  i s  seldom  

t h a t  o n ly  one k ind  o f  m otion i s  found in  any p a r t i c u la r  j o i n t .

"Body meohanios i s  th e  work o f  m usoles e x e r t in g  power in  th e  

banes a s  le v e r s ,  t o  produoe m otion and m a in ta in  th e  b o d y 's  e q u ilib r iu m  in

r e l a t i o n  t o  b o th  in te r n a l  and e x te rn a l  fo roes."®

L im ita tio n s  o f  th e  Study

Since th e  rad io g rap h s and q u e s tio n n a ire s  used  in  t h i s  s tu d y  were 

a  source  o f  more d a ta  th a n  oould be co n sid ered  in  one in v e s t ig a t io n ,  th e  

fo llow ing  l im i ta t io n s  w ere p u t upon th e  s tu d y t

1 . The s tu d y  was lim ite d  t o  an in v e s t ig a t io n  o f  th e  b i l a t e r a l  

a lignm ent o f  th e  s k e le ta l  s t ru o tu re  when th e  su b je o t assumed 

an  easy  s ta n d in g  p o s i t io n  w ith  th e  f e e t  p a r a l l e l  and two inches  

a p a r t ,  and w ith  th e  w e ig h t, a cco rd in g  to  th e  s u b je o t 's  ju d g 

m ent, ev en ly  d is t r ib u te d  between th e  f e e t .

2 .  Measurements o f asymmetry w ere lim ite d  t o  th e  sh ou lder g i r d le ,  

th e  upper th o ra x , and to  th e  fo llo w in g  w e ig h t-su p p o rtin g  p a r ts

o f  th e  s k e le t a l  s t r u o tu r e t  th e  proxim al p a r t  o f  th e  fem ora,

th e  p e lv i s ,  and th e  lumbar and th o rao io  reg io n s  o f  th e  s p in a l

oolumn and as  muoh o f  th e  o e rv io a l  re g io n  a s  appeared on

1 . Gray, op.  o i t . ,  page 54.

2 . I b id . .  page 282.

3 . Lulu B. Sw eigard, Symposium on P o s tu re , page 18.
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eaoh rad io g ra p h . The e x te n t  o f  th e  o e rv io a l  re g io n  in c lu d ed  

on eaoh rad io g ra p h  v a r ie d  w ith  th e  h e ig h t o f  th e  s u b je o t .

3 .  Ho a ttem p t was aade t o  r e l a t e  b i l a t e r a l  asynm etry  t o  suoh 

f a c to r s  a s  h e ig h t,  w e ig h t, anom alies o f  th e  s k e le ta l  s t ru o 

t u r e ,  in t e l l ig e n c e ,  a o o id e n t, o p e ra tio n , p a th o lo g y , h e a l th ,  

f a t ig u e ,  eoonamio s t a t u s ,  oooupation , r a c e , o r s k i l l  in  s p o r t .

4 .  The s tu d y  excluded  measurement o f r o ta t io n  o f v e r te b ra e ,  

th e re fo re  no a ttem p t was made to  determ ine th e  r e la t io n s h ip  

between l a t e r a l  d e v ia tio n  and r o ta t io n  i n  th e  sp in a l oolumn.

5 . Ho a tte m p t was made t o  determ ine w hether l a t e r a l  d e v ia tio n s  in  

th e  s p in a l  oolumn were s c o l io s e s  o f  a  fu n c t io n a l ,  t r a n s i t i o n a l ,  

o r s t r u c tu r a l  ty p e .

6 . The s tu d y  does n o t a s c r ib e  a  grade o r  r a t in g  to  th e  v a ry in g  

degrees o f  b i l a t e r a l  asymmetry.

7 . The purpose o f  th e  s tu d y  was n e i th e r  to  su p p o rt no r t o  deny 

any th e o ry  o r procedure i n  p o s tu re  and body m eohanios.

HEED FOR THE STUDY

B ro w n ell's  s tu d y  s a y s : "One canno t s t a t e  w ith  any  c e r t a in ty  t h a t  

e x p e rts  i n  p h y s ic a l eduoation  a re  b e t t e r  q u a l i f ie d  to  ran k  p o s tu re  s i l 

h o u e tte s  th a n  th o s e  in d iv id u a ls  who have n o t had s p e c ia l  t r a in in g  i n  t h i s  

f i e l d . " 1 There may be s e v e ra l reasons why t h i s  may be  t r u e ,  fo r  example:

(a )  th e  s i lh o u e t te  may n o t p rov ide  an  adequate  reeo rd  o f  in fo rm a tio n  needed 

by th e  "ex p e rt"  t o  judge p o s tu re  w ith  a  s a t i s f a c to r y  degree o f  aoouraoy;

(b ) " e x p e rts "  may d i f f e r  i n  t h e i r  s ta n d a rd s  o f  good p o s tu re ; (o ) th e  sub-

1 . C lif fo rd  Lee B row nell, A Scale f o r  M easuring th e  A n te ro -p o s te r io r  
P o s tu re  o f  H in th  Grade Ib y s ,  page 37.
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ja c t iv e  judguen t o f  b o th  th e  "ex p e rt"  and th e  u n tra in e d  person  nay  be un

r e l i a b l e ;  (d ) so l e n t  i f  io  in fo rm a tio n  re g a rd in g  th e  in t e r p r e ta t io n  o f  th e  

a lignm ent o f th e  body a s  shown by i t s  oon tour o u tl in e  may n o t be a v a i la b le .  

Whatever th e  re a so n  o r re a so n s , i t  w i l l  undoubtedly  be g ran te d  t h a t  th e  

s p e o ia l i s t  in  any f i e l d  o f  work should  be a b le  to  observe  m ore, and to  

i n t e r p r e t  t h a t  whioh he o b se rv e s , w ith  a  g r e a te r  degree  o f aoouraoy th a n  

th e  u n tra in e d  perso n .

The unique to o l  i n  p h y s io a l ed uoation  p rocedure i s  a c t i v i t y .  A ll 

a o t i v i t y  in v o lv es  neurom uscular fu n c tio n , and h a b i ts  o f m usoular fu n c tio n  

a r e  r e g is te r e d  in  p o s tu re .  For t h i s  reaso n  i t  i s  o f  v i t a l  im portance t h a t  

th e  p h y sio a l educa to r shou ld  be ab le  t o  i n t e r p r e t  p o s tu re  — i t s  advan

ta g e s  and d isadvan tages to  ease  and rhythm  in  movement — w ith  a  g re a te r  

degree o f  aoouraoy than  th e  u n tra in e d  p e rso n . O therw ise, i t  m ight t r u l y  

be s a id  t h a t  th e  in d iv id u a l  ten d s t o  became s k i l l f u l  in  s p i t e  o f  th e  

teao h in g  he re o e iv e s , n o t beoause o f i t .

In  a l l  s t r u c tu r e s  t h a t  su p p o rt and move w e ig h t, th e  re d u c tio n  o f  

s t r a i n  i n  th e  framework i s  o f  fundam ental im portance t o  th e  e f f io ie n o y  

and th e  l a s t in g  powers o f  th e  e n t i r e  s t r u o tu r e .  This g en e ra l p r in c ip le  

i s  e q u a lly  a p p lic a b le  t o  th e  human b e in g  i f  e f f io ie n o y  and d u ra tio n  a re  t o  

be achieved  in  s k i l l s  and in  ev ery  day a c t i v i t i e s .  S tu d ie s  i n  p o s tu re  

th u s  f a r  have been concerned w ith  th e  oon tour o f  th e  body. There h a s  

been no s tu d y  o f  th e  r e la t io n s h ip  o f  oontour t o  th e  alignm en t o f  th e  

su p p o rtin g  s k e le ta l  framework. B efore suoh a  s tu d y  can be made, inform a

t io n  most be ob ta in ed  concern ing  th e  asymmetry o f  th e  s k e le t a l  s tru o tu re  

i t s e l f .  The in v e s t ig a to r 's  s tu d y  i s  an a ttem p t t o  meet t h i s  need .
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HISTORICAL AMD CCKTEMPORARY STATUS

V arious s tu d io s  In  th e  alignm ent o f  th e  human body have been made 

o f  photographic and s ilh o u e tte o g ra p h io  re o o rd s  o f th e  con tour o f  th e  body* 

Most o f  th e se  s tu d ie s  have d e a l t  w ith  a n te ro p o s te r io r  a lig n m en t, and from 

t h e i r  r e s u l t s  have been  drawn th e o r ie s  concern ing  th e  alignm ent o f  th e  

su p p o rtin g  skeleton.* These in te r p r e ta t io n s  h ave , h  or e v e r , o f n e c e s s i ty  

th u s  f a r  bean la r g e ly  s u b je c t iv e .  U n ti l  th e  p re s e n t study* no in v e s t i 

g a tio n  o f r e la t io n s h ip s  in  th e  m ajor p o r t io n s  o f th e  s k e le ta l  s t r u c tu r e  

i t s e l f  has  been made by  me axis o f  rad iography*

Radiography has* f o r  th e  most p a rt*  been  used  in  s tu d ie s  o f  ana

tomic v a r ia tio n s *  o f  d e fo rm ity , or o f  patho logy  in  bones and j o i n t s .*  

Radiographs o f  th e  s k e le ta l  s t r u c tu re  as a  whole have seldom been  made* 

and never has a  s tu d y  em ploying them w ith  a  la rg e  number o f  su b je c ts  been 

undertaken* The c h ie f  re a so n s  ih y  t h i s  i s  t r u e  — why rad iog raphy  has 

n o t been u sed  in  p o s tu ra l  s tu d ie s  — a re  t h a t  th e  procedure i s  so  ex

pensive  as  t o  be p r a c t i c a l ly  p ro h ib i t iv e  fo r  th e  re se a rc h  o f  an in d iv id u a l*  

t h a t  a re a s  o f  th e  body a re  d i f f e r e n t  i n  den sity *  and th a t  th e  n ece ssa ry  

ap p ara tu s  f o r  secu ring  a  d e a r  rad io g rap h  o f  human s iz e  i s  no t oanmer- 

e i a l l y  a v a ila b le *

A study  o f  th e  anatom io r e la t io n s h ip s  i n  th e  tru n k  o f  th e  body 

has been  made by H* 0* Mahoney* o f  th e  E d u ca tio n a l D iv is io n  o f  G eneral 

E le o tr io  X-Ray C o rp o ra tio n , by means o f  rad io g ra p h y ,^  th e  purpose o f  whioh

* Many s tu d ie s  o f  pa t faomechanios o f  p a r ts  o f  th e  body* p a r t i c u la r ly  o f  
th e  s p in a l  column* have been made* These s tu d ie s  a re  n o t co n sid ered  
a p p l ic a b le  t o  a  s tu d y  o f  th e  s o -o a lle d  norm al s tru c tu re *  nor a re  th e  
r e s u l t s  o f  th e  s tu d ie s  o f  th e  s k e le t a l  s t r u c tu r e  as  independent p a r t s  
co n sid e re d  a p p lic a b le  t o  th e  in te g ra te d  r e l a t i o n  whioh m a in ta in s  in  
th e  s k e l e t a l  s t r u c tu r e  a s  a  whole*

1* H. 0* Mahoney* U npublished researoh*
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w s  t o  p rooure  anatom ical in fo rm a tio n  m u  t o  produce some fo r a  o f  reeo rd a  

o f  anatom ioal r e la t io n s h ip s  whioh would a s s t  th e  needs o f  b o th  in s t r u c to r s  

o f  anatomy and o f  th o se  engaged i n  rad io g ra p h ic  work* "No fo ra  o f  anatomy 

could  be  found i n  th e  tex tb o o k s no r in  th e  d is s e c t in g  roam whioh would 

g ive  th e  n eo essa ry  in fo rm ation*  The m ain p o in ts  o f  i n t e r e s t  reg a rd in g  

anatcsiy from  th e  te c h n ic ia n 's  s tan d p o in t a re  th e  lo c a t io n  o f  th e  p a r t s  

to  be  rad io g rap h ed  and th e  r e l a t i o n  o f th e se  p a r t s  to  o th e r  p a r ts  o f  th e  

body*"1

Mahoney's s tu d y  used  a  la rg e  number o f  rad io g rap h s  o f  s a g i t t a l ,  

o f  c o ro n a l , and o f  t r a n s v e r s e  s e c tio n s  o f th e  body in  whioh v ery  f in e  

d e t a i l  was shewn in  th e  m osaic o f  a l l  p a r ts  o f  th e  tru n k  in c lu d in g  th e  

nervous system . No means h as  been found so f a r  o f  photographing  th e se  

rad io g rap h s  w ith o u t I osb o f  muoh o f  th e  f in e  d e t a i l  o f  s t r u c t u r a l  d e s ig n .

In  th e  D epartm ent o f  C hild  H ygiene, o f  th e  Sohool o f  P u b lio  

H ealth  o f  H arvard U n iv e rs i ty ,  a  s tudy  o f  o h ild re n  d u rin g  th e  e a r ly  y e a rs  

i s  now in  p rogress*  W illiam  T* Green, U*D*, makes th e  fo llo w in g  s t a t e -  

ment reg a rd in g  th i s  study*

Ws have been  in te r e s te d  i n  de term in ing  th e  s k e le t a l  r e l a t io n 
sh ip s  o f  th e  s tan d in g  p o s i t io n  w ith  r e l a t i o n  to  th e  o e n te r  o f 
balanoe*

Since p o s tu re  i s  an  e v o lu tio n a ry  th in g ,  we have s tu d ie d  t h i s  
i n  o h ild re n  o f  v a r io u s  ages and a r e  p a r t i c u l a r ly  in t e r e s te d  in  
th e  e v o lu tio n  o f  p a r t i c u l a r  o h ild re n  over th e  p e r io d  o f  years*
Our x - ra y  s tu d ie s  a r e  c a r r i e d  o u t w ith  th e  in d iv id u a l  s tan d in g  
on a  sp r in g  balanoe i n  suoh fa s h io n  as  to  determ ine th e  a c tu a l  
o e n te r  o f  w eight bearing*

These s tu d ie s  h a re  been going an fo r  fo u r  years*  The x -ra y  
f i lm  h as  in c lu d ed  th e  s k e le to n  from  below  th e  knees th rough  th e  
oom plete spine*

1* Mahoney, o p .o i t .
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We h a re  'been in t e r e s te d  n o t o n ly  i n  th e  r e la t io n s h ip  o f  p a r ts  
o f  th e  body t o  th e  o e n te r  o f  w eigh t b e a r in g , b u t  a ls o  i n  v a r io u s  
an g les  t h a t  nay  be f a c to r s  i n  c la s s i fy in g  p o s tu r a l  r e la t io n s h ip s .
Our a d u l t  s tu d ie s  have been  r a th e r  b r i e f ,  b u t enough t o  g e t  some 
id e a  o f  th e  norm al s tan d a rd s

A nother contem porary s tu d y  i s  t h a t  o f  Du Bois^ whioh w i l l  no 

doubt evo lve  an o b je c tiv e  means o f  in t e r p r e t in g  b i l a t e r a l  asymmetry in  

s k e le ta l  a lignm en t from b i l a t e r a l  asymmetry i n  body c o n to u r. The 

p re s e n t s ta tem en t o f  th e  purpose o f  th i s  s tudy  i s  as  fo llow s*

This s tu d y  seeks to  determ ine two th in g s*  f i r s t ,  th e  r e l a t io n 
sh ip s  e x i s t in g  between th e  p o s te r io r  view  con tour o f  th e  tmmnn body 
and th e  a lig n m en t o f  i t s  su p p o rtin g  s k e le t a l  framework and second, 
on th e  b a s is  o f  th e  d isco v e re d  r e la t io n s h ip s ,  th e  s ig n if ic a n c e  o f  
co n to u r measurements f o r  p re d ic t in g  how th e  o p p o s ite  s id e s  o f th e  
sk e le to n  w i l l  d i f f e r  in  p a t te r n  o f  a lig n m en t.

L i te r a tu r e  on b i l a t e r a l  asymmetry i s  confined  g e n e ra lly  to  th e  

s p in a l  column, w ith  some d i  sous s i  on o f  th e  accompanying asymmetry i n  th e  

p e lv is  and th e  shou lder g i r d l e ,  b u t w ith  l i t t l e  o r  no d iso u ss io n  o f  asym

m etry  i n  th e  su p p o rtin g  fem ora. I t  p la o e s  a  g r e a te r  em phasis on th e  

pa th o -aeah an io s  o f  p a r t s  o f  th e  s t r u c tu r e  th a n  i t  does an  th e  meohanios i n  

th e  o o o rd ln a ted  fu n c tio n  o f  th e  body a s  a  whole i n  th e  s o -c a l le d  normal 

in d iv id u a l .

S ince emphasis i s  be ing  in c re a s in g ly  p laced  an th e  fu n c tio n in g  

o f  th e  body a s  a  w h o le , x a th e r th a n  in  p a r ts  u n re la te d  to  th e  w hole, th e  

need o f  s tu d ie s  o f  th e  body a s  a  u n i t  and th e  need o f  r e l a t in g  th e  r e 

s u l t s  o f  s tu d ie s  o f  p a r ts  o f  th e  body to  th e  body a s  a  u n i t  i s  o f  p a ra 

mount im portance ,

1 , W illiam  T , Green, U ,D , U npublished s ta te m e n t,

2 ,  Goddard Du B o is , The R e la tio n sh ip  Between th e  P o s te r io r  View Contour
* "  "  ~ '  • “  l a t e r a l  Alignment o f  i t s  S k e le ta l  Frame-



CHAPTER I I  

PROCEDURE

In  re c e n t y e a rs  advancement i n  th e  sc ie n c e  o f rad io g rap h y  has 

made i t  p o s s ib le  t o  secu re  shadow p ic tu re s  o f  th e  in te r n a l  o rgan ic  

s t ru c tu re s  o f  th e  l iv in g  human body . In  g e n e ra l th e se  rad iog raphs have 

been used  i n  two w ays, nam ely, to  in c re a se  knowledge o f l iv in g  t i s s u e s  

and t o  a id ,  o r to  oo n firm , d ia g n o sis  made by th e  m edioal p ro fe s s io n .

To f u l f i l l  th e  purpose o f  t id e  s tu d y  d a ta  on l a t e r a l  d if f e re n c e s  

in  th e  alignm ent o f  th e  s k e le ta l  framework were needed, and such d a ta  

oould  b e s t  be  p ro cu red  from  ra d io g ra p h s . S inoe th e  rad io g rap h  p re se n ts  

a tw o-dim ensional p ic tu r e  o f  a  th re e -d im e n sio n a l s t r u c tu r e ,  o l a r i t y  o f  

o u tl in e  o f  th e  conform ation  o f  a l l  s k e le t a l  p a r ts  was e s s e n t i a l  t o  

c l a r i t y  o f  o u t l in e  o f  bony landmarks w hioh m ight be  us ed a s  p o in ts  o f  

re fe re n o e  fo r  m easurem ent. In  a d d itio n  to  adequate  x - ra y  a p p a ra tu s , ex

p e r t  work i n  ta k in g  rad io g rap h s o f  th e  s k e le ta l  s t r u c tu r e  and i n  develop

ing  them  was o f  fundam ental im portance t o  th e  r e l i a b i l i t y  o f  th e  source 

o f  d a t a .

THE SUBJECTS

The su b je o ts  o f  t h i s  study  were 487 g rad u a te  and undergraduate  

men and women s tu d en ts  o f  th e  Departm ent o f  P h y s ic a l E duca tion  and H ealth*

* 516 s u b je c ts  were rad io g rap h ed , b u t th e  number o f s u b je c ts  e n te r in g  
th e  study  was reduced  to  487 fo r  reaso n s g iv en  an page 58 .
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i n  th e  Sohool o f  E ducation  o f  New York U n iv ers ity *

A ll th e  s tu d e n ts  i n  th e  i n v e s t i g a t o r 's  o la s s e s  and a l l  freshm en 

i n  th e  departm ent o f p h y s ic a l ed u ca tio n  serv ed  as su b jeo ts*  Other 

s tu d e n ts  who became in t e r e s te d  i n  th e  proposed r e s e a r  oh v o lu n tee red  to  

serve  as  su b je o ts  and were accep ted  i n  o rd e r  o f  appointm ent fo r  t h e i r  

rad io g rap h s u n t i l  516 s u b je o ts  h ad  bean radiographed*

METHOD OF SECURING THE DATA

Measurements on  the  r ig h t  and l e f t  s id e s  o f  th e  s k e l e t a l  s t r u c 

tu re  o c n s t i tu te  the main d a ta  f o r  th e  study* These d a ta  were seoured 

from  th e  rad io g ra p h s  o f  th e  su b je c ts*

Taking th e  Radiographs 

The procedure u sed  in  rad io g rap h y  was p lanned  and conducted 

w ith  th e  advioe and a s s is ta n c e  o f  s p e c i a l i s t s  in  th e  f i e l d  o f  rad iography* 

Through th e  o o o p e ra tio n  o f Hr* H* 0* Mahoney and Mr. J* B* Thomas o f  

th e  E d u ca tio n a l Department o f  G eneral E le c t r i c  X-Ray Corporation* ra d io 

graphs o f th e  su b je o ts  o f t h i s  study w ere ta k e n  in  Room 682, B duoation 

B u ild in g  o f  New York U n iv e rs ity  during th e  month of F eb ruary , 1934*

In  o rd e r  to  o b ta in  a  rad io g ra p h  o f th e  a re a  o f  th e  s k e le ta l  s t r u c 

tu r e  needed in  th e  study  I t  was n ece ssa ry  to  ta k e  two fo u r te e n  by seven

te e n  in c h  rad iog raphs o f each  su b jeo t* *  The f i r s t  rad io g rap h  was ta k e n  

to  show th e  proxim al p a r t s  of th e  fem ora, th e  p e l v i s ,  and a s  much o f

* The P o tte r-B ueky  diaphragm  was u sed  to  in su re  good d ia g n o s tic  q u a l i ty  
i n  tb s  rad io g rap h s*  S ince t h i s  diaphragm was no t a v a i la b le  in  a  
s iz e  s u f f i c i e n t ly  la rg e  fo r  rad io g rap h in g  th e  com plete p o r t io n  o f
th e  s u b je o t 's  body needed i n  th e  s tu d y , two rad io g rap h s  w ere neces
s a ry .
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F igu re  1* Equipment f o r  ta k in g  th e  rad iographs*  C shows a  sub
je o t  i n  p o s i t io n  f o r  a  th o ra o ic  rad iograph*
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th e  lumbar and -tfcoraoio region? o f  th e  sp in a l column a s  th e  c i te  o f  

ilie  f ilm  could allow * The seoQnd shaved sh o u t tw o in d ie s  o f  th e  upper 

p a r t  o f -the s tru c tu re  w hioh appeared  on th e  f i r s t  rad io g ra p h  and as mnoh as 

p o ss ib le  o f  th e  rem aining superim posed s k e le ta l  s t r u c tu r e • Thus th e  two 

rad iog raphs rev ea led  i n  eaoh s u b je o t th e  proxim al p a r ts  o f  th e  fem ora , 

th e  p e lv i s ,  the s p in a l  column a t  l e a s t  t o  th e  le v e l  o f  th e  seven th  

c e r v ic a l  v e r te b r a ,  and th e  sho u ld er g ird le*  Sometimes a  c o n s id e ra b le  

p o r tio n  o f  th e  o e rv io a l sp in e  appeared , t h i s  depending on th e  h e ig h t o f 

th e  su b jeo t*

Ithen a su b je o t was v e ry  t a l l ,  t h r e e  rad io g rap h s were taken*

These ra d io g ra p h s , how ever, w ere n o t  ino lu d ed  i n  th e  s tudy  s in c e  d i s 

t o r t i o n  in  them would n o t be s im ila r  i n  d i s t r i b u t io n  to  t h a t  on o ther 

s u b je c ts ' rad iographs*

Equipment Used

The follow ing equipm ent (se e  F igure  1) was used in  th e  r a d io -  

graphio  p ro eed u re t

* 220 Y R otary  C onverter.

* S ta b i l is e d  5-50 R adiographic U nit*
* Tube s ta n d  w ith  t r ip o d  base f o r  Coolidge Tube, w ith  p ro te c 

t iv e  sh ie ld  and a d a p te r .
* P o tte r-B uoky  diaphragm w ith  v e r t i c a l  stand*
* 4 Rayspeed c a s s e t t e s ,  14 by 17 in o h e s ,  w ith  H i-Speed screens*
* Automatic hand-tim ing  u n i t .

1194 Agfa X -ray film s*
Adhesive ta p e ,  2 by 12 in o h e s , on f lo o r  below o en te r and 

p e rp en d io u la r  to  th e  p lan e  o f  th e  E otter-B uoky  d iap h rag a .
2 o h a i r s ,  th e  baeks o f  whioh were u sed  a s  r e s t s  f o r  th e  hands' 

o f* the  su b jeo ts*
B rass w ire  plumb l i n e ,  hung in  o e n te r  f r o n t  o f  th e  P o t te r -  

Buoky diaphragm*
Lead l e t t e r s  and numbers*

* Equipment loaned  by G eneral E le o tr io  X-Ray C orporation  o f  Hew York 
C ity .
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80 unbleached m uslin  robes*

For develop ing  th e  rad io g rap h s t 
2 s a fe  l ig h ts  •

* Four 5-g a llo n  s i s e  s o lu tio n  tanks*
* 36 D eveloping h a n g e rs , 14 by 17 inohes*
* 1 F lo a tin g  tim er*
* 1 In te rv a l  tim er*

D eveloping ohem ioals — 46 g a llo n s  developer*  and 37 
g a llo n s  hypo*

A llo c a tio n  o f  Work 

The in v e s t ig a to r  and h e r a s s i s t a n t  ad m in is te red  th e  p la n  o f  work 

used  i n  rad io g rap h y  and photography .*41 The General B le c tr io  x -ra y  

s p e c i a l i s t  took  -the rad io g rap h s  and a  te o h n io a l  e x p e r t developed them*

A s p e c i a l i s t  in  photography planned th e  pho tograph ic  p rocedure  and de

veloped  th e  photographs*

P rocedure  w ith  Each Subjeot 

Each sub jeo t*  when he came f o r  h i s  rad iographs*  was asked  t o  

f i l l  o u t a  q u es tio n n a ire* * * *  A fte r  th is *  in  p re p a rin g  f o r  h i s  ra d io g ra p h s , 

he follow ed d i r e c t io n s  p laoed  in  th e  d re s s in g  room .^

P o s it io n  o f  th e  su b je o t a t  th e  x - ra y  ap p a ra tu s* A ll  su b je o ts  

stood  w ith  th e  baok  tow ard th e  Po tte r-B uoky  diaphragm* To e lim in a te  

v a r i a b i l i t y  i n  th e  ev e rs io n  o f  th e  fe e t*  eadh su b je o t was asked to  s tan d

* Equipment lo an ed  b y  G eneral E le e tr io  X-Ray C orpo ra tion  o f  New York City*

** im m ediately fo llo w in g  th e  ta k in g  o f  th e  rad iog raphs o f  each su b jeo t*  
photographs o f  t h e  baok and s id e  view o f  th e  body i n  th e  nude w ere 
taken* These photographs w ere ta k e n  i n  o rd e r  t h a t  d a ta  would be
a v a i la b le  fo r  a  study  o f  th e  oonbour o f th e  body i n  r e la t io n  t o  th e
a lignm en t o f  i t s  s k e le t a l  s t r u c tu re  * The surfhoe a sp e c t o f  th e  body* 
however* i s  n o t a  p a r t  o f t h i s  study*

*•* See Appendix* page 172*

#  See Appendix* page 173*
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w ith  th e  In n er b o rd e rs  o f  th e  f e e t  to u c h in g  th e  s id ee  o f  th e  adhesive  

ta p e  on th e  f lo o r*  No d i r e c t io n s  w ere g iven to  e s ta b l i s h  th e  h e e ls  in  

th e  same eo ro n a l p lane*  The hands r e s te d  on th e  dhair-baoks o n ly  t o  in 

c re a se  th e  con fidence  o f  th e  su b je o t t o  m a in ta in  a  p o s i t io n  w ith o u t 

swaying d u rin g  th e  tim e re q u ire d  f o r  th e  ten  exposures* The e n t i r e  tim e 

o f  th e  s u b je o t  a t  th e  x - ra y  ap p ara tu s  was approxim ately  a  m inute and a  

h a l f .

To s t a b i l i s e  th e  s u b je o t 's  p o s i t io n  th e  im m obilising  dev ice was 

fa s te n e d  ao ro ss  th e  p e lv is  f o r  th e  f i r s t  ra d io g ra p h  and ac ro ss  th e  o h e s t
i

fo r  th e  seoand rad io g rap h *  Care was ta k e n  eaoh tim e n o t to  d is tu r b  th e  

s e l f - e s ta b l is h e d  b a lan o e  o f  th e  sub jeo t*

J u s t  b e fb re  eaoh exposure i t  was no ted  w hether th e  hands o f  th e  

su b je o t w ere r e s t in g  on th e  o h a ir-b a ek s  o r  w ere pushing  a g a in s t them , 

s in o e  th e  l a t t e r  would in t e r f e r e  w ith  an easy  hanging p o s i t io n  o f  th e  

shou lder g ird le *  The r e s t i n g  p o s i t io n  o f  th e  hands in  th e  hanging  p o s i

t i o n  o f th e  h o u ld e r  g i rd le  were i n  ev ery  oase  ach ieved  befo re  th e  ra d io 

graph was taken*

P o s i t io n  o f  th e  two x -ra y  f i lm s  In  r e l a t i o n  to  th e  s u b je c t .  The 

Po tte r-B uoky  diaphragm  was moved up o r  down th e  v e r t i c a l  s ta n d a rd  as  

needed i n  o rd e r  t o  p la o e  th e  x - ra y  f i lm  baok o f  th e  p a r ts  o f  th e  body 

to  be rad iographed* The p o s i t io n  of th e  f i r s t  f i lm  was determ ined  w ith  

re fe re n c e  to  th e  l e v e l  o f  th e  g lu te a l  fo ld  o f  th e  s u b je o t .  t h a t  i s .  th e  

diaphragm was so p la o e d  th a t  th e  x - r a y  f i lm  would have i t s  lower edge 

about two inohes below  th e  le v e l o f  th e  g lu te a l  fo ld  o f  th e  sub jeo t*

The upper edge of th e  f i r s t  f i lm  was marked on  th e  r ig h t  u p r ig h t o f  th e  

v e r t i c a l  s tan d a rd  as  a  gu ide  fo r  th e  lo o a t io n  o f th e  seoond film * 

Im m ediately a f t e r  th e  exposure o f t h e  f i r s t  x - ra y  f ilm , th e
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c a s s e t te  c o n ta in in g  th e  exposed f i lm  was re p la o ed  by an o th er c a s s e t t e  

c o n ta in in g  th e  eeoond film * Then th e  diaphragm  was moved up th e  v e r t i o a l  

rods o f  th e  s tan d ard  in to  a  p o s i t io n  o v erlap p in g  th e  p o s i t io n  o f  th e  

f i r s t  f ilm  by  two in d ie s*  Care was taken  n o t to  j a r  th e  ap p ara tu s  o r  th e  

sub jeo t*  The seoond exposure was th e n  made*

D ire c t ions t o  eaoh s u b je o t* The h a b i tu a l  p o s tu re  o f  th e  su b je o t 

in  th e  s tan d in g  p o s it io n  was d e s ire d *  th e re fo re  a s  few d ir e o t io n s  a s  

p o ss ib le  w ere given* The f i r s t  d i r e o t io n s  were a s  fo llow s*  "Stand w ith  

th e  in n e r b o rd e rs  o f  y o u r f e e t  to u ch in g  th e  ad h es iv e  ta p e  on th e  f lo o r*  

Move baok u n t i l  th e  bu tto o k s touoh th e  ap p ara tu s*  Stand w ith  your 

w eight ev en ly  d iv id ed  betw een th e  fe e t*  and w ith o u t le a n in g  a g a in s t th e  

appara tu s  f o r  support*  R est your hands e a s i l y  on th e  o h a ir -b a c k s ."

F in a l d ire o t io n s  to  eaoh s u b je o t j u s t  b e fo re  th e  f i lm  was ex

posed were* " D is tr ib u te  you r w e ig r t  ev en ly  between y o u r fe e t*  s ta n d  

e a s ily *  l e t  your shou lders  hang and your hands r e s t  e a s i ly * "

Im m ediately a f t e r  th e  f i r s t  f i lm  was exposed* th e  s u b je o t was 

asked to  m a in ta in  ih e  same p o s itio n *  Follow ing th e  seoond f i lm  ex

posure* he w as to ld  to  go to  an a d jo in in g  room where two photographs* 

baok and s id e  view* o f  th e  nude body in  th e  s ta n d in g  p o s i t io n  would be 

taken*

E lim in a tio n  o f  d is tu rb in g  fh o to rs .  In  o rd e r t o  reduce to  a  m in i

mum any f a c to r  t h a t  m ight oause p sy ch o lo g ica l d is tu rb a n o e  o f  th e  su b je o t 

and hence i n c r e a s e  musols ten sio n *  only  th e  x - ra y  te o h n ie ia n  and th e  

in v e s t ig a to r  w ere w ith  t h e  su b je o t du ring  th e  rad io g ra p h ic  prooedure*

The work o f  eaoh o f th o s e  p erso n s  was p e rfo m e d  a s  q u ic k ly  and a s  q u ie t ly  

a s  p o ssib le*  a s  fo llow s*
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The te a h n io ia n *

P la c in g  le a d  l e t t e r  and number fo r  n a rk in g  f i lm  
P la c in g  o a s s e t te  c o n ta in in g  f i lm  f o r  exposure 
C entering  th e  C oolidge tu b e  
Che ok in  g th e  fo c a l f i lm  d is ta n c e
D eterm ining th e  tim e exposure o f  th e  f i lm  and -the amount o f  

e l e c t r i c  c u r r e n t  needed 
Taking th e  ra d io g ra p h

The in v e s t ig a to r t

D ire c t io n s ,  o r  dem onstra tion  i f  n e o e ssa ry , o f  th e  p o s i t io n  
o f  th e  s u b je o t 's  body r e l a t iv e  to  th e  x - ra y  ap p ara tu s  

P lac in g  th e  f i lm  in  r e l a t i o n  to  th e  s u b je o t 
D ireo tio n s  tt o  th e  su b je o t 
F asten in g  th e  com pression band in  p la c e  
R eleasing  th e  Potter-B uoky  d iqp h rap a  in to  movement

D is to r t io n  in  th e  Radiographs 

To e q u a l is e  d i s to r t io n  on th e  r i g h t  and l e f t  s id e s  o f  th e  s k e le t a l  

s t r u c tu r e ,  th e  c e n te r in g  p o in ts  o f th e  Coolidge tu b e  f o r  th e  two ra d io 

graphs o f  each s u b je o t were s tan d a rd ized *  For th e  p e lv ic  rad io g rap h  th e  

o e n te r  o f  th e  p e lv is  was oho sen a s  th e  c e n te r in g  po in t}  f a r  th e  th o ra o io  

ra d io g ra p h , th e  o en te r  o f  th e  th o ra x  was chosen a s  th e  o an te  r in g  po in t*  

Through th e  use  o f  th e se  two o e n te r in g  p o in ts  f o r  th e  rad io g rap h s o f  

each s u b je o t ,  d i s to r t io n  was e q u a liz e d  on th e  r i g h t  and l e f t  s id e s  o f 

th e  s k e le ta l  s t r u c tu r e ;  a l s o ,  the  d i s to r t io n  appeared  in  l i k e  d i s t r i b u 

t i o n  in  a l l  th e  ra d io g ra p h s .

Marking th e  Radiographs 

An aluainum  ho lde r oont aim ing th e  l e t t e r  "R" and th e  number o f  

th e  su b je o t was ta p e d  to  th e  o a s s e t t e  in  th e  lower o o m e r baok o f  th e  

r i g i t  s id e  o f  th e  sub jeo t*  A b ra s s  w ire  plumb l in e  hung a t  o e n te r  f r o n t  

o f  th e  P o tte r-B uoky  d iaphragn  a t  a l l  tim es*  Thus th e  i d e n t i f i c a t i o n
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F ig u re  2 ,  The view -box, A shows a  s id e  view ; B, a  f r o n t  view; 
and C, an  in s id e  view*
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nuriber o f  th e  s u b je c t ,  th e  id e n t i f i c a t i o n  o f  h i e . r i g h t  s id e ,  and the  

pltmb l in e  w ere rad iographed  s im ultaneously  w ith  th e  s k e le t a l  s t r u c tu r e .

Taking a  Seoond S et o f  Badiographe o f  T h ir ty  S ub jeo ts  

To aake a v a i la b le  th e  sonroe o f  d a ta  fo r  determ in ing  r e l i a b i l i t y  

o f  d e v ia tio n s  from  b i l a t e r a l  symmetry i n  th e  s k e le ta l  s t r u c tu r e  a  seoond 

s e t  o f  rad io g ra p h s  was ta k e n  on t h i r t y  o f  th e  s u b je c ts .  From one to  

th re e  weeks e la p se d  between th e  ta k in g  o f th e  f i r s t  and th e  seoond s e t  o f 

rad io g rap h s o f th e s e  s u b je o ts .  Both s e t s  were tak en  under id e n t ic a l  con

d i t io n s .

Equipment Used f o r  Study and Measurement o f  Radiographs 

A view -box and v a r io u s  in s tru m en ts  were needed i n  th e  s tu d y  and 

measurement of th e  rad io g ra p h s .

The view-boat

The view -boz (see  F ig u re  2 ) ,  e s p e c ia l ly  designed  fo r  th e  s tu d y , 

was su p p o rted  on p e d e s ta ls  28 inches high to  a llow  th e  in v e s t ig a to r  t o  

work in  a  s ta n d in g  p o s it io n ;  i t s  le n g th  was s u f f i c i e n t  to  a llow  th e  two 

rad io g rap h s o f  eaoh su b je o t t o  be p laoed  in  p roper a p p o s it io n  to  eaoh 

o th e r .  The dim ensions o f th e  view-box w ere as fo llo w s ; 30 inohes h igh  

a t  tb s  b ao k , 9 inohes h igh * t th e  f r o n t ,  22 inohes w id e , and 32 inohes 

deep from  f r o n t  t o  b ao k . The to p  o f  th e  box s la n te d  from  f ro n t  to  baok 

a t  a n  angle o f  120 degrees from th e  v e r t i c a l  so  t h a t  th e  eyes cou ld  be 

focused  e a s i ly  on any  p a r t  o f th e  ra d io g ra p h s . A p ieo e  o f  s t e e l  was 

fa s te n e d  along th e  f ro n t  edge o f  th e  top o f  th e  box t o  be u sed  as a  guide 

fo r th e  T -square . The to p  of th e  box was made i n  th e  form o f  a  frame to  

su p p o rt two b lue  t i n t e d  o p a l g la s s e s ,  14 by  17 in o h e s , p laoed  end t o  end. 

These w are he ld  i n  p la o e  b y  v e ry  sm a ll o l i p s .  L arger e U p s  were fa s te n e d
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on eaoh s id e  o f th e  su p p o rtin g  wooden framework to  h o ld  th e  ra d io g ra p h s  

in  p laoe  over th e  o p a l g la s s e s  f o r  study* To fu rn is h  i l lu m in a tio n  th re e  

200 W att V io to r Argon lamps w ere p laoed  12 inohes a p a r t  on th e  b ase  o f  

th e  b a r  i n  th e  m edian l in e  and on a  s la n t  p a r a l l e l  w ith  th e  top o f  th e  

box. E le c t r io  sw itches act th e  r i g h t  hand s id e  o f  th e  b a se  of th e  box 

o o n tro lle d  eaoh o f  th e se  lam ps. Round h o le s  a long  th e  s id e s ,  baok . and 

bottom  o f  th e  box prov ided  wen t i l  a t  io n . On th e  top o f  th e  box to  th e  

r ig h t  o f  the  b lu e  t i n t  g la sse s  was p laoed  a  f l a t  paragon s o a le .  Over th i s  

so a le  was a  m agnifying g la s s .  7 b y  5 in o h es . supported  on a  s ta n d a rd .

To th e  l e f t  o f  th e  b lue t i n t  g la s s e s  a  l i s t  o f  th e  m easurem ents, i n  th e  

o rd e r i n  whioh th e y  w ere to  b e  ta k e n , was p laoed  on th e  wooden fram e

work.

The in s trv m en ts

The in stru m en ts  used  i n  marking and m easuring th e  rad io g rap h s were

as  fo llo w s t

T sq u a re s , s iz e s  18 . 36 and 42 inohes
Two s o r ib e rs
Two h a irs p r in g  d iv id e r s
Three x y lo n i te  t r i a n g le s ,  s iz e s  8,. 9 , and 10 inohes 
Three x y lo n ite  s e m ic irc u la r  p r o t r a c to r s ,  s iz e s  5 , 8 and 10 in o h e s . 
Two f l a t  paragon so a le  s 
One arrow  bow p en o il

M atching th e  T horacic and P e lv ic  R adiographs o f  Eaoh S ub jeo t 

Since th e re  a re  suoh anom alies as  a  t r a n s i t i o n a l  v e r te b ra  in  th e  

lunfcar re g io n 1 and more th a n  f iv e  lumbar v e r te b ra e ,  seme a d d i t io n a l  guide 

b esid es  th e  tw o -in ch  o v erlap  o f  x -ra y  f i lm s  was needed in  m atching th e

1 . A lb e rt B. Ferguson, M .D., The C lin io a l and Roentgenographio I n te r 
p r e ta t io n  o f  Lumbosacral A nom alies. R adio logy . Volume XXII 
(May, 1934), page 552.
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th o ra o io  and p e lv io  ra d io g ra p h s  o f  oaoh s u b je o t .  A o a re fu l  s tu d y  was 

made o f  th e  s t r u c tu r a l  confo rm ation  o f  th e  l a t e r a l  p ro o esse s  o f  th e  low er 

th o ra o io  and th e  up p er lum bar v e r te b ra e  in  th e  f i r s t  and seoond s e t s  o f  

rad io g rap h s o f  t h i r t y  o f th e  s u b je o ts  tak en  a t  d i f f e r e n t  t i n e s ,  b u t 

under s i m i l a r  c o n d i t io n s .  I t  was found th a t  in  each s u b je o t ,  in  b o th  

s e t s  o f h is  ra d io g ra p h s , o n ly  id e n t ic a l  v e r te b ra e  would match vfaen th e  

th o ra o io  and p e lv io  ra d io g ra p h s  were overlapped t o  show th e  com plete p io -  

tu re  o f  th e  sp in a l column. Henoe a  more ex&ot gu ide than  th e  tw o-inch  

o v erla p  o f th e  two rad iographs o f  eaoh su b je o t was found i n  th e  o h a rao - 

t e r i s t i o  s tru c tu re  <f -the t r a n s v e r s e  proo esses  o f  eaoh v e r te b r a .

To avo id  any p o ss ib le  m istakes i n  th e  ju x ta p o s i t io n  o f th e  ra d io 

graphs th e y  w ere always p la o ed  on th e  view-box w ith  th e  s id e  marked nRn 

on th e  r ig h t  s id e .  In  t h i s  way any m arking w ith  t h e  s o r ib e r  always ap

peared  on th e  same su rfa c e  o f  eaoh  rad iog raph  and th e  r e s u l t a n t  rough

n ess  enabled th e  sense  o f  to u c h  to  co n firm  th e  sen se  o f  s ig h t  in  th e  

p roper placem ent o f  th e  ra d io g ra p h s  f o r  study and m easurement.

The p e lv io  rad io g rap h  was p lao ed  on th e  view bctx  f i r s t .  Then by 

using  th e  T square a s  a  gu ide th e  plumb l in e  i n  th e  ra d io g ra p h  was 

b rough t i n t o  p e rp e n d io u la r  r e l a t i o n  t o  th e  f r o n t  edge o f  th e  view-box 

and th e  ra d io g ra p h  was f a s te n e d  i n  p la c e  w ith  th e  o l i p s .  Next th e  

th o ra o io  ra d io g ra p h  w as p lao ed  on th e  view -box beyond th e  p e lv io  ra d io 

graph and moved in to  p o s i t i o n  t o  superim pose id e n t i c a l  v e r te b ra e  on th e  

two ra d io g ra p h s . A t th e  same tim e id e n t ie a l  v e r te b r a e  were b e in g  super

im posed, th e  plumb l in e  In  th e  th o ra o io  rad io g ra p h  was b rough t in to  p e r 

p en d io u la r r e l a t i o n  w ith  th e  f ro n t  edge o f  th e  v ie w b o x  and fa s te n e d  in  

p o s i t io n .  I n  th i s  manxwr th e  t r u e  alignm ent o f  th e  two rad io g rap h s  w ith  

eaoh o th e r  and w ith  th e  b ase  o f  th e  v iew b o x  was determ ined  by means o f  

th e  plumb l i n e  and th e  v e r te b r a e .
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In  th e  m a jo r i ty  o f  s u b je o ts  a  s l i g h t  s h i f t  o f  th e  body o ccu rred  

between th e  ta k in g  o f  th e  two rad iog raphs and th e  c o n t in u i ty  o f  th e  plumb 

l in e  a t  th e  ju n c t io n  o f  th e  p e lv io  and  th e  th o rao io  rad iog raphs was 

b roken . The d e v ia t io n  from  c o n t in u i ty ,  how ever, was so s l ig h t  t h a t  th e re  

was no d i f f i c u l ty  in  superim posing th e  p ro p e r  v e r te b ra e .

A f te r  t h e  two rad io g rap h s w ere p lao ed  p ro p e r ly  and f irm ly  fa s te n e d  

on th e  view-box a  a o r ib e r  was used to  punctu re  p e rp e n d ic u la r ly  th e  over

lap p in g  p a r ts  of th e  two rad io g ra p h s  on th e  r ig h t  and l e f t  s id e s  in  a  

h o r iz o n ta l l i n e  and ab o u t tw o -th ird s  th e  d is ta n c e  from th e  o e n te r .  Us

in g  th e  s o r ib e r ,  w ith  th e  T square as a  g u id e , a  v o r t i c a l  l i n e  was marked 

through the  puno tv res in  one ra d io g ra p h  onto th e  n e x t .  The c o n tin u ity  

o f  th e se  v e r t i c a l  l in e s  se rv e d  a s  one o f  th e  gu ides i n  a l ig n in g  th e  

rad iographs a f t e r  th e  o v e rla p p in g  p a r t s  were o u t  away.

The rad io g rap h s  were th en  removed from  th e  i l lu m in a to r  and a  

f in e  p e n c i l  l i n e  was draw n a c ro ss  eaoh th ro u g h  th e  two p u n o tu re s . This 

l in e  was used  a s  a  gu ide  f o r  c u t t in g  th e  unneeded p o r t io n  from  eaoh f ilm  

w ith  a  la rg e  p ap e r o u t t e r .

By means o f t h i s  prooedure th e  p e lv io  and th o ra o io  rad iographs 

when plaoed  end t o  end on th e  view-box p re sen te d  th e  oomplete p ic tu r e  

o f th e  s k e le t a l  s t ru c tu re  w ith  whioh t h i s  study  i s  concerned .

P re lim in a ry  S tudy o f  S k e le ta l  D ev ia tio n  

B i l a t e r a l  a sy a n e try  i n  th e  aligpm ent o f  th e  s k e le t a l  framework 

in  th e  s o -o a lle d  normal body Im plies d e v ia tio n  from sym m etrical p o s i t io n  

o f  p a r ts  o f  th e  s k e le to n  th rough  change in  r e la t io n s h ip  a t  th e  j o i n t s .



25

In  o rd e r  to  determ ine ( l )  th e  p robable d i r e c t io n  end  p lane o f  

movement vh ioh  produoed v a r io u s  a sy n m etries  o f a lignm en t s h a m  on the  

ra d io g ra p h s , and (2 ) th e  measurements w hich sh o u ld  be ta k e n , i t  was 

n ece ssa ry  t o  reproduoe s k e le ta l  asym m etries com parable to  th o se  on th e  

rad iographs*  This was done w ith  th e  fo llo w in g  inan im ate  s k e l e t a l  s t r u c 

tu r e s  s a  p e lv is  w ith  a t ta c h e d , f l e x i b le  s p in a l  oolumn; s e p a ra te  fem oral 

bones, sho u ld er g i r d l e ,  r i b s  and v e r te b ra e ;  and a  com plete ly  assem bled 

skele ton*  These s k e l e t a l  s t r u c tu r e s  w ere m anipu la ted  u n t i l ,  by  t r i a l  and 

e r r o r ,  v a rio u s  asym m etries com parable to  -those on th e  rad io g ra p h s  w ere 

produced* In  each in s ta n c e  d i r e o t io n  and p la n e  o f  movement o f  a  p a r t  in  

r e l a t i o n  to  a  o e n t r a l  ax is  and in  r e l a t i o n  t o  o th e r p a r t s ,  and th e  n a tu re  

o f  movement in  th e  v a r io u s  jo in t s  oanoeraed w ere n o te d ; th e  dim ensional 

and a n g u la tio n  changes between p a r t s  were observed ; and p o s s ib le  p o in ts  

o f  re fe re n c e  f a r  measurement o f  th e se  changes were d iscovered*

Gray say s  th a t  t h e  k in d s  o f  movaaent a  da is  s ib  le  in  j o i n t s  a re  

o f te n  more o r l e s s  oombined in  th e  v a r io u s  jo in t s  to  produce an  i n f i n i t e  

v a r ie ty  o f  movement*^- Khen a  g re a t  v a r i e ty  o f  movement i s  p o s s ib le ,  a  

g re a t  v a r ie ty  o f  acyonetxy  i s ,  no dovfct, a l s o  p o s s ib le *  For t h i s  re a so n , 

th e  experim en ta l study  was l im ite d  t o  movements o f th e  p e lv i s ,  th e  fem ora, 

th e  s p in a l  oolumn, and th e  sho u ld er g i r d le  i n  th e  s a g i t t a l ,  o o ro n a l,  and 

t r a n s v e r s e  p la n e s , bu t suoh l im i ta t io n  w as made w ith  com plete aware

n ess  t h a t  p ro b ab ly  l i t t l e ,  i f  any  movement ooours s in g ly  a t  one j o i n t  

o r  ta k e s  p la c e  p u re ly  i n  one o f  th e  an a tca iio a l p lanes*

1* Gray, op* c i t * , page 282*
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F ig u re  S* B i l a te r a l  tym netry i n  th e  p e lv is  and lower spine* A 
i s  a  photograph o f  th e  inan im ate  p e lv is  ba lanced  on tb s  tu b e r o s i t i e s  
o f  th e  i s e h ia j  B i s  a  rad io g ra p h  o f  a  p e lv is  r e s t i n g  on th e  fem ora in  
th e  s tand ing  p o s itio n *  I t  approxim ates b i l a t e r a l  sy u n e try  and p re s e n ts  
v e ry  s im ila r  r e la t io n s h ip s  to  th o se  shown i n  A*
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The p e lv is  a t  r e s t  on th e  tu b e r o s i t i e s  o f  th e  la d h ia

The inanim ate p e lv io  s k e le to n  n i th  a tta c h e d  s p in a l  oolumn (see  

F igure 3) mas suspended in  a  manner to  a llow  i t s  w eig h t to  r e s t  on th e  

tu b e r o s i t i e s  o f  t h e  i s o h ia  (E -E ). A plumb l i n e  (PL) com parable to  th e  

c e n t r a l  v e r t i c a l  a x i s  on  the rad io g ra p h s  was hung so  th a t  i t  b is e e te d  th e  

to p  o f  th e  aaen n u  T ra n s la tin g  th e  v iew  o f  th e  p e lv io  sk e le to n  in to  a  

tw o-dim ensional p io tu re  as  shown in  F igure 3 ,  th e  fo llo w in g  i s  n o ted : 

th e  t r u e  p e lv io  opening (marked w ith  a  d o tte d  l i n e )  i s  o r a l  in  shape) 

th e  ooooyx (0 ) appears in  th e  pubio  a rch ; th e  o b tu ra to r  foram ina (X-X) 

show s im ila r ly  t h e i r  f u l l  s iz e  and shape) th e  body o f  th e  f i f t h  lumbar 

V erteb ra  (SL) i s  d is  t i n o t  in  o u t l in e  and shows do overlapp ing  on th e  

upper p a r t  o f  th e  aaorum) th e  sp ines o f  th e  is o h ia  ( Sp-Sp) appear w ith in  

th e  o b tu ra to r  foram ina) th e  plumb l in e  b i s e c t s  th e  pub io  symphysis (S)*

The p a r t s  o f th e  r ig h t  and l e f t  s id es  o f th e  p e lv is  which a re  s u f f i c i e n t ly  

d e f in i t e  i n  o u t l in e  f a r  com parison in  p o s i t io n  a re  th e  o r e s ts  o f  th e  

i l i a  (B -B ), the  w ings o f  th e  saorum (A-A), th e  p o s te r io r  i n f e r i o r  sp in es  

o f  th e  i l i a  (C -C), th e  la te ro su p a r i c r  borders o f  th e  a o e ta b u la  (D-D),  and 

th e  tu b e ro s i t ie s  o f th e  is o h ia  (E -E ).



F igure  4* Harked a n te ro p o s te r io r  t i l t  o f  th e  p e lv is*  A shows 
the inan im ate  s k e le ta l  p e lv is  w ith  i t s  w eight r e s t in g  a n te r io r  to  th e  
tu b e r o s i t ie s  o f  th e  is o h ia ;  B shows a  rad io g rap h  o f a  p e lv is  s im ila r  
in  appearance in  a  su b jeo t i n  th e  s ta n d in g  p o s itio n *
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The p e lv is  ro ta te d  i n  a  s a g i t t a l  p lan e

The p e lv ie  sk e le to n  s a s  rooked f a rm rd  i n  a  s a g i t t a l  plane on 

a  median o o ro n a l a x is  to  in c re a s e  i t s  a n te ro p o s te r io r  t i l t  and to  

oause i t s  w eigh t to  be  borne on th e  a n t e r io r  p a r t  o f  eaoh isohium  (see  

F igure 4 ) .  The r e s u l t in g  p io td fe  i s  s im i la r  on th e  rig v b  and l e f t  

h a lv e s ,  bu t th e  appearance o f  r e l a t io n s h ip  o f  p a r t s  i s  ehanged from  th a t  

shown in  F ig ir e  5 i n  th e  fo llow ing  ways* th e  opening o f  tb s  t r u e  p e lv is  

(marked w ith  a  d o t te d  l i n e )  i s  more c i r c u la r  i n  shape and th e  v e r t i c a l  

distam oe between th e  p o s te r io r  in f e r i o r  sp in es  o f  th e  i l i a  (C-C) and th e  

a n te r io r  rim  o f 1he tru e  p e lv is  (B-B) i s  in c re a s e d ; th e  coccyx (0 )  appears 

w ith in  the  rim o f th e  tru e  p e lv is ;  th e  o b tu ra to r  foram ina (X-X) shear 

le s s  d is ta n c e  betw een t h e i r  upper and lo s e r  b o rd e rs , t h e i r  f u l l  s is e  

b e in g  l o s t  t o  v iew ; and t h e  sp ines o f  th e  is o h ia  (Sp-Sp) appear w ith in  

th e  rim  o f  th e  t r u e  p e lv is*
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A

B

F igu re  5 .  L a te ra l  t i l t  o f  th e  p e lv i s .  A shows th e  inanim ate 
p e lv is  r e s t i n g  on th e  r i g h t  i s e h i a l  tu b e ro s i ty ;  B i s  a  rad io g rap h  o f 
a  p e lv is  t i l t e d  l a t e r a l l y  i n  a  s u b je o t i n  th e  s tan d in g  p o s itio n *
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The p e lv is  r o ta te d  on a  eo ro n e l p la n e

The p e lv ic  s k e le to n  was t i l t e d  l a t e r a l l y  to  r e s t  on th e  r i g h t  

tu b e ro s i ty  o f  th e  i s o h iw  (E ) , th a t  i s ,  i t  was r o ta te d  a s  e v e n ly  as 

p o s s ib le  i n  a  oo ronal p la n e  around a  median s a g i t t a l  a x is  (se e  F igure 5 ) . 

This l a t e r a l  a n g u la tio n  o f  th e  p e lv is  r e s u l t s  i n  a  g r e a te r  h e ig h t o f  th e  

l e f t  th an  of th e  r ig h t  s id e  o f  th e  p e lv is*  This i s  ev id en t a t  th e  wings 

o f  th e  saorum (A-A), a t  th e  o r e s t s  # f  th e  i l i a  (B -B ), a t  th e  p o s te r io r  

in f e r io r  sp ines o f  th e  i l i a  (C -C ), and a t  th e  low er b o rders  o f  th e  

tu b e r o s i t ie s  o f  th e  iso h ia  (E-E)* The pubio  symphysis (S ) s la n ts  l a t e r a l l y  

and appears t o  the l e f t  o f  th e  plumb l i n e  (PL)* The o b tu ra to r  foram ina 

(X-X) a re  d i f f e r e n t  in  s iz e *  Below th e  le v e l  o f  th e  saorum, id e n t ic a l  

l a t e r a l  p a r ts  o f th e  p e lv is  a r e  f a r th e r  from th e  plumb l in e  on th e  l e f t  

th a n  on th e  r ig h t  s id e ;  the  re v e rs e  i s  t ru e  o f  p a r ts  above th e  le v e l  o f  

th e  saorum. The fo u r th  1 unbar v e r te b ra  (4L) shews more a re a  t o  th e  

r i g h t  th a n  to  th e  l e f t  o f  th e  plumb lin e *
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A

F ig u re  6* H o riso n ta l r o ta t io n  o f  th e  p e lv i s .  A shows th e  in a n 
im ate p e lv is  r o ta te d  to  th e  l e f t j  B i s  a  rad io g rap h  o f  th e  p e lv is  r o ta te d  
to  th e  l e f t  i n  a  su b jeo t i n  th e  s tan d in g  p o s itio n *
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The p e lv is  r o ta t e d  l a  a  tr a n s  v e rs e  p lane

The p e lv io  d o e le to n w as  r o ta t e d  t o  th e  l e f t  ( countero lookw ise) 

i n  a  tr a n s v e rs e  p lane  around a  median v e r t i c a l  a x i s ,  m a in ta in in g  th e  

o o n ta o t o f  th e  tu b e r o s i t i e s  o f  th e  is o h ia  (E-E) w ith  th e  su p p o rtin g  

su rfa c e  (see  F igure  6 ) .  The r e s u l t s  a re  a  d ecreased  w idth  o f th e  r i g h t  

il iu m  (B) and an in c re a sed  w idth  o f  th e  l e f t  il iu m  (B’ ) i  in  o o n tr a s t  

t o  t i l l s  th e r e  i s  an in c re a se d  w id th  o f th e  r ig h t  o b tu ra to r  foramen (X) 

and a  decreased  w idth o f  th e  l e f t  o b tu ra to r  foram en (X* )•  D iagonal 

d is ta n c e s  betw een l a t e r a l  id e n b io a l p a r ts  o f  th e  p e lv is  and th e  o e n te r  

o f  th e  top o f  th e  saorum a r e  g r e a te r  on  th e  l e f t  th a n  on th e  r ig h t  

side*
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F ig u re  7 .  R o ta tio n  o f  the femora* A shown th e  fem ora in  sim
i l a r  r e l a t i o n  to  th e  p e lv is )  B shows th e  r ig h t  femur i n  inw ard r o t a 
t i o n ,  th e  l e f t  femur i n  outward r o ta t io n )  C i s  a  rad io g rap h  o f  a  su b je c t 
i n  th e  s tan d in g  p o s i t io n  i n  whioh th e  l e f t  femur shows more outward 
r o ta t io n  th a n  th e  r i g h t  femur*



30

The femora in  h o r iz o n ta l  r o ta t io n  and i n  l a t e r a l  d e v ia t io n

Figure 7A dicere th e  femora in  s im ila r  r e la t io n s h ip  to  th e  p e l

v i s ;  F igure 7B sheers the  r i g h t  femur i n  outward r o t a t i o n  and th e  l e f t  

femur i n  inw ard ro ta t io n *  Hhen th e  femur i s  r o ta te d  outward th e  chang

ing  p o s i t io n  o f  the  g re a te r  t r o o h a n te r  oauses th e  neck o f th e  fem ur to
* ,

appear s h o r te r  from  th e  beginning  o f  th e  r o ta t io n ;  a t  th e  same tim e th e  

sm all t ro o h a n te r  becomes more prom inent i n  th e  in s id e  o f  th e  fbmoral 

s h a f t  ( s e e  r ig h t  A m ur, F igure 7 1 ) .  Then t h e  fem ur i s  r o ta t e d  inward 

th e  changing p o s i t io n  o f  th e  g re a t  t ro o h a n te r  f i r s t  causes th e  neck o f  

th e  femur t o  appear longer*  b u t w ith  con tinued  inw ard r o ta t io n  i t  f i n a l ly  

appears d io r t e r ;  a t  th e  same tim e th e  sm all tro o h a n te r  beoames le s s  

prom inent on th e  In s id e  o f  th e  fem oral sh a ft*  f i n a l l y  d isap p ea rin g  back 

o f  i t  (see  l e f t  famur* F igure 7B)*

Hheh th e  p e lv is  w ith  fa n o ra  a tta o h e d  i s  r o ta te d  i n  th e  co ro n a l 

plane* th a t  is*  t i l t e d  l a t e r a l l y ,  th e  fbm oral heads are  changed in  t h e i r  

r e la t iv e  h e ig h t i n  a  manner s im ila r  t o  th e  ohange in  r e l a t i v e  h e ig h t o f  

th e  i l i a  (se e  f ig u re  6B, page 27a)* As th e  p e lv is  and fem ora move in  

co ro n a l ro ta t io n *  one Amur in  i t s  proxim al p o r t io n  moves' away from  th e  

c e n t r a l  v e r t i c a l  l i n e  w h ile  th e  o th e r  Amur in  i t s  proxin& l p o r t io n  moves 

tow ard i t *  Thus o o ro n a l r o t a t i o n  o f  th e  p e lv is  and  femora produoes 

g r e a te r  h e ig h t o f th e  i l i u n  and th e  fem oral head and g r e a te r  prominence
M

o f  the  proxim al p o r t io n  o f  th e  femur on th e  same s id e  o f  th e  s tru c tu re *
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The s p in a l  oolunn l a  l a t e r a l  d e v ia tio n

I t  I s  lo g ic a l  to  expeo t t h a t  any change i n  p o s i t io n  o f  th e  

s a c ra l  t a b le  a s  th e  b a se  o f su p p o rt fo r  th e  sp in a l oolunm w i l l  te n d  

to  r e s u l t  i n  sane change in  p o s i t io n  o f  th e  s p in a l  oolunm. Because o f  

th e  f l e x i b i l i t y  o f  th e  inan im ate sp in a l oolumn l i t t l e  ex p e rim en ta tio n  

was done w ith  i t  o th e r  th a n  t o  n o te  th e  re a c t io n a ry  movement i n  i t s  

p o r tio n  n ex t to  th e  p e lv is  (lunfcar spine ) whan th e  p e lv is  was p la ced  

in  v a r io u s  p o s i t i o n s .  W ith a n  in c re a se  i n  th e  a n te ro p o s te r io r  t i l t  

o f  th e  p e lv is  th e  s a c r a l  ta b le  becomes more s la n t in g  and th e  spine 

sags forw ard (se e  F ig u re  4B, page 2 6 a ). With a  l a t e r a l  t i l t  o f  the  

p e lv is  t o  r a i s e  i t s  l e f t  s id e ,  th e  re a c tio n a ry  response in  th e  spine i s  

a  l a t e r a l  a n g u la tio n  o f  th e  f i f t h  lumbar v e r te b ra  and a  sagging  to  th e  

r i g i t  o f  th e  superim posed lum bar v e r te b ra e  a s  shown in  F igure and B, 

page 27a.



A B

F ig u re  8* The shou lder g i r d le  and upper th o rax*  A i s  a  rad io 
graph o f  th e  th o rax  i n  which the shou lder g i r d le  and upper th o ra x  a re  
f a i r l y  sym m etrical; B i s  one i n  w hioh bo th  s t r u e tu re s  a re  h ig h e r  on th e  
l e f t  side*
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The ah o u ld er g i rd le  and upper th o ra x  i n  o o rcn a l r o ta t io n

Yihen one s id e  o f th e  sh o u ld e r g i rd le  i s  r a i s e d  h ig h e r  'than th e  

o th e r (se e  F igure 8 B) the  main ohanges are  shown in  th e  r e la t iv e  h e ig h ts  

o f i t s  p a r ts  in  th e  fo llow ing  lo o a t io n s t  a t  th e  soap u la r in f e r io r  an g les  

(IA ), and a t  th e  l a t e r a l  p o in ts  o f  in te r s e c t io n  o f  th e  c la v ic le  w ith  th e  

seoond r i b  (Cl]fc The s tu d y  o f  v a r io u s  rad iog raphs in d ic a te d  th a t  change 

in  h e ig h t o f  t h e  r i g h t  and l e f t  h a lv es  o f  th e  upper th o ra x  i s  e v id e n t 

in  th e  oom parative h e ig h t  o f  th e  thadows o f  th e  c ro s s in g  o f th e  f i r s t  

and seoond rflos (R)»
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Movement o f  th e  inanim ate s k e le t a l  s t ru c tu re s  i n  th e  c o ro n a l,  

t r a n s v e r s e ,  and s a g i t t a l  p lanes produces asym m etries which may in  

g e n e ra l b e  summarized a s  fo llo w s t

1 . R o ta tio n  in  th e  ooron&l p la n e  p roduces l a t e r a l  a n g u la tio n  

which i s  aooomp&nied by b i l a t e r a l  asymmetry in  v e r t i c a l ,  

h o r iz o n ta l ,  and d iag o n a l r e la t io n s h ip s .

2 . R o ta tio n  i n  a  tr a n s v e rs e  p lane  produces b i l a t e r a l  asymmetry 

in  h o r iz o n ta l  and in  d iag o n a l r e la t io n s h ip s .

3 . L a te ra l  movement i n  a  co ronal p la n e  produoes b i l a t e r a l  

asymmetry i n  h o r iz o n ta l  and in  d ia g o n a l r e la t io n s h ip s .

4 .  A n te ro p o s te rio r  movement i n  a  s a g i t t a l  p lan e  when e q u a l 

b i l a t e r a l l y  produoes change i n  v e r t i c a l  r e la t io n s h ip s ;  

when unequal b i l a t e r a l l y ,  i t  produoes b i l a t e r a l  d if fe re n c e  

in  d ia g o n a l and in  v e r t i c a l  r e l a t io n s h ip s .

The m easuraaan ts on  th e  rad io g ra p h s  w ere l im ite d  to  th e  above 

types o f b i l a t e r a l  asym m etries.

Procedure i n  Taking T riad  Measurements on th e  Radiographs

I t  was n eo essa ry  t o  ta k e  t r i a l  measurements on th e  rad io g ra p h s  in  

o rd er to  g a in  s k i l l  in  ta k in g  m easurem ents, t o  d is c o v e r  e r r o r s  in  ta k 

ing  and re a d in g  m easurem ents, to  e s ta b l i s h  th e  r e l i a b i l i t y  o f  p o in ts  

o f  re fe re n c e  f a r  th e  v a r io u s  m easurem ents, and to  determ ine which 

measurements w ere  s u b je c t to  co n tin u ed  g ro s s  e rro r*
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Radiographs u se d  i n  th e  t r i a l  measurements

For th e  t r i a l  measurements th e  rad io g rap h s  o f  n in e ty  s u b je c ts  were 

used* Only e s s e n t i a l  m arkings mere made on -these ra d io g ra p h s , nam ely, 

th e  c e n t r a l  v e r t l o a l  a x i s ,  -the c e n te r s  o f  th e  head s o f  th e  fem ora , a  

v e r t i c a l  l in e  on eaoh il iu m  from  th e  c e n te r  o f th e  head o f -the fem ur, a  

l i n e  b i s  s o t  lu g  eaoh fem oral neok, and th e  c e n te r  o f  eaoh v e r te b r a .  For 

a  d e s c r ip t io n  o f  -these m arkings ,  s e e  "p o in ts  o f  re fe re n c e " , pages 35  t o  40* 

F i r s t  t r i a l  m easurem ents.  The rad io g rap h s o f  s ix ty  o f  -the n in e ty  

su b jeo ts  w ere u se d  fb r  -the f i r s t  measurements* S ix ty -e ig h t d i f f e r e n t  

measurements (exclud ing  th o s e  on th e  o e rv io a l  v e r te b ra e  and l a t e r a l  

ourves o f  th e  s p in a l  oolumn) were ta k en  on -the ra d io g ra p h s  o f  eaoh su b - 

j e o t ,  th i r ty - s e v e n  o f  th e se  b e in g  tak en  on both the r ig h t  and th e  l e f t  

s id e s  o f  th e  s k e l e t a l  s tru c tu re *  Thus a  t o t a l  o f  105, o r  m ore, m easure

ments were made on th e  rad iog raphs o f each su b jec t*  A fte r  th e  oom plete 

s e t  o f  m easurem ents h ad  been  ta k e n , a  week was allow ed t o  in te rv e n e  

befo re  th e  same measurements were ta k e n  a g a in  on th e  same rad io g rap h s*

The r e s u l t s  o f  th e  su ccess iv e  measurements wore compared to  

determ ine w hether any changes i n  p rocedure  or i n  measurements should be 

made b e fo re  b eg in n in g  th e  second t r i a l  measurements* I t  was found  th a t  

th e re  was a  f r e q u e n t e r r o r  o f  t e n - f i f t i e t h s  o f  a n  in c h , vh io h  was a s 

sumed to  b e  a reading  e r r o r *  To r e c t i f y  t h i s ,  a m agnifying g la s s  was 

p la ced  o v er th e  paragon so a le*

During tb s  neasuremeirt p rocedure some d i f f i c u l ty  had  been ex 

p e rie n ced  in  th e  e x a c t  lo c a tio n  o f  a  few o f  th e  p o in ts  o f re fe re n c e . I t  

was found th a t  the measurements i n  w hich such  p o in ts  o f  re fe ren c e  had  

been u sed  showed a  v a ry in g  d e g re e  o f  g ro ss  e r ro r*  Such measurements 

were e i t l e r  e l im in a te d  o r t h e i r  p o in t s  o f  re fe re n o e  were ohanged* In
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th o se  o u t s  i n  w hich e l im in a tio n  o f  a e u a r n a i t a  r e s u l t e d  in  th e  lo s s  

o f measurement o f  o e r t a in  -types o f  d e v ia t io n ,  o t t e r  Measurements w ith  

more s p e o if io  p o in ts  o f  re fe re n o e  w ere s u b s t i tu t e d .

Seoond t r i a l  m easurem ents. For th e  seoond t r i a l  measurements 

th e  ra d io g ra p h s  of t h i r t y  su b je c ts  o f  th e  f i r s t  t r i a l  measurements and 

th o se  o f  t h i r t y  new s u b je c ts  were u sed . The rad io g rap h s o f th e  f i r s t  

t h i r t y  au b jeo ts  w ere rem easured in  o rd e r  to  determ ine w hat in f lu e n c e , i f  

any, c e r t a in  ohanges i n  the p o in ts  o f  re fe re n o e  had on th e  aoouraoy o f  

m easurem ent. In  t h i s  seoond t r i a l ,  f i f t y - f o u r  measurements (exclud ing  

th o se  on t h e  e e rv io a l  v e r te b ra e  and l a t e r a l  curves o f  th e  sp in a l oolumn) 

were ta k e n  on  th e  rad io g rap h s  o f  eaoh s u b je o t .  These m easurem ents were

rep ea ted  a  seoond tim e  f a r  oam parison o f  r e s u l t s .

P o in ts  o f  re fe ren o e

The fo llo w in g  i s  a  d e s c r ip t io n  o f  a l l  p o in ts  o f  re fe re n c e  ifcioh 

were u sed  i n  making th e  t r i a l  and th e  f i n a l  measurements on th e  v a r io u s  

p a r ts  o f th e  s k e le t a l  s t ru c tu re  •

The o e n t r a l  v e r t i c a l  a x i s .  The c e n t r a l  v e r t i o a l  a x is  i s  a  v e r 

t i c a l  l i n e  a r b i t r a r i l y  p laced  on eaoh ra d io g ra p h . I t  was draw n w ith  a

s o r ib e r  th rough  th e  o e n te r  o f th e  top o f  th e  sacrum  p a r a l l e l  to  the  plumb

lin e  on th e  ra d io g ra p h . The c e n te r  o f  th e  to p  o f  th e  sacrum was oh os en 

fo r  two reasons t  ( l )  th e  saorum is  th e  base  o f  su p p o rt o f th e  sp in a l 

oolumn and i t s  a tta c h e d  s t r u s t u r e s ,  and ( 2 )  i n  b i l a t e r a l  a s y m m e t r y  i t  

i s  assumed t h a t  w e ig h t d iv id e s  ev en ly  a t  th e  to p  o f  th e  saorum  to  be 

t r a n s f e r r e d  through eaoh h a l f  o f th e  p e lv is  in to  th e  two su p p o rtin g  low er 

e x tre m itie s  .

S a c ra l w ings.  The p o in ts  o f  re  f t  re  no e  on th e  w ings o f  th e  saorum
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were th e  s ip e x io r p a r ts  o f t h e i r  borders*

S a o ra l ax is*  The s a o ra l  a x i s  was a l i n e  drawn to  b i s e e t  th e  

w id th  o f  th e  saorum. Khan th e  s a o ra l  a x i s  w as u sed  a s  a p o in t  o f  r e f e r 

en ce , th e  measurement was ta k e n  a t  r i g h t  a n g le s  t o  t h i s  a x i s .

S aoral t a b l e . * This p o in t  o f  re fe ren o e  w as a  l i n e  drawn abou t 

an in c h  below and p a r a l l e l  to  th e  s a o r a l  ta b le *

C re s ts  o f  th e  i l i a .  The p o in ts  o f  re fe re n o e  oh th e  o r e s ts  o f 

th e  i l i a  ware th e  s u p e r io r  p a r ts  o f  t h e i r  bo rders*

P o s te r io r  in f e r io r  sp in e  o f  the  i l iu m . The m ed ia l p o in t  o f  th e  

il iu m  a t  th e  in f e r i  o r  end o f  i t s  s a o ra l  a f t i o u la t io n  was used  a s  a  

p o in t o f  re fe re n o e  an th e  ilium *

F ar ilitm x.  The f t ir  i l i u a  r e f e r s  to  th e  p o s te r io r  i n f e r i o r  sp ine  

o f  the i l iu m  lo c a te d  on th e  s id e  o f  th e  cuds o p p o site  t o  th e  d e v ia tin g  

s k e le ta l  p a r t .

Acetabulum* The p o in t o f re fe ren o e  on th e  aoetabu lum  was i t s  

la te ro - s u p e r io r  b o rd e r  on th e  i l iu m .

O b tu ra to r foram en. The borders  o f  th e  o b tu ra to r  foram en a t  i t s  

g r e a te s t  h o r iz o n ta l  w idth and  a t  i t s  g r e a te s t  v e r t i c a l  dep th  was used 

f o r  p o in ts  o f  referenoe*

A n te r io r  rim  o f  th e  t r u e  p e l v i s * The p o in ts  o f  re fe ren o e  an th e  

a n te r io r  r im  o f th e  t r u e  p e lv is  w ere (a )  th o se  i n  th e  same s a g i t t a l  

p lane a s  th e  m ed ia l b o rd e rs  o f  th e  o b tu ra to r  foram ina and (b )  those  in  

th e  — s a g i t t a l  p la n e  a s  th e  p o s te r io r  in f e r i o r  sp in es  o f  th e  i l i a *

* A lb e r t  B* Ferguson, U.D*, New York O rthopedic H o sp ita l ,  suggested  t h a t  
th e  l a t e r a l  a n g u la tio n  o f  th e  s a o ra l  t a b le  should  b e  measured in  
a d d i t io n  to  th e  l a t e r a l  a n g u la tio n  o f  th e  s a o ra l  w ings w ince th e  
l a t t e r  a r e  some tim es q u ite  d i f f e r e n t  i n  con fo rm ation .
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The pnblo symphysis* The o e n te r  o f  th e  pubio symphysis was u sed  

as i t 8 p o in t o f  referenoe*

Pubio symphysis a x is*  The a x is  o f  th e  pubio symphysis was a l i n e  

b is e c t in g  th e  space between th e  r i g h t  a id  l e f t  pubio bones* Hhen th e  

pubio symphysis a x is  was u sed  a s  a  p o in t  o f  re fe re n o e , th e  measurement 

was taken  a t  r i g i t  an g le s  to  t h i s  ax is*

T u b e ro s it ie s  of th e  iso h ia *  The in f e r i o r  b o rd e rs  o f  th e  

tu b e ro s i t ie s  o f  th e  is o h ia  w ere used  a s  p o in ts  o f  re fe ren o e*

C enter o f  th e  fem o ra l head* In  some o f  th e  t r i a l  measurements 

th e  upper p e r t  o f 1h e  fo v ea  o a p i t i s  on th e  head  o f  the  fem ur m s  used  

as a  p o in t o f  re fe re n o e  fo r  measurement* However, t h i s  was an  in d e

f i n i t e  marking on  many rad iog raphs*  I t  was th e n  n e c e ssa ry  to  f in d  a  

h y p o th e tic a l o e n te r  o f th e  head  o f  th e  femur* T his was e s ta b l is h e d  by 

m a n s  of th e  arrow  bow p e n c il • The s t e e l  p o in t  o f  th e  p e n o i l  was p laced  

a t  th e  p o in t o f  ju n c tio n , o f  th e  shadow o f  th e  isohium  and th e  head o f  th e  

fem ur a s  a  c e n te r  f o r  d e s c r ib in g  a  s e m ic irc le  on th e  head and neck of 

th e  femur* The s t e e l  p o in t m s  n e x t p la ced  a t  th e  p o in t  o f  ju n c tio n  o f  

th e  shadow o f  th e  il iu m  and th e  head o f  th e  femur* and ano ther sem i

c i r c l e  was drawn to  o ro ss  th e  f i r s t  se m ic irc le  i n  two p la c e s .  A l in e  was 

th e n  drawn th ro u g h  th e  two p o in ts  o f  in te r s e o t io n  o f  th e  sem io iro le s  and 

extexkLed throw  g i th e  fem ora l bead to  th e  c e n t r a l  v e r t i c a l  a x is*  This 

l in e  i n  g e n e ra l b is e o te d  th e  fem ora l neck* I t s  p o in t o f  in te r s e o t io n  w ith  

th e  h ead  o f th e  f m u r  was co n sidered  th e  o e n te r  o f  th e  fem oral head (se e  

F ig u re  9 , page 58)*

Femoral heads* When th e  fem ora l head  i s  m entioned as a  p o in t o f  

re fe re n o e , i t  r e f e r s  t o  th e  s u p e r io r  b o rd e rs  o f  th e  fem ora l head**

* N ote th a t  t h i s  e s ta b l i s h e s  a  seoond p o in t  o f  re fe re n o e  on th e  fem oral head*
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F igu re  9 .  Method o f  f in d in g  th e  c e n te r  o f  th e  fem oral head , and 
th e  l in e  b is e o t in g  th e  fem ora l nook.

Femoral nook, th e  p o in t o f  re fe ren o e  on th e  fem o ra l neck  mas th e  

b is e o tin g  l in e  o f  th e  fem ora l neok (se e  F igure 9 ) .

Y ertdoal from  femoral h e a d . On sane o f  th e  p e lv io  rad io g rap h s 

th e  o u te r  p o r t io n  o f  th e  iliu m  was lo o k in g . I t  beoame n e c e ssa ry , th e re 

f o r e ,  to  e s ta b l i s h  a  T e rtd o a l l i n e  on th e  il iu m  a s  a  p o in t o f  re fe re n c e  

f o r  h o r iz o n ta l  m easurem ent. This w as done by draw ing a  v e r t i o a l  l i n e  

on th e  i l i tm  from  th e  een te r o f  t h e  fem o ra l head (se e  F igure 9 ) .
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S n a il t r o o h a n te r .  The m e d ia l b o rd er o f  th e  sm a ll tro o h a n te r  eras 

u n re lia b le  a s  a p o in t  o f re fe re n o e , s i  m e  r o ta t io n  o f  th e  th ig h  in c re a se s  

o r d ec rease s  i t s  prondnenoe w ith o u t producing n e o e s s a r i ly  a correspond

in g  change in  th e  p o s i t io n  o f  th e  fm o ra l  sh a ft*  Henoe th e  p o in t  o f  

re fe re n o e  was e s ta b l i s h e d  a t  th e  p rox im al in te r s e o t io n  o f th e  shadow o f  

th e  sm a ll tro o h a n te r  w ith  t h a t  o f  th e  s h a f t  o f th e  fem ur.

G reat tro o h a n te r*  The p o in t o f  re fe rs n o e  f a r  th e  g r e a t  t r o 

o h a n te r  was e s ta b l i s h e d  a t  th e  in te r s e o t io n  o f  th e  shadow o f th e  g re a t 

tro o h a n te r  w ith  t h a t  o f th e  nook o f  th e  femur*

The v e r te b r a e * Two l i n e s  w ere drawn on th e  body o f  eaoh v e r te b ra  

to  oanneo t i t s  d ia g o n a lly  o p p o site  co rners*  The p o in t  of c ro s s in g  o f 

th e se  l i n e 8 was assumed to  be th e  c e n te r  o f  th e  v e r te b r a *1

The f i f t h  lusfaar v e r te b ra *  Because o f th e  overlap p in g  o f  th e  

shadow o f  th e  body o f  th e  f i f t h  lumbar v e r te b r a  w ith  th e  shadow o f  the 

upper saorum an many o f  th e  ra d io g ra p h s , th e  low er c o rn e rs  o f  th e  body 

o f  th e  f i f t h  lu sh a r v e r te b ra  were too in d i s t i n c t  to  b e  used  fo r  f in d in g  

th e  c e n te r  o f  t h i s  v e r te b ra *  T herefore a  l in e  was drawn th ro u g h  th e  

f i f t h  lumbar v e r te b ra  p a r a l l e l  to  th e  s l a n t  o f  i t s  body*

L a te ra l  curve o f  th e  sp*"«T eolnmn* In  determ in ing  th e  angula

t i o n  l in e s  o f  l a t e r a l  cu rv a tu re  o f  th e  sp in a l oolumn, i t  was n eee ssa ry  

f i r s t  t o  lo c a te  th e  v e r te b r a  in  th e  c u rv a tu re  ih io h  w as f a r t h e s t  from  

th e  ax is*  From th e  o e n te r  o f t h i s  v e r te b ra  a  connecting  l i n e  was drawn 

t o  the  o e n te r  o f  th e  n e a r e s t  v e r te b ra  above, and to  th e  o e n te r  o f  th e

1* A lb e r t B* Ferguson, M*D*, The Study and Treatm ent o f S o o lio s is*  
The Southern  M edical Jo u rn a l* Volume XXIII (F eb ru ary , 1930), 
page 117*
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n e a r e s t  v e r te b ra  below  v h io h  w ere on, o r a o ro s s ,  th e  o e n t r a l  v e r t i c a l  

ax is*

Soapulor i n f e r i o r  a n g le s .  The low est b o rd e r  o f  th e  i n f e r i o r  a n g le s  

o f  th e  scap u lae  were is ed as  t h e i r  p o in ts  o f  re fe re n o e .

The o lav io lB S » I t  seemed d e s ir a b le  to  uae th e  aoromion p ro c e sse s

as A p o in t o f  re fe re n c e  fo r  t h e  e la c r io le s , b a t one o r  both o f  th e se

p ro o esses  were o f te n  lo o k in g  on th e  ra d io g ra p h s , Henoe i t  was n eo essa ry  

to  seek a  p o in t  n e a re r  to  th e  o e n te r  o f th e  s tru c tu re  on th e  shou lder 

g i r d l e .  A t f i r s t  th e  s u p e r io r  bo rders  o f  th e  o la v io le s  w ere t r i e d  b u t 

measurement o f  t h e i r  a n g u la tio n  was s u b je c t  t o  g ro ss  e r r o r .  The co raco id  

p ro cess  was in v a r ia b ly  i n d i s t i n c t ,  so  th e  la te ro -su p e x i or p o in t o f i n t e r 

s e c t io n  o f  th e  shadow o f th e  e la  v io la  and th e  seoond r ib  f i n a l l y  d e te r 

mined th e  p o in t o f re fe re n c e .

The upper th o ra x .  The la te ro - s u p e r io r  p o in t a t  which th e  shadows

o f  th e  f i r s t  nrri seoond r i b s  i n t e r s e c t  on th e  ra d io g ra p h s  determ ined  th e

p o in ts  o f  re fe re n o e  f o r  -the upper th o ra x .

Measurements s e le c te d  fo r  ex p arim en ta tio n

Before th e  f i n a l  s e le c t io n  o f  measurements was made, f i f t y - f i v e  

measurements were su b je c te d  to  e x p e rim e n ta tio n . These measurements a re  

o la s  s i  f ie  d in to  two g roups ao o o rd in g  t o  tb s  method u sed  in  ta k in g  them*

(1 )  a n g u la tio n , and  (2 )  d is ta n c e .  D istance measurements a re  f u r th e r  

c l a s s i f i e d  by t h e i r  d i r e c t io n  in to  (a )  h o r iz o n ta l ,  (b$ d ia g o n a l, and

(o )  v e r t i c a l .  The d is ta n c e  measuremezts (ex ce p t fo r  th e  pubio  syaqphysis 

and fa r  -the v e r te b r a e )  were ta k en  on b o th  th e  r ig h t  and l e f t  s id es  o f  

th e  s k e le t a l  s t r u c t u r e .  The experim ents 1 measurements fo lio s *
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A ngulation  measurements

a* S ao ra l wings 
b .  S a o ra l ta b le
o . C rests  o f  th e  I l i a  
da I l i a ,  p o s te r io r  in f e r io r  sp in es
e .  Femoral heads 
f a  T u b e ro s itie s  o f  th e  is o h ia
g . S cap u la r in f e r io r  an g les

h .  C la v ic le s  a t  t h e i r  su p e r io r  b o rders  
i*  Femoral nodes 
j .  S ao ra l a x i s  * 
k ,  Pubio symphysis a x is  
1* L a te r a l  ourves of th e  s p in a l  oolumn
m. A n te r io r  rim  o f  t r u e  p e lv is  a t  p o in ts  i n  s a g i t t a l  p lanes 

o f  p o s te r io r  i n f e r i o r  sp in es  o f  the  i l i a  
n .  A n te r io r  rim  o f tru e  p e lv is  a t  p o in ts  i n  s a g i t t a l  p lanes 

o f  m edial b o rd e rs  o f  o b tu ra to r  foram ina
o . Upper th o ra x  
p .  C la v ic le s  
q . F i f t h  ltmibar v e r te b ra

D istance  measurements

H o rizo n ta l

a* P o s te r io r  i n f e r i o r  sp in e  o f  i l iu m  to  a x is  
b .  I liu m  cro ssw ise  j u s t  above th e  le v e l  o f  the  aoetabulum
o* Iliu m  a t  m ed ia l b o rd e r ju s t  above le v e l o f  aoetabulum

t o  a x is
d« O b tu ra to r foramen a t  i t s  g r e a te s t  w id th
e» Pubio symphysis to  a x i s
f« S n a il tro o h a n te r  to  ax is
ga G reat tro o h a n te r  to  a x is
ha C en ter o f  fem oral head  to  a x is
i a  C enter o f  eaoh v e r te b ra  to  a x is
j .  Fovea o a p i t ia  t o  a x is
ka E x te rn a l b o rd e r  o f  il iu m  t o  a x i s ,  a t  le v e l  o f  p o s te r io r  

in f e r io r  spine o f  iliu m  
l a  I liu m  a t  to p  o f  s a o ro i l ia o  j o i n t  t o  a x is  
m. I liu m  a t  p o s te r io r  in f e r i o r  sp in e  to  a x is
n a S n a il tro o h a n te r  a t  most m edial b o rd e r  to  tu b e ro s i ty  o f

isohium  a t  l a t e r a l  b o rd e r 
Oa P o s te r io r  in f e r io r  sp in e  o f  i l iu m  to  v e r t i c a l  from fem ora l 

head

D iagonal

a .  G reat tro o h a n te r  t o  aoetabulum
b a Small tro o h a n te r  to  aoetabulum
Oa G reat tro o h a n te r  to  p o s te r io r  i n f e r i o r  sp in e  o f  il iu m
da Small tro o h a n te r  t o  p o s te r io r  in f e r i o r  sp in s  o f  il iu m
6 a Femoral head
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f .  G reat tro o h a n te r  t o  fk r  il iu m
g . S h a ll  tro o h a n te r  t o  f a r  i l i t n
h .  Fenoral head t o  Ik r  iliu m
i .  Aoetabulum t o  p o s te r io r  i n f e r i o r  sp ine  o f  iliu m  
j .  S a o ro ilia o  j o i n t  len g th
k* A n te r io r  rim  o f  th e  t r u e  p e lv is  a t  a  p o in t in  th e  s a g i t t a l  

p lan e  o f  th e  most m ed ia l b o rder of th e  o b tu ra to r  foramen 
to  th e  p o s te r io r  i n f e r i o r  epine o f il iu m

1 . M ed io -supedor bo rder o f pi£>io bone t o  p o s te r io r  in f e r io r  
sp in e  o f il iu m

m. G reat tro o h a n te r  a t  i t s  m ed io -su p erio r bonder t o  aoetabulum
n .  Squall tro o h a n te r  a t  i t s  m edial b o rd e r  t o  s a o ra l a x is
o .  G reat tro o h a n te r  a t  i t s  m ed io -superi cr bo rder t o  s a o ra l  a x is
p .  Femoral head a t  fovea o a p i t i s  to  s a o ra l  a x is
q .  Small tro o h a n te r  to  pubio  symphysis a x is
r*  G reat tro o h a n te r  topub io  symphysis cuds
s* Femoral head a t  fovea o a p i t i s  to  pub io  symphysis cuds
t .  G reat tro o h a n te r  to  o e n te r  o f  fem ora l head

V e r t ic a l

a .  O b tu ra to r foramen a t  i t s  g r e a te s t  v e r t i c a l  d ep th
b .  A n te rio r xim o f  t r u e  p e lv is  t o  p o s te r io r  i n f e r i o r  sp ine

o f i l iu m
o . I n f e r io r  b o n ie r  o f  l a t e r a l  prooess o f f i f t h  lumbar v e r te b r a  

to  n e a re s t b o rd e r o f  saorum

S eleo tin g  th e  Measurements fo r  A ll Radiographs 

The s e le c t io n  o f  th e  f in a l  m easurements fo r  a l l  rad io g rap h s was 

made by su b je c tin g  asym m etries determ ined  by p re lim in a ry  measurement to  

c e r t a in  a r b i t r a r i l y  e s ta b l is h e d  e r i t e r i a .  These e r i t e r i a  mere c o n s tru c te d  

on th e  b a s i s  o f  th e  r e s u l t s  o f  r e p e t i t i o n  o f  t r i a l  measurements to  de

term ine g ross e r ro r  and th e  r e s u l t s  o f  p re lim in a ry  s t a t i s t i c a l  tre a tm e n t 

o f  d a ta*  A ll measurements which d id  no t oonf arm to  the  e s ta b l is h e d  e r i 

t e r i a  w ere e lim in a ted *

P re lim in a ry  trea tm en t o f  d a ta

To d isc o v e r  whioh asyaanetrles w ere b o th  r e l i a b l e  and r e la t e d  to  

o th e r a sy m n e trie s ,  two p re lim in a ry  s t a t i s t i c a l  p rocedures were u se d , a s  

fo llow s*

D etcr"^ t*»e  th e  r e l i a b i l i t y  o f  asymm etries * B i la te r a l  m easure-
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monte mere made on th e  f i r s t  and seoond s e ts  o f  rad io g rap h s o f  t h i r t y  

s u b je c t8 ta k e n  a t  two d i f f e r e n t  t i n e s  under id en tie& l c o n d it io n s .  From 

th e s e  measurements the  asy m n etries  on  th e  f i r s t  and seoond rad io g ra p h s  

o f  eaoh s u b je c t -were determ ined fo r  r e l i a b i l i t y  d a ta*  The measurements 

were a l l  th o se  -which bad n o t  been  d isc a rd e d  because o f  g ross e r ro r  a f t e r  

th e  f i r s t  t r i a l  measurements (se e  Table I I ,  page 70 )•  To d isco v er the 

e x te n t  to  ih io h  a sy sm e trie s  a r e  r e l i a b l e  th e  s p e c if ic  asym m etries d e te r 

mined on one s e t  o f rad io g rap h s  o f  a  s u b je c t were c o r re la te d  w ith  the 

same sp e o if io  asym m etries d e te m in e d  on a  second s e t  o f  rad io g rap h s  o f  

th e  same s ih je o t  ta k e n  a t  a  l a t e r  tim e* The d a ta  were su b je o te d  to  th e

P earso n  produot-mcment fo rm u la , ̂  a s  f o l l a s s t
*

Zxy 
r  •  — —

Ho a  x  y

D eterm ining th e  in t e r  c o r r e la t io n  o f  asym m etries* The asym m etries 

e n te r in g  in to  th e  p re lim in a ry  study o f  in te r  c o r r e la t io n  w ere those  r e 

s u l t in g  from  th e  m easurements whioh were ta k e n  on the  ra d io g ra p h s  o f  th e  

s ix ty  s u b je c ts  used i n  th e  seoond t r i a l  measurements* The measurements 

were th o s e  whioh had n o t been d iso a rd e d  beoause o f  gross e r r o r ,  b u t th e y  

d id  n o t in c lu d e  a sy s m e tr ie s  d e te m in e d  by  measurements whioh were added 

l a t e r  (s e e  page 8 1 ). The v a r io u s  asymm etries were in te ro o rre  1 a te d  u s in g  

th e  P earson  product -moment formula*

1* Henry S . G a rre t, S t a t i s t i c s  in  Psychology and E duca tion , page 168*

* Far com putational ex p ress io n  o f  t h i s  fo rm u la , see Appendix, page
174.
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C r i t e r i a  fo r  th e  s e le c t io n  o f  f i n a l  measurements

The s e le c t io n  o f  f i n a l  measurements was based  an th e  fo llo w in g  

a r b i t r a r i l y  e s ta b l is h e d  o r i t e r i a s

1 . Gross e r r o r * A measurement was co n sid ered  su b jeo t to  g ro ss  

e r r o r  i f  more th a n  a n a - f i f t i e t h  in c h  d if fe re n c e  oe our red  when 

th e  measurement was ta k e n  fo u r d i f f e r e n t  tim es  on th e  same 

radiograph*

2* R e l i a b i l i t y * The a  symmetry d e te m in e d  by a  measurement was 

co n sid e red  to o  much su b je o t t o  chance when i t s  r e l i a b i l i t y  was 

l e s s  than  *60*

3* In te ro o r re la t io n *  Two c r i t e r i a  were e s ta b l is h e d  on th e  b a s is  

o f  p re lim in a ry  i n t e r  c o r r e la t io n ,  a s  fo llow s*  ( a )  when more 

th an  one measurement seemed to  in d io a te  the seme type o f  de

v ia t io n  o f  a  p a r t  o f t h e  s t r u c tu r e ,  th e  measurement whose r e 

s u l t in g  asymmetry shewed th e  h ig h e r in te ro o r re la tL c n  w ith  o th e r  

asymm etries was r e ta in e d ;  and (b )  an  asymmetry must show a  c o r

r e la t io n  o f  *60 o r  b e t t e r  w ith  one o r more asym m etries in  

o rd e r to  r e t a i n  i t s  measurement**

Measurements t h a t  were e lim in a te d

The fo llow ing  measurements** w ere e lim in a te d  on th e  b a s i s  o f 

th e  e s ta b l is h e d  c r i t e r i a *

* A lthough th e  a  symmetries determ ined  by measurements o f  th e  sh ou lder 
g i rd le  upper th o ra x  did  no t conform t o  t h i s  o r i t e r io n ,  th ey  
w ere r e ta in e d  fo r  s tudy  i n  r e l a t io n  t o  handedness*

** See pages 40 t o  42 fo r  th e  l i s t  o f  experim en tal measurements*



A ngulation  measurements

(h )  C la v ic le s  a t  t h e i r  s u p e r io r  b o rd e rs  
( j )  S ao ra l a x is
(k )  Pubio  symphysis a x is

H o rizo n ta l d is ta n o e  mea surements 

( j )  Fovea o a p i t i s  to  a x is
(k ) E x te rn a l bo rder o f  i l iu m  to  a x i s ,  a t  l e v e l  o f  p o s te r io r  in 

f e r i o r  spine o f  iliu m  
(n )  S n a il tro o h a n te r  a t  most m ed ia l b o rd er to  tu b e ro s i ty  o f 

isohium  a t  l a t e r a l  b o rd e r

D iagonal d is ta n o e  measurements

(1 ) M edio-superio r b o rd e r o f  p u b io  bone to  p o s te r io r  in f e r i o r  
sp in e  o f  iliu m

(m) G rea t tro o h a n te r  a t  i t s  m ad io -superio r border t o  aoe
tabulum

(n )  Steal 1  tro o h a n te r  a t  i t s  m e d ia l b o rd e r to  s a o r a l  a x is
(o )  G rea t t ro o h a n te r  a t  i t s  m e d io -su p erio r border to  s a o ra l

a x is
(p )  Femoral head a t  fovea  o a p i t i s  t o  s a o ra l a x is
(q )  Sm all tro o h a n te r  t o  pubio symphysis a x is
( r )  G reat tro o h a n te r  t o  pub io  symphysis a x is
( s )  Femoral head a t  fovea  o a p i t i s  to  pub io  sjm phsis a x is

V e r t ic a l  d is ta n o e  measurement

(o )  I n f e r io r  bo rder o f l a t e r a l  p ro o ess  o f  f i f t h  lunfcar 
v e r te b ra  to  n e a r e s t  b o rd e r  o f  saorum

On th e  b a s i s  o f  r e l i  a b i l i t y

A ngulation  measurement

(m) A n te r io r  rim  o f t r u e  p e lv is  a t  p o in ts  i n  s a g i t t a l  p la n es  
o f  p o s te r io r  i n f e r i o r  q i in e s  o f  the  i l i a

H c r iso n ta l d is ta n o e  measurement

(m) I l i a n  a t  p o s te r io r  i n f e r i o r  sp in e  to  a x is

D iagonal d is ta n o e  measurements

(g )  Smell tro o h a n te r  to  f a r  il iu m
( i )  Aoetabulum to  p o s te r io r  i n f e r i o r  apine o f  il iu m  
( j )  S a o ro ilia o  j o i n t  le n g th
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On ihe b a s i s  o f  I n te r o o r r e la t ! o n  

A ngulation  measurement

(n )  A n te r io r  rim  o f tru e  p e lv is  a t  p o in ts  i n  s a g i t t a l  p la n es  
o f  m ed ial b o rd e rs  o f  o b tu ra to r  foram ens.

Horiz o c ta l d is ta n o e  measurement

(1 )  Iliu m  a t  tc p  o f s a o r o i l ia o  j o i n t  to  a x is  

D iagonal d is ta n o e  measurement

(1c) A n te rio r  r im  o f  th e  t r u e  p e lv is  a t  a  p o in t i n  th e  s a g i t t a l  
p l a n  o f  th e  most m edial b o rd e r  o f  th e  o b tu ra to r  foremen 
to  th e  p o s te r io r  in f b r i o r  spine o f  th e  iliv m

M easuraneit s t h a t  w ere  r e ta in e d

The measurements l i s t e d  below  w ere taken  an th e  e n t i r e  s e t  o f 

rad io g rap h s o f  5L6 s u b je o ts ,  o f  whioh 497 e n te re d  in to  th e  f i n a l  s tu d y .

The m easurenexts in c lu d e  those  t h a t  were added fo llow ing  the in t e r  c o rre 

l a t io n  o f  p re lim in a ry  d a ta  (se e  pages 78 to  81 ) •  The key g iven  w ith  

eaoh s k e le t a l  p a r t  i s  used  th roughout th e  rem ainder o f th e  s tu d y  to  d e s ig 

n a te  th e  asymmetry o f  th a t  p a r t .  When a  s k e le ta l  p a r t  ooours more th a n  

onoe under a  ty p e  o f  m easurem ent, i t  i s  because i t s  p o s i t io n  was measured 

in  r e l a t i o n  to  a  o or responding  number o f  p o in ts  o f  r e f e r e n c e .

A ng u la tio n  measurements ( s e e  F igu re  10, page 47).

Kejr S k e le ta l p a r t

A1 S ao ra l wings
A2 S ao ra l ta b le
AS C res ts  o f  th e  i l i a
A4 I l i a ,  a t  p o s te r io r  i n f e r i o r  sp in es
A5 Femoral heads
A6 T u b e ro s itie s  o f  is o h ia
A7 Femoral neokB
A8 Soapu lar i n f e r i o r  ang les (se e  F igx re  IS , page 5 1 )
A9 C la v ic le s  (se e  F igure  13, page 51)
A10 Upper th o ra x  ( s e e  F igure I S ,  page 51)
D1 F i f th  lumbar v e r te b ra
S L a te ra l  curve o f  a p ln a l oolumn (see  F ig u re  11, page 49)
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C e n t r a l  u e r t i c a i  f t j t l*

Figure 1CI« Angulation measurements in  the  pe 1-vis, th e  femoral 
heads, and th e  f i f t h  lumbar v e r te b ra . For each measurement an x marks 
the  b i la te r a l  p o in ts  of re fe ren ce , exoept fo r  A2 and D l. A2 i s  an angu
la t io n  measurement taken  p a ra l le l  to  the  s la n t o f the sac ra l ta b le ;
Dl i s  an angu lation  measurement -which b iseo ts  th e  s id es  of the f i f t h  
lumbar v e r te b ra .

I
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D istanoe measurements

H o riso n ta l d is ta n o e  ( s e e  Figure 11, pegs 49)

®2Z S k e le ta l p a r t

B1 Iliu m  a t  le v e l o f  p o s te r io r  i n f e r i o r  sp ine
B2 P o s te r io r  in f e r io r  sp in e  o f  il iu m
B3 Ilium  a t  le v e l  j u s t  above aoetabulum
B4 Iliu m  a t  m ed ia l b o rd e r  j u s t  above le v e l  o f aoetabulum
B5 O bturato r foramen
B8 P tb io  symphysis
Cl Small tro o h a n te r
C2 G reat tro o h a n te r
C3 Femoral head
D S pinal oolumn as a  id io le  (Summation o f  D2, D3, D4)
D2 Lumbar s p in e , exc lud ing  f i f t h  lumbar v e r te b ra
DS Thoraoio sp ine
D4 C erv ica l sp ine

V e r t ic a l  d is ta n o e  ( s e e  Figure 11, page 49)

B6 O b tu ra to r Foremen
B7 A n te rio r rim  o f  t r u e  p e lv is

D iagonal d is ta n o e  (se e  F igure 12, page 51)

B9 G reat tro o h a n te r
C4 G reat tro o h a n te r
05  Sm all tro o h a n te r
C6  G reat tro o h an te  r
07 Sm all tro o h a n te r
C8 Femoral head
C9 G reat tro o h a n te r
810 Fan era 1 head

O b je c tiv ity  o f  M easuraaent 

T his s tu d y  d id  n o t le n d  i t s e l f  to  th e  u su a l p rocedure i n  e s ta b 

l is h in g  i t s  o b je c t iv i ty ,  th a t  i s ,  by  having  an o th e r  in d iv id u a l  make th e  

same measurements on th e  same ra d io g ra p h s , f o r  th e se  re a so n s t (a )  t o  

measure t h e  rad io g rap h s  re q u ire d  a  degree o f  s k i l l  lfcieh o b v io u sly  oou ld  

n o t have been  a c q u ire d  exoept through a  c e r t a in  amount o f  ex p erien ce  w ith  

th e  rad io g ra p h s  and (b )  th e  p o in ts  o f  re fe re n o e  marked on the  rad io g ra p h s  

e i th e r  by  th e  in v e s t ig a to r  o r  a n o th e r  in d iv id u a l  mould u n w ittin g ly  i n -
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C 3

Ci

C * « t r « l  u c h c a t  « a s

Pigur* 11* H orizontal and v e r t ic a l  d is tan ce  measurements in  
th e  p e lv is , th e  femora, and the  sp in e . The lim itin g  p o in ts  of each 
measurement a re  marked thus:<  >• All o f th ese  measurements exoept 
B8 and D2 were tak en  b i la te r a l ly ,  although they  a re  i l l u s t r a t e d  on one 
s id e  on ly . D3 and D4 were taken  the  same as D2.
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uĉ fieal a.*is

Figure 12* Diagonal d is tanoe  measurements in  the  p e lv is  and 
th e  proximal femora. The lim itin g  p o in ts  o f each measurement are  
marked th u ss<  > • A ll o f th ese  measurements were taken b i la te r a l ly  
although they a re  i l lu s t r a te d  on one side  only .
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Figure 13, Angulation measurements in  th e  shoulder g ird le  
and upper th o rax . Arrows p o in t to  th e  b i la te r a l  p o in ts  o f refe rence  
for each measurement.
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fluen o e  th e  seoond. p e rso n  a t te n p t in g  to  v e r i f y  th e  measurements*

I t  i s  assumed th a t  o b je o t iv i ty  i s  a s su re d  on -the fo llo w in g  b a se s t 

1* Only -those aeyxnnetries w ith  an e s ta b l is h e d  r e l i a b i l i t y  o f  

•60 o r  b e t t e r  w ere determ ined in  th e  f i n a l  measurements*

2* A ll measurements had  b e e n  re p e a te d  by  th e  in v e s t ig a to r  fo u r 

tim e8  t o  th e  rad iog raphs o f  s ix ty  s u b je c ts  i n  p re lim in a ry  

s tu fy *  No measurement was re ta in e d  th o se  r e s u l t s  showed 

more th a n  o n e - f i f t i e t h  o f  an in ch  e r r o r  a t  any tim e*

3* As w i l l  be shown l a t e r ,  th e  r e s u l t s  o f  th e  i n t e r  c o r r e la t io n s  

o f a sy sm e trie s  on th e  fo u r s e t s  o f  d a ta  w ere ( a )  oo n e t s t e n t  

and (b )  lo g in a l  in  meaning*

Taking th e  F in a l Measurements 

As p re lim in a ry  p re p a ra t io n  fo r  th e  f i n a l  m easurem ents, th e  ra d io 

graphs to  be m easured w ere a rranged  in to  two groups aooord ing  t o  sex 

and in  o rd e r  o f  th e  age o f  th e  su b je c ts*  The m easurem ents were l i s t e d  

i n  th e  o rd e r  i n  whioh th e y  w ere t o  be ta k e n  and p laced  on th e  wooden 

framework o f th e  view-box to  th e  l e f t  of th e  b lu e  t i n t  g la ss*

P o in ts  o f  re fe re n o e  marked on a l l  rad io g rap h s

Great o are  was e x e re ise d  in  marking th e  p o in ts  o f  re fe re n o e  on 

eaoh rad iograph* B esides th e  n eo essa ry  p e n c i l  l i n e  m ark in g s , sm all 

punctu res w ere made w ith  th e  s o r ib e r  a t  th e  in te r s e o t io n  o f th e  p a r ts  

o f th e  s t r u c tu re ,  a t  a n g le s ,  an d  on p ro je o tio n s  whioh w ere used  a s  p o in ts  

o f  re ferenoe*  The fo llow ing  i s  a  l i s t  o f  th e  p o in ts  o f  re fe ren o e *  marked 

on a l l  ra d io g ra p h s t

•  See pages 35 to  40 f o r  d e s c r ip t io n  o f  p o in ts  o f  re fe ren o e*
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C en tra l v e r t i c a l  a x is
Lino b is e c t in g  th e  f t s o r a l  neck
Center o f  th e  head o f  th e  femur
V e r tic a l  l i n e  upward on th e  i l i ix a  from th e  c e n te r  o f  f e d e r a l  head 
Center o f  pubio  sym physis 
Center o f  each v e r te b ra
A ngu lation  l in e s  o f  l a t e r a l  cu rv es  o f  th e  s p in a l  column
I l i a  a t  p o s te r io r  i n f e r i o r  s p in e s
Sfcmll tro c h a n te r s
G reat tro o h an te  r s
A oetabula
S ac ra l t a b le
C1& v io la s
Upper th o ra x
A ngulation  l i n e  of th e  f i f t h  lum bar v e r te b ra

How th e  measurements were made

S ince measurements were o f  tw o ty p e s  — a n g u la tio n  and d is ta n c e  - -  

two d i f f e r e n t  procedures w ere u sed  in  ta k in g  th e  m easurem ents, as f o l 

low s!

A ngulation  m easurem ents.  A ll a n g u la tio n  measurements w ere ta k e n  

w ith  a  p r o t r a c to r  whioh was g rad u ated  to  o n e -h a lf  degrees# With th e  

c e n te r  o f  th e  s t r a i g h t  edge o f  th e  p r o t r a c to r  on th e  c e n t r a l  v e r t i c a l  a x is ,  

th e  p r o t r a c to r  was r o ta te d  to  make i t s  s t r a i g h t  edge o o ino ide  w ith  th e  

p o in ts  o f  re fe re n o e  on th e  r i g h t  and l e f t  s id e s  o f  th e  s k e le ta l  p a r t  whose 

a n g u la tio n  was to  h e  d e tem in ed #  She degree o f  a n g u la tio n  was read  an  th e  

aro  o f  th e  p r o tr a c to r  a t  th e  p o in t  where i t  c ro sse d  th e  c e n t r a l  v e r t i o a l  

a x is .  Thus i f  th e  l e f t  s id e  o f  th e  s t r a i g h t  edge o f  th e  p r o tr a c to r  was 

h igher*  th e  m easurosen t was l e s s  th a n  90 d eg ree s; i f  th e  r ig h t  s id e  was 

h ig h e r , th e  measurement was more th a n  90 degrees#

A ngu lation  measurements were re c o rd e d  to  th e  n a a rd s t  h a l f  degree# 

D istance  m easurements,  A ll  d is ta n c e  measurements were ta k en  w ith , 

th e  h a ir s p r in g  d iv id e r s  by p la c in g  t h e i r  p o in ts  on th e  p o in ts  o f  r e f e r 

ence o f  th e  p o rts  ocnoerned , th e n  read in g  th e  d is ta n c e  betw een th e  -bio
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p o in ts  o f  th e  d iv id e rs  on  th e  paragon so a le  under th e  m agnifying g la ss*

For h o r iz o n ta l  d is ta n c e  measurements th e  T square and t r i a n g le  w ere used 

to  de te rm in e  th e  h o r iz o n ta l  r e la t io n s h ip  o f  p a r ts )  f o r  v e r t i c a l  d is ta n c e  

m easu ra ien ts  th e  I  square  was u sed  t o  dartem ine th e  -v e r tic a l r e l a t io n 

sh ip  o f  p a r ts *

D istance m easurem ents w ere reo o rd ed  to  th e  n e a r e s t  f i f t i e t h  o f  

an  in c h .  For e a s e  in  re c o rd in g , o n e - f i f th  o f  an in c h  was co n s id e re d  th e  

u n i ty  and o n e - f i f t i e t h  o f an  in c h , a  te n th  o f  a  u n it*  Thus a  m easure

ment a h io h  was one and f o u r - f i f t i e t h s  inohes was reoorded  as 5*4*

Number o f  measurements

F in a l measurements were taken  on th e  rad io g ra p h s  o f  516 su b jec ts* *  

S ix ty - f iv e  measurements were ta k en  on th e  rad io g ra p h s  o f eaoh s u b je c t ,  

e x o ln siv e  o f  th e  m easurem ent o f a n g u la tio n  o f l a t e r a l  our v a tu  re  o f  th e  

sp in a l column and m easuronents on such o e rv io a l v e r te b ra e  as appeared 

on eaoh th o ra c ic  rad io g rap h *  The t o t a l  number o f  measurements on a l l  

rad io g rap h s was approxim ately  55,000*

Reoordixuc th e  measurements

The measurements were reco rd ed  on s p e c ia l  form blanks*** As eaoh 

measurement was determ ined  by th e  in v e s t ig a to r  i t  was s ta t e d  to  a  s e c re 

t a r y  who f i r s t  r e p e a te d  th e  measurement o r a l l y  fo r  v e r i f i c a t i o n ,  th en  

reoorded  i t *  The same s e c re ta ry  reoorded  a l l  measurements* A ll th e  

a n g u la tio n  m easurem ents w ere taken  f i r s t  an  th e  ra d io g ra p h  o f th e  s u b je c t ,  

th e n  th e  d is ta n c e  measurements were ta k e n ,  f i r s t  on th e  l e f t  s id e ,  th e n

* As w i l l  b e  shown l a t e r ,  only- 497 o f  th e se  su b je c ts  e n te re d  in to  th e  
f i n a l  study*

** For a  sample re c o rd  o f o r ig in a l  m easurem ents, see  A ppendix, page 175
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on th e  r ig h t  s i d e ,  in  an e s ta b l is h e d  o rd e r ,  w orking from -the upper p a r t  

o f  -the ra d io g ra p h  downward*

ORGANIZATION AMD ANALYSIS OF DATA

P re lim in a ry  t o  th e  f i n a l  tre a tm e n t o f  d a ta  th e  r e  l i a b i l i t y  o f  th e  

b i l a t e r a l  s k e le ta l  asym m etries was determ ined and used as one o f  th e  c r i 

t e r i a  f o r  th e  s e le c t io n  o f  f i n a l  measurements (s e e  page 42)*

F u rth e r prooedure in  th e  o rg a n is a t io n  and a n a ly s is  o f  d a ta  

fo llow s*

Deter"»-iTi<Tig th e  D ev ia tio n s  

An asymmetry i s  th e  deg ree  o f  d if f e re n c e  i n  th e  p o s i t io n  o f  

id e n t i c a l  l a t e r a l  s k e le t a l  s t r u c tu re s  m easured on th e  rad iog raph*  A 

l a t e r a l  a n g u la tio n  asymmetry i s  th e  degree  o f  a n g u la tio n  o f  id e n t io a l  

l a t e r a l  s t r u c tu re s  i n  re fe re n c e  t o  -the c e n t r a l  v e r t i c a l  ax is*  A d is ta n o e  

asynm stry  i s  th e  d if fe re n c e  between th e  p o s i t io n s  o f  id e n t ic a l  l a t e r a l  

s t r u c tu re s  i n  r e l a t i o n  to  th e  o c n tra l  v e r t i o a l  a x is  o r  i n  r e l a t i o n  to  

some o th e r  p a r t  o f  the s k e l e t a l  s tru c tu re *  Asymmetry i n  th e  p o s i t io n  

o f  any v e r te b ra  o f  th e  s p in a l  column i s  th e  d is ta n c e  betw een th e  o e n te r  

o f  th e  v e r te b r a  and th e  o em tra l v e r t i c a l  ax is*  Khan an  asynm etry ooours 

on th e  l e f t  s id e  o f  th e  s k e le ta l  s t r u c tu r e ,  i t  i s  reo o rd ed  as minus ( - ) ;  

th e n  on th e  r ig jh t s id e ,  a s  p lu s  (-t)*

To i l l u s t r a t e  th e  prooedure i n  d e te rm in in g  asym m etries, measure

ments on  th e  rad io g rap h s o f  one s u b je c t a re  g iven a s  fo llo w s t
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A np»iati on measurements Asymmetries

Al* 91.0 -t-10
A2 91*0 + 10
AS 90.0 0
A4 91.0 +10
A5 90.5 + 5
A6 91.0 + 10
A7 56.5  ( r t . ) j  6 0 .0  ( l e f t ) +40
AS 92.5 +25
A9 89.5 + 5
A10 94.0 +40
D1 91.5 +15
E**

D ev ia tio n s  an th e  rad io g rap h s o f  one s u b je c t

P i s ta n c e  measurements Asymmetries

L e ft R igh t
Bl*** 7 .2 7 .6 + 4
B2 10.5 10.4 + 1
B3 10.5 9 .9 •  6
B4 15.3 15.6 •+ 3
B5 5.7 5.6 -  1
B6 5.2 4 .9 -  3
B7 15.7 16.3 + 6
B8 .3 + 3
B9 13.7 14 .3 + 6

Cl 2 2 .6 23.5 t  9
C2 30 .1 31 .4 +13
C3 17.5 16.0 + 5
G4 9 .6 10 .5 + 9
C5 16.6 17.1 + 5
C6 26.7 27 .5 + 8

(oon tinued )

* The a n g u la tio n  o f  A l, th e  wings o f  th e  sacrum, i s  91*0 degrees*  The 
asymmetry i s  th e  d if f e re n c e  between 90*0 and 91*0 d eg ree s . To 
e lim in a te  th e  use  o f deoim al p o in t s ,  and to  shew t i n t  th e  r i g h t  s a o ra l  
wing i s  h ig h e r  then  the  l e f t ,  th e  asymmetry i s  expressed  a s  1 0 .

** There was no a n g i la t io n  o f  l a t e r a l  cu rve  o f qp ina l column i n  t h i s
rad io g rap h  s in o e  the  s p in a l  oolumn d e v ia te d  from  th e  o e n tra l  v e r t i c a l  
ax is  and d id  n o t  r e tu r n  to  i t .

*** B1 shews t h a t  th e  h o r is o n ta l  d is ta n c e  on th e  il iu m  betw een th e  l e f t  
p o s te r io r  i n f e r i o r  sp ine  o f  th e  i l iu m  and a  v e r t i c a l  from  th e  om iter 
o f  th e  l e f t  fem oral head i s  7*2; th e  corresponding  d is ta n c e  on th e  
r ig h t  i s  7*6. The asymmetry o r  d if fe re n c e  betw een th e  two measure
ments i s  *4 and i t  i s  ex p ressed  a s  4 to  e lim in a te  th e  deoim al p o in t 
and show th a t  th e  g r e a te r  d is ta n o e  ooours on th e  r i g i t  s id e .
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D lstanoe measurements Asy"»»«tries

L e ft R igh t
C7 29 .0 2 9 .3 *  3
C8 14*4 14.7 ¥ 3
C9 44*4 45*2 -t 8
CIO 30.6 30*9 + 3

D2-4L* .6 -  6
-3L •5 -  Sc
-2L .7 -  7
- 1L •6 -  6

D3-12T .6 -  6
-11T .5 -  5
-10T .3 -  3
-  9T •4 -  4
-  8T .7 -  7
-  71 .8 -  8
-  6 T .7 -  7
-  ST. .6 -  6
-  4T .7 -  7
-  3T •9 -  9
-  2T 1*2 -  12
-  IT 1*3 -  13

The s k e l e t a l  asym m etries on th e  rad io g ra p h s  o f  a l l  -the su b je c ts  

irere  determ ined  in  th e  same manner a s  th o se  reo o rd ed  above*** The oam

p u ta tio n  o f  a  symmetries was re p e a te d  by a  seoond p e rso n  fo r  th e  purpose 

of e lim in a tin g  e rro r*

Grouping th e  D ata fo r  S t a t i s t i o a l  Treatm ent 

The d a ta  were o rg an ised  f o r  a n a ly s is  i n t o  fo u r  groups accord ing  

to  sex  and age* a s  fo llo w ss

* D2-4L shows th a t  th e  h o r iz o n ta l  d is ta n c e  betw een th e  c e n te r  o f  -the 
body o f  th e  fo u rth  lumbar v e r te b ra  and th e  c e n t r a l  v e r t i c a l  a x is  
i s  *6  and th a t  th e  p o s i t io n  o f t h i s  v e r te b ra  i s  to  th e  l e f t  o f  -the 
ax is*  I t s  asymmetry i s  ex p ressed  a s  - 6 *

** For sample re c o rd  o f  asymmetries* see Appendix* page 176*
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Young Woman (Y.W.) 17 to  22 y e a r s ,  in c lu s iv e
Young Hen (Y.M.) 17 t o  22 y e a rs ,  in c lu s iv e
Older Women (0«W») 25 to  41 y e a rs ,  in o lu s iv e
O lder Men (0*M*) 23 to  41 y e a r s ,  in o lu s iv e

121  s u b je c ts  
182 su b je o ts  

94 su b je o ts  
100  su b je c ts

reasons t 

1 .

d a ta  were grouped acco rd in g  to  age and se x  fo r  th e  fo llo w in g

The d if fe re n c e s , i f  any , between a g e -sex  groupings was sough t 

i n  th e  fo llo w in g t degree o f  asymmetry, c o r r e la t io n  o f  asym

m e trie s  ,  p a t te rn s  o f  asym m etry, and in te r o o r r e la t io n  o f  p a t 

te r n s  o f  asymmetry*

The age l im its  as  g iv en  were chosen fo r  th e  fo llow ing  re a so n s t 

a* The lower age l im i t  was f ix e d  a t  17 y ears  and the upper 

age l im i t  a t  41 y ears  fo r  th e  rea so n  t h a t  -there were to o  

few su b je c ts  below and above -these age l im its  to  y ie ld  

r e l i a b l e  data**

b .  Twenty-two years  was chosen as  th e  age l i m i t  o f -the 

younger group fo r  th e se  re a so n s t

(1 ) Ages 17 to  22 a r e  p r im a r ily  undergraduate  o o lleg e  

a g e s , and ages 2 2  y e a rs  and over a re  p r im a r ily  p o s t

g raduate  a g e s . Any fa c to r s  w hich m ight o r  m ight n o t  

in f lu e n c e  s k e le ta l  asymmetry would p robab ly  te n d  to  

be s im i la r  w i th in  eaoh o f  th e s e  groups*

(2 )  The d i s t r i b u t io n  o f  ages in d io a te d  a  d e f in i te  deorease  

in  the number o f  in d iv id u a ls  a t  eaoh Age le v e l  above 

22  years**

* For a  freq u en cy  d i s t r i b u t io n  o f  a l l  s u b je c ts  whose rad io g rap h s w ere
su b je c te d  t o  m easurem ent, see Appendix, page 177*
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(3 ) AooordLng to  th e  th e o ry  o f  grow th o f bone*1 undoubtedly  

-this ag e  l i m i t  w ould make adequa te  a llow ance fo r  th e  

com pletion  o f grow th . Assuming t h a t  th e  growth fa c 

t o r  m ight have an  in f lu e n c e  on b i l a t e r a l  asymmetry* 

such in flu e n c e  w ould be l im ite d  to  1he s u b je o ts  in  

th e  younger g roups.

S. The s e p a ra t io n  in to  th e s e  p a r t i c u la r  a g e -se x  groups gave fo u r 

s e t s  o f  d a ta  s u f f ic ie n t ly  equal i n  s iz e  to  b e  g iv en  se p a ra te  

s t a t i s t i c a l  tre a tm e n t.

4 .  To e lim in a te  oonbinabion o f  ag es  in to  two groups and  t o  t r e a t  

age a s  a  f a c to r  would te n d  t o  be m islead in g  fo r  th e  fo llow ing  

reasons t

a .  C u rv i l in e a r i ty  m ig it  obscure r e la t io n s h ip s .

b .  The nunfcer o f oases i s  no t s u f f io ie n t  t o  j u s t i f y  f i t t i n g  

c u r v i l in e a r  l in e s  o f  r e g re s s io n .

Computing th e  In b e ro o r re la t io n  o f  Asymmetries 

To determ ine th e  in te r r e la t io n s h ip  betw een th e  v a r io u s  asym m etries 

i n  th e  age and sex  groups * th e  in t e r o a r r e la t io n  o f  asym m etries i n  eaoh 

o f  th e  f o u r  s e ts  o f  d a ta  was computed by means o f  th e  P earson  p ro d u c t-  

moment fo rm ula. I n te r o o r r e la t io n  was determ ined  on th e  fo u r  s e ts  o f  

d a ta  se p a ra te ly  i n  o rd e r t o  o b ta in  d a ta  fo r  f u r th e r  tre a tm e n t i n  r e l a t i o n  

to  age and s e x .

1 . Committee on Growth and Development o f th e  Child* 'Vhite House Con
ference*  Growth and Development o f  the Child* P a r t  II*  Anatomy and 
P h y sio logy .  Chapter I I*  p a r t i c u la r ly  pages 4 7 -5 5 .
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S earch ing  f o r  P a t te r n s  o f  Asymmetry 

The p re lim in a ry  expe r im o n ta tio n  w ith  movement o f  inan im ate  s k e le 

t a l  s tru c tu re s  to  produce asymm etries s im ila r  to  th o se  on th e  r a d io 

graphs in d io a te d  th a t  th e re  a r e  v a r io u s  ty p e s  o f  asymmetry w hich occur 

s im u ltan eo u sly  w ith  any one k in d  o f  movement, th a t  v a rio u s  k in d s  o f  move

ment produce s im ila r  ty p e s  o f  a s y a n e try , and th a t  probably  no one type 

o f  movement ooours s in g ly  in  th e  many jo in te d  s k e le t a l  s t r u c t u r e .  For 

th e se  reaso n s th e  in te r  c o r r e la t io n  d a ta  mere su b je c te d  t o  f u r th e r  a n a ly 

s i s  and s t a t i s t i c a l  t re a tm e n t to  determ ine i f  p o s s ib le  no t on ly  th e  asym

m e trie s  th io h  te n d  t o  ooeur to g e th e r  c o n s is te n t ly ,  b u t a ls o  th e  k inds o f  

movement w hich tend  t o  ta k e  p lace  s im u ltaneously  in  th e  jo in t s  t o  produce 

c o n s is te n t ly  a  group o f  asym m etries.

In  th e  s e a r  oh fo r  p a t te r n s  o f asymmetry only one ta b le  o f  im te r -  

oor r e l a t i o n  o f a  symmetries was u sed , th e  p a t te r n s  d isco v e re d  i n  t h i s  to  

be t r i e d  l a t e r  i n  eaoh  o f  th e  fo u r  s e t s  o f  d a ta .  The ta b le  used  mas 

made up o f  the  average in t e r  cor r e l s t i  ons o f th e  same as ynme t r i e s  o f th e  

fo u r s e ts  o f d a ta .*

The d if fe re n c e  i n  th e  degree o f  th e  v a r io u s  c o r r e la t io n s  o f  asym

m e trie s  in d io a te d  th a t  i t  m i£ i t  lo g ic a l ly  be  assumed th a t  those  asym

m e trie s  whioh mould ooour to g e th e r  c o n s is te n t ly  i n  a  p a t te r n  w ould have 

a  h ig h e r c o r r e la t io n  among them selves th a n  w ith  o th e r  s k e le ta l  asym m etries 

n o t i n  th e  p a t t e r n .  Two o r i t e r i a ,  th e r e f o r e ,  would m a in ta in  fo r  eaoh 

p a t te r n ,  name2y (A) a  s im ila r  degree o f  c o r r e la t io n  o f  asym m etries w ith in  

th e  p a t t e r n ,  and (B) a  l e s s e r  and s im i la r  degree o f c o r r e l a t io n  w ith

* See Appendix, Table XXX, page 178.

i
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asymm etries no t i n  th e  p a t t e r n .  The ran g e  o f  deg ree  o f  o o r r e la t io n  fo r  

C r i te r io n  A and fo r  C r i te r io n  B mould n o t be  known u n t i l  a f te r  th e  p a t*  

ta rn s  m ere d iso o v e re d .

For convenience i n  n o tin g  th e  deg ree  o f  o o r r e la t io n  o f  th e  v a r io u s  

asymm etries th e  c o r r e la t io n s  mi th in  a  range o f  t e n  degrees mere p laced  in  

columns i n  a  t a b le .*  The fo llow ing  s te p s  w ere th e n  taken in  th e  search  

f o r  p a t te r n s  o f asymmetry.

1 . The asymm etries o f  s im i la r  deg ree  o f  o o r r e la t io n  were p laoed  

in  a  t a b le  fo r  in s p e c t io n  in  r e l a t i o n  t o  C r i te r io n  A. th a t  i s ,  

s im i la r i ty  o f o o r r e la t io n .

2 . Khen th e  c o r r e la t io n s  o f any one asymmetry w ith  eaoh o th e r  

asymmetry in  th e  t r i a l  group d id  n o t oonform to  C r i te r io n  A 

th e  asymmetry was e lim in a ted  to  be t r i e d  i n  a n o th e r  p a t te r n .

3 . The average o o r r e la t io n  o f  eaoh asymmetry w ith  a l l  o th e r asym

m e tr ie s  w ith in  th e  t r i a l  group was de term ined  a s  a  f u r th e r  

eheok o f  conform ity  w ith  C r i te r io n  A.

4 .  The c o r r e la t io n s  o f  eaoh asymmetry w ith in  t h e  t r i a l  p a t te r n  

w ith  th o se  asym m etries n o t i n  th e  t r i a l  p a t te r n  were i n 

sp ec ted  to  determ ine w hether th e y  oonfoxmed to  C r i te r io n  B, 

t h a t  i s ,  a  s im ila r ly  le s s  deg ree  o f  r e la t io n s h ip  th an  th e  r e 

la t io n s h ip s  m a in ta in in g  w ith in  th e  p a t t e r n .  Hhen th e  o o r re 

l a t io n  o f m y  asymmetry o u ts id e  th e  p a t te r n  w ith an asymmetry 

w ith in  th e  p a t te rn  was s im ila r  t o  th e  c o r r e la t io n s  m a in ta in in g  

i n  th e  p a t t e r n ,  th e  o o r r e la t io n  o f t h i s  asymmetry w ith  a l l  

o th e rs  i n  th e  p a t te r n  was in s p e c te d  to  determ ine oonform ity

a  See Appendix, Table XXXII, page 179.
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w ith  C r i te r io n  A* I f  th e re  was o o n fo n n ity  w ith  C r i te r io n  A, 

t h i s  asynm etry was p la c e d  in  the  p a tte rn *

5* The av erage  o o r r e la t io n  o f eaoh  asymmetry w ith in  th e  p a t te r n  

w ith  o th e r  asym m etries n o t i n  th e  p a t te r n  w as determ ined  as 

a  f u r th e r  oheok o f  conform ity  w ith  C r i te r io n  B.

The above prooedure was o an tin u ed  u n t i l  a l l  th e  asym m etries were 

su b jeo ted  to  t r i a l  i n  a  p a tte rn *  In  t h i s  manner th e  p a t te rn s  o f asym

m etry  a s  th e y  ooourred  i n  th e  average  ia te r o o r r e la t io n  o f asymm etries 

in  th e  ag e-aex  groups was d iscovered*

' C o n s t r u c t in g  the  P a tte rn s  o f Asymmetry fo r  Eaoh
o f  th e  Four Groups o f  S ub jeo ts

On th e  b a s i s  o f  th e  d isc o v e re d  p a t te rn s  o f  asymmetry r e s u l t in g  

from th e  p reced in g  a n a ly s is  o f  d a ta ,  p a t te rn s  were c o n s tru c te d  from  th e  

ia t e r o o r r e la t io n  of asymm etries in  eaoh o f th e  a g e -sex  groups• These 

p a t te rn s  were th e n  su b je c te d  t o  th e  same o r i t e r i a  u sed  in  th e  d isoovery  

o f  p a t te r n s  to  determ ine w hether th e y  would rem ain th e  same in  th e  age- 

sex  groups* As w i l l  be shorn  l a t e r ,  th e  v a l i d i t y  o f th e  fo reg o in g  p ro 

oedure r e s t s  in  th e  lo g ic a l  in te r p r e ta t io n s  t h a t  a re  p o s s ib le  from th e  

asym m etries a s  they  are grouped i n  th e  s e p a ra te  p a tte rn s*

Computing th e  In te r  o o r r e la t io n  o f P a t te r n s  o f  Asymmetry 

In  o rd e r  t o  determ ine w hether p a t te r n s  o f  asymmetry te n d  t o  ooour 

to g e th e r ,  s im i la r ly  a s  asymms t r i e s  te n d  to  ooour to g e th e r ,  th e  i n t e r -  

o o r r e la t io n  o f th e  p a t te r n s  o f  asym netry  i n  eaoh o f th e  fo u r s e t s  o f  d a ta  

was determ ined by means o f  th e  fo llo w in g  form ula**

1* Truman L* Kel le y ,  S t a t i a t i o a l  M ethod, form ula 147 , page 197 •
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ab

r ( l+ 2 + ...a ) ( I+ I I+ .* * b )  “

r PQ

D eterm ining th e  R e la tio n sh ip  o f  S k e le ta l  Asymmetries
to  Age and Sex

In  o rd e r  t o  d a te  m in e  w hether th e  deg ree  o f  s k e le ta l  asymmetry 

was r e la te d  t o  age o r  s e x , th e  s i g i i f i o a n t  d if fe re n c e s  o f  asym m etries 

in  th e  fo u r s e t s  of d a ta  w ere com puted, as fo llow s*

1* A t a b l e  o f  average degrde o f  th e  v a rio u s  asym m etries, r e 

g a rd le ss  o f  s ig n s ,  ooourring  in  eaoh o f  th e  fo u r  s e t s  o f  d a ta  

was eonstruo ted***  The s ig n s ,  w hich in d io a te d  'whether th e  

asym m etries ooourred  on th e  r i g h t  o r l e f t  h a l f  o f  th e  s t r u c 

tu r e ,  were d is re g a rd e d  to  p re v e n t th e  r ig h t  and l e f t  asym

m e tr ie s  from c a n c e ll in g  eaoh o ther*

2* Sigma o f th e  v a r io u s  asymm etries b e in g  co n s id e re d  re g a rd le s s

a For e x p re s s io n  o f  fo rm ula f a r  t h e  o o r r e la t io n  o f  th e  sums o f  soores 
o f  two v a r ia b le s  w ith  tw o v a r ia b le s ,  see Appendix, page 174*

** See Appendix, Table XXXI, page 178.

*** For com putation  fo rm u la , see A ppendix, page 174*

1* G a r re t t ,  op* o i t* .  page 26*

o f  signs*** was oomputed by means o f  th e  fo llow ing  form ulas^
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S. The s ig n if io a n t  d if f e re n c e  o f  th e  means o f  th e  asymmetries * 

was computed b y  means o f  th e  fo llo w in g  form ulae r*

a * CT( d if f * )  “ V  ° 2 ( a v . l )  + c 2 (av«2)

b* S ig . d i f f *  ■ __
a d i f f .

D eterm ining th e  R e la tio n sh ip  o f  Asymmetries o f  th e  
Shoulder G irdle and Upper Thorax to  Handedness

To determ ine w hether th e re  was any  r e l a t i o n  between th e  asym m etries

o f  th e  shoulder g i r d le  and upper th o ra x  and handedness, "the fo llo w in g

a n a ly s is  was made f o r  eaoh  o f th e  age and sex groups o f  su b je o ts  :

1 . P ercen tages w ere de term ined , as  fo llo w s :

a .  Of r ig h t-h a n d e d  and o f  le ft-h a n d e d  su b jeo ts*

b* Of l e f t  asymmetry, o f  r i g h t  asymm etry, and of no asymmetry

in  A8, A9, A10, and in  -the s la n t  o f  th e  upper tho rao io

sp ine  f o r  r ig h t-h a n d e d  and f o r  le f t-h a n d e d  su b jec ts*

* For com putation fo rm ula , see Appendix, page 174* 

1* G a r re t t ,  op* p i t * ,  pages 129 and 133*
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2* The av erag e  degree o f  asymmetry was determ ined  f o r  AS, A9, and 

A10 when th e y  ooour re d  on th e  l e f t  s id e  and ifcen th e y  oc

c u rre d  on th e  r i g h t  s id e*

3* The peroentage o f  r i g h t  asymmetry aid o f  l e f t  asymmetry i n  A8,

A9, A10, and in  the  upper th o ra o io  spine was oompared fo r  

r i  g it-h an d ed  and fo r  le f t-h a n d e d  su b jeo ts*

4* The d if fe re n c e  in  degree in  eaoh asymmetry when i t  o ccu rred  

, on th e  l e f t  and  when i t  o ccu rred  on th e  r ig h t  w ith  r ig h t -  

handedness was determ ined* This was re p e a te d  f o r  le ft-h an d ed n ess*  

Then th e  r e s u l t s  w ere oompared*

5* The r e l a t i o n  betw een th e  s la n t  o f  th e  upper th o ra o io  sp in e  and 

th e  asym m etries o f  th e  sh o u ld e r  g ird le  was analyzed  s im i la r ly  

a s  th e  r e l a t io n  o f  each o f  th e se  asym m etries w ith  handedness 

was analyzed*

A nalyzing th e  Data on th e  S p in a l Column 

L i t t l e  or no r e la t io n s h ip  was shown betw een th e  asym m etries o f  th e  

v a rio u s  re g io n s  o f th e  s p in a l  oolumn; lik e w ise , th e r e  was l i t t l e  o r  no 

r e la t io n s h ip  betw een asym m etries i n  e i th e r  th e  th o ra o io  o r  c e r v ic a l  r e 

gions o f th e  s p in a l  oolumn and o th e r asym m etries i n  th e  s k e l e t a l  s t r u c 

t u r e .  For t h i s  rea so n  a ttem p ts  w ere made to  a n a ly ze  th e  s p in a l  ooilman 

i n  o th e r w ays. These a ttem p ts  showed t h a t  an  adequate  s t a t i s t ! o a l  t r e a t 

ment and a n a ly s is  o f  th e  s p in a l  oolumn, i n  p a r t  and as  a  w hole, re q u ire d  

measurement d a ta  t h a t  were n o t o o lle o te d  in  t h i s  study* The d a ta  c o l

le c te d ,  how ever, on h o r iz o n ta l  asym m etries o f th e  v e r te b ra e  and  an angu

la t io n  o f  l a t e r a l  curves o f  th e  s p i r a l  oolumn w ere given f a r th e r  a n a ly s is  

t o  de term ine , i f  p o s s ib le ,  th e  te n d en cy  o f  th e  s p in a l  oolumn to  compensate
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l a t e r a l  d e v ia tio n s  to  one s id e  w ith  l a t e r a l  d e v ia tio n s  t o  th e  o th e r 

s ide*  The fo llo w in g  com putations w ere nadet

1* The p ero en tag e  o f  s p in e s  d e v ia tin g  to  o n ly  one s id e  o f  th e  

c e n t r a l  v e r t i c a l  a x is  

2* The peroen tage o f  sp in es  d e v ia tin g  t o  th e  l e f t  o n ly , and to  

th e  r ig h t  on ly

3* The peroen tage  o f sp ines w ith  one l a t e r a l  cu rv e ,  w ith  a  

second l a t e r a l  cu rv e , w ith  a  t h i r d  l a t e r a l  cu rv e ,  and w ith  

a  fo u r th  l a t e r a l  o u rv e .

4* The av erag e  degree o f a n g u la tio n  and th e  average number o f 

v e r te b ra e  i n  th e  f i r s t ,  th e  second, th e  t h i r d ,  and th e  fo u r th  

l a t e r a l  ourves



CHAPTER I I I

BILATERAL SKELETAL ASYMMETRIES AND THEIR INTERRELATIONSHIP

In  th e  497 su b je o ts  s tu d ie d  i t  was found th a t  every  s u b je c t  was 

b i l a t e r a l l y  asym m etrical t o  some e x te n t  i n  eaoh o f th e  fo llow ing  s k e le t a l  

u n i t s t  p e lv i s ,  fem ora , s p in a l  column, th o ra x , and sh o u ld e r g i r d l e .  I t  i s  

th e  purpose o f  t h i s  c h a p te r  to  p re s e n t  f i r s t ,  th e  asym m etries i n  th e se  

s k e le ta l  u n i t s ,  second, the  r e l i a b i l i t y  o r e x te n t to  whioh th e y  may be 

co n sid ered  h a b i tu a l  and fu n c t io n a l ,  and t h i r d ,  th e  in t e r r e la t io n s h ip  o f  

th e  asym m etries.

BILATERAL SKEIETAL ASYMMETRIES

Asymmetries i n  th e  p o s i t io n  o f  l a t e r a l  id e n t ic a l  s t r u c tu re s  a re  

c l a s s i f i e d  accord ing  to  th e  type o f  measurement used  to  determ ine th e n , 

as  fo llo w s t ( a )  l a t e r a l  a n g u la tio n , (b )  h o r iz o n ta l  d is ta n c e  r e la t io n s h ip ,  

(o ) v e r t i o a l  d is ta n c e  r e la t io n s h ip ,  and (d )  d iag o n a l d is ta n c e  r e l a t io n 

s h ip . A lthough eaoh type n ay  ooour in  a l l  o f  th e  s k e le t a l  u n i t s  s tu d ie d ,  

th e  measurements ta k e n  on th e  rad iog raphs lim ite d  th e  asym m etries to  th e  

fo llo w in g s l a t e r a l  a n g u la tio n  i n  a l l  f iv e  o f  th e  s k e le t a l  u n i t s ;  b i 

l a t e r a l  d if fe re n c e s  i n  h o r iz o n ta l  r e la t io n s h ip s  in  th e  p e lv i s ,  th e  fem ora, 

and th e  s p in a l oolumn; b i l a t e r a l  d if fe re n c e s  in  v e r t i o a l  r e la t io n s h ip s  

in  th e  p e lv is  end th e  fem ora occibined, and in  th e  fem ora a lo n e .

The ty p e s  o f  asymmetry found in  th e  v a r io u s  p a r ts  o f  th e  f iv e  

anatomioa 1 u n i t s  are shown in  Table I ,  page 68 . Asymmetry i n  b i l a t e r a l
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TABLE I

B i l a t e r a l  S k e le ta l  Asymmetries

Type o f  
Asymmetry S k e le ta l  S tru c tu re

Key t o # 
Asymmetry

i

L.A.**
P e lv i s ,  p o s te r io r  a roh  

S a c ra l wings Al
L.A* S a c ra l ta b le A2
L.A. C res ts  o f  i l i a A5
L.A; H.D. P o s te r io r  i n f e r i o r  sp in es  o f  i l i a A4;B2
H.D. M edial b o rd e rs  o f  i l i a B4
H.D. H o rizo n ta l su rfa c e s  o f  i l i a B1;B3

V.D*
P e lv i s ,  a n te r io r  a ro h

A n te r io r  rim  o f  t r u e  p e lv is B7
L.A. T u b e ro s it ie s  o f  is o h ia A6
H.D. P ub ic  symphysis B8
H.D; V.D. O b tu ra to r foram ina B5;B6

L.A; H.D; D.D.
Femora

&ea!4 A5;C3;C8;C10
L.A. Neck A7
D.D; H.D. G reat t ro c h a n te r B9;C2;C3;C6;C9
H.D; D.D. Sm all tro o h a n te r C1;C5;C7

L.A.
S p in a l column

tf i f th  lumbar v e r te b ra D1
H.D. F i r s t  fo u r lumbar v e r te b ra e D2
H.D. Twelve th o ra c ic  v e r te b ra e D3
H.D. C erv ica l v e r te b ra e  (v ary ing  number) D4
L.A. L a te ra l  curve o f  s p in a l  oolumn E

L.A. Upper th o ra x A10

L.A.
Shoulder g i r d le

S oapular in f e r i o r  ting les A8
L.A. C la v ic le s A9

* For i l l u s t r a t i o n  o f  th e  measurement o f  asym m etries, see  F igu res 10 
to  15 in c lu s iv e ,  pages 4 7 , and 49 to  51 .

** L.A. means l a t e r a l  a n g u la tio n ; H .D ., h o r iz o n ta l  d is ta n c e ;  V .D ., v e r
t i c a l  d is ta n c e ;  D .D .,  d iag o n a l d is tan ce*

The ta b le  shou ld  be re a d  ao ro ss  a s  fo llo w s: As an exam ple, th e  heads 
o f  th e  fem ora show l a t e r a l  a n g u la tio n  asymmetry (AS), h o r iz o n ta l  
d is ta n c e  asymmetry (C3) in  r e l a t i o n  to  th e  o e n t ra l  v e r t i o a l  a x i s ,  
and d iag o n a l d is ta n c e  asymmetry i n  r e la t io n  b o th  to  th e  n e a r  (08) 
and th e  f a r  (CIO) ilium *
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alignm ent o ccu rred  i n  th e  fo llow ing  lo c a tio n s  t i n  th e  sacrum , th e  i l i a ,  

th e  ie o h ia ,  and th e  pubes o f  th e  p e lv is ;  in  th e  h ead , th e  n eck , th e  

g r e a t  tro c h a n te r ,  and th e  ana 11 tro c h a n te r  o f  th e  fem ora; in  a l l  th e  

v e r te b ra e  o f  th e  s p in a l  oolumn; i n  th e  soapulae and th e  o la v io le s  o f  th e  

shou lder g i rd le ;  and  i n  th e  upper p a r t  o f th e  thorax*

In  moving th e  in an im ate  s k e le ta l  s t r u c tu r e s  i n  th e  c o ro n a l, th e  

s a g i t t a l ,  and th e  tr a n s v e r s e  p lanes t o  produoe asym m etries s im i la r  to  

th o se  on th e  ra d io g ra p h s , s im ila r  ohanges occu rred  i n  th e  b i l a t e r a l  r e 

la t io n s h ip s  o f  th e  s k e l e t a l  p a r ts  w ith  th e  d i f f e r e n t  k in d s  o f  movement.* 

Asymmetry i n  th e  p o s i t io n  o f l a t e r a l  id e n t ic a l  p a r ts  undoubtedly  aooam- 

p a n ie s  d e v ia tio n  in  th e  r e la t io n s h ip  a t  many j o i n t s ,  suoh d e v ia t io n  oc

c u r r in g  w ith  a  com bination o f  v a r io u s  ty p e s  o f movement* For th i s  reaso n  

th e  asym m etries oonmon t o  d i f f e r e n t  d ire c tio n s  and pJanes o f  movement o f 

th e  s k e le t a l  p a r ts  are co n sid ered  in  Chapter IV where th e  asym m etries 

a re  merged in to  p a tte rn s*

RELIABILITY OF BI1A3ESAL SKEU5TAL ASYMMETRIES

The o o r r e la t io n  o f  th e  same s p e o if io  asym m etries measured i n  two 

s e ts  o f  rad iographs o f t h i r t y  o f th e  s u b je o ts  tak en  under id e n t ic a l  con

d i t io n s  a t  two d i f f e r e n t  tim es e s ta b l is h e d  th e  r e l i a b i l i t y  o f  th e  asym

m e tr ie s ,  t h a t  i s ,  th e  e x te n t  t o  w hich th e y  may b e  co n s id e red  h a b i tu a l  and 

fu n c tio n a l*  The r e l i a b i l i t y  o f  eaoh asymmetry th a t  was m easured, b o th  

experim entally**  and on th e  e n t i r e  s e t  o f  rad io g rap h s  i s  shewn in  Table I I ,  

page 70 . This ta b le  shows a lso  th e  key fo r  each asymmetry, th e  s k e le ta l

* See pages 24 t o  35.

** This excludes experim ents 1 measurements t h a t  were d isc a rd e d  because 
o f  g ro ss  e rro r*
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TABLE I I

R e l i a b i l i t y  o f  B i l a te r a l  S k e le ta l  Asymmetries

Key to  P o in t o f  Type o f
^symmetry S k e le ta l  S tru c tu re R eference Asymnetry R e l ia b i l i ty

i i i i i t i i i t i i i i i i t i i t t i i i i i i i i ■ \ t t t i i 1 i i i i

Al S a c ra l -wings C.V.A. .9 8
A2 S a c ra l ta b le C •V .A. L.A. •95
AS C res ts  o f  i l i a C.V.A.. L.A. .96
A4 P . I ,  sp in es  o f  i l i a C.V.A* L.A. .95
A5 Femoral heads C.V.A. L.A. *93
A6 T u b e ro s it ie s  o f  i s e h ia C.V.A. L.A. .91
A7 Femoral necks C.V.A. L.A. .8 4
A8 S capu lar in f e r i o r  ang les C.V.A. LL.A. .83
A9 C la v ic le s C.V.A. L.A. .71

A10 Upper th o rax C.V.A. LJL. .88
(Am)** True p e lv is*  a n te r io r  rim C.V.A. L.A. .32
(An)*** True p e lv is *  a n te r io r  rim C.V.A. L.A. .8 4

B1 P . I .  sp ine  o f  il iu m  V e r t ic a l  from
fem oral head

H.D. .73

B2 P .I*  sp in e  o f  il iu m C.V.A. H.D. .92
B5 Ilium * above acetabulum I t s  l a t e r a l  

bo rders
H.D. .6 0

B4 Ilium * m ed ial bo rder 
(same le v e l  as-BS)

C.V.A. H,D. •86

B5 O b tu ra to r foramen I t s  l a t e r a l  
b o rders

H.D. .62

B6 O b tu ra to r foramen I t s  v e r t i c a l  
b o rd ers

V.D. .66

B7 True p e lv is *  a n te r io r  rim I l i m V.D. .77
B8 Pubio symphysis C.V.A. H.D. .78
B9 G reat tro c h a n te r Femoral head D.D. .75

(H i)*** P .S .  sp in e  o f  i l iu m C.V.A. H.D. .7 8
(Em)** Ilium * le v e l  o f  P , I .  sp in e  I t s  la te ra l .

b o rders
H.D. .57

Cl Sm all tro c h a n te r C.V.A. H.D, .81
C2 G reat tro c h a n te r C.V.A. H.D. .85
C3 Femoral head* c e n te r C.V.A. H.D. .88
C4 G reat tro c h a n te r Acetabulum D.D. .91
C5 Small t ro c h a n te r Acetabulum. D.D. .86
C6 G reat tro c h a n te r Iliu m D.D. •82
C7 Small tro c h a n te r Iliu m D.D. •83
C8 Femoral head* c e n te r Iliu m D.D. .77
C9 G reat tro c h a n te r F a r i l iu m D.D. •64

CIO Fem oral head* c e n te r F ar il iu m D.D. .7 4
( 1 % ) 2
( » ) ! !
(D j)**

Sm all t ro c h a n te r F a r il iu m D.D. .59
Acetabulum Iliu m D.D. .5 7
S a c ro i l ia e  j o i n t I t s  v e r t i c a l  

B orders
D.D. .59

(Dk)*** True p e lv is*  a n te r io r  rim Iliu m D.D. .82:
D1 F i f t h  lumbar v e r te b ra C.V.A. H.D. .92
D2 F i r s t  fo u r lumbar v e r te b ra e  C.V.A. H.D. .91

D2-S Thoracicolum bar v e r te b ra e " C.V.A. H.D. .87
DS Twelve th o ra o io  v e r te b ra e C.V.A. H.D. .83

D5a Upper th o ra c ic  verteb rae* ’*' 
C e rv ica l vertebraenf HH

C.V.A. H.D. .73
D4 C.V.A. H.D. •73 minus



DO iruDie sympnysis C.V*A. H.D. . 
-

CO

B9 G reat tro c h a n te r Femoral head D.D. .75
(HI)*** P .S .  sp in e  o f  il iu m C*V*A* H.D. .7 8
(Em)** I liu m , le v e l  o f  P*I* sp in e  I t s  l a t e r a l H.D. .57

b o rd ers
Cl Sm all tro c h a n te r C*V*A* H,D, •81
C2 G reat tro c h a n te r C.V.A. H.D. .85
03 Femoral h ead , o e n te r C • V • A* H.D. .88
C4 G reat tro c h a n te r Acetabulum D.D. .91
06 Sm all tro c h a n te r Acetabulum D.D. .86
06 G reat tro c h a n te r I liu m D.D. •82
07 Sm all tro c h a n te r I liu m D.D. •85
08 Femoral h ead , c e n te r Iliu m D.D. .77
09 G reat tro c h a n te r F a r il iu m D.D. •64

CIO Fem oral h ead , c e n te r F ar il iu m D.D. •74
(Dg)**
(D i)**
O tf)**

Small tro c h a n te r F ar il iu m D.D. .5 9
Acetabulum Iliu m D.D. .5 7
S a c ro i l ia e  j o i n t I t s  v e r t i c a l D.D. •59

(Dk)***
Borders

True p e l v i s ,  a n t e r io r  rim Iliu m D.D. .82
Dl F i f t h  lumbar v e r te b ra C*V*A* H.D. .9 2
D2 F i r s t  fo u r lumbar v e r te b ra e  C.V.A* H.D. .91

D2-5 Thoracieolum bar v e r te b ra e ? C.V.A* H.D. .87
D3 Twelve th o ra c ic  v e r te b ra e C.V.A. H.D. .83

D3a Upper th o ra c ic  v e r t e b r a e ^  
C e rv ica l v e r te b ra e #

C.V.A. H.D. .7 5
D4 C.V.A. H.D. .73  minus

E L a te r a l  s p in a l  curve/nr C.V.A. L.A. .83  p lu s

* C.V.A. means c e n t r a l  v e r t i c a l  a x is ;  L .A ., l a t e r a l  a n g u la tio n ;
H .D ., h o r iz o n ta l  d is ta n c e ;  V .D ., -v e r tic a l d is ta n o e ; D .D ., d iag - 
o r a l  d is ta n c e ; P . I . ,  p o s te r io r  in f e r i o r ;  P .S . ,  p o s te r io r  super*  
i o r .

** D iscarded  on b a s is  o f  r e l i a b i l i t y  below #60.

*** D iscarded  on b a s is  o f  p re lim in a ry  in te r c o r r e la t io n .

f  In c lu d es  e le v e n th  and tw e l f th  th o r a c ic ,  and f i r s t  and second lum
b a r  v e rte b rae*

f f  Inc lu d es  th e  f i r s t  fo u r th o ra c ic  v erteb rae*

$  S ince th e  number o f  c e rv ic a l  v e r te b ra e  v a r ie d  in  th e  t h i r t y  sub
je o ts  whose rad io g rap h s fu rn ish e d  r e l i a b i l i t y  d a ta ,  th e  r e l i a b i l i t y  
o f  th e  p o s i t io n  o f  th e  c e rv ic a l  v e r te b ra e  was n o t determ ined* I t
i s  assumed however t h a t  i t  w i l l  be le s s  th a n  *73, b u t p ro b ab ly  a -
bove *60*

§ #  R e l i a b i l i t y  oould n o t be e s ta b l is h e d  s in c e  th e re  were o n ly  te n  o f 
th e  t h i r t y  su b je o ts  rad iog raphed  a t  two d i f f e r e n t  tim es whose 
s p in a l  columns showed l a t e r a l  cu rves o f  th e  ty p e  m easured in  t h i s  
study* I t  i s  assumed t h a t  r e l i a b i l i t y  l i e s  between *83 and *91 
s in c e  th e se  a re  th e  r e l i a b i l i t i e s  o f  th e  th o ra c ic  and th e  lumbar 
sp in e  re sp e c tiv e ly *

TThis t a b le  should  be re a d  a c ro ss  a s  fo llo w s: A l,  th e  s a c r a l  w in g s, 
measured i n  r e l a t io n  to  th e  c e n t r a l  v e r t i c a l  a x i s ,  show l a t e r a l  
a n g u la tio n  asymmetry i n  b i l a t e r a l  p o s itio n *  The r e l i a b i l i t y  o f  
t h e i r  asymmetry i s  *98*



p a r t  ocncerned , the p o in t  o f  re fe re n c e  fo r  m easurem ent, and th e  type o f  

asynm etry .

S ince i t  was a r b i t r a r i l y  d ec id ed  n o t t o  in o lu d e  asym m etries whose 

r e l i a b i l i t y  on 30 su b je o ts  was not *60 o r above, a l l  asym m etries w ith  a 

r e l i a b i l i t y  below  *60 w ere e l im in a te d  from  th e  f i n a l  measurements on th e  

ra d io g ra p h s . The asym m etries m easured on -the rad io g rap h s o f  th e  t h i r t y  

su b je o ts  have a  r e l i a b i l i t y  ranging  in  v a lu e  from .32  to  .9 8 . Ten o f  th e  

asymmetries measured on  th e  e n t i r e  s e t  o f  rad iog raphs have a  r e l i a b i l i t y  

o f  .90  o r  above; f i f t e e n ,  o f  .80  to  .9 0 ; seven , o f  .7 0  to  .8 0 ; and on ly  

fo u r ,  o f  .6 0  t o  .7 0 . There were f iv e  asymmetries w ith  a  r e l i a b i l i t y  below 

•60 w hich were d iso a rd ed  from  f i n a l  m easurem ent.

A com parison o f  th e  means and s ta n d a rd  d e v ia tio n s  o f  th e  asym

m e trie s  in  th e  f i r s t  and second rad iog raphs o f  t h i r t y  o f  th e  497 sub

j e c t s  o f  th e  study  w ith  th e  means and s tan d a rd  d ev ia tio n s  o f  th e  asym

m e tr ie s  i n  th e  rad io g rap h s  o f eaoh o f th e  fo u r  groups o f  su b je o ts  shows 

th a t  th e re  i s  s im i la r i ty  b o th  i n  average degree o f  asymmetry and in  

v a r i a b i l i t y  o f  degree o f  asymm etry.*

A stu d y  o f  Table I I I ,  page 72 , in d ic a te s  t h a t  a  h ig h e r degree  o f 

r e l i a b i l i t y  tends to  e x is t  ih e n  th e  p o s i t io n  o f  b i l a t e r a l  id e n t io a l  

s k e le t a l  p a r t s  i s  m easured in . r e l a t io n  to  th e  o e n t ra l  v e r t i o a l  a x i s .

For t h i s  reaso n  th e  asym m etries were grouped f a r  f u r th e r  a n a ly s is ,  a s  

fo llo w s : ( l )  asymmetries measured i n  r e l a t i o n  to  th e  o e n t r a l  v e r t i c a l

a x i s ,  and (2 )  asymmetries m easured in  r e l a t i o n  t o  ano ther p a r t  o f th e  

s k e le t a l  s t r u e tu r e .

* See Appendix, Table XXXIV, page 181
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TABLE I I I

R e l i a b i l i t y  o f  B i l a te r a l  S k e le ta l  Asymmetries Measured 
in  R e la tio n  to  th e  C e n tra l V e r t ic a l  Axis,

S k e le ta l  S tru c tu re
Key to  
Asymmetry

Type of 
Asymmetry R e l ia b i l i ty

P e lv i s ,  p o s te r io r  a rc h

S a c ra l wings Al L.A.* .98
S a c ra l ta b le A2 L.A. • 95
C res ts  o f  i l i a AS L.A. •95
P o s te r io r  i n f e r i o r  sp in es  o f  i l i a A4 L.A. .95
P o s te r io r  i n f e r i o r  sp in es  o f  i l i a B2 H.D. .92
M edial b o rd e rs  o f  i l i a B4 H.D. .86

P e lv i s ,  a n tb r i i r r a r o h

T u b e ro s it ie s  o f  ia e h ia A6 L.A. .91
Pubic symphysis B8 H.D. .78

Femora

Heads AS L.A. .93
Hecks A7 L.A. .84
Head, c e n te r CS H.D. .88
G reat t ro c h a n te r C2 H.D. .85
Small tro c h a n te r Cl H.D. .81

S p in a l oolumn

F if th  lumbar v e r te b ra D1 L.A. .92
F i r s t  fo u r lumbar v e r te b ra e D2 H.D. .91
Thoraoioolum bar v e r te b ra e  (fo u r) D2-3 H.D. .87
Twelve th o ra c ic  v e r te b ra e D3 H.D. •83
Thoraoio v e r te b ra e  ( f i r s t  fo u r) D3a H.D. •73

Upper th o ra x Aid L.A. COCO.

S houlder g i r d le

S capu lar i n f e r i o r  ang les A8 L.A. •83
C la v ic le s A9 L.A. .71

* L*A» means l a t e r a l  a n g u la tio n j H.D.* h o r iz o n ta l  d is ta n c e .

The ta b le  should  be read  a c ro ss  as fo llo w s: The s a c r a l  wings o f  th e  
p o s te r io r  a rc h  o f  th e  p e lv is  (A l) show l a t e r a l  a n g u la tio n  asymmetry 
in  t h e i r  b i l a t e r a l  p o s i t io n .  The r e l i a b i l i t y  o f t h e i r  asymmetry i s  
.9 8 .
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R eliab i H t y  o f Asymmetries Measured In  R e la tio n  
t o  th e  C e n tra l V e r t io a l  A xis

The b i l a t e r a l  s k e l e t a l  asym m etries t h a t  w ere measured in  r e l a t io n  

to  th e  o e n tra l  v e r t i c a l  ax is  a re  p re se n te d  i n  Table I I I ,  page 72 . Since 

th e  p o s i t io n  o f  th e  to p  o f  th e  saonxa i s  th e  moet s ta b le  o f  a l l  p a r t s  

o f  th e  s k e le ta l  s t r u c tu r e  s tu d ie d  ( r  -  *98), th e  u n i t s  o f  th e  s k e le ta l  

s tru c tu re  and t h e i r  asym m etries were reoorded  in  th e  o rd e r o f t h e i r  in 

c re a s in g  d is ta n c e  from  th e  to p  o f  th e  sacrum . Thus th e  r e la t io n s h ip  t h a t  

tends to  e x i s t  between th e  degree  o f  r e l i a b i l i t y  o f  asymm etries and th e  

d is ta n c e  o f  th e  d e v ia t in g  p a r t  o f  th e  s tru o tu re  from  th e  to p  o f  th e  sacrum 

i s  shown.

The l e a s t  r e l i a b le  asymmetries i n  th e  v a r io u s  u n its  o f  th e  s k e le t a l  

s t ru o tu re  a re  a s  fo llo w s  * in  th e  p e lv is ,  l a t e r a l  a n g u la tio n  a t  th e  t u 

b e r o s i t ie s  o f  th e  is o h ia  (A6 a  .9 1 ) and h o r iz o n ta l  d is ta n c e  asymmetry 

a t  th e  pubio  symphysis (B8 * .7 8 ) ;  in  the  fem ora , l a t e r a l  a n g u la tio n  o f  

th e  neok o f  th e  femur (A7 ■ .8 7 ) and h o riz o n ta l d is ta n c e  asymmetry a t  

-the sm a ll t ro c h a n te r  (C l * .8 1 ))  in  th e  s p in a l  oolumn, h o r iz o n ta l  d i s -  

tanoe  asymmetry o f  th e  upper th o r a c ic  spine (D3a = .7 3 ))  in  th e  shou lder 

g i r d le ,  l a t e r a l  a n g u la tio n  o f  th e  o la v ic le s  (A9 ■ .71)} and in  th e  th o ra x , 

l a t e r a l  a n g u la tio n  o f i t s  upper re g io n  (A10 ■ .8 8 ) .

A ll  o f  -these asym m etries are lo o a te d  a t  a  g r e a te r  d is ta n c e  from 

th e  top  o f  th e  sacrum th a n  a r e  o th e r  asymmetries o f  h ig h e r r e l i a b i l i t y  

i n  th e  same u n i t  o f  th e  s k e le ta l  s t r u c tu r e .  The r e la t io n s h ip  o f  th e  

degree o f  r e  l i a b i l i t y  to  th e  lo c a tio n  o f  asymmetry i s  i n  g en e ra l a s  f o l 

lows t when b i l a t e r a l  s k e le ta l  asymmetries a re  th e  same type and in  th e  

same s k e le ta l  u n i t ,  - th e ir  r e l i a b i l i t y  te n d s  to  d ec re ase  as  th e  d e v ia t

in g  p a r t  in c re a s e s  in  d is ta n c e  from -the to p  o f  th e  saortm .
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R e l ia b i l i t y  o f  Asymmetries Measured in  R e la tio n  
t o  S k e le ta l  P a r te

The r e l i a b i l i t y  o f eaoh o f  th e  b i l a t e r a l  s k e le t a l  asym m etries t h a t  

■were m easured in  r e l a t io n  to  v a r io u s  p a r ts  o f  th e  s k e le t a l  s t ru o tu re  i s  

shotrn i n  Table IV, page 75® The u n i ts  o f  th e  s k e le ta l  s tru o tu re  and t h e i r  

asymm etries a re  reo o rd ed , as  i n  Table I I I ,  i n  o rd e r o f  -th e ir  in c re a s in g  

d is ta n c e  from th e  to p  o f  th e  saorunu When th e  d is ta n o e s  o f  s k e l e t a l  p a r ts  

from  th e  to p  o f  th e  sacrum a re  s im i la r ,  -th e ir  asym m etries a re  reoorded  

in  th e  o rd e r  o f -the in c re a s in g  len g th  o f  measurement w hich was u sed  to  

determ ine them®

B ila te r a l  s k e l e t a l  a  symmetry tends t o  ooour t o  seme e x te n t  in  a l l  

p a r ts  o f  th e  s t r u o tu r e ,  th e re fo re  when l a t e r a l  id e n t i c a l  s k e le ta l  p a r ts  

a r e  used  as p o in ts  o f  re fe re n c e  f o r  measurement o f  asymmetry o f p a r ts  

f a r th e r  from th e  to p  o f  th e  sao ru n , i t  fo llo w s th a t  th e  m easured asymmetry 

inc lu d es  b o th  asymmetry o f  th e  p o in t o f re fe re n c e  and o f  th e  s k e le ta l  

p a r t  under c o n s id e ra tio n . As th e  d i s tan ce  betw een a  s k e le t  a l  p a r t  and 

i t s  p o in t  o f  re fe re n c e  fo r  measurement in c re a s e s ,  more bony su rfh o e  and 

more jo in t s  in te rv e n e  betw een th e  tw o, th u s  a llo w in g  asymmetry o f  a  

g r e a te r  a re a  o f s k e le ta l  s t ru o tu re  to  in f lu e n c e  th e  r e la t io n s h ip  o f th e  

two*

Of 1he two u n i t s  o f  s t r u o tu re  p re sen te d  in  Table 17, th e  l e a s t  

r e l i a b le  asym m etries a re  a s  fo llo w s t in  th e  p e lv is ,  -the h o r iz o n ta l  d i s 

ta n ce  asymmetry on th e  s u rfa c e s  o f  th e  i l i a  j u s t  above -the a e e ta b u la  

(B3 ■ *60) and -the h o r iz o n ta l  d is ta n c e  asymmetry o f  th e  o b tu ra to r  fo ra 

mina (B5 s  *62); i n  th e  fem ora, th e  d ia g o n a l d is ta n o e  asymmetry a t  th e  

g re a t tro c h a n te rs  (C9 *  *64)*

Comparing -the above asym m etries w ith  o th e r asym m etries in  Table 

IV, th e  g e n e ra l r e la t io n s h ip  between degree of r e l i a b i l i t y  o f  asym m etries
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TABLE IV

R e l ia b i l i t y  o f  B i l a te r a l  S k e le ta l  Asymmetries 
Measured in  R e la tio n  t o  V arious P a r ts  

o f  th e  S k e le ta l  S tru o tu re

S k e le ta l  S tru c tu re
Key to  P o in t  o f 
Asymmetry R eference

Type o f  
Asymmetry r*

P e lv i s ,  p o s te r io r  a roh

P*I* sp ine  o f  il iu m Bl V e r t ic a l  from c e n te r H.D. .73
o f fem ora l head

S urface  o f  il iu m B3 L a te ra l  b o rd e rs  o f H.D* •60
il iu m

P e lv i s ,  a n te r io r  a rc h

True p e lv i s ,  a n te r io r  ram B7 P o s te r io r  i n f e r io r V.D. .77
sp in e  o f  il iu m

O btu ra to r foramen B6 V e r tic a l  b o rders  o f V.D. •66
o b tu ra to r  foramen

O b tu ra to r foremen B5 L a te ra l  b o rd e rs  o f H.D. •62
o b tu ra to r  foramen

Femur

G reat tro c h a n te r C4 Acetabulum D.D. .91
Sm all tro c h a n te r C5 Acetabulum D.D. • 86
Sm all tro c h a n te r C7 P*I* sp in e  o f  i l iu m D.D. • 83
G reat tro c h a n te r C6 P«I« sp in e  o f  i l iu m D.D. •82
Head, c e n te r C8 P .l*  sp in e  o f  il iu m D.D. .77
G reat tro c h a n te r B9 C enter o f  fem oral head D.D. .75
Head, c e n te r CIO F ar il iu m D.D. .74
G reat tro c h a n te r C9 F a r il iu m D.D. •64

* r  means r e l i a b i l i t y  o f  s k e le ta l  asymmetry; H .D ., h o r iz o n ta l  d is tan ce}  
V .D ., v e r t io a l  d is ta n c e ; D .D ., d iagonal d is tance}  F . I . ,  p o s te r io r  in 
f e r io r*

The ta b le  should  be re a d  a c ro ss  as  fo llo w s: In  th e  p o s te r io r  a ro h  o f 
th e  p e lv i s ,  th e  p o s te r io r  i n f e r i o r  sp in es  o f  th e  i l i a  (B l) ,  each 
measured in  r e l a t io n  to  a  v e r t i c a l  from th e  c e n te r  o f  th e  fem oral head 
on th e  same s id e ,  show h o r iz o n ta l  d is ta n c e  a s y m e try  i n  t h e i r  b i l a t 
e r a l  p o s itio n *  The r e l i a b i l i t y  o f  t h e i r  asymmetry i s  *73*



76

and t h e i r  lo c a tio n  seems t o  he as fo llo w s t when b i l a t e r a l  s k e le ta l  

asymm etries a re  o f  th e  same ty p e ,  t h e i r  r e l i a b i l i t y  tends t o  deorease  in  

degree  (a )  as  th e  d e v ia tin g  s k e le t a l  p a r t  in c re a se s  in  d is ta n c e  from  

th e  ta p  o f  th e  sacrum a n d /o r  (b )  as a  g re a te r  number o f  jo in t s  and more 

a re a  o f  s k e le ta l  s t ru c tu re  l i e  between th e  d e v ia tin g  p a r t  and th e  to p  o f  

th e  sacrum*

Change i n  W eight D is tr ib u t io n  

For a  la rg e  m a jo r ity  o f  th e  su b je o ts  th e  c o n t in u ity  o f th e  plumb 

l in e  w as broken when th e  s p in a l  oolumn on th e  p e lv ic  and th o ra o io  ra d io 

graphs was matched t o  produoe a  con tinuous s t r u o tu r e .

The c o n tin u ity  o f  th e  plumb l in e  on th e  p e lv ic  and th o rao io  

rad io g rap h s in  two s e ts  o f  rad iographs o f  t h i r ty - th r e e  s u b je o ts  i s  shown 

in  Table V, page 77* S ince th e  x - ra y  appara tu s was s ta b le  i n  p o s it io n  

th e  p o s i t io n  o f  th e  s u b je c t  was s ta b i l iz e d  by th e  com pression dev ice  

du ring  th e  exposure o f th e  x -ra y  f i lm ,  th e  change in  w eigh t d i s t r i b u 

t i o n  to o k  p la c e  during  th e  la p se  o f  from  t h i r t y  to  f o r ty - f iv e  seconds 

between th e  two x -zay  ex p o su res .

Of th e  th i r t y - th r e e  s u b je o ts ,  two showed no change i n  w eigh t d is 

t r i b u t io n  i n  e i th e r  s e t  o f  ra d io g ra p h s , th i r t e e n  shared  no ohange in  

w eig h t d i s t r i b u t io n  in  one s e t  o f  ra d io g ra p h s , and e ig h te e n  showed ohange 

in  w eight d i s t r i b u t io n  in  b o th  s e t s  o f rad iographs*  Of th e  l a t t e r ,  fo u r

te e n  s h if te d  w e ig h t in  th e  same d i r e c t io n  b o th  tim es  th e y  were r a d io 

g raphed , and fo u r s h i f t e d  i h  d i f f e r e n t  d ir e c t io n s  eaoh tim e*
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TABLE T

C o n tin u ity  o f Plumb Line i n  Two S ets o f  Badiographs 
o f  T h irty -T h ree  Subjeots

Number o f
S u b jec ts  S h if t  i n  P o s i t io n  o f  Plunfe Line on Thoracic Radiograph

2 No s h i f t  in  e i th e r  th o ra c ic  rad iog raph
13 No s h i f t  i n  th e  th o ra o io  rad io g ra p h  o f  one s e t
18 S h if t  i n  th o rao io  rad io g ra p h s  o f  b o th  s e ts

14 S h i f t  i n  seme d i r e c t io n  in  b o th  th o ra o io  rad io g ra p h s
4 S h i f t  in  d i f f e r e n t  d i r e c t io n  in  eaoh th o rao io  rad iog raph

17 S h if t  tow ard th e  th ig h  f a r th e r  from  th e  c e n t r a l  v e r t i c a l  a x is
14 S h if t  away from th e  th ig h  fa r th e r  from th e  c e n tra  1 v e r t i c a l

a x is

A s tu d y  o f  th e  d i r e c t io n  of s h i f t  o f  w eigh t in  r e l a t i o n  to  th e  

th ig h  w hich  was f a r th e r  from th e  c e n tra l  v e r t i o a l  a x is  showed t h a t  seven

te e n  su b je c ts  s h i f te d  tow ard th e  th ig h  which was f a r th e r  from  th e  c e n t r a l  

v e r t io a l  a x i s  and fo u r te e n  su b je o ts  s h if te d  away from th e  th ig h  ih io h  

was f a r th e r  from  t h e  c e n t r a l  v e r t i o a l  ax is*  While i t  i s  d o ih t le s s  t r u e  

t h a t  s h i f t i n g  th e  w e ig i t  o f  th e  body i s  an in f lu e n c in g  f a c to r  in  th e  r e 

l i a b i l i t y  o f  b i l a t e r a l  asymmetry o f  th e  s k e le t a l  s t r u c tu r e ,  th e re  i s  no 

way e i t h e r  o f  determ in ing  -the degree  o f in f lu e n c e  or o f  e lim in a tin g  i t *

I t  would seem, how ever, th a t  th e  p o s i t io n  o f  th e  fem ora r e l a t iv e  to  th e  

c e n t r a l  v e r t i o a l  ax is  i s  not a s s o c ia te d  w ith  th e  d ir e c t io n  o f l a t e r a l  

sway o f th e  body, b u t t h a t  movement, w h ile  m a in ta in in g  th e  e q u ilib r iu m , 

ooours in  vary ing  d ire c tio n *  This ean o lu sio n  i s  v e r i f ie d  by th e  s tudy  

o f  H e lleb ran d t and  o th e rs  in  th e  fo llo w in g  s ta tem en t, "We observed t h a t  

sway is  in se p a ra b le  from  th e  u p r ig h t  s tan o e  and "that th e  c e n te r  o f  w eigh t 

s h i f t s  in c e s s a n t ly  d u rin g  th e  m aintenance o f  a n a tu r a l  oom ibrtab le
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p o s tu re .

Fao to rs  A sso c ia ted  w ith  R e l i a b i l i t y  o f  B i l a te r a l  
S k e le ta l  Asy—m tr ie s

An a n a ly s is  o f  Tables I I I ,  17, and V shows th a t  in  g en era l th e

fo llo w in g  f a o to r s  a re  a s so c ia te d  w ith  r e l i a b i  l i t y  of p o s i t io n  o f v a r io u s

p a r ts  o f  th e  s k e le ta l  s t ru c tu re  i n  th e  fu n o tio n  o f  m a in ta in in g  e q u ilib r iu m

in  th e  s tan d in g  p o s itio n *

1 . D istance  o f s k e le t a l  s t ru c tu re  from th e  to p  o f  th e  saorun

2* D istance o f s k e le ta l  s t r u c tu re  from  th e  o e n t r a l  v e r t i c a l  a x is

3 . Number o f  jo in ts  between any s k e le ta ls t r u c tu r e  and th e  saorum

4* Area o f  s k e le t a l  s t ru c tu re  between any d i s t a l  p a r t  o f  th e

s k e le ta l  s t ru c tu re  and th e  sacrum

5. C onstant movement, o r dynamic o o e d itio n  o f  th e  human body

INTERKBIATIOHfflIP CF BILATERAL SKBIETAL ASYMMETRIES

The r e s u l t s  o f  th e  p re lim in a ry  and th e  f i n a l  in h e ro o r re la t io n  

o f  b i l a t e r a l  s k e le ta l  asym m etries a re  g iven  in  th e  fo l lo n in g  d iso u ss io n .

P re lim in a ry  I n te r o o r r e la t io n  

The r e s u l t s  o f th e  p re lim in a ry  in t e r o o r r e la t io n  o f  b i l a t e r a l  

s k e le ta l  asymm etries measured on th e  rad io g rap h s  o f  s ix ty  su b je o ts  a re  

shown in  Table V I, page 7 9 . This t a b le  re v e a ls  th e  fo llow ings

1 . F ranoes A. H e llsb ra n d t, D orris ,K u b in , W ixmifred U. L cngfe ld , and 
L«S.A. K elso , The Base o f  Support i n  S tan ce , The P h y sio th erap y  
Review. Volume 17, Number 6 (Norember-Deoember, 1937), page 231*



P re lim in a ry  I n te r o o r r e la t io n  o f  B ila te ra

Key* Ab Ao Ad Ae Am An Af Ai Ag EL Hm Ha Hb
F in a l  Key A2 A3 A4 AS A6 A7 A8 B2: B3

Aa Al .8 4 .79 •68 .7 4  .07 •64 .7 4 •53 •28 - .0 3  - .5 4 .59  - .3 0 .
Ab A2 .76 •68 .7 1  - .0 7 •48 •68 •52 .16 - .0 7  - .5 3 .65  - .1 7 •
Ae A3 .8 4 .89  - .0 5 .57 •86 •38 •44 - .1 0  - .4 4 .73  - .2 8 .
Ad A4 .8 8  - .3 3 .2 8 •69 •43 •08 - .0 5  - .1 2 .71  - .1 1 .
Ae A5 - .1 7 .67 .83 .51 .16 •04 - .6 3 .82 - .2 1 .
Am .17 —.16 • 29 - .3 1 .15  —.33 - .2 9  - .2 7 —.
An .47 •63 .22 - .2 5  - .7 0 .47  - .4 7 .
Af A6 • 28 •43 •01 - .3 8 •65 - .1 8 .
Ai A7 - .0 3 .0 3  - .7 2 .37  - .6 6 .
Ag A8 .28  .29 .05 .38
HI - .0 1 .02  —.28 .
Hm - .1 8  - .6 6 —.
Ha B2 - .0 7 .
Hb B3
Ho B4
Hd B5
Ta B6
Di 
Die

He B8
Da C4
Db C5
Do C6
Dd C7
De C8
Dh CIO
Df C9
Dg
Hf Cl
Hg C2

* Pro* key means p re lim in a ry  key* This key was u sed  to  d es ig n a te  th e  asymm etries 
For in t e r p r e ta t io n  o f  th e  p re lim in a ry  key see

** The f i n a l  key was used  to  d e s ig n a te  th e  asym m etries which were r e ta in e d  fo r  mea3i 
f i n a l  key see
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TABLE VI

y  In te ro o r re la tio n  o f B ila te r a l  S k e le ta l Asymmetries o f  S ix ty  Subjeots

Ai Ag HI Hm Ha Hb He Hd; V& Di Dk Dj He Da Db Do Dd De Dh Df
A7 A8 B2 B3 B4 B5 B6 B8 C4 C5 C6 D7 C8 CIO C9

,55 •28 -•0 3 - .5 4 •59 —50 •55 —13 —23 —.01 .11 .27 •50 •45 •30 •28 •11 •21 —22 .17
,52 •16 - .0 7 —53 •65 —17 •50 —17 - 2 9 —•01 .17 • 19 •49 •41 •36 •14 •10 .1 4 —20 —13
>38 .44 -•1 0 —44 .73 —28 •66 —34 —35 .1 0 • 28 •26 .71 .43 •05 •35 •29 .72 •04 •16
,43 •08 -.0 5 —12 .71 - .1 1 .7 1 —34 •12 •28 •46 —07 •77 •35 •41 •40 •40 •40 •02 •05
,51 .16 •04 - .6 3 • 82 - 2 1 .7 9 —36 —15 •02 .11 .07 .81 •55 •43 •22 •13 •18 .03 •05
.29 —31 •15 - .3 3 —29 —27 —55 •66 •50 — 76 - .0 4 •04 -•5 8 .11 •06 -♦43 —40 —88 —66 —37
.63 •22 - .2 5 —70 .47 —47 •36 •12 •28 —23 —37 —16 •33 •60 •42 •04 •01 —08 —29 —10
.28 •43 •01 - .3 8 •65 —18 •68 —46 —50 •15 .17 •74 •61 •40 •33 •20 —04 •10 —12 - .0 2to0

 •1 •03 - .7 2 .37 —66 •24 •36 •37 •78 •03 •10 •15 •52 •50 •02 •11 -•05 - .0 2 —19
.28 .29 •05 •38 - .0 2 —38 —31 — 09 .11 •59 •02 —25 •08 •00 —28 •21 — 28 - .1 1

—01 •02 —28 •05 .21 •18 — 16 — 26 •28 -•0 9 .0 1 •14 - .0 4 •02 •15 -•0 9 .12
—18 —66 —12 —41 —30 •01 •14 —10 -•02 - .4 7 - .4 3 •22 •10 •38 •46 •32

- .0 7 •94 —44 —28 .11 •07 •08 •86 •26 .27 •25 •06 •21 .17 —03
•08 —56 —40 •66 .01 - .0 1 •20 —08 —46 •30 •08 •12 •54 •40

—45 • 80 •50 .03 .0 7 .96 •28 •06 •22 •32 •40 .47 •32
.73 —57 — 56 —12 -.7 5 .27 •15 —35 —39 •03 -*01 —22

—42 —22 —35 - .4 7 .17 .1 7 —59 •05 —20 —26 —15
.0 8 —10 .57 —12 —16 .65 •52 •59 .78 •55

—15 •04 —09 •06 •20 •18 •36 —20 —25
.17 •05 .1 8 —02 •11 —04 —05 •13

•22 •42 •50 .23 •39 •54 •54
.57 •46 .18 ♦07 —11 •35

.21 •51 .19 -•0 6 •06
.70 • 82 .55 .81

.57 •40 •54
•38 •49

•68

to  designate th e  asymmetries in  th e i r  trea tm en t p re lim inary  to  tak in g  th e  f in a l  measurements on si 

9 which were re ta in ed  fo r  measurement and study in  th e  fou r age-sex groups o f sub jec ts*  For in te r]

i
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JLB VI

. S k e le ta l Asymmetries o f S ix ty  Subjeots

to Hd Va Di Dk He Do. Db Do Dd De Dh Df Dg Hf Hg Hh
54 B5 B6 B8 C4 C5 06 D7 C8 CIO C9 Cl C2 C3

i5 - .1 3 -•2 3 - .0 1 •11 .27 •50 •45 •30 •28 •11 •21 - .2 2 .17 - .3 6 •58 •56 •44
SO - .1 7 -•2 9 - .0 1 .17 •19 •49 •41 •36 .1 4 •10 •14 -•2 0 -•1 3 - .3 8 •58 •52 •47
56 —.34 - .3 5 .10 • 28 •26 .71 •43 •05 •35 •29 .72 •04 •16 —.42 •81 .71 •66
71 - .3 4 .12 •28 •46 - .0 7 .77 •35 •41 .4 0 •40 •40 •02 •05 - .4 3 •69 .67 .67
79 - .3 6 -•15 •02 .11 •07 .81 •55 •43 •22 •13 •18 •03 •05 -•4 0 .78 •81 •75
55 •66 •50 - .7 6 - .0 4 •04 - .5 8 .11 .06 -♦43 -•4 0 - .8 8 -•6 6 - .3 7 —*26 -•45 —.46 -•4 7
36 •12 •28 - .2 3 - .3 7 - .1 6 •33 •60 •42 •04 •01 - .0 8 -•2 9 - .1 0 - .2 2 .47 •39 •31
68 -•46 -•5 0 •15 .17 .7 4 •61 •40 •33 •20 - .0 4 •10 - .1 2 - .0 2 - .4 6 •63 •65 •66
34 •36 .37 .7 8 •03 •10 •15 •52 •50 •02 •11 -.0 5 - .0 2 - .1 9 - .2 8 •32 •32 •11
02 - .3 8 - .3 1 - .0 9 .11 •59 •02 -•25 .08 •00 - .2 8 •21 - .2 8 - .1 1 - .2 2 •14 - .0 4 •19
05 .21 .18 - .1 6 - .2 6 •28 - .0 9 .01 •14 -•0 4 •02 •15 -•0 9 .12 •29 •08 - .0 4 •00
12 - .4 1 -•3 0 •01 •14 -•1 0 -•0 2 - .4 7 - .4 3 •22 •10 •38 •46 •32 •31 -•22 -•4 3 -•0 7
94 -•4 4 - .2 8 .11 .07 •08 •86 •26 .27 •25 •06 •21 .17 - .0 3 -•3 1 •84 • 09 to •86
08 - .5 6 - .4 0 •66 .0 1 - .0 1 •20 -•0 8 - .4 6 •30 •08 •12 •54 •40 •33: •08 •04 •17

-.4 5 • 80 •50 .03 .07 •96 •28 •06 • 2 2 •32 •40 •47 •32 - .0 3 •91 • 92 •95
.73 - .5 7 - .5 6 - .1 2 - .7 5 .27 .15 -•35 - .3 9 •03 - .0 1 —.22 •06 -•4 8 —.46 -•65

- .4 2 -«22 -.3 5 - .4 7 .17 .17 -•5 9 •05 - .2 0 -•2 6 -•15 •08 - .3 1 - .3 1 - .4 2
•08 - .1 0 .57 -•12 - .1 6 •65 •52 •59 .78 •55 •35 •41 •42 •56

-•15 •04 - .0 9 •06 .2 0 •18 •36 -•2 0 -•2 5 - .4 2 - .1 3 —.0 1 •12
.17 •05 .1 8 - .0 2 •11 - .0 4 - .0 5 •13 -•0 2 -•0 1 •03 -•0 1

•22 •42 •50 •23 •39 •64 •54 •05 •92 .87 •95
.67 •46 .18 .0 7 - .1 1 •35 - .0 7 .37 •45 •21

.21 •51 .19 - .0 6 •06 - .0 7 •24 •35 •24
.70 .82 .55 .81 •31 •49 •62 •46

.57 •40 •54 .47 •35 .37 • 28
•38 •49 •11 •34 •50 •54

•68 •59 •40 •32 •53
.71 •40 •51 •30

•05 —.01 •02
•96 •86

•87

Ln th e i r  trea tm en t p re lim inary  to  tak in g  the  f in a l  measurements on a l l  radiographs* 

irement and study in  th e  four age-sex groups o f  subjects*  For in te rp re ta t io n  o f the
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1* Two o f th e  asym m etries, An and A f ,* a re  a im lla r  in  type  and

b o th  ooour on th e  a n t e r io r  aroh  o f  th e  p e lv is*  The asymmetry

An has a  r o l l  a b i l i t y  o f  *84 and an  average o o r r e la t io n  o f  *61 

w ith  f iv e  o th e r  asymm etric s .  The asymmetry Af has a  r e l i a b i l i t y  

o f  *91 and an average c o r r e la t io n  o f  *70 w ith  tw elv e  o th e r  

asymm etries* This a n a ly s is  shows t h a t  a  symmetry An can be 

d iscarded*

2* The asynm etrias  HI and Dk, w ith  a  r e l i a b i l i t y  of *78 and o f 

•82* re s p e c tiv e ly *  show no o o r r e la t io n  above *60 w ith  any  

o th e r asymmetry. S ince i t  had a r b i t r a r i l y  been determ ined  th a t  

an  asymmetry mast show a  o o r r e la t io n  o f  *60 o r  b e t t e r  w ith  one 

o r more asymmetries* HI and Dk were d iso ard ed  from th e  f i n a l  

measurements d e sp ite  t h e i r  s a t i s f a c to r y  r e l i a b i l i t y .

3* A ll o th e r  a s y s n e tr ie s  w ith  a  r e l i a b i l i t y  o f  *60 o r  b e t t e r  

show a  o o r r e la t io n  o f  *60 o r  above w ith  one to  tw elve o th e r 

a sy n m etrie s .

The a n a ly s is  o f  th e  p re lim in a ry  in te r o o r r e la t io n  le d  to  th e  

e l im in a tio n  o f  An, HI* and Dk from  th e  asym m etries t o  be measured on th e  

rad io g rap h s  o f  th e  fo u r  groups o f  su b jeo ts*  The asymmetry Ag* a lthough  

i t  shows a r e l a t iv e ly  low o o r r e la t io n  w ith  a l l  o th e r  asym m etries* was

re ta in e d  f o r  s tu d y  i n  r e l a t i o n  to  handedness* With th e  ex o ep tio n  o f  th e

* The key  t o  eaoh asymmetry i s  in te rp r e te d  a s  follow s* An r e f e r s  t o
l a t e r a l  a n g i la t io n  o f  th e  a n t e r io r  rim  o f th e  tru e  p e lv is  a t  p o in ts  in  
th e  s a g i t t a l  p lan es  o f  th e  m ed ia l b o rd ers  o f  th e  o b tu ra to r  fo ram ina;
Af r e f e r s  to  l a t e r a l  a n g u la tio n  o f th e  tu b e r o s i t i e s  o f  th e  i s  ch i a ;
HI r e f e r s  to  h o r iz o n ta l  d is ta n o e  asymmetry o f  th e  p o s te r io r  su p e r io r  
sp ines  o f th e  i l i a ;  Dk r e f e r s  to  d iagonal d is ta n o e  asymmetry o f  th e  
a n te r io r  rim  o f th e  tru e  p e lv is  a t  p o in ts  i n  th e  s a g i t t a l  p lan es  o f 
th e  m ed ia l b o rd e rs  o f  th e  o b tu ra to r  fo ram in a; Ag r e f e r s  t o  l a t e r a l  
a n g u la tio n  o f th e  so ap u la r i n f e r i o r  ang les*
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asymmetries showing a  r e l i a b i  l i t y  below *60,* th e  rem ain ing  ones were 

r e ta in e d  f o r  f i n a l  measurement. To th e s e  were added e ig h t o th e r asym

m e tr ie s  th o s e  r e l i a b i l i t y  was l a t e r  found to  be above *60 b u t th o s e  in 

te r o o r r e la t io n  w ith  o th e r asym m etries was no t determ ined  in  t h i s  p re 

lim in a ry  s tu d y  o f  in te r r e la t io n s h ip *  The asym m etries added, th e n , to  

th o se  r e ta in e d  fo llo w in g  th e  p re lim in a ry  in te r o o r r e la t io n  were as  fo llo w s t 

h o r is c n ta l  d is ta n o e  asymmetry (B l) to  s u b s t i tu te  f o r  Bn, l a t e r a l  an g u la tio n  

asymmetry (119) o f  th e  c l a v i c l e s ,  l a t e r a l  a n g u la tio n  asy n o e try  (A10) o f  th e  

upper th o ra x , a n g u la tio n  o f  l a t e r a l  eu rv es  o f s p in a l  oolumn (E ), v e r t i o a l  

d is ta n o e  asymmetry (B7) o f  th e  a n te r io r  rim  o f  th e  t r u e  p e lv i s ,  d iag o n a l 

d is ta n c e  asymmetry (B9) o f  th e  g r e a t  t r o c h a n te r ,  h o r iz o n ta l  d is ta n o e  

asynm etiy (D) o f  a l l  th e  v e r te b ra e  e x ce p t th e  f i f t h  lum bar, l a t e r a l  

a n g u la ti cm asynm etry (D l) o f  th e  f i f t h  lumbar v o r te b r a .

F in a l I n te r o o r r e la t io n  o f  B i l a te r a l  S k e le ta l  Asymmetries 

The in t e r  c o r re la t io n s  o f  b i l a t e r a l  s k e le t a l  asymm etries measured 

on th e  rad io g ra p h s  o f  f o u r  g roves o f su b je o ts  — young wansn (Y.W. ) ,  

young men (Y*M*), o ld e r women (0*17*), and o ld e r  men (0*lf*) — a re  shown 

in  Table T i l ,  page 82. The d a ta  in  t h i s  ta b le  a re  so  a rranged  t h a t  a  

ocm parison between th e  c o r r e la t io n s  o f  asym m etries o f  th e  fo u r  groups 

o f  s u b je o ts  oan  r e a d i ly  be made* An a n a ly t io a l  s tu d y  o f  th e s e  d a ta  r e 

v e a ls  th e  fo llo w in g !

1* The fo u r s e t s  o f  in te r o o r r e la t io n  d a ta  a rd  c o n s is te n t  i n  

th e  fo llo w in g  manner t

a* The deg ree  o f  o o r r e la t io n  between th e  same asym m etries

* These asym m etries a r e  Am, Ba, D i, D j, Dg (s e e  Table I I ,  page 70)*
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TABLE V II

In te ro o r re la tio n  o f B ila te r a l  S k e le ta l Asymmetries Measur

Subjeots In te rc o rr

A2 A3 A4 A5 A6 A7 A8 A9 A10 B1 B2 B3 B4 B5 B6

Y.W. AI .88 .82 .72 .71 •68 .48 .1 7 .21 .20 •42 .7 0 - .0 1 •53 - .3 4 - .3 1
Y.M, .88 .76 .75 .76 .7 1 .40 .0 4 .0 0 .07 •43 .7 1 - .1 3 •72 - .2 9 - .2 5
o.w . .90 .7 7 .7 0 .70 .76 •21 .1 1 .08 •15 •41 •62 .0 4 •64 - .4 2 - .2 7
O.M. .88 .7 7 .71 .73 .7 2 .38 .0 5 .08

0
 •1 •54 •64 .07 .71 -.4 9 - .4 3

Y.W. A2 .77 .71 .70 •64 .47 .09 •16 •21 •43 •68 - .0 5 •52 —.32 - .3 1
Y.M. .6 8 .70 •69 •59 •35 .0 2 - .0 1 .11 •35 •64 - .1 6 •64 r.2 2 - .2 2
O.W. .7 3 •65 .6 4 .7 0 .21 .19 .11 •22 .3 9 •52 .05 .5 7 - .4 2 —.30
O.M. .8 3 .7 4 .75 .71 .45 .02 .09 - .0 7 •56 •65 - .0 1 .7 ^ - .4 S —.35

Y.W. A3 .86 .91 • 85 .54 .13 .15 .15 •66 .76 .02 •74 - .5 0 - .3 4
Y.K. .7 4 .85 .72 .52 - .0 1 .00 •04 •49 •66 - .1 7 .71 -.2 8 - .1 7
O.W. •82 .91 • 86 ♦48 .08 •10 •14 •50 .76 - .0 6 .76 - .3 8 - .0 9
O.M. .87 •9o .7 9 •54 - .1 0 - .0 7 - .1 4 .71 .7 4 - .0 4 •83 -.5 1 - .3 7

Y.W. A4 •85 •85 .43 .12 •13 .18 •64 •68 •06 •68 - .5 0 - .3 7
Y.H. .79 .7 0 •36 - .1 3 -.0 5 - .0 2 •46 .6 0 - .0 4 •63 -.3 3 -•2 2
O.W. •80 .7 9 .3 4 .06 - .0 7 - .0 2 •41 •64 .01 •63 - .3 3 - .1 2
O.M. •86 .7 8 .42 - .1 0 - .1 0 —.16 •65 .6 9 .03 .77 -•5 4 - .4 1

Y.W. AS •89 .5 5 •15 •11 .1 0 .73 .7 4 .0 4 .80 -•54 -•25
Y.M. '.7 6  .52 - .1 1 - .0 4 - .0 4 .5 7 .6 9 - .1 2 .7 7 - .3 7 - .2 2
O.W. •88 .45 .08 •09 .1 2 .51 .7 4 - .0 8 .75 - .4 0 - .0 5
O.M. •80  .51 - .0 6 - .0 9 - .1 3 .7 3 .72 —.0 1 .83 -.5 4 - .3 4

Y.W. A6 .4 0 .10 .09 .12 .63 •68 .10 •68 - .5 9 - .4 3
Y.M. .2 9 - .0 9 •00 -•0 4 •44 .6 1 - .0 5 •65 - .4 0 - .3 5
O.W. •22 •14 •12 •08 .4 9 .6 7 •06 •68 - .5 4 - .3 1
O.M. .2 8 .11 •02 - .1 1 .5 7 .63 .13 •69 - .5 9 - .5 5

Y.W. A7 .09 .00 .1 0 .16 •50 —.46 •32 •19 .36
Y.K. - .0 9 .03 - .0 6 .02 .39 - .4 8 .31 .26 .40
O.W. - .0 6 - .0 9 •13 .0 1 .41 - .5 3 •31 •36 .48
O.M. - .0 9 .04 •02 .2 3 .4 7 - .4 2 .37 •11 .23

Y.W. A8 .53 •46 .1 3 .1 0 .1 0 .09 -.0 3 - .0 1
Y.M. .46 •43 - .0 7 - .0 1 •06 - .0 4 -.0 9 - .1 2
O.W. .41 •50 - .0 8 .03 •04 - .0 5 -.1 1 -.0 5
O.M. •44 .41 - .0 5 - .1 0 .20 - .0 8 -.1 3 -.0 5

Y.W. A9 •41 .1 1 .09 •12 •14 -.1 2 -.1 2
Y.M. .4 7 - .1 0 .0 1 -.0 2 - .0 7 -.0 8 .01
O.W. .36 .0 7 •05 .13 •03 - .1 4 - .0 7
O.M. •40 - .1 3 .02 •12 - .0 6 - .0 3 .00

Y.W. A10 V •05 •12 •10 •04 •OS I . o -a

Y.M. - .0 1 .06 .0 7 •06 - .0 3 - .1 2
O.W. - .0 9 •16 - .1 4 •03 •06 •15
O.M. —.16 —.18 •10 —•30^* .1 0* a  - •14
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TABLE V II

;ion o f B ila te r a l  S k e le ta l Asymmetries Measured on th e  Radiographs o f Four Groups o f Subjeots*

In te ro o r re la tio n  o f Asyxmetries

iiiiiII11 >m mm mm iiiiI111iiii

A8 A9 A10 B1 B2 BS B4 B5 B6

•17 .2 1 .2 0 .42 .70 - .0 1 .53  - .3 4  - .3 1
.0 4 .0 0 .0 7 •43 •71 - .1 3 •72 - .2 9  - .2 5
.1 1 .08 •15 •41 •62 .0 4 .6 4  - .4 2  - .2 7
•03 .08 - .0 7 •54 •64 .07 .71 - .4 9  - .4 3

.09 •16 .2 1 •43

COCO« - .0 5 .52  - .3 2  - .3 1
•0 2 - .0 1 .1 1 •35 •64 - .1 6 .6 4  r .2 2  —.22
.19 .1 1 .2 2 .39 •52 .05 .5 7  —.4 2  —.3 0
.0 2 .09 - .0 7 .56 •65 - .0 1 • 7 ^ - .4 5  - .3 5

•13 .15 .15 .6 6 .76 .0 2 .74 - .5 0 —.3 4
—.0 1 .0 0 .0 4 .49 •6 6 - .1 7 .71 - .2 8 - .1 7

.08 .1 0 .1 4 .50 .76 - .0 6 .76 -•3 8 - .0 9
- .1 0 - .0 7 - .1 4 .71 .74 1 • o it* .83 - .5 1 - .3 7

•1 2 •13 .1 8 •64 •6 8 •06 .6 8 - .5 0 - .3 7
- .1 3 - .0 5 - .0 2 .46 •60 -•0 4 •63 - .3 3 - .2 2

•06 - .0 7 - .0 2 •41 •64 .0 1 •63 - .3 3 - .1 2
- .1 0 - .1 0 —.16 .65 •69 •03 .77 - .5 4 - .4 1

•15 •1 1 .1 0 .73 .7 4 •04 .80 —•54 - .2 5
- .1 1 - .0 4 - .0 4 .5 7 .6 9 - .1 2 .7 7 - .3 7 - .2 2

•08 .09 .1 2 .51 •74 —.08 .75 -•4 0 - .0 5
-•0 6 - .0 9 - .1 3 .73 .72 —.0 1 .83 -•5 4 —.3 4

•1 0 .09 .1 2 •63 •6 8 .1 0 .6 8 - .5 9 - .4 3
- .0 9 .0 0 - .0 4 •44 .61 - .0 5 .65 - .4 0 - .3 5

•14 .1 2 •08 •49 .67 .06 .6 8 - .5 4 - .3 1
.1 1 •0 2 - .1 1 .57 •63 .13 .69 - .5 9 - .5 5

.09 .0 0 .1 0 .16 •50 —.46 •32 .19 .36
- .0 9 .03 - .0 6 .0 2 .39 - .4 8 .31 .26 •40
- .0 6 - .0 9 .13 .0 1 •41 -•5 3 •31 .36 .48
- .0 9 .04 .0 2 .23 .47 - .4 2 .37 • U •23

.53 •46 .13 .1 0 .1 0 .09 - .0 3 - .0 1

.46 .4 3 - .0 7 - .0 1 •06 - .0 4 - .0 9 - .1 2
•41 •50 - .0 8 •03 .04 - .0 5 - .1 1 - .0 5
•44 .41 -.0 5 - .1 0 .2 0 -•0 8 - .1 3 - .0 5

.41 .1 1 •09 .1 2 •14 - .1 2 - .1 2

.4 7 - .1 0 •0 1 —•0 2 - .0 7 - .0 8 .0 1
•36 .07 •05 •13 .03 - .1 4 - .0 7
•40 - .1 3 •0 2 •1 2 —.06 - .0 3 •0 0

.05 •1 2 .1 0 •04 •03 - .0 7
- .0 1 •06 .0 7 .06 - .0 3 - .1 2
- .0 9 •16 - .1 4 .03 •06 •15
- .1 6 - .1 6 •1 0 -•3(0 j» .1 0

• » -
•14

B7 B8 B9 Cl C2 C3 C4 C5 C6 C7 C

.47 .57 -.05 .60 •65 •59 •41 •39 •34 •25 •2

.49 .67 •09 •73 .74 .70 •38 •43 •39 .27 .2
•41 •62 -.03 •60 •56 •63 .27 •32 •24 •14 •1
•56 •65 •00 •69 .55 •69 •35 .43 •42 •31 •3

.46 •56 -.03 •59 •60 •59 •46 •44 .37 .29 •2

.40 •56 .07 •64 •65 •61 .31 .40 •32 •24 •2
•38 •56 •01 •54 •51 •58 •29 .34 •26 .17 •1
•54 •69 -.01 .72 .60 .71 •27 .49 •46 •35 •3

.67 .78 -.1 0 .81 .81 .79 •52 •45 •52 .32 •3
•50 •69 .08 .74 .76 .72 •44 .39 •39 •13 •2
.47 .73 .00 .72 .70 .74 •48 •54 •33 •15 •1
•68 •83 -.05 •86 •73 •85 •48 •53 •55 .36 •4

.72 .76 -.19 .78 •74 •77 •39 •33 •59 •49 •6
•55 •66 -.10 .70 .72 .67 •38 •35 .47 •34 •4
•49 .62 -.07 •61 •56 •61 •29 •41 •30 •29 •3
.67 .78 -.06 •80 •65 .79 •39 •48 •56 •51 •5

.72 .86 -.19 •87 •84 •85 •53 •43 •52 •24 •3

.57 .78 -.01 .80 .79 .79 •39 •38 •36 .07 •3
•46 .76 -.06 .72 •68 .73 •42 •46 .22 •01 •c
•68 •85 -.15 •86 .71 •85 •38 .48 .47 .28 •3

•64 .76 -.IS .77 .75 .75 •46 •38 •49 •26 .2

# CO •62 .06 •68 .67 •65 •33 •28 •32 .07 •c
•46 .73 -.11 •65 •60 •70 •30 •38 •21 •04 -.c
.57 •68 -.19 .67 •56 •68 •22 •45 •36 •28 .2

.09 .28 .05 .40 .37 .29 •52 •40 •02 -.0 1 . ]
-.01 •24 .19 •35 •36 •23 •49 •31 .10 -.1 0 •(
-.01 .17 .19 •31 .29 .21 •57 •53 •06 .07 • .2
•16 •34 •15 •44 •41 .37 •58 .26 •25 .01 •1

•12 .15 •02 .19 •16 •13 •06 •03 .07 •03 •(
-.04 -.06 -•05 -.0 9 -.09 -.06 -.17 -.02 -•12: -•05 -•<
-.03 -.02 -.17 -.12 -.1 1 -.04 -.16 -.08 -.2 2 -.2 2
-.05 -.0 4 -.08 -.09 - .2 0 CO0

 .1 - .2 1 -.07 —.10 -•02 -.<

•12 •14 .09 •15 .15 •13 •16 •11 •15 •18 «.
-.12 -.09 .09 -.06 - .0 4 -.0 9 •01 •06 -.01 •05 -•!
•12 .07 —.16 •03 -.0 2 •06 -.1 0 -•15 -.0 8 -.2 4 -•!

-.14 -.08 .07 -•07 -.15 CO0
 .1 -.12 -•01 -.13 -.0 8 —•■

.07 •08 •08 •12 •12 •09 -•02 -.05 •13 •16
•06 .01 -.03 .01 •01 •02 —.09 -.08 •00 •08 •<

-.07 -•02 -.02 -.02 -.0 2 •03 •11 •08 -.1 7 —.25
-.18 - .1 9 .07 -.1 6 -.3 0 —#18. -.1 0 -.12 -.1 2 -.12 - j



TABLE 711

t r i e s  Measured on th e  Radiographs o f Four Groups o f Subjeots*

In te ro o r re la tio n  o f Asyxmetries

4  B5 B6 B7 B8 B9 Cl C2 C3 C4 C5 C6 07 C8
■ M M M

C9 CIO DI D2

3 - .3 4 - .3 1 .47 .57 - .0 6 •60 •65 •59 •41 •39 •34 •25 • 27 .08 •03 •76 -.6 5
2 - .2 9 - .2 5 .49 .67 .09 .7 3 .7 4 .70 •38 •43 •39 .2 7 •26 •1 2 •04 •71 -•56
4 - .4 2 - .2 7 •41 •62 - .0 3 •60 •56 •63 .2 7 •32 •24 •14 •1 0 .0 4 •0 0 •76 -•5 7
1 - .4 9 - .4 3 .56 •65 .0 0 •69 .55 •69 .35 •43 •42 •31 •54 .27 •26 •78 - .6 6

2 - .3 2 - .3 1 •46 •56 - .0 3 •59 .60 •59 •46 •44 •37 .29 •28 .1 0 •05 •8 6 - .6 9
4 r .2 2 - .2 2 .40 •56 .0 7 •64 •65 •61 •31 .4 0 •32 •24 •2 0 .1 0 .0 0 .7 8 - • 6 6
7 - .4 2 - .3 0 .3 8 •56 .0 1 •54 .51 •58 .29 .3 4 •26 .1 7 •14 .07 •03 •83 - .7 0
< - .4 3 - .3 5 •54 •69 - .0 1 .72 .6 0 .71 .27 .49 •46 •35 •38 .2 8 •29 •82 -•71

4 - .5 0 - .3 4 .67 .7 8 - .1 0 .81 .81 .79 •52 •45 •52 •32 •38 •23 •2 2 •6 8 - .5 5
1 —•28 - .1 7 .50 •69 •08 .7 4 .76 .72 •44 •39 •39 •13 •24 .18 .13 •53 -•3 9
6 - .3 8 - .0 9 .4 7 .73 •0 0 .72 .70 .74 •48 •54 •33 •15 •16 •08 •03 •57 - .4 5
3 - .5 1 - .3 7 .6 8 .83 - .0 5 •8 6 .7 3 •85 •48 •53 •55 •36 •43 .3 7 •39 •64 -•5 3

8 - .5 0 - .3 7 .72 .76 - .1 9 .78 .74 .77 .39 •35 •59 •49 •60 •15 •2 0 •61 -•4 4
3 - .3 3 - .2 2 •55 •6 6 •1 0 •70 .72 .67 •38 •35 .4 7 •34 •40 •13 •03 •54 -•3 7
3 - .3 3 - .1 2 •49 •62 -•0 7 •61 •56 •61 .2 9 •41 •30 •29 •31 - .1 1 - .1 2 •45 - .3 4
7 - .5 4 - .4 1 .6 7 .7 8 - .0 6 .8 0 .65 .7 9 •39 •48 •56 •51 •53 •28 .31 •57 -•4 7

D-•54 -.25 .72 •86 -.1 9 •87 •84 •85 •53 •45 •52 •24 •34 •29 •32 •61 -.41
7 -.37 -.2 2 .57 .78 -.01 .80 .79 .79 •39 •38 •36 .07 .18 .15 •15 •50 -.32
5 -•40 -.05 •46 .76 -.06 .72 •68 .73 •42 •46 .22 •01 •00 •00 -.02 •50 -•35
5 -.5 4 - .3 4 •68 •85 -.15 •86 .71 •85 •38 •48 .47 •28 •32 .31 .40 •56 -.41

3 -•59 -.4 3 •64 .76 -.IS .77 .75 •75 •46 •36 .49 •26 •53 •21 •20 •59 -.4 4
5 -•40 -.35 .49 •62 •06 •68 .67 •65 •33 •28 •52 .07 .07 •09 •02 •49 -.31
3'—•54 -.31 •46 •73 -.1 1 •65 •60 •70 •30 •58 •21 •04 -.05 —.02 -.02 •57 -.37
J —.59 -.5 5 .57 •68 -.1 9 .67 •56 •68 •22 •45 •36 •28 •28 •15 .27 •63 -.57
>
0 •19 .36 •09 .28 •05 •40 .37 •29 •52 •40 •02 -.01 .11 —•07 -.1 3 •39 -.27
L •26 •40 -.01 •24 .19 .35 •36 •23 •49 •31 .10 -.10 •06 -.01 -.16 •22 -.18
L •36 •48 -.01 .17 .19 •31 .29 •21 .57 •53 •06 .07 .23 —•02 -.11 .17 -•26
r .11 •23 .16 •34 •15 •44 •41 •37 •58 •26 .25 •01 •14 .17 .07 •29 -.33

>-•03 l • o •12 •15 •02 .19 .16 •13 •06 .03 .07 •OS •06 •08 .04 •09 -•08
! -.0 9 -.12  .-.04 -•06 -•05 -.09 -.09 -.06 -.17 -.02 -•12 -•03 -.07 -.1 2 -.0 4 •08 -.02
i -.11 -.05 -.03 -.02 -.1 7 -.12 -.11 -.04 -.16 -.08 -.22 -•22 -.17 -.2 4 -.1 8 •25 -•25
1 -.13 -.05 -.05 -.04 -•08 -•09 -.20 -.08 -.21 -.07 -.10 -.02 -.09 -.1 0 -.01 •05 •01

-.12 -.12 •12 •14 •09 .15 •15 •13 •16 •11 •15 •18 .13 .07 •04 •14 -•09' -.0 8 .01 -.12 -•09 •09 -.06 .-•04 -.09 .01 •06 -.01 •05 -.07 -.05 -.1 1 •09 -.0 7
I -.1 4 -.0 7 •12 .07 -.16 •03 -.02 •06 '-.10 -•15 -.08 -.2 4 -.17 -.0 4 .04 •02 -.23

-.0 3 •00 -.14 -.08 .07 -.07 -.15 i . o 00 - .12 -•01 -.13 -.08 -.12 -.10 -.1 2 •14 -•21

•03 -•07 .07 •08 .08 .12 •12 •09 .-•02 -.05 •13 •16 •19 •06 -.02 •22 -.2 1
—*05 -.12 •06 .01 -.03 •01 •01 •02 .-.09 -.08 •00 •08 •05 -•02 .01 •14 -•12

•06 •15 -.07 -•02 -.02 -.02 -.02 •08 • U •08 •-.17 • • M cn -•19 - .1 4 —•16 •52 -.25
• .10 •14 •-.18 -.19 .07 --.16 -.50 •-.18 -.10 -.12 <-.12 -•12 .-.08 -.1 0 -.0 8 •06- .05

D5

- .2 e
- .1 7
-.1 5
- .2 2

-.21
- .2 2
—.22
- .5 0

-.2 5
-.10
-.10
- .2 0

- .2 2
-.06
-.0 7
-.0 9

-.1 4
-.04
-.07
-.0 7

- .2 2
- .0 5

•00
- .2 3

-.05
- .0 4
-.1 4
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•5 0 •5 9 •5 5 •4 9 - .3 3 - . 0 9
•4 4 .5 7 •3 9 •5 0 - • 3 5 - • 0 6
•36 •55 •4 4 •4 3 —•2 6 - .0 2
•4 9 •5 6 .5 7 •4 4 .-•4 0 —.1 3

•6 0 •5 4 .6 7 .4 7 - . 2 9 - . 0 8
•5 0 •3 9 •5 6 .4 7 - • 2 9 - . 0 5
.3 9 .4 7 .5 4 .4 6 - • 3 3 - •0 6
•62 •5 9 .7 1 • cn 0) - . 4 2 - . 1 3

.1 0 •2 6 •0 4 •3 7 - .2 5 - • 0 6

.1 0 •51 - .1 2 .2 1 - • 1 7 - . 0 4
•22 •3 8 .0 9 •3 5 - • 2 3 - .0 9
•3 6 •5 6 .1 7 •2 4 - .2 3 - • 1 3

too• •09 - . 0 2 •2 8 - .2 0 —.0 1
.1 1 •16 - . 0 8 .2 7 - • 2 1 - . 0 1
•24 •1 9 •03 •3 0 - • 2 2 .1 1
•33 •2 8 •2 3 •3 9 —.3 2 —.1 5

•75 .8 1 .7 3 •2 9 - • 1 3 •0 0
•61 •86 •4 8 •2 5 - .1 9 - • 0 7
•7 1 •8 4 •7 3 •1 8 - • 0 8 - • 0 2
.8 4 •9 2 .7 3 •4 0 - . 3 0 - • 1 5

•6 7 •4 6 • 3 4 •1 4 - • 0 5 •0 2
•60 •53 .2 6 .1 3 - . 0 9 •0 3
.7 0 .5 4 •4 6 .0 7 - . 0 8 •0 0
.7 5 •6 2 •5 0 •3 2 - .2 2 i • o -a

•46 •6 2 •2 0 - .0 5 - • 0 3
•5 0 •6 4 •1 3 - • 0 7 - • 0 6
•5 0 •6 2 •0 0 - • 1 4 - . 1 1
.7 3 •7 4 •3 7 - • 3 3 - . 2 1

•8 0 •0 4 •0 6 •1 0
.AS .<VL - . 0 4 — 03



O.M.

Y.W. C& 
Y.H.
O.W.
O.M.

Y.W. C3
Y.M.
O.W.
O.M.

Y.W. C4
Y.M.
O.W.
O.M.

Y.W. C5 
Y.M.
O.W.
O.M.

Y.W. C6
Y.M.
O.W.
O.M.

Y.W. C7
Y.M.
O.W.
O.H.

Y.W. C8
Y.M.
O.W.
O.M.

Y.W. C9
Y.M.
O.W.
O.M.

Y.W. CIO
Y.M.
O.W.
O.M.

Y.W. DI
Y.M.
O.W.
O.M.

Y.W. D2
Y.M.
O.W.
O.M.

* The fo u r  groups o f  su b je o ts  a r e  young women (Y .W .). young men (Y .M .). o lder WMMBl (O .W .), ax



• 96 •44 • 4 3 •72 •31 • 3 0 • 3 1 • o *  -

•93 •49 •36 .75 .42

OID• •59 •55
.9 0 •53 •37 •71 •36 •44 •57 •39
•8 6 •50 •44 •6 8 •42 •36 •55 •44
•79 •48 •36 •65 •36 .49 •56 •57

.37 .31 •73 •39 •60 •54 .67
•2 1 •27 •52 •23 •50 •39 •56
.37 •36 •64 •32 •39 •47 .54
•36 .46 •71 •49 •62 •59 .71

.73 •40 .26 .1 0 •2 6 •04
•56 •62 .34 .1 0 •51 - .1 2
.77 .49 .31 .2 2 •33 •09
.52 •64 .39 •36 .56 .17

•25 .49

too• .09 - .0 2
•28 .51 .1 1 •16 - .0 8
•37 .51 •24 • 19 •03
.39 .60 •33 •28 •23

.74 .75 .81 .73
•63 •61 •8 6 •48
•72 •71 •84 •73
.75 •84 •92 •73

•67 •46 •34
•60 •53 •26
•70 •54 •46
.75 •62 •50

•46 *62
•50 .64  
•50 .62 
.7 3  ,74

.80
•63
•82
•79

i

, young men (Y .M ,), o ld e r womb (O.TT*)* and o ld e r  men (O JU )*



• yv •  T* • » « •we t w •wv

•93 •49 •36 .75 .42 •50 •59 •55 •49 -•3 3

CT>O•1

•90 •53 .37 .71 •36 •44 .57 •39 •50 -•3 5 - .0 6
•8 6 •50 •44 •6 8 •42 •36 •55 •44 •43 —*26 - .0 2
.79 •48 •36 •65 •36 .49 •56 .5 7 •44 .-•40 -•1 3

.37 •31 .73 •39 •60 •54 .67 .47 -•2 9 - .0 8

.2 1 •27 •52 •23 •50 •59 •56 .4 7 -•2 9 - .0 5

.3 7 .36 •64 •32 .39 .47 •54 •46 -•3 3 -.0 6
•36 •46 •71 •49 •62 •59 •71 •58 —.42, - .1 3

.73 .40 •26 .1 0 •26 •04 .3 7 - .2 5 - .0 6
•56 •62 •34 .1 0 .51 - .1 2 •2 1 - .1 7 - .0 4
.77 .49 .31 .2 2 •38 •09 •35 -•2 3 -.0 9
.52 •64 .39 •36 .56 .1 7 •24 - .2 3 - .1 3

•25 .49 .06 .09 - .0 2 .28 - .2 0 - .0 1
•28 .51 .1 1 •16 —.0 8 .27 - .2 1 - .0 1
.37 .51 •24 .19 •03 •30 - • 2 2 .1 1
•39 .60 •33 •28 •23 .39 -•3 2 -.1 5

.74 •75 .81 •73 .29 - .1 3 •0 0

.63 •61 •8 6 •48 •25 - .1 9 - .0 7

.72 •7 1 *84 •7 3 •1 8 - • 0 8 - . 0 2

.75 •84 •92 .73 •40 - . 3 0 -•15

.67 •46 •34 •14 —•05 •0 2

.60 •53 •26 .13 -•0 9 •03

.7 0 .54 •46 •07 - .0 8 •0 0

.75 •62 •50 •32 - • 2 2 - .0 7

•46 •62 •2 0 - .0 5 -•03
•50 •64 .13 - .0 7 -•06
•50 •62 •0 0 -•1 4 - .1 1
.73 •74 •37 - .3 3 - .2 1

•80 •04 •06 .1 0
•63 •04 -•0 4 -•0 3
•82 •09 - .0 2 - .0 6
.79 •25 - .1 8 -•1 5

•0 0 •14 •13
- • 0 2 .0 7 .0 1
—.0 1 - .0 1 - .0 5

•26 - .1 8 - .1 3

- .8 3 - .3 0
- .8 6 - .3 3
-•7 8 - .1 5
- .8 2 - .3 5

.57
•56
•53
•55

to r r a m  (O .W .), u d  o ld e r  a m  (0«1U)«
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in  eaoh o f  th e  fou r a e ts  o f  d a ta  i s  s im ila r*  

b* When th e  c o r r e la t io n s  a re  re a d  by  l in e  o r  by  oolumn, 

th e y  change s im i la r ly  f b r  th e  fo u r s e ts  o f  data*  

o* The degree  o f  o o r r e la t io n  in  th e  fo u r  s e ts  o f d a ta  i s  

o f  s im i la r  va lue  w ith  i n  s im i la r  a re a s  o f  th e  ta b le *  

d* The summation o f  th e  c o r r e la t io n s  o f  any one asymmetry 

w ith  a l l  o th e r  asym m etries,  r e g a rd le s s  o f  s ig n , i s  

s im ila r  i n  th e  fo u r s e ts  o f  data**

2* The asym m etries len d  them selves t o  g rouping  acoo rd ing  t o  de

g ree  o f  o o r r e la t io n  in  a l l  fo u r s e ts  o f  d a t a ,  as in d ic a te d  

by the  fo llo w in g s  ifcen two o r  more asym m etries show a  s im i la r  

degree o f  o o r r e la t io n  in  th e  age-sex  g ro u p s , th e y  lik e w ise  

show a  s im ila r  degree o f o o r r e la t io n  w ith  o th e r asym m etries* 

T his i s  i l l u s t r a t e d  i n  Table V I I I ,  page 8 4 , ih io h  p re s e n ts  

on ly  a  p a r t i a l  p ic tu r e  o f  what may be fou n d  in  Table VIZ, page 

82* In  Table V I I I  th e  a re a s  o f  c o r r e la t io n s  o f s im i la r  degree 

a re  in d io a te d  by  en o lo sin g  lin e s*

In  view o f  t h e  s im i la r i ty  o f  in t e r o o r r e la t io n  o f  asym m etries in  

th e  fo u r  s e ts  o f d a t a ,  i t  would seen  t h a t  n e i th e r  age nor sex  a f f e o t  th e  

g en era l p ic tu r e  o f  b i l a t e r a l  s k e le t a l  asymmetry t o  any marked ex ten t}  

a l s o ,  t h a t  th e  s u b je o ts  p a r t i c ip a t in g  i n  th e  s tu d y  may be co n sid e re d  

an adequate sam pling o f  any group o f  s tu d en ts  o f  P h y s ic a l E ducation  and 

H ea lth .

The s im i la r i ty  o f  d eg ree  o f  in te r o o r r e la t io n  o f  v a rio u s  groups 

o f  asymm etries su g g es ts  t h a t  th e re  are  f a c to r s  o f  movonent which b lend

* See Appendix, Table XXXV, page 132,
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ta b le  v n r

The Tendency o f  Asyimnetries to  Combine in to  Groups A ccording 
to  T heir Degree o f  I n te r o o r r e la t io n

S ub jec ts In te r c o r re la t io n  o f  Asymmetries

A4 A5 B5 B6 Cl 0 2 C3 C9 CIO

Y.W.** A3 .8 6 .91 —*50 —.3 4 .81 .81 .7 9 .23 • 22
Y.M. •74 .85 —.2 8  —.1 7 .74 .76 .7 2 .1 8 •13
O.W. .82 .91 —.3 8  —.09 .72 .7 0 .7 4 .08 •03
O.M. .8 7 .93 - .5 1  - .3 7 •8 6 .73 •85 .37 •39
Y.W. A4 .85 - .5 0  - .3 7 .78 .74 .77 .15 •2 0
Y.M. .7 9 - .3 3  - .2 2 •70 .72 .6 7 •13 •03
O.W. .8 0 -•3 3  - .1 2 .61 •56 •61 - .1 1 - .1 2
O.M. .8 6 - .5 4  - .4 1 .80 •65 .79 .28 •31
Y.W. A5 —.54  —.2 5 .87 • 84 .85 •29 .32
Y.M. -•3 7  -*22 •80 .79 .7 9 .15 •15
O.W. - .4 0  - .0 5 .72 • 68 .73 .0 0 - .0 2
O.M. - .5 4  - .3 4 •8 6 .71 .85 •31 .40
Y.W. B5 .7 7 - .6 2 - .6 2 - .6 9 - .5 0 - .5 9
Y.M. .7 9 - .5 2 - .4 5 —.6 1 -•3 2 - .5 8
O.W. .71 -•4 8 -•4 4 - .5 5 - .3 1 - .4 0
O.M. .8 4 - .7 0 - .5 0 - .7 3 - .4 8 -•6 3
Y.W. B6 —.36 -•3 7 - .4 3 - .3 3 -•35
Y.M. -•4 1 —.36 - .4 9 - .2 7 - .4 6
O.W. - .2 5 - .2 1 - .3 6 - .2 7 -•3 9
O.M. —.51 -•35 - .5 4 - .3 4 -•4 6
Y.W. Cl .95 .95 •55 •58
Y.M. .96 • 95 •45 •46
O.W. .87 .8 9 .48 •45
O.M. .8 0 .96 •61 •64
Y.W. C2 •93 •59 •55
Y.M. .9 0 •57 •39
O.W. .8 6 .55 •44
O.M. .7 9 •56 .5 7
Y.W. C3 •54 .67
Y.M. •39 •56
O.W. .47 •54
O.U. •59 .71
Y.W. C9 •80
Y.M.
O.W,
O.K.

•63
•82
.79

* This ta b le  i s  a  p o r t io n  o f  Table Y I^, 82.

** Y.W. means young women; Y .M ., young men; O.W., o ld e r  women; O.M., 
o ld e r  men*

*** The degree o f  in te r c o r r e la t io n  tends to  group th e  asym netries  in  
each o f  th e  a g e -sex  groups as fo llo w s: (A3, A4, A5); (B5, B6 ) ;  
(C l, C2, C3); (C9, CIO).
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to  produce a  p a t te r n  o r  c o n f ig u ra tio n  o f  asym m etries. For t h i s  reaso n  

fu r th e r  a n a ly s is  o f  th e  asym m etries and  th e i r  o o r re la t io n s  i s  g iv en  in  

C hapter IV where th e  asym m etries a re  merged in to  p a tte rn s*

SUMMARY

B i la te r a l  asymmetry i n  th e  alignm en t o f  th e  s k e le t a l  framework was 

d isco v ered  to  same e x te n t in  a l l  o f  the  497 su b je o ts  p a r t i c ip a t in g  in  th e  

study* Of th e  f iv e  s k e le ta l  u n i t s  su b je c te d  to  m easurem ent, none was 

found to  b e  eom plete ly  sym m etrical in  any  s u b je o t .  O ccasio n a lly  th e re  

was symmetry in  th e  lo c a tio n  o f  id e n t ic a l  l a t e r a l  p a r t s ,  b u t t h i s  ooourred 

only  when the p a r ts  were su b je o te d  to  one ty p e  o f  measurement — never 

whan th e y  were su b je o te d  to  two* The r e l i a b i l i t y ,  o r e x te n t  to  which 

asym m etries may be considered  h a b i tu a l ,  fu n c tio n a l  and capab le o f  con

s i s t e n t  measurement ranged in  deg ree  from  *60 to  *98*

The r e l i a b i l i t y  o f  asymmetry tends to  deorease  as ( a )  th e  d i s 

tanoe  o f  th e  d e v ia tin g  p a r t  from th e  to p  o f  th e  saorum in c re a s e s ,  (b ) th e  

d is ta n o e  o f  th e  d ev ia tin g  p a r t  Aram th e  c e n t r a l  v e r t i o a l  ax is  in c re a s e s ,

(o )  th e  number o f jo in ts  betw een th e  d e v ia tin g  p a r t  and th e  saorum in 

c re a s e s ,  a n d /o r  (d )  th e  a re a  o f  s k e le t a l  s tru o tu re  betw een th e  d e v ia t

in g  p a r t  and th e  saorum in o rease s*

M aintenance o f  e q u ilib r iu m  in  th e  s ta n d in g  p o s i t io n  i s  accompanied 

by movement i n  a  v a ry in g  d ire o t ia n *  D ire c tio n  o f  movement i s  n o t n eces

s a r i l y  a s s o c ia te d  w ith  o r in f lu e n c e d  by asymmetry in  th e  p o s i t io n  o f  th e  

femora as  th e  su p p o rtin g  s tru c tu re s*

B i l a t e r a l  s k e le t a l  asym m etries show a  marked s im i la r i ty  o f  i n t e r 

o o r r e la t io n  in  th e  lb u r s e t s  o f  d a ta ,  in d ic a tin g  th a t  n e i th e r  age no r
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sex  te n d  to  a f f e o t  th e  genera l p ic tu r e  o f  asymmetry to  any g re a t e x te n t*  

Furtherm ore , th e  asy n m etrle s  lend  then  se lv e s  to  s im i la r  com bination in  

th e  ag e-sex  g roups, aooord ing  to  t h e i r  degree o f  in t e r o o r r e la t io n .



CHAPTER 17

PATTERNS OF BILATERAL SKELETAL ASYMMETRY

A p a t te r n  o f  b i l a t e r a l  asymmetry in  s k e le t a l  a lignm ent i s  a  

c o n f ig u ra tio n  formed by th o se  asym m etries which c o n s is te n t ly  ooour t o 

ge ther eaoh tim e an in d iv id u a l assumes a  s ta n d in g  p o s i t io n  w ith  h is  w eight 

d is t r ib u te d  evenly  betw een th e  fe e t*  A p a t te r n  th en  i s  c o n s tru c te d  by 

b r in g in g  to g e th e r  t h a t  group o f  asym m etries which m a in ta in  a  s im ila r  de

gree o f  r e la t io n s h ip  w ith  eaoh o th e r  and a  l e s s e r  degree of r e la t io n s h ip  

w ith  o th e r  asym m etries o f  th e  s k e le ta l  s tru o tu re *

This c h a p te r  w i l l  p re s e n t ( l )  th e  p a t te rn s  o f  b i l a t e r a l  s k e le ta l  

asymmetry d iso o v ered  in  th e  average c o r r e la t io n s  o f  asym m etries in  th e  

fou r groups o f  s u b je o ts ;  and (2 )  th e  p a t te rn s  o f  b i l a t e r a l  s k e le ta l  

asymmetry o f  eaoh o f  th e  a g e -sex  groups*

BILATERAL SKELETAL ASYMMBTRIES GROUPED TO FORM PATTERNS

Table IX, page 88, shows th e  c o n f ig u ra tio n s  o f  asym m etries th a t  

emerged from  s im i la r i ty  o f  o o r r e la t io n  o f asym m etries among th em se lv es , 

and le s s e r  o o r r e la t io n  w ith  o th e r  asymm etries in  th e  s k e le ta l  s tru c tu re *  

The asym m etries o f  Group A m a in ta in  th e  h ig h e s t o o r r e la t io n  among 

them se lv es , th e  range o f  average degree o f  o o r re la t io n  b e in g  *82 t o  *91* 

The range o f  degree o f  average o o r r e la t io n  o f  th e se  asym m etries w ith  

o th e r asym m etries o f  th e  s k e le t a l  s tru c tu re  was *40 to  *43.*

* For th e  c o r r e la t io n s  o f  th e  asym m etries w ith in  th e  v a r io u s  groups 
w ith  o th e r  s k e le t a l  a sy n m e trie s , see  Appendix, Table XXXVI, page 183*



TABUS IX

Grouping o f  B i l a te r a l  S k e le ta l  Asymmetries According to  th e  Conformity 
o f  T heir Degree o f  C o rre la tio n  t o  C r i te r io n  A and C r ite r io n  B

Group I n te r c o r r e la t io n  o f  Asymmetries Avergge Range o f  Average r*

"(17

(B)

B4 B7 B8 Cl C2 CS •82 to  .9 1

B1 .82 .92 .88 .81 .72 .83 .84
B4 .80 .93 .92 •84 .95 .88
B7 .8 7 .79 .73 .88 •83
B8 .92 .8 4 • 96 .91
Cl .90 •94 • 88
C2 .87 •82
C3 .91

A2 A3 A4 A5 A6 .74  to  .81

AI .89 .78 .72 .73 .72 .77
A2 .75 .7 0 .70 .67 .7 4
A3 .82 .90 .81 .81
A4 .83 .78 .79
A5 •85 .7 9
A6 .76

C7 C8 .70  to  .72

C6 .7 1 .73 .72
C7 •68 .70

(C)

C8 .7 0

(D) B6 .7 8

B5 .78

(B) D2 .82

DI - .8 2

(F) CIO .76

C9 .76

(G) A9 A10 .4 1  to  .46

A8 .46  .46 .46
A9 .4 1  .4 4

A10 .43

* The c r i t e r io n  fo r  a  t r i a l  grouping was s im i la r i ty  o f  c o r r e la t io n  o f 
asym m etries. The range o f  o o r r e la t io n  m a in ta in in g  w ith in  th e  p a t te r n  
was d isco v ered  a f t e r  th e  p a t te r n  was form ed.
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The asym m etries o f  Group B m a in ta in  th e  seocnd h ig h e s t deg ree  o f  

o o r r e la t io n  among them se lv es , th e  range o f  average c o r r e la t io n  b e in g  .74 

to  *81. The range o f  average degree o f  o o r r e la t io n  o f  th e se  asym m etries 

w ith  o th e r  asym m etries o f  th e  s k e le ta l  s t r u e tu r e  i s  .36  t o  .4 1 .

The asym m etries o f  Group C m a in ta in  a  o o r r e la t io n  among them selves 

rang ing  from .7 0  to  .7 2 ; th e  average c o r r e la t io n s  o f  th e se  asym m etries 

w ith  o th e r  s k e le t a l  asym m etries ranges from .31 to  .4 1 .  C o rre la tio n  o f  

th e  two asym m etries in  group D i s  .78} th e  average o o r r e la t io n  m ain ta ined  

w ith  asym m etries o u ts id e  th e  group i s  .30  and .3 9 . The two asym m etries 

o f  Group E show a  o o r r e la t io n  o f  .8 2 ; w ith  asym m etries n o t i n  th e  group 

th e  average o o r r e la t io n  i s  .27 and *33. The two asym m etries in  Group F 

show a  o o r r e la t io n  o f  *76; w ith  asym m etries no t i n  th e  group th e  average 

o o r r e la t io n  i s  .3 0 .

The asym m etries o f Group G m a in ta in  a  r e l a t iv e ly  low range o f  

c o r r e la t io n  among them selves — .41  t o  .4 6 . The o o r r e la t io n  o f th e se  

asym m etries w ith  o th e r  asym m etries n o t in  th e  p a t te r n  i s  a t  no tim e above 

• 16 and th e  average  o o r r e la t io n  ranges from .0 4  to  .0 5 . Thus th e  asym

m e trie s  o f  Group G a re  f a i r l y  low in  t h e i r  in t e r r e la t io n s h ip ,  b u t th e y  

d e f in i t e l y  show l i t t l e  o r no r e la t io n s h ip  w ith  any o th e r  s k e le t a l  asym

m e tr ie s .

Eaoh group o f  asym m etries in  Table IX may be co n sid ered  t o  re p re 

s e n t a  p a t te rn  o f  b i l a t e r a l  s k e le ta l  asymmetry. The p a t te rn s  a re  h e re 

a f t e r  d es ig n a ted  by number, and eaoh i s  made up o f  asym m etries a s  follow s*

P a t te r n  I  — B ^ . B4, B7, B8, C l, C2, C3.
P a t t e r n  I I  - -  A l, A2, A3, A4, A5, A6.
P a t t e r n  I I I  —- C6, C7, C8.
P a t te r n  IV - -  B5, B6.
P a t te r n  V — C9, CIO.
P a t t e r n  VI — D l, D2.
P a t t e r n  V II — A8, A9, A10.
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PATTERNS OF BILATERAL SKELETAL ASYMMETRY IN EACH OF THE ACE AND SEX GROUPS

In  th e  p re s e n ta tio n  o f th e  p a t te rn s  o f  b i l a t e r a l  s k e le t a l  asym

m etry  in  th e  age and se x  groups eaoh p a t te r n  i s  t r e a te d  in  th e  fo llo w 

in g  mannert

l s A ta b le  i s  p re sen te d  which shows th e  in te r o o r r e la t io n  o f  

b i l a t e r a l  s k e le ta l  asym m etries o f  th e  p a t te r n  in  th e  ag e - 

sex g roups.

2# The lo e a t io n  o f  b i l a t e r a l  asym m etries i s  g iven in  term s o f  

th e  d e v ia tin g  s k e le t a l  s t ru c tu re s  in c lu d ed  in  th e  p a t te r n .

3 . The asym m etries o f  th e  p a t te r n  a re  in te rp r e te d  in  term s o f 

th e  ty p e  o r  ty p es  o f  s k e le ta l  d e v ia t io n  whioh te n d  to  ooour 

to g e th e r  to  produoe th e  p a t te r n .  This in te r p r e ta t io n  i s  made 

on th e  b a s is  o f  th e  r e s u l t s  o f  th e  p re lim in a ry  experim enta

t i o n  in  movement o f  inan im ate s k e l e t a l  s t r u c tu re s  to  d u p lic a te  

asym m etries shown on th e  rad io g ra p h s .*  Thus th e  f a c to r s  o f  

movement which b lend  to  produoe a  c o n f ig u ra tio n  o f  asym m etries 

a re  de term ined .

4 . A com parison o f  th e  p a t te rn  in  th e  ag e-sex  groups i s  made:

(1 ) on th e  b a s is  o f  th e  average in te r o o r r e la t io n  o f  asym

m e tr ie s  in  eaoh group and (2 ) on th e  b a s is  o f  th e  asymmetry 

in  eaoh group whioh shows th e  h i p e s t  average o o r r e la t io n  

w ith  o th e r  asym m etries in  th e  same group.

* See pages 24 t o  33, in c lu s iv e .
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P a t te r n  _I
L a te ra l  and R o ta to ry  D ev ia tio n  in  th e  P e lv is  and Femora

The in te r o o r r e la t io n  o f  b i l a t e r a l  s k e le t a l  asym m etries in  P a t te rn  I  

in  eaoh o f  th e  ag e -sex  groups i s  shown in  Table X, page 92. The asym

m e tr ie s  in  t h i s  p a t te r n  ooour in  th e  p o s te r io r  aroh  o f  th e  p e lv is  a t  th e  

p o s te r io r  i n f e r i o r  sp ines o f  th e  i l i a  (B l) and a t  the  m edial b o rd e rs  o f 

th e  i l i a  j u s t  above th e  le v e l  o f  th e  a o e ta b u la  (B 4); in  th e  a n te r io r  aroh 

o f  th e  p e lv is  a t  th e  pubio symphysis (B8) and a t  p o in ts  p e rp e n d ic u la r  to  

th e  p o s te r io r  i n f e r i o r  sp in es  o f  th e  i l i a  (B 7)j and in  th e  femora a t  th e  

c e n te r  o f  t h e i r  heads (C 3), a t  t h e i r  g re a t  t ro c h a n te rs  (C 2), and a t  t h e i r  

sm all t ro o b a n te rs  (C l) .

These asym m etries i n  th e  p e lv is  were produoed ex p erim en ta lly  by 

no one ty p e  o f  movement o f  th e  inan im ate  p e lv is ,  b u t by d i f f e r e n t  types 

o f movement in  th e  reoogn ized  p lanes  o f  th e  body, th e  combined r e s u l t s  

o f  which p re sen te d  th e  p e lv io  asym m etries shown in  P a t te rn  I .  These 

movements were r o ta t io n  o f th e  p e lv is  i n  a oo ronal p la n e , r o ta t io n  in  a  

tra n s v e rs e  p la n e , and b i l a t e r a l l y  unequal a n te ro p o s te r io r  r o ta t io n  in  a  

s a g i t t a l  p la n e . The asym m etries o f th e  fem ora, when in  e o n ta e t  w ith  th e  

a o e tab u la  o f th e  p e lv is  w ere produoed by o o ro n a l r o ta t io n  o f  th e  two 

s tru c tu re s  combined. The b i l a t e r a l  measurements o f  th e  asym m etries in  

P a t te rn  I  show d if fe re n c e s  in  h o r iz o n ta l  and v e r t i c a l  r e la t io n s h ip s  o f 

th e  p e lv is  and fem ora. The p o s it iv e  in te r o o r r e la t io n  o f th e  asymm etries 

in d ic a te s  t h a t  oo ronal r o ta t io n ,  h o r iz o n ta l  r o ta t io n ,  and b i l a t e r a l l y  

unequal a n te ro p o s te r io r  r o ta t io n  o f  th e  p e lv is  tend  to  ooour w ith  l a t e r a l  

d e v ia tio n  o f  th e  fem ora t o  produoe s im ila r  h o r iz o n ta l and v e r t i c a l  asym

m e tr ie s  in  th e  b i l a t e r a l  p o s i t io n  o f  v a rio u s  p a r ts  o f  th e  p e lv is  and 

fem ora. Thus ih e n  th e  p e lv is  i s  prom inent on th e  l e f t  s id e ,  i t  tends
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TABLE X

P a t te rn  Is  I n te r c o r r e la t io n  o f  Asymmetries O ccurring -with L a te ra l  
And R o ta to ry  D ev ia tio n  in  th e  P e lv is  and Femora

Group o f
S ub jec ts  I n te r c o r r e la t io n  o f  Asymmetries Average r

Young Women

Young Men

B4 B7 . B8 Cl C2

i ■
O 

1 
M 

1 I

B1 .86 .9 0  .9 0 .84 .82 .90 .87
B4 .85  .92 .90 .8 8 • 93 .8 9
B7 .9 1 .85 .85 .90 .87
B8 •95 .9 2 .98 •93
Cl .95 .95 .91
C2 .93 .89
C3 .9 3

A ll asym m etries
■••■■•aneHeeeeeeweaiee 1 1 I 1 1 1 1 > i i i i iw e e <

.9 0

B1 .75 .9 0  .82 .76 .70 • 84 .80
B4 .76  .90 .92 .88 .96 .86
B7 .83 .76 .71 .84 .80
B8 .9 1 .85 .95 .88
Cl .96 .95 .88
C2 .90 •83
CS .91

A ll  asym m etries • 85

B1 .82  .9 0  .8 8  .7 8  .7 4  .8 7  .83
B4 .76  .9 4  .9 1  .85  .9 4  .8 7
B7 .82  .7 2  .6 7  .8 0  .7 8

O lder Women B8 .8 8  .8 3  .9 4  .88
Cl .8 7  .8 9  .8 4
C2: .8 6  .8 0
C3 .88

A ll asym m etries .8 4

B1 .85 .9 6  .9 2  .8 6  .7 2  .9 2  .8 7
B4 .8 4  .95  .95  .7 6  .96  .89
B7 .9 0  .8 4  .7 0  .9 0  .86

O lder Men B8 .  95 .76  .9 8  ,  91
Cl .8 0  .9 6  .8 9
C2 .7 9  .76
CS .92

A ll asym m etries .8 7
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a ls o  t o  be h ig h e r on th e  l e f t ,  t o  r o ta t e  to  th e  l e f t ,  to  p re s e n t  a 

g re a te r  a n te ro p o s te r io r  t i l t  on th e  l e f t ,  and to  be aoocntpanied by l a t e r a l  

prominenoe o f  th e  l e f t  femur*

The average e o r r e l a t i c n  o f  s k e le ta l  asym m etries i n  P a t te rn  1 in  

eaoh o f  th e  age-sex  groups i s  as fo llo w s : i n  young women, *90} in  young 

men, *85) in  o ld e r  women, *84; i n  o ld e r men, *87* In  g en e ra l th e  degree 

o f av erage  o o r re la t io n  te n d s  to  in c re a se  w ith  age increm en t among men 

(*85 t o  *87) and to  d ec rease  w ith  age increm ent among women (*90 to  *84)$ 

in  th e  younger group o f  s u b je c ts  i t  te n d s  to  be g r e a te r  among women 

(•9 0  v e rsu s  *85) and in  th e  o ld e r  group i t  te n d s  t o  be g re a te r  among 

men (*87 v e rsu s  *84). These d if fe re n c e s  in  o o r r e la t io n  o f  asym m etries 

in  th e  ag e-sex  groups seem m a i l ,  b u t i t  w i l l  be n o ted  in  eaoh p a t te r n  

whioh fo llo w s t h a t  th e re  a re  age and sex d if fe re n c e s  s im i la r  to  th o se  

shown in  P a t te rn  1* T heir c o n s is te n t  occurrence in d io a te s  t h a t  th e  

d if fe re n o e s  ten d  to  b e  r e l i a b l e .

The asymmetry in  P a t te r n  I  m a in ta in in g  an eq u a l o r  h ig h e r  average 

o o r r e la t io n  w ith  o th e r asym m etries in  th e  p a t te rn  in  a l l  fo u r  groups o f  

s u b je c ts  i s  C3, th e  l a t e r a l  d sv ia t io n o f  th e  head o f  th e  femur from  th e  

o e n t r a l  v e r t i o a l  a x i s .

P a t te r n  I I
Coronal R o ta tio n  o f  th e  P e lv is  and Femora 

The in te r o o r r e la t io n  o f  b i l a t e r a l  s k e le ta l  asym m etries in  P a t

t e r n  I I  i n  th e  ag e -sex  groups i s  shown in  Table X I, page 94 . The asym

m e trie s  o f  t h i s  p a t te r n  o ccu r a t  th e  s a c ra l  ta b le  (4 2 ) , th e  s a c r a l  

wings (A l) ,  th e  o r e s ts  o f  th e  i l i a  (A 3), th e  p o s te r io r  i n f e r i o r  sp ines  

o f  th e  i l i a  (A4), th e  tu b e ro s i t ie s  o f  th e  i s  ch i a  (A 6), and th e  fem oral 

heads a t  t h e i r  s u p e r io r  b o rd e rs  (A&).
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TABLE XI

P a t te r n  I t : I n te r o o r r e la t io n  o f  Asymmetries O ceurring  w ith  Coronal 
R o ta tio n  o f  th e  P e lv is  and Femora

Group o f 
S ub jec ts

Young Women

Young Men

I n te r o o r r e la t io n  o f  Asymmetries Average r

A2 A3 A4 AS AS

A1 •88 .82 .7 2 .71 • 68 .76
A2 .77 .7 1 .70 .67 .75
A3 • 86 .91 • 85 .8 4
A4 .85 •85 • 80
AS

03CO• • 81
A6 .79

A ll asym m etries
W . M M

.7 9

Al to•CO00« •75 .76 .71 .77
A2 •68 • 70 .69 .59 .71
A3 •74 •85 .72 .75
A4 .79 .70 .7 4
AS .76 .7 7
AS •70

A ll  asym m etries •74

O lder Women

O lder Men

A1 
A2 
A3 
A4 
A5 
A6

•90 •77
.73

A ll  asym m etries

A1 
A2 
A3 
A4 
A5 
A6

•88 •77
•83

A ll  asym m etries

70 .70 .76 .77
65 •64 .70 .72
82 .91 •86 •82

•80 .79 •75
.88 •79

.80

.77

71 .73 .72 .76
74 .75 .71 .78
87 .93 .79 • 84

• 86 .78 .79
.80 .81

.76

.79
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These asym m etries -were produoed e x p e rim en ta lly  w ith  th e  inanim ate 

s k e le t a l  s t r u c tu re  by r o t a t i o n  o f  th e  p e lv is  and o o n ta o tin g  femora in  th e  

o o ronal p lane*  T heir measurements on th e  rad io g ra p h s  show l a t e r a l  angu

la t i o n  o f  th e  p e lv is  and femora a t  th e  s ix  p lao es  m entioned above* The 

p o s i t iv e  in te r o o r r e la t io n  o f  th e  asym m etries in d io a te s  t h a t  o o ronal r o t a 

t i o n  tends to  ooour s im u ltan eo u sly  i n  th e  p e lv is  and in  th e  femora to  

produoe s im i la r  l a t e r a l  a n g u la tio n  in  th e se  s tru c tu re s *  Thus when th e  

p e lv is  i s  h ig h e r  on one s id e*  th e  l e f t  fem oral head w i l l  te n d  t o  be h ig h e r  

on th e  same s id e .

In  eaoh o f  th e  ag e-sex  groups th e  average o o r r e la t io n  o f  asym-
*

m e trie s  in  P a t te rn  I I  i s  a s  fo llo w s t in  young women* *79; in  young men* 

•74} in  o ld e r  women* *77; in  o ld e r  men* *79* In  g en era l th e  average de

g ree  o f  o o r r e la t io n  te n d s  t o  in o re a se  w ith  age increm ent among men 

(•74  to  *79) and t o  deo rease  w ith  age increm ent among women ( .7 9  to  *77 ) j
p a

i n  th e  j^ounger group o f  su b je o ts  i t  tends to  be g re a te r  among women 

(•79  v e rsu s  *74) and i n  th e  o ld e r  group i t  te n d s  to  be g r e a te r  among 

men ( .7 9  v e rsu s  *77). The a s s o c ia t io n  o f  deg ree  o f  average o o r r e la t io n  

o f  asym m etries w ith  age and sex in  P a t te rn  I I  te n d s  to  be th e  same a s  in  

P a t te rn  I*

The asymmetry in  P a t te r n  I I  whioh m a in ta in s  th e  h ig h e s t average
*

o o r r e la t io n  w ith  o th e r  asym netries  i n  th r e e  o f  th e  fo u r  groups i s  A3* 

l a t e r a l  a n g u la tio n  o f  th e  p e lv is  a t  th e  c r e s t s  o f  th e  i l i a *  In  th e  young 

m en's group A1 and A5 — l a t e r a l  a n g u la tio n  o f -the p e lv i s  a t  th e  s a o ra l  

ta b le  and a t  th e  p o s te r io r  i n f e r io r  sp in e s  o f  th e  i l i a *  r e s p e c t iv e ly  — 

m a in ta in  th e  h ig h e s t average o o r r e la t io n  w ith  o th e r asymm etries*
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P a t t e r n  I I I
L a te r a l  and B o ta to ry  D ev ia tio n  in  th e  Faaora and I l i a

The in t e r o o r r e la t io n  o f  b i l a t e r a l  s k e le t a l  asym m etries in  P a t

te r n  I I I  in  th e  a g e -sex  group* i s  shown in  Table X II , page 97.

Sinoe measurements o f  th e  asym m etries o f  t h i s  p a t te rn  w ere tak en  

d ia g o n a lly  a c ro ss  th e  su rfa c e  o f eaoh i l iu m , th e  asymm etries o f  th e  i l i a  

a re  ino luded  in  th e  asymmetries o f  th e  fem ora. The l a t t e r  ooour a t  t h e i r  

heads (C 8), t h e i r  g re a t t ro c h a n te rs  (C 7), and t h e i r  sm all t ro c h a n te r s  (C6).

The asym m etries i n  P a t te r n  I I I  w ere produoed e x p e rim e n ta lly  in  

inan im ate  p e lv ic  and fem oral s k e le ta l  s t r u c tu r e s  by s e v e ra l  d i f f e r e n t  

movements, a s  fo llo w s t r o ta t io n  o f  th e  p e lv is  and femora in  th e  oo ronal 

p la n e , r o ta t io n  o f th e  p e lv is  in  th e  tra n s v e rs e  p la n e , and asym m etrioal 

r o ta t io n  o f  th e  p e lv is  in  th e  s a g i t t a l  p la n e . The b i l a t e r a l  measurements 

o f  th e  asym m etries i n  P a t te rn  I I I  show d if fe re n c e s  in  d iagonal r e l a t io n 

s h ip s  o f  th r e e  p a r t s  o f  th e  femora to  th e  p o s te r io r  in f e r io r  sp in e s  o f  

th e  i l i a .  The p o s i t iv e  in te r o o r r e la t io n  o f  th e  asym m etries in d ic a te s  th a t  

o o ro n a l, h o r iz o n ta l ,  and b i l f c te r a l ly  unequal r o ta t io n  o f  th e  p e lv i s ,  and 

l a t e r a l  movement o f th e  fem ora te n d  to  ooour to g e th e r  to  produoe s im ila r  

d iag o n a l asym m etries i n  th e  b i l a t e r a l  p o s i t io n  o f  th e  i l i a  and fem ora.

The average o o r r e la t io n  o f s k e le ta l  asym m etries in  eaoh o f  th e  

ag e-sex  groups i s  a s  fo llow s*  in  young women, .7 2 ; in  young men, .61* 

in  o ld e r  women, .7 1 ; in  o ld e r men, .7 8 . In  g e n e ra l th e  degree o f  average

o o r r e la t io n  te n d s  to  in o rea se  w ith  age increm ent among men ( .6 1  to  .7 8 ) ;

to  deorease  w ith  age increm ent among women ( .7 2  to  .71)}  in  th e  ybunger 

group i t  te n d s  to  be g r e a te r  among women ( .7 2  v e rsu s  .6 1 ) ,  i n  th e  o ld e r

group in  te n d s  t o  b e  g re a te r  among men ( .7 8  v e rsu s  .7 5 ) .

The asymmetry showing th e  h ig h e s t average o o r r e la t io n  w ith  o th e r



97

L a te ra l  and R ota to ry  D ev ia tion  in  th e  Femora and I l i a

TABLE XII

P a t te r n  I I I :  I n te r o o r r e la t io n  o f  Asymmetries O oourring w ith  
L a te ra l  and R ota to ry  D ev ia tion  in  th e  Femora and I l i a

Group o f S u b jec ts  I n te ro o r r e la t io n  o f  Asymmetries Average r

C7 C8

C6 .7 4  .75  .75
Young Women C7 .6 7  .71

C8 .71
A ll  asymm etries .72

C6 .6 3  .6 1  .62
Young Men C7 .6 0  .62

C8 .61
A ll  asymm etries .6 1

C6 .72  .7 1  .72
O lder Women C7 .7 0  .71

C8 .71
A ll  asymm etries .71

C6 .75 .8 4  .8 0
O lder Men C7 ,75  .75

C8 .80
A ll  asym m etries .7 8

9
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asym m etries in  Pattern I I I  in  th e  age-sex  groups i s  C6, d iag o n a l d is ta n c e  

o f  th e  sm all t ro o h a n te r  from th e  p o s te r io r  i n f e r i o r  sp ine  o f  th e  ilium *

P a t te r n  IV
R o ta to ry  D ev ia tio n  in  th e  A n te rio r  Aroh o f  th e  P e lv is  

The o o r re la t io n  o f  b i l a t e r a l  s k e le ta l  asym m etries i n  P a t te rn  IV 

in  eaoh o f  th e  age-sex  groups i s  shown in  Table X III*  The asym m etries o f  

t h i s  p a t te r n  (B5 and B6) ooour in  th e  a n te r io r  a roh  o f  th e  p e lv is  a t  th e  

o b tu ra to r  fo ram ina.

TABUS X III

P a t te r n  IVt C o rre la tio n  o f  Asymmetries O oourring w ith  
R o ta to ry  D ev ia tion  in  th e  A n te r io r  Aroh o f  th e  P e lv is

Young Women Young Men Older Women O lder Men 

Asymmetry B6 B6 B6 B6

B5 .77 .79 .71  .84

The asymm etries were produoed ex p erim en ta lly  by r o t a t i o n  o f  th e  

inan im ate p e lv is  in  th e  h o r iz o n ta l p lane and by b i l a t e r a l  d if fe re n e e  in  

r o ta t io n  o f  th e  p e lv is  i n  th e  s a g i t t a l  p la n e . When th e  p e lv is  was ro 

t a t e d  to  th e  l e f t  s id e ,  th e  r ig h t  o b tu ra to r  foramen showed a  g re a te r  w id th  

th a n  th e  l e f t  (B5)j when th e  p e lv is  was ro ta te d  in  a  s a g i t t a l  p lane t o  a  

g r e a te r  e x te n t on th e  l e f t  s id e  -the r i g h t  o b tu ra to r  foramen showed a ls o  

a  g re a te r  v e r t i o a l  dep th  (B 6). The b i l a t e r a l  measurements show d i f 

fe re n c e s  i n  v e r t i o a l  and h o r iz o n ta l r e la t io n s h ip s  o f  th e  b o rd e rs  o f  th e  

fo ram ina, th e  g re a te r  measurement ooourring  on th e  s id e  o p p o site  th e  

d ir e o t io n  o f  th e  d e v ia t io n .  The p o s i t iv e  o o r r e la t io n  o f  th e se  asym m etries 

in d io a te s  t h a t  a  r o ta t io n  o f  th e  p e lv is  t o  th e  l e f t  i s  aeocmpanied by a
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g re a te r  a n te ro p o s te r io r  t i l t  o f  th e  p e lv is  on th e  l e f t  to  produoe th e  

appearance o f  in c reased  w id th  and d ep th  o f  th e  r i g h t  o b tu ra to r  foram en, 

and d eo reased  w id th  and d ep th  o f  th e  l e f t  one.

In  g en era l th e  average deg ree  o f  o o r r e la t io n  o f  s k e le ta l  asym

m e trie s  i n  P a t te rn  IV te n d s  to  in o re a se  w ith  age increm ent among men 

(•79  to  >84) and to-rdeorease w ith  age increm ent among women (#77 to  *71); 

in  b o th  age groups i t  te n d s  to  be g r e a te r  among men th a n  among women ( .7 9  

v e rsu s  .7 7 ,  and «79 v e rsu s  .8 4 )•  The a s s o o ia t io n  o f  a  g r e a te r  degree o f 

average o o r r e la t io n  o f asym m etries w ith  men in  th e  younger group i s  d i f 

f e r e n t  from t h a t  in d io a te d  in  p rev io u s  p a t te r n s ,  b u t th e  d if fe re n c e  i s  

to o  sm all t o  be co n s id e re d  s ig n i f i c a n t .

S ince th e re  a re  only  two asym m etries i n  P a t te r n  IV th e y  canno t 

be o o n tra s te d  i n  degree o f  o o r r e la t io n  w ith in  th e  p a t te rn  in  eaoh ag e-sex  

g roup . In  th e  summation, however, o f  th e  c o r r e la t io n s  o f eaoh o f  th e se  

asym m etries w ith  a l l  o th e r  s k e le ta l  asym m etries n o t i n  t h e i r  p a t te r n ,

B5 i s  h ig h e r th a n  B6 in  a l l  fo u r  groups o f  s u b je c t s ,* though B6 has th e  

h ig h e r r e l i a b i l i t y  ( .6 6  v e rsu s  *62).

P a t te r n  V
L a te r a l  and R o ta to ry  D ev ia tio n  in  th e  P o s te r io r  Arch 

o f  th e  P e lv is  and in  th e  Femora

Table XIV, page 100, shows th e  o o r r e la t io n  o f  b i l a t e r a l  asym m etries 

i n  P a t te rn  V in  eaoh a g e -se x  group* S ince th e  measurements o f  th e  asym

m e tr ie s  o f  t h i s  p a t te r n  were taken  d ia g o n a lly  ao ro ss  th e  su rfa o e  o f  th e  

i l iu m  and th e  saorum, th e  asymm etries o f  b o th  th e  i l i a  and th e  sacrum 

were ino luded  in  th e  asym m etries o f  th e  fem ora, whioh occu rred  a t  t h e i r  

heads (CIO) and a t  t h e i r  g re a t t ro c h a n te r s  (C 9).

♦ The sunm ation o f  th e  c o r r e la t io n s  o f  eaoh s k e le t a l  asymmetry w ith  a l l  
o th e r asym m etries i s  found in  th e  Appendix, page 182,
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The asym m etries in  d iag o n a l r e la t io n s h ip s  were produoed e x p e r i

m e n ta lly , w ith  inan im ate  s k e le t a l  s t r u c tu r e s  by se v e ra l d i f f e r e n t  move

m en ts, a s  fo llow s t o o ro n a l r o ta t io n  o f  th e  p e lv is  w ith  th e  femora a t -  

taohed  to  i t ,  r o ta t io n  o f  th e  p e lv is  i n  th e  tr a n s v e rs e  p la n e , asym

m e tr ic a l r o ta t io n  o f  th e  p e lv is  i n  th e  s a g i t t a l  plane* Measurements o f  

th e  asym m etries in  P a t te r n  V show d if fe re n c e s  in  l a t e r a l  d iag o n a l r e l a 

t io n s h ip s  o f  th e  head and g r e a t  tro c h a n te r  o f  th e  femur to  th e  p o s te r io r  

in f e r i o r  sp in e  o f  th e  f a r  ilium * The p o s i t iv e  o o r r e la t io n  o f  th e  asym

m e trie s  in d io a te s  "that o o ro n a l, h o r iz o n ta l ,  and b i l a t e r a l l y  unequal 

a n te ro p o s te r io r  r o ta t io n  o f th e  p e l v i s ,  and l a t e r a l  movement o f  th e  femora 

ooour to g e th e r  to  produoe d iag o n a l asymmetry in  th e  p o s te r io r  aroh o f  

th e  p e lv is  and femora* Thus when th e  proxim al p o r tio n  o f  th e  l e f t  femur 

i s  prom inent l a t e r a l l y ,  i t  tends a l s o  to  be h ig h e r ,  th e  p e lv is  tends to  

be prom inent and h ig h er on th e  l e f t ,  to  r o ta t e  t o  th e  l e f t ,  and to  show 

a  g r e a te r  a n te ro p o s te r io r  t i l t  on th e  le f t*

TABLE XIV

P a t te rn  V* C o rre la tio n  o f Asymmetries Ooourring w ith  L a te ra l  
and R o ta to ry  D ev ia tio n  in  th e  P o s te r io r  Aroh o f 

th e  P e lv is  and i n  th e  Femora

Young Women Young Men O lder Women Older Men

Asymmetry CIO CIO CIO CIO

C9 .8 0 •63 • 00 to .79

In  g en e ra l th e  o o r r e la t io n  o f  asymmetries in  P a t te r n  V tends to  

in c re a s e  w ith  age increm ent among b o th  men and women (*63 t o  *79, and 

•80 to  *82, r e s p e c t iv e ly ) ;  in  b o th  younger and o ld e r  s u b je c ts  i t  tends 

t o  be g re a te r  among women (*80 v e rsu s  *63, and *82 v e rsu s  *79, re s p e c t iv e ly )*
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The a s8 o o ia tio n  o f  ohange in  degree o f  average o o r r e la t io n  w ith  age in 

crem ent i n  women, and w ith  sex  in  th e  o ld e r  group o f  s u b je c ts ,  i s  con

t r a r y  to  th e  a s s o c ia t io n  g e n e ra lly  shown in  p rev io u s p a tte rn s*

Sinoe th e r e  a r e  o n ly  two asym m etries i n  P a t te rn  V, th e  summation 

o f  th e  c o r r e la t io n s  o f  eaoh w ith  a l l  o th e r  s k e le t a l  asym m etries n o t in  

th e  p a t te r n  i s  c o n t r a s te d .  C9, th e  d iag o n a l d is ta n o e  between th e  g r e a t  

tro o h a n te r  and  th e  f a r  iliu m , shows a  s l i g h t l y  la rg e r  summation o f  c o r re 

la t io n s  th a n  CIO, th e  d ia g o n a l d is ta n o e  between th e  fem ora l head and th e  

f a r  i l iu m , ex cep t i n  th e  group o f  o ld e r  women. Of th e se  two asym m etries 

CIO shows a  h ig h e r  r e l i a b i l i t y  th a n  C9 ( .7 4  v e rsu s  .6 4 ) .

P a t t e r n  VI 
L a te r a l  A ngulation  o f  th e  Lumbar Spine

Table XV shows th e  o o r r e la t io n  o f b i l a t e r a l  s k e le t a l  asym m etries

in  P a t t e r n  VI i n  eaoh  o f  th e  ag e -sex  g roups. The asym m etries ooour in

th e  p o s i t io n  o f  th e  f i f t h  lumbar v e r te b ra  (D l) and in  th e  p o s i t io n  o f

th e  upper fo u r  lumbar v e r te b ra e  (D2 — a summation o f  t h e i r  h o r iz o n ta l

asymm etry)•

TABUS XV

P a t t e r n  V iz C o rre la tio n  o f  Asymmetries Ooourring w ith  L a te ra l  
A ngulation  o f  th e  Lumbar Spine

Young Women Young Hen O lder Women Older Hen

Asymmetry D2 D2 D2 D2

Dl

toCO•1 COCO•1 COfr-•1 - .8 2

The asymm etries o f  P a t te rn  VI were produoed e x p e rim en ta lly  by 

ooronal r o ta t io n  o f  th e  inan im ate p e lv is  as i t  supported  th e  sp in a l
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column on i t s  s a c r a l  t a b l e .  The r e a c t io n  in  th e  s p in a l  column t o  l a t e r a l  

t i l t i n g  o f  th e  p e lv is  was ooronal r o t a t i o n  o f th e  f i f t h  lumbar v e r te b ra  

s im i la r  to  t h a t  i n  th e  p e lv is  and l a t e r a l  d e v ia tio n  o f  th e  f i r s t  fo u r 

lumbar v e r te b ra e  t o  th e  s id e  o p posite  th e  h ig h  s id e  o f  th e  p e lv is  and 

th e  f i f t h  lvstbar v e rte b ra *  The measurement o f  asym m etries on th e  ra d io 

graphs showed l a t e r a l  a n g u la tio n  o f  th e  f i f t h  lum bar v e r te b ra  and h o r i

z o n ta l  d e v ia tio n  o f  th e  superim posed lumbar v e r te b ra e *  The n eg a tiv e  

o o r r e la t io n  o f  th e  asym m etries in d io a te s  t h a t  l a t e r a l  a n g u la tio n  ten d s  

to  ooour i n  th e  p o s i t io n  o f  th e  e n t i r e  lumbar spine*

In  g e n e ra l th e  o o r r e la t io n  o f  asym m etries i n  P a t te r n  VI ten d s  to  

d ecrease  w ith  age increm en t among b o th  men and women (*86 t o  *82, and 

• 83 t o  *78 r e s p e c t iv e ly ) ;  in  b o th  th e  younger and o ld e r  groups i t  te n d s  

to  be  g re a te r  among men (*86 v e rsu s  *83* and *82 v e rsu s  *73, re sp ec 

t i v e l y ) .  The a s s o c ia t io n  o f oh&nge in  degree o f  o o r r e la t io n  o f asym

m e trie s  w ith  age increm en t i n  men* and o f  g r e a te r  degree o f  o o r re la t io n  

o f  asym m etries auong men in  th e  younger group o f  su b jec ts*  i s  o o n tra ry  

t o  th a t  shown g e n e ra lly  in  p rev io u s  p a t te r n s .

Since th e re  a re  o n ly  two asym m etries in  P a t te r n  VI* th e  summa

t io n  o f  th e  c o r r e la t io n s  o f  eaoh w ith  a l l  o th e r  s k e le t a l  asym m etries n o t 

in  th e  p a t te r n  i s  o o n tras ted *  Dl* l a t e r a l  a n g u la tio n  o f  th e  f i f t h  lumbar 

v e rte b ra*  shows a  h ig h e r summation th a n  D2* th e  summation o f  l a t e r a l  

d e v ia t io n  o f  th e  f i r s t  fo u r lumbar v e r te b ra e *  in  a l l  fo u r groups o f  

su b jeo ts*  Dl a lso  has  a  h ig h e r r e l i a b i l i t y  th an  D2 (*92 v e rsu s  *91)*

P a t te r n  V II
Coronal R o ta tio n  o f th e  Shoulder G ird le  and Upper Thorax 

Table XVI* page 103* shows th e  in t e r o o r r e la t io n  o f  asym m etries 

in  P a t te r n  V II in  eaoh o f  th e  ag e -sex  groups* The asym m etries o f  th i s
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TABLE XVT

P a t te r n  VIIs In te ro o r r e la t io n  o f  Asymmetries O oourring with. 
Coronal R o ta tio n  o f  th e  Shoulder G ird le  and Upper Thorax

Group o f  S ub jec ts I n te r o o r r e la t io n  o f Asymmetries Average r

£9 A10

A8 .5 3 •46 •50
Young Women A9 •41 .4 7

A10 •44
A ll asym m etries .4 7

A8 .46 •43 •45
Young Men A9 .4 7 .47

A10 •45
A ll asynm etries •45

A8 .4 1 •50 •46
O lder Women A9 •36 •39

A10 •43
A ll asym m etries •42

A8 *44 •41 •43
O lder Men A9 •40 •42

A10 .41
A ll asym m etries •42
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p a t te r n  ooour i n  th e  sh o u ld er g ird le  a t  th e  so ap u la r i n f e r i o r  a n g le s ' (18) 

and a t  th e  o la v io le s  (A9), and in  th e  upper th o ra x  (A10).

These asynm etries were produoed e x p e rim e n ta lly  on inan im ate 

s k e le ta l  s t r u c tu re s  by r o ta t in g  th e  sho u ld er g i r d le  th e  upper th o rax  

i n  a  oo ronal plane* B i la te r a l  measurement o f  th e s e  s tru o tu re s  on th e  

rad io g rap h s shows l a t e r a l  a n g u la tio n  o f  th e  sh o u ld e r g ird le  and upper 

th o ra x . The p o s i t iv e  in t e r  oar r e  l a t  io n  o f  th e  asym m etries in d io a te s  t h a t  

o o ronal r o t a t i o n  o f  th e  sh o u ld e r g ird le  and upper th o ra x  te n d s  to  p ro -  

duoe l a t e r a l  a n g u la tio n  o r  t i l t i n g  o f  th e  two s tru o tu re s  i n  th e  saae 

g en era l d i r e c t io n .  Thus when th e  so ap u la r in f e r i o r  angle i s  h ig h e r on 

one s id e ,  th e  o la v io le  and th e  upper th o ra x  te n d  a lso  to  be h ig h e r on th e  

same side*  Although th e  degree o f  in te r o o r r e la t io n  o f asy n m etries  i n  

P a t te r n  V II i s  low i n  eom parison w ith  th e  degree o f  in t e r o o r r e la t io n  o f  

asym m etries in  o th e r p a t te r n s ,  i t  i s  s im i la r ly  low i n  a l l  fo u r  groups o f  

s u b je o ts ,  and eaoh asymmetry w ith in  th e  p a t te r n  shows l i t t l e  o r  no o o rre 

l a t io n  w ith  o th e r s k e le ta l  asyn m etries  n o t in  th e  p a t te r n  (see  Table V II , 

page 82)*

The average o o r r e la t io n  o f s k e le ta l  asynm etries  i n  eaoh o f  th e  

age and sex  groups i s  as  fo llow s*  in  young women, *47; in  young men, *45} 

in  o ld e r  women, *42; in  o ld e r  men, *42* In  g en era l th e  degree o f  average 

o o r r e la t io n  te n d s  to  decrease  w ith  age in c rem en t in  b o th  men and  women 

( .4 5  to  *42, and .47 to  .4 2 , r e s p e c t iv e ly ) !  i n  th e  younger group o f  sub

j e c t s  i t  te n d s  to  be  g re a te r  in  women ( .4 7  v e rsu s  .4 5 ) ,  i n  th e  o ld e r  

group i t  i s  th e  same* The a s s o c ia t io n  o f age and sex  w ith  th e  asym m etries 

o f P a t t e r n  V II te n d s  to  be d i f f e r e n t  from  t h a t  shown in  o th e r  s p e c if ic  

p a t te rn s  i n  th e  fo llow ing  manner* th e  average o o r r e la t io n  o f asym m etries 

tendB to  d ec re a se  in s te a d  o f in c re a se  w ith  age increm ent in  men, and th e y
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te n d  to  b e  s im ila r  i n  degree in  th e  o ld e r  ag e-sex  groups in s te a d  o f  

g r e a te r  i n  men th a n  in  women.

The asymmetry o f  P a t te r n  V II whioh m a in ta in s  th e  h ig h e s t  average 

o o r r e la t io n  w ith  o th e r asym m etries in  th r e e  o f  th e  ag e-sex  groups i s  

A8, l a t e r a l  a n g u la tio n  o f  th e  so ap u la r in f e r io r  ang les*  In  th e  group o f  

young men A9 , l a t e r a l  a n g u la tio n  o f  th e  o la v io le s ,  m a in ta in s  th e  h ig h e s t 

average o o r r e la t io n .

SUMMAKT

B i la te r a l  s k e le t a l  asym m etries ooour i n  seven s p e c i f i c  p a t te r n s  

in  eaoh o f  th e  ag e -sex  groups. The d e v ia tio n s  from b i l a t e r a l  symmetry 

whioh te n d  to  ooour to g e th e r t o  produoe a  c o n f ig u ra tio n  o f  asymm etries 

in  eaoh sp e o if io  p a t te r n  a re  a s  fo llo w s t

P a t te r n  I .  A b len d in g  o f  ooronal*  h o r iz o n ta l ,  and b i l a t e r a l l y  

unequal a n te ro p o s te r io r  r o ta t io n s  o f  th e  p e lv is  tends t o  ooour 

w ith  l a t e r a l  d e v ia tio n  o f th e  fem ora t o  produoe s im ila r  asym

m e trie s  i n  th e  b i l a t e r a l  p o s i t io n  o f  v a r io u s  p a r ts  o f  th e  two 

s tru o tu re s*  When th e  l e f t  femur i n  i t s  p rox im al p o r t io n  i s  

prom inent l a t e r a l l y  i t  tends a ls o  to  be h ig h e r ,  th e  p e lv is  

i s  h ig h e r on th e  l e f t ,  prom inent to  th e  l e f t ,  r o ta te s  t o  th e  

l e f t ,  and t i l t s  a n te ro p o s te r io r ly  t o  a  g r e a te r  degree on th e  

l e f t .  This same p a t t e r n  o f  d e v ia tio n  te n d s  to  ooour on th e  

r ig r b  s id e  when th e  r i g h t  femur i n  i t s  proxim al p o r t io n  i s  

prom inent l a t e r a l l y .

P a t t e r n  I I .  Coronal r o ta t io n  o f  th e  p e lv is  and fem ora tends  t o  

produoe s im ila r  l a t e r a l  a n g u la tio n  in  th e  p o s i t io n  o f  eaoh* 

When th e  p e lv is  i s  h ig h e r  on one s id e ,  th e  femur w i l l  te n d  t o  

be h ighe r a ls o  an th e  same side*
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P a t t e r n  I I I .  A b lend ing  o f  o o ro n a l, h o r iz o n ta l ,  and b i l a t e r a l l y  

unequal a n te ro p o s te r io r  r o ta t io n s  o f  th e  p e lv is  ten d s  t o  ooour 

w ith  l a t e r a l  d e v ia tio n  o f  th e  fem ora t o  produoe s im ila r  d ia g o n a l 

asynm etries  i n  th e  b i l a t e r a l  p o s i t io n  o f  v a rio u s  p a r t s  o f  th e  

two s t r u o tu r e s .  When th e  l e f t  fem ur i n  i t s  p roxim al p o r t io n  i s  

prom inent l a t e r a l l y  i t  te n d s  a l s o  to  be h ig h e r , th e  p e lv is  i s  

h ig h e r on th e  l e f t ,  prom inent to  th e  l e f t ,  r o ta t e s  to  th e  l e f t ,  

and t i l t s  a n te ro p o s te r io r ly  t o  a  g r e a te r  degree on th e  l e f t .

The same p a t te r n  o f  d e v ia tio n  tends to  ooour on th e  r ig h t  s id e  

when th e  r i g h t  femur i n  i t s  p rox im al p o r tio n  i s  prom inent 

l a t e r a l l y .

P a t te r n  IV.  A b len d in g  o f  h o r iz o n ta l  and b i l a t e r a l l y  unequal 

a n te ro p o s te r io r  r o ta t io n s  o f  th e  p e lv is  te n d s  to  ooour to  p ro

duoe th e  appearance o f s im i la r  b i l a t e r a l  asym m etries i n  h o r i

z o n ta l and v e r t i o a l  r e la t io n s h ip s  o f  th e  b o rd e rs  o f  th e  ob

tu r a to r  fo ram ina . Tfihen th e  p e lv is  r o ta te s  h o r iz o n ta l ly  t o  

th e  l e f t  i t  ten d s  a lso  t o  t i l t  a n te ro p o s te r io r ly  t o  a  g r e a te r  

degree on th e  l e f t ;  when i t  r o t a t e s  h o r iz o n ta l ly  t o  th e  r i g h t ,  

i t  ten d s a lso  to  t i l t  a n te ro p o s te r io r ly  t o  a  g r e a te r  degree 

on th e  r i g h t .

P a t te rn  V. A b len d in g  o f  o o ro n a l, h o r iz o n ta l  and b i l a t e r a l l y  

unecpa l a n te ro p o s te r io r  r o ta t io n s  o f  th e  p e lv is  tends to  ooour 

w ith  l a t e r a l  d e v ia tio n  o f th e  fem ora to  produoe slmi l a r  d iag o n a l 

asym m etries in  th e  b i l a t e r a l  p o s i t io n  o f  th e  p o s te r io r  a ro h  o f  

th e  p e lv is  and th e  fem ora . IVhen th e  l e f t  femur in  i t s  p ro x i

mal p o r t io n  i s  prom inent l a t e r a l l y  i t  te n d s  a ls o  t o  be h ig h e r ,  

th e  p e lv is  te n d s  t o  be prom inent to  th e  l e f t ,  h ig h e r  on th e  l e f t .
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t o  r o ta t e  to  th e  l e f t ,  end t o  ehoir g r e a te r  a n te ro p o s te r io r  

t i l t  on th e  le f t*  The same p a t te r n  o f  d e v ia tio n  te n d s  to  

ooour on th e  r i g h t  when th e  r ig h t  femur i n  i t s  proxim al por

t i o n  i s  prom inent l a te r a l ly *

P a t t e r n  V I. Coronal r o ta t io n  o f  th e  f i f t h  lumbar v e r te b ra  i s  

g e n e ra lly  aooontpanied by l a t e r a l  d e v ia tio n  o f  th e  f i r s t  fo u r  

lumbar v e r te b ra e  to  produoe l a t e r a l  a n g u la tio n  o f  th e  e n t i r e  

lumbar s p in e .  "When th e  l e f t  s id e  o f th e  f i f t h  lumbar v e r te b ra  

i s  h ig lm r th a n  th e  r i g h t  s id e ,  a n g u la tio n  o f  th e  e n t i r e  lum bar 

sp in e  tends  to  ooour t o  th e  r ig h t  s id e  o f  th e  o e n tra l  v e r t i o a l  

ax is*  The same p a t te r n  o f  d e v ia tio n  te n d s  to  ooour to  th e  

l e f t  when th e  f i f t h  lum bar v e r te b ra  i s  h ig h e r on th e  r i g i t  

s ide*

P a t te r n  V II* Coronal r o ta t io n  o f  th e  sh o u ld e r g i rd le  and upper 

th o ra x  te n d s  to  ooour t o  produoe s im ila r  l a t e r a l  a n g u la tio n  in  

eaoh s t r u c tu r e .  When th e  so a p u la r  i n f e r i o r  ang le  i s  h ig h e r on 

th e  l e f t ,  th e  c l a v ic le  and th e  upper th o ra x  te n d  a l s o  to  be 

h ig h e r  on th e  l e f t ;  whan th e  so ap u la r in f e r i o r  ang le  i s  h ig h e r 

on th e  r i g h t ,  th e  e la v io le  and th e  upper th o ra x  te n d  a ls o  t o  be 

h ig h e r on th e  r ig h t*

A oomparison o f  th e  d e v ia tio n s  producing  th e  d i f f e r e n t  s p e c if ic  

p a t te rn s  o f  asymmetry in d io a te s  t h a t  a  s im ila r  com bination o r  b len d in g  

o f  r o ta to r y  d e v ia tio n s  (o o ro n a l, h o r iz o n ta l  and s a g i t t a l )  produces 

P a t te rn s  I ,  I I I ,  IV, and V, and th a t  o n ly  one m ain type  o f  r o ta to r y  

d e v ia tio n  ( o o r m a l )  produoes P a t te rn s  I I ,  VI and V II . This w i l l  be g iven  

f u r th e r  a n a ly s is  in  th e  n e x t c h a p te r .
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An in c re a se d  degree o f  average o o r r e la t io n  o f  asym m etries w ith  

age increm ent i n  men occurs in  a l l  p a t te rn s  ex cep t VI and V II and a  de

c rea sed  degree w ith  age increm ent in  women occurs in  a l l  p a t te r n s  ex 

c e p t V. In  th e  younger group o f  su b je o ts  aomen show a  g re a te r  average 

degree o f  o o r r e la t io n  o f asynm etries  i n  a l l  p a t te rn s  exoepb IV and VI 

and in  t h e  o ld e r  group o f  s u b je c ts  men show a  g re a te r  average deg ree  o f 

o o r r e la t io n  in  a l l  p a t te r n s  e x c e p t V.

The c o n f ig u ra tio n  o f asym m etries in  P a t te r n  I  in  eaoh o f  th e  ag e- 

sex  groups i s  mere c o n s is te n t  th a n  th e  c o n f ig u ra tio n  o f  asym m etries in  

any o th e r p a t te rn *  This i s  in d ic a te d  b y  th e  fo llo w in g t (1 )  i t s  asym

m e tr ie s  m a in ta in  a  h ig h e r average  o o r r e la t io n  — *84 to  *90 — th a n  th a t  

shown i n  any o th e r  p a tte rn *  (2 )  one asymmetry, CS, has th e  h ig h e s t 

average o o r r e la t io n  in  eaoh o f  th e  a g e -se x  groups* and (3 )  th e  a s so c ia 

t i o n  o f  degree  o f  o o r r e la t io n  w ith  age and sex  i s  t h a t  whioh ooours in  

th e  m a jo r i ty  o f  p a tte rn s*  P a t te r n  V II c o n tra s ts  m ost s tro n g ly  w ith  o th e r  

sp e o if io  p a t te r n s  in  t h a t  i t s  asym m etries show l i t t l e  o r no o o r r e la t io n  

w ith  th e  asym m etries o f  o th e r  p a t te rn s  and th e  in te r o o r r e la t io n  o f  i t s  

asym m etries i s  low er th a n  th e  in t e r o o r r e la t io n  o f  th e  asym m etries i n  

any o ther s p e o if io  p a tte rn *



CHAPTER V

THE GENERAL PATTERN QP BILATERAL ASYMMETRY IN SKELETAL All GNMENT

A g e n e ra l p a t te r n  o f  asymmetry in  b i l a t e r a l  s k e le t a l  a lignm en t i s  

a  c o n f ig u ra tio n  o f  p a t te rn s  o f  s k e le ta l  - re la tio n s h ip s  which te n d  to  oo

o u r to g e th e r  eaoh tim e an in d iv id u a l  assumes a  s tan d in g  p o s i t io n  w ith  h is  

w eigh t d is t r ib u te d  ev en ly  between th e  f e e t .  The g e n e ra l p a tte rn *  th e n , 

i s  determ ined by th e  in te r o o r r e la t io n  o f s p e o if io  p a t te r n s  o f  asymmetry 

i n  th e  v a r io u s  p a r t s  o f  th e  s k e le ta l  s tru c tu re *

This c h a p te r  w i l l  p re se n t ( l )  th e  in t e r o o r r e la t io n  o f  th e  seven 

s p e o if io  p a t te r n s  o f  b i l a t e r a l  s k e le t a l  asymmetry i n  eaoh o f  th e  age-sex  

groups and (2 )  th e  g e n e ra l p a t te rn  o f  asymmetry i n  s k e le t a l  a lignm en t.

INTERCORRELATION OF SPECIFIC PATTERNS OF BILATERAL ASYMMETRY

The in t e r o o r r e la t io n  o f  th e  s p e o if io  p a t te rn s  o f  b i l a t e r a l  asym

m etry  i n  eaoh o f  th e  fo u r  groups o f  su b je o ts  i s  shown in  Table XVII* 

page 110. The in te r o o r r e la t io n  o f  -these p a t te rn s  shows th e  fo llo w in g  

in  eaoh o f  th e  fo u r  groups o f  sub jec tA t

1* P a t te r n s  I  and I I  show th e  h ig h e s t o o r r e la t io n  o f  any  o f  th e  

p a t te rn s  (.78* *77* *71* *81)*

2 . P a t te r n  I  shows -the h i p e s t  average o o r r e la t io n  w ith  a l l  

o th e r  p a t te rn s  (*55* *49* .51* *61).

3* P a t te r n  V II shows th e  low est average o o r r e la t io n  w ith  a l l  

o ih e r p a t te r n s  (*14 , *06, .16* *10)* I t s  h ig h e s t o o rre 

l a t io n  ooours w ith  P a t t e r n  VI (-* 3 3 ) in  th e  o ld e r group o f  

women*
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TABLE XVTI

I n te r o o r r e la t io n  o f  S p eo ifio  P a t te rn s  o f  Asymmetry in  
Each o f  th e  Age-Sex Groups

S u b jec ts Average r  Average r*

I I  I I I IV V VI VII

I .78  .7 0 - .6 6 .69 - .3 4 •15 .55 •63
II .48 - .4 9 .19 - .6 7 •20 .47 .5 2

Young I I I - .5 0 •68 - .1 5 .17 •45 •50
Women TV - .5 3 .26 -.0 5 •42 •49

V .07 .05 .37 •43
VI - .1 9 .28 •30

VII •14
A ll p a t te r n s •38 • 00

— — — — — — —— —

I .7 7  .5 7 - .6 2 .6 0 - .3 5 - .0 4 •49

COto•

II .36 - .3 4 .1 2 - .5 7 - .0 2 .36 •43
Young I I I - .3 7 .7 2 - .1 7 - .0 2 .37 •44
Men IV —.48 •16 - .0 7 •34 .3 7

V •00 - .0 7 •33 •38
VI - .1 1 • 26 •25

v n .06 •
A ll p a t te r n s

i■Iii■ n n i n - , , , .

•32
m  ■ ■ w e w w e . i w 1 1 1 \ i i 

X
l 

t-»
I I

I .7 1  .6 1 - .7 6 •60 - .3 4 - .0 2 •51 •60
II .23 - .4 0 - .0 3 - .6 0 - .1 4 .35 .39

O lder n i - .2 7 .75 - .1 1 - .2 7 .37 • 39
Women IV - .3 9 .23 - .0 3 •35 •41

V - .0 3 - .1 8 •33 .36
VI - .3 3 .2 7 .26

VII • 16
A ll p a t te rn s .3 3 •40

I .8 1  .7 2 - .7 0 .7 4 - .5 0 - .1 8 •61 •69
n •49 - .5 4 •34 - .7 0 - .0 7 •49 .57

O lder h i - .5 5 .8 3 —.36 - .1 3 •51 •60
Men IV - .5 4 •38 .01 •45 •54

V - .2 3 - .1 1 .4 7 •54
VI - .0 9 •38 •43

VII .1 0
A ll p a t te rn s •43 •55

* P a t t e r n  VII i s  om itted  from t h i s  average o f  c o r r e la t io n s  o f  asym
m e trie s*
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4* P a t te r n  VI tends to  have a  n e g a tiv e  o o r r e la t io n  w ith  a l l  

p a t te rn s  excep t P a t te r n  IV. N egative c o r r e la t io n s  o f  p a t

te rn s  in d ic a te s  l a t e r a l  o p p o s itio n  in  th e  lo c a tio n  o f  p a t

te rn s  o f  asymmetry, exoep t in  P a t te r n  IV i n  whioh p o s i t iv e  

o o r r e la t io n  in d ic a te s  l a t e r a l  o p p o s itio n .*  In  view  o f  t h i s .  

P a t te r n  V i s  in  g e n e ra l th e  o n ly  p a t te r n  o f  l a t e r a l  opposi

t i o n  o r com pensation fo r  th e  d e v ia tio n s  re p re se n te d  in  a l l  

o th e r  p a t te r n s .

5 . In  g en era l th e  a s s o c ia t io n  o f  age and sex  w ith  deg ree  o f  

in te r o o r r e la t io n  o f p a t te r n s  o f  b i l a t e r a l  asymmetry i s  th e  

fo llow ing*

a .  The average degree o f  in te r o o r r e la t io n  o f  p a t te rn s  te n d s  

t o  decrease  w ith  age increm en t among women; among men. 

th e  re v e rs e  i s  t r u e .

b .  In  th e  younger group o f s u b je o ts  th e  average degree o f  

in te r o o r r e la t io n  i s  g r e a te r  among women; in  th e  o ld e r 

g ro u p s  o f  s u b je o ts . th e  re v e rse  i s  t r u e .

o .  There i s  an  in c re a se  in  n e g a tiv e  c o r r e la t io n  o f  P a t te rn s  

V and VI w ith  age increm ent among women, t h a t  i s .  th e re  

i s  an in c re a s in g  tendency tow ard l a t e r a l  o p p o s itio n  in  

th e  d e v ia tio n s  o f  th e  ltanbar sp ine  and th e  d e v ia t io n s  o f  

th e  shou lder g ird le  and upper th o ra x .

* This i s  ex p la in ed  by  th e  fo llo w in g  * a  p lu s  asymmetry in  th e  lum bar 
sp in e  was produoed ex p erim en ta lly  by l a t e r a l  d e v ia tio n  o f th e  
lumbar ^>ine to  th e  r i g h t  s id e ;  a  p lu s  asymmetry in  th e  d b tu ra to r 
foram ina was produoed ex p erim en ta lly  by  h o r ix o n ta l r o ta t io n  and 
g re a te r  a n te ro p o s te r io r  t i l t  o f  th e  p e lv is  on th e  l e f t  (se e  page a ? ) .  
Thus a  p o s itiv e  o o r r e la t io n  o f  th e se  two p a t te rn s  occurs o n ly  when 
th e  d e v ia tio n  produoing th e  asym m etries in  eaoh o ccu rred  in  l a t e r a l  

q p p o s itio n .



6 . A oomparison o f  th e  deg ree  o f  o o r r e la t io n  between th e  d i f 

f e r e n t  p a t te rn s  i n  eaoh o f  th e  age-sex  groups in d ic a te s  th a t  

p a t te rn s  o f asymmetry produoed by s im ila r  ty p es  o f  d e v ia tio n  

show a  h ighe r degree  o f  o o r r e la t io n  th a n  p a t te rn s  o f  asym

m etry produoed by d i f f e r e n t  ty p ss  o f  d e v ia tio n .*  The co rre 

la t io n s  o f  p a t te rn s  o f  asymmetry produoed by s im ila r  types 

o f  d e v ia tio n  cure shown in  Table XVIII, Group A and Group B, 

page 113. To in d io a te  th e  o a n t r a s t  i n  degree o f  r e l a t io n 

sh ip  when p a t te rn s  produoed by  d i f f e r e n t  ty p e s  o f  d ev ia 

t i o n  a re  c o r r e la te d ,  and when p a t te rn s  p rod ioed  by s im ila r  

type o r  ty p ss  o f  d e v ia tio n s  a re  o o r re la te d ,  Tables XVII 

and XVIII a re  summarised a s  fo llo w s t

Y.W.
Y.M.
O.W.
O.M.

A ll p a tte rn s* *

Average r

.48

.41
•40
.55

P a tte rn s  
I ,  I I I ,  IV, V 

Average r

.63
• 56
• 56 
.68

P a tte rn s  
I I  and VI 
Average r

.67

.57
•60
.70

THE GENERAL PATTERN OF ASYMMETRY IN BILATERAL SKELETAL ALIGNMENT

The g e n e ra l p a t te r n  o f  asymmetry i n  b i l a t e r a l  s k e le t a l  alignm ent 

i s  lim ite d  to  P a t te rn s  I ,  I I ,  and VI f o r  th e  fo llo w in g  reaso n s t

* A oomparison o f th e  type  o r  types o f  d e v ia tio n  producing th e  asym
m e tr ie s  in  eaoh p a t te r n  showed t h a t  th e r e  was s im i la r i ty  o f  types 
o f  d e v ia tio n  in  P a tte rn s  I ,  I I I ,  IV, and V, and in  P a tte rn s  I I ,
V I, and V II ( s e e  pages 105 to  1 0 7 ).

** P a t te r n  V II i s  exoluded beoause o f  i t s  law o o r r e la t io n  w ith  the  
o th e r p a t t e r n s .
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TABLE XVIII

S im ila r i ty  o f  R e la tio n sh ip  o f  P a t te rn s  When Those Produced 
by th e  Same Type o f  D ev ia tion  a re  C o rre la te d

S ub jec ts

Group A 

In te ro o r r e la t io n  o f  P a tte rn s Average r

Group B 
C o rre la tio n  o f  

P a t te rn s

I I I  r v V VI

I  .7 0  - .6 6 •69 .68 I I  - .6 7
Young I I I  - .5 0 .68 .6 3
Women IV - .5 3 .56

V .63
A ll  p a t te rn s .63

I  .5 7  - .6 2 • 60 .6 0 I I  - .5 7
Young I I I  - .3 7 .72 .55

Men IV - . 4 8 .49
V .60

A ll p a t te rn s .56

I  .6 1  - .7 6 •60 •66 H  - .6 0
O lder I I I  - .2 7 .75 .54
Women IV - .3 9 .47

V .5 8
A ll p a t te rn s .56

1 .72  - .7 0 .7 4 .72

ittiii 
o

I 
*;

I 
1

II1 
H

i
I 

M
111 -------

O lder I I I  - .5 5 • 83 .70
Men IV - .5 4 .60

V .70
A ll p a t te rn s .68

* Group A in c lu d es  p a t te rn s  produced by a  b len d in g  o f  c o ro n a l , h o rizo n 
t a l  and s a g i t t a l  ro ta t io n s )  Group B in c lu d es  p a t te rn s  produced by 
co ro n a l r o ta t io n .  P a t t e r n  "VII i s  o m itted  because o f  i t s  com paratively  
low c o r r e la t io n  w ith  a l l  p a tte rn s*

The ta b le  shou ld  be ro ad  ao ro ss  as fo llo w s; Among young women, P a t te rn s  
I* i n ,  IV, and V which a re  each produced by a  b len d in g  o f  co ronal 
h o r iz o n ta l ,  and s a g i t t a l  r o ta t io n s  in  th e  s k e le t a l  s t r u c tu r e  show an 
average in te r o o r r e la t io n  o f  *63; P a t te rn s  I I  and VI which a re  produoed 
by co ro n a l r o ta t io n  in  th e  s k e le t a l  s t r u c tu r e  show a  o o r r e la t io n  o f 
-*67* S im i la r i ty  in  degree o f  r e la t io n s h ip  o f  p a t te rn s  te n d s  to  occur 
when p a t te rn s  produced by s im i la r  d e v ia tio n  a re  c o rre la te d *
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1* P a t te rn s  I I I ,  IV, and V do n o t show asymmetry o f  any s k e le ta l

p a r t ,  or any type o f  d e v ia tio n  produoing asym m etries o f

s k e le ta l  p a r ts  t h a t  a re  n o t  ino luded  in  P a t te rn  I .  F u rth e r

m ore, t h e i r  asym m etries a re  le s s  r e l i a b l e  th a n  th e  asym

m e tr ie s  o f  P a t te r n  I .  Sinoe th e se  th re e  p a t te r n s  a re  f a i r l y  

o lo s e ly  r e la te d  t o  P a t te r n  I ,  and le s s  r e l i a b l e  th a n  P a t te rn  I ,  

f o r  s im p l ic i ty  in  p re s e n ta t io n  o f  th e  g en era l p a t te r n ,  th e y  

a re  e lim inated*

2* P a t te r n  V II (asymmetry o f  th e  sho u ld er g i r d le  and upper 

th o ra x )  shows l i t t l e  o r no r e la t io n s h ip  w ith  any p a t te r n  

in  com parison w ith  th e  r e la t io n s h ip  between o th e r  p a tte rn s*

3* The asym m etries o f  th e  th o ra o ic  and c e r v ic a l  reg io n s  o f  th e

s p in a l  column show th e  low est c o r r e la t io n  w ith  o th e r  asym

m e tr ie s ,  and th e y  do n o t ooeur in  a  p a tte rn *

4* The r e l i a b i l i t y  o f th e  asym m etries ooourring  in  P a tte rn s  I ,

I I ,  and VI in d ic a te s  th a t  th e  d e v ia tio n s  from symmetry in  

th e  p e lv is ,  proxim al fem ora, and lumbar sp in e  te n d  to  be 

c o n s is te n t  and hence are  p ro b ab ly  fu n c tio n a l to  a  g re a te r  

degree th a n  th o s e  o ccu rrin g  in  o th e r  s k e le t a l  p a r ts*  T heir 

r e l i a b i l i t y  i s  as fo llo w s i

Asymmetries o f  P a t te r n  I  — *73 to  *88
Asymmetries o f  P a t te r n  I I  — *91 to  *98
Asymmetries o f  P a t te r n  VI — *91 and *92

The u n its  o f  th e  s k e le t a l  s t r u c tu re  ino luded  in  th e  g e n e ra l p a t

te r n  a re  th e  p e lv i s ,  th e  proxim al p o r tio n  o f  th e  fem ora, and th e  lumbar 

spine* The in te r o o r r e la t io n  o f  th e  s p e o if io  p a t te rn s  which e n te r  in to

th e  g en e ra l p a t te rn  i s  shown in  Table XIX, page 113* In  eaoh o f  th e

fo u r groups o r s u b je c ts  P a t te rn  I I  shows th e  h ig h e s t average c o r r e la t io n
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TABLE XIX

I n te r c o r r e la t io n  o f  S p e c if ic  P a t te rn s  I*  I I*  and VI 
■Which Form th e  G eneral P a t t e r n  o f  Asymmetry 

in  S k e le ta l  Alignm ent

Group o f  S ub jec ts In te r c o r r e la t io n  o f  P a tte rn s Average r

I I VI

I .78 - .3 4 .56
Young Women n - .6 7 .73

VI .51
A ll p a t te rn s .60

I .77 - .3 5 •56
Young Men I I ft.67 .67

VI .46
A ll p a t te rn s .60

I .71 - .3 4 •53
O lder Women I I - .6 0 •66

VI .47
A ll p a t te r n s .55

I .8 1 - .5 0 •66
O lder Men I I - .7 0 .76

VI •60
A ll p a t te rn s .67
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w ith  th e  o th e r  p a t te r n s  (*73, *67, .6 6 , .7 6 ) .  P a tte rn s  I  and I I  con

s i s t e n t ly  c o r r e la te  more h ig i ly  th a n  any o th e r  two p a t te rn s  ( .7 8 ,  .7 7 ,

•71 , .8 1 ) .  Both P a t te rn  I  and P a t te r n  I I  ooour in  th e  p e lv is  and fem ora, 

b u t th e y  a r e  n&de up o f  asymmetries produoed b y  d i f f e r e n t  ty p es  o f  de

v ia t io n  a t  th e  jo in ts * *  P a t te rn  VI which occurs i n  th e  lumbar sp ine  shows 

a  h ighe r c o r r e la t io n  w ith  P a tte rn  I I  than  w ith  P a t te rn  I* S ince t h i s  i s  

t r u e ,  i t  would seem t h a t  th e re  te n d s  to  be  a  h ig i e r  r e la t io n s h ip  be

tween p a t te r n s  o f  asymmetry o ccu rrin g  in  d i f f e r e n t  u n its  o f  th e  s k e le ta l  

s t ru c tu re  when th e se  p a t te rn s  a re  produoed by a  s im ila r  type o f  dev ia 

t i o n .  P a t te r n  VI and P a t te rn  I I  a re  produoed by eo ro n a l r o ta t io n  

( l a t e r a l  a n g u la tio n )  o f  th e  lumbar sp in e  and th e  p e lv is ,  r e s p e c t iv e ly .

The in t e r o o r r e la t io n  o f  a l l  asym m etries e n te r in g  in to  th e  

g en era l p a t te r n  a r e  shown in  Table XX, page 117. A study  o f  t h i s  ta b le  

shews th a t  in  g en e ra l th e  g r e a te r  th e  d is ta n c e  between the  lo c a t io n  o f  

asym m etries of th e  s k e le ta l  s t r u c tu re  -the l e s s  -the degree  o f  r e l a t io n 

s h ip . In  each o f  th e  age-sex  groups, l a t e r a l  d e v ia t io n  o f th e  femur (ex

p re sse d  by C l, C2, and C5) i s  one o f  th e  asymm etries m a in ta in in g  th e  

h ig i e s t  average c o r r e la t io n  w ith  a l l  o th e r  asym m etries i n  th e  g en era l 

p a t te r n .  The q u e s tio n  a r is e s  w hether, in  a  la rg e  number o f  in d iv id u a ls ,  

th e  femur i s  prom inent on one s id e  more o f te n  th a n  i t  i s  prom inent on th e  

o th e r s id e .  I t  was found t h a t ,  among th e  su b je c ts  o f  t h i s  s tu d y , in  eaoh 

ag e-sex  group the  femur showed l a t e r a l  prominence about an eq u a l number 

o f  tim es t o  th e  r i g h t  and to  th e  l e f t  sides***

* The asymm etries o f  P a t te rn  I  a re  produoed by c o ro n a l r o ta t io n  o f  
th e  p e lv is  and femora} th e  asym m etries o f  P a t te r n  I I  a re  produoed 
by  a  b lend ing  o f c o ro n a l, h o r iso n b a l, and b i l a t e r a l l y  d i f f e r e n t  
s a g i t t a l  r o ta t io n s  o f  th e  p e lv is  and l a t e r a l  d e v ia t io n  o f th e  
fem ora.

** See Appendix, page 184*



C o rre la tio n  o f Asymmetries in  th e  G eneral P a t t e r n  in  
Each Age-Sex Group o f  S u b jec ts

S u b jec ts  I n te r c o r r e la t io n  o f  Asymmetries Aver

A2 A3 A4 A5 A6 B1 B4 B7 B8 Cl C2

Ii 
to 

* 
o

 
I 1

D1 D2

Y.W. A1 •88 •82 .72 .71 •68 •42 .53 .47 .5 7 •60 .65 •59 .76 - .6 5
Y.M. .88 .76 .75 .76 .71 •43 .73 •49 .67 .73 .7 4 .70 .71 -•5 6
O.W. .90 .77 .70 .7 0 .76 •41 •64 .41 .62 •60 .56 •63 .76 - .5 7
O.M. .88 .77 .71 .7 3 .72 .54 .71 •56 •65 •69 .55 .69 .78 - .6 6

Y.W. A2 .77 .71 .7 0 .67 .43 .52 •46 .56 .59 .60 .59 .86 —.69
Y.M. .68 .70 •69 •59 •35 •64 •40 .56 •64 .65 .61 .7 8 - .6 6
O.W, .73 •65 •64 .70 •39 .5 7 .3 8 .56 •54 .5 1 .58 .83 - .7 0
O.M. •83 .74 .75 • •71 •56 •72 •54 .69 .72 •60 .71 .82 - .7 1

Y.W. AS •86 .91 •85 • 66 .7 4 .67 .7 8 .81 .8 1 .79 .68 - .5 5
Y.M, .7 4 • 85 .72 .49 .71 •50 .69 .74 .76 .72 •53 - .3 9
O.W, .82 .91 • 86 .5 0 .76 .47 .73 .72 .7 0 .7 4 .57 - .4 5
0«M, .87 .9 3 .79 .71 .83 •68 .83 • 86 .7 3 • 85 •64 - .5 3

Y.W, A4 .85 .85 •64 •68 .72 .76 .78 .7 4 .77 .61 - .4 4
Y.M, .79 .70 •46 •63 •55 .66 .70 .7 2 .67 •54 - .3 7
O.W. .8 0 .79 •41 •63 .49 .62 .61 .56 • 61 •43 - .3 4
O.M. .86 .78 •65 .77 .6 7 .7 8 .80 .65 .79 .57 - .4 7

Y.W. A5 .89 .73 .8 0 .7 2 .86 .87 • 84 • 85 .61 - .4 1
Y.M. .76 .5 7 .77 .5 7 .78 •80 .79 •79 •50 -•3 2
O.W. .88 •51 .75 •46 .76 .72 •68 .73 •50 -•35
O.M. .80 .73 .83 •68 .85 •86 .71 •85 •56 - .4 1

Y.W. A6 •63 •68 •64 .76 .77 .75 .75 .59 - .4 4
Y.M. •44 •65 •49 .62 •68 .67 .65 •49 - .3 1
O.W. .49 •68 •46 .73 •65 .60 .70 .57 - .3 7
O.M. .57 •69 .57 .6 8 .67 •56 •68 •63 - .5 7

Y.W. B1 •86 .9 0 .90 •84 .82 .90 •34
Y.M. .75 .9 0 .82 .76 .7 0 .84 •25
O.W. .8 2 .9 0 .88 .78 .7 4 .87 .27
O.M. .85 .96 .9 2 • 86 .72 • 92 .48 e»#,

Y.W. B4 ..8 5 .92 .90 .88 •93 •40 - .
Y.M. .76 .90 .92 .8 8 .96 •49 —.'
O.W. .76 •94 .91 .85 .94 •42 —.
O.M. .84 .95 .95

to• • 96 •63 -•■

Y.W. B7 .91 .85 .83 .90 .58 - .2 0
Y.M. .83 .76 .71 • 84 •34 - .2 0
O.W. .82 .72 .67 • 80 .25 - .2 1
O.M. .9 0 •84 .70 .90 •48 - .3 4

Y.W. B8 . .95 .9 2 .98 .45  - .2 6
Y.M. .91 .85 •95 •44 - .2 5
O.W. • 88 .83 .94 •42 - .2 8
O.M. •95 •76 .98 •56 -*38



C o rre la tio n  o f Asymmetries in  th e  G eneral P a t t e r n  in  
Each Age-Sex Group o f  S ub jeo ts

S u b jec ts  I n te r c o r r e la t io n  o f  Asymmetries Aire rage r

A2 A3 A4 A5 A6 B1 B4 B7 B8 Cl C2 C3 D1 1)2

Y.W. A1 •88 .82 .72 .71 • 68 •42 .53 .47 .5 7 •60 •65 •59 .76 - .6 5 •65
Y«M. .8 8 .76 .75 .76 .71 •43 .73 •49 .6 7 .73 .7 4 .70 .71 - .5 6 .69
O.W. .9 0 .77 .70 .7 0 .76 •41 •64 •41 .62 •60 .56 •63 .76 - .5 7 .65
O.M. .88 .7 7 .71 .73 .72 .5 4 .71 .56 •65 •69 •55 .69 .7 8 - .6 6 •69

Y.W. A2 .77 .71 .7 0 .67 •43 .52 •46 .56 .59 •60 .59 .86 - .6 9 .65
Y.M. •68 .70 •69 .59 •35 •64 .40 .56 .64 •65 .61 .7 8 - .6 6 .63
O.W. .73 •65 •64 .70 •39 .5 7 .38 •56 •54 •51 .58 .83 - .7 0 •62
O.M. .83 .74 .75 • •71 •56 .7 2 •54 •69 .72 .6 0 .71 .82 - .7 1 .71

Y.W. AS .86 .91 .85 .66 .74 .67 .78 .81 .8 1 .79 .6 8 —.55 .76
Y.M. .7 4 • 85 .72 •49 .71 .50 .69 .74 .76 .72 .53 - .3 9 •66
O.W. .82 .91 .86 •50 .76 .47 .73 .72 .70 .74 .5 7 —.45 .70
O.M. .87 •93 .79 .7 1 .83 •68 .83 • 86 .73 • 85 .64 - .5 3 .78

Y.W. A4 .85 .85 •64 .68 .72 .76 .78 .7 4 .77 •61 - .4 4 .72
Y.M. .79 .70 •46 •63 •55 .66 .70 .72 .67 •54 - .3 7 •64
O.W. • 80 .79 .4 1 .63 .49 •62 .61 .56 .61 .43 - .3 4 .61
O.M. .86 .78 .65 .77 .67 .78 .80 .65 .79 .57 - .4 7 .72

Y.W. A5 .89 .73 .80 .72 • 86 .8 7 • 84 •85 .61 - .4 1 .77
Y.M. .76 .5 7 .77 .57 .78 .8 0 .79 .79 •50 - .3 2 .7 0
O.W. .88 •51 .75 •46 .76 .72 •68 .73 •50 - .3 5 .67
O.M. .80 .7 3 •83 .68 .85 .86 .71 •85 .56 - .4 1 .75

Y.W. A6 •63 .68 •64 .76 .77 .75 .75 .5 9 - .4 4 .7 1
Y.M. •44 •65 •49 .62 .68 .67 •65 •49 - .3 1 •61
O.W. .49 •68 •46 .73 •65 •60 .7 0 .57 - .3 7 •66
O.M. .5 7 •69 .57 .6 8 .6 7 .56 •68 .63 - .5 7 .6 7

Y.W. B1 •86 .9 0 .90 .8 4 .82 .90 • 34 - .1 6 •66
Y.M. .75 .9 0 • 82 .76 .70 • 84 •25 - .1 2 •56
O.W. • 82 .90 .8 8 .78 .74 .8 7 .27 - .1 9 •58
O.M. • 85 .96 .9 2 .86 .72 •92 .48 - .3 3 .70

Y.W. B4 ..8 5 .92 .90 .88 •93 •40 - .2 1 .71
Y.M. .76 .90 .9 2 .88 • 96 .49 - .3 1 .72
O.W. .76 .94 .91 • 85 • 94 .42 - .3 0 .71
O.M. .84 •95 .95 .76 •96 •63 - .4 5 .78

Y.W. B7 .91 .85 .83 .90 .38 - .2 0 ■ .6 8
Y.M. • 83 .76 .71 • 84 •34 - .2 0 • 60
O.W. • 82 .72 .67 • 80 .25 - .2 1 •56
O.M. • 90 .84 .70 •90 .48 —.3 4 •69

Y.W. B8 .95 •92 .9 8 •45 - .2 6 .76
Y.M. .91 •85 • 95 •44 - .2 5 .71
O.W. .88 .83 • 94 •42 - .2 8 .7 2
O.M. •95 .76 • 98 .56 - .3 8 *78



Y.M.
-

.79  .7 0  .4 6 .63 •55 •66 .70 .7 2 .67 •54 - .3 7
O.W. .8 0  .7 9  .4 1 •63 .49 •62 .61 .56 .61 •43 •*•34 •6
O.M. .86  .7 8  .65 .77 .67 .7 8 .80 .65 .79 .57  - .4 7 .7

Y.W. A5 .89  .73 • 80 .72 •86 .8 7 .8 4 .85 .6 1  —.41 .7
Y.M. .76 .5 7 .77 .5 7 .78 .8 0 .79 .79 .5 0  —.32 .7
O.W. .88  .5 1 .75 •46 .76 .72 .68 .73 .5 0  —.35 •6
O.M. .8 0  .73 •83 •68 • 85 .86 .71 .85 •56 - .4 1 .7

Y.W. A6 •63 •68 •64 .76 .77 .75 .75 .5 9  - .4 4 .7
Y.M. •44 •65 •49 .62 •68 .67 .65 .4 9  —.31 •6
O.W. .49 •68 •46 .73 .65 .60 .7 0 .57  - .3 7 •6
O.M. .57 .69 .57 •68 .67 .56 .6 8 •63 - .5 7 •6

Y.W. 51 • 86 .90 .90 • 84 • 82 .90 •34 - .1 6 •6
Y.M. .75 .90 • 82 .76 .7 0 .8 4 .25 - .1 2 •5
O.W. .82 .90 .88 .78 .7 4 .8 7 .27  - .1 9 •5
o ja . • 85 •96 .92 .86 .72 .92 •48 - .3 3 .7

Y.W. B4 ..8 5 • 92 .90 .88 .93 .4 0  - .2 1 .7
Y.M. .76 .90 • 92 .88 .96 .49  - .3 1 .7
O.W. .76 .9 4 .91 .85 .9 4 •42 - .3 0 .7
O.M. .84 .95 .95 .76 .96 .63  - .4 5 .7

Y.W. B7 .91 .85 .83 .90 .3 8  - .2 0 • .6
Y.M. .83 .76 .71 .8 4 .3 4  - .2 0 •6
O.W. .82 .72 .67 .80 .25  - .2 1 •5
O.M. .9 0 .84 .70 .90 •48 - .3 4 • 6

Y.W. B8 .95 .9 2 .98 .45 - .2 6 .7
Y.M. .91 .85 .95 •44 - .2 5 .7
O.W. .88 .83 .9 4 .4 2  —.28 .7
O.M. .95 .76 .98 .56  - .3 8 .7

Y.W. Cl .95 .95 •
Y.M. .96 .95 «
O.W. .8 7 .8 9 .
O.M. ' • 80

a
.96 •59 -*43

.7

.7

.6

.7

Y.W. C2 .93 .49  - .
Y.M. .9 0 .5 0  - •
O.W. .86 .4 3  —.
O.M. .79 •44 - •

Y.W. C3 .47 - .2 9
Y.M. .47 - .2 9
O.W. .46 - .3 3
O.M. .58 - .4 2

Y.W. Dl - .8 3
Y.M. - .8 6
O.W. - .7 8
O.M. - .8 2

Y.W.
Y.M.
O.W,
O.M.

D2

.7!

.7!

.61

.6-

.7

. 7

.7!
• 7I

.5 ' 
•61 
•5: 
• 6;

•4!
•31
•3!
•4!

J t



f C
***

•79 *70 •46 .63 •55 •66 .70 .7 2 .67 .5 4  - .3 7 •64
w . .8 0  .79 .4 1 .63 •49 .62 .61 .56 • 61 •43 - .3 4 .6 1

•86 .7 8 .65 .77 .67 .78 .8 0 .65 .79 .5 7  - .4 7 .7 2

,W. AS .89 .73 .80 .7 2 •86 •87 •84 .85 •61 - .4 1 .77
.76 .57 .77 .5 7 .78 •80 .79 .79 .5 0  - .3 2 .7 0

W. .88 •51 .75 •46 .76 .72 •68 .73 •50 **.35 .67
>M» .8 0 .73 .83 •68 • 85 .86 .71 .85 •56 - .4 1 .75

.w. A6 •63 .68 •64 .76 .77 .75 .75 .5 9  - .4 4 .7 1

.M. •44 .65 •49 .62 •68 .67 .65 •49 —.31 •61

.w. .49 •68 •46 .73 •65 •60 .7 0 .57  - .3 7 •66

.M. .57 .69 .57 .68 .67 •56 •68 •63 - .5 7 .6 7

.w. B1 • 86 .9 0 .90 •84 • 82 .90 .3 4  —.16 •66
.M. .75 .9 0 .82 .76 .7 0 .84 •25 - .1 2 .56
[w. • 82 .9 0 .88 .78 .7 4 .8 7 .27  - .1 9 •58
.M. .85 .96 .92 .86 .72 .92 .48  —.33 .7 0

.w. B4 ..8 5 • 92 .90 .8 8 • 93 •40 - .2 1 .71

.M. .76 .90 .92 .8 8 .96 •49 - .3 1 .72

.w. .76 .94 .91 .85 .94 .42  - .3 0 .71

.M. .84 .95 .95 .76 .96 .63  - .4 5 .78

•7T. B7 .91 .85 .83 .90 .38  - .2 0 ■ .6 8
.M. .83 .76 .71 .8 4 •34 - .2 0 • 60
.W. .82 .72 .67 .80 .25 - .2 1 .56
.M. .90 .84 .7 0 .90 •48 - .3 4 •69

.W. B8 .95 .9 2 .98 •45 - .2 6 .76

.M. .91 .85 • 95 •44 - .2 5 .71

.w. .88 .83 • 94 •42 - .2 8 .7 2
•M* .95 .76 .98 .56  - .3 8 .7 8

.w. Cl .95 .95 .45 - .2 7 .76

.U. •96 .95 .48  —.31 .7 4
•W. .8 7  .8 9 .44  - .2 7 •69
•M. .8 0  .96 •59 - .4 3 .78

.W. C2 .93 .49  - .3 3 .75
•M. • 90 .50  - .3 5 .73
•w. .86 •43 - .2 6 .65
•M. .79 •44 - .4 0 .66

.W. C3 .47  - .2 9 .76
•M. .47 - .2 9 .7 4
.w. .46 - .3 3 .72
.M. .58  - .4 2 .79

.w. D1 - .8 3 .57
•M. - .8 6 •53
.W. - .7 8 •51
•M. - .8 2 .61

.W. ' B2 •41

.u . •38

.w. .39
•M. .4 9
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B

F igu re  14* B i la te r a l  s k e le ta l  alignm ent* A i s  a  rad io g rap h  o f  a 
s k e le ta l  s t ru o tu re  whioh approxim ates b i l a t e r a l  symmetry; B i s  a  ra d io 
graph which shows th e  g en e ra l p a t te r n  o f  b i l a t e r a l  s k e le ta l  asymmetry. 
The su b je o t o f  t h i s  rad io g rap h  swayed to  th e  l e f t  i n  th e  in te r im  between 
th e  exposure o f  th e  p e lv ic  and th o ra o io  x - ra y  film s*
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The asym m etries o f  th e  genera l p a t te r n  in te r p r e te d  i n  term s o f  

d e v ia tio n  o f th e  s k e le t a l  s t r u c tu r e  show t h a t  th e  fo llo w in g .re la t io n s h ip s  

in  asym m etrical a lignm ent tend  to  o c c u r. When th e  l e f t  i l iu m  i s  h ig h e r  

than  th e  r i g h t  i l iu m , th e  p e lv is  tends to  he  prom inent an th e  l e f t ,  t)» 

r o ta te  to  th e  l e f t ,  and t o  p re s e n t a  g re a te r  a n te ro p o s te r io r  t i l t  on . 

th e  l e f t ;  -the l e f t  fem oral head  i s  h ig h e r  th a n  th e  r i g h t ,  and th e  p ro x i

mal p o r tio n  o f  th e  l e f t  femur i s  prom inent l a t e r a l l y ;  th e  lumbar sp in a  

d e v ia te s  t o  th e  r i g h t  o f  th e  o e n tra l  v e r t i c a l  a x i s .  These asymm etries 

a re  shown in  F igure 14B# The re v e rs e  ten d s  t o  ooeur when th e  r i g h t  

iliu m  i s  h ig h e r  th a n  -the l e f t  i l iu m . *

The a s s o c ia t io n  o f  age and se x  w ith  degree o f  c o r r e la t io n  in  

th e  g e n e ra l p a t te r n  o f asymmetry i s  s im ila r  to  t h a t  shown in  th e  s p e c if ic  

p a t te r n s  o f  s k e le t a l  asymmetry; th a t  i s ,  th e  average c o r r e la t io n  o f  

asym m etries tends  t o  d ecrease  w ith  age increm ent anong women, to  in c re a se  

w ith  age increm en t anong men; i n  th e  younger group o f su b je c ts  th e  av er

age c o r r e la t io n  o f asym m etries i s  h ig h e r anong women, in  th e  o ld e r  group 

i t  i s  h ig h e r  among men.

SUMMARY

The g en e ra l p a t te r n  o f  asymmetry i n  b i l a t e r a l  s k e l e t a l  a lignm en t 

i s  l im ite d  t o  th e  p e l v i s ,  th e  fem ora , and th e  lumbar p o r t io n  o f  th e  

s p in a l  colum n. The c o r r e l a t io n  o f th e  asymm etries o f th e  th o rao io  and 

th e  o e rv io a l  re g io n s  o f  th e  s p in a l  column, o f  th e  so ap u la r in f e r io r  

an g les  and th e  c l a v ic l e s  o f th e  shou lder g i r d le  and o f  th e  upper th o ra x  

w ith  o th e r  asym m etries i s  n e g l ig ib le  in  com parison w ith  th e  c o r r e la t io n  

o f  asym m etries i n  th e  p e lv i s ,  th e  fem ora, and th e  lumbar sp in e .
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In  th e  g e n e ra l p a t te r n ,  d e v ia t io n  in  r e l a t i o n  to  th e  c e n t r a l  

v e r t i c a l  a x is  ooours on th e  sane s id e  in  th e  p e lv is  and fem ora, b u t on 

th e  o p p o s ite  s id e  in  th e  lumbar spine* I t  mould seem th a t  th e  on ly  

com pensatory p a t te rn  o f  d e v ia tio n  w hich te n d s  t o  have a  degree o f  con

s i s t  enoy in  th e  su b je c ts  ooours in  th e  lumbar sp in e  and th a t  th e re  i s  no 

c o n s is te n t  com pensation in  th e  th o ra o io  and th e  o e rv io a l reg io n s  o f th e  

s p in a l  column o r i n  th e  shou lder g ird le *

S p e c if ic  p a t te rn s  o f asymmetry in  th e  g en era l p a t te r n  o f  a l ig n 

ment show th e  h ig h e s t c o r r e la t io n s  when th e y  occu r i n  th e  same u n i t s  

o f  th e  s k e le ta l  s t r u c tu r e  (P a tte rn s  1 and I I ) ;  when th ey  occur i n  d i f 

f e r e n t  u n i t s ,  p a tte rn s  c o r r e la te  m ost h ig h ly  when th e y  a re  produced by 

s im ila r  t j p e s  o f  d e v ia t i  on (P a t te rn s  I I  and VI)*

The a s s o c ia t io n  o f  age end sex  w ith  degree  o f  c o r r e la t io n  o f

asym m etries i n  th e  g en era l p a t te r n  i s  th e  fo llow ing* c o r r e la t io n  o f  

asym m etries tends t o  d ecrease  w ith  ag e  increm ent among women, b u t to  in 

c re a se  w ith  age increm ent among men; in  th e  younger group o f  su b je o ts  i t  

ten d s  to  be h ig h e r among women, b u t  i n  th e  o ld e r  group o f  s u b je c ts ,  i t  

ten d s to  b e  h ighe r among men*

The g e n e ra l p a t te r n  o f  alignm ent in c lu d e s  th e  fo llo w in g  dev ia 

t io n s  o f  s k e le t a l  p a r ts  * when th e  p e lv is  i s  h ig h e r  an th e  l e f t  s id e  than

i t  i s  on th e  r i g h t ,  i t  te n d s  a ls o  t o  r o ta t e  to  th e  l e f t  and to  have a

g r e a te r  a n te ro p o s te r io r  t i l t  an th e  l e f t ;  th e  l e f t  flsmur i s  h ig h e r  th an  

th e  r ig h t  and prom inent l a t e r a l l y  in  i t s  proxim al p o r t io n ;  th e  lumbar 

sp in e  d e v ia te s  i n  th e  o p p o s ite  d i r e c t io n ,  t h a t  i s ,  to  th e  r i g h t  o f  the 

o e n t r a l  v e r t i c a l  ax is*  When th e  p e lv is  i s  h ig h e r  on th e  r ig h t  s id e  than  

on th e  l e f t  s id e ,  th e  o p p o s ite  asymmetry i n  a lignm en t tends to  ooour*



CHAPTER VI

THE ASSOCIATION OF BILATERAL SKELETAL ASYMMETRY 

WITH AGE, SEX, AND HANDEDNESS

The d if fe re n c e s  i n  degree o f  c o r r e la t io n  o f  asymmetries were so 

s im i la r  fo r  each o f  th e  fo u r  groups o f  su b je c ts  t h a t  th e  same s p e c if ic  

p a t te rn s  o f  asymmetry and th e  same g e n e ra l p a t te r n  o f  asymmetry ooourred 

in  a l l  fo u r  groups o f  s u b je c t s .  However, a  com parison o f  degree  o f  c o r

r e la t io n  o f  asym m etries i n  th e  fo u r  groups showed th a t  b o th  i n  s p e c if ic  

p a t te rn s  and in  th e  g e n e ra l p a t te rn  th e r e  tends to  be an a s s o c ia t io n  o f  

age and sex  w ith  th e  degree o f  r e la t io n s h ip  between th e  asym m etries.

For th i s  rea so n , f u r th e r  s tu d y  was made o f  d if fe re n c e s  in  th e  asym m etries 

o f  th e  fo u r  ag e -sex  g roups.

In  th e  s tu d y  o f c o r r e la t io n  o f  asym m etries i t  was a ls o  found th a t  

th e re  was l i t t l e  r e la t io n s h ip  between ih e  asymmetry in  th e  p o s i t io n  o f  

th e  shou lder g ird le  and th e  upper th o ra x  (P a t te rn  VI) and o th e r  s k e le ta l  

asym m etries. F u rth e r s tu d y  was made th e re fo re  to  d e te m in e  w heiher th e re  

was any r e la t io n s h ip  between th e  asym m etries o f  P a t te rn  VI and ih e  fu n c

t io n  o f  handedness.

The r e s u l t s  o f  th e se  f u r th e r  s tu d ie s  o f  asym m etries i n  th e  fo u r  

groups of su b je c ts  and o f  th e  a s s o c ia t io n  o f  handedness to  asym m etries 

w i l l  be  diawn in  t h i s  c h a p te r  a s  follow s*

1 . The r e la t io n s h ip  between age in  th e  sex  groups and th e  de

gree o f  asymmetry
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2 . The r e la t io n s h ip  between sex  in  th e  age groups and th e  d e

gree o f  asymmetry 

3* The l a t e r a l  lo c a tio n  o f asymm etries i n  th e  a g e -sex  groups

4 . L a te ra l  c u rv e s  o f  th e  s p in a l oolumn in  th e  a g e -sex  groups

5* The r e la t io n s h ip  betw een handedness and th e  asym m etries o f

P a t te r n  V I.

CHANGE IN DEGREE OF BILATERAL ASYMMETRY WITH AGE INCHEMBNT

Change in  b i l a t e r a l  asymmetry w ith  age increm en t i n  th e  sexes 

occurs in  v ary in g  d e g re e , p a r t i c u la r ly  in  th o se  asym m etries which ere  

n o t a  p a r t  o f  th e  g en era l p a t te r n .

Change i n  D egree o f  Asymmetry w ith  Age 
Increm ent Among Women

b ! v
Table XXI shows t h a t  anong women A ll s k e le t a l  asym m etries ino luded  

in  th e  g e n e ra l p a t te r n  te n d  t o  deo rease  in  degree w ith  age increm ent among 

women (se e  Table XXI, page 122). The ohances in  100 th a t  th e re  i s  a  t ru e  

deorease  range  from  90 t o  9 9 .5 .

Among ih e  seven teen  asym m etries n o t ino lu d ed  in  th e  g e n e ra l p a t

te r n ,  th e r e  a r e  te n  which tend  to  in c re a s e  in s te a d  o f  d eo rease  in  degree 

o f  asymmetry. Of th e se  o n ly  th re e  te n d  to  show a  t r u e  in c re a s e ,  as 

fo llow s t  A8, l a t e r a l  a n g u la tio n  o f  th e  sh o u ld er g ird le  a t  th e  sc a p u la r  

in f e r io r  an g le s  (9 7 i 100)j C4, asymmetry in  th e  r e l a t io n  o f  th e  g re a te r  

tro o h a n te r  to  th e  la te ro - s u p e x io r  b o rd e r o f th e  acetabulum  (9 3 tl0 0 ) ;  

and D3, l a t e r a l  d e v ia tio n  o f th e  th o ra c ic  sp ine (9 5 tl0 0 ) .
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TABLE XXI

Change in  Degree o f  S k e le ta l  Asymmetry -with Age 
Increm ent Among Women

Asym.* P a t t e r n
Age

Group Mean
C r i t i c a l

R atio
Chanoes^ 
in  100 Change in  Degree

Al** n
Y.

0 .

20*45

16.86
1.6 94 decrease

A2** I I
Y.

0 ,

17.69

15.11
1 .4 92 deorease

AS** I I
Y.

0 ,

id .  97 

15.85
1 .6 94 decrease

A4** n
Y.

0 .

20.91

16.76
1 .9 97 deorease

AS** i i
If.

0 .

" IS  .74*' 

12.45
2 .0 98 decrease

A6** n
Y.

0 ,

id .  do

16.33
1 .3 90 deorease

A7
Y.

0 .

44 . So 

38.35
1*3 90 decrease

A8 711
Y.

0 .

30.70

37.18
1 .9 97 in c re a s e

A9 VII
Y.

0 .

2d . 29 

22.61
1 .0 84 d ecrease

AlO v n
Y.

0 .

d4.dd

36.22
•4 65 in c re a se

Bl** i

. . .  y-—  

0 .

T 4'.T 5 '

12.11
1 .6 94 deorease

B2
Y.

o .

9 .dd

7.51
2 .4 99 .2 d ecrease

BS
Y.

0 .

S.S8

7.51
•5 69 in c re a se

B4** i
Y.

0 .

'le'.TS

12.30
2 .6 99.5 d ecrease

B5 17
*

Y .

o .

' 5779" 

8.85
•06 52 in c re a s e

B6 !7
Y.

0 .

4 .95

5 .2 2
.7 76 in c re a s e

W 7 * *  T  9 .  a  q q  e



A6** n
T .

o .

" T O W "

16*33
1*8 90 deorease

T . 4 4 . SO
A7

0 . 38*36
1*3 90 decrease

Y. 30*70
A8 V II

0 . 37*18
1*9 97 in c re a se

¥ . 25'•£&
A9 VII

0 . 22*61
1*0 84 d ecrease

Y. ’T 4 .'55" '
A10 v n

0 . 36*22
■1

•4 65 in c re a s e

Bl** i
™TT“

0 . 12*11
1 .6 94 deorease

8*95
B2

o . 7.51
2*4 99*2 deorease

9*98
B3

0 . 7*51
•5 69 in c re a se

B4**
Y. 16*14

i
o . 12*30

2*6 99*5 decrease

t . 8.W
B5 IV

* 0 . 8*85
•06 52 in c re a se

Y. 4 .8 5
B6 IV

0* 5*22.
.7 76 in c re a se

Y. 20.55
B7** I

0 , . 15*45
2 .6 99*5 d ecrease

B8** I
Y.

0 .

19.92

11*00
2*4 99*2 d ecrease

i .
B9

o . 4*98
•6 73 d ecrease

Cl**
Y. 19.81

I
0 , 16*02

2 .0 98 d ecrease

C2**
V. 19.41

I
0 . 16*40

1 .7 96 d ecrease

C3**
Y. 20.29

I
0 . 16.46

2*2 98.6 d ecrease

9 .1 6
C4

0 . 6 .12
1*5 93 in c re a se

Y. 5 .69
C5

0 . 5*99
•5 69 in c re a s e

Y. 8.46
C6 i n

0 . 8 .50
•04 52 in c re a s e

Y. 6 .92
C7 h i

0 , 5*96
•8 79 deorease

Y. 9*89



B8** I
0* 11*00

2*4 99*2 deorease

Y . ■" ■
B9

0* 4*98
•6 73 decrease

Cl**
Y. 19.81

I
0 . 16*02

2 .0 98 deorease

cz**
V. Id * 4 I

I
o* 16*40

1 .7 96 decrease

C3**
Y. 20* £9

I
0 . 16.46

2*2 98.6 d ecrease

" 5  .16
C4

o* 6.12
1.5 93 in c re a se

Y. 5.6&
C5

0* 5 .9 9
•5 69 in c re a s e

Y. 8*46
C6 i n

0* 8*50
•04 52 in o re a se

Y* 6 J &
C7 m

0* 5*96
.8 79 deorease

Y. 5 .6 5
C8 m

0 . 5*29
*6 69 decrease

Y. &*66
C9 7

0* 9*05
•5 69 in c re a s e

Y. 9 .^ 0
310 7

0* 9*19
•1 54 deorease

Dl** 71
Y.

0*

22*68

19*20
1*6 94 d ecrease

D2** 71
Y*

00*

43*^6

37.43
1*5 90 deorease

Y. 15 6 .f5
D3

0 . 182*86
1.6 95 in c re a s e

* Asym. means asymmetry; 0 . ,  o ld e r ;  Y .,  younger*

** Asynsnetry o c c u rr in g  in. th e  g e n e ra l p a tte rn *

1* G a r r e t t ,  op* e i t * ,  Table 217 , page 134

The ta b le  should  be re a d  ac ro ss  as fo llo w s: The asymmetry, A l, belong
in g  to  P a t t e r n  H  o f  th e  g e n e ra l p a t te r n  has a  mean o f  20*45 in  
younger women and a  mean o f 16*86 in  o ld e r  women* The r e l i a b i l i t y  
o f  th e  d if fe re n c e  between th e  m easures w ith  age in c rem en t, i n  term s 
o f  s ta n d a rd  d e v ia tio n  o f  th e  d if f e r e n c e ,  i s  1*6* There a re  94 ohanees 
i n  100 t h a t  th e re  i s  a  t r u e  deorease  in  th e  asymmetry A l — l a t e r a l  
a n g u la tio n  o f  th e  wings o f  th e  sacrum  — w ith  age increm ent in  
women*



123

Change in  Degree o f  Asymmetry w ith  Age 
Increm ent Among Men

W ith two excep t! ana asym m etries in  th e  g e n e ra l p a t te r n  among 

men ten d  to  in c re a se  i n  deg ree  w ith  age increm ent ( s e e  Table XXII, page 

124)* The ohanoes th a t  th e re  i s  a  t r u e  in c re a s e  in  degree o f  asym m etries 

a re  90 o r more i n  100, excep t in  A3 (6 2 :1 0 0 ), i n  A4 ( 84 :100 ), and in  AS 

(8 6 :1 0 0 ), The asym m etries i n  th e  g en era l p a t te r n  whioh te n d  to  deo rease  

in  degree  w ith  age increm ent a r e : A6, l a t e r a l  a n g u la tio n  o f  th e  p e lv is  

a t  th e  tu b e r o s i t i e s  o f  ih e  is o h ia ,  and D2, l a t e r a l  d e v ia tio n  o f th e  f i r s t  

fo u r lumbar v e r te b r a e .  The ohanoes t h a t  th e re  i s  a  t r u e  deorease  in  de

gree in  th e se  two asym m etries a re  76 and 86, r e s p e c t iv e ly ,  in  100,

Among th e  asymm etries n o t ino lu d ed  in  th e  g en era l p a t t e r n ,  ‘those 

whioh d eo rease  r a th e r  th a n  in c re a se  i n  degree acco rd in g  to  -the g en era l 

tendenoy, a r e :  A8, A9, A10, B6, C4, and D3, Of th e se  asym m etries on ly  

th re e  te n d  to  show a  t r u e  d eo rea se : A10, l a t e r a l  a n g u la tio n  o f th e  upper 

th o ra x  (94:100)} B9, asymmetry i n  outward r o ta t io n  o f  th e  fem ora (93 :100 ); 

and D3, l a t e r a l  d e v ia tio n  in  th e  th o ra c ic  sp ine  (9 9 ,7 :1 0 0 ) ,

RELATIONSHIP BETWEEN SEX AND DBGHEB OF BILATERAL ASYMMETRY

D iffe ren ces  i n  degree o f  b i l a t e r a l  asymmetry ooou rrin g  w ith  sex  

in  th e  two age groups a re  found bo th  in  -the g e n e ra l p a t te r n  o f  s k e le t a l  

alignm ent and in  in d iv id u a l  b i l a t e r a l  asym m etries n o t ino lu d ed  in  th e  

g en era l p a t te r n .

R e la tio n  Between Sex and Degree o f  B i l a te r a l  Asymmetry 
in  Younger Sub.jeots

The degree  o f  asymmetry in  th e  g en e ra l p a t te r n  o f  a lignm en t 

in  th e  younger s u b je c ts  te n d s  t o  be  g r e a te r  among women th a n  among
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TABLE m i

Change in  Degree o f  S k e le ta l  Asyrametry w ith  Age 
Increm ent Anong Men

A
Asym.* P a t te r n

Age
Group Mean

C r i t i c a l
R a tio

Chanco3 
in  100 Change in  Degree

Al** I I

i j

•° 
r* 

i I i

19.62

23.75
1 .9 97 in c re a se

A2** I I
Y.

0 ,

if f . i§

20.65
1 .3 90 in c re a se

A3** I I
V.

0 .

T O T '

17.90
•3 62 in c re a se

. jf**A4 U
Y.

0*

18.&9

20.45
1 .0 84 in c re a se

AS** I I
Y.

0 ,

13.7I4

15.40
1 .1 86 in c re a se

A6** I I
Y.

0*

20.05

18.60
.7 76 deofease

A7
tf.

0 .

32.24

39.70
.09 54 in c re a se

A8 V II
Y'.

0 .

22.56

29.50
•02 50 decrease

A9 VII
o .

22.72

20.95
.9 82 decrease

A10 VII
Y.

0 .

■g37f§'

28.95
1 .6 94 deorease

Bl** I  ■
Y.

0 .

12.48

15.58
2.5 99 .4 in c re a s e

B2
Y.

0 .

9 .7 l

9.43
•3 62 deorease

B3
Y.

0,.

6 .22

7.01
•04 52 in c re a se

B4** I
Y.

0 .

12.22

15.19
2 .1 98 in c re a s e

B5 IV
Y.

0 .

8.06

8 .19
•1 54 in c re a s e

B6 IV
Y.

0 .

6 .5 4

6 .14
•6 73 d ecrease

B 7 * * T
F 7 ~ 18.95

s .e OQ A _____



Bit
0*. 7 .01

B4** 1

O 
K?

 
• 

• 12*44

15*19
2.1 98 in c re a s e

Y. 8*06
B5 IV

0* 8*19
•1 54 in c re a se

Y. 6*54
B6 IV

0 . 6*14
•6 73 decrease

B7**
¥7* 16 .45 *■»

I
0 . 24*03

2.5 99*4 in c re a se

Y. 1 0 .6 l
B8** I

0 . 13.73
2 .3 98.99 in c re a se

Y. 7.63
B9

0 . 6*54
1.5 93 decrease

Cl**
Y. 17.55

I
0 . 20.83

1 .8 96 in o re a se

Y* 17.64 '
C2** I

0* 20.86
1*7 96 in c re a s e

C3** I
Y.

0 .

17.01

21*13
2 .2 98*6 in c re a se

Y. 7* 76
C4

0 . 7.61
•2 58 decrease

Y. 6*23
C5

0 . 6 .57
•6 73 in c re a se

Yo 9.27
C6 I I I

0 . 10.88
1 .6 94 in c re a s e

Y. 7.64
C7 I I I

0 . 7.20
•2 58 in o re a se

Y. 5 .62
C8 I I I

0* 5 .8 1
1 .1 86 in c re a se

Y. 9 .6 2
09 V

0 . 11*24
1*4 92 in c re a se

Y. 8.90
CIO V

0 . 10*23
1 .5 93 in c re a se

Y. 19.86
Dl** VI

0* 23.80
1 .8 96 in c re a se

D2**
Y . 41.76

VI
0 . 37.71

1 .1 86 deorease

1 .
D3

0* 141.51
2 .8 99.7 deorease

* Asym* means asymmetry; Y«# younger; 0** o ld e r*

** Asymmetry o ccu rrin g  in  th e  g e n e ra l p a t te rn *
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38** I
Y.

0*

'  i c O T 1 ’

13.73
2*3 98.99 in c re a se

Y. 7*53
59

0 . 6*54
1*5 93 decrease

Cl**
Y. 17.55

I
0 . 20.83

1 .8 96 in o rea se

Y. 17.62
C2** I

0* 20.86
1 .7 96 in o rea se

C3** I
Y.

0*

17.01

21*13
2*2 98.6 in c re a se

Y. 7.76
C4

0 . 7.61
•2 58 decrease

Y. 6 .23
C5

0 . 6 .57
•6 73 in c re a se

Y. 9.27
C6 I I I

0 . 10*88
1*6 94 in c re a se

Y. 7.09
C7 I I I

0 . 7.20
.2 58 in o rea se

Y. 5.2‘S
C8 I I I

0 . 5 .81
1 .1 86 in c re a se

Y. 9 .92
09 V

0* 11*24
1 .4 92 in c re a se

Y. 8.90
CIO V

0 . 10.23
1.5 93 in o rea se

Dl**
Y. 19.89

VI
0 . 23*80

1 .8 96 in c re a se

D2**
Y. 41.76

VI
0* 37.71

1 .1 86 deorease

tf . T C SW aT "
03

0* 141.51
2 .8 99.7 decrease

* Asynu means asym aetry ; Y.* younger; 0 .*  o lder*

** Asymmetry o ccu rrin g  i n  th e  g en e ra l p a t te rn *

The ta b le  shou ld  be read  ae ro ss  as  fo llo w sj The asymmetry* Al* be
long ing  to  P a t te rn  I I  o f  th e  g en era l p a t te rn *  has a  mean o f  19*62 
among th e  younger men and a  mean o f  23.75 among th e  o ld e r men* The 
r e l i a b i l i t y  o f  th e  d if fe re n c e  between th e  m easures w ith  age in c r e 
ment* in  term s o f  th e  s tan d a rd  d e v ia tio n  o f  th e  d iffe re n ce*  i s  1*9* 
There a re  97 ohanoes in  100 th a t  th e re  i s  a  t r u e  in o re a se  i n  th e  
asymmetry Al — l a t e r a l  a n g u la tio n  o f  th e  wings o f  t h e  saorum —  
w ith  age inorem ent i n  men*
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men (se e  Table X X III, page 126). However, th e  ohanoes t h a t  t h i s  d i f 

fe ren ce  t r i l l  ooour i n  th e  younger sex  groups a re  in  g e n e ra l le s s  th a n  

th e  ohanoes o f  change in  degree  o f  asymmetry w ith  age increm ent in  eaoh 

sex . Two asy m ae trie s  in  th e  g en e ra l p a t te r n  show a  s l i g h t  tendency  t o  

be g r e a te r  in  d eg ree  among men th a n  among women. These a re  A2 , l a t e r a l  

a n g u la tio n  o f  th e  tu b e r o s i t i e s  o f  th e  is o h ia  (79*100).

Of those  asym m etries n o t in  th e  g e n e ra l p a t te r n ,  f iv e  show a  

marked tendency  to  be  g r e a te r  in  degree among men th a n  among women.

These are  B5, h o r iz o n ta l asym netry o f  th e  i l i a  a t  th e  le v e l  o f  t h e i r  

a n te r io r  i n f e r i o r  sp ines (98*100); B6, v e r t i o a l  d is ta n o e  asymmetry in  

th e  appearance o f  th e  o b tu ra to r  foram ina (9 9 .8 :1 0 0 ); B9, asymmetry i n  

th e  outward r o ta t io n  o f th e  femora (100*100); C4, asymmetry i n  th e  lo 

c a t io n  o f  th e  g re a t t ro o h a n te r s  in  r e l a t i o n  to  th e  la te ro - s u p e r io r  

b o rd ers  o f  th e  a o e ta b u la  (100*100); and D3, l a t e r a l  d e v ia t io n  o f  th e  

th o ra c ic  sp ine  (94*100).

R e la tio n  Between Sex and Degree o f  B i l a t e r a l  Asymmetry 
in  O lder S ub jec ts

The degree o f  asymmetry in  th e  g en e ra l p a t te r n  o f  s k e le ta l  

alignm ent in  o ld e r  s u b je c ts  ten d s  to  be g rea te r"  among men th a n  anong 

women ( s e e  Table XXIV, page 127). This tendency  i s  marked in  a l l  asym

m e trie s  excep t D2, l a t e r a l  d e v ia tio n  o f  th e  f i r s t  fo u r  lumbar v e r te b r a e .  

The ohanoes -that t h i s  asymmetry w i l l  be g r e a te r  in  degree among men th a n  

among women a re  o n ly  54 in  100.

Of th o se  a8y innetries n o t in  th e  g e n e ra l p a t te r n ,  f iv e  show a  

tendency  to  be g r e a te r  among women th a n  among men. This tendency  i s  

m arked, however, in  o n ly  th r e e  o f  th e se  asym m etries, a s  fo llow s*
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TABLE m i l

R e la tio n sh ip  o f  Degree o f  S k e le ta l  Asymmetry and 
Sex Among th e  Younger S u b jec ts

Asyuu* P a t te r n
Sex

Group Mann
C r i t i c a l

R atio
Chances 
in  100

Sex w ith  G rea te r 
Asymmetry

Al** I I
w.

i f .

20*45

19.62
.5 69 women

A2** I I
W.

M.

l i . 6 $

18.19
•3 62 men

A3** I I
w.

M*

T 0 7 '

17.34
1 .0 84 women

A4** I I
w.

M«

20. §1 

18.60
1 .2 88 women

AS** I I
tf . '

M.

1i . M '

13.74
1 .4 85 women

AS** I I
Vf.

H.

18.80

20.05
.8 79 men

A7
w .

M.

44 .^0

39.34
1 .3 90 women

A8 VII
w.

H.

$0.70

29.56
•4 65 women

A9 VII
w .

M.

i S .  29 

22.72
1 .2 88 women

AlO T O
W. 1

M.

■ " 3 £ W

33.79
. 4 65 wom^n

Bl** I
w.

M.

14.16

12.48
1 .4 85 women

B2
ff.

M.

4.56

9.71
. 2 58 men

B3
w.

M.

5 .58

6.98
2 .1 98 men

B4** I
w.

M.

“E f .l i f  '

12.29
.9 99.8 women

B5 IV
w .

M.

8.79

8.06
*8 79 women

B6 IV
w .

M.

4.tSl

6 .54
2 .9 99.8 men

B7** i
tf .

M.

20.55

18.95
.9 82 women



M. 53 .79
ffT" " T O T " "

Bi** I
M. 12.48

1 .4 85 women.

tf . 9 .58
B2

M. 9.71
• z 58 men

5 .6 8
B3

M. 6.98
2 .1 98 men

B4** I
w.

M.

T O T

12.29
• 9 99.8 women

w . 8.79
B5 IV

M. 8.06
• 8 79 women

tf . 4 .^5
B6 IV

M. 6 .54
2 .9 99.8 men

B7** i
tf .

M.

20.55

18.95
• 9 82 women

B8** i
M.

IS ; 99

10.91
2 .8 99.7 women

w . !>,$£
B9

M. 7.53
3 .8 100 men

ci** i
w.

M»

19.81

17.55
1 .3 90 women

C2** i
w.

M.

■ i§ .£ r ~

17.62
1 .1 86 women

C3** i
w.

M.

20.24

17.01
2 .0 98 women

w. 5 .10
C4

M. 7.76
4 .3 100 men

w. 5 .6 4
C5

M. 6.23
1 .0 84 men

w. 8.45
C6 i i i

M. 9.27
1 .0 84 men

w. 6 .5 2
C7 i n

M. 7.09
•9 82 men

w. 5 .4 #
C8 i n

M. 5 .22
.8 79 women

w. ff.W
C9 V

M. 9 .92
1 .6 85 men

w . ' '9 .3 C 1'
CIO V

M, 8.90
•5 69 women

Dl** VI
w r '

M.

£ . 6 6

19.89
1 .3 90 women

D2** VI
w ;

M.

43 .46

41.76
•4 65 women

tf. 146.74
n s  1 .f i 94, TanrL



— *
U. 10*91

s«o »» .7 WMM

B9
w r

M. 7*53
3 .8 100 men

Cl** I
W."'

M.

14*81

17.55
1 .5 90 women

C2** I
W. ' 

M.

“ TS.'iT ' ’ 

17.62
1 .1 86 women

C3** I
w.

M.

gb*24

17.01
2*0 98 women

w. 5 .1 0
C4

M. 7.76
4*3 100 men

tf . " s>*4£
C5

11* 6*23
1 .0 84 men

W* 4.45
C6 I I I

M. 9.27
1 .0 84 men

W. 6*52
C7 I I I

M. 7.09
.9 82 men

W. ” 5753“  '
C8 I I I

M. 5.22
•8 79 women

w. 4.60
C9 V

M* 9.92
1 .6 85 men

W. ' 4.&6
CIO Y

M* 8.90
•5 69 women

Dl**
c ^ • 6 4

VI
M. 19*89

1 .3 90 women

D2** VI
W7

M.

43.20

41.76
•4 65 women

if . T55776’ '
D3

11* 198.19
1.6 94 men

* Asym. means asymmetry; 7T,, women; M ., men.

** Asymmetry o ccu rrin g  in  th e  g e n e ra l p a tte rn *

The ta b le  shou ld  be re a d  ao ross  as  fo llo w s: The asymmetry. A l. belong
in g  to  P a t t e r n  U  o f  th e  g e n e ra l p a t te r n  o f  s k e le ta l  a lig n m en t, has 
a  mean o f  20*45 in  younger women and a  mean o f 19*62 in  younger men* 
The r e l i a b i l i t y  o f  th e  d if fe re n c e  betw een th e  m easures in 's e x  among 
younger s u b je c ts ,  i n  term s o f th e  s tan d ard  d e v ia tio n  o f  th e  d i f f e r 
en ce . i s  *5* There a re  69 chances i n  100 t h a t  th e re  i s  a  g re a te r  
degree o f  th e  asymmetry Al — l a t e r a l  a n g u la tio n  o f  th e  wings o f  th e  
sacrum — in  young women th an  in  young men*
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TABLE XXIV

R e la tio n sh ip  o f  Degree o f  S k e le ta l  Asymmetry and 
Sex Among th e  O lder S ub jec ts

Asyau* P a t te r n
Sex

Group Mean
C r i t i c a l

R a tio
Chances 
in  100

Sex w ith  G rea te r 
Asymmetry

— i\111•iii1ii1iii

Al** I I
w.

M.

16.86

23.75
2 .8 99.74 Men

A2** I I
w.

M.

16.11

20.65
2 .7 99 .7 men

«<»**A3 I I
w.

M.

1 5 ,6 s

17.90
2 .8 99.74 men

A4** I I
w.

M.

16.76

20.45
1 .7 96 men

AS** I I
w.

M.

12.45

15.40
1 .7 96 men

A6** I I
w.

u .

16.33

18.60
1 .0 84 men

W T"
A7

M. 39.70
•3 62 men

w . 37.18
A8 V II

M. 29.50
2 .1 98 women

w . 2&.61
A9 V II

M. 20.95
.7 76 women

w . 36. Z i
A10 VII

m. 28.95
2 .0 98 women

Bl** I
W ."

M.

1 2 .1 T '

15.58
2 .6 99.5 men

7.51
B2

M. 9.45
2 .0 98 men

tf . 5 .98
B3

M. 7.01
1 .3 90 men

B4** I
Tit, 

M.

12.30

15.19
1 .8 96 men

H* 8 . $5
B5 IV

mm. 8.19
•7 76 women

w. 5.22
B6 IV

M. 6.14
1.6 94 men

■w* 1^.45
B7** I  '  5*9 100 men

_  _  _   *



iUV VJLJ.
m. 28.95

e .u so

Bl** I
w ; 1

15.58
2 .6 99.5 men

tf. 7 .5 l
B2.

M. 9 .43
2 .0 98 men

w. 5 .98
B3

M. 7.01
1*3 90 men

B4** I
tf .

M.

12.30

15.19
1 .8 96 men

Xl 8»$5
B5 IV

MM. 8.19
•7 76 women

w. 5.J&2
B6 IV

12. 6 .14
1.6 94 men

B7** I  '
f l.

M.

I&.45

24.03
3 .9 100 men

B8** I
•

w.

M.

ll.O O

13.73
2 .1 98 men

B9
M.

*4.98

6 .54
2 .4 99 .2 , men

Cl** I
tf .

M.

16.02

20.82
2 .3 98.9 men

C2** I
w.

M.

16 .40

20.86
2.2 98.6 men

C3** I
w.

M.

16.46

21.13
2.3 98.9 men

tf . 6 .11
C4

M. 7.61
1 .9 97 men

yT. £.94
ce

M. 6.57
•9 82 men

w. 8.50
C6 n i

M. 10.88
2 .2 98.6 men

w. 5.96
C7 h i

M. 7.20
1*6 94 men

C8 i n
tf .

H.

5 .29

5 .81
•8 79 men

W. 3.05
C9 V

» * 11.24
2 .0 98 men

Yf. 9.19
CIO V

M. 10.23
1*0 84 men

Bl** VI
w.

M.

19.20

23.80
2 .0 98 men

D2f* VI
W.

M.

37.43

37.71
•1 54 men

W. 182.86



M* 24*03

B8** I
t M.

" T l'.db  

13*73
2*1 98 men

’4 .98
B9

M. 6*54
2*4 9 9 .2 , men

Cl** I
w.

u .

16.02

20*82
2 .3 98*9 men

C2** I
iN*

M.

16*40

20*86
2*2 98*6 men

C3** I
w.

M.

1 6 .4 6

21*13
2*3 98.9 men

tf* 6.11
C4

M. 7.61
1 .9 97 men

tf* &*99
C5

M. 6.57
•9 82 men

tf . 5 .50
C6 n i

M* 10*88
2*2 98*6 men

IT. 5*96
C7 h i

M, 7.20
1 .6 94 men

C8 n i
i t .

M.

5*29

5*81
•8 79 men

it. 5.05
C9 V

Mi* 11*24
2*0 98 men

tf . 5.19
CIO V

M. 10*23
1 .0 84 men

Dl** VI
w.

M,

15 .20

23*80
2*0 98 men

D2** VI
w.

M.

37.43

37.71
•1 54 man

w. T&2.86 '
D3

M* 141*51
2*4 99*2 women

* Asym. means asymmetry; W ., women; M.* men*

** Asymmetry o ccu rrin g  in  th e  g en e ra l p a tte rn *

The ta b le  shou ld  be read  ac ro ss  a s  fo llo w s: The asymmetry, A l# be
long ing  to  P a t t e r n  I I  o f  th e  g en era l p a t t e r n  o f  s k e le t a l  alignm ent* 
has a  mean o f  16*86 in  o ld e r  women and a  mean o f 23*75 in  o ld e r  men* 
The r e l i a b i l i t y  o f  th e  d if fe re n c e  between th e  m easures in  sex  among 
o ld e r  s u b je c ts ,  i n  term s o f  th e  s ta n d a rd  d e v ia tio n  o f  th e  d iffe re n c e *  
i s  2*8* There a re  99*74 chances in  100 t h a t  th e re  i s  a  g re a te r  de
g ree  o f th e  asymmetry A1 — l a t e r a l  a n g u la tio n  o f  th e  wings o f  th e  
saorum — in  o ld e r  men th a n  in  o ld e r  women*
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A8, l a t e r a l  a n g u la tio n  o f  th e  sc a p u la r  in f e r i o r  ang les  (98tlO O ); A10,

l a t e r a l  a n g u la tio n  o f th e  upper th o ra x  (9 8 ilOO); and D3, l a t e r a l  devia

t i o n  o f  th e  th o ra o io  sp in e  (99 .2*100).

Summary o f  S k e le ta l  Asymmetry in  R e la tio n  to  Age and Sex 

In  g e n e ra l s k e le ta l  asymmetry i s  a s so c ia te d  w ith  age and sex  in  

th e  fo llo w in g  manners

a* C o rre la tio n  o f  asym m etries and degree o f  asymmetry d ecreases  

w ith  age inerem ent among women} i t  in c re a s e s  w ith  age in 

crem ent among men* 

b . C o rre la tio n  o f  asym m etries and degree o f  asymmetry i s  g r e a te r

in  th e  younger group among women; in  th e  o ld e r  group i t  i s

g re a te r  among man.

This a s s o c ia t io n  o f  degree o f asym m etries w ith  age and sex  i s  

c o n s is te n t  in  a l l  asym m etries o f  th e  g e n e ra l p a t te rn  excep t A2, A6, and 

D2. The ohanoes in  100 t h a t  th e se  w i l l  d i f f e r  a re  n o t very  marked.

Among th o se  asym m etries n o t i n  th e  g en era l p a t te rn  A7, C8, and CIO con

s t a n t ly  8how th e  same a s s o c ia t io n  w ith  age and sex as th e  asym m etries o f  

th e  g e n e ra l p a t te r n .  Among o th e r  asym m etries n o t in  th e  g en era l p a t te r n  

th e re  i s  a  v a ry in g  a s s o c ia t io n  o f  t h e i r  deg ree  w ith  age and se x .

LATERAL LOCATION OF ASYMMETRIES IN THE ASB-SBX GROUPS

The asymm etries which show th e  m ost marked tendency t o  oeour mare 

f re q u e n tly  on one s id e  o f  th e  s t ru o tu re  th a n  on th e  o th e r  s id e *  in  th e  

su b je o ts  o f  t h i s  study  a re  those  in  th e  shou lder g i rd le  and upper th o ra x

* For l a t e r a l  lo o a tio n  o f  th e  s k e le ta l  asym m etries in  eaoh o f  th e  
age-sex  groups o f  s u b je c t s ,  see  Appendix. Table XXX7II. page 184*
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(A8, A9, A10), The more f re q u e n t appearanoe o f  th e se  asym m etries on th e  

l e f t  side  o f  th e  s t ru c tu re  -w ill be d iso u ssed  in  r e l a t io n  to  handedness*

The rem aining asym m etries tend  t o  be f a i r l y  s im i la r  i n  r i g h t -  and 

le f t - s id e d  d i s t r i b u t io n  in  th re e  o f  th e  a g e -se x  groups: young women, o ld e r  

women, and o ld e r  men, w ith  th e  excep tio n  o f  B3, th e  h o r is o n ta l  d is ta n c e  

asymmetry in  th e  appearanoe o f th e  su rfa c e  o f  th e  iliu m  j u s t  above th e  

acetabulum* In  eaoh o f  th e  fo u r groups o f  s u b je o ts  B3 ooours more f r e 

q uen tly  on th e  r ig h t  side*

In  th e  group of young men th e  asym m etries te n d  to  be more un

equal in  t h e i r  l a t e r a l  d i s t r ib u t io n  th a n  in  any o f  th e  o th e r  groups o f  

su b jec ts*  This in e q u a l i ty  in  d i s t r i b u t io n  i s  shown p a r t i c u la r ly  i n  l a t e r a l  

a n g u la tio n  asym m etries in  th e  p e lv is  — A3, A4, A6,and A7 — -which occur 

more f re q u e n tly  on th e  l e f t  s id e ;  in  l a t e r a l  d e v ia tio n  of th e  th o ra o io  

re g io n  o f th e  s p in a l  eolumn (D3) t o  th e  r i g h t  s id e ;  and in  asym m etries B l, 

C4, C6, C9, and CIO, vhioh occur more f re q u e n tly  on th e  r ig h t  s id e .  These 

l a t t e r  asymm etries in d ic a te  m ain ly  h o r iz o n ta l  r o ta t io n  and l a t e r a l  d ev ia 

t i o n  i n  th e  p e lv is  o n ly , o r i n  th e  p e lv is  and femora combined*

LATERAL CUHVBS OF THE SPINAL COLUMN IN THE AGE-SEX GROUPS

An a n a ly s is  o f  th e  l a t e r a l  ourves o f  th e  s p in a l  oolumn in  th e  

s u b je c ts  o f  t h i s  study  shows th a t  in  o n e - th i rd ,  o r  mare, o f th e  su b je c ts  

in  eaoh ag e-sex  group th e  s p in a l  oolumn d e v ia te s  to  one s id e  o f  th e  cen

t r a l  v e r t i c a l  a x is  and does not r e tu r n  t o ,  o r re o ro s s  i t  ( s e e  Table XXV, 

page 130). A g re a te r  percen tage o f  th e  younger th a n  o f  th e  o ld e r  su b jeo ts  

show one l a t e r a l  curve only  o f  th e - s p in a l  oolumn (42*1 and 45*6 v e rsu s  

30*0 and 31*0), a  g re a te r  percen tage  o f  th e  o ld e r  th a n  o f  th e  younger 

su b je c ts  show two l a t e r a l  cu rves (25*5 and 21 ,0  v e rsu s  20*7 and 17*6),
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TABLE XXV

L a te ra l  Curves o f  th e  Sgpdnal Column in  th e  Age-Sex Group

L a te ra l  Curves i n  Consecutive 

P ercen tag e  o f  v ary ing  F i r s t  Seeond
number o f l a t e r a l  curves

Av.* Av. Av. Av. j
Groups None One Two Three Four degree N. o f  7 . degree N. o f  V. dej

Y.W. 33 .9  4 2 .1  20.7 3 .3  7.28 8.6 5 .87 7 .7 9,
Y.M. 33.5 45 .6  17.6 3 .3  6.26 8 .1 6.06 8.3 6,
o .w . 38 .3  33 .0  25.5 3 .2  6.73 7 .3 6.66 8.6 6,
O.M. 37 .0  31 .0  21.0 7 .0  4 .0  5 .42 6 .5 5 .50 6 .8 5,

* v  Av. means av erage; N ., number; 7 . ,  v e r te b ra e ; Y.W, ,  young women; Y.M ., young me
o ld e r  men*

The ta b le  i s  read  ao ro ss  as fo llo w s: Among young women th e  s p in a l column devial 
p e rc e n t o f  th e  s u b je c ts  and does n o t r e tu rn  to  o r re c ro s s  th e  a x is ;  in  42.1 per 
l a t e r a l  curves i n  20.7  p e r  c e n t th e re  a re  two l a t e r a l  cu rv es , in  3 .3  p e r  cen t t  
None o f  th e  young women in  t h i s  s tu d y  have fo u r l a t e r a l  cu rv es . The f i r s t  la te  
7.28 degrees w ith  8 .6  v e r te b ra e  in  th e  cu rve; th e  second, an a n g u la tio n  o f 5.87 
th e  t h i r d ,  an a n g u la tio n  o f  9 .62  degrees w ith  an average o f 8.5 v e r te b ra e  in  th
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TABLE XXV

L a te r a l  Curves o f  th e  Sg&nal Column in  th o  Age-Sex Groups

L a te ra l Curves in  Conseoutive Order from  P e lv is

o f  vary ing F i r s t Seoond T hird  F ou rth
. t e r a l  curves

Av.* Av. Av. Av. Av. Av. Av. v Av.
ro Three Four degree H. o f V. degree N. o f  V. degree H. o f  V. degree N. o f V.

.7  3 .3 7.28 8.6 5 .87 7 .7 9.62 8.5
•6 3 .3 6.26 8 .1 6.06 8 .3 6.75 5 .8
•5 3 .2 6.73 7 .3 6.66 8 .6 6.16 5 .3
.0  7 .0  4 .0 5 .42 6.5 5 .50 6 .8 5.95 8 .1  2.75 3 .8

r . ,  number; V ., v e r te b ra e ; Y.IT.,  young women; Y .K ., young men; O.W., o ld e r  women; O.M.,

iross as fo llo w s: Among young women th e  s p in a l column d ev ia tes  from th e  c e n t r a l  a x is  in  33 .9  
ic ts and does n o t r e tu rn  to  o r re c ro s s  th e  a x is ;  in  42.1 p e r  c e n t o f  th e  su b je c ts  th e re  i s  one 
1.7 p e r  c e n t th e re  are  two l a t e r a l  c u rv e s , in  3 .3  p e r  cen t th e re  a re  th re e  l a t e r a l  c u rv e s , 
men in  t h i s  s tudy  have fo u r l a t e r a l  curves* The f i r s t  l a t e r a l  curve shows an a n g u la tio n  o f 
6 v e r te b ra e  in  th e  cu rve; th e  second, an a n g u la tio n  o f 5 .87  w ith  7 .7  v e r te b ra e  in  th e  curve; 
.ticn  o f  9 .62  degrees w ith  an  average o f 8.5 v e r te b ra e  in  th e  cu rv e .
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a g re a te r  peroexxtage o f  th e  o ld e r  men th a n  o f  any  o th e r group show th re e  

l a t e r a l  o u rv es , and o n ly  in  o ld e r  group o f  men w ere th e re  any su b je c ts  

w ith  fo u r  l a t e r a l  c u rv e s .

The f i r s t ?  second, and th i r d  l a t e r a l  ourves o f  th e  s p in a l  oolumn, 

when th e y  appear in  th e  su b je o ts  o f  t h i s  s tu d y , te n d  t o  be s im ila r  bo th  

in  t h e i r  average deg ree  o f  a n g u la tio n  and in  th e  average number o f  v e r te 

b rae  i n  eaoh o u rv e . The fo u r th  eurve in  th e  o ld e r  group o f  men te n d s  to  

c o n ta in  few er v e r t e b r a e  and to  be le s s  marked in  i t s  degree o f  a n g u la tio n  

th a n  any  o f  th e  f i r s t  th re e  o u rv es .

The v a r io u s  s t a t i s t i c a l  tre a tm e n ts  o f  th e  d e v ia tio n s  o f  th e  s p in a l 

oolumn in d ic a te  t h a t  no s p e o if io  p a t te r n  o f  a lignm en t o f th e  s p in a l  oolumn 

as a  whole ooours in  th e  s u b je o ts  o f  t h i s  s tu d y , b u t t h a t  th e  alignm ent 

o f  th e  s p in a l  oolumn, even though i t  i s  c o n s is te n t ly  s im ila r  over a  p e rio d  

o f  tim e in  eaoh su b je o t ,  i s  la rg e ly  in d iv id u a l .

HANDEDNESS AND ASYMMETRY IN THE SHOULDER GIRDLE AND UPPER THORAX

The b i l a t e r a l  asym m etries o f  th e  sh o u ld e r g ird le  and upper tho rax**— 

P a t te r n  VI and th e  f i r s t  fo u r th o rao io  v e r te b ra e  — seem to  ooour indepen

d en t o f  a l l  o th e r  s k e le ta l  asym m etries, a ls o  th e y  ten d  t o  d i f f e r  from o th e r  

b i l a t e r a l  asymm etries* T heir independenoe and d iffe re n o e  have been n o te d , 

as  fo llo w s :

1 . There i s  l i t t l e  o r  no r e l a t io n  between th e  a sy sm etries  o f

* The f i r s t  ourve i s  th e  one n e a re s t  th e  p e lv is ;  th e  second, t h i r d ,  
and fo u r th  ourves fo llow  in  o rd er o f  in c re a s in g  d is ta n c e  from th e  
p e lv is*

** The term  "upper th o rax "  r e f e r s  to  th e  f i r s t  two r i b s .  In  t h i s  chap
t e r  th e  f i r s t  fo u r  th o ra o io  v e r te b ra e  a re  g iven  s p e o if io  co n s id e ra 
t i o n ,  b u t a r e  c o n s is te n t ly  d es ig n a ted  as  th e  upper th o ra o io  sp in e  t o  
avo id  oonfusion  in  meaning w ith  th e  upper th o ra x .
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I

P a t te r n  71 and o th e r s k e le t a l  asym m etries.*

2 . There i s  l i t t l e  o r no r e l a t io n  o f th e  asymmetry o f  th e  th o ra o io  

sp ine a s  a whole** w ith  o th e r asym m etries, exoep t w ith  th e  

f i r s t  fo u r lumbar v e r te b ra e .  The c o r r e la t io n s  o f  th e  th o rao io  

sp in e  (D3) w ith  th e  lumbar sp in e  (D2) in  eaoh o f  th e  age and 

sex groups i s  .5 7 . .5 6 . .5 3 . and .5 3 .*  The p o s i t iv e  r e l a t i o n 

sh ip  in d io a te s  t h a t  th e  asymmetry o f  th e  th o ra o io  sp ine  ten d s 

to  ooour on th e  same s id e  as th e  asymmetry o f  th e  lumbar sp in e .

3 . P a t te r n  71 shows no r e la t io n  to  o th e r s p e o if io  p a t te rn s  o f 

asyrnmetxy. w ith  one p o s s ib le  ex o ep tio n . nam ely, fo r  th e  o ld e r 

group o f  women th e  o o r r e la t io n  o f P a t te rn  71 and P a t te rn  7

i s  - .3 3 .* * *

4 . The a s s o o ia t io n  o f  age and sex w ith  th e  asym m etries o f  P a t

t e r n  71 tends t o  be th e  re v e rse  o f  t h a t  shown w ith  th e  asym

m e tr ie s  in  th e  g en era l p a t t e r n .

Nine o f  th e  497 su b jeo ts  re p o r te d  a m b id e x te rity . However, i t  was 

found on in v e s t ig a t io n  th a t  eaoh o f  th e se  s u b je o ts  tended  to  be ambi

dex trous in  on ly  one s k i l l  — w r it in g  — and t h a t  o therw ise  t h e i r  handed

n ess  was s p e o i f io .  These su b je o ts  were oonsidered  th e re fo re  r ig h t - o r  

le ft-h a n d e d  aooord ing  t o  th e  hand used  in  a  g r e a te r  number o f  a o t i v i t i e s .  

The p eroen tage  o f  r ig i t-h a n d e d  su b je o ts  v a r ie d  i n  th e  age and dex groups 

as fo llow s*  in  young women. 100 per o e n t; in  young men. 88 p e r  o e n t j  in

* See Table 71 1 . page 82.

** The o o r r e la t io n  of th e  asymmetry o f  th e  upper th o ra o io  sp in e  w ith  
o th e r  asym m etries was n o t computed. In  view  o f th e  r e l a t i o n  between 
th e  s la n t  o f  th e  upper th o ra o io  sp in e  and th e  asynm etries o f  P a t te rn  
7 1 . i t  i s  p robab ly  t r u e  t h a t  th e re  i s  le s s  o o r r e la t io n  between th e  
upper th o ra o io  sp in e  and o th e r  s k e le t a l  asym m etries th a n  betw een th e  
e n t i r e  th o ra o io  sp ine and o th e r 'a sy m m etrie s .

**• See Table X7XI. page 110.
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o ld e r  women, 93 p e r  o e n tj  i n  o ld e r  men, 96 p e r  o e n t.

A la rg e  peroenbage in  a l l  fo u r groups o f  s u b je o ts ,  w hether r i g h t -  

o r  le f t -h a n d e d , te n d  to  have a  g re a te r  h e ig h t on th e  l e f t  s id e  o f  th e  

sh o u ld er g ird le  and upper th o ra x  th a n  on th e  r i g h t ,  t h a t  i s ,  th e  asymmetry 

te n d s  t o  ooour on th e  l e f t  s id e  (se e  Table XXVI, page 134). S im ila r ly , 

th e  upper th o ra o io  sp ine  te n d s  to  d e v ia te  o o n s is te n t ly  to  th e  same s id e  

w hether th e  su b je o ts  a re  r i g h t -  o r le f t -h a n d e d , b u t i t s  d e v ia tio n  i s  on 

th e  r i g h t ,  t h a t  i s ,  a  g rad u a l s l a n t  to  th e  r i g h t  from  th e  v e r t i c a l .  The 

pe rcen tag e  o f  su b je o ts  w ith  l e f t  asymmetry o f  th e  shou lder g ird le  and 

upper th o rax  i s  g r e a te r  i n  a l l  fo u r groups when th e  su b je o ts  a re  r i g h t -  

handed th a n  when th e y  a re  le f t -h a n d e d , b u t  t h i s  peroen tage d eo reases when 

th e  su b je o ts  sure le f t -h a n d e d . This d if fe re n o e  does no t ooour in  th e  

asymmetry o f  th e  upper th o ra o io  sp ine  (se e  peroen tage  colum ns, Table XXVI, 

page 134).

In  th e  d i f f e r e n t  groups o f  su b jeo ts  th e  degree  o f  asymmetry oc

c u rr in g  on th e  l e f t  w ith  rig h t-h an d ed n ess  i s  g re a te r  th a n  th e  degree o f  

asymmetry ooourring  on th e  r i g h t  w ith  rig h t-h a n d e d n e ss . This i s  t r u e  a ls o  

when su b je o ts  a re  le f t -h a n d e d , w ith  one ex ce p tio n  — th e  asymmetry o f  th e  

so ap u la r i n f e r i o r  an g le  (A8) in  th e  group o f o ld e r  men. In  t h i s  group 

th e  degree o f  l e f t  asymmetry o f th e  so ap u la r in f e r io r  a n g le s  ooourring 

w ith  rig h t-h an d ed n ess  i s  one and s ix - te n th s  tim es  th e  degree  o f  r ig h t  

asymmetry w ith  r ig h t-h an d ed n ess ; th e  degree o f  r i g h t  asymmetry o f  th e  

soap u la r in f e r i o r  ang les  ooou rring  w ith  le ft-h an d ed n ess  i s  th re e  and tw o- 

te n th s  tim es  th e  deg ree  o f  l e f t  asymmetry w ith  le f t-h a n d e d n e ss . I t  was 

found t h a t  o ld e r  men have in  g e n e ra l th e  m ost marked degree o f  s k e le ta l  

asynm etry o f  any g roup . In  t h i s  one asymmetry o f  th e  so ap u la r  i n f e r i o r  

angle th e r e  seems to  be a  d e f in i te  r e la t io n s h ip  w ith  handedness, t h a t  i s ,



The R e la tio n

A8, A ngulation o f  th e  Soapular I n f e r io r  Angles

L e ft h ig h  R ig h t h ig h  Even

Handed P ercen  Peroen At . Peroen A t * P ercen  Dif* Degree
n e ss ta g e Group ta g e Asym* ta g e Asym* ta g e Asym* p a ris

m  tmammm ee a

121 100 Y*W. 80 >35*41 13 17*50 7 -1 7 .9 1 1* 2.C
R ig h t 161 88 Y.M. 79 -35*34 15 17.50 6 -15*84 L. 1*$

87 95 0*17. 89 -43*73 10 22.22 1 -21*51 L. l . J

96 96 O . M . 80 -34*61 13 12*50 7. -22*11 L* 1*(

L e f t
0

21 12
Y.W.
Y.M. 57 -21 .25 43 20*55 0 .70 L. l.C

7 7 O.W. 57 -38 .75 29 12.50 14 -26*25 L. 3.]
4 4 O.M. 75 -21*66 25 70.00 0 48*34 R. 3*2

* H. means number; At * , av erag e ; D if* , d if fe re n c e ;  Asym., asymmetry; V ., v e rteb rae ) 
Asym* in d io a te s  t h a t  th e  asymmetry occurs on th e  l e f t  s id e ,  w hereas no s ig n  in d it

The ta b le  should  be re a d  a c ro ss  as fo llo w s: Of 121 young •women, 100 p e r  cen t a re  i 
l a r  i n f e r i o r  an g le  i s  h ig h e r on th e  l e f t  th an  on th e  r i g h t  s id e ,  i t s  average asyi 
an g le  i s  h ig h e r on th e  r ig h t  th a n  cm th e  l e f t  s id e ,  i t s  average asymmetry being  ] 
a re  even* The d if fe re n c e  between th e  asymmetry ■vdien i t  occurs on th e  l e f t  s id e  e 
in  th e se  r ig h t-h an d ed  su b je c ts  asymmetry in  th e  sc a p u la r  in f e r io r  a n g le s  i s  g real 
ness* Comparing th e  degree o f  asymmetry on th e  two s id e s ,  th e  l e f t  i s  two tim es 
V erteb rae  a re  read  in  l ik e  manner*
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TABLE XXVI

The R e la tio n  o f  A synm etries o f  th e  S houlder G ird le  and Upper Thorax to  Handedness

a p u la r  I n f e r io r  Angles A9, A ngulation  o f th e  C la v ic le s

Even L e f t  h ig h  R igh t h ig h  Even

• P ercen D if . Degree Com P ercen  Av# P e rc e n - Av. P ercen D if . Degree Com
nu ta g e Asym# p a r is o n ta g e Asym# ta g e Asym. tag e Asym. p a r is o n

— — — — — — iiiiiiiiiii■i i i • t \ ■ i • i • i • • i i ■ i t • i • i■ iiiiiiii1iii

,50 7 -1 7 .9 1 X* 2*0 x  R# 81 -2 9 .3 8  8 18.00 i i -1 1 .3 8 L. 1 .6  x  R.
,50 6 -1 5 .8 4 L# 1#9 x R« 81 -2 8 .3 4  11 13.61 8 -1 4 .7 3 L . 1 .9  x  R.
,22 1 -21 ,51 Xi# 1«9 x 78 -2 6 .1 0  17 16.33 5 -  9 .77 L. 1 .6  x  R.
>50 7. -22 .11 L* 1«6 x R« 85 -2 2 .0 7  13 12.91 2 -  9.16 L. 1 .7  x  R.

>55 0 .70 L. l.O Sx R. 62 -25 .77 19 18.50 19 -1 3 .2 7 L. 2 .0 X R. »
,50 14 -26 .25 L. 3 .1  x R. 71 -1 9 .0 0 29 5.00 0 -14 .00 L. 3 .8 X R. !
,00 0 48.34 R. 3 .2  x L. 50 -5 0 .0 0 50 10.00 0 -40 .00 L. 5 .0 X R. \

, asymmetry; V. ,  v e r te b ra e j L . ,  l e f t ;  R . ,  r ig h t*  a  minus s ig n  b e fo re ' th e  number ap p ea rin g  under 
t id e ,  -whereas no s ig n  in d ic a te s  t h a t  i t  occurs on th e  r i g h t  s id e .

; •ooaen, 100 p e r cen t a re  r ig h t-h a n d e d . In  80 p e r  c e n t o f  th e s e  r ig h t-h a n d e d  su b je c ts  th e  scap - 
Lght s id e ,  i t s  average asymmetry- being  -3 5 .4 1 ; in  13 p e r  c e n t o f  th e  s u b je c ts  th e  sc a p u la r  i n f e r -
i average asymmetry being  17 .50; and in  7 p e r  c e n t o f  th e  s u b je c ts  th e  sc a p u la r  i n f e r i o r  ang les 
; occurs on th e  l e f t  s id e  and -when i t  occurs on th e  r i g h t  s id e  i s  -17.91# This in d ic a te s  th a t  
ir in f e r io r  ang les  i s  g r e a te r  when i t  occurs on th e  l e f t  s id e ,  t h a t  i s ,  i n  o p p o s itio n  to  handed- 
le s , th e  l e f t  i s  two tames th a t  on th e  r ig h t#  A9, A10, and th e  S la n t o f  th e  Upper Thoracio
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able x m

h o u lder G ird le  and TJpper Thorax to  Handedness

.9, A ngulation  o f  th e  C la n c ie s  A10, A ngulation  o f  th e  Upper Thorax

R igh t h ig h Even L eft h igh R igh t h igh Even

P e rc e n - Av. P ercen D if . Degree Com ; P e rcen - Av. P e rc e n -  Av. Peroen D if .
» ta g e Asym. tag e Asym. p a r is o n ; tag e Asym. ta g e Asym. ta g e Asym.

3 8 18.00 11 -11 .38 L. 1 .6  x  R. 73 -4 0 .1 7 23 24.46 4 -1 5 .7 1
i  11 13.61 8 -1 4 .7 3 L. 1 .9  x  R. 79 -3 9 .6 4 16 22.40 5 -1 7 .2 4
3 17 16.33 5 -  9 .77 L. 1 .6  x  R. 67 -4 4 .5 4 29 24.60 5 -1 9 .9 4
7 13 12 . 91 2 -  9.16 L . 1 .7  x  R. 73 -3 3 .6 4 23 21.59 4 -12.05

7 19 1&.50 19 -1 3 .2 7 L. 2 .0  x  R. 1 48 -34 .00 43 23.88 9 -1 0 .1 2
0 29 5.00 0 -14 .00 L . 3 .8  x  R. 71 —35.00 29 15.00 0 -2 0 .0 0
3 50 10.00 0 -4 0 .0 0 L . 5 .0  X  R. I 50 -20 .00 50 12.50 0 -  7 .50

i  minus s ig n  b e fo re  ‘tlw  number ap p ea rin g  under 
th e  r ig h t  side*

!* c e n t o f  th e s e  r ig h t-h an d ed  su b je c ts  th e  scap - 
13 p e r  c e n t o f  th e  su b je c ts  th e  s c a p u la r  in f e r -  

b o f  th e  s u b je c ts  th e  sc a p u la r  i n f e r i o r  ang les  
le r ig h t  s id e  i s  -1 7 .9 1 . This in d ic a te s  th a t  
le l e f t  s id e*  th a t  i s ,  i n  o p p o s itio n  to  handed- 
, A10, and th e  S la n t o f  th e  Upper T horacic



A10, A ngu lation  o f  th e  Upper Thorax S lan t*  Upper Thoraoio V.

L e ft h igh  R ig h t h ig h  Even L e ft R igh t V e r t ic a l

Jercen-
t&go

Av.
Asym.

Peroen
ta g e

Av.
Asym.

P ercen
tag e

D if .
Asym.

Degree Com
p a r iso n

Peroen
ta g e

P ercen
ta g e

Peroen
tag e

73 -40 .17 23 24.46 4 -1 5 .7 1 L . 1 .6  x R. 20 78 2
79 -39 .64 16 22.40 5 -1 7 .2 4 L. 1 .8  x R. 19 79 2
67 -44 .54 29 24.60 5 -1 9 .9 4 L. 1 .8  x  R. 27 69 4
73 -33 .64 23 21.59 4 -12 .05 L. 1 .6  x  R. 27 72 1

48 -34 .00  43 23.88 9 -1 0 .1 2  L . 1 .4  x R. 15 80
71 -35 .00  29 15 .00  0 -2 0 .0 0  L . 2 .3  x R. 49 71

5
0
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th e  asymmetry ooours i n  o p p o s itio n  to  handedness*

The r e l a t i o n  between asymmetry o f  th e  upper th o ra o io  sp in e  

handedness i s  s im ila r  bu t o p p o s ite  to  th e  r e l a t io n  between th e  asym m etries 

o f  th e  sh o u ld er g i rd le  and upper th o ra x  and handedness (se e  Table XXVII, 

page 136).

In  a  g re a te r  peroen tage o f  su b je o ts  in  eaoh group th e  upper 

th o ra o io  sp in e  s la n ts  to  th e  r ig h t  (se e  oolumn 3 , Table XXVII, page 136), 

The g r e a te r  peroen tage o f  su b jeo ts  te n d s  t o  have a  l e f t  asymmetry o f  th e  

sh o u ld er g i r d l e ,  w hether th e  upper th o ra o io  sp in e  s la n ts  to  th e  r i g h t ,  to  

th e  l e f t ,  o r  i s  p erp en d io u la r*  This p eroen tage  i s  g re a te r  when th e  upper 

th o ra o io  sp in e  s la n ts  to  th e  r i g h t  th a n  when i t  s l a n t s  to  th e  l e f t  (oompare 

th e  two pero en tag e  oolumns under A ngu lation  o f Shoulder G ird le )•

When th e  upper th o rao io  sp in e  s la n ts  to  th e  r ig h t  th e  g r e a te r  p e r

oentage o f  su b je o ts  have a  l e f t  asymmetry in  th e  upper th o ra x  (see  th e  two 

peroen tage oolumns under A ngulation  o f  Upper Thorax) and th e  asymmetry 

i s  g r e a te r  i n  degree on the  l e f t  th a n  on th e  r ig h t*  When th e  upper 

th o ra o io  sp ine  s la n ts  to  th e  l e f t  th e  g re a te r  peroentage o f  su b jeo ts  have 

a  r ig h t  asymmetry i n  th e  upper th o ra x  and th e  asymmetry i s  g re a te r  in  de

gree  on th e  r i g h t  th a n  on th e  l e f t ,  exeep t i n  th e  group o f  o ld e r  men*

A com parison o f th e  sh o u ld e r g ird le  asymmetry ooou rring  w ith  d i f 

f e r e n t  s la n ts  o f  th e  upper th o ra o io  sp ine  and th e  upper th o rao io  asymmetry 

ooourrin g  w ith  d i f f e r e n t  s la n ts  o f th e  upper th o ra o io  sp in e  shows th a t  

th e  asym m etries o f  th e  sh o u ld e r g i r d le  and upper th o ra o io  sp in e  a re  much 

le s s  o lo s e ly  r e la te d  th a n  asym m etries o f  th e  upper th o ra x  and th e  upper 

th o ra o io  sp in e .
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TABLE XXVIX

The R elation . Between th e  S la n t o f  th e  Upper Thoraoio S] 
Asyisne t r i e s  o f  th e  Shoulder G ird le  and Upper Tho]

A ngulation  o f  Shoulder G ird le  Ai
(A8 and A9)

Ujpper L e f t  h ig h  R igh t h ig h  I*
Thoraoio

Per< 
taj

9( 
8> 
82
9 :

2j 
42 
3( 
15

5( 
4< 
21 

IOC

Spine P ercen  P ercen  At . P ercen  At . JEfegree Com
S la n t H.* ta g e Group ta g e Asym. ta g e Asym. p a r is o n

95 78 Y.YT. 94 -31 .51 9*40 L* 3*4 x  R*
144 80 Y.M. 86 -2 8 . » 13 10.84 L* 2.6 x  R.

R igh t 65 70 0*77. 94 -32 .80 1 3.00 L .10 .9  x  R.
73 73 O.M. 91 -2 8 .0 0 8 6.17 L. 4 .5  x  R.

24 20 Y.TT. 67 -16 .12 29 13.00 L. 1*2 x  R.
33 17 Y.M. 61 -21.45 36 11.25 L. 1*9 x  R.

L e ft 25 28 o.w . 68 -2 4 .8 2 32 20*25 L. 1 .2  x  R.
26 26 O.M. 65 -21*18 27 11*42 L* 1*9 x  R.

2 2 Y.W. 1 -20 .00 1 5.00
V e r t i  5 3 Y.M. 5 -4 4 .8 0 0

c a l 4 2 o.w . 4 -22*25 0
1 1 O.M. 1 -1 0 .0 0 0

* N. means number; At** average; Asym*, asymmetry; L . ,  l e f t ;  R . ,  r ig h t ;  th e  minv 
Asym* in d ic a te s  t h a t  th e  asynsnetry occurs on th e  l e f t  s id e*  w hereas no s i g i  i r

** 7/hen, in  re fe re n c e  t o  e i th e r  th e  shou lder g i r d le  o r  th e  upper th o ra x , th e  sunn 
and th e  p e rcen tag e  w ith  r ig h t  h ig h  i s  n o t 100, th e  d if fe re n c e  i s  th e  peroentag 
th e  s k e le t a l  p a r t  concerned*

The ta b le  should  be re a d  a c ro ss  as fo llo w s r Among 78 p e r  c e n t o f  th e  young won 
r ig h t*  This i s  accompanied by a  h igh  l e f t  sh o u ld e r g i r d le  among 94 p e r  cen t c 
m etry o f  31*51, and a  h ig h  r i g h t  shou lder g i r d le  among 5 p e r  c e n t o f  th e  subje 
The degree o f  asym aetry  on th e  l e f t  i s  3*4 tim es th e  degree o f  asymmetry on th
th o ra c ic  sp ine  i n  th e se  s u b je c ts  i s  a lso  accompanied by a  h igh  l e f t  upper th o r
an average asymmetry o f  41*70 and a h igh  r i g h t  upper th o ra x  among 10 p e rce n t o
o f 19*44* The degree o f  asymmetry on th e  l e f t  i s  2*1 tim es th e  degree o f  asym
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TABLE XXVII

R ela tio n  Between th e  S la n t o f  th e  Upper T horacic Spine and th e  
Asymmetries o f  th e  Shoulder G ird le  and Upper Thorax

A ngulation  o f  Shoulder G ird le  A ngulation  o f  Upper Thorax
(A8 and A9) (A10)

L e f t  h ig h  R ig h t h ig h  L e f t  h ig h  R ig h t h igh

e rc e n -
ta g e

Av.
Asym.

P ercen
ta g e

Av.
Asym.

deg ree  Com
p a r is o n

Peroen
ta g e

Av.
Asym.

Percen 
ta g e

Av.
Asym.

Degree Com
p a r is o n

94 -3 1 .5 1 5** 9.40 L. 3 .4 X R. 96 -41 .70 10 19.44 L. 2 .1  X  R.
86 -2 8 . W 13 10.84 L. 2.6 X R. 84 -41 .27 11 •5 .3 3 L. 1 .2  X  R.
94 -52 .80 1 3.00 L .10 .9 X R. 82 -46 .30 17 17.72 L. 2 .7  x  R.
91 -2 8 .0 0 8 6.17 L. 4 .5 X R. 9 ! -3 3 .7 1 9 21.18 L. 1 .6  x  R.

67 -1 6 .1 2 29 15.00 L. 1 .2 X R. 21 -17 .00 75 26.94 R. 1 .6  x  L.
61 -21 .45 36 11.25 L. 1 .9 X R. 42 -21 .07 52 21.76 R. 1 .03x  L.
68 -2 4 .8 2 32 20.25 L. 1 .2 X R. 36 -20.55 60 28.66 R. 1 .4  x  L.
65 -2 1 .1 8 27 11.42 L. 1 .9 X R. 19 -3 2 .0 0 66 21.18 L. 1 .5  x  R.

1 -2 0 .0 0 1 5 .00 50 -3 0 .0 0 50 25.00
5 -4 4 .8 0 0 40 -25 .00 40 25.00
4 -2 2 .2 5 0 25 -15 .00 25 20.00
1 -1 0 .0 0 0 100 -10 .00 0

g e ; Asym.* asymmetry; L.* l e f t ;  R ., r ig h t ;  th e  minus sig^l b e fo re  th e  number appearing  under 
ymmetry occurs on th e  l e f t  s id e*  'whereas no s i $ l  in d ic a te s  i t  occurs on th e  r i g h t  s id e .

r  th e  shou lder g i rd le  o r th e  upper th o ra x , th e  summation o f  th e  peroen tage w ith  l e f t  h ig h  
h t  h igh  i s  n o t 100* th e  d if fe re n c e  i s  th e  peroen tage o f  s u b je c ts  w ith  no asymmetry o f 
>•

ro s s  as fo llo w sr  Among 78 p e r  c e n t o f  th e  young women th e  upper th o ra c ie  sp in e  s la n ts  to  th e  
by a  h ig h  l e f t  shou lder g i r d le  among 94 p e r  c e n t o f  th e se  su b je c ts  w ith  an average asym- 

r i g h t  shou lder g i r d le  among 5 p e r  c e n t o f  th e  s u b je c ts  w ith  an  average asymmetry o f 9 .4 0 . 
th e  l e f t  i s  5 .4  tim es th e  degree o f  asymmetry on th e  r i g h t .  The r i g h t  s l a n t  o f  th e  upper 
j e c t s  i s  a lso  accompanied by a  h igh l e f t  upper th o ra x  among 96 p e r  c e n t o f  th e  s u b je c ts  w ith  
70 and a h ig h  r ig h t  upper th o ra x  among 10 p e rc e n t o f  th e  su b je o ts  w ith  an  average asymmetry 
ymmetry on th e  l e f t  i s  2 .1  tim es th e  degree o f  asymmetry on th e  r i g h t .
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Summary o f  Asymmetry o f  Shoulder G ird le  end Upper Thorax 
in  R e la tio n  to  Handedness

There i s  no  marked r e la t io n s h ip  in  th e  su b je o ts  o f  t h i s  s tu d y  

between handedness and th e  asym m etries o f  th e  sho u ld er g i r d le ,  th e  upper 

th o ra x , and th e  upper th o ra o io  spine* However, th e re  i s  a  tendency  f o r  

asymmetry o f  th e  shou lder g i r d le  and upper th c ra x  to  ooour in  o p p o s itio n  

to  handedness, and f a r  th e  asymmetry o f  th e  upper th o ra o io  sp ine  to  ooour 

on th e  same s id e  w ith  handedness* This a s s o c ia t io n  o f  a  symmetry w ith  

handedness i s  shown hy a  d eo rease  in  th e  number o f  l e f t  asymm etries and 

an in c re a se  i n  th e  number o f  r ig h t  asymm etries w ith  le ft-h a n d e d n e ss  in  

com parison w ith  th o s e  ooourring  w ith  rig h t-h an d ed n ess*  However, th e  number 

o f  r i g h t  asym m etries ooourring  w ith  le ft-h a n d e d n e ss  i s  n o t a s  g r e a t  as 

th e  number o f  l e f t  asym m etries ooourring  w ith  r ig h t-h a n d e d n e ss . In  th e  

group o f  o ld e r men a  d e f in i te  r e la t io n s h ip  ten d s  to  ooour between th e  

asymmetry o f  th e  so ap u la r i n f e r i o r  ang les  and handedness, nam ely, when 

su b je o ts  a re  rig h t-h an d ed  th e  l e f t  so ap u la r  i n f e r i o r  ang le  te n d s  t o  be 

h ig h e r th an  th e  r i g h t ,  and when su b je o ts  a r e  le f t-h a n d e d  th e  r i g h t  soapu

l a r  i n f e r i o r  ang le  tends to  be h ig h e r th an  ih e  l e f t*

I t  may be no ted  a ls o  in  th e  su b je o ts  o f  t h i s  s tu d y  t h a t  among 

th e  asym m etries o f  th e  upper p a r t  o f  th e  s k e le ta l  s t ru c tu re  th e  l a t e r a l  

s l a n t  o f  th e  upper th o ra o io  sp ine  i s  more o lo s e ly  r e la te d  to  th e  l a t e r a l  

a n g u la tio n  o f  th e  upper th o ra x  than  i t  i s  to  th e  l a t e r a l  a n g u la tio n  o f 

th e  sho u ld er g i rd le  (compare oolumns o f  Degree Comparison, Table XXVII, 

page 136)* The asymm etries o f  -these two s k e le ta l  p a r t s  te n d  to  ooour 

f a i r l y  c o n s is te n t ly  on o p p o s ite  s id e s  o f  th e  s tru o tu re *



SUMMARY

- In  g e n e ra l s k e le t a l  asymmetry i s  r e la te d  t o  age and sex  as  f o l 

lows t (a )  o o r r e la t io n  o f  asym m etries and degree o f  asymmetries decrease 

w ith  age increm ent among womenj th e y  in o rea se  w ith  age increm ent among 

men; (b ) o o r r e la t io n  o f  asymmetries and degree o f  asym m etries w e  g re a te r  

among women th a n  among men in  th e  younger group o f s u b je o ts ,  in  th e  o ld e r  

group th e  re v e rs e  te n d s  to  be t r u e .

The frequency in  lo c a tio n  o f  asym m etries on th e  r ig h t  s id e  in  

com parison w ith  t h e i r  frequency  i n  lo c a tio n  on t i e  l e f t  s id e  i s  f a i r l y  

s im ila r  i n  eaoh o f th e  ag e-sex  groups o f  s u b je o ts ,  w ith  a  few e x c e p tio n s .

In  eaoh a g e -se x  group th e  asymm etries o f  th e  sh o u ld e r g i r d l e  and upper 

th o ra x  ooour more o f te n  on -the l e f t  s id e ,  and B3, th e  appearanoe o f  h o r i -  

s o n ta l  asymmetry o f  th e  su rfaoe  o f  th e  iliu m  j u s t  above the  aoetabulum , 

tends to  ooour more f re q u e n tly  on th e  r i g h t  s id e .  In  th e  younger men th e re  

i s  more in e q u a li ty  i n  l a t e r a l  d i s t r i b u t io n  o f  asym m etries th a n  in  any o th e r 

group. This i s  shown p a r t i c u la r ly  in  l a t e r a l  a n g u la tio n  o f  th e  p e lv is  

on th e  l e f t ,  and in  h o r iz o n ta l r o ta t io n  and l a t e r a l  d e v ia tio n s  o f  th e  

p e lv is  o n ly  and o f  th e  p e lv is  and  femora on th e  r i g h t .

The a lig n m en t o f th e  s p in a l  oolumn, even though i t  tends to  be 

c o n s is te n t ly  s im ila r  in  tuny one s u b je o t over a  p e rio d  o f  tim e , i s  la rg e ly  

in d iv id u a l .  In  approx im ate ly  o n e - th ird  o f  th e  s u b je o ts  th e  s p in a l  oolumn 

d e v ia te s  to  one s id e  o f th e  a x is  and does n o t r e tu rn  to  o r re o ro s s  i t .

Wien th e  s p in a l  oolumn r e tu rn s  to  o r  reo c o sse s  th e  a x i s ,  th e  fo llow ing  

te n d s  t o  be t r u e  in  th e  s u b je o ts  o f  t h i s  s tu d y ; th e re  a re  more younger 

than  o ld e r  su b je o ts  w ith  on ly  one l a t e r a l  o u rv e , more o ld e r  th an  younger 

su b je o ts  w ith  tw o l a t e r a l  o u rv es , more o ld e r  men th a n  to y  o th e r ag e-sex
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s u b je c ts  w ith  th re e  l a t e r a l  ou rv es , and o ld e r men o n ly  w ith  fo u r  l a t e r a l  

o u rv e s . In  th e  f i r s t ,  second, and t h i r d  l a t e r a l  ou rves in  eaoh ag e-sex  

group th e  av erage  degree o f  a n g u la tio n  and th e  average number o f v e r te b ra e  

in  th e  ourves a r e  s im i la r .  The fo u r th  ourve in  th e  group o f  o ld e r  men 

te n d s  to  c o n ta in  few er v e r te b ra e  and to  show le s s  a n g u la tio n  th a n  any 

o th e r  ou rv es .

The asymmetries o f  th e  sho u ld er g i r d le ,  th e  upper th o ra x , and th e  

upper -thoraoio sp ine  seem to  ooour q u ite  independent o f  th e  o th e r  asym

m e trie s  o f  th e  s k e le ta l  s t r u c tu r e .  Of th e se  asymm etries th e  s la n t  o f  th e  

upper th o ra o io  sp in e  and th e  a n g u la tio n  o f  th e  upper th o ra x  a r e  most 

o lo s e ly  r e l a t e d ,  a s  fo llo w s : when th e  upper th o ra o io  sp ine s la n ts  to  one 

s id e ,  th e  upper th o ra x  te n d s  t o  be h ig h e r on th e  o p p o s ite  s id e .  The a s s o 

c i a t io n  o f  th e se  asym m etries w ith  age and sex  ten d s  in  g e n e ra l to  be th e  

re v e rs e  o f  th e  a s s o o ia t io n  o f  th e  m a jo r ity  o f th e  asym m etries w ith  age and 

sex , nam ely, th e se  asym m etries te n d  to  in c re a se  w ith  age increm ent among 

women and t o  decrease  w ith  age increm en t among men; th e y  ten d  to  be 

g re a te r  among men th a n  among women in  th e  younger group o f s u b je o ts ,  and 

to  be g re a te r  among women th a n  among men in  th e  o ld e r  group o f  s u b je c ts .

The tendenoy fo r  th e  asym m etries o f  th e  sh o u ld er g ird le  and th e  

upper -thorax to  be r e l a t e d  to  handedness i s  n o t s u f f i c i e n t ly  marked f o r  th e  

r e la t io n s h ip  to  be s ta t e d  as a  g e n e ra liz a t io n  fo r  a l l  su b je o ts  r e g a rd le s s  

o f  age and sex . Sueh r e la t io n s h ip  as does ooour may be s ta te d  a s  fo llo w s : 

when s u b je c ts  a re  rig$ it-handed  th e  sh ou lder g ird le  and th e  upper -thorax 

show a  marked tendenoy to  be h ig h e r on th e  l e f t  th a n  on th e  r i g h t  and th e  

upper th o rao io  sp ine  to  s l a n t  to  th e  r i g h t  r a th e r  th a n  to  th e  l e f t ;  b u t 

when s u b je o ts  a re  le f t-h a n d e d  th e  shou lder g i r d le  and th e  upper th c ra x  

show on ly  a  s l i g h t  tendenoy  to  be h ig h e r  on th e  r i g h t  th a n  on th e  l e f t
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and th e  upper th o ra o io  spine to  s l a n t  to  th e  l e f t  r a th e r  th an  to  th e  r ig h t*  

However, m ong o ld e r  men th e  a s s o c ia t io n  o f  handedness w ith  one s k e le ta l  

asymmetry, th a t  o f  th e  so apu lar i n f e r i o r  a n g le s , may be s ta te d  as a  g e n e ra l i 

z a t io n ,  as fo llo w s t when th e  su b je o ts  a re  rig h t-h an d ed  th e  so ap u la r in 

f e r io r  ang le  te n d s  to  be h ig h e r on th e  l e f t  than  on th e  r i g i t j  when sub

je o ts  a re  le f t-h a n d e d  th e  s o a p u la r  i n f e r io r  ang le  te n d s  to  be h ig h e r on 

th e  r i g h t  th a n  on th e  le f t*



CHAPTER V II 

GENERAL SUMMARY

I t  was th e  purpose o f  t h i s  s tu d y  to  a tte m p t ( l )  to  detexmine by 

measurement some o f  th e  b i l a t e r a l  asymm etries in  th e  alignm ent o f  th e  

s k e le ta l  framework th e n  su b je o ts  stand  w ith  th e  w eight e q u a lly  d i s t r i 

bu ted  between th e  f e e t  and (2) t o  determ ine th e  r e la t io n s h ip  between th e se  

asymmetries*

PROCEDURE

Two rad io g rap h s were ta k en  o f 516 s u b je c ts  in  th e  Department o f  

P h y s ic a l E ducation  and H ealth  in  th e  School o f E ducation  o f  New York 

U n iv ers ity *  One rad iog raph  in c lu d ed  th e  proxim al p o r t io n  o f  th e  fem ora, 

th e  p e lv i s ,  end th e  lumbar sp in e ; th e  o th e r inc luded  th e  th o ra x , th e  

sh o u ld er g i r d le ,  and a  p o r tio n  o f th e  o e rv io a l s p in e . T h irty  o f  th e  sub

je o t s  w ere rad iographed  a t  two d i f f e r e n t  timeB under id e n t ie a l  c o n d itio n s  

fo r  th e  purpose o f  e s ta b l is h in g  r e l i a b i l i t y  o f  th e  b i l a t e r a l  asym m etries.

A study  o f  th e  rad io g rap h s o f s ix ty  s u b je o ts  ohosen a t  random 

was made in  c o n ju n c tio n  w ith  inan im ate s k e le t a l  s t r u c tu r e s .  The inanim ate 

s k e le t a l  s t r u c tu r e s  w ere m anipulated  experim entedly  to  produce asymm etries 

in  them ecm parable to  th o se  in  th e  rad iographs*  D ire c tio n , ty p e , and 

p lan e  o f  movement used  to  preduce th e  v a r io u s  asym m etries, and p o ss ib le  

p o in ts  o f  re fe re n c e  fo r  measurement were noted* The in fo rm atio n  gained 

from t h i s  ex p erim en ta l study  served  a s  th e  b a s i s  o f in t e r p r e ta t io n  o f th e  

m easured asym m etries*
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The rad io g rap h s o f  th e  above-m entioned su b je o ts  were used ex

p e rim en ta lly  a lso  to  develop th e  measures* F i f ty - f iv e  b i l a t e r a l  m easure

ments were t r ie d *  F if te e n  o f  th e se  were excluded on th e  b a s i s  o f  g ross 

e r r o r ,  f iv e  on th e  b a s is  o f r e l i a b i l i t y  below *60, and th re e  on th e  b a s is  

o f  in te r o o r r e la t io n .  Ten o f  th e  f i n a l  measurements were ta k e n  ho rizon 

t a l l y , *  e ig h t  d ia g o n a lly , two v e r t i c a l l y ,  and tw elve by a n g u la tio n . A ll 

measurements were ta k e n  b i l a t e r a l l y  excep t those  on th e  v e r te b ra e  ana 

th e  pubio sym physis. The d i s t r i b u t io n  o f  th e  m easursm arts in  th e  v a rio u s  

u n i ts  o f  th e  s k e le ta l  s t r u c tu r e  was a s  fo llo w s) t h i r t e e n  in  th e  p e lv is  o n ly , 

f iv e  i n  th e  fem ora o n ly , e ig h t  in  th e  p e lv is  and  fem ora, seven teen  to  

tw en ty -f iv e  in  th e  s p in a l oolumn, two in  th e  shou lder g i r d l e ,  and one in  

th e  upper th o ra x .

A pproxim ately 35,000 measurements were made on th e  ra d io g ra p h s  o f  

516 su b je c ts*

ORGAN IZ ATI OR AMD ANALYSIS OF DATA

The su b je o ts  were d iv id e d  in to  fo u r groups accord ing  to  age and 

sex* S ub jec ts  over fo r ty - tw o  y ea rs  and su b je o ts  under seven teen  y ea rs  

were e lim in a ted  beoause o f  th e  sm all number above and below th e se  ages*

This reduced th e  number o f  s u b je o ts  used  in  th e  f i n a l  study  from  516 to  

497*

R e l i a b i l i t y  was computed on th e  asym m etries m easured on th e  f i r s t  

and second s e ts  o f  rad io g rap h s o f  t h i r t y  o f  -the su b je o ts  taken  a t  two 

d i f f e r e n t  tim e s . The means and sigmas o f  asym m etries of th e s e  - th ir ty  sub

je o ts  were l a t e r  oompared w ith  th o s e  o f  eaoh o f  th e  fou r groups o f  sub-

* The measurements i n  th e  q a in a l oolumn, w ith  th e  excep tio n  o f  angula
t i o n  o f  l a t e r a l  o u fv e , were tak en  on eaoh v e rte b ra*
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je o ts  to  determ ine w hether th e re  was s im i la r i ty  among them*

The s k e le ta l  asym m etries were determ ined  from th e  b i l a t e r a l  m easure

ments on a l l  th e  rad io g rap h s and t h e i r  c o r r e la t io n s  w ere computed f o r  eaoh 

o f  th e  fo u r groups o f su b jec ts*  The four s e t s  o f  c o r r e la t io n s  w ere con

s i s t e n t ly  s im i la r ,  and th e  r e l a t i v e  value  o f o o r r e la t io n  w ith in  eaoh s e t  

o f  d a ta  in d ic a te d  -that asymmetries oould be grouped acco rd in g  to  degree 

o f  o o r re la tio n *

On th e  b a s i s  o f  a r b i t r a r i l y  e s ta b l i  shed o r i t e r i a  s p e o if io  p a t

te rn s  of in te r o o r r e la t io n  w ere o o n stru o te d  from th e  average o o r r e la t io n  o f  

eaoh o f  th e  asym m etries in  th e  ag e-sex  groups, then  th e se  p a t te r n s  were 

b u i l t  fo r  eaoh o f  th e  fo u r  groups s e p a ra te ly  and ag a in  su b jeo ted  to  th e  

t e s t  o f  th e  c r i t e r i a *

The s p e c i f ic  p a t te rn s  o f  asymmetry w ere in te r o o r r e la te d  to  d e

term ine th e  g en era l p a t te r n  o f  asymmetry i n  s k e le ta l  alignment*

To determ ine th e  a s s o c ia t io n  o f  age and sex w ith  th e  v a rio u s  

s k e le ta l  asym m etries th e  s ig n i f i c a n t  d if fe re n c e s  between degree o f  asym

m etry in  th e  a g e -se x  groups were computed, th e  l a t e r a l  d i s t r i b u t io n  o f  th e  

asym m etries i n  eaoh o f  -the age-sex  groups was determ ined , and th e  l a t e r a l  

ourves o f  th e  s p in a l oolumn were ana ly sed  in  eaoh o f  th e  a g e -se x  g roups. 

F in a l ly  th e  asymmetric s o f  th e  shou lder g i rd le  and th e  upper th o ra x  were 

s tu d ie d  i n  r e l a t io n  to  handedness.

COHCUJSIOHS

B i l a te r a l  asymmetry was d isco v ered  in  a l l  o f  th e  497 su b je o ts  

s tud ied*  A lthough o c c a s io n a lly  th e re  was symmetry i n  th e  lo c a t io n  o f  

l a t e r a l  id e n t io a l  p a r t s  aooord ing  to  one type  o f  m easurem ent, t h i s  was 

never t r u e  when th e  p a r ts  w ere su b je c te d  to  another ty p e  o f measurement.
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The r e l i a b i l i t y ,  or e x te n t  t o  whioh th e  b i l a t e r a l  asym m etries 

may be m easured c o n s is te n t ly  and th e re fo re  be con sid ered  h a b i tu a l  and 

fu n c t io n a l ,  ranged  frcm  .60  to  .9 8 . The to p  o f  th e  saorum i s  th e  m ost 

s ta b le  i n  i t s  p o s i t io n  o f  any s k e le t a l  p a r t ,  i t s  r e l i a b i l i t y  b e in g  *98. 

R e l i a b i l i t y  o f  a l l  o th e r  asym m etries te n d  in  g e n e ra l to  deorease  as  (a )  th e  

d is ta n c e  o f  th e  d e v ia tin g  p a r t  from th e  to p  o f  th e  saorum and from th e  

c e n t r a l  v e r t i c a l  a x is  in c re a se s  an d /o r (b ) a s  th e  number o f jo in t s  and 

a re a  o f s k e le t a l  s t ru c tu re  betw een th e  d e v ia tin g  p a r t  and th e  saorum in 

c re a s e s .  The m aintenance o f  e q u ilib r iu m  in  th e  s ta n d in g  p o s it io n  i s  a c 

companied by movement in  v a ry in g  d i r e o t io n ,  b u t d i r e c t io n  o f  movement i s  

n o t n e o e s s a r i ly  r e la te d  t o  asym m etrical p o s i t io n  o f th e  su p p o rtin g  fem ora.

Seven d i f f e r e n t  p a t te rn s  o f  b i l a t e r a l  s k e le t a l  asymmetry were 

found in  th e  alignm ent o f  th e  s k e le ta l  s t r u c tu r e .  These p a t te rn s  were 

named acco rd ing  to  t h e i r  lo c a t io n  and th e  ty p e  o r ty p es  o f d e v ia tio n  p ro 

ducing -th e ir asym m etries:

P a t te r n  I t  L a te ra l  and R o ta to ry  D ev ia tion  in  th e  P e lv is  and
Femora

P a t te r n  l i t  Coronal R o ta tio n  o f  th e  P e lv is  and Femora
P a t te rn  I I I  t L a te ra l  and R o ta to ry  D ev ia tio n  in  th e  Femora and I l i a .
P a t t e r n  IV t R o ta to ry  D ev ia tio n  in  th e  A n te r io r  Arch o f th e  P e lv is  
P a t te r n  Vt L a te ra l  and R o ta to ry  D ev ia tion  in  th e  P o s te r io r  Arch 

o f  th e  P e lv is  and in  th e  Femora 
P a t te r n  VI t L a te ra l  A ngulation  o f  th e  Lumbar Spine
P a t te r n  V I I t Coronal R o ta tio n  o f  th e  Shoulder G ird le and Upper

Thorax

On th e  b a s is  o f  th e  p re lim in a ry  s tu d y  o f  th e  rad io g rap h s  in  con

ju n c tio n  w ith  inanim ate s k e l e t a l  s t r u c tu r e s ,  -the fo llow ing  in te r p r e ta t io n  

o f th e  p a t te r n s  o f  b i l a t e r a l  s k e le t a l  asymmetry i s  made.

P a tte rn s  I ,  I I I ,  and V in d ic a te  t h a t  l a t e r a l  and ro ta to r y  d ev ia 

t io n s  o f  th e  p e lv is  and femora ten d  to  ooour to g e th e r .  P a t te r n  IV in 

d ic a te s  t h a t  r o ta to ry  d e v ia tio n s  ooour to g e th e r  i n  -the p e lv i s .  The 

asym m etries in  eaoh o f  th e se  fo u r  p a t te rn s  a r e  a s  fo llow s*  P a tte rn s  I I I
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and V are  ocmposed o f  d iag o n a l asym m etries o f  th e  femora and sp e o if io  

p a r ts  o f  th e  p e lv i s ;  P a t te rn  IV i s  ocmposed o f h o r iz o n ta l and v e r t i c a l  

asymmetry o f  th e  a n te r io r  a rc h  o f  the  p e lv i s ;  and P a t t e r n  I  i s  oomposed 

o f  h o r iz o n ta l asym m etries o f  th e  fan  o ra ,  and h o r iz o n ta l  and v e r t i c a l  asym

m e tr ie s  o f th e  p e lv is*  Since th e  in te r p r e ta t io n  o f  P a tte rn s  I ,  I I I ,  IV, 

and V a re  q u ite  s im i la r ,  th e  o n ly  d if fe re n c e  being  t h a t  P a tte rn s  I I I ,  IV 

and V in c lu d e  sm a lle r  p o r tio n s  o f  th e  p e lv is  and  fem ora, th e  in t e r p r e ta 

t i o n  o f  P a t te rn  I  o n ly  i s  g iv en  here*

P a t te rn  I  in d ic a te s  -that a  b le n d in g  o f  c o ro n a l, h o r iz o n ta l ,  and 

b i l a t e r a l l y  unequal a n te ro p o s te r io r  r o ta t io n s  o f  th e  p e lv is  te n d s  to  oo

o u r w ith  l a t e r a l  d e v ia t io n  o f  th e  femora on th e  same s id e  o f  th e  s t r u c 

tu re *  Yihen th e  l e f t  femur i n  i t s  proxim al p o r tio n  i s  prom inent l a t e r a l l y ,  

i t  te n d s  a ls o  t o  be h ig h e r , th e  p e lv is  i s  h ig h e r on th e  l e f t ,  prom inent to  

th e  l e f t ,  r o ta t e s  to  th e  l e f t ,  and t i l t s  a n te ro p o s te r io r ly  to  a  g re a te r  de

g ree  on th e  l e f t *  These d e v ia tio n s  te n d  to  occur to g e th e r  on th e  opposite  

s id e  o f  the s k e le t a l  s t r u c tu re  when th e  r ig h t  femur in  i t s  proxim al p o r

t i o n  i s  prom inent la te r a l ly *

P a t t e r n  I I  in d ic a te s  th a t  co ro n a l r o ta t io n  o f  th e  p e lv is  and fem ora 

te n d s  to  produce s im i la r  l a t e r a l  a n g u la tio n  in  th e  p o s it io n  o f  eaoh s t r u c 

tu re *  VJhen th e  p e lv is  i s  h ighe r on one s id e ,  th e  femur w i l l  te n d a lso  to  be 

h ig h e r  on th e  same side*

P a t te rn  VI in d ic a te s  t h a t  l a t e r a l  singu la tion  o f  th e  f i f t h  lumbar 

v e r te b ra  i s  aooompanied in  g e n e ra l  by l a t e r a l  d e v ia tio n  o f  th e  f i r s t  

fo u r lumbar v e r te b ra e  i n  th e  d i r e c t io n  o f  th e  lew s id e  o f  th e  f i f t h  lumbar 

v e r te b ra *

P a t te r n  V II in d ic a te s  t h a t  s im i la r  l a t e r a l  a n g u la tio n s  o f  th e  

sho u ld er g i r d le  end upper th o ra x  te n d  to  ooour to g e th e r  to  produce a  

g r e a te r  h e ig h t i n  eaoh on th e  seme s id e  o f  th e  s k e le t a l  s tru o tu re *
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The g e n e ra l p a t te r n  o f  s k e le t a l  a l ig a u a n t  w as determ ined  by an 

a n a ly s is  o f th e  i n t e r  o o r r e la t io n  o f  th e  s p e o if io  p a t te r n s  o f  asymmetry, 

th e  d e v ia tio n s  which te n d  to  produce eaoh  o f  th e s e  p a t te r n s ,  th e  u n i ts  o f  

s t r u c tu r e  involved  in  them , and th e  s p e o if io  lo o a tio n  o f th e  asym m etries 

o f  th e  v a r io u s  p a t te rn s  w ith in  th e  d i f f e r e n t  u n i t s  o f  th e  s k e le t a l  s t r u c 

t u r e .  S ince s e v e ra l o f  th e  p a t te rn s  o f  asymmetry a r e  lo c a te d  in  th e  re g io n  

o f  th e  p e lv is  and fem ora, an  a n a ly s is  was made to  determ ine w hether same 

o f  th e  p a t te r n s  a r e  f a i r l y  o lo s e ly  r e la te d  and w h eth er one o r two m ight 

th e re fo re  re p re s e n t an  adequate and perhaps more r e l i a b l e  p ic tu re  o f th e  

asymmetry o f  th e  p e lv is*

The in te r o o r r e la t io n  o f  p a t te rn s  in d io a te d  th e  fo llo w in g t P a tte rn s  

I  and I I  m a in ta in  th e  h ig h e s t  r e la t io n s h ip  o f  any tw o p a tte rn s}  P a t te r n  I  

shows th e  h ig h e s t r e la t io n s h ip  o f  any one p a t te rn  w ith  a l l  o th e r  p a t te rn s )  

P a t te r n  V II shows l i t t l e  o r  no r e l a t i o n  w ith  any o th e r  p a t te r n .

The in te r o o r r e la t io n  o f  s p e o if io  p a t te rn s  o f  asymmetry shows 

f u r th e r  th o se  p a t te r n s  i n  which asym m etries a re  produced by d e v ia tio n s  

o f  s im ila r  -type have a  g r e a te r  degree o f  in te r o o r r e la t io n  th a n  th o se  in  

whieh asym m etries a r e  produced by d e v ia tio n s  d is s im i la r  in  ty p e . The one 

exo ep tio n  t o  -th is i s  P a t te rn  V II ,  which shews l i t t l e  or no o o r r e la t io n  

w ith  any  p a t te r n .  P a t te rn s  i n  which th e  asymm etries a re  produced by a  

b len d in g  o f  r o ta t io n s  o f  th e  s k e le ta l  s t r u c tu re  in  th e  d i f f e r e n t  p lanes  o f  

th e  body ( I ,  I I I ,  IV, V) show an average in te r o o r r e la t io n  o f  .56  to  .68  

in  ih e  age-sex  groups; p a t te rn s  i n  whieh th e  asym m etries a r e  produoed by 

ooronal r o ta t io n  ( I I  and V I) show a  o o r r e la t io n  o f *67 to  *70 in  "the age- 

sex  g roups; and p a t te r n s  i n  vh ioh  th e  asym m etries a re  pro&xoed by  d i f f e r e n t  

ty p e s  o f  d e v ia tio n  (ex c lu d in g  V II)  show an average in te r o o r r e la t io n  o f  *32 

to  *43 in  th e  ag e -sex  groups*



147

The above a n a ly s is  o f  th e  p a t te r n s  in d io a te s  t h a t  P a t te rn s  I I I ,  

fV, and V a re  f a i f l y  o lo s e ly  r e la te d  to  P a t te rn  I  i n  th a t  th e y  a re  p ro -  

duoed by  th e  same types o f  d e v ia tio n , are  lo c a te d  in  th e  same s k e le ta l  

u n its  ( th e  o n ly  d if fe re n c e  being  th a t  P a tte rn s  I I I ,  17, and V in c lu d e  a  

le s s e r  p o r t io n  o f  th e  p e lv i s ,  o r  o f th e  p e lv is  and fem ora), and th e  s p e c i

f i c  p o in ts  o f  re fe re n c e  used  on th e  d e v ia tin g  p a r ts  f o r  t h e i r  measurements 

a re  th e  same in  each o f  th e s e  p a t te r n s .  S ince th e re  i s  th i s  r e la t io n s h ip  

between th e se  fo u r  p a t te rn s  and s in o e  P a t te r n  I  shows b o th  a  h ig h e r c o r re 

la t i o n  w ith  o th e r  p a t te r n s  and a  g r e a te r  r e l i a b i l i t y  o f  i t s  asym m etries, 

t h i s  p a t te r n  e n te rs  th e  g e n e ra l p a t te r n  to  th e  e x c lu s io n  o f  th e  o th e r  th r e e .

P a t te rn s  I I  and VI a re  th e  only  o th e r  p a t te rn s  whose c o r r e la t io n  

in d ic a te s  t h a t  th e y  te n d  t o  occur c o n s is te n t ly  w ith  P a t te rn  I .  The g en e ra l 

p a t te r n  o f  asym uetry , th e r e f o r e ,  i s  formed by s p e o if io  p a t te rn s  I ,  I I  and 

V I. These p a t te rn s  te n d  t o  ooour to g e th e r  f a i r l y  c o n s is te n t ly  in  th e  

su b je c ts  o f  t h i s  s tu d y .

The in t e r p r e ta t io n  o f  th e  g e n e ra l p a t te r n  in  te rn s  o f  d e v ia tio n  

o f  th e  s k e le t a l  s t r u c tu re  from sym m etrical alignm ent in d io a te s  t h a t  

co ro n a l, h o r iz o n ta l ,  and b i l a t e r a l l y  d i f f e r e n t  s a g i t t a l  ro ta t io n s  i n  th e  

p e lv i s ,  and l a t e r a l  d e v ia tio n  in  th e  fa n  o ra and in  th e  lumbar sp ine  tend  

to  ooour a s  one d e v ia t io n  to  produce b i l a t e r a l  asymmetry in  h o r iz o n ta l  

and v e r t i c a l  r e la t io n s h ip s  o f  th e se  s k e le ta l  p a r ts*  The g e n e ra l p a t te r n  

o f  a lighm ent te n d s  to  occur a s  fo llo w s! when th e  l e f t  il iu m  i s  h ig h e r  th a n  

th e  r i g h t  iliv sn , th e  p e lv is  te n d s  to  be prom inent t o  "the l e f t ,  to  r o ta t e  

to  th e  l e f t ,  and  to  p re s e n t a  g re a te r  a n te ro p o s te r io r  t i l t  on th e  l e f t )  th e  

l e f t  fem ora l head i s  h ig h e r th a n  th e  r i g h t  and th e  proxim al p o r tio n  o f 

th e  l e f t  feasor i s  prom inent l a t e r a l l y )  th e  lumbar sp in e  d e v ia te s  t o  "the 

r ig h t  o f  th e  c e n t r a l  v e r t i o a l  a x i s .  The converse tends to  ooour when th e
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r ig h t  il iu m  i s  h ig h e r  than  th e  l e f t  ilium *

In  g e n e ra l th e  a s s o o ia t io n  o f  age , sex and handedness w ith  sk e le 

t a l  asymmetry in  th e  su b je o ts  o f  t h i s  s tudy  i s  a s  fo llo w s t

a* Age — C o rre la tio n  o f asym m etries and degree o f  asymmetry 

te n d  to  d eo rea se  w ith  age increm ent among women; th e y  ten d  

t o  in o rea se  w ith  age increm ent among men* 

b* Sex — C o rre la tio n  o f  asym m etries and degree o f  asymmetry 

tends  to  be g re a te r  among th e  women th a n  among men between 

th e  ages o f  sev en teen  and tw enty-tw o; th e y  a re  g r e a te r  among 

men th a n  among women between th e  ages o f  tw e n ty - th re e  and 

fo rty -tw o*  In  th e  su b je o ts  o f  t h i s  s tu d y  i t  would seem t h a t  

th e  a s s o o ia t io n  o f  th e  degree o f  asymmetry w ith  sex  ten d s  

to  be th e  re v e rse  in  o ld e r su b jeo ts  o f  w hat i t  i s  in  younger 

su b je o ts .

o* Handedness — When s u b je o ts  a re  r ig h t-h a n d e d  th e re  i s  a

marked tendency fo r  th e  l e f t  sh ou lder g ird le  and upper th o rax  

to  be h ig h e r  th a n  th e  r i g h t  and f o r  -the upper -thoraoio sp ine  

t o  s la n t  t o  th e  r i g h t ;  when su b je o ts  a re  le f t-h a n d e d  th e re  i s  

a  s im ila r  tendency  in  asymmetry, b u t th e  p ro p o r tio n  o f  sub

je o ts  who fo llow  t h i s  tendency  i s  much le s s  -than in  r i g h t -  

handedness* In  th e  o ld e r  group o f men th e re  ten d s t o  be a  

d e f in i te  re  lab io n  betw een handedness and th e  a n g u la tio n  o f 

th e  so ap u la r i n f e r io r  a n g le s , t h a t  i s ,  r ig h t-h an d ed n ess  i s  ac

companied by a  h ig h e r l e f t  so ap u la r in f e r io r  ang le ; l e f t -  

handedness i s  accompanied by a  h ig h e r r i g h t  so ap u la r i n f e r i o r  

angle*

A f a i r l y  s im ila r  d i s t r i b u t io n  o f  th e  s k e le t a l  asym m etries on th e  

r i g h t  and th e  l e f t  s id e s  ooours in  th r e e  o f th e  a g e -se x  groups o f  su b jeo ts
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(young wcmen, o ld e r  ‘women, o ld e r  m en), w ith  a  few ex o ep tio n s . In  th e  

younger men th e re  i s  more in e q u a l i ty  o f l a t e r a l  d i s t r i b u t io n  o f  asym

m e tr ie s  th a n  in  any  o th e r  group. This i s  shown p a r t i c u la r ly  in  l a t e r a l  

a n g u la tio n  o f th e  i l i a  and th e  tu b e r o s i t ie s  o f  th e  p e lv is  whioh ooours 

approx im ate ly  tw io e  an th e  l e f t  to  onoe on th e  r i g i t ;  and in  h o r iz o n ta l  

r o ta t io n  and lecberal d e v ia tio n s  of th e  p e lv is  o n ly , and o f  th e  p e lv is  

and fem ora, whioh a g a in  ooours in  ab o u t th e  r a t i o  o f  two to  one, b u t 

more o fte n  on th e  r i g h t  s id e .

In  a l l  groups th e  asym m etries o f  th e  shou lder g ird le  and upper 

th o ra x  ooour app rox im ate ly  th re e  and f iv e - te n th s  t o  f iv e  tim es  as o f te n  

on th e  l e f t  s id e  as on th e  r i g h t  s id e .  The appearance o f h o r iz o n ta l  

asymmetry o f th e  il iu m  j u s t  above th e  acetabulum  a ls o  ten d s  to  ooour more 

o f te n  on one s id e  — th e  r i g h t .  The r a t i o  o f  i t s  l a t e r a l  d i s t r ib u t io n  i s  

about onoe on th e  l e f t  to  two o r th r e e  tim es on th e  r i g h t .

No p a t te r n  o f  asymmetry was found in  th e  a lignm ent o f th e  s p in a l 

oolumn as a  ih o l e .  A lthough th e  asym m etries o f  i t s  v e r te b ra e  te n d  t o  be 

f a i r l y  o o n s is te n t  over a  p e r io d  of tim e in  any one p e rso n , th e  r e l a t io n 

sh ip  o f  th e  v a r io u s  asym m etries o f th e  v e r te b ra e  seem to  be la rg e ly  in 

d iv id u a l  in  th e  su b je o ts  o f  t h i s  s tu d y . I t  was fo u n d , how ever, t h a t  in  

o n e - th ird  o r  more o f  th e  s u b je o ts  o f  eaoh ag e -sex  group th e  s p in a l  oolumn 

d e v ia te s  to  one s id e  Of th e  a x is  and does no t r e tu r n  to  or re o ro s s  i t .  In  

th e  rem ainder o f  th e  su b je o ts  th e  fo llo w in g  tends to  be tru e  in  r e l a t io n  

t o  l a t e r a l  cu rves z th e re  a r e  more younger th a n  o ld e r  su b jeo ts  w ith  only  

one l a t e r a l  c u rv e ; more o ld e r  th a n  younger su b je o ts  w ith  two l a t e r a l  

cu rv es j more o ld e r  men th a n  an y  o th e r ag e-sex  su b je o ts  w ith  th re e  l a t e r a l  

cu rv e8 , and o ld e r  men only  w ith  fo u r  l a t e r a l  c u rv e s . In  th e  l a t t e r  only  

fo u r  per o e n t show a  f o u r th  l a t e r a l  o u rv e . In  th e  f i r s t ,  second, and
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th i r d  l a t e r a l  cu rves in  each ag e-sex  group th e  average  degree o f  angula

t i o n  and th e  average number o f  v e r te b ra e  in  th e  cu rves a re  s im i la r .  The 

fo u r th  curve i n  th e  group o f  o ld e r  men te n d s  to  c o n ta in  few er v e r te b ra e  

and t o  shew le s s  a n g u la tio n  th a n  any o th e r c u rv e s .



CHAPTER V III 

INTERPRETATIONS AND IMPLICATIONS

In  th e  a lignm ent o f  any s t r u c tu re  fo r  e q u ilib riu m  in  r e l a t io n  to  

th e  p u l l  o f  g ra v i ty  th e  base o f  th e  s t r u c tu r e  and th e  d i s t r i b u t io n  o f  

w eigh t in  r e l a t io n  to  th e  c e n te r  o f  th e  b ase  a re  o f  fundam ental im portance. 

In  th e  human b e in g  th e  main u n i t s  o f  w eight o f  th e  body a re  th e  head , th e  

th o ra x , and th e  p e lv i s ,  connected by th e  s p in a l  oolumn. These p a r ts  a re  

co n sid ered  th e  main u n i t s  because th e y  a re  in d isp e n sa b le  to  a  co n tin u a 

t i o n  o f  l i f e .  The upper and lower e x tre m it ie s  fu n c tio n  f o r  movement o f  

th e  body and fo r  m a n ip u la tio n  o f  o b je c ts  i n  th e  e x te rn a l  w o rld . The 

e x tre m it ie s  and th e  main u n i t s  o f  th e  s t r u c tu re  are  in te g ra te d  in  func

t i o n  by means o f  th e  nervous system s. In  a d d i t io n  t o  t h i s  p o in t  o f  view 

th e  assum ptions t h a t  a re  s ta te d  in  Chapter I  serve  a s  a  b a s is  o f  i n t e r 

p r e ta t io n  o f  th e  r e s u l t s  o f  th e  study  o f alignm ent o f  th e  s k e le ta l  s t r u c 

tu r e  .

I t  was found th a t  th e  sacrum i s  th e  most s ta b le  in  i t s  p o s i t io n  

o f  any p a r t  o f th e  s t r u c tu r e ,  and t h a t  s t a b i l i t y  ten d s  to  d ec rease  as th e  

p a r t s  o f th e  s t r u c tu re  in c re a s e  in  d is ta n c e  from th e  saorum. S ince th e  

o e n te r  o f  g r a v i ty  i s  lo o o ted  in  th e  re g io n  o f  th e  sacrum-*- i t  would seem 

t h a t  th e  p e lv is  should  be  co n sid ered  as  th e  t r u e  base  o f  th e  s t r u c tu r e  and 

t h a t  th e  d is ta n c e  o f  p a r ts  o f  th e  s t r u c tu re  from th e  o e n te r  o f  g ra v ity  

i s  one o f  th e  f a c to r s  in f lu e n c in g  c o n s is te n c y  in  th e  r e la t io n s h ip s  o f

I ."  A rthur S te in d le r ,  Mechanics o f  Normal and P a th o lo g io a l Locomotion 
in  Man, C hapter IV.
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p a r ts  o f  th e  s t r u c tu re  t o  eaeh o th e r  and t o  th e  p e lv is  as th e  b ase  o f th e  

s t r u c tu r e .

The marked tendency o f  th e  body to  s h i f t  i t s  p o s i t io n  in  r e l a 

t i o n  to  a  plumb l in e  and th e  o o n sis ten o y  o f  th e  ooourrenoe o f  asym m etries 

and p a t te rn s  o f  asymmetry d e sp ite  th e  sway o f  th e  body in d io a te s  f i r s t ,  

t h a t  p o stu re  i s  dynam ic, n o t s t a t i c ;  seoond, t h a t  th e re  sure asymm etries 

t h a t  a re  h a b i tu a l  and fu n c tio n a l  i n  th e  k in e t ic s  o f  th e  body; and t h i r d ,  

th a t  th e re  i s  a p o s tu ra l p a t te r n  and n o t ''p o s tu re s"  in  th e  body. This 

le ad s  us to  q u e s tio n  th e  a b i l i t y  o f  any p erson  t o  v o lu n ta r i ly  assume a 

"good p o B tu re ."  P o s it io n s  o f th e  body may be assumed a t  th e  w i l l  o f th e  

in d iv id u a l ,  b u t each p o s i t io n  w i l l  undoubtedly  be in flu en ced  b y , and in  

aooord w ith , th e  p o s tu ra l  p a t te rn  whioh th e  in d iv id u a l h a s .

P a t te rn s  o f  A lignm ent

The te n d en cy  o f  asymm etries to  ooour i n  fu n c tio n a l  p a t te rn s  in d i

c a te s  t h a t  th e r e  a r e  d e v ia tio n s  from sym m etrical w eigh t d i s t r i b u t io n  t h a t  

ooour s im i la r ly  i n  many p eo p le . On th e  o th e r  hand , th e re  a re  asym m etries 

in  w eight d i s t r i b u t io n  whioh a re  a l s o  fu n c t io n a l ,  b u t  whioh do n o t ooour 

i n  a  p a t te r n  w ith  o th e r asym m etries* Such asym m etries in d io a te  in d iv id u a l 

and u n p re d ic ta b le  d if fe re n c e s  in  th e  h a b i tu a l  r e la t io n s h ip s  whioh may 

ooour in  any  one p e rso n , o r in  o th e r w ords, in  th e  p o s tu ra l p a t te rn  o f  th e  

in d iv id u a l .  S peo ifio  p a t te rn s  o f a lignm en t o f  th e  body may be in te rp r e te d  

in  a  number o f  ways, a s  fo llo w s ; ( a )  s t r e s s  experienced  in  th e  bony s t r u c 

tu r e  when i t s  alignm ent i s  h a b i tu a l ly  asy m m etrica l, (b ) h a b i t  p a t te rn s  o f  

b i l a t e r a l l y  d i f f e r e n t  neurom uscular a c t io n  whioh te n d  to  p e r s i s t  in  th e  

M n e tio 8  o f  th e  body, (o )  p a t te rn s  o f  h y p e r to n io ity  in  m uscles produced by 

a  c o n tin u a lly  uneven a c t io n  o f  m usoles around th e  j o i n t s  in  m a in ta in in g  

th e  e q u ilib r iu m  o f  th e  s t r u c tu r e ,  and (d )  p a t te rn s  o f  l im i ta t io n  in  th e



153

movement allow ed in  th e  j o i n t s  o f  th e  s t r u c tu r e ,  t h a t  i s ,  p a t te rn s  o f  l im i

t a t i o n  o f  th e  rhythm ic flow  o f  a o t io n  and r e a c t io n  in  th e  movement o f  th e  

body*

The b a s is  o f  in t e r p r e ta t io n  o f  eaoh p a t te r n  o f b i l a t e r a l  asymmetry 

i n  alignm ent w i l l  be th e  r e l a t iv e  p o s it io n  o f  -the b i l a t e r a l  axes o f  w eigh t 

th r u s t  from jo i n t  t o  j o i n t  th rough  th e  p o r tio n  o f  th e  s t r u c tu re  inc lu d ed  

in  th e  p a tte rn *  These axes a r e  e s ta b l is h e d  by th e  r e l a t i v e  p o s i t io n  o f  

proxim al and d i s t a l  jo in t s  ld iio h , in  tu r n ,  i s  in d ic a te d  by th e  asym m etries 

o f  th e  p a tte rn *

For c l a r i t y  o f  p re s e n ta tio n  o f  th e  im p lic a tio n s  o f  p a t te rn s  o f  

asymmetry i t  w i l l  be a r b i t r a r i l y  assumed th a t  th e  asym m etries o f  P a t

te r n s  I ,  I I ,  I I I ,  IV, V and V II occur on th e  l e f t  s id e  and t h a t  th e  

asym m etries o f  P a t te r n  VI ooour an th e  r ig h t  side**  I t  should  be noted 

t h a t  in te r p r e ta t io n  o f  th e  p a t te r n s  can b e  made only  in  term s o f  th e  r e l a 

t i v e  p o s it io n  o f  id e n t ic a l  l a t e r a l  p a r t s  o f  th e  s t r u c tu r e ,  as fo llo w s t

P a t te r n  Is  L a te ra l  and R o ta to ry  D ev ia tio n  in  th e  P e lv is  and 

Femora. The asymmetries o f  t h i s  p a t t e r n  in d io a te  t h a t  th e  a x is  o f  th e  

t h r u s t  o f  superim posed w eigh t w i l l  n o t be c e n te re d  in  th e  s a c r a l  t a b le ,  

and th a t  th e  amount o f  w eight t r a n s f e r r e d  th rough  th e  r ig h t  and l e f t  

h a lv e s  o f  th e  p e lv is  w i l l  n o t be  e q u a l . Assuming th a t  th e  p a t te r n  ooours 

on th e  l e f t  s id e  o f th e  s t r u c tu re  th e r e  w i l l  be a  tendency  fo r  th e  r ig h t  

h a l f  o f  th e  s t r u c tu r e  n o t on ly  t o  c a r ry  th e  g r e a te r  amount o f  w eight 

b u t t o  o a rry  i t  o lo s e r  to  th e  c e n t r a l  a x is  o f th e  s tru c tu re *

* This r e l a t i v e  l a t e r a l  d i s t r i b u t io n  o f th e  p a t te r n s  i s  i n  g e n e ra l in  
accord  w ith  th e  in te r c o r r e la t io n s  o f  p a t te r n s ,  however, P a tte rn s  I ,
I I ,  I I I ,  IV, and V cure a p t  to  appea r a s  many tim es on th e  r i g h t  s id e  
as  on th e  l e f t  s id e  when th e  e n t i r e  group o f su b je o ts  o f  t h i s  s tudy  
i s  considered*  Only P a t t e r n  V II appears  in  unequal l a t e r a l  d i s t r i b u 
t i o n ,  t h a t  i s ,  more f re q u e n tly  on 1he l e f t .
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The proxim al and o f  th e  b i l a t e r a l  axes o f  w eigh t t h r u s t  through 

th e  p e lv is  w i l l  be a t  a  common p o in t in  th e  s a o ra l  t a b le ,  th e  d i s t a l  end 

o f  eaoh  a x is  w i l l  be a t  th e  head o f  th e  femur on i t s  s id e ,  b u t th e  two 

w i l l  n o t be s im i la r ly  lo o a te d  in  th e  fem o ra l head s . The d i s t a l  end o f th e  

a x is  o f  w eigh t th r u s t  on th e  l e f t ,  in  com parison w ith  t h a t  on th e  r i g h t ,  

w i l l  te n d  to  be h ig h e r , more p o s te r io r ,  and more l a t e r a l .  The p re ssu re  

o f  w e ig h t th e re fo re  te n d s  to  be forw ard and inward on th e  r ig h t  in  com

p a r is o n  w ith  th e  p ressu re  o f  w eigh t backward and outw ard on th e  l e f t .  This 

d if fe re n c e  in  d i r e c t io n  o f  l a t e r a l  w eight th r u s t  in d io a te s  t h a t  a  tw is t 

in g  o r  to r s io n  s t r e s s  ten d s  to  ooour in  a d d i tio n  t o  com pression s t r e s s .

The p a t te rn  o f a c t io n  in  muscle s and hence o f  developed hyper- 

to n i c i t y  i s  i n  g e n e ra l as fo llo w s t th e  m usoles on th e  back and to  th e  

o u ts id e  o f  th e  fem oral j o i n t  on th e  l e f t  w i l l  ten d  to  be in  oonoen trio  

c o n tra c tio n  in  th e  m aintenance o f  e q u ilib r iu m , th e  m usoles on th e  f ro n t  

and th e  in s id e  o f  th e  l e f t  fem oral j o i n t  w i l l  te n d  to  be in  e o o en trio  con

t r a c t i o n  as th e y  a u to m a tic a lly  r e s i s t  th e  forw ard and outw ard p re ssu re  o f  

w eigh t which i s  n o t ad eq u a te ly  supported  a t  th e  head o f  th e  fem ur. The 

tendency  tow ard hyperex ten sio n  in  th e  l e f t  fem ora l j o i n t  and c o n tra c tio n  

o f  th e  g lu te u s  maximus w i l l  promote "tendon a c tio n "  o f  th e  r e c tu s  fem oris 

to  a s s i s t  th e  i l io fe m o ra l  ligam en t in  th e  p ro te c t io n  o f  th e  f r o n t  o f  th e  

j o i n t . 1 The a c t io n  o f  musoles around th e  r i g h t  fem oral j o i n t  w i l l  be 

more b a lanced  th a n  th e  a c t io n  o f  m usoles around th e  l e f t  fem oral j o i n t .

No s ta tem en t can  be advanced in  re g a rd  to  th e  com parative a c t io n  o f  th e  

outward r o ta to r s  o f  th e  femur on th e  r i g h t  and l e f t  s id e s  fo r  th e  reaso n  

t h a t  g r e a te r  outward r o ta t io n  in  one fem ur, though a  r e l i a b l e  asymmetry,

1 . W ilhelm ine G. W right, Musole F un c tio n , pages 8 t o  19.
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d id  nob ooour in  any p a t te r n  o f  asymmetry. There w i l l  be v a ry in g  de

g rees  in  th e  r e l a t i v e  a o t io n  o f  th e  m usoles on th e  r i g h t  and th e  l e f t  s id e  

o f th e  p e lv is  and th e  proxim al fem ora, b u t  w ith  ev idence o f  a  p a t te r n  o f  

to r s io n  s t r e s s  i t  would seem t h a t  th e re  i s  a  p o te n t ia l  o o n d itio n  in  th e  

in e q u a l i ty  o f  w eight d i s t r i b u t io n  and o f  musole a o t io n  fo r  th e  p r e c ip i ta 

t i o n  o f  suoh d i f f i c u l t i e s  as s a e ro i l ia o  s t r a i n  and s o ia t io a ,  w hether th e se  

o o n d itio n s  occur w ith  sudden e x e r t io n  in  th e  m usoalature o f  th e  body, 

w ith  con tin u ed  m uscular s t r a i n  in  m aintenance o f e q u ilib riu m  in  a  poorly  

a lig n e d  s tru c tu re  ,  o r w ith  in f e o t io n  in  th e  body.

There te n d s  t o  be g r e a te r  l im i ta t io n  o f  f le x io n  and adduction  

in  th e  l e f t  th a n  in  th e  r ig h t  fem oral j o i n t .  Concomitant w ith  t h i s ,  

th e re  w i l l  ten d  to  be a  g r e a te r  amount o f  m uscular work in  a l l  a o tio n  o f  

th e  l e f t  fem ora l j o i n t  th a n  in  a o tio n  o f  th e  r ig h t  fem oral j o i n t .  Whioh 

j o i n t  w i l l  experienoe th e  g re a te r  l im i ta t io n  in  inw ard r o ta t io n  oannot 

be s ta te d  s in o e  outward r o ta t io n  i s  n o t a  oamponent o f  any p a t te r n .  When 

th e  a o tio n  o f  su p p o rt o f  w eight on th e  l e f t  fem ora l head i s  f a r th e r  from 

th e  c e n t r a l  v e r t i o a l  a x is  o f  th e  s t r u c tu re  th an  th e  a o tio n  o f  su ppo rt o f  

w eigh t on th e  r i g h t  fem oral h ead , i t  may lo g ic a l ly  be  expeoted t h a t  in  

g en era l r e a c t io n  a t  seme le v e l  in  th e  upper s t r u c tu r e  w i l l  te n d  to  ooour 

f a r th e r  t o  th e  r ig h t  o f  th e  o e n tra l  v e r t i o a l  a x is  th a n  to  th e  l e f t .

P a t te rn  l i t Coronal R o ta tio n  o f  th e  P e lv is  and Femora. The 

l a t e r a l  a n g u la tio n  asym m etries in  t h i s  p a t te r n  again  in d io a te  t h a t  th e  

ax is  o f th e  th r u s t  o f  superim posed w eight w i l l  n o t be c e n te re d  in  th e  

s a c r a l  t a b l e ,  and t h a t  th e  amount o f  w eigh t t r a n s f e r r e d  in to  th e  p e lv is  

w i l l  be  g r e a te r  on th e  r ig h t  s id e  th a n  on th e  l e f t  s id e ,  assum ing th a t  th e  

l a t e r a l  t i l t  o f  th e  p e lv is  r a i s e s  th e  l e f t  s i d e .  The w eigh t on th e  r ig h t  

s id e  o f th e  p e lv is  w i l l  be  supp o rted  o lo se r  to  th e  o e n t r a l  v e r t i o a l  a x is  

th an  th a t  on th e  l e f t  s id e .
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Assuming th a t  i t  i s  p o s s ib le  f o r  th e  b i l a t e r a l  axes o f  w eight 

t h r u s t  to  ooour in  th e  same ooronal p la n e ,*  th e  proxim al end o f  th e se  

axes w i l l  ooour a t  a  common p o in t  i n  th e  s a o ra l  t a b le ,  th e  d i s t a l  end o f  

th e  l e f t  a x is  w i l l  b e  f a r th e r  from th e  o e n t ra l  v e r t i o a l  a x is  and in  a 

h ig h e r t r a n s v e r s e  p lan e  th a n  th e  r i g h t .  YQien th e  base o f  su p p o rt o f  w eigh t 

a t  th e  l e f t  fem ora l j o i n t  i s  h ig h e r th a n  th e  b ase  o f  support o f  w eight a t  

th e  r ig h t  fem oral j o i n t  th e re  w i l l  be a  tendency f o r  w eight to  s l id e  to  

th e  r i g h t ,  t h a t  i s ,  sh ea r s t r e s s  w i l l  ooour i n  th e  bony s t r u c tu r e  o f  th e  

p e lv is  and th e  proxim al fem ora.

The p a t te r n  o f  a o t io n  in  m usoles and henoe o f  t h e i r  developed 

h y p e r to n ic ity  in  th e  k in e t io s  o f  t h i s  re g io n  o f  th e  body i s  a s  fo llo w s . 

L a te ra l  m usoles on th e  p e lv is  and proxim al femur on th e  l e f t  w i l l  te n d  to  

be in  a  p a t te rn  o f  o o n o sn trio  c o n tra c tio n . Again th e re  w i l l  te n d  to  be a 

g re a te r  amount o f  m nsoular work p u t f b r th  i n  th e  fu n c tio n  o f  th e  l e f t  

femur th an  in  th e  fu n c tio n  o f  th e  r i g h t  femur in  th e  su p p o rt and move

ment o f w s ig i t .  The a o tio n  o f w eigh t su ppo rt on th e  l e f t  femur w i l l  be 

f a r th e r  from  th e  o e n te r  o f  th e  s t r u c tu r e  th a n  th e  a o tio n  o f  support o f  

w eight on th e  r i g h t ,  and th e  r e a c t io n  a t  some le v e l  o f  th e  upper s t r u c tu re  

w i l l  be f a r th e r  t o  th e  r i g h t  o f  th e  o e n te r  o f  th e  s t ru c tu re  than  to  th e  

l e f t .  A dduction in  t h e „ l e f t  fem oral j o i n t  w i l l  ten d  to  be  more l im ite d  th an  

in  th e  r i g h t  fem oral j o i n t ,  m oreover, due t o  th e  s y n e rg is t io  ao tio n *  o f  

th e  te n s o r  fa s o ia e  l a t a  in  movements o f  f le x io n  o f  th e  th ig h ,  as  f le x io n

* P a t te r n  1 shows t h a t  th e  b i l a t e r a l  axes w i l l  n o t  ooour in  th e  same 
ooronal p la n s ; th e  tendency  f o r  asym m etries o ccu rrin g  w ith  l a t e r a l  
a n g u la tio n  to  m a in ta in  a  h ig h e r degree o f  c o r r e la t io n  among them selves 
th a n  w ith  o ther s k e le t a l  asym m etries in d io a te s  t h a t  l a t e r a l  an g u la 
t i o n  o f th e  p e lv is  and femora i s  p robab ly  a  dominant ty p e  o f  d e v ia 
t i o n  in  th e se  s t r u c tu r e s .

1 . I b i d . ,  pages 116 t o  183.
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i s  inore&sed 'th e re  w i l l  be a  tendency f o r  th e  l e f t  knee to  g ra d u a lly  

assume a more l a t e r a l  p o s i t io n  in  r e l a t i o n  to  th e  l e f t  fem oral jo in t*

P a t te r n  I I I i  L a te ra l  and R o ta to ry  D ev ia tio n  in  th e  Femora and 

I l i a * This p a t te r n  i s  f a i r l y  o lo se ly  r e la te d  t o  P a t te r n  I  though more 

lim ite d  in  a re a  o f  th e  s k e le t a l  s tru o tu re *  The proxim al ends o f  th e  b i 

l a t e r a l  axes o f  w eigh t t h r u s t  a re  a t  th e  le v e l  o f  th e  p o s te r io r  in f e r io r  

sp in es  o f  th e  i l i a *  The asym m etrical alignm ent o f  th e  b i l a t e r a l  axes in  

P a t te rn  I  in d io a te s  t h a t  th e  proxim al ends o f  th e  b i l a t e r a l  axes in  P a t

te r n  I I I  w i l l  n o t be i n  th e  same r e la t io n s h ip  to  th e  o e n t ra l  v e r t i o a l  a x is  

o f  th e  s t r u o tu r e .  The d i s t a l  ends o f  th e  b i l a t e r a l  axes w i l l  be i n  th e  

same lo o a tio n  a s  th e  d i s t a l  ends o f  th e  b i l a t e r a l  axes o f  P a t te r n  I  s in ce  

th e  p o in ts  o f re fe re n c e  on th e  femora a re  th e  same. The asym m etries o f 

P a t te r n  I I I  in d io a te  th a t  th e  b i l a t e r a l  t h r u s t  o f  w eigh t in to  th e  s h a f ts  

o f th e  fem ora w i l l  be s im ila r  to  t h a t  i n  P a t te rn  I* For t h i s  rea so n  

fu r th e r  a n a ly s is  w i l l  n o t be  g iven  fo r  P a t te r n  I I I  s in ce  in  g e n e ra l i t  

w i l l  be s im i la r  to  t h a t  f o r  P a t t e r n  I .

P a t te r n  IV t R o ta to ry  D ev ia tio n  in  th e  A n te r io r  Aroh o f  th e  P e lv i s . 

The proxim al lo o a tio n  o f  th e  axes o f  w eigh t th r u s t  o f  t h i s  p a t t e r n  w i l l  

be lo o a ted  a t  th e  pubio sym physis. In  th e  b i l a t e r a l l y  sym m etrical s tru o 

tu r e  -these l a t e r a l  axes would undoubtedly  be con tinuous from one fem oral 

j o i n t  to  th e  o-ther* The asym m etries o f  P a t te rn  TV, however, in d io a te  

t h a t  th e  m edial end o f  -the l e f t  a x is  w i l l  be more forw ard and lower th a n  

th e  r i g h t  a x is  o f w eigh t t h r u s t .  The m ed ial ends o f b o th  axes w i l l  be 

t o  th e  l e f t  o f  th e  o e n t ra l  v e r t i o a l  a x is*  The l a t e r a l  ends o f  th e  two 

axes have a  oonmion lo o a tio n  w ith  th e  d i s t a l  ends o f  th e  b i l a t e r a l  axes o f  

P a t t e r n  I .  There ten d s  t o  be to r s io n  s t r e s s  a t  th e  pubio symphysis and in  

th e  a n te r io r  aroh o f  th e  p e lv i s ,  a s  in d ic a te d  by th e  asymm etries o f  th e
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p a tte rn *  F u rth e r  a n a ly s is  o f  t h i s  p a t te r n  would be s im ila r  t o  t h a t  f o r  

P a t t e r n  I  s in ce  th e  asym netfies and th e  d e v ia tio n s  producing th e  asym m etries 

o f  th e  two a re  s im i la r .

P a t te r n  Vt L a te r a l  and R o ta to ry  D ev ia tio n  in  th e  P o s te r io r  Aroh 

o f  th e  P e lv is  and i n  th e  Femora.  This p a t te r n ,  as w e ll a s  P a t te rn s  I I I  

and IV, a re  o lo se ly  r e l a t e d  to  P a t t e r n  I .  The proxim al end o f  th e  l e f t  

a x is  o f  w eigh t th r u s t  i s  a t  th e  r i g h t  p o s te r io r  in f e r io r  sp in e  o f th e  

il iu m , and th e  p rox im al end o f  th e  l e f t  ax is  o f  w e ig i t  t h r u s t  i s  a t  th e  

l e f t  p o s te r io r  in f e r io r  sp in e  o f  th e  ilium * Whereas P a t te r n  IV in d io a te d  

to r s io n  in  th e  a n te r io r  aroh o f  th e  p e lv is  and P a t te rn  I  in d io a te d  t o r 

s io n  in  th e  p e lv is  as  a  w hole, t h i s  p a t te r n  em phasizes to r s io n  s t r e s s  in  

th e  p o s te r io r  surah o f  th e  p e lv is*  A nalysis  o f  musole a o t io n  and o f  l im i

t a t i o n  o f movement a re  s im ila r  to  t h a t  made f o r  P a t te r n  I .

P a t te r n  V I t  L a te ra l  A ngulation  o f  th e  Lumbar Sp ine* L a te ra l  de

v ia t io n s  i n  th e  v e r te b ra e  o f  th e  lumbar sp in e  may become p ro g re s s iv e ly  

g re a te r  a s  th e  d is ta n c e  o f  v e r te b ra e  from th e  saorum in o re a se s ,  o r  th ey  

may f i r s t  beocme g r e a te r  and th e n  le ss*  The tre a tm e n t o f  th e  asym m etries 

o f t h i s  p a t te rn  d id  n o t d is t in g u is h  between th e  two ty p e s  o f  d e v ia tio n ; 

i t  showed only  t h a t  th e  p o s i t io n  o f  th e  v e r te b ra e  o f  th e  lumbar sp in e  ten d s  

t o  be  l a t e r a l  to  th e  o e n t r a l  v e r t i o a l  ax is*  A naly sis  o f  th e  two g en e ra l 

type 8 o f  d e v ia tio n  w i l l  be d i f f e r e n t .  When th e  d e v ia tio n s  o f  th e  v e r t e 

b rae  beoome g re a te r  a s  th e y  in o re a se  in  d is ta n c e  from th e  saorum th e  a x is  

o f w e ig h t th r u s t  w i l l  be a t  an  an g le  w ith  th e  sa o ra l ta b le *  In  t h i s  s i tu a 

t i o n  th e r e  i s  a  tendency  fo r  sh e a r  s t r e s s  t o  ooour i n  a d d i t io n  to  com

p re s s io n  s t r e s s  th roughout th e  bod ies o f th e  v e r te b ra e  and a t  th e  i n t e r -  

v e r te b r a l  a r t io u  1 fttio n s• Assuming th a t  th e  lumbar sp in e  d e v ia te s  t o  th e  

r i g h t  th e  e f f o r t  to  m a in ta in  e q u ilib r iu m  o f  th e  s la n t in g  s tru o tu re  w i l l  

produoe i n  b o th  su rfhoe  and deep m usoles on th e  l e f t  an  e o o e n tr ie  o o u tra o tio n
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to  r e s i s t  th e  tend en cy  o f  th e  lumbar sp in e  to  sag  f a r th e r  t o  th e  r i g h t  

■with t h e  p u l l  o f  g r a v i ty .  A lthough th e  m usoles a t  th e  r i g h t  o f  th e  

lumbar sp ine  w i l l  work l i t t l e ,  i f  any , in  th e  m aintenance o f  th e  e q u i l i 

brium  o f  t h i s  s la n t in g  s tru o tu re  i n  th e  u p r ig h t p o s i t io n ,  th e  d is ta n c e  

between th e i r  o r ig in s  and in s e r t io n s  i s  le sse n e d  by th e  l a t e r a l  s l a n t  o f 

th e  sp in e  and t h e i r  c o n tra c tio n  in  movement o f  th e  s t r u o tu re  as a  whole
s

w i l l  ten d  to  be co n tin u o u sly  d e tr im e n ta l to  th e  alignm ent o f  th e  s p in e . 

L a te ra l  bending to  th e  r ig h t  i n  th e  re g io n  o f  th e  lumbar sp in e  w i l l  n o t 

on ly  b e  e a s ie r  t o  aeoam plish  th a n  l a t e r a l  bending to  th e  l e f t ,  b u t i t  

oan be produced in  g r e a te r  degree th a n  on th e  l e f t .

flhen th e  a lignm ent o f  th e  lumbar v e r te b ra e  ten d s  to  assume th e  

form o f  a  l a t e r a l  cu rv e , bending s t r e s s  i s  experienced  in  t h i s  p o r tio n  o f  

th e  s t r u o tu r e .  I t  i s  g ran ted  by  en g in ee rs  th a t  bending s t r e s s  i n  a  oolumn 

f o r  th e  support o f  w eigh t i s  th e  m ost d e tr im e n ta l o f  any s t r e s s .  The 

mu so le  a o tio n  in  th e  bending lumbar sp in e  i s  d i f f e r e n t  from  t h a t  in  th e  

s la n t in g  lumbar s p in e . Assuming t h a t  th e  convex ity  o f th e  l a t e r a l  ourve 

ooours on th e  r i g h t ,  musoles a t  th e  base o f  th e  lumbar sp in e  on th e  l e f t  

w i l l  be i n  eo o en tr io  c o n tra c tio n , a t  th e  oonvexity  o f th e  ourve eo o en trio  

c o n tra c tio n  w i l l  ooour i n  th e  m usoles on th e  r i g h t  s id e .  L a te ra l bending 

in  th e  d i r e c t io n  o f th e  convexity  o f  th e  cu rve  w i l l  be l im ite d ,  and e f 

f o r t s  t o  accom plish such bending w i l l  ten d  to  produce th e  bending sought 

in  o th e r re g io n s  o f th e  sp in e  in s te a d  o f a t  th e  convex ity  o f  th e  ou rve .

P a t te r n  V I I» Coronal R o ta tio n  o f  th e  Shoulder G ird le  and th e  

Upper Thorax.  The ju n c tio n  o f  th e  shou lder g ird le  w ith  th e  th o ra x  i s  a t  

th e  to p  o f  th e  sternum  — th e  s te m o c la v io u la r  j o i n t .  The low c o r r e l a 

t i o n  o f  th e  asym m etries in  t h i s  p a t te r n  in d io a te s  t h a t  -there a re  un

d oub ted ly  o th e r fu n c tio n a l ty p e s  o f  d e v ia tio n  in  a d d i t io n  to  l a t e r a l
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an g u la tio n  in  th e  sh o u ld e r g i r d le ,  a lso  t h a t  th e  r e la t io n s h ip  o f  th e  

ty p e s  o f  d e v ia tio n  tends to  he h ig h ly  in d iv id u a l .  I t  m is shown t h a t  th e  

asymmetry in  th e  sh o u ld e r g i rd le  and upper th o ra x  i s  a s so o ia te d  to  some 

degree w ith  handedness. The fo o t th a t  th e  asym m etries o f  th e  shoulder 

g ird le  and upper th o ra x  are  no t a s so o ia te d  w ith  asymm etries in  th e  r e s t  o f  

th e  s t r u c tu r e ,  and th e  f a o t  t h a t  th e  sh o u ld er g i r d le  i s  a  superim posed 

w eigh t and has no p a r t  i n  th e  suppo rt o f  "dead load"*  o f  th e  s tru o tu re  

i t s e l f ,  seem t o  be an in d ic a t io n  th a t  r e a o t io n  to  em otional s t r a i n  suoh 

as  w orry and f e a r  ooours more in  th e  m uscu latu re around th e  sho u ld er 

g ird le  th a n  in  any o th e r p a r t  o f  th e  s t r u o tu r e .  No a t ta n p t  w i l l  be made 

to  analyse  musole a o tio n  around th e  sh o u ld er g i r d le  s in c e  th e  c o r r e la t io n  

o f  asym m etries in  t h i s  re g io n  i s  to o  low to  in d io a te  any marked degree 

o f s im i la r i ty  i n  s u b je o ts .  I t  oan be s ta t e d  g e n e ra lly  t h a t  th e  upper 

f ib e r s  of th e  tr a p e z iu s  on th e  s id e  o f  th e  h ig h e r sh ou lder w i l l  te n d  to  be 

in  g re a te r  c o n c e n tr ic  c o n tra c tio n  th a n  th o s e  on th e  l e f t .  The s t r e s s  ex

perien ced  in  th e  bony s tru o tu re  in  t h i s  reg io n  i s  undoubtedly to r s io n  

s t r e s s ,  p a r t i c u la r ly  a t  th e  s te m o o la v io u la r  j o i n t .

The G eneral P a t te rn  o f  B i l a te r a l  Asymmetry.  The g en e ra l p a t te r n  

ino ludes th e  asym m etries o f P a t te rn s  I ,  I I ,  and V I. This p a t te r n  occurs 

in  th e  re g io n s  o f  th e  p e lv i s ,  th e  proxim al fem ora, and th e  lumbar s p in e , 

th a t  i s ,  in  th e  o e n t r a l  p a r t  o f  th e  s tru o tu re  a s  a  w hole. I t  would seem 

th a t  asym m etries o f  th e  s tru o tu re  above t h i s  a r e a ,  a lthough  r e l i a b l e  and 

th e re fo re  p robab ly  fu n c t io n a l ,  a re  h ig h ly  in d iv id u a l .  The g e n e ra l p a t te r n  

in d io a te s  t h a t  a  p r e d ic t io n  o f  th e  p o s i t io n  o f  th e  shou lder g ird le  oannot 

be made from th e  asym m etries o o o u rrin g  in  th e  p e lv i s ,  and v io e  v e rs a ;

1. W alter B inger, What E ngineers Do, page 228.
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i t  a ls o  in d io a te s  t h a t  th e  asym m etries in  th e  p e lv is  a re  n o t to  be con

s id e re d  in d ic a tiv e  o f  th e  l a t e r a l  d e v ia tio n  o r  th e  l a t e r a l  ourves whioh 

may ooour in  th e  sp in e  above i t s  lumbar re g io n . "Whether asym m etries in  

th e  a lignm en t o f  th e  s tru o tu re  below i t s  c e n t r a l  p o r tio n  te n d  to  be as 

in d iv id u a l a s  asym m etries above th e  o e n tra l  p o r t io n  osnnot be d e te m in e d  

from t h i s  stucty-. They oan be determ ined , however, by r e l a t i n g  th e  co n to u r 

o f  th e  body o f  th e  su b je o ts  o f  t h i s  s tu d y  to  t h e i r  d isco v ered  s k e le ta l  

a lignm en t.

The dominant s t r e s s e s  experienced  in  th e  bony s t ru o tu re  i n  a d d i

t i o n  to  oom pression s t r e s s  in  th e  g enera l p a t te r n  te n d  to  ooour as f o l 

low s: sh ear or bend ing  s t r e s s  i n  th e  lumbar spine and to r s io n  s t r e s s  in  

th e  p e lv is  and fem ora.

"When th e  l e f t  p e lv is  and th e  l e f t  femur a re  prom inent l a t e r a l l y  

in  th e  g en era l p a t te r n ,  and th e  lumbar sp ine  p re s e n ts  a  r i g h t  l a t e r a l  

ou rve , th e  fo llo w in g  h y p e r tc n ie i ty  in  musole a o t io n  tends to  ooour: eo

o e n tr io  o o n tra o tio n  on th e  r i g i t  a t  th e  le v e l o f  th e  convex ity  o f th e  

l a t e r a l  lumbar ou rv e , eo o en trio  c o n tra c tio n  a t  th e  base  o f  th e  lumbar 

sp in e  on th e  l e f t ,  c o n c e n tr ic  o o n tra o tio n  in  th e  v e r t i c a l  m usoles on th e  

o u ts id e  and baek o f  th e  l e f t  fem oral j o i n t ,  and e o o e n tr io  o o n tra o tio n  in  

th e  m usoles on 1he f r o n t  and in s id e  o f  th e  l e f t  fem oral j o i n t .  When th e  

r i g h t  p e lv is  and r i g h t  fem ur a re  prom inent l a t e r a l l y  and th e  lumbar sp ine 

p re se n ts  a  l e f t  l a t e r a l  o u rv e , th e  lo o a tio n  o f  h y p e rto n ic  musole a o tio n  

w i l l  be  s im ila r  to  t h a t  above, b u t w i l l  ooour on s id e s  in  o p p o s itio n  to  

th o se  s ta te d  above.

The g en era l a n a ly s is  o f musole a o tio n  has  been made on th e  b a s is  

o f  d e v ia tio n s  whioh ten d  to  ooour h a b i tu a l ly  i n  th e  o e n t ra l  p a r t  o f  th e  

s t r u o tu r e .  I t  should  be remembered, however, t h a t  n e ith e r  th e  g e n e ra l
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p a t te rn  o f  asymmetry i n  th e  a lignm ent o f th e  s k e le ta l  s t r u o tu re  in  a l l  

o f  i t s  d e t a i l s ,  no r th e  a n a ly s is  o f  musole a o t io n  w i l l  ap p ly  to  any one 

in d iv id u a l ,  even though i t  tends to  be t r u e  in  g en e ra l f o r  a  la rg e  number 

o f  in d iv id u a ls .

A sso o ia tio n  o f  Age and Sex w ith  S k e le ta l  Asymmetries

In  th e  younger su b je o ts  asym m etries cure more marked in  degree  and 

more h ig h ly  a s so o ia te d  in  women th a n  in  men; in  th e  o ld e r su b je o ts  th e  

re v e rse  ten d s to  be t r u e .  In  women th e re  te n d s  t o  be a  decrease  in  degree 

o f  asymmetry and in  c o r r e la t io n  o f  asym m etries w ith  age increm entj i n  men, 

th e  re v e rs e  ten d s  to  be t r u e .

S tru c tu red  d if fe re n c e s  i n  th e  sexes may be a  f a c to r  which con

t r i b u t e s  to  th e  more marked degree o f  asymmetry in  young women th a n  in  

young men. In  women a  d ecrease  in  th e  amount and in t e n s i t y  o f  p h y s io a l 

a o t iv i t y  w ith  age increm ent may be a  c o n tr ib u tin g  f a c to r  to  th e  d eo rease  

bo th  i n  degree o f  asymmetry and in  in t e r r e la t io n s h ip  o f  asym m etries. In  men 

perhaps a  c o n tin u a tio n  o f  p h y s ic a l a c t i v i t y ,  bo th  i n  work and p la y , a t  

l e a s t  t o  th e  age o f  f o r t y ,  te n d s  to  in c re a se  b o th  th e  degree  o f  s k e le t a l  

asym m etries and t h e i r  in t e r r e la t io n s h ip .

Recommendations

This in v e s t ig a t io n  h o ld s  t h a t  p o s tu re  ed u o a tio n  should n o t only  

produoe ohange fo r  b e t t e r  a lig n m en t, b u t i t  should  promote a g r e a te r  de

gree  o f  ease in  everyday a c t i v i t i e s ,  and more rhythm and f l e x i b i l i t y  in  

movement. The outcomes o f  th e  study  in d ic a te  t h a t  b i l a t e r a l  asymmetry in  

th e  s k e le t a l  alignm ent i s  r e l i a b l e ,  and th e re fo re  p robab ly  h a b i tu a l  and 

fu n c t io n a l .  In  view  o f  t h i s ,  and i n  view o f  th e  f a c t  t h a t  b a lance  and 

movement o f  th e  body are  la r g e ly  au tcm a tio , i t  i s  suggested  th a t  th e



163

fo llo w in g  p ra o tio e s  should be su b jeo ted  t o  o r i t i o a l  ev a lu a tio n *

a .  P o s tu re  c u e s ,  such as head up , s t r e t c h  t a l l ,  sho u ld er b lad es  

baok, tuok th e  p e lv is  under, walk w ith  th e  w eigh t tow ard th e  

o u ts id e  o f  th e  f o o t ,  to  m ention only  a  few

b . L a te ra l  bend ing , hanging and s t r e tc h in g  as means o f  reducing 

l a t e r a l  cu rv a tu re  of th e  sp in e

o . The need o f  te a c h in g  any musole a o t io n , o th e r  th a n  th a t  r e 

quested  by  th e  s tu d e n t ,  as a  means o f changing th e  s tu d e n t 's  

p o s tu re  (This does n o t r e f e r  to  th e  te a o h e r 's  needed know

ledge  o f  musole a c tio n * )

d . The concept o f  r e la x a t io n  a s  a  " l e t t i n g  go" p ro cess  — a 

p rooess o f  doing l e s s  and l e s s  o f  musole work

e .  The use o f  fo rm alized  e x e ro ise s  f o r  p a r t s  o f  th e  body,

e i th e r  f o r  b e n e f i t  to  p o s tu re  o r fo r  p h y s io lo g io a l b e n e f i t

f* The use o f  s ta n d a rd s  o f  p o s tu re  ih ic h  p re s e n t supposedly

id e a l  con tou rs  o f  th e  body, even though th e se  may be s e t  up 

f o r  d i f f e r e n t  types o f in d iv id u a ls

g* Emphasis on s tre n g th e n in g  th e  e x te n so r m usoles o f  th e  body 

t o  a t t a i n  a  b e t t e r  p o s tu re

h .  G rading posture*

The in v e s t ig a to r  o f fe r s  th e  fo llo w in g  su g g es tio n s  f o r  th e o ry  and 

p r a c t ic e  in  a l l  te a c h in g  idiioh deals w ith  th e  k in e t ic s  o f  th e  body*

a .  P la c e  emphasis an a  fu n c tio n a l  knowledge o f th e  s k e le t a l

framework and i t s  r e la t io n s h ip s ,  r a th e r  th a n  a  r o te  memory o f  

anatomy* Thinking in  r e l a t io n  to  any d i f f i c u l t i e s  in  p o stu re  

o r  in  th e  a c q u is i t io n  o f  s k i l l s  should  in v a r ia b ly  prooeed from 

knowledge and  o b se rv a tio n  o f  th e  su p p o rtin g  s k e le ta l  s tru o tu re
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a n a ly s is  o f  musole a o t io n .

R e la te  -the a n a ly s is  o f  musole a o tio n  around any j o i n t  to  

th e  musole a o tio n  needed in  th e  r e s t  o f  -the body to  m a in ta in  

e q u ilib r iu m  w h ile  th e  j o i n t  i s  i n  m otion . Tlhen t h i s  i s  t r i e d  

i t  beoanes e v id e n t th a t  th e  c o n tin u a lly  ohanging c o o rd in a tio n  

in  m usole a o tio n  i s  beyond th e  com prehension o f  th e  human mind, 

a l s o  th a t  o rg an iz in g  o a te g o r io a l ly  ao ocrd ing  to  fu n o tio n  ten d s  

to  l im i t  th e  oonoept o f  th e  fu n c tio n  o f  th e  body a s  a w hole.

A lo n g itu d in a l view  o f  th e  l i f e  o f  th e  in d iv id u a l  should be 

co n sidered  in  a l l  p o s tu re  and a c t i v i t y  te a c h in g . P o stu re  

te a c h in g  should reduoe s t r a i n ,  re o a n d itio n  neurom uscular 

responses to  s t im u l i ,  h e lp  th e  in d iv id u a l  to  reoogn ize  and 

in t e r p r e t  s t r a i n ,  and th e n  know w hat to  do ab o u t i t .  P o stu re  

teaching a t  any age le v e l  should be o f  such n a tu re  th a t  i t  

w i l l  be o f  even g r e a te r  b e n e f i t  as th e  s tu d e n t grows o ld e r .  

A c t iv i ty  te a o h in g  vfaich imposes on th e  in d iv id u a l  te ch n iq u es  

o f  movement should aim . a t  th e  same tim e , to  ohange neu ro 

m uscular h a b i t  p a t te rn s  f o r  g r e a te r  ea se  in  th e s e  te c h n iq u e s .



CHAPTER IX 

RESEARCH PROBLEMS

The c o r r e la t io n s  o f  b i l a t e r a l  asym m etries measured in  th e  in v e s

t i g a t o r 's  s tu d y  should  be su b je c te d  t o  f a o to r  a n a ly s i s .  The p a t te rn s  

o f  asymmetry were c o n s tru c te d  on th e  b a s is  o f  degree o f  in t e r c o r r e la t io n  

o f  asym m etries. A f a o to r  a n a ly s is  would undoubtedly  show th e  o rd er o f  

in f lu e n c e  o f  ty p es  o f  d e v ia tio n  a t  th e  jo in t s  i n  th e  v a r io u s  asym m etries. 

The r e s u l t s  would supp ly  th e  b a s is  o f grouping asym m etries in to  p a t te r n s .  

W ith suoh trea tm e n t th e  p a t te rn s  o f  asymmetry would no doubt be somewhat 

d i f f e r e n t  from th o se  found by th e  in v e s t ig a to r .

The d a ta  f o r  th e  in v e s t ig a t o r 's  s tu d y  was c o l le c te d  w ith  th e  id e a  

o f  making i t s  r e s u l t s  more p r a o t io a l  in  th e  sohool s i t u a t io n  by f u r th e r  

re s e a ro h . T h ere fo re , photographs and rad io g ra p h s  o f  th e  su b je o ts  were 

ta k en  a t  th e  same tim e . A s tu d y  r e la t in g  th e  b i l a t e r a l  contour o f  th e  

body to  b i l a t e r a l  a lignm en t o f  th e  su p p o rtin g  framework i s  now in  p ro g re s s .

Measurement o f  r o ta t io n  in  th e  s p in a l  oolumn was n o t undertaken  

in  th e  i n v e s t ig a to r 's  s tu d y . O bservation  o f  th e  v e r te b ra e  o f  th e  sp in a l 

oolumn during  th e  s tu d y  and measurement o f  th e  rad io g rap h s le d  th e  in v es

t i g a t o r  to  b e l ie v e  th a t  same o f  th e  g e n e ra liz a tio n s  made in  reg a rd  t o  th e  

s p in a l  oolumn by L ovett and o th e rs  th rough  t h e i r  s tu d ie s  o f th e  s t r u c 

t u r a l l y  handicapped a re  n o t  a p p lic a b le  to  th e  s o -o a lle d  norm al in d iv id u a l .  

A stu d y  o f  th e  r e l a t io n  o f  r o ta t io n  o f  th e  v e r te b ra e  to  t h e i r  l a t e r a l  d e -

* This s tudy  i s  b e in g  oonduoted by Goddard Du Bois



f

166

I

v ia t io n  should  be made** 

i The v a r io u s  r e la t io n s h ip s  o f  th e  r ib s  to  th e  v e r te b ra e  a t  t h e i r

c o s to v e r te b ra l  jo in t s  i n  th e  rad io g ra p h s  used  by th e  in v e s t ig a to r  in  th e  

p re se n t s tu d y  su g g es ts  th e  need o f  a  s tu d y  o f  f l e x i b i l i t y  o f movement 

o f  t i e  r ib s  f o r  b re a th in g  in  r e l a t io n  to  v i t a l  o a p a o ity . The m usole- 

bound th o rax  undoubtedly in t e r f e r e s  w ith  f u l l  f l e x i b i l i t y  o f  th e  r ib s  and 

w ith  even use  o f  th e  diaphragm  in  b rea th in g *

A s tu d y  s im i la r  t o  t h a t  o f th e  in v e s t ig a to r  should  be made on 

th e  a n te ro p o s te r io r  a lignm ent o f  th e  s k e le t a l  s tru o tu re *  I t  i s  suggested  

th a t  a n te ro p o s te r io r  r e la t io n s h ip s  o f  th e  s t ru o tu re  may be measured in  

re fe re n c e  to  a  v e r t i o a l  l in e  th rough  th e  o e n te r  o f  th e  fam oral j o i n t  

where th e  w eigh t o f  th e  upper s tru o tu re  i s  t r a n s f e r r e d  in to  th e  lower 

e x tre m it ie s .  However, th e  p re s e n t  s tudy  shows th a t  th e  o e n te rs  o f  th e  

fem oral jo in t s  a re  p ro b ab ly  n o t i n  th e  same o o ronal p la n e . For t h i s  

re a so n , th e  l in e  o f g ra v i ty ,  i f  i t  ecu Id be d e te m in e d  fo r  eaoh p e rso n  a t  

th e  tim e h is  rad io g ra p h s  a re  ta k e n , would no doubt be a  b e t t e r  v e r t i o a l  

fo r  use a s  a  re fe re n c e  in  ta k in g  a n te ro p o s te r io r  measurements* I f  pho to

graphs o f  th e  su b je o ts  are  ta k e n  a t  th e  same tim e , th e  con tour o f  th e  

body oould  th e n  be  r e la te d  to  th e  a lignm ent o f  th e  su p p o rtin g  s k e le t a l  

s t r u o tu r e ,  and th e  r e s u l t s  o f  th e  study  made more p r a o t io a l  f o r  th e  

school s i t u a t io n .

I t  i s  d o u b tfu l w hether p o s tu re  te ach in g  o f  any k ind  i s  j u s t i f i e d  

i f  i t  does n o t do more th a n  c o n tr ib u te  t o  what m ight seem to  be a  b e t t e r  

a lignm ent o f  th e  body* I t  would seem t h a t  p o s tu re  te a c h in g  should enable 

th e  in d iv id u a l to  l iv e  w ith  g re a te r  ea se  and p o is e ,  le s s  f a t ig u e ,  and le s s

* This s tu d y  i s  be ing  u n d ertaken  by E lle n  N eall D uvall.



expend itu re  o f  energy i n  o n e 's  d a i ly  a o t iv i t i e s *  For t h i s  reaso n  iiie 

in v e s t ig a to r  -would l ik e  to  have th e  r e s u l t s  o f  te a c h in g  prooedure sub

je c te d ,  n o t on ly  to  m easurement, b u t t o  t e s t i n g  to  determ ine what changes, 

i f  any , ooour in  energy consum ption, l i t  l e a s t  in  some o f  th e  fundam ental 

a o t i v i t i e s  suoh as s i t t i n g ,  s ta n d in g , w alk ing , and s t a i r  c lim b in g .*

P o stu re  te a c h in g  should  r e s u l t  n o t only  in  b e t t e r  a lig n m en t, b u t 

in  more ocm plete movement in  th e  jo in t s  w ith o u t s t r a i n ,  and w ith  a  m in i

mum o f d i s to r t io n  in  th e  in te g ra te d  r e l a t i o n  o f  the  head , th e  th o ra x , and 

th e  p e lv i s ,  A means shou ld  be found o f  t e s t i n g  th e  r e s u l t s  of p o s tu re  

te ao h in g  on f l e x i b i l i t y  -throughout th e  body. O b jec tiv e  reco rd s  o f  sub

je o ts  in  p o s it io n s  whioh t e s t  f l e x i b i l i t y ,  p a r t i c u la r ly  a t  th e  fem o ra l, 

th ek n ee , and th e  angle j o i n t s ,  m ight be  made b o th  b e fo re  and a f t e r  a 

p e rio d  o f  p o s tu re  in s t r u c t io n .  The p o s i t io n s  being  t e s t e d  should be in  

aooord w ith  th e  a r c h i te c tu r e  o f  jo in t s  and th e  a o t io n  o f  bo th  ligam ents 

and tw o - jo in t  m uso les. A com parison o f  th e s e  re c o rd s  th rough  measurement 

o f  r e la t io n s h ip s  in  th e  body would undoubtedly  in d io a te  w hether p o s it io n s  

re q u ir in g  f l e x i b i l i t y  could be assumed w ith  le s s  d i s to r t i o n  in  th e  body 

a f t e r  a  period  o f  postu re  teaohing*

I t  i s  g ran te d  in  g en era l t h a t  th e re  is  ohange in  th e  form o f bone 

a s  a  r e s u l t  o f  uneven p re ssu re  o f  th e  body w eigh t on -fee s k e le t a l  s tru o 

t u r e ,  Furtherm ore, many people c o n s id e r t h a t  a f t e r  th e y  a re  a d u l t  i t  i s  

d o u b tfu l w hether postu re  te ao h in g  oan he lp  them* The aoouraoy o f  th i s  

b e l i e f  should  be su b jec ted  to  s tu d y . One means o f  t e s t in g  w hether p o s tu re  

oan be changed, p a r t ic u la r  ly  a f t e r  growth i s  com pleted, would be t o  study

a H a r r ie t  Graham o f Teaohers C o lleg e , Columbia U n iv e rs ity , i s  oanduoting 
a  s tu d y  whioh i s  a tte m p tin g  to  r e l a t e  th e  d if fe re n c e  in  energy  con
sumption i n  th e  ly in g  and s tan d in g  p o s it io n s  to  b i l a t e r a l  and to  a n te ro 
p o s te r io r  a lignm ent o f  th e  body*
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th e  e f f e o t s ,  i f  any , o f  change in  p o stu re  on o e l l  arrangem ent i n  th e  

bones* Such a  s tu d y  would n e c e s s a r i ly  re q u ire  a  number o f  years*

A s tu d y  should be made o f  th e  flow  o f movement in  th e  body in  

th e  re a c tio n a ry  d i s t r i b u t io n  o f  w eight a s  th e  low er e x tre m it ie s  a l t e r n a te ly  

su p p o rt th e  body in  w alk ing . Such a  study  oould be made on b o th  th e  

b i l a t e r a l  and th e  a n te ro p o s te r io r  r e a o t io n  in  th e  body. The f in d in g s  

oould th e n  b e  r e la te d  t o  th e  d i s t r i b u t io n  o f  w eigh t in  th e  s tan d in g  p o s i

t io n *  This -would be one means o f  t e s t i n g  th e  e x te n t  to  whioh n eu ro - 

m usoular h a b i ts  used to  m a in ta in  th e  e q u ilib r iu m  o f  th e  body in  a  s tan d 

ing  p o s i t io n  would in f lu e n c e  th e  rhythm io flow  o f  a o tio n  through th e  body 

in  movement* The most o b je c tiv e  s tu d y  o f t h i s  ty p e  would be one which 

o o lle o te d  i t s  d a ta  from moving p ic tu r e s  o f  ra d io g ra p h ic  o r  f lu o rso o p io  

ty p e .

There i s  need o f  a  study whioh w i l l  h e lp  to  evolve te ao h in g  p ro 

cedures whioh a re  in  aooord w ith  p r in c ip le s  o f  g en era l ed u ca tio n  and which 

more adeq u a te ly  meet -the needs o f  th e  p re s e n t in d u s t r i a l  era*
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Inform ation Sheet

Please f i l l  in  the  follow ing w ith inform ation requested .

Photograph number _ Radiograph number
(leave blank) (leave blank)

Name ___________ ________________ _
la s t  name f i r s t  name

Address (lo c a l)  Te le .  No.______________

( h o m e ) ________________

Age Height Present weight

What sp o rts  or a c t i v i t i e s  have you engaged in  th e  most?

Handedness: Right L e ft________

What a cc id en ts , in ju r ie s ,  or sp ra in s have you had?_______________________________

Do you have any backache between the  shoulders? in  th e  middle back?_____

in  th e  lower back? . Do you have any pain in  your fe e t? ______ legs?________

What d iseases have you had?________ ___________________ _____________ ______________

/

Did any com plications follow  these  d ise a se s , as kidney?____________  eye?________

ear?___________ muscle p a ra ly s is? ______________ or otherwise?

What operations have you had?_____________________________________________________

Is -our v is ion  normal?_______  Do you wear g lasses?  a l l  the  time?

p art of the  time? Do the  g lasses  co rre c t your d if f ic u l ty ?

Is your hearing normal} in  the  r ig h t ear?__________ l e f t  ear?

When you a re  w orried or em otionally u p se t, do you f e e l  muscular or physical 
tension? Where?_____________ _____ ___________________________________ __

Co you have headaches? What seems to  be the  cause?___________________

Do you consider your posture  good? Check th e  follow ing th in g s  in  re fe ren ce

to  your p o stu re : T0 9  in ?   Toe out?  Pronated fe e t?   Hyperextended

knees?   Relaxed knees? Hollow lower back?_____ F la t lower back?

S tra ig h t middle back? Rounded middle back?_______  Round shoulders?_____

Pelvis sagging down in  f r o n t? Forward head?_______

W rite your idea of a good p o stu re . Use th e  o ther s id e  of th i s  sheet i f  necessary .
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D irections to  Subjects fo r  P rep a ra tio n  fo r Radiographs
and Photographs

f. P lease  take o f f  everything except your shoes. Have these  

ready to  remove la te r*  Put on the  "white robe and t i e  i t  a t  the  

w a is t- l in e .  Bring your inform ation  blank which you have f i l l e d  out 

w ith  you*



STATISTICAL TECHNIQUES

1 .  Com putational ex p ress io n  o f  th e  Pearson Product-Moment form ulas

¥ -  r*¥

1/  1  ( x ) 2  ( H . ) 2  V Z  ( y ) 2

In  whioh I I  -  Z x  
x  TT

To determ ine the  c o r re c tn e s s  o f  d a ta  to  be u sed  in  th e  c o r
r e la t io n  fo rm ula, th e  fo llow ing  form ulae w ere u sed t

2 x  +  Z y  ■  Z  ( x 4 y )

x2  *  y2 +  2 (  Z x y  ) ■ Z  ( * * y ) 2

2 , C o rre la tio n  o f  sums o f  soores

The com pu ta tional ex p ress io n  o f the  fo rm ula f o r  th e  c o r r e la t io n  
o f  two v a r ia b le s  w ith  two v a r ia b le s  i s  th e  fo llow ings

% r xs<Vs + V a r t r  + ry*a^ t  * r yw°y«w 
p (x ty )(« -w ) "      —  ■

V - x 2 ♦  CTy 2  ♦  Z r^yO xO y

3* Com putational ex p re ss io n  o f  th e  fo rm ula  used to  co n fu te  sigma o f  
th e  asym m etries, re g a rd le s s  o f  s ig n s , fo llo w ss

ox  -^ /z x 2 Mx2
'  H

4* Com putational ex p re ss io n  o f  th e  fo rm ula  used to  co n fu te  th e  s ig 
n i f i c a n t  d if f e re n c e  o f  th e  means o f  th e  asym m etriess
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TABLE XXVIII

Sample o f Recorded Measurements

•Ray Number 27F 23P 214F 201F 192F

Key L e f t S t . L e f t  S t . L e f t  S t . L e f t  R t. L e f t  R t.

A1 90.5 89 .0 87.5 86.5 89.0
A2 90.0 89.0 87.5 89.5 91.0
AS 89.5 89.0 86.5 87.5 90 .0
A4 90 .0 89.5 87.5 90 .0 91.5
AS 89.5 90.0 87.5 89.5 89.5
AS 91.0 89.5 8 8 .0 90.5 90 .5
A7 63 .0  62.5 5 1 .0  55.5 63 .0  56.5 69 .0  59.5 58 .5  52 .0
A8 86.5 8 8 .0 8 6 .0 85 .0 8 6 .0
A9 8 6 .0 86.5 84.0 86.5 8 6 .0

A10 84.5 88.5 88.5 89.5 88.5

B1 9 .6  7 .2 6 .1  5 .1 5 .9  4 .4 7 .0  8 .7 6 . 8  5 .8
B2 11 .2  9 .0 10 .3  9 .6 11 .7  10.5 8 .6  1 0 .0 10 .6  9 .8
BS 1 0 .6  1 0 .8 10 .5  9 .8 9 .2  9 .0 1 0 .1  11 .4 10 .8  10.7
B4 17 .0  13.6 15 .8  14 .3 15 .5  12.9 13 .3  15.4 15 .6  14.5
B5 5 .9  5 .4 5 .0  5 .5 4 .0  4 .7 7 .1  5 .8 4 .3  4 .3
B6 4 .6  3 .9 4 . 8  5 .2 3 .7  4 .1 5 .8  5 .2 3 .6  2 .9
B7 16.5  13 .8 14 .2  12.9 13 .9  10.5 13 .7  16.1 17.6  18.5
B8 2 .4 1 .2 2 .6 1 .6 1 .1
B9 13.9  14.5 1 1 .4  11.9 1 2 .4  11.2 14 .8  13 .4 14 .9  1 4 .4

Cl 26 .9  22.3 2 2 .0  2 0 .8 23 .8  19.3 22.8  24 .0 23 .8  22.6
C2L 34.1  29.9 27 .2  25.9 29.6 25 .3 30.1  31 .3 30.5 28.8
C3 20.8  16.3 16.5  14 .7 17.6  14 .9 15.5 18 .6 16 .7  15 .6
C4 9 .9  9 .1 6 . 1  6 .6 7 .5  6 . 8 8 .8  9 .1 9 .8  9 .8
C5 14 .4  13.6 11 .1  11 .9 13 .7  13 .3 14 .4  15 .0 14 .9  14.8
C6 27.5 26 .3 22.5  22 .3 21 .4  19 .6 24 .8  2 6 .0 27.2  27 .3
C7 27 .2  2 6 .4 24 .1  24.3 23 .3  2 2 .0 25.8  26 .8 28.9 2 9 .4
C8 14 .7  1 3 .4 12 .8  12 .5 1 0 .6  1 0 .1 12 .9  14.0 14 .4  15 .1
C9 4 5 .7  44 .0 39 .6  39 .3 4 1 .4  39.5 42 .1  42 .7 44 .5  43 .6

CIO 31 .9  29.7 28 .2  27.5 29 .2  28 .4 27 .8  29*5 29 .7  29*4

D1 92.5 87.0 90.0 89.5 91.0
4L 1 .2 •4 0  0 1 .1
3L 1 .4 . 8 •5 .5 1*3
2L 1.5 1*2 . 8 1 .0 1 .4
1L 1 .2 1 .7 1 .2 1 . 1 1 .7

12T 1 . 0 1 .4 .9 1*0 1 .5
11T •9 1 .3 •7 •5 1 .5
10T .7 1*2 •5 •3 1 .6

9T .7 1 .3 •3 . .3 1 .6
8 T .7 1 .5 •4 • 2 1 .5
7T .7 1 .7 •5 •1 1 .3
6T . 6 1 .9 •5 •1 1 . 0
5T . 8 1 .9 •5 •4 .7
4T •3 1 .8 .7 •5 •6
3T 0  0 1 .8 .9 •6 •5
2T 0  0 1 .7 1 .2 .7 •4
IT .a 1 .R _ p A



Key Left S t. Left S t. Left Rt. Left Rt. Left Rt.

Al 90*5 89.0 87.5 86.5 89.0
A2 90.0 89.0 87.5 89.5 91.0
A3 89.5 89.0 86.5 87.5 90.0
A4 90*0 89.5 87.5 90.0 91.5
AS 89*5 90.0 87.5 89.5 89.5
AS 91.0 89.5 88.0 90.5 90.5
A7 63.0 62.5 51.0 55.5 63.0 56.5 69.0 59.5 58.5 52.0
A8 86.5 88.0 86.0 85.0 86.0
A9 86.0 86.5 84.0 86.5 86.0

A10 84.5 88.5 88.5 89.5 88.5

Bl 9.6 7.2 6.1 5 .1 5.9  4 .4 7.0 8.7 6.8 5.8
B2 11.2 9.0 10.3 9.6 11.7 10.5 8.6 10.0 10.6 9.8
B3- 10.6 10.8 10.5 9.8 9.2 9.0 10.1 11.4 10.8 10.7
B4 17.0 13.6 15.8 14.3 15.5 12.9 13.3 15.4 15.6 14.5
B5 5.9  5 .4 5 .0  5.5 4 .0  4.7 7.1 5.8 4.3 4.3
B6 4.6 3.9 4.8 5.2 3.7 4.1 5.8  5.2 3.6 2.9
B7 16.5 13.8 14.2 12.9 13.9 10.5 13.7 16.1 17.6 18.5
B8 2.4 i . a 2.6 1.6 1.1
B9 13.9 14.5 11.4 11.9 12.4 11.2 14.8 13.4 14.9 14.4

Cl 26.9 22.3 22.0 20.8 23.8 19.3 22.8 24.0 23.8 22.6
ca 34.1 29.9 27.2 25.9 29.6 25.3 30.1 31.3 30.5 28.8
C3 20.8 16.3 16.5 14.7 17.6 14.9 15.5 18.6 16.7 15.6
C4 9.9 9.1 6.1 6.6 7.5 6.8 8.8 9.1 9.8 9.8
C5 14.4 13.6 11.1 11.9 13.7 13.3 14.4 15.0 14.9 14.8
C6 27.5 26.3 22.5 22.3 21.4 19.6 24.8 26.0 27.2 27.3
C7 27.2 26.4 24.1 24.3 23.3 22.0 25.8 26.8 28.9 29.4
C8 14.7 13.4 12.8 12.5 10.6 10.1 12.9 14.0 14.4 15.1
C9 45.7 44.0 39.6 39.3 41.4 39.5 42.1 42.7 44.5 43.6

CIO 31.9 29.7 28.2 27.5 29.2 28.4 27.8 29.5 29.7 29.4

D1 92.5 87.0 90.0 89.5 91.0
4L 1.2 •4 0 0 •2 1.1
3L 1.4 • 8 •5 •5 1.3
2L 1.5 1.2 •8 1.0 1.4
1L 1.2 1.7 1.2 1.1 1.7

12T 1.0 1.4 •9 1.0 1.5
11T .9 1.3 .7 •5 1.5
10T .7 1.2 •5 •3 1.6

9T .7 1.3 •3 .*3 1.6
8T .7 1.5 •4 .2 1.5
7T .7 1.7 •5 •1 1.3
6T •6 1.9 •5 •1 1.0
5T •6 1.9 •5 •4 .7
4T •3 1.8 .7 •5 •6
3T 0 0 1.8 •9 .6 •5
2T 0 0 1.7 1.2 .7 •4
IT •4 2.0 1.5 .8 •4
7C .7 1.9 1.8 .9 •3
6C .8 1.9 2.1 •3
5C 1.0 1.9 2.3 •3
4C 1.2 1.8 2.7
*C 1.3 1.8 3.1
2C 1.8
1C 1.8



TABLE XXIX

Sample Record o f Asymmetries Determined from Measurements 
Taken on th e  Radiographs o f th e  Subjects

Radiograph
Number 27F* 23F 214F 201F 192P

Asymmetry

A1 8 -10 —25 -35 -10
A2 0 -10 -25 -  5 10
A3 -  5 -10 —35 -25 0
A4 0 -  5 -25 0 15
AS -  5 0 -25 -  5 -  5
A6 10 -  5 -20 5 5
A7 -  5 45 —65 -95 -65
A8 -35 -20 -40 -50 -40
AS -40 -35 —60 -35 -40

A10 -66 -15 -15 -  5 -15

B1 -24 -10 -15 17 -  4
B2 -22 -  7 -12 14 -  8
B3 2 -  7 -  2 13 -  1
B4 -34 -15 -26 21 -11
B5 -  5 5 7 -13 0
B6 -  7 4 4 -  6 -  7
B7 -27 -13 -34 24 -  1
B8 -24 -12 -26 16 -11
B9 6 5 -12 -14 -  5

Cl - 4 6 -12 -45 12 -12
C2 -42 -13 -43 12 -17
C3 -45 -18 -27 31 -11
C4 -  8 5 -  7 3 0
C5 -  8 8 -  4 6 -  1
C6 -12 -  2 -18 12 1
C7 -  8 2 -13 10 5
C8 -13 -  3 -  5 11 7
C9 -17 -  3 -19 6 -  9

CIO -22 -  7 -  8 17 -  3

Dl** 25 -30 0 — 5 10

* The radiograph numbers are  the  same as those  o f th e  su b jec ts  
whose measurements a re  given in  Table XXVIII*

** With the  exception  o f D l, the asymmetries o f  the  v e rteb rae  o f the  
sp in a l column may be read  d ire c t ly  from the  o r ig in a l  measurements 
given in  Table XXVIII,
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TABUS XXX

Frequency D is tr ib u t io n  o f  516 S u b jec ts  Acoording to  Age and Sex

Age ilunber o f  Women Number o f  Men T o ta l

8 1 • 1
15 1 0 1
16 4 2 6
17 19 8 27
18 21 19 40
19 27 50 77
20 26 42 68
21 17 29 46
22 8 32 40
23 6 20 26
24 8 16 24
25 5 9 14
26 6 10 16
27 9 4 13
28 1 2 3
29 3 7 10
30 3 2 5
31 3 3 6
32 3 1 4
33 7 5 12
34 10 3 13
35 5 4 9
36 4 0 4
37 4 1 5
38 7 5 12
39 3 2 5
40 2 4 6
41 5 2 7
42 1 3 4
43 1 0 1
44 1 0 1
45 2 0 2
46 2 0 2
47 1 1 2
48 1 0 1
56 1 0 1
60 1

229

0

287

1

516

The ta b le  ( l i n e  4 ) shou ld  be re a d  a c ro s s  as  fo llo w s: Among th e  sub
j e c t s  17 y e a rs  o f  age th e re  were n in e te e n  women and e ig h t  men, 
a  t o t a l  o f  tw en ty -seven  s u b je c ts  a t  t h i s  age le v e l .
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TABLE 2

Average I n te r c o r r e la t io n  o f  Asynmetrie

Asym.* A2 A3 A4 AS A6 A7 A8 A9 A10 B1 B2 B3 B4 B5 B6

A1 *89 *78 .7 2 .73 .7 2 .37 •09 •09 •09 •45 .67 •01 •65 - .3 9 - .3 2
A2 .75 .7 0 .70 .6 7 .37 •08 •09 .11 •43 •62 •04 •61 - .3 5 - .3 0
A3 .8 2 •90 .8 1 •52 •03 .05 •05 •59 .7 3 •06 .76 -•4 4 —24
A4 •83 .78 .39 .0 1 •02 .0 1 •54 •65 •02 •68 -•4 3 —.28
A5 .8 3 •61 •02 •02 •01 •64 •72 •04 .79 —.46 -.2 2
A6 .3 0 .07 •06 -•0 3 •53 •65 •06 •68 -•5 3 - .4 1
A7 - .0 4 -•01 •05 •11 •44 - .4 7 •33 •23 •37
A8 •46 •45 - .0 2

rtO• •10 - .0 2 - .0 9 - .0 6
A9 .41 -•0 1 .0 4 •09 .01 - .0 9 -•0 5

A10 -•05 •04 •03 - .0 2 •04 •03
B1

CDto• .39 .82 - .7 1 —50
B2 - .0 7 .7 4 -•2 8 - .1 8
BS .16 -•5 5 —55
B4 - .6 0 —41
B5 *78 -
B6 
B7 
B8 
B9 
C l  
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 

CIO 
D1 
D2

* Asym. means asymmetry*



178

TABLE XX22

la t io n  o f  Asymmetries i n  Four Age-Sex Groups o f  Sub jeo ts

B5 B4 B5 B6 B7 B8 B9

•01 •65 - .3 9 - .3 2

CO• •63 .00
•04 •61 -•35 - .3 0 .45 •59 •01
•06 .76 -•4 4 - .2 4 •58 •75 - .0 2
•02 •68 - .4 3 -•2 8 .61 .70 -.0 6
•04 .79 - .4 6 -•22 .61 .81 - .1 0
•06 •68 -•5 3 - .4 1 •54 • 70 -•09

-•47 •33 •23 .37 •06 •26 .15
.1 0 -•02 - .0 9 - .0 6 .00 .0 1 -•0 7
•09 .01 -•0 9 - .0 5 - .0 1 .01 •02
•03 - .0 2 •04 .03 -•0 3 -•0 1 •03
•39 .82 - .7 1 - .5 0 .9 2 • 88 - .2 7

- .0 7 .74 —.28 - .1 8 •39 .67 - .0 5
•16 -•55 - .5 5 •44 •30 -•2 0

- .6 0 - .4 1 • 80 •93 - .1 8
.78 - .7 6 -•7 1 • 25

—.6 0 - .4 8 .19
.87 -.2 6

- .2 2

Cl 02 C3 C4 C5 C6 C7

•66 •63 •65 •35 •39 .35 •27
•62 •59 •62 .33 .41 •30 •26
.7 8 .75 .78 •48 •48 •45 •24
.75 .67 .71 •36 •39 •48 •41
• 81 .76 .81 •43 •44 •39 •15
.6 7 •65 .70 •33 .3 7 •35 .16
•38 •36 •28 •54 •38 .11 —.01

- .0 3 - .0 6 —.01 - .1 2 —.0 4 —•09 -•06
.0 1 - .0 2 .01 - .0 1 •00 - .0 2 - .0 3

- .0 1 - .0 7 -•0 1 -•OS —.0 4 - .0 4 —•03
.8 1 .72 • 88 .21 .1 7 .75 •43
.73 .67 .73 .37 •40 •23 .10
.1 8 .13 .2 7  -430 —.21 •33 •24
.9 2 • 84 .95 •33 •34 .6 0 •32

—•58 - .5 0 - .6 5 •03 - .2 7 - .4 7 - .2 7
-•3 8 - .3 2 - .4 6 •15 .0 4 - .3 8 - .2 9

•79 .73 .86 •15 .19 .7 3 .49
•92 •84 •96 .27 •30 •63 •35

- .0 3 .11 - .2 1 .57 .19 •30 .23
.90 • 94 

.8 7
•40
•50
•33

•34
•38
•35
•65

•66
.70
.65
•54
•32

•41
•39
•36
•33
•53
.71

C8 C9 CIO D1 02 OS

.27 •13 •08 •75 - .6 1 —20
•25 .1 4 •09 •82 —69 —24
•30 .2 2 .1 9 •61 —.48 —16
•46 .1 1 .1 1 •54 - .4 1 — 11
•21 .19 •21 •54 - .3 7 —OE
•16 • U •12 .57 - .4 2 -.1 2
•14 •02 - .0 8 .27 —26 -.0 6

- .0 7  -*09 -•05 •12 —.09 -.0 4
- .0 6  - .0 3 -•0 4 .1 0 —15 -.0 6
- .0 1  .-.05 - .0 6 .1 9 —16 -.0 7

•63 •65 .8 3 •34 — 20 —07
•13 •03 •02 •05 -•3 9 —13
•29 •33 •47 •02 •02 .31
•48 •46 •55 •49 —32 —Ot

—.33  1- .4 0 —.55 - .3 2 •18 .01
- .3 2 -•3 0 - .4 2 —29 •21 •11

•67 .59 .75 •36 —24 —OT
•51 •48 •61 •47 —29 —O',

-•1 3 •34 - .2 9 •OS - .0 5 •o<
.50 •52 •53 •49 - .3 2 —0(
•45 .57 •49 .47 —33 -.01
.53 •50 •62 •50 —33 —0<
•20 .43 •05 •29 —22 -.01
.19 .18 •04 •31 —24 —*01
.73 •86 .6 7 •28 —18 —0<
•68 •54 •39 .1 7 —11 •o:

•55 •66 •18 —15 — 1<
.7 6 •11 - .0 5 —0<

•06 .0 1 —o:
—82 — 2:
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TABLE XXXII

C la s s i f ic a t io n  o f  Average C o rre la tio n  o f  S k e le ta l  Asymmetries 
A ccording to  Ten-Degroo Range

#96 •80
to

•70
to

.60
to

•50
to

•40
to

Asym#* Asym* •90 Asym. .80 Asym. .70 Asym. •60 Asym* •50

A3A5 #90 A1A2 •89 A1A5 •78. A1B2 .67 A2B8 •59 A1B1 •45
B1B7 .92 A2D1 •82 A1A4 •72 A1B4 •65 A2C2 •59 A1B7

00•

B4B8 • 93 A3A4 •82 A1A5 .73 A1B8 •63 A3A7 •52 A2B1 •43
B4C1 •92 A3A6 .81 A1A6 .72 A i d •66 A3B1 .5 9 A2B7 •45
34C3 • 95 A4A5 .83 A1D1 .75 A1C2 •63 A3B7 •58 A2C5 •41
B8C1 • 92 A5A6 •83 A2A3 .75 A1C3 .65 A4B1 •54 A3B5 •44
B8C3 .96 A5B8 .81 A2A4 .70 A1D2 .61 A4D1 •54 A3C4 •48
C1C2 • 90 A5C1 • 81 A2A5 .70 A2A6 .67 AA5A7 .51 A3C5 .48
C1C3 .94 A5C3 .81 A3B2 .73 A2B2 .62 A5D1 .54 A3C6 .45

B1B4 • 82 A3B4 .76 A2B4 .61 A6B1 .53 A3D2

CO•

B1B8 •88 A3B8 .75 A2C1 .62 A6B5 •53 A4B5 •43
B1C1 .81 A3C1 .78 A2C3 .62 A6B7 •54 A4C6 •48
B1C3 .88 A3C2 .75 A2D2 .69 A6D1 .57 A4C7 •41
B1C10 • 83 A3C3 .78 A3D1 .61 A7C4 .5 4 A4C8 .46
B4B7 • 80 A4A6 .78 A4B2 •65 B1B6 .50 A4D2 .41
B4C2 .84 A4B8 .70 A4B4 •68 B3B5 .55 A5B5 •46
B7B8 .87 A4C1 .75 A4B7 •61 B3B6 •55 A5C4 •43
B7C3 • 86 A4C3 .71 A4C3 .67 B4C10 •55 A5C5 •44
B8C2 • 84 A5B2 .72 A5B1 •64 B5C1 •58 A6B6 .41
C2C3 .87 A5B4 .79 A5B7 .61 B5C2 •50 A6D2 •42
C6C9 • 86 A5C2 .76 A6B2 •65 BSC 10 .55 A7B2 .44
D1D2 •82 A6B8 .70 A6B4 • 68 B7C9 •59 A7B3 .47

A6C3 .7 0 A6C1 .67 B8C8 .51 A8A9 .46
B1B5 .71 A6C2 •65 B9C4 .57 A8A10 .45
B1C2 .72 B1C8 •63 C1C8 .50 A9A10 .41
B1C6 .75 B1C9 •65 C1C9 .52 B1C7 •43
B2B4 .74 B2B8 .67 C1C10 •53 B2C5 .40
B2C1 .73 B2C2 .67 C2C4 •50 B3B7 •44
B2C3 .73 B4B5 •60 C2C9 .57 B3C10 .4 7
B5B6 .78 B4C6 •60 C3C8 •53 B4B6 .41
B5B7 .76 B5C3 •65 C3C9 .50 B4C8 .48
B5B8 .71 B6B7 •60 C3D1 .50 B4C9 .46
B7C1 .79 B7C8 .67 C4C6 .5 4 B4B1 •49
B7C2 .73 B8C6 •63 C5C7 •53 B5C6 .4 7
B7C6 .73 B8C10 .61 C7C9 •54 B5C9 •40
B7C10 .75 C1C6 .66 C8C9 •55 B6B8 .48
C2C6 .7 0 C3C6 •65 D1D3 .55 B6C3 •46
C6C7 .71 C3C10 .62 B6C10 .42C6C8 .73 C4C5 .65 B7C7 .49
C9C10 .76 C6C10

C7C8
C8C10

.67
•68
.66

m

B9C9
B8D1
C1C4
C1C7
ClDl
C2C8
C2C10
C2D1
C4C9

•48
.4 7
•40
.41
•49
•45
•49
.47
•43
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TABLE X m i l

Average Degree o f  Asymmetry i n  Each Age-Sex Group o f  
S u b jec ts  -  R egard less o f  S ide o f  Asymmetry

Asymmetry Young Women Young Men O lder Women O lder Men

A1 20*45 19.62 16.86 23.75
A2 17.69 18.19 15.11 20.65
A3 18.97 17.34 15.85 17.90
A4 20.91 18.60 16.76 20.45
A5 15.74 13.74 12.45 15.40
A6 18.80 20.05 16.33 18.60
A7 44.30 39.34 38.35 39.70
A8 30.70 29.56 37.18 29.50
A9 25.29 22.72 22.61 20.95

A10 34.88 33.79 36.22. 28.95

B1 14.16 12.48 12.11 15.58
B2 9.58 9.71 7.51 9.43
B3 5.58 6.98 5 .9 8 7 .01
B4 16.13 12.29 12.30 15.19
B5 8.79 8.06 8.85 8.19
B6 4.85 6.54 5 .22 6 .1 4
B7 20.55 18.95 15.45 24*03
B8 13.99 10.91 11.00 13.73
B9 5.32 7.53 4 .98 6 .5 4

Cl 19.81 17.55 16.02 20.83C2 19.41 17.62 16.40 20.86C3 20.29 17.01 16.48 21.13C4 5 .10 7.76 6.12 7.61C5 5.65 6.23 5 .9 9 6.57C6 8.46 9.27 8.50 10.88C7 6 .5 2 7.09 5.96 7.20C8 5 .6 3 5.22 5 .29 5 .81C9 8.60 9.92 9.05 11.24CIO 9.30 8.90 9.19 10.23
D1 22.68 19.89 19.20 23.80D2 43.20 41.76 37.43 37.71D3 156.75 188.20 183.86 141.51
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TABLE XXXJT

R e l i a b i l i t y  o f  S k e le ta l  Asymmetries -with Means and S tandard Dev 
in  th e  F i r s t  and Seoond Radiographs o f  T h ir ty  S ub jec ts  TJ 

R e l i a b i l i t y  t  and Means and S tandard  D eviations o f . 
in  th e  R adiographs o f  th e  Four Groups o f  Sub

. 2 . . . ............................................. U S

Humber o f 
S ub jec ts 30 30 30 121 182 94 100 30

Asymmetry r
•98

X y Y.W. Y.M. O.W. O.M. X

A1 .98 -  4 .29 -  2.86 • 21 -  2 .69 -  1 .97 -  6.65 30.31 !
A2 •95 -  8.66 -  8 .00 — 1 .40 -  4 .01 -  1 .81 -  6.95 24.21 \
AS •95 -  9.46 -  7 .68 -  4 .3 4 -  6 .29 -  S .0 2 -  6 .60 21.26 !
A4 .95 -  5 .17 -  6 .00 -  2 .48 -  6 .07 - 1 . 7 6 -  5 .65 23.22 i
AS •93 -  6 .83 -  4 .17 -  3 .51 -  2 .58 -  1 .28 -  2 .50 17.53
AS .91 -  8 .00 — 6.83 -  3 .10 — 6.15 -  1 .44 -  5 .60 23.00 i

A7 .8 4 -29 .00 -1 0 .1 7 -1 9 .8 3 -15 .93 -  8 .78 -  8 .20 43.99 i
A8 • 83 -28 .00 -22*33 -26 ,07 -2 1 .5 9 -32 .29 -2 5 .1 0 42.26 \

A9 .71 -1 9 .0 0 -1 9 .6 7 -22 .31 -1 9 .4 8 -17 .18 -17 .25 20.70 ,
A10 .8 8 -1 3 .5 0 —12.33 -23 .55 -2 5 .2 7 -22 .50 —18.95 34.80 *

B1 .7 3 7.66 2.04 1.50 2.65 •06 1.78 15.2 ;

B2 .9 2 -  2 .57 -  1.20 -  ,14 -  .17 1.02 -  1.27 11.87
B3 .6 0 6 .83 1,80 2.39 3 .98 1.51 3.47 8.03
B4 •  86 2.60 .13 -  .12 -  .1 9 -  .60 -  1 .39 19.12 *

B5 •62 -  5 .40 -  1 .40 -  1 .42 -  2 .05 -  .91 -  2.05 9.40
B6 •66 -  3.36 -  .63 -  1 .28 -  1 .7 4 -  .88 -  2 .44 6.55
B7 .77 10.62 3.21 -  1,02 .9 9 -  2.17 -  .33 22.2 44
B8 .78 2.50 -  1 .13 -  .55 .01 •06 — .65 15.16 1

B9 .73 — .6 1 -  1.55 .15 •32 -  .30 .3 8 7.6

Cl .8 1 -  1 .70 -  4 .60 -  1.56 i • w 03 -  .70 -  1.19 23.40 t
t

C2 •  85 -  .44 -  4 .56 -  .50 1 .20 -  .79 -  2.42 20.95 0
I

C3 .8 8 4 .23 -  .70 5 .4 1 .96 1.31 -  .05 23.09 4
I

C4 .91 •56 — .06 1.12 1 .57 1.63 1.25 9.78
C5 .86 -  2.07 -  1.23 .17 •36 1.20 .77 8.35
C6 .8 2 9.06 2.38 1.83 2 .84 1.16 1 .90 11.07 ]
C7 .8 3 2.60 -  .17 •93 .0 9 — .09 •16 7.78
C8 .7 7 4 .03 1.30 .49 • 20 -  .1 4 •41 5 .44
C9 •64 9 .4 4 3 .88 1.61 3 .98 1.12 2.88 8.44 3

C IO .7 4 8.77 2.63 1.58 3 .59 1.26 3.37 9.30

D1 .92 -  .17 3 .38 5 .41 1 .87 2.59 -  1 .10 27.67 V
m . .91 18.36 9.87 -1 4 .0 9 1 .98 -  9 .06 2.81 27.44 •3

D3 .8 3 58.17 8.50 -  .3 9 40.79 -24 .12 35.47 221.6 2E

r  i s  th e  r e l i a b i l i t y  o f  th e  asymmetry; x ,  th e  asymmetry on th e  f i r s t  rad io g rap h s 
on th e  seoond rad io g rap h s o f  30 s u b je c ts ;  Y.W. means young women; Y.M.,  young mex 
men*



TABLE XXXJ7:

i t y  o f  S k e le ta l  Asymmetries w ith  Means and S tandard  D ev ia tions  o f  Asymmetries 
n  th e  F i r s t  and Second Radiographs o f Thirty* S u b jec ts  Used to  Determine 

R e l i a b i l i t y ,  and Means and S tandard  D ev ia tions o f  Asymmetries 
in  th e  Radiographs o f  th e  Four Groups o f  S ub jec ts

MEANS  .............. . . • . • • • • • . • • • •  • • • • • • • • •  STANDARD DEVIATIONS'

SO 121 182 94 100 30 30 121 182: 94 100iiiiiii1( i i t i i i i -......
y Y.W. Y.M. O.W. O.H. X y Y.W. Y.M. O.W. O.M.

• 2.86 .21 -  2 .69 -  1 .97 -  6.65 30.31 31.23 26.5 24 .4 22 .8 29 .8
• 8 .00 -  1 .4 0 -  4 .01 -  1 .81 -  6.95 24.21 25.31 23.4 22.6 19.6 25 .4
. 7.68 -  4 .3 4 -  6 .29 -  S .0 X -  6.60 21.26 20.24 23.2 21.2 21.3 21.8
• 6 .00 ■ 2 .48 -  6 .07 -  1 .78 -  5 .65 23.22 25.17 27.2 22.8 21.9 25 .2
• 4 .1 7 -  3 .51 -  2 .58 -  1 .28 -  2.50 17.53 17.65 19.9 17 .7 17 .0 19 .7
> 6 .83 -  3 .1 0 -  6.15 -  1 .4 4 -  5 .60 23 .00 24.91 23 .3 24 .8 22.5 24.1
>10.17 -1 9 .8 5 -15 .93 -  8.78 -  8.20 43.99 51.46 51 .4 48 .3 5 0 .3 50 .1
•22.33 -26 .07 -2 1 .5 9 -32 .29 -2 5 .1 0 42.26 31.90 27 .6 31 .3 32 .2 29.6
*19.67 -22 .31 -1 9 .4 8 -1 7 .1 8 -17 .25 20.70 19.00 22.3 20.2 24.0 19 .9
>12.53 -23 .55 -25 .27 -22 .50 -18 .95 34.80 31.60 35.6 33.7 39 .2 31.7

2 .04 1 .50 2.65 •06 1.78 15 .2 14 .7 17.6 15.1 14.5 18 .8
- 1.20 -  .14 -  .17 1.02 -  1.27 11.87 10.95 11 .4 12.2 9 .9 11.6

1.80 2.39 3 .98 1.51 3.47 8.03 7.04 7 .7 8 .0 7 .6 8 .6
•13 -  .12 -  .1 9 -  .60 -  1.39 19.12 19.54 19.8 15.8 16 .0 19.1

- 1 .40 -  1 .42 -  2.05 -  .91 -  2.05 9.40 9 .03 11 .4 10.5 10.9 10.2
• .63 -  1 .28 -  1 .74 -  .88 -  2.44 6.55 7.67 6 .4 8.6 6 .2 7 .4

3.21 -  1.02 .99 -  2 .17 -  .33 22.2 23.6 2 5 .8 23 .8 20.0 29 .7
• 1 .13 -  .55 .01 .06 — .65 15.16 14.97 17 .2 13.9 13.6 17.2
• 1.55 .15 •32 l . w o •38 7.6 6 .8 6 .7 9.6 6 .6 8 .2

• 4 .6 0 -  1 .56 i . w 09 -  .7 0 -  1.19 23.40 21.80 24.8 22.1 21 .0 25.8
• 4 .56 -  .50 1 .20 -  .79 -  2.42 20.95 21.67 23.7 22 .4 20.6 25.9
> .70 5 .4 1.96 1.31 -  .05 23.09 22.16 24.8 21.4 20.2 26.6
> .06 1.12 1 .57 1 .63 1.25 9.78 7.75 6 .9 9.7 7 .7 9.5
> 1 .23 .17 •36 1.20 .77 8.35 6 .30 7 .4 8 .0 7 .5 8 .0

2 .38 1.83 2.84 1.16 1.90 11.07 11.62 10 .3 11 .4 10 .9 13.5
• .1 7 •93 •09 -  .0 9 •16 7.78 7.87 8 .3 9 .1 7 .9 9 .1

1 .30 •49 •20 — .1 4 •41 5 .44 6 .86 7 .5 6 .7 7 .0 7 .3
3*88 1.61 3.98 1.12 2.88 8.44 11.17 10.8 11.8 11.7 13.1
2 .63 1.58 5.59 1.26 3.37 9.30 9.79 11 .3 10.6 11 .2 13 .2

3 .38 5 .41 1.87 2.39 -  1 .10 27.67 31.42 28.3 26 .3 23 .7 29.7
9.87 -1 4 .0 9 1 .98 -  9 .06 2.81 27.44 30.96 51 .9 53 .9 48 .5 4 7 .3
8.30 -  .3 9 40.79 -24 .12 35.47 221.6 253.4 199.6 237.8 215.6 183.7

----------------------------------------------------------------------------------------------------- i -------------------------------------------
he asymmetry; x ,  th e  asymmetry an th e  f i r s t  rad io g rap h s o f  SO s u b je c ts ;  y ,  th e  asymmetry 

o f  30 s u b je c ts ;  Y.W. means young women; Y.M ., young men; O.W., o ld e r  women; O.M., o ld e r
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TABLE DOW

Summation o f  th e  C o rre la tio n s  o f  Eaoh B i l a te r a l  S k e le ta l  
Asymmetry w ith  a l l  O ther Asymmetries i n  Eaoh 

o f th e  Age-Sex Groups o f  S u b je c ts

innmetry Young Women Young Men O lder Women O lder Me

A1 13568 13653 12202 14551
A2 13550 12424 12230 14880
A3 16260 13213 13694 16720
A4 15760 12990 12020 16570
AS 16230 13580 12661 15810
A6 15120 11584 12510 14270
A7 8501 7530 7630 8630
A8 3750 2890 4320 3210
A9 4401 2390 3600 3344

A10 4120 2363 4220 4370

B1 15800 13330 14210 17070
B2 13214 11170 11244 12330
B3 6602 6522 7110 6770
B4 16070 14920 15240 17770
B5 12842 10750 10680 14210
B6 9970 9370 8250 11714
B7 16390 13890 13570 17170
B8 17340 15010 15460 17940
B9 5202 5810 4604 4491

Cl 17190 15620 15020 17950
C2 17130 15960 14670 15310
03 17560 15660 15650 16790
C4 9340 9110 9680 10090
C5 7782 7520 9450 10520
C6 14402 12003 12490 15380
C7 9380 7500 8394 11590
C8 11340 9170 8395 13120C9 9920 8760 9064 12430

CIO 10833 8864 8942 12840

D1 11543 10450 10264 13270D2 8830 7870 8480 10940D3 3884 2343 2794 4680
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TABLE XXXVI

C o rre la tio n s  o f Asymmetries YTithin th e  V arious Groups o f 
Asymmetries (P a tte rn s )  w ith  O ther S k e le ta l  Asymmetries

Group A (P a t te rn  I )

B1 B4 B7 B8 Cl C2 CS

Group B (P a t te rn  I I )

A1 A2 A3 A4 A5 A6

A1
A2
A3
A4
A5
A6
A7
A8
A9

A10
B2:
B3
B5
B6
B9
C4
C5
C6
C7
C8
C9

CIO
D1
D2:
D3

.45 .65 
•43 .61  
.59  .76  
.5 4  .68 
.6 4  .79  
.5 3  .68  
•11 .33  
•02 .0 2  
•01 .01 
.05  .02  
.3 8  .7 4  
•39 .16 
.7 1  .60  
•50 .4 1  
.2 7  .18  
.3 1  .3 3  
.17  .3 4  
.75 .6 0  
.43  .32  
.6 3  .48  
.65 .46 
.83  .55  
•34 .4 9  
.20  .32  
.0 7  .06

•48 .63  
•45 .59  
.5 8  .75 
.6 1  .7 0  
•61 .81  
•54 .7 0  
.06 .26  
•00  .01  
•01 .01 
•03 .0 1  
.39  .67  
•44 .30  
.76  .71  
•60 .48  
•26 .22  
.15  .2 7  
•19 .30 
•73 .63  
•49 .35 
•67 .51  
•59 .48  
.75  .61  
.36  .47  
.2 4  .29  
.0 7  .0 7

.6 6  .63  .65  

.6 2  .59  .6 2  

.7 8  .75  .78  

.75 .67  .7 1  

.8 1  .76  .81  

.67  .65 .7 0  

.3 8  .36 .28  
•03 .06  .01  
•01 .02  .01  
•01 .0 8  .01  
.73  .6 7  .7 3  
.1 8  .1 3  .27  
.3 7  .50  .65 
.3 8  .3 2  .46 
.0 3  .1 1  .21  
•40 .50  .33  
.3 4  .3 8  .35 
•66 .70  .65 
•41 .3 9  .36  
•60 .45  .53  
.52  .57  .50  
•53 .4 9  .62  
.49  .47  .50  
.3 2  .33  .33  
.08  .0 8  .08

A7
A8
A9

A10
B1
B2.
Bff>
B4
B5
B6
B7
B8
B9
Cl
C2:
C3
C4
C5
C6
C7
C8
C9

CIO
D1
D2.
D3;

.3 7  .37  

.0 9  .0 8  

.0 9  .0 9  

.0 9 . .1 1  
•45 .43  
•67 .62  
•01 .0 4  
•65 .61  
.39  .35 
.3 2  .3 0  
.4 8  .45 
.6 3  .59  
.00  .01  
.66  .62  
.6 3  .59 
.65  .62  
.3 5  .33 
•39 .41  
.35  .30  
.2 7  .26  
.2 7  .25 
.1 3  .1 4  
.0 6  .09  
.75  .8 2  
•61 .6 9  
•20 .2 4

•52 .39 
.0 3  .01  
•05 .02  
.05 .01 
•59 .54  
.73  .65 
.06  .0 2 . 
.76 .68  
•44 .43  
•24 .28  
•58 .61  
.75 .70  
.0 2  .06 
.78  .75 
.75 .67  
.78  .71  
.48  .36 
•48 .39 
•45 .48  
.2 4  .41  
•30 .46 
.22  .11  
.19  .11  
•61 .5 4  
.48  .41  
.16  .11

.51  .30  

.02  .07  

.02  .06 

.01 .03  
•64 .53  
.72  .65 
•04 .06  
•79 .6 8  
.46 .53 
•22 .4 1  
.61  .5 4  
.81  .70  
.10  .09  
.81  .6 7  
•76 .65 
.81  .7 0  
•43 .33: 
.4 4  .37  
.39  .35  
.15 .16 
.21  .16 
.19 .11  
.21 .12 
.54  .5 7  
•37 .42  
.08  .1 0

At .  .4 0  .42  .4 0  .43  .4 3  .43  .43
At .  .3 7  .36  .41  .38  .40  .36

Group C (P a t te rn  H I )  Group D (P a t te rn  IV) Group F (P a t te rn  V)

C6 C7 C8 B5 B6 o to CIO

A1 .35 .37 • 27 A1 .3 9 •32 A1 •13 •08
A2 .30 .2 6 .35 A2 •35 •SO A3 •14 .09
A3 •45 •34 .3 0 A3 •44 .2 4 A3 •33 .19
A4 •48 .41 •46 A4 •43 • 28 A4 .11 .11
A5 .39 •15 .21 AS .46 .32 A5 .19 .21
A6 .35 .16 .16 A6 •53 .41 A6 .11 .12
A7 .11 .01 .14 A7 •23 .37 A7 .03 .0 8
A8 .09 .06 .07 A8 .09 .0 6 A8 .09 •05
A9 •02 .03 •06 A9 •09 .08 A9 .03 .04

A10 .04 .03 .0 1 A10 •04 .03 A10 •05 •06
B1 .75 •43 •63 B1 .71 •50 B1 •65 • 83
B2 .23 .10 •13 B2 .2 8 .18 B2 •03 •02
B5 .33 .34 .39 B3 •55 •55 B3 •33 .4 7
B4 .60 •32 •48 B4 .60 •41 B4 .46 .55
B5 .47 .27 .33 B7 .76 •60 B5 •40 •55
B6 .38 .39 .32 B8 .7 1 .48 B6 .30 .42
B7 o i l ^ 9 .6 7 B9 •25 .19 B7 •59 .75



AV. «4U ,W J  *4d *49 *49 *49
At .  .37  .36  .41  .3 8  .4 0  .36 

Group C (P a t te rn  H I )  Group p (P a t te rn  17) Group F (P a t te rn  V)

C6 C7 C8 55 B6 C9 CIO

A1 •35 .27 .2 7 A1 •39 •32 A1 •13 .08
A2 .30 .2 6 •25 A2 .35 •30 A2 .14 .0 9
A3 •45 .2 4 •30 A3 •44 .2 4 A3 •22 .19
A4 •48 •41 •46 A4 •43 • 28 A4 •11 .11
A5 •39 .15 •21 A5 .46 .22 AS .1 9 • 21
A6 •35 •16 •16 A6 .5 3 •41 A6 •11 .12
A7 .11 •01 .14 A7 .23 .3 7 A7 .02 •08
A8 •09 .06 .07 A8 .09 .06 A8 .09 .05
A9 •02 •03 •06 A9 .09 •08 A9 •03 .0 4

A10 •04 •03 .01 A10 •04 •03 A10 •05 •06
51 .75 •43 •63 B1 .71 •50 B1 •65 •83
52 .  23 .10 • 13 52 .2 8 .18 52 •03 •02
53 .33 • 24 .29 B3 .55 •55 53 .33 .47
54 .60 •32 •48 54 .60 •41 B4 .46 .55
55 .47 .27 •33 B7 .76 •60 B5 .40 •55
56 •38 .3 9 .32 B8 .71 •48 B6 .30 .42
B7 .73 •49 .6 7 B9 •25 .19 B7 •59 .75
58 .63 •35 .51 Cl •58 .38 B8 •48 .61
59 •30 • 23 •13 C2 .50 .32 59 •34 •29
Cl •66 •41 •50 C3 .6 4 •46 Cl .52 •53
C2. .70 •39 •45 C4 .03 .15 C2 .57 •49
C3 •65 •36 •53 C5 .27 .0 4 C3 •50 .62
C4 •54 •33 • 20 C6 .47 •38 C4 •43 .05
C5 •32 •53 .19 C7 .27 .29 C5 .18 .0 4
C9 • 86 •54 •55 C8 .33 .32 C6 .86 .67

CIO .67 .37 •66 C9 •40 •30 C7 •54 •39
D1 .28 .19 .1 8 CIO •55 •42 C8 •55 •66
52 .18 .11 .15 51 •32 • 29 51 .11 •06
53 •06 .01 .10 52 .18 .21 52 .05 .01

53 .09 .13 53 •01 .01
At . .41 .41 •31

At . .39 •30 At . .30 •30

Group E (P a t te rn  71) Group G (P a t te rn

D1 52

A1 .75  .6 1  
A2 .82  .6 9  
A3 .6 1  .4 8  
A4 .5 4  .41  
A5 .5 4  .3 7  
A6 .5 7  .42  
A7 .2 7  .26  
A8 .1 2  .09  
A9 .1 0  .15 

A10 .1 9  .16  
B1 .3 4  .20  
52 .05  .3 9  
B3 .0 2  .02
54 .49  .3 2
55 .32  .18  
B6 .29  .21  
57 .36 .2 4  
B8 .47  .29  
59 .03  .03  
Cl .4 9  .32  
C2 .47  #33

A8 A9 A10

A1 .09 
A2 .08  
A3 .03  
A4 .01  
A5 .02  
A6 .07  
A7 .0 4  
51 .02  
B2 .01 
B3 .10
54 .0 2
55 .09
56 .06 
B7 .00  
B8 .01  
B9 .07  
Cl .03  
C2 .06  
C3 .01  
C4 .12  
C5 .0 4

.09  .09  

.0 9  .11  

.05 .05 

.02  .01  

.02  .01  

.06  .03  
•01 .05 
•01 .05 
.0 4  .0 4  
.09  .03  
.0 1  .0 2  
.0 9  .0 4  
•05 .03  
.01  .03  
.0 1  .0 1  
.02  .03  
.01  .01  
.0 2  .07  
.01  .01 
.0 1  .03 
.00  .0 4



B2 .23  .10  *13 
B3' .33  .24  .29 
B4 .60  .32  .48  
B5 .47  .27  .33  
B6 .3 3  .39  .32  
B7 .73  .4 9  .67  
B8 .63  .35 .51  
B9 .30  .23  .13  
Cl .66  .41 .50  
C2 .7 0  .39  .45 
C3 .65 .36 .53  
C4 .5 4  .33 .20  
C5 .32 .53 .19 
C9 .86 .54  .55

CIO .67  .37  .66 
D1 .28 .19 .18  
D2 .18  .11 .15 
D3 .06 .01 .10

At .  .41  .41  .31

Group B (P a tte rn  VI)

D1 D2

A1 .75 .61  
A2 .82 .69  
A3 .61  .48  
A4 .54  .41  
A5 .54  .37  
A6 .57  .42  
A7 .27 .26 
A8 .12 .09  
A9 .10 .15 

A10 .19 .16 
B1 .34  .20 
B2 .05 .39  
B3 .02  .02 
B4 .49 .32  
B5 .32 .18  
B6 .29 .21 
B7 .36 .24  
B8 .47 .29  
B9 .03 .03  
Cl .49 .32  
C2 .47 .33 
C3 .50 .33 
C4 .29 .22  
C5 .31  .2 4  
C6 .28 .18 
C7 .17 .11 
C8 .18 .15 
C9 .11 .05 

CIO .06 .01  
D3 .21 .55

B2 .2 8 .18 B2 .0 3 •02
B3 •55 •55 B3 .33 •47
B4 •60 •41 B4 .46 .55
B7 .76 •60 B5 •40 •55
B8 .7 1 •48 B6 •30 •42
B9 •25 .19 B7 •59 .75
Cl •58 .38 B8 •48 .61
C2 .50 .32 B9 .3 4 • 29
C3 .6 4 •46 Cl .52 .53
C4 •03 .15 C2 .57 .49
C5 .27 .04 C3 .50 .62
C6 .47 •38 C4 •43 .05
C7 .27 .29 C5 .1 8 •04
C8 •33 •32 C6 .86 .67
C9 •40 •30 C7 .5 4 •39

CIO .55 •42 C8 •55 •66
D1 •32 .29 D1 .11 •06
D2 .18 •21 D2 .05 .01
1)3 .09 .13 D3 .04 .01

A t . .39 •30 A t . .30 .30

Group G (P a t te rn  V II)

A8 A9 A10

A1 .09 .09 .09
A2 .08 .09 .11
A3 .03 .05 .05
A4 .01 .02 .01
A5 .02 •02 .01
A6 .07 .06 •03
A7 .04 .01 •05
B1 .02 .0 1 •05
B2 .01 .04 •04
B3 .10 .09 •03
B4 .0 2 .01 •02
B5 .09 .09 .0 4
B6 .06 .05 .03
B7 .00 .01 .03
B8 .01 .01 .01
B9 .07 .02 .03
Cl .03 .01 .01
C2 .06 •02 .07
C3 .01 .01 .01
C4 .12 .01 •03
C5 .04 .00 •04
C6 .09 .02 •04
C7 .06 •03 .03
C8 .07 •06 .01
C9 .09 •03 •05

CIO •05 .0 4 •06
Dl .12 .1 0 .19
D2 .09 .15 .16
DS .0 4 .05 .07

At . .05 .0 4 .05
At .  .33  .27
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TABLE XXXVII

The L a te ra l L ocation o f th e  S k e le ta l  Asymmetries i n  E a c h  
o f th e  Age-Sex Groups o f S u b jec ts

Young Women Young Men O lder VTomen O ld e r  M en
Speoifie  *£121>* (182) (9?) ( lO O )
Pft-MtAWi Asvrnfltrv — ♦ O •  i  O •  i  O m l  OP a t te r n Asymmetry -* * 4 0 - ♦ o - * 0 - * o

I B1 61: 58: 2 77: 101: 4 43: 50: 1 4 8 : 5 0 : 2
I B4 59: 62: 0 88: 90: 4 45: 44: 5 5 2 : 4 4 : 4
I B7 67: 52: 2 79: 98: 5 40: 52: 2 5 0 : 4 8 : 2
I B8 63: 54: 4 89: 84: 9 43: 50: 1 4 7 : 4 7 : 6
I Cl 63: 55: 3 91: 88: 3 38: 53: 3 5 3 : 4 4 : 3
I C2 63 r. 58: 0 87: 93: 2 41: 51: 2 5 2 : 4 7 : 1
I C3 59: 60: 2 87: 91: 4 40: 52: 2 4 8 : 5 0 : 2

I I Al 47: 60: 14 93: 69:20 39: 41: 14 5 3 : 4 0 : 7
I I A2 53: 53: 15 99: 63:20 42: 4 2 :1 0 5 5 : 3 7 : 8
I I A3 68: 43:10 102: 67:13 43: 39: 12 5 5 : 3 3 : 1 2
I I A4 60: 47: 14 10B: 60:20 44: 42: 8 5 3 : 4 2 : 5
I I AS 64: 41: 16 96: 65:21 42: 4 2 :1 0 4 8 : 4 1 : 1 1
I I AS 65: 48: 8 107: 62:13 48: 38: 8 5 6 : 3 0 : 1 4

I I I C6 53: 63: 5 68: 108: 6 39: 54: 1 4 5 : 5 3 : 2
I I I C7 56: 61: 4 80: 91:11 42: 44 : 8 4 8 : 4 8 : 4
I I I C8 60: 52: 9 82: 91: 9 47: 42: 5 4 6 : 4 7 : 7

IV B6 62: 53: 8 93: 77:12 49 : 39: 6 5 2 : 4 2 : 6
IV B6 61: 52: 8 96: 72:14 50: 38; 6 5 7 : 3 6 : 7

V C9 48: 64: 9 65:110 : 7 40: “48 : 6 3 9 : 5 8 : 3
V CIO 55: 64: 2 64: 112: 6 40: 48: 6 4 1 : 5 6 : 3

VI D1 40: 72: 9 82: 84:16 36: 50 : 8 5 1 : 4 4 : 5
VI D2 77: 43: 1 88: 93: 1 55: 38: 1 4 7 : 5 0 : 3

VII A8 97: 16: 8 134: 38:10 79: 12: 3 7 8 : 1 3 : 9
v n A9 98: 10: 13 144: 22:16 73: 17: 4 7 8 : 1 4 : 8
V II AlO 88: 28: 5 138: 34:10 63: 27: 4 7 2 : 2 4 : 4

A7 79: 37: 5 105: 71: 6 49: 42: 3 5 6 : 4 3 : 1
B2 62: 57: 2 95: 84: 3 43: 45: 6 5 3 : 4 3 : 4
B3 42: 73: 6 43:!126:13 33: 54: 7 2 6 : 6 5 : 9
B9 47: 62: 12 80: 96: 6 41: 45: 8 4 7 : 4 7 : 6C4 4 9 : 59:13 76:!100: 6 34: 57: 3 4 5 : 5 3 : £
C5 57: 55: 9 81: 90:11 42: 499 3 3 9 : 5 2 : 9
D3 67: 54: 0 75 :106 : 1 50: 44 : 0 4 2 : 5 8 : O

* The number o f su b jec ts  i s  s ta te d  under each group 1

** Minus ( - )  means the  asymmetry occurs on th e  l e f t  s id e s  p lu s  ( * ) ,  -fche 
asymmetry occurs an th e r ig h t  s id e ;  zero (o ) ,  th e re  i s  no a s y m m e tr y .

■ .7 ; ■ r. ;.v ; y
S C H O O L  C F  K ; U C A T 1C*I 
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