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SHORT COMMUNICATION
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M. J.  AGRAWAL, R. DESHPANDE, D. JAJU, S. RAJE,
M. B. DIKSHIT* AND S. MANDKE

Department  of  Physiology,
MIMER Medical  College,
Talegaon Dabhade, Dist.  Pune – 410 507

( Rece ived  on  June  27 ,  2005 )

Abstract  :  A c l in ica l  mercury sphygmomanometer  was  used to  measure
Maximal Expiratory Pressure (MEP) in 29 boys (mean age 8 ± 1.4 yr) and
21 girls (mean age 7.6 ± 1.5 yr) of a village in interior Maharashtra.  The
values  of  70.6 ± 13.4 mmHg SD for  the  boys and 61.9 ± 18.9 mmHg for
the  g i r l s  were  qu i t e  comparab le  to  the  r e sp i ra to ry  p ressu res  r epor ted
elsewhere in  l i terature ,  even though the subjects  were apparent ly poorly
nourished.  There was no stat ist ical  difference between the MEPs of boys
and gir ls .  The MEP was posi t ively and s ignif icant ly  (P<0.01)  correlated
to  he ight  ( r=0.51)  and weight  ( r=0.05)  in  the  boys .  The  MEP denot ing
respiratory muscle strength also correlated positively with handgrip power
used to represent  non-respiratory muscle s trength (r=0.34) (P>0.05).  The
simple, reproducible method of measuring MEP as described may be useful
for  measur ing  th i s  impor tan t  phys io log ica l  parameter  a t  the  beds ide  in
chi ldren  whose  respi ra tory  muscle  funct ion  needs  to  be  evaluated .
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various studies vary considerably because of
wide age range of  subjects ,  different  types
of  ins t ruments  used  to  make  the
measurements  (4 ,  5 ) ,  and  the  poss ib le
differences  in  the method used for  making
the  measurements .

Poor  nour i shment  has  been  assoc ia ted
with generation of low respiratory pressures
(6). During a field health survey exercise in
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INTRODUCTION

Respiratory pressure measurements have
been used as indicators of respiratory muscle
strength in adults  and in chi ldren (1) .  The
Maximum Expi ra tory  Pressure  (MEP)  has
been  cor re la ted  wi th  he ight ,  weight ,  BMI,
age ,  sex ,  degree  of  f i tness  and  non-
resp i ra tory  musc le  s t reng th  (1 ,  2 ,  3 ) ,  The
values of  this  parameter  as reported in the
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a  v i l l age  in  the  nor th  wes t  reg ion  of
Maharash t ra ,  about  60  Km f rom Pune ,  we
noticed a group of  vi l lage ( tr ibal)  chi ldren
who apparen t ly  appeared  to  be  poor ly
nour ished .  We repor t  here  our  f indings  of
MEP measured in the field with a standard
c l in ica l  mercury  sphygmomanometer  in
these 50 children aged 6–10 yrs.

M E T H O D S

The  MIMER Medica l  Col lege  S tanding
Eth ica l  Commit tee  approved  the  non
invas ive  inves t iga t ion  which  inc luded  a
c l in ica l  examinat ion  tha t  formed a  par t  of
the Depart of Preventive and Social Medicine
hea l th  survey  exerc i se .  We a l so  ob ta ined
pr ior  approva l  fo r  measur ing  maximum
expi ra to ry  p ressures  in  these  ch i ld ren .
These  v i l l age  ch i ld ren  appeared  to  be
malnourished. In the absence of the parents
of  the chi ldren,  the  school  master  of  their
single class-room school gave consent for the
non-invasive study in 50 apparently normal
children (29 boys, 21 girls; age 6–10 years).
The  school  mas te r  was  respons ib le  fo r
the welfare of  the chi ldren under his  care.
None  of  the  p rocedures  were  invas ive  or
risky, and were easily comprehended by the
chi ldren who were screened cl inical ly with
a  genera l  phys ica l  examina t ion  before  the
t e s t .

Body Mass Index (BMI) was calculated
from the  measured height  and weight .

Measurement  of  the  MEP.  The chi ldren
were trained to inspire maximally, and then
to  brea th  ou t  fo rcefu l ly  and  maximal ly
in to  a  ca l ib ra ted ,  s t andard  c l in ica l  Hg
spygmomanometer  th rough  a  cy l indr ica l
mouth piece (dead space 40 ml). Average of

the three highest  pressures  a t ta ined on the
manometer  was  taken .

We a l so  measured  maximum force
generated (Kg) with a handgrip dynamometer
(HGD) (Anand  Agency ,  Pune)  us ing  the
dominant  hand as  derived from the Lateral
Preference Inventory (7). Average of two best
efforts was taken. This represented the non-
resp i ra to ry  musc le  s t reng th  parameter  o f
our  subjects .

MEP was recorded in 34 adult males (non
smokers) ,  and 25 adul t  females  (a l l  young
and heal thy)  of  our  Medical  Col lege using
the  same sphygmomanometer .  These
measurements were made with a small  leak
in the mouth piece (8),  as also without the
l e a k .

S t a t i s t i c s :

Unpai red  ‘ t ’  t es t  was  used  to  compare
differences if any between boys and girls for
the  var iables  recorded.  Corre la t ions  of  the
MEP with the BMI, height, weight, and HGD
force were made using Pearson’s correlation
test .  The r-values were calculated for these
cor re la t ions  The  MEP va lues  wi th  and
without leak at the mouth measured in adult
males  and  females  were  compared
independently using paired ‘t’ test (9). Level
for  s ign i f ican t  d i f fe rence  was  f ixed  a t  a
P value of <0.05.

R E S U L T S

The findings of this study are tabulated
as  Table  I ,  and  the  r  va lues  wi th  the i r
statistical significance are given in Table II.
The highest MEP recorded amongst boys was
98 mmHG (age 10 yr; BMI 13.2) while the
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lowes t  was  47  mmHg (7  yr ;  BMI 13 .1) .
Amongst the girls, it ranged from 100 mmHg
in an 8 yr  old with a  BMI of  14.6,  to  38
mmHg (6 yr;  BMI 12).  The MEPs of adult
females and female children fell quite close
to  one another .

TABLE I : Mean ± SD values  of  MEP (mmHg) measured  in  50  chi ldren  and 59  adul ts  a long wi th
the i r  phys ica l  a t t r ibutes .  HGD was not done for adults. NS: statistically not significant.
Leak s tands  for  leak given in  the  mouth  p iece .

Age (yr) Ht (m) Wt (kg) B M I MEP mmHg HGD kg

Boys n=29 8.0± 1.4 1.19± 0.6 18.9± 3.2 13.3± 1.0 70.6± 13.4 1.3± 0.8

Girls n=21 7.6± 1.5 1.18± 0.6 17.9± 2.6 12.9± 1.1 61.9± 18.9 0.9± 0.7

Significance N S N S N S N S N S N S

Pooled data boys+girls 7.8± 1.4 1.18± 0.62 18.5± 2.9 13.1± 1.0 67.0± 16.3

No Leak Leak

Adult Males n=34 21.6± 5.9 1.71± 0.1 63.2± 8.6 21.0± 1.9 93.2± 22.7 88.7± 21.9

N S

Adult Females n=25 20.7± 1.5 1.60± 0.1 52.3±9.0 21.2± 3.0 67.4± 17.3 62.6± 17.3

N S

TABLE I I : Correlations (r  values) between the MEP
and physical  parameters in children.
Significant  va lues  a re  marked  wi th  an
*  fo r  P<0 .05 ,  and  **  fo r  P<0 .01  d f  i s
degrees  of  f reedom.

B M I H t W t HGD

Boys 0.32 0.51** t=3.1 0.5** t=2.99 0.30
df 27 df 27

Girls 0.30 –0.01 0.19 0.40

Pooled data for 0.34 0.3 0.37* t=2.76 0.39
boys and girls df 48

of transportation for field work; (iii) ease of
ca l ib ra t ion  (whenever  ind ica ted)  and
main tenance ;  ( iv )  h igh ly  sa t i s fac tory  and
reproduc ib le  resu l t s .  One  d i sadvantage  of
the  method  i s  tha t  maximal  insp i ra tory
pressure (MIP) could not be measured with
th i s  t echn ique .

The  MEPs  recorded  in  our  sub jec t s
(Table I) were quite comparable with values
repor ted  in  l i t e ra ture  (Table  I I I ) .  The  age
group in Tomalak’s study (7–14 yr) (1) was
closest to our study (6–10 yr). It is difficult
to  compare values of  MEP of  our  chi ldren
with the other quoted references because the
means  repor ted  by  these  workers  envelope
subjec t s  over  a  wide  age  range ,  which
inc luded  ado lescen ts  as  wel l  as  adu l t s .
Inverse  cor re la t ion  be tween  age  and  MEP
has been demonstrated in adults (8, 10, 11).
Some of  the  s tud ies  have  repor ted  a
s ign i f ican t  +ve  cor re la t ion  of  resp i ra to ry
pressure  and age  amongst  ch i ldren  (1 ,  12 ,
13).  Tomalak et  al’s  144 boys were in the
age range 7–14, bordering on to adolescence

D I S C U S S I O N

We made  measurements  of  maximal
expi ra to ry  pressures  in  young  v i l l age
ch i ld ren  us ing  a  c l in ica l  mercury
spygmomanometer  The  advantages  of  th i s
method were (i) its simplicity of use; (ii) ease
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pa l lo r ,  whi le  mos t  had  super f ic ia l  sk in
infec t ions .  We d id  no t  measure  the i r
haemoglobin  as  i t  would  have  requ i red
pricking of fingers which may be considered
unethical.  The mean height,  and weights of
these children fitted into the 10th percentile
and  the  25 th  percen t i l e  respec t ive ly  o f
ava i lab le  norms  for  Ind ian  ch i ld ren  (14) .
Their  mean BMIs also were close to  those
ca lcu la ted  for  Ind ian  ch i ld ren  f rom mean
he igh t  and  weigh t  (Table  IV) .  Therefore ,
con t ra ry  to  expec ta t ions ,  our  sub jec t s ,
though apparently thriving poorly, were well
wi th in  the  normal  s tandards  o f  phys ica l
deve lopment .  As  such ,  the  resp i ra to ry
pressures  genera ted  by  ch i ld ren  inc lud ing
those under report, are relatively high when
compared  wi th  adu l t  p ressures  because  in
children the pressures are generated over a
less  sur face  a rea  o f  the  lungs ,  g iv ing  a
relat ively high pressure per unit  area.  This
may counte rac t  to  an  ex ten t  the  non

TABLE II I : MEP va lues  as  measured  in  th i s  s tudy  a re  t abu la ted  wi th  MEPs  found  in  o ther  s tud ies .
The nos .  in  brackets  in  the  2nd column are reference nos. of papers quoted in this paper.

S r . S t u d y Age yr.
MEP mmHg

N o . B o y s G i r l s Adult males Adults females

1 . Presen t  s tudy 6–10 70 .6±13 .4 61 .9±18 .9 9 3±2 3 6 7± 1 7
2 . Tomalak  e t  a l (1) 7–14 60 .0±17 .0 53 .0±14 .0
3 . Wagener  e t  a l (2) 8 – 1 7 1 0 5± 3 0

(Boys+gir ls)
4 . Choudhur i  e t  a l (3) 16 .3 71 .3± 12 .8
5 . Smyth  e t  a l (4) a d o l e s c e n t s 8 4± 2 6 6 3± 1 6
6 . Fiz  e t  a l (5) 27–28 8 1 6 0
7 . Black  & Hyat t (8) 20–74 1 7 1– 1 3 6 1 1 1– 9 4
8 . Karvonen  e t  a l (11) < 2 5 1 1 3± 5 2 7 2± 3 4

> 5 0 9 4± 3 4 5 5± 2 8

TABLE IV : Compara t ive  phys ica l  a t t r ibu tes  of  boys  and  g i r l s  in  th is  s tudy v is -à-v is  Indian  s tandards  for
mean age 8 yr.  Mean heights and weights for standard Indian data taken from ref.  14. Standard
BMI ca lcu la ted  f rom these  va lues .

Mean Ht  cm. Mean Wt  kg Mean BMI

Present study Indian standard Present study Indian standard Present study Indian standard

Boys 1 1 9± 6 1 2 4 18 .9± 3 . 1 23 .5 13 .3± 1 . 0 15 .3
G i r l s 1 1 8± 6 1 2 3 17 .9±2 . 6 23 .0 12 .9±1 . 1 15 .2

(1 ) .  We d id  no t  t es t  fo r  th i s  re la t ionsh ip
because  of  a  re la t ive ly  smal l  number  o f
subjec ts  who were  most ly  in  the  6–8 year
range.  Szeinberg et  al  (12),  did not  f ind a
d i f fe rence  in  the  resp i ra to ry  pressures
between boys  and gi r l s  who were  between
8–10 yrs of age. Our subjects were between
6–10  yrs  o f  age ,  and  hence  d i f fe rence  in
muscle s t rength between the two sexes did
not  a f fec t  power  genera t ion  by  the
respiratory muscles. Various factors such as
minor  var ia t ions  in  t echnique ,  phys ica l
variables,  may have accounted for the wide
range  of  normal  va lues  of  maximal
resp i ra to ry  p ressures  repor ted  by  var ious
workers  (4 ,  5 ,  8 ) .  Subjec t  mot iva t ion  and
coordinat ion also play a  part  in  generat ion
of  resp i ra tory  pressures .

Our  sub jec t s  v i sua l ly  conveyed  the
impression of  being poverty r idden,  and in
a  poor  s ta te  of  genera l  heal th .  A few had
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availabil i ty of greater  muscle mass (15).  I t
is possible that our subjects found adequate
nour i shment  in  whatever  they  consumed,
inc lud ing  na tura l  resources  con ta in ing
essen t ia l  nu t r ien t s .  By  necess i ty ,  these
children have to be highly active physically
to thrive from day to day. These factors may
have helped in generation of relatively high
resp i ra to ry  pressures  in  them,  con t ra ry  to
what had been predicted. Regulated physical
ac t iv i ty  he lped  ado lescen ts  who were
res iden ts  o f  a  mi l i t a ry  school ,  to  deve lop
higher MEPs compared with their colleagues
who were non residents at  the same school
(3) .  The res ident  s tudents  were ta l ler  (150
cm vs 140 cm) and heavier (37 kg vs 32 kg).
Perhaps  in  the  cohor t  under  s tudy ,  th i s
fac tor  o f  phys ica l  endurance  in  a  ru ra l
env i ronment  he lped  in  the  genera t ion  of
adequa te  p ressures .

I t  has  been  recommended  tha t  a
slight leak be placed in the mouth piece to
preven t  add i t iona l  p ressure  genera t ion  by
fac ia l  musc les  in  some sub jec t s  when  the
resp i ra to ry  pressures  a re  be ing  measured
(8). Facial muscle activity contributes mostly
to  the  genera t ion  of  insp i ra to ry  pressures
(11) .  We measured  on ly  the  expi ra tory
pressure  in  our  f i e ld  s tudy .  Therefore  we
did not find it necessary to use a leak in the
mouth piece for measuring the pressures in
th i s  f i e ld  s tudy .  Fur ther ,  the  MEPs
measured  in  our  adu l t  sub jec t s  wi th  and
without the mouth piece leak did not show
any difference (Table I). This vindicated our
no t  us ing  a  l eak  a t  the  mouth  in  the
measurements  on  our  chi ldren  in  the  f ie ld
setting. Black and Hyatt (8) developed a twin
diaphragm gauge  ins t rument  fo r  record ing
MEP at  the start  of  the forceful  expiratory
effort near about the TLC, and the MIP near
the residual volume. Others used cylindrical
tubes  (5 ,  6 ) ,  mechanica l  mouth  pressure

meters (10), and membrane manometer (11).
Smyth et al (4) had used a water manometer
to  make  the i r  measurements  o f  these
pressures in adolescents. The findings of this
s tudy  subs tan t ia te  the  fac t  tha t  the
s impl ic i ty  of  the  method used here  should
make i t  a  convenient  c l in ical  invest igat ion
tool  whenever  indicated.

Respiratory pressures  may not  correlate
well with physical parameters (10).  But the
BMI in  both  g i r l s  and  boys  in  our  cohor t
was  pos i t ive ly ,  though  no t  s ign i f ican t ly
related to the respiratory pressure (P>0.05).
In  the  boys ,  he igh t  and  weigh t  showed a
significant positive correlation with the MEP
genera ted  (Table  I I )  Th is  apparen t
discrepancy may have occurred because BMI
is  a  ra t io ,  wi th  di f ferent  weightages  given
to height and weight. Wagener et al (2) and
Wilson et al (13) also found that the height
and  MEP in  ch i ld ren  were  pos i t ive ly  and
s igni f icant ly  re la ted .

Non-resp iratory  musc le  s trength

Respi ra tory  musc le  s t reng th ,  as
represen ted  by  the  MEP genera ted  (1 )
cor re la ted  wi th  non- resp i ra to ry  musc le
s t rength  as  measured  f rom upper  a rm
musc le  c i rcumference  (2) .  This  would  be
expected because both groups involve use of
striated muscle. Handgrip strength was used
by  us  as  an  ind ica tor  o f  non- resp i ra to ry
musc le  s t reng th .  The  pos i t ive  cor re la t ion
was significant only for pooled data for boys
and girls  (Table II) .  I t  is  possible that  the
re la t ive ly  smal l  number  o f  sub jec t s  (29
boys  and  21  g i r l s )  obscured  s ta t i s t i ca l
s ign i f icance .  Resp i ra to ry  pressures  have
been shown to  corre la te  s igni f icant ly  wi th
peak  expi ra tory  and  inspi ra tory  f low ra tes
(1). This is expected, as both these variables
are  ef for t  dependent ,  and the  recording of
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the MEP and MIP are done at  the s tar t  of
forced expi ra t ion ,  and a t  the  beginning of
forced inspiration respectively (8), stages at
which  there  i s  maximum ac t iva t ion  of
concerned respi ra tory  muscles .

C o n c l u s i o n s

MEP measurement  may  be  done  eas i ly
and  reproduc ib ly  us ing  a  c l in ica l  mercury
nanometer .  Us ing  th i s  s imple  method ,
we  demons t ra ted  tha t  MEPs  of  v i l l age
ch i ld ren  be l ied  the i r  apparen t ly  poor ly
nour ished  s ta te .  I t  i s  poss ib le  tha t  though
apparen t ly  malnour i shed ,  the  l i fe  s ty le  o f
these  chi ldren  may be  such tha t  they  may
be  inges t ing  enough  essen t ia l  and  o ther
nu t r ien t s  to  he lp  them thr ive  wel l  in  the
face of adversity.

I t  i s  a l so  fe l t  tha t  th i s  s imple  and

ef fec t ive  beds ide  tes t  should  be  used  in
pa t ien t s  wi th  resp i ra to ry  prob lems  for
phys io log ica l  assessment  towards  more
effect ive  c l inical  management .
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