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DEVELOPMENTAL ASPECTS OF SHOULDER CONTROL
S. H. I R W I N -C A R R U T H E R S ,  Nat. D ip .  Physio.,  D ip .  Physio. Ed. (U.P.)*

SUMMARY

In recent yea rs m uch m ore a tten tion  has been p a id  to the 
actua l com ponents o f  m ovem en ts which are built up during the'- 
m otor developm ent o f  the infant, rather than to m ere' 
docum entation o f  m ilestones. M o to r con tro l o f  the scapula an d ' 
gleno-hum era /  jo in t  is essen tia l to  the developm ent o f  a ll upper 
limb function. R ecognition  o f  the exact m ovem ent com ponents  
involved and the order in which they develop provides a basis 
fo r  m ore accurate assessm ent o f  d isability a n d  planning o ft 
treatm ent. ,

F o r  m any  years phys io therap is ts  have been accus tom ed  to ■ 
s tudy ing  m o to r  d ev e lo p m en t  as a series o f  milestones or, . 
possibly, s tepp ing  s tones  (Sheridan ,  1981). It is only  recently ’ 
that  a t ten t ion  has been paid  to the ac tual  co m p o n e n ts  o f  ' 
m ovem ent  involved in these different deve lopm en ta l  , 
pa tterns,  a n d  to the na tu ra l  h is tory  o f  these co m p o n e n ts  as 
they a re  built  up,  modified  a n d  perfected ov e r  a period o f ' 
time. M any  o f  the earl ier  p a t te rn s  are  prerequis i tes  for the 
developm ent  o f  m ore  adv an ce d  pat terns .  Following 
disabil ity, w he ther  o r th o p a e d ic  o r  neuro log ica l ,  it may be 
necessary  to identify the exact  c o m p o n e n ts  o f  m ovem ent  
involved an d  re-educate  these in deve lopm en ta l  sequence in 
o rd e r  to  restore o p t im al  function .

T he  functions o f  the up p e r  limb can be g ro u p e d  unde r  two 
headings, nam ely  m an ip u la t iv e  (including sensory  functions 
an d  em otiona l  express ion)  a n d  w eigh t-bear ing  (including 
protective) . A l th o u g h  o f  p r im e  im p o r tan c e  in young 
children, the w e ig h t -b ea r in g /p ro tec t iv e  func t ion  is o f  lesser 
im p o r tan c e  in the adu l t  with ad equa te ly  developed,  
equil ibrium reactions.  M o re  im p o r ta n t  is tha t  the fai lure to 
develop w eigh t-bear ing  function ,  o r  to  re-establish this af ter 
injury o r  disease,  a p p e a r s  to  interfere with the later  
deve lopm en t  o f  m an ipu la t ive  ability. T h e  key to the 
developm ent o f  all weigh t-bear ing  an d  m anipu la t ive  abilities 
lies in the c o m p o n e n ts  o f  m ov em en t  es tablished at  the 
shou lde r  girdle  a n d  g len o h u m era l  jo in t .  These, in tu rn ,  a r e ' 
linked to  the centra l  con tro l  o f  f lexion an d  extension  against 
gravity. In this the r ighting  reac t ions  play the p r im ary  role 
a l though  o the r  influences are  seen in the course o f  
development.  Initially  the m o v em en ts  o f  the scapula  and 
g leno-humeral  jo in t  are  l inked a n d  the baby  ca n n o t  m ove the 
one independen tly  o f  the o th e r  in o rd e r  to  b reak  up 
movem ent  synergies. As co n tro l  o f  the var ious  com p o n en ts  
is es tablished the ability to d issociate  m o v em en ts  o f  scapula ■ 
and  hum erus  develops .

Centra l  contro l  o f  h ead  a n d  t ru n k  is a lso  im p o r ta n t  in 
dete rm in ing  the ability to  b r ing  the a rm  across the midline of  
the body. T he  child  ca n n o t  do  this until  he has learnt to 
rotate  the u p p e r  t ru n k  on  the pelvis; he crosses the midline 
with his u ppe r  t ru n k  before  he can tru ly  br ing  his arm  across 
the midline.

Fo r  the sake o f  s implicity , in this article the te rm  adduction  
o f  the scapu la  will be used to  describe the com b in a t io n  of t 
re trac tion  a n d  medial  r o ta t io n ,  a n d  the term abduction  to 
describe the co m b in a t io n  o f  p ro t ra c t io n  a n d  lateral ro ta t ion .
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O P S O M M IN G

D ie a fgelope p a a r  ja a r  word, p /e k s  van b lo te  dokum entasie  
van m ylpale, o o k  heelw at aandag g e sk e n k  a an die bepaalde  
bew egingskom ponente wat gevorm  word tydens die m otoriese  
o n tw ikke lin g  van die kind. M otoriese beheer van die skapula  en 
glenohum erale gew rig  is noodsa a k lik  vir die o n tw ikke lin g  van 
alle fu n k s ie s  van die boonste ledem ate. H erkenning  van die 
presiese bew egingskom ponente, asook die volgorde waarin 
liulle. on tw ikke l, b ied  ’n grondslag vir nicer a kku ra te  
evaluering van g ebreke  en beter beplanning van behandeling.

D E V E L O P M E N T  OF C O M P O N E N T S  OF M OVEM ENT  
AT THE S H O U L D E R  GIRDLE AND GLENO-HUMERAL  
JO INT

In the new b o rn  the scapulae  are  elevated in all resting 
positions; the baby  ap p a ren t ly  has no neck. In the p rone 
posi t ion  there is ra the r  m ore  ab d u c t io n  o f  the scapula  as a 
result  o f  the inf luence o f  the primitive ton ic  labyr in th ine  
reflex. C a sae r  (1979) describes s trong,  active mass flexion 
m ovem en ts  in the aw ak e  baby  in which the scapula  abduc ts  
a n d  the h u m eru s  a d d u c ts  an d  internally  rotates. In supine 
there is relatively m ore  ad d u c t io n  o f  the scapula ,  again 
secondary  to the influence o f  the tonic labyr in th ine  reflex, 
with slightly less a d d u c t io n  a n d  internal ro ta t ion  o f  the 
hum erus.  T h e  elbows usually  d o  no t  rest on  the surface an d  if 
the h a n d  con tac ts  the m o u th  suck ing  m ay  occur ,  resulting in 
a tendency to w ard s  m ore  a b d u c t io n  o f  the scapula  with 
increased a d d u c t io n  a n d  internal ro ta t ion  o f  the hum erus.  
S om e active postura l  contro l  agains t  gravity  is as sum ed ,  but 
it is uncer ta in  w h e th e r  p ro longed  m a in tenance  o f  these 
postures is due  to  sus ta ined  postu ra l  activity o r  to  visco
elastic p ropert ies  (Casaer ,  1979). As the b aby  falls asleep in 
supine ,  the scapulae  beco m e  more  adduc ted  a n d  the a rm s  fall 
in to  m ore  a b d u c t io n  a n d  external ro ta t ion .

A s e x te n s io n  d e v e lo p s  c e p h a lo - c a u d a l ly  th e re  is 
progressively less e levation  o f  the scapulae an d  the neck 
ap p ea rs  longer.  Since extensor  contro l  develops slightly 
ah ead  o f  flexor co n tro l  the scapu lae  becom e m ore  adduc ted  
in b o th  p ro n e  a n d  supine ,  br ing ing  the a rm s with them  into 
abduc t ion .  T h e  con tro l  requ ired  for weight-bear ing  sta r ts  to 
develop early.  By three m o n th s  o f  age extension has spread  
th ro u g h o u t  the whole thorac ic  area and  the baby can 
stabilise well enough  with his scapulae  in ad d u c t io n  in the 
prone  posi t ion  to s ta r t  weigh t-bear ing  on his e lbows with the 
hum erus  in a b d u c t io n  an d  in ternal  ro ta t ion .  As con tro l  o f  
flexion increases there  is m ore  active depress ion  an d  a b d u c 
tion  o f  the scapu lae  in p rone ,  b r ing ing  the h u m e ru s  into 
m ore  ad d u c t io n  a n d  therefore  m ore  external ro ta t ion .  By 
four  m o n th s  the baby  has good  con tro l  o f  ei ther  a dduc t ion  
o r  a b d u c t io n  o f  the scapu la  in p ro n e  but  ca n n o t  dissociate 
m ovem en ts  o f  scapu la  a n d  hum erus .  W hen  the scapula  is 
adduc ted  the h u m eru s  goes in to  ab d u c t io n  a n d  external 
ro ta t io n  ( the sw im m in g  pa t te rn )  whilst when the scapula  is 
ab d u c te d  the h u m e ru s  is d raw n  in to  add u c t io n ,  the degree o f  
in ternal  o r  ex ternal  ro ta t io n  being dep en d en t  up o n  the 
posit ion  o f  the han d s  on  the floor. As he s ta r ts  to  push  up 
on to  ex tended  a rm s  he initially reverts  to s tabil is ing with 
a d d u c t io n  o f  the scapu la  a n d  with ab d u c t io n  an d  internal 
ro ta t io n  o f  the hum erus .  As he pushes m ore  s t rongly  flexor 
activity increases,  resulting in m ore  ab d u c t io n  o f  the scapula  
a n d  m ore  ad d u c t io n  a n d  external ro ta t io n  o f  the hum erus.
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O nce the d eve lopm en t  o f  ex tensor  arid flexor contro l  
becom es balanced ,  the baby  s ta rts  to shift  weight in 
p re p a ra t io n  for  reaching. At first he tries to  stabilise with 
a d d u c t io n  o f  the scapu la  o n  the w eigh t-bear ing  side and ,  
until  he learns to co m p en s a te  with lateral flexion o f  the tru n k  
on  tha t  side, he falls to  the non-w eigh t-bea ring  side. 
P ro p p in g  with lateral t ru n k  flexion, ad d u c t io n  o f  the scapula 
and  ad d u c t io n  o f  the h u m eru s  on the weigh t-bear ing  side is a 
perfectly no rm a l  pa t te rn  seen in early  a t tem p ts  to  reach, bu t  
the b a b y  will no t  be able  to  move his bod y  freely over  the 
su p p o r t in g  l imb until he can stabilise his scapula  adequate ly  
in ab d u c t io n .  As this con tro l  develops he extends his trunk  
on the weigh t-bear ing  side an d ,  as  he ro tates  his t runk on  the 
su p p o r t in g  a rm ,  the h u m eru s  becom es progressively more 
a b d u c ted  an d  externally  ro ta ted .  This  a p p a re n t  dissociat ion 
is, at  th is stage,  du e  to  fixation o f  the distal  segm ent  ra the r  
than  active iso la t ion  o f  c o m p o n e n ts  o f  m ovem en t .

D eve lo p m en t  o f  reach runs parallel but  f rac tionally  
b eh ind  tha t  o f  su p p o r t .  In supine the baby  s ta rts  to reach 
fo rw ards  a t  a b o u t  fo u r  m o n th s . A t  first flexo r  con tro l is 
in ad eq u a te  to  a l low a b d u c t io n  o f  the scapu la  and  the 
sh o u ld e rs  rest  on  the g ro u n d .  He reaches with internal 
r o ta t io n  o f  the hum erus .  W ith  increasing flexor contro l  the 
shou lde rs  begin to  lift f rom  the g ro u n d  as the scapulae 
a b d u c t  agains t  gravity. He can now reach with m ore  
a d d u c t io n  o f  the h u m eru s  a n d  the internal ro ta t io n  s ta r ts  to 
decrease as he reaches tow ards  the midline. Reaching in 
p rone is first a t t e m p te d  w ithout  su p p o r t in g  on  the opposi te  
a rm ,  a n d  is pe r fo rm ed  with a lot o f  ab d u c t io n  a n d  internal 
ro ta t io n  o f  the h u m eru s ,  w ithout  a d e q u a te  fixation o f  the 
scapu la  in add u c t io n .  As weigh t-bear ing  ability o n  the 
s u p p o r t in g  a rm  im proves we see m ore  ro ta t io n  over  the 
s u p p o r t in g  a rm  and ,  for  the first t ime, d issocia t ion  between 
the m ovem en ts  o f  the two scapulae. On the su p p o r t in g  side 
the scapu la  is stabil ised in ab d u c t io n  whilst  on  the n o n 
w eigh t-bear ing  side it is s tabil ised in a d d u c t io n ,  al lowing 
reach in m ore  external  ro ta t ion .  A t  this stage (at a b o u t six or  
seven m on ths)  if he a t tem pts  to  reach in sitt ing he will rever t 
to  reach ing  in in ternal  r o ta t io n  since his t ru n k  contro l  in 
s i t t ing  is still in a d e q u a te  a n d  he has no po in t  of  fixation f rom 
which to  co n tro l  his scapu la  a n d  g len o h u m era l  jo in t .

REL ATIO NSH IP TO DISTAL C O M P O N E N T S

W hilst  the b aby  is still w eigh t-bear ing  on  his elbows in 
ab d u c t io n  an d  in ternal  ro ta t io n  we see p ro n a t io n  o f  the 
fo rea rm  a n d  u ln a r  dev ia t ion  o f  the wrist; the weight is taken  
on  the flexor aspect  o f  the fo rea rm  a n d  the h a n d  is closed. As 
a d d u c t io n  o f  the h u m eru s  develops, b r ing ing  in more 
external  ro ta t ion ,  the ro ta t io n  o f  the fo rea rm  becom es 
neutra l  an d  weight is taken  a lo n g  the u ln a r  b o rd e r  o f  the 
fo rea rm  a n d  h an d ,  a l low ing  som e exp lo ra to ry  rak ing  with 
the fingers. In i tia l  a t tem p ts  at  s u p p o r t in g  on  extended 
elbows achieve only par t ia l  extension as long as the 
shou lde rs  rem ain  in a b d u c t io n  a n d  internal ro ta t io n ,  full 
extension  only b ecom ing  possible  once the h u m eru s  can be 
stabil ised in a d d u c t io n  a n d  external  ro ta t io n  (dependen t ,  in 
its tu rn ,  on  s tabil isa t ion  o f  the scapu la  in abduc t ion ) .  As 
a d d u c tio n  o f  the h u m e ru s  increases,  the p o in t  o f  weight
b ear ing  o n  the h a n d s  moves f rom  the u lna r  side across 
to w ard s  the base o f  the th e n a r  eminence. Initial weight
bear ing  is on  flexed fingers,  but  as the baby brings his base o f  
s u p p o r t  in line with his shou lde rs ,  ge tt ing  w eight-bearing  
across the full w idth  o f  the pa lm  and  p u t t in g  s tretch  on the 
wrist  a n d  finger  flexors, the fingers start  to  extend an d  the 
baby  takes weight on  an  open  h and .  M ore  im p o r ta n t ,  the 
pressure  o n  the th e n a r  em inence  brings the t h u m b  ou t  o f  the 
pa lm  a n d  in to  a b d u c t io n  in line with the pa lm ,  an  essential

p r e p a ra t io n  for the d eve lopm en t  o f  the use o f  the radial 
t r ipod  in m an ipu la t ion .

D ev e lo p m en t  o f  the distal co m p o n e n ts  o f  reach are  
similarly d e p e n d e n t  up o n  the es tab l ishm en t  o f  proximal 
c om ponen ts .  Until  flexor co n t ro l  is suff iciently established 
to a l low  good  a b d u c t io n  o f  the scapulae  in supine ,  the arms 
c a n n o t  be b ro u g h t  to  the midline an d  reach is limited.  As 
long  as the h u m eru s  rem ains  in in ternal  ro ta t io n  dur ing  
reach, the fo rea rm s  rem a in  p ro n a ted .  This  p ro n a t io n  
d im in ishes  as  the ro ta t io n  a t  the sh o u ld e r  becom es m ore  
neutral  a n d  by this stage the fo rea rm s  sup ina te  when the 
elbows a re  flexed, as for exam ple  when a toy  is b ro u g h t  to the 
m ou th .  T h e  m a tu re  p a t te rn  o f  reach  in supine occurs  when 
ab d u c t io n  is sufficiently s t rong  to  br ing  the shou lde rs  off  the 
g ro u n d ;  the h u m eru s  is now ad d u c te d  an d  externally  ro ta ted  
a n d  the fo rea rm  is b ro u g h t  in to  sup in a t io n .  O n ly  once  this 
p a t te rn  has been es tab l ished  does g rasp  change  f rom  a 
p a lm a r  g r a sp  to  th e  use  o f  the radia l  tr ipod.  R each ing  in the 
p rone  o r  p rone  kneeling  posi t ions  involves ad d u c t io n  o f  the 
scapula ,  a b d u c t io n  a n d  external  ro ta t io n  o f  the hum erus ,  
ex tension  o f  the e lbow an d .  as these c o m p o n e n ts  become 
perfected, s u p in a t io n  o f  the fo rearm . Once again  the 
deve lopm en t  o f  reach  in sup in a t io n  depends  up o n  the 
acquis i tion  o f  p rox im a l  con tro l;  the b aby  initial ly reaches in 
p ro n a t io n .  It will be seen tha t  the p a t te rn s  o f  m a tu re  reach in 
sup ine  a n d  in p ro n e  differ in the co m b in a t io n  o f  scapu la r  and  
g leno -hum era l  m o v em en t  co m p o n en ts .  In o th e r  w ords ,  the 
baby  is eventually  ab le  to dissociate  the m ovem en ts  o f  
scapu la  a n d  hum erus .
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