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Abstract
Background: Respiratory muscle weakness associated with scoliosis in type-2 spinal muscular
atrophy (SMA) leads to respiratory impairment. Spinal brace, generally utilized to slow scoliosis
progression and support sitting, could worsen lung function and hamper cough maneuvers.
Case series: Six home-treated type-2 SMA children (aged 6 -15 years, subtype 2.1-2.5) were
assessed to evaluate time-dependent influence of “static-balanced brace” on pulmonary function.
Lung function tests, including peak expiratory flow (PEF), peak cough flow (PCF), maximal static
inspiratory pressure (MIP), maximal static expiratory pressure (MEP), forced vital capacity (FVC),
were performed. PEF, MEP, FVC parameters were higher in tests after wearing braces threehours, PCF slightly higher and MIP slightly lower compared to upon awakening values.
Clinical rehabilitation impact: “Static-balanced brace” did not impair lung function in our sample
of type-2 SMA children; in addition, it seemed to support cough maneuvers. Double assessment is
determinant for decisions concerning use/non-use of brace.
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Introduction
Spinal muscular atrophy (SMA) is caused by deletion of SMN 1 gene, located on chromosome 5,
responsible for production of SMN (Survival Motor Neuron) protein. Altered production of this
protein leads to degeneration of motor neurons in spinal cord anterior horns, resulting in
progressive denervation, muscle atrophy and increasing weakness (1). After cystic fibrosis, SMA is
the most common autosomal recessive genetic disease in childhood, with a global incidence of
1/10000 – 1/24000 live births. In general population, its carrier frequency is about 1/40 - 1/60.
According to Dubowitz classification (Hammersmith Functional Scale for SMA - HFMS) (2), the
scientifically most shared SMA clinical assessment system, patients are divided into four forms
depending on onset age, maximal obtainable gross motor function and age at natural exitus (3). All
four forms present some variability in clinical manifestations; therefore, in order to obtain maximal
patient selection homogeneity for clinical research purposes, SMA forms are further divided into 10
sub-forms. In Type-2 SMA, atrophy begins between six and 18 months; patients are able to
maintain sitting position without support, but are unable to stand and walk autonomously. Exitus
mainly depends on lung failure. If respiratory supported, most patients can also reach adulthood.
Scoliosis greatly contributes to impaired lung function by reducing vital capacity and increasing
ventilation/perfusion discrepancy (4).
In neuromuscular disorders (NMD), spinal bracing improves postural control in sitting position and
supports upper limb functionality. It has never been demonstrated to slow scoliosis progression (5)
and sustain efficaciously lung function.
In literature, few studies have investigated the effects of brace use on lung activity in children with
NMD. Noble-Jamieson and colleagues (6) have analyzed consequences of a rigid spinal brace on
respiratory function in 16 children affected by NMD (Duchenne Muscular Dystrophy, Congenital
Muscular Dystrophy and SMA). Their results showed statistically significant reduction of FVC in
pulmonary function tests performed wearing brace.
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Tangsrud and colleagues (7) have analyzed effects of spinal bracing on lung function in five SMA
children. Results showed higher average values of tidal flow volume in pulmonary function tests
performed without brace, compared to ones wearing brace.
Morillon and colleagues (8) have showed that spinal bracing in children with NMD leads to
respiratory impairment, significantly reducing FVC. Their results revealed that the Garchois brace
might lead to less severe impairment of respiratory function.
Moreover, to the best of our knowledge, in literature, no studies have fully investigated timedependent effects of bracing on lung function in SMA children.
The aim of this study was to evaluate time-dependent effects of a specific trunk orthosis, the
“static-balanced brace”, on lung function in a homogeneous group of type-2 SMA children.

CLINICAL SERIES
Six type-2 SMA children (age 6 - 15 years) with an average age of 116.6 months (range 92-142)
were included in this study. Diagnosis was confirmed by extensive evaluation (including clinical,
genetic and neurophysiological examinations). In order to compile a homogeneous group, enrolled
children were limited to a ranking between 2.1 – 2.5 of HFMS scale. In order to clinically quantify
functional status, children were assessed, without brace, using 20 out of 33 items of HFMS; in
which higher scores (max 40) indicate better abilities (2). HFMS non-evaluated items were
inapplicable or inappropriate for our research aims. Our limited case sample is due to low
incidence of type-2 SMA children and necessity to assess a homogeneous group for pathology and
clinical conditions. For a detailed description of characteristics of the enrolled population, see Table
1.
Lung function evaluation included the following tests: peak expiratory flow (PEF), peak cough flow
(PCF), maximal static inspiratory pressure (MIP), maximal static expiratory pressure (MEP), forced
vital capacity (FVC) (9, 10). PEF and PCF were performed using a mini Wright Peak Flow meter.
MIP and MEP were obtained using a portable hand-held Respiratory Pressure Meter (MICRO
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RPM, BioElektron). FVC was measured through a portable hand-held computer-based spirometer
(Minispir® New).
Participants wore a “static-balanced” brace daily, as long as they could maintain the sitting position.
This is a custom-made univalve trunk orthosis whose plaster cast is taken in sitting position with a
neck-cervical traction regulated through a dynamometer at about 1/4 - 1/5 of body weight. Before
plaster hardening, traction is removed and child’s sitting posture is adapted to obtain the bestbalanced active head position. From the plaster cast, orthotists construct the usual positive plaster
model of child’s trunk, on which they apply a 3-mm polyethylene sheet, at high temperature, to
form the brace structure. An abdominal opening is successively made to permit diaphrag
movements. An elastic strip, applied over this opening, aids expiration improving abdominal wall
response. An anterior metal sliding mechanism provides brace closure while still allowing lung
expansion during inspiration (if “inverted” lung inspiration is not already present). During inspiratory
phase, thoracic closure with the anterior sliding mechanism and presence of the large abdominal
opening allow child to increase adequately pre-cough volumes.
This brace is termed “static” because it does not require any auto-correction of scoliosis curve,
impossible for this type of patient, and “balanced” because it allows total active head control. From
our experience, its use is particularly suitable for NMD patients. In Italy, this type of brace has been
approved and funded by National Health Service since 1992.
Static balanced brace
In order to assess brace time-dependent effects on lung function, we performed tests without brace
upon awakening and after use/non-use of brace for 3 hours. Lung function tests were
chronologically carried out under the following conditions during specific sessions on the same
day:

1. supine position (without brace) in morning upon awakening;
2. sitting position (without brace) in morning upon awakening;
3. sitting position (without brace) after wearing brace 3 hours;
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4. sitting position (with brace) after wearing brace 3 hours;
5. sitting position (without brace) after 3 hours without wearing brace.
For short periods, muscle fatigue in maintaining sitting position is not appreciable, but becomes
critical after a few hours. In fact, in our study, it was impossible to assess lung function on periods
longer than three hours without wearing brace due to excessively progressive muscle fatigue
related to maintaining sitting position. For each test, the highest value out of three measurements
was recorded. All tests were administered by the same researcher (expert physiotherapist). All
children were trained to correctly perform assessment maneuvers.
Statistical analysis was performed by Normality test (Shapiro-Wilk) and T-test for paired data.
Wilcoxon signed-rank test was used for comparison of paired data. All tests were considered
statistically significant for p<0.05.
Subject recruitment took place from October 2016 to February 2017 after obtaining informed
parental consent. This study was approved by the Ethics Committee of University of Padova.

Discussion
In literature, only two studies have investigated effects of spinal bracing on FVC in children with
NMD (6, 8). In the first one, a significant reduction in FVC during tests performed wearing brace
was demonstrated, but the technical characteristics of braces used were not specified. In the
second one, children wearing brace showed significantly reduced FVC, even if less severely
impaired in subjects wearing Garchois brace.
In order to verify whether wearing braces can affect lung function more than the consequences of
muscle fatigue induced by maintaining sitting position without a brace, we performed tests without
brace upon awakening and after use/non-use of brace for 3 hours. To the best of our knowledge, in
literature there are no studies that have fully investigated time-dependent effects of brace on lung
function in children with NMD.
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In five out of the six subjects of our case series, it was possible to perform respiratory function
tests. Respiratory test 5 (sitting position without brace after 3 hours without wearing brace) was not
performed in subject number 4 because of excessive trunk muscle weakness that inhibited a
prolonged sitting position without brace. Anyhow, in this patient, prolonged brace use did not
reduce parameters measured in sitting position upon awakening, except for MIP. This data
confirms the previous statement concerning the choice of suitable test period. In tests performed
upon awakening, before wearing brace, PEF, PCF, MIP and MEP mean and median values were
higher in sitting position. Only PCF was statistically significant (p=0.05). FVC values were roughly
equivalent, confirming diaphragm muscle preservation in type-2 SMA children.
After three hours of brace use, mean and median values of parameters were overall better in tests
performed wearing brace. PEF, PCF and MEP values were significantly higher. MIP was lower. No
statistically significant differences were found in values of all parameters.
In tables 2 and 3 all test mean and median values with standard deviation.
Collected data of our six-enrolled type-2 SMA children showed that lung function was not adversely
affected by wearing the static-balanced brace. In fact, we found that cough effectiveness measures
(PEF, PCF and MEP) and particularly PCF and MEP were better in tests performed in sitting
position with brace, whereas FVC was not modified. Improvement of cough effectiveness
parameters in tests performed with static balanced brace can be attributed to specific technical
characteristics of this orthosis that support the first and last cough phases.
Analysis of results of this study revealed no statistically significant differences, except in MIP value,
which was slightly reduced in tests performed after wearing brace for 3 hours compared to values
observed upon awakening. As the MIP value is an expression of strength of inspiratory muscles, its
small reduction in tests performed after wearing brace for 3 hours could be interpreted as gradual
diaphragm fatigue due to increased effort imposed by orthoses constraint. Parameter analysis of
cough effectiveness did not show any significant changes. This assessment is determinant for
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decisions concerning use/non-use of brace, differently from the usual one-time evaluation (base
level compared to level wearing brace).

Conclusions
Preliminary findings from this study suggest that in type-2 SMA children:
-

lung function is better in sitting position than in supine one,

-

static-balanced brace can support cough maneuvers,

-

static-balanced brace does not impair lung function in terms of FVC,

-

prolonged use of static-balanced brace can reduce MIP,

-

diaphragm muscle is less compromised, but fatigue has to be constantly monitored
because brace, constraining thorax, reduces its expansion.

Regular assessment of pulmonary function, including parameters of respiratory muscle strength, is
imperative.
Our limited case sample does not allow us to extend study conclusions to general population of
type-2 SMA children. However, our standardized and reliable procedure can allow testing of other
homogeneous groups of NMD and other types of trunk orthoses.
We would like to thank our patients their families and members of Pediatric Palliative Care team.
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Table 1. Description of enrolled SMA children.

Subject

Sex

Age
(mth)

SMA
Type

Weight
(kg)

Arm
Span
(cm)

Scoliosis (Cobb's angle)

Nocturnal non
invasive
ventilation

HFMS

1

M

130

2.2

38,5

135

Right dorso-lumbar (31°)

yes

9/40

2

M

119

2.1

50

142

Right dorso-lumbar (46°)

no

6/40

3

F

92

2.5

40

130

Left dorso-lumbar (38°)

no

26/40

4

F

102

2.3

25

120

Right dorso-lumbar (45°)

yes

7/40

5

M

142

2.3

41

146

Left dorsal (28°)

no

15/40

6

F

115

2.3

23

121

Right dorso-lumbar (9°)

no

17/40
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Table 2. Effects of sitting position on lung function

Status
Variable

Sitting position upon awakening
Mean

Median

Std Dev

Normality
test
(ShapiroWilk)

T test for
paired
data

Wilcoxon
test
for
paired
data

p-value

p-value

Exact
p--value

Supine position upon awakening
Mean

Median

Std Dev

PEF

181.00

180.00

22.47

175.00

165.00

37.42

0.4931

0.6633

0.8551

PCF

192.00

200.00

36.33

155.00

150.00

29.15

0.0179

0.0098

0.0545

MIP

62.80

63.00

5.72

57.80

58.00

3.19

0.4168

0.2045

0.1875

MEP

42.60

40.00

7.02

37.20

39.00

3.96

0.5986

0.1192

0.1250

FVC

1.64

1.40

0.46

1.64

1.42

0.44

0.9150

1.0000

1.0000
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Table 3. Effect of brace on lung function

Status
Variable

Sitting position upon awakening

Normality
test
(ShapiroWilk)

T test for
paired
data

Wilcoxon
test
for
paired
data

p-value

p-value

Exact
p--value

Sitting position with brace sitting
position (with brace) after wearing
brace 3 hours

Mean

Median

Std Dev

Mean

Median

Std Dev

PEF

181.00

180.00

22.47

210.00

205.00

35.18

0.0817

0.1456

0.3125

PCF

192.00

200.00

36.33

210.00

200.00

29.15

0.2230

0.1045

0.0975

MIP

62.80

63.00

5.72

61.00

57.00

8.46

0.1072

0.4103

0.5807

MEP

42.60

40.00

7.02

52.80

51.00

8.04

0.5986

0.0646

0.1250

FVC

1.64

1.40

0.46

1.64

1.36

0.44

0.9128

0.9427

0.8923
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