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Effects of posture and spinal bracing on lung function were studied in 40 children with
neuromusclar disease, 20 of whom had scoliosis and were non-ambulant. Change from sitting to
supine position had little effect on lung function in ambulant children, but caused a significant
12% reduction in forced vital capacity in a group of 16 non-ambulant children with scoliosis,
suggesting diaphragmatic weakness in some. Spinal bracing, using a rigid supporting jacket,
resulted in a significant reduction in mean vital capacity of 22%. The degree of impairment in
forced vital capacity was proportional to the severity of the scoliosis (as measured by the Cobb's
angle), to the amount of correction achieved by the brace, and to the degree of diaphragmatic
weakness. Spinal bracing in a child with established severe scoliosis causes appreciable
respiratory impairment, and this may explain why it is less likely to be tolerated than early
prophylactic bracing.
SUMMARY

Muscle disease in children is commonly associated
with impairment of respiratory function.'-5 One of
the earliest changes is reduction in vital capacity due
to weakness of the muscles of the chest wall or
diaphragm, or both. Later there may be a progressive fall in pulmonary compliance due to microatelectasis,3 5 and reduced compliance of the chest
wall due to drooping of the ribs,' muscle fibrosis,
and ankylosis of the joints. Scoliosis occurs in many
patients with muscle disease, and it contributes to
poor lung function by causing a further reduction in
vital capacity and ventilation-perfusion mismatch.6
Studies in adults with diaphragmatic weakness
have shown that the fall in vital capacity from the
erect to the supine position is a good indicator of the
degree of diaphragmatic weakness.7 Similar changes
occur in childhood (personal observation), although
there are no published data. The effect of spinal
bracing on lung function is important because any
impairment of lung function due to bracing may
affect the child's ability to tolerate the jacket. A
previous study of children with idiopathic scoliosis
showed that wearing a Milwaukee brace had no
effect on vital capacity, but caused significant
reduction in maximal volunitary ventilation.8 The
purpose of the present study was to determine why
some children are unable to tolerate spinal bracing.
We used the effect of posture as a measure of

diaphragmatic function, and studied the effects of
spinal bracing on lung function and the relation with
the severity of the scoliosis.
Patients and methods
We studied 40 children with muscle weakness
caused by a variety of diseases. They were divided
into two groups according to functional status
(Table 1). Group 1 comprised 20 ambulant children
without scoliosis. The 20 children in group 2 were all
non-ambulant and had scoliosis. Sixteen of these
children wore a rigid lightweight polypropylene
supporting brace to control their scoliosis. The
children were accustomed to their brace, which was
worn for at least six hours each day, but not at night.
The degree of scoliosis was assessed both in and out
of the brace by measurements of Cobb's angle9
using radiographs taken in the sitting position. The
functional status of the children was assessed using
the Vignos score,") with increasing disability indicated on a scale from I to 9. According to this score,
a child with a score of over 3 will be unable to climb
stairs, and ambulation is lost at a score of over 7.
The lung function tests used were peak expiratory
flow rate, using a Wright Peak Flow meter
(Airmed), and spirometry (Ohio Electronic Spirometer) to determine forced vital capacity and forced
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Table 1

Clinical details of subjects in groups I (ambulant, no scoliosis) and 2 (non-ambulant plus scoliosis)
Dw lhenne

Group I (n= 20)
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(Posture study: n= 15)
(Jacket study: n= 16)
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3

0
0
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expiratory volume in one second (FEVy). The best
of three measurements was recorded for each test.
None of the children had asthma or recurrent
aspiration, and no child had any evidence of
respiratory infection within six weeks of testing.
The children in group 1 were tested standing,
sitting, and supine. Fifteen of the children in group 2
performed the test, sitting, and supine: they were
unable to stand. Sixteen of the group 2 children
were tested with and without their spinal jacket in
the sitting position. Eleven children in group 2 took
part in both the posture and the jacket study.
Predicted normal values were based on armspan." Changes with posture or with and without
jacket were assessed by paired Student's t tests. The
mean within patient coefficient of variation of the
tests was 4-6% for forced vital capacity, 7.1% for
FEVy, and 6-2% for peak expiratory flow rate.

Table 3 Effect of posture in group 2 (20 ,ton-ambulant
children with scoliosis). Values are mean (SD): figures in
italics are mean % predicted
Forced vital
capacits

Sitting
Supine

Forced vital

capacitY

FEVI

Peak

expiratorrv
flow rate
( lmin)

Standing

Supine
Sitting

1-10 (()-51)
42
0-97 (0-48)
38
t=438
P<0-001

1-48 ((1-52)

1-38 ((-52)

21(2 (83)

66

1-5(1 ((-58)*

70
1-29 (((-54)
65
1-37 ((-52)

73
193 (72)
70
20(4 (19)*

66

68

74

1-4( (((-59)
63

*Significantly different from supine value (P<(0(.05).
FEVI=forced expiratory volume in one second.

0(98 (0-45)

t= 326

172 (72)
54
148 (67)
48
t= 457

P<0-01

P<0-001

41

0(85 (0(44)
39

FEVI=forced expiratory volume in one second.

Table 4 Effect of brace in group 2 (16 non-ambulant
children with scoliosis). Values are mean (SD): Values in
brackets % predicted
Forc-ed vital
capacity

Table 2 Effect of posture on lung function in group 1
(20 ambulant children with no scoliosis). Values are
mean (SD): figures in italics are mean % predicted

Peak

erpiratoar)

flow rtate
(111mim)

Results

Both groups showed the expected impairment in
forced vital capacity, FEVI, and peak expiratory
flow compared with predicted values (Tables 2, 3,
and 4). There was a reduction in forced vital
capacity expressed as a percentage of predicted
values with increasing functional disability measured
by the Vignos score (r=0*64, P<0-001, Fig. 1).
Posture had a significant effect on lung function.
In group 1, mean forced vital capacity fell by 6%

FEV,

Peak

FEVI

expiratorY

Jloui rtile

(11111ii)
Brace on
Brace off

0(73 ((1-43)

0(63 (0-38)

28

28

(0-94 (0-58)

08(}

36
t=4-11
P<0(01

16
t=341
P<0(01

((1-53)

144 (68)
51
158 (83)
52
t=125
ns

FEVI=forced expiratory volume in onc second.

from sitting to supine positions (P<0-05, Table 2),
but there were no significant changes in FEV1 or
expiratory flow. The children in group 2, however,
showed highly significant impairment in all parameters of lung function from sitting to supine
positions (P<0-01, Table 3). In four boys with
Duchenne muscular dystrophy, forced vital capacity
fell by more than 20% from the initial values in the
sitting position, with a mean reduction of 12% for
the group 2 as a whole (P<0-001). Mean FEV, fell
by 12%, and mean peak expiratory flow fell by 14%
from sitting to supine positions (Table 3).
The effect of spinal bracing on lung function was
tested in 16 children in group 2. Wearing a jacket
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dystrophy who showed the greatest impairment in
forced vital capacity when lying supine (suggesting
severe diaphragmatic weakness), one was unable to
tolerate a brace and the remainder showed severe
restriction in forced vital capacity as a result of
bracing. Mean FEV1 fell by 21% as a result of
bracing (P<0-01, Table 4), but overall there were no
significant effects on peak expiratory flow rate: in
four patients the peak flow fell by more than 25%
when wearing a jacket, but surprisingly, in three
patients the peak flow improved by more than 25%
in the brace, despite significant impairment in
forced vital capacity.
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Fig. 1 Relation between Vignos score and forced vital
capacity (FVC) (% of value predicted from arm span).
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caused a mean reduction in forced vital capacity of
22% (P<0.01, Table 4), seven patients showing
impairment of greater than 25%. The impairment in
force vital capacity was related to the angle of
scoliosis (r=0-5, P<0-05) and to the degree of
improvement due to bracing (r=0-5, P<0-05, Fig.
2). The two children with the greatest impairment in
forced vital capacity as a result of bracing both
had severe Duchenne muscular dystrophy. They
achieved considerable improvement in Cobb's angle
with the brace but unfortunately this was at the cost
of considerable restriction in lung volume. Furthermore, of the four boys with Duchenne muscular
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Fig. 2 Relation between reduction in Cobb's angle due to
the brace, and the fall in forced vital capacity (FVC)
(% of baseline value) due to the brace.
r=0)5, P<0-05.

Discussion
We have shown that in severely weak patients, lung
function may be significantly impaired in the supine
position; furthermore, wearing a rigid supporting
jacket for scoliosis causes further restriction in lung
volume.
Posture has an effect on lung function in normal
adults'2 with a fall of approximately 5% from erect
to supine but we have been unable to find any
published data for children. Twenty normal schoolchildren aged 6 to 17 years, however, studied at this
hospital (Reynolds, 1979, unpublished data) showed
a mean reduction in forced vital capacity of 4-8%
from standing to supine positions (P<0-02). All of
the children in group 1 had definite muscle weakness, but the 6% fall in forced vital capacity from
sitting to supine hardly differs from the normal
population. The children in group 2, however, were
weaker and had the additional disadvantage of
scoliosis. In this group the mean fall in forced vital
capacity from sitting to supine was 12%. Four boys
with Duchenne muscular dystrophy showed reductions from 22 to 29%, suggesting a significant degree
of diaphragmatic weakness. Three of these boys
showed severe restriction in forced vital capacity as
a result of bracing, and the fourth was completely
unable to tolerate a brace.
It was surprising to find that three of the children
with substantial impairment in forced vital capacity
when supine actually improved their peak expiratory flow by 26 to 63% when wearing a brace. It is
possible that these children might have learned to
make use of the splinting effect of the brace on the
abdomen and could thus improve their peak flow
and also improve their capacity to clear secretions or
cough.
Spinal bracing using rigid jackets is an important
stage in the management of scoliosis, since there is
rapid progression if left untreated, particularly in
children with muscle weakness. Children with
severe scoliosis, however, are usually reluctant to
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wear a brace. We have shown that spinal bracing for
severe scoliosis results in a considerable reduction in
forced vital capacity, and this may contribute to
difficulty in tolerating the brace, particularly as lung
function is already seriously impaired by weakness
of the intercostal muscles and diaphragm. The
reduction in forced vital capacity due to bracing was
proportional to the angle of the scoliosis and the
degree of correction achieved by the brace, and this
would explain why early prophylactic bracing is
more likely to be tolerated, since the jacket has little
effect on lung function when the scoliosis is mild.
Children with muscle disease often need spinal
surgery despite bracing. Operations such as the
Dwyer procedure or Harrington instrumentation may
require prolonged immobilisation in the supine
position, which would be extremely hazardous in a
child with severe diaphragmatic weakness. In such
cases the newer Luque procedure'3 may be preferable, since earlier mobilisation is possible after
surgery. Regular assessment of lung function using
simple spirometry can give valuable information
about the effects of bracing and about diaphragmatic function. The results may help to predict
which children will be able to tolerate spinal
bracing, and to decide on the timing of spinal
surgery.
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