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The E ffect o f  P ostu re on  V entilatory  
M uscle Function a n d  Lung Function
P. GOUNDEN

SUMMARY

The purpose of this study was to determine the 
influence of posture on ventilatory muscle 
strength and on lung function.

Maximum static inspiratory pressures (MIPS), 
i maximum static expiratory pressures (MEPS) 

and lung function measurements (FVC, FEV,, 
PEFR) were obtained in three different body 
positions in 57 normal subjects and in 16 

| asthmatic patients.
| Statistical analysis of the data obtained 
j showed that changes in position influence the 
i  ventilatory muscle function and lung function 

values.
The sitting lean forward and the sitting erect 

positions were the better positions in the normal 
group. The findings revealed that the sitting 
lean forward position was the optimum position 
for the asthmatic group (p <  0,001).

OPSOMMING

Die doel van hierdie studie was om die invloed 
van postuur op ventilatoriese-spiersterkte en 
op longfunksie vas te stel.

Maksimale statiese inspiratoriese druk (MIPS), 
maksimale statiese ekspiratoriese druk (MEPS) 
en longfunksie mate (FVC, FEV,, PEFR) was in 
drie verskillende lyfposisies verkry in 57 nor- 
male persone en in 16 asmatiese pasiente.

Statistiese ontleding van die data het getoon 
dat veranderinge in lyfposisie die ventila- 
toriese-spierfunksie en longfunksie bei'nvloed.

Die sit-vooroorleun en die sit-regop posisies 
was die beste posisies in die normale groep. 
Die bevindinge het bewys dat die sit-vooroor­
leun posisie die optimale posisie was vir die 
asmatiese groep (p <  0,001).

A lte ra tio n s  in  lu n g  fu n c tio n  as affec ted  by  changes in 
p o stu re  have been  in v estiga ted  p re v io u s ly .1’2'3,4'5 O niell 
and  a sso c ia tes6 fo u n d  in th e ir  s tu d y  th a t  th e  seated  
lean ing  fo rw ard  p o sitio n  yielded o p tim u m  resu lts  in a 
g ro u p  o f  p a tie n ts  w ith  c h ro n ic  a irflow  lim ita tio n  in 
term s o f  in sp ira to ry  m uscle  p e rfo rm a n ce  and  re lief o f  
d y spnoea .

\  R o u tin e  chest care  by  p h y sio th e rap is ts  o ften  necessi- 
'  ta te s  a lte ra tio n s  in  p o sitio n  in o rd e r to  o b ta in  o p tim u m  

effects. O n ly  a few  stud ies have been  u n d e rta k e n  by 
p h y sio th e ra p is ts  to  a sc e rta in  th e  effects o f  p o s tu re  on  
lu n g  fu n c tio n . C ro sb ie7 and H o u g h 8 have sh o w n  th a t 
the  slum ped  p o stu re  caused  a re d u c tio n  in lung  fu n c tio n  
in h o sp ita l p a tien ts .

T h e  p re sen t s tu d y  w as u n d e rta k e n  to  ex am in e  the  
effect o f  th ree  p o stu re s , s ittin g  erec t (SE ), s ittin g  lean  
fo rw ard  (S L F ) an d  su p in e  ly ing  (S L ) on  v en tila to ry  
m uscle p e rfo rm an ce  and on  lung  fu n c tio n .

T he m ain  a im s o f  th e  s tu d y  were:
(i) to  investigate  the  effect o f  p o stu re  on  v en tila to ry
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m uscle p e rfo rm a n ce  as expressed  by m ax im u m  
sta tic  re sp ira to ry  pressu res in  a  g ro u p  o f  n o rm al 
ind iv iduals and  in  a  g ro u p  o f ch ro n ic  asthm atics.

(ii) T o  e x am in e  th e  effect o f  p o s tu re  o n  fo rced  v ita l 
cap ac ity  (F V C ), fo rced  e x p ira to ry  vo lum e in 
one second  (F E V ,) and  on  p eak  e x p ira to ry  flow  
ra te  (P E F R )  in the  sam e stu d y  groups.

(iii) to  d e te rm in e  th e  deg ree  to  w hich  changes in 
p o s itio n  effected  lung  fu n c tio n  and  v e n tila to ry  
m uscle  s tren g th  in  each  g ro u p .

M E T H O D
T h e  firs t s tu d y  g ro u p  consisted  o f  57 un iversity  

s tu d e n ts  (48 fem ale  and  9 m ale) w ith  ages ran g in g  fro m
1 7 -2 3  years. T h e  seco n d  s tu d y  g ro u p  co n sis ted  o f  16 
c h ro n ic  a s th m a tic s  (9 m ale  an d  7 fem ale) w ith  ages 
ra n g in g  fro m  3 0 -5 5  years. T h e  a s th m a tic  g ro u p  was 
stu d ied  e ith e r in  rem iss io n  o r ju s t  a f te r  an  acu te  a tta ck . 
A ll p a tie n ts  in  th is  g ro u p  w ere receiv ing  da ily  b ro n c h o - 
d ila to r  th e rap y .

M a x im u m  s ta tic  in sp ira to ry  (M IP S ) and  e x p ira to ry  
(M E P S ) p ressu res  w ere used as indices o f  v en tila to ry  
m uscle  s tre n g th . T he M IP S  an d  M E P S  m an o m ete r 
w as used  to  m easu re  th e  ab o v e  p ressu res. T h is m a n o ­
m ete r is s im ila r in fu n c tio n  to  the  in stru m en ts  used  by
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Table 1. N orm al G roup — M axim um  values

Position F V C  litres FEV , litres P E F R  L / M  M E P S c m /H 2 0  M IP S c m /H 2 0
S L F  2,8 ±  ,74 2,7 ±  ,69 377,9 +  96,8 7 5 ,2 +  13,6 -7 7 ,(± 1 5 ,2
SE 2,8 ±  ,78 2,7 +  , 70 378,9 +  89,3 7 3 ,2 +  14 -7 2 ,9 + 1 9 ,4
SL  2,6 ±  ,71 2,5 ±  ,66 349,9 +  89,4 7 0 ,2 +  15,2 -7 2 ,6 ±  17,3

M ean ±  ISD

Table 2. A sthm atic G roup — M axim um  values

Position F V C  litres F EV , litres P E F R  L / M  M E P S c m /H 2 0  M IP S c m /H 2 0
S L F  1,6 ± ,6 4  1,2 ± ,5 5  174,4 ± 9 8 ,7  79,3 ± 2 2 ,1  -66,4 ±22 ,1
SE 1,3 ±  ,63 1,1 ±  ,59 162,6 ±  85,3 75,1 ±  20,4 -6 I ,3 ± 2 3 ,9
SL 1,2 ± ,5 6  1,0 ± ,5 3  136,1 ± 8 4 ,5  69,9 ± 2 5 ,2  -56,8 ±23 ,1

M ean ±  ISD

investiga to rs a b ro ad . It is a  reliable m eth o d  o f  assessing 
v en tila to ry  m uscle s tre n g th .9'10' 11,12

M ax im u m  sta tic  in sp ira to ry  and  e x p ira to ry  p ressures 
w ere m easu red  in th ree  s ta rtin g  p o sitio n s viz. sitting  
e rec t, s ittin g  lean  fo rw a rd  (s ittin g  flexed  fo rw ard  to  
4 5°), an d  in su p in e  lying. T he m easu rem en ts  w ere 
reco rd ed  in cen tim e tre s  o f  w ater. A ll sub jects w ere 
in stru c ted  to  press th e ir lips tigh tly  a ro u n d  the m o u th  
piece d u rin g  pressu re  m easu rem en ts to  p rev en t airleaks.

T he M IP S  w ere m easu red  a t residual vo lum e and 
M E P S  at to ta l lung  capacity . R ep ea ted  d e te rm in a tio n s  
w ere m ade un til 2 technically  sa tisfac to ry  m easu rem en ts 
were ob tained . T he highest value ob ta in ed  was recorded. 
In  a  few a s th m a tic  p a tie n ts  rep ea ted  d e te rm in a tio n s  
w ere n o t possib le . In  such  cases th e  f irs t value  was 
recorded .

T h ere  w as a  sh o r t  rest p e rio d  a fte r  m easu rem en ts  
were effected in each  position . T he o rd er o f  the positions 
in  w hich  the  p ressu res w ere m easu red  w as varied  in 
ra n d o m  sequence.

A fte r a  sh o rt rest, sp iro m etric  m easu rem en ts  w ere 
o b ta in ed  in th e  iden tica l s tu d y  positio n s using  a han d  
h eld  p o ck e t sp iro m ete r.*  T his tu rb in e  sp iro m ete r has 
been fo u n d  to  be as accu ra te  as any o th e r sp iro m ete r in 
u se .13 O ne o f the  reaso n s fo r  choosing  th is sp iro m ete r 
w as its ab ility  to  m easu re  th ree  indices (F V C , FE V , 
an d  P E F R ) in  a  single e x p ira to ry  effo rt. T h e  o rd e r  o f 
th e  p o sitio n s in w hich  the  sp iro m etric  m easu rem en ts 
was o b ta in ed  was again  varied  in ran d o m  sequence.

R E S U L T S
F ive tests w ere co n d u c ted  on  each  su b jec t in b o th  

g ro u p s . E ach  s ta r tin g  p o sitio n  p ro v id ed  five m easu re ­
m en ts. F ifteen  values w ere th ere fo re  o b ta in e d  from  
each  sub ject. T he va lues w ere th en  co m p iled  in to  five 
sets o f  d a ta  to  ca lcu la te  th e  m ean  fo r each  test in all 
s tu d y  p o sitio n s . T ab les  I an d  II p re sen t the  m ean  
v a lues an d  s ta n d a rd  d ev ia tio n  fo r the  five tests in each  
s tu d y  position .

T he best p o s itio n  fo r each  test w as d e te rm in ed  by 
c o m p arin g  th e ir  m ean  va lues in the  d iffe ren t sta rin g

♦Designed by M icro M edical Instrum ents

positions. T he m eth o d  o f com p ariso n  in b o th  the norm al 
as well as in the a s th m a tic  g ro u p  w as as follow s:

M ean  value o f T E S T  1 in  S E  vs M ean  value o f 
T E S T  1 in  S L F
M ean  value o f  T E S T  1 in SE  vs M ean  value o f  T E S T  1 
in SL
M ean  va lue  o f T E S T  1 in  S L F  vs M ean  value o f  T E S T  
1 in SL
T his was an  in te rn a l c o m p ariso n  w ith in  each  group .

T h e  five tests w ere co m p ared  in  th is m an n er. T he 
s tu d e n t’s /-te st w as used  to  analyse  the  resu lts . S ign ifi­
c a n t d ifferences be tw een  m ean  values in  d iffe ren t study  
p o sitio n  are  p resen ted  in the  fo llow ing  tab les. T he 
resu lts  a re  p resen ted  in the  o rd e r  o f tests p e rfo rm ed . 
O nly  resu lts w ith  sign ifican t d ifferences a re  p resen ted .

1. F o rc e d  V ital C apacity
T ab le  I I I  p re sen ts  the  va lues fo r  F V C  in S L F  and  in 

S L  p o sitio n s in the  n o rm al g ro u p .

T able 3. C om parison o f  FV C  values betw een S L F  and  SL in 
the norm al group

Position
S LF
SL

N um ber
57
57

M ean  
in litres 
2,8179 
2,6042

S D
0,736
0,709

S E
0,098
0,094

D F  56 p <  0,001

T h ere  w as a  s ign ifican t d ifference  in the  above  tw o 
p o sitio n s . S im ila r  resu lts (p  <  0,001) w ere o b ta in ed  
w hen SE  was co m p ared  w ith  SL .

T h e re fo re  S L F  an d  SE  w ere su p e rio r  to  S L  w ith 
reference to  F V C  in the  n o rm al g roup .

U n like  the  n o rm a l g ro u p  th e  F V C  values fo r  the 
a sth m a tic  g ro u p  show ed th a t  the  S L F  p o sitio n  was 
su p e rio r  to  b o th  the  SE  and  SL  positions.

2. F o rc e d  E x p ira to ry  V olum e
C o m p ariso n  o f  the  m ean  va lues fo r  F E V , in d ifferen t 

s tu d y  p o sitio n s revealed  sam e resu lts  as fo r  FV C.
T h e  S L F  an d  SE  p o sitio n s  w ere su p e rio r  to  S L  in 

the  n o rm al g ro u p  (P  <  0,001).
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Table 4. C om parison  o f  FV C values fo r S L F  and SL in the 
asthm atic  group

M ean
Position N um ber in litres S D  S E

S L F  16 1,5800 0,637 0,159
SL 16 1,2312 0,563 0,141

D F  15 p <  0,001

Table 5. C om parison  o f  FEV , values fo r SE and SL in norm al 
group

Mean
Position N um ber (litres) S D S E

SE 57 2,6853 0,697 0,092
SL 57 2,4805 0,658 0,087

D F  56 p <  0,001

C o m p ariso n  o f  m ean  F E V , va lues in the  a sth m a tic  
^  g ro u p  show ed th a t th ere  was only one su p e rio r p o sition ,

i.e. S L F .

T able 6. C om parison  o f  FEV , values fo r S L F  and  SL in the 
asthm atic  group

M ean
Position N um ber (litres) S D S E

SLF 16 1,2125 0,554 0,138
SL 16 1,0044 0,525 0,131

D F  15 p <  0,001

3. Peak Expiratory F low  Rate
T he tw o  s ittin g  p o sitio n s  in th e  n o rm a l g ro u p  (SE , 

S L F ) p ro v ed  to  be eq u ally  effective w ith  re ference to 
o p tim u m  P E F R  values.

H ow ever, c o m p a riso n  betw een  th e  s ittin g  an d  lying 
positio n s yielded a  sign ifican t difference.

Table 7. C om parison  o f  P E F R  values in SE and  SL positions 
in the norm al group

M ean
Position N um ber L /  M  S D  S E

SE 57 378,8772 89,388 11,840
SL 57 349,9649 89,448 11,848

D F  56 P <  0,001

C o m p ariso n  o f  P E F R  values in th e  a s th m a tic  g ro u p  
show ed th a t th e  S L F  p o s itio n  w as su p e rio r  to  the  o th e r 
2 positions.

Table 8. C om parison o f P E F R  value between S L F  and  SL in 
the asthm atic group

M ean
Position N um ber  Z./ M  S D  S E

S L F  16 174,4375 98,720 24,680
SL 16 136,1250 84,490 21,122

D F  15 p <  0,001

V entilatory m uscle strength as represented by static  
respiratory pressures
a) M axim al Static Expiratory Pressure (M E P S ) 

C o m p ariso n  o f m ean  values fo r M E P S  in the 3 
p o sitio n s  in the n o rm al g ro u p  show ed th a t the  S L F  
p o sitio n  w as su p erio r to  the  o th e r  tw o p ositions. E x p i­
ra to ry  m uscle fu n c tio n  was th ere fo re  o p tim u m  in the 
S L F  p o sition .

Table 9. C om parison  o f  m ean values fo r M E P S  betw een SLF 
and SL in the norm al group

M ean
Position N um ber cm !H 2 0  S D  S E

S L F  57 75,1930 13,586 1,800
SL 57 70,2456 15,228 2,017

D F  56 P <  0,001

C om p ariso n  of values fo r M E P S  in the o th er positions 
fa iled  to  show  sign ifican t d ifference  in the  n o rm al 
g ro u p  a lth o u g h  th ere  was som e d ifference betw een  SE 
and  S L  (p <  0,05).

T h e  m ean  values fo r  M E P S  in the a s th m a tic  g ro u p  
revea led  th a t  the  S L F  p o s itio n  was the  best p o sitio n . 
E x p ira to ry  pressu re  gen era ted  in the S L F  po sitio n  was 
h ig h er th an  p ressures gen era ted  in SE  an d  in SL.

Table 10. C om parison o f  m ean M E P S  values fo r SLF  and  SL 
in the asthm atic  group

M ean
Position N um ber cm !H 2 0  S D  S E

S L F  16 79,3125 22,057 5,514
SL 16 69,8750 25,211 6,303

P <  0,001

b) M axim um  Static Inspiratory Pressures (M IP S) 
C o m p ariso n  o f m ean  values fo r M IP S show ed clearly  

th a t  th e  S L F  p o s itio n  w as the  p o s itio n  o f  cho ice  in the 
n o rm a l an d  in th e  a s th m a tic  g ro u p . T h e  SE an d  SL  
p o s itio n s  g en era ted  low er in sp ira to ry  p ressu res th an  
the  SL F  position .

Table 11. C om parison  o f  m ean values for M IP S  in S L F  and 
SL in the norm al group

M ean
Position N um ber cm !H 2 0  S D  S E

S L F  57 -77,0702 15,169 2,009
SL 57 -72,5789 17,258 2,286

D F  56 P <  0,001

C o m p ariso n  o f  m ean  values fo r  M IP S  in the  above 
p o sitio n s  yielded sim ilar resu lts in the a s th m a tic  g ro u p .

D IS C U S S IO N
S ta tis tic a l analysis fro m  the d a ta  o b ta in e d  in this 

s tu d y  show s sm all, b u t s ig n ifican t d ifferences in the
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v en tila to ry  m uscle fu n c tio n  values and  lu n g  fu n c tio n  
values as a  resu lt o f changes in  position .

T h e  p o sitio n  o f sup ine ly ing  reduces b o th  lung  fu n c­
tio n  as well as v e n tila to ry  m uscle fu n c tio n  values in  the  
resp ira to ry  com prom ised  and  the  no rm al subject. S ittin g  
erec t o r  s ittin g  lean in g  fo rw ard  a t 45° a re  eq u ally  good  
p o stu re s  in n o rm a l sub jects. In all th e  c o m p ariso n s , the  
s ittin g  lean in g  fo rw a rd  p o sitio n  fo r th e  p a tie n t w ith  
ch ro n ic  o b stru c tiv e  lung  disease  was the  o p tim u m  p o s­
tu re  fo r  fu n c tio n . T h is co n firm s p rev io u s re p o rts2,5 th a t 
these  pa tien ts ob ta in  re lief from  dyspnoea by  s itting  in  
th is position.

T h e  positions selected for th is study  are o f significance 
to  th e  clinical p h y sio therap ist. L u n g  fu n c tio n  tests and 
m ore la tterly  ven tila to ry  m uscle fu n c tio n  testing  are 
freq u en tly  carried  ou t by  th e  clinical p h y sio therap ist. 
S ince th e  s ta rtin g  positions cause varia tions in  values, 
th ey  need  to  be  s tan d ard ised  in o rd e r to  o b ta in  reliable 
m easurem ents.

I t  can  be  seen fro m  tab les I  and  I I  th a t th e  m easu re­
m en ts o f  v en tila to ry  m uscle  s tren g th  are slightly  m ore 
sensitive  to  po sitio n  changes th an  lung  fu n c tio n  values. 
T h is is even m ore m arked in the  respiratory  com prom ised 
g ro u p . T h e  fo rw a rd  s i t t in g  p o s itio n  g e n e ra te d  th e  
h ighest m ax im um  in sp ira to ry  and  exp ira to ry  p ressures 
in  b o th  g ro ups. O ne can  d educe  fro m  th is th a t the  
o p tim u m  p o s itio n  fo r  tra in in g  b re a th in g  c o n tro l in  
p a tien ts  w ith  ch ro n ic  airflow  lim ita tion , is th e  fo rw ard  
lean  position.

T h e  m easu rem en t o f  v en tila to ry  m uscle  s tre n g th  in 
p a tien ts  suffering  from  G u illa in  B arre  S y ndrom e as well 
as te trap leg ic  p a tien ts  is becom ing  m an d a to ry  in  som e 
cen tres . T h e  fact th a t M IP S  an d  M E P S  m easu rem en ts  
are chan g ed  by  th e  p osition  o f  th e  p a tie n ts  m u st be 
taken  in to  accoun t. In  th e  acu te  phase  b o th  G u illa in  
B arre p a tien ts  an d  tetrap leg ics are n u rsed  in  supine. 
T h u s  th e  values o b ta in ed  do no t necessarily  reflect 
accurately  th e  actual ven tilato ry  m uscle s treng th .

C O N C L U SIO N
I t  appears fro m  th is study  th a t changes in  p o stu re  

affect v en tila to ry  m uscle s tren g th  values m ore th an  lung

fu n c tio n  values. T h e  m easu rem en t o f s ta tic  re sp ira to ry  
p ressu res  seem s to  be a sensitive m easure  o f  ven tilato ry  
m uscle s tren g th  and  o f value in the  assessm ent o f  the  
p a tie n t w ith  ch ro n ic  ob stru c tiv e  disease. W h en  assessing 
th ese  p a tie n ts  th e  po sitio n  o f  th e  p a tie n t shou ld  be 
p recisely  con tro lled  in o rd er to  o b ta in  accurate  values.
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