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o r i g i n a l 
a r t i c l e

Postural alignment in children with Duchenne muscular 
dystrophy and its relationship with balance

Cyntia R. J. A. Baptista1, Andreia A. Costa2, Tatiana M. Pizzato1,3, 
Francine B. Souza2, Ana C. Mattiello-Sverzut1

ABSTRACT | Background: In Duchenne muscular dystrophy, functional deficits seem to arise from body misalignment, 
deconditioning, and obesity secondary to weakness and immobility. The question remains about the effects of postural 
deviations on the functional balance of these children. Objectives: To identify and quantify postural deviations in children 
with DMD in comparison to non-affected children (eutrophic and overweight/obese), exploring relationships between 
posture and function. Method: This case-control study evaluated 29 participants aged 6 to 11 years: 10 DMD (DG), 
10 eutrophic (EG), and 9 overweight/obese (OG). Digital photogrammetry and SAPo program were used to measure 
postural alignment and the Pediatric Balance Scale (PBS) was used to measure balance. The Kruskall-Wallis and Dunn 
post-hoc tests were used for inter-group comparison of posture and balance. Spearman’s coefficient tested the correlation 
between postural and balance variables. Results: The horizontal pelvic alignment data indicated that the anteversion of 
the DG was similar to that of the OG and twice that of the EG (p<0.05). Compared to the EG, the DG and OG showed an 
increased forward position of the center of mass (p<0.05). There was a moderate and weak correlation between the PBS 
score and horizontal pelvic alignment (0.58 and 0.47-left/right). The PBS showed a weak correlation with asymmetries 
in the sagittal plane (–0.39). The PBS scores for the OG and EG suggest that obesity did not have a deleterious effect on 
balance. Conclusions: The balance deficit in children with DMD was accompanied by an increased forward position 
of the center of mass and significant pelvic anteversion that constitutes a compensatory strategy to guarantee similar 
performance to the children not affected by the disease.
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Introduction
Postural alignment promotes the support 

and mobility of the segments of the body1. The 
accelerated somatic growth during childhood can 
induce the development of numerous postural 
defects, compromising physical development2. In 
neuromuscular diseases, postural deviations are the 
result of pathological processes of the skeletal muscle 
itself, often associated with changes in bones and 
joints and in the central nervous system3,4. A common 
feature of neuromuscular disease is muscle weakness 
and imbalance that leads to postural deviations and 
functional disabilities.

In the case of Duchenne muscular dystrophy 
(DMD), progressive muscle weakness particularly 
in the proximal and extensor muscles is responsible 
for the muscle shortening that becomes evident by 
the age of 134. Toe walking is seen by the age of 

8 and this has been attributed to shortening of the 
calcaneous tendons and iliotibial bands. As walking 
and other abilities deteriorate, compensatory spinal 
deformities such as scoliosis and hyperlordosis 
start developing and finally culminate in complete 
functional dependence5.

Although recent studies indicate the existence 
of a relationship between balance tests and motor 
functions6, the repercussions of postural deviations 
on quiet standing in children with neuromuscular 
diseases have been little investigated7. Barrett et al.7 
studied static balance in 8 children with DMD using 
the force platform, comparing their performance with 
and without a knee-ankle-foot orthosis. The use of the 
orthosis increased postural stability, with the center of 
mass (CoM) projecting closer to the ankle joint. Thus, 
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improvement of postural alignment with the orthosis 
appeared to favor balance while standing.

It is known that, in the early stages of disease (5 
to 6 years), children with DMD present with a wider 
anterior-posterior and medial-lateral range of motion 
than in the stage of gait loss8. Children with DMD 
have less ability to control the CoM within the base 
of support when compared to healthy children of 
comparable age9. Kelly et al.9 compared the results 
of stabilometry between 13 children with DMD and 
57 healthy children. In contrast to healthy children, 
the ratios of CoM excursions tended to decrease with 
age in children with DMD. Ratios of reduced CoM 
excursions were considered a strategy to deal with 
balance in the presence of progressive weakness. 
Although the sensory processing is intact in this 
disease, the skeletal muscle system does not appear 
to be able to generate stabilizing forces to regain 
balance. As a consequence, excessive expansion of 
the base of support, hyperextension of the knees, and 
lumbar hyperlordosis are observed in the standing 
position as compensatory adaptations to muscle 
weakness10.

Another aspect to consider in DMD is a detrimental 
effect of obesity on balance. The increment in the 
body mass index (BMI) that affects half of DMD 
children is associated with reduced levels of physical 
activity and glucocorticoid therapy11. There is 
some evidence that excess weight and obesity in 
children without neuromuscular diseases can affect 
balance11,12, although this is a controversial finding13.

Since balance control during quiet standing 
requires only minimal muscle activity, muscle 
weakness alone does not explain the exacerbated 
balance deficit in children with DMD. Within this 
context, the loss of balance and most functional 
deficits seem to arise from body misalignment and 
loss of conditioning secondary to muscle weakness10. 
However, to our knowledge, there are no studies 
investigating the effect of postural deviations on 
balance in children with DMD. Information about 
the role and the extent of postural misalignment in 
these children would contribute to the development 
of procedures for the management of progressive 
neuromuscular diseases.

Considering that the ideal postural alignment 
is theoretical and the limits of the normal and 
abnormal postural alignment are not established, 
the comparison between healthy and DMD children 
could help to verify the impact of postural alignment 
on balance using a functional scale. Therefore, the 
objective of the present study was to identify and 
quantify postural deviations in children with DMD, 
eutrophic children, and overweight/obese children. 
Afterwards, the postural deviations obtained in 

DMD children were compared with eutrophic and 
overweight/obese children to establish associations 
between posture and functional balance.

Method

Subjects
This case-control study was composed of a sample 

of 29 participants aged 6 to 11 years: 10 children 
with DMD (DG), 10 eutrophic control (EG), and 
9 obese control (OG). With the aim to compare 
balance and posture between groups, all participants 
were submitted to one session of tests to determine 
Pediatric Balance Scale (PBS) scores, angles, and 
distances of postural alignment. Because of the 
relevance of BMI to the objective of this research, 
overweight/obese participants were incorporated. 
The criteria for inclusion in the DG were: a medical 
diagnosis of DMD, follow-up at the university’s 
Neuromuscular Disease Outpatient Clinic, preserved 
capacity for unsupported standing (with or without the 
use of orthoses), and minimum cognitive capacity to 
perform the proposed tests. The criteria for inclusion 
in the EG were age comparable to that of the children 
in the EG, no history of fractures, rheumatic diseases 
or any other disease that triggers musculoskeletal 
deformities, and no history of orthopedic surgery. 
The criteria for inclusion in the OG were the same 
as the EG plus a BMI comparable to that of the 
children in the EG. The exclusion criteria were any 
cognitive, neuromuscular or musculoskeletal aspect 
that constrained the progression of the tests. The 
study was approved by the Ethics Committee of the 
School of Medicine of Ribeirão Preto, Universidade 
de São Paulo (USP), Ribeirão Preto, SP, Brazil 
(protocol number. 6990/2007) and the parents or 
legal guardians agreed to the child’s participation by 
signing an informed consent form.

Procedures
Each participant was submitted only once to 

the test procedures, which were conducted by a 
single, trained examiner. Anthropometric measures, 
balance, postural alignment, and clinical data 
(health condition, pre-existing diseases, and use of 
medications or orthotic devices) were obtained from 
all participants. In addition, the children with DMD 
were submitted to clinical evaluation and assessment 
of motor function using the Motor Function Measure 
(MFM)14.

The MFM is a scale specifically developed for 
neuromuscular diseases and consists of 32 items that 
comprise static and dynamic evaluations divided into 
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three dimensions (D1: standing and transfer, 13 items; 
D2: axial and proximal motor function, 12 items; 
D3: distal motor function, 7 items). A score ranging 
from 0 to 3 is attributed, corresponding to increasing 
performance, i.e. the total score obtained indicates the 
maximum performance in the dimensions tested (96 
points) and is expressed as percentage.

The participants of the DG were named according 
to their ages as follows: A1, A2, A3 (6 years); B1, B2, 
B3 (8 years); and C1, C2, C3 (9 years); D1 (10 years); 
and E1 (11 years) to facilitate comparisons with the 
eutrophic and overweight/obese groups.

Evaluation of balance
Balance was evaluated in all groups using a 

standard measure, the Brazilian version of the PBS15. 
Its original version has been shown to be sensitive 
to changes in balance skills of children, especially 
cerebral palsy, and is an efficient diagnostic and 
monitoring tool16. The score attributed per task 
ranges from 0 to 4 according to the quality and time 
of execution and the total score is 56 for children 
older than 7 years who present typical development.

In the present study, the 14 activities of the scale 
were shown to the participant who then performed 
each task without recording the results. Next, the tests 
were performed and scores were attributed.

Evaluation of postural alignment
Digital photogrammetry is an adequate 

alternative for the quantitative evaluation of postural 
asymmetries17, even in children18. This technique 
allows the computerized measurement of angles 
and horizontal and vertical distances for different 
purposes. The following measures of postural 
alignment were obtained from DG, EG, and OG using 
the SAPo program19: hip, knee, and shoulder angle; 
horizontal and vertical alignment of the anterior and 
posterior superior iliac spines, pelvis, scapulae, knee, 
spine, and head; and projection of the CoM within 
the base of support.

The posture images were captured with a Sony 
6.0MP DSC-T9 digital camera mounted on a 
Vanguard VT-131 tripod at a height of 90 cm and 
parallel to the floor. The center of the camera lens 
overlapped the midpoint of the base of support. 
A plumb line was hung next to the participant as 
a vertical reference and was visible in all of the 
photographs. The line was marked at 10 cm intervals 
over a distance of 50 cm to facilitate calibration 
of the images. The support base was used as the 
horizontal reference and its surface was confirmed 
with a leveling device.

The photographic images were captured in 
the independent standing position in the anterior, 
posterior, and lateral views, with the participant 
wearing a bathing suit. The anatomical landmarks 
were identified with Styrofoam cylinders (lumbar 
region) and spheres (other regions) measuring 1 cm in 
diameter, which received colored adhesives (Pimaco) 
to increase the precision of photographic analysis 
by the software. Before each image acquisition, 
the participants were asked to walk for 10s over an 
ethylene-vinyl acetate carpet to assume a posture 
as natural and relaxed as possible. A plantigrade 
impression marked on the carpet was also obtained 
to guarantee the same base of support in all of the 
photographs.

Statistical analysis
Descriptive statistics were used for exploratory 

data analysis. The nonparametric Kruskall-Wallis test 
(implemented in the R2.14 software)20 followed by 
Dunn’s post-hoc test were used to compare postural 
alignment and balance score data between the DG, 
EG, and OG.

Spearman’s correlation coefficient (rho) was used 
to evaluate the association between two quantitative 
variables (distances and angles related to posture 
alignment, lower limb function, and balance) for all 
participants. Correlations (positive or negative rho 
values) were defined as follows: >0.90, very strong; 
0.70 to 0.89, strong; 0.50 to 0.69, moderate; 0.30 to 
0.49, weak; <0.30, little or no correlation.

Results
The anthropometric variables obtained by the EG, 

OG, and DG are shown in Table 1. The differences 
between groups are marked with * and ‡, and the 
p-values are shown in the last column.

Clinical and functional data
The clinical features of each participant of the DG 

are shown in Table 2. Note that the lowest individual 
MFM scores were observed for the D1 dimension 
(standing position and transfer), with seven DMD 
children presenting values below 50%. Based on 
BMI values for children21, all of the participants 
with DMD are classified as overweight (A2, A3, B1, 
C1, and E1) or obese (A1, C2, C3, and D1) with the 
exception of one eutrophic participant (B2). The DG 
participants had in common the use of prednisone 
or deflazacort and some kind of orthosis to manage 
ankle deformities.
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Postural alignment
There were differences between the DG and 

EG in horizontal alignment of the pelvis (P<0.05) 
while the DG and OG were similar in this variable. 
Analysis showed greater anteversion in the DG and 
OG compared to the EG (P<0.05).

Regarding sagittal plane asymmetry, which is a 
measure of anterior-posterior displacement, there 
were differences between the EG and the other groups 
(p<0.05). Although all participants presented anterior 
displacement of the CoM, the DG showed greater 
anterior displacement than the EG (P<0.05) and the 

DG and OG were similar. No significant differences 
between groups were observed for the other variables 
of postural alignment as shown in Table 3.

Balance
Balance scores (PBS) differed significantly 

between the DG, EG, and OG (P<0.05), with median 
values of 42.5, 55.5, and 55, respectively (Figure 1). 
These data showed that the worst performance and 
the higher variability were recorded for the DG 
participants.

Table 1. Age and anthropometric characteristics of the participants considering eutrophic, overweight/obese and children with Duchenne 
muscular dystrophy. Differences between groups are shown on the last column (Kruskal-Wallis test and Dunn’s post hoc test, p<0.05).

Eutrophic
(EG) n=10

Overweight /Obese
(OG) n=9

Duchenne
(DG) n=10

Variable
Mean  
(SD) 

Median
Minimum 
Maximum

Mean  
(SD) 

Median
Minimum 
Maximum

Mean  
(SD) 

Median
Minimum 
Maximum

p-value

Age
8.20  
(1.7)

8.50
6.00
11.00

8.11  
(1.8)

8.00
6.00
11.00

8.20  
(1.7)

8.50
6.00
11.00

ns

Weigth
27.60  
(2.6)

28.00
23.00
31.00

40.67 
(13.7)

39.00
26.00
69.00

34.31 
(12.7)

32.85
20.80
66.70

*P<0.05

Height
132.7
(7.0)

132.75
122.50
141.00

138.22  
(10. 7)

139.50
124.00
154.00

126.40 
(10.3)

125.50
113.00
147.00

ns

BMI
15.68  
(1.0)

15.85
14.00
17.00

20.72  
(3.8)

20.10
16.90
29.10

20.86  
(4.4)

20.00
15.40
30.90

‡P<0.05

*EG≠OG and DG=EG; ‡ EG≠DG; EG≠ OG and DG=OG; ns = non-significant.

Table 2. Individual clinical and functional data of participants with Duchenne muscular dystrophy including age, Motor Function Measure 
(MFM), body mass index (BMI), and use of drugs and orthotic devices.

Individual Clinical Features of DG Participants

Subject
Age 

(years)
MFM D1 

(%)
MFM D2 

(%)
MFM D3 

(%)
MFM 

Total (%)
BMI Drugs

Orthotic  
devices

A1 6 26 94 90 66 24.7
Periciazine, Prednisone, D 

vitamin
Night Splint

A2 6 46 89 90 72 17.5 none Night Splint

A3 6 41 94 95 73 17.6 Prednisone
Night Splint and 

Hinged AFO

B1 8 49 97 100 78 19 Deflazacort, D vitamin
Night Splint and 

Hinged AFO

B2 8 59 100 100 83 15.4
Prednisone, D vitamin, 
Levothyroxine sodium

none

C1 9 56 100 100 82 19.1
Deflazacort, D vitamin, 

Calcium
Night Splint

C2 9 51 94 100 78 22
Prednisone, D vitamin, 

Risperidone, Maprotiline
Night Splint

C3 9 36 100 90 72 21.5 Deflazacort, D vitamin Hinged AFO

D1 10 33 97 95 71 30.9 Prednisone, D vitamin
Night Splint and 

Hinged AFO

E1 11 38 94 100 73 20.9 Prednisone, Imipramine
Hinged AFO and 

Leaf-spring 
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Correlation between PBS scores and 
measures of postural alignment

Considering the classification for the Spearman 
analysis, there was a moderate correlation between 
the PBS score and horizontal alignment of the pelvis 
on the right side (rho=0.58). Weak correlations were 
observed between the PBS score and horizontal 
alignment of the pelvis on the left side (rho=0.47) 
and asymmetry in the sagittal plane (rho=–0.39).

Discussion
Postural alignment measurement allowed us to 

identify one of the most important biomechanical 
factors affecting semi-static balance in DMD: pelvic 
inclination. Our data showed that, in general, the 
posture of children with DMD is similar to eutrophic 
or overweight/obese children, with the exception of 
pelvic alignment and asymmetries in the sagittal 
plane. Regarding pelvic alignment, the anteversion in 
the DG (–24.2 degrees) was similar to the OG (–22.2 
degrees) and twice that of the EG (–13.0 degrees). 
The most significant forward projection of the CoM 
was recorded in the children with DMD.

In this study, balance was assessed with the PBS, a 
non-trivial scale for neuromuscular disease. Although 
stabilometric tests provide objective measurements, a 
scale such as the PBS has the advantage of examining 
several functional aspects of balance. In this respect, 
the PBS was capable of discriminating children with 
DMD from non-affected children, showing potential 
as an assessment instrument. Eutrophic and obese 
children achieved similar scores, which allowed 
us to determine whether weight had any effect on 

the variables in the children with DMD. These data 
corroborate D’Hondt et al.13, who studied pediatric 
postural stability in four sensory conditions, using 
a force plate to quantify center of pressure (COP) 
dynamics. In this study, normal and overweight 
children were not different, however there is no 
consensus on balance deficits and weight gain. 
McGraw  et  al.11 and Goulding  et  al.12 pointed to 
low balance performance for overweight and obese 
boys without neuromuscular diseases. In relation to 
pediatric neuromuscular diseases, no reports were 
found in the literature. Based on our data, if the 
balance performance of DMD children was lower 
than that of the obese children and these were similar 
to the healthy children, then obesity did not have a 
considerable impact on the balance performance of 
the DMD children.

The investigation of the relationship between 
functional balance and postural alignment confirmed 
the influence of pelvic alignment. The moderate 
correlation between balance and horizontal 
alignment of the pelvis means that pelvic anteversion 
accompanies higher balance scores. This finding 
must be analyzed with caution because children with 
excessive anteversion could be more affected and 
demand more compensation.

The postural deviations observed in this series 
of children with DMD may be due to the muscle 
weakness and shortening or even to the joint 
deformities that are typical of this population22. In 
healthy children, posture development in the sagittal 
plane is characterized by relative anterior translation 
of the head, shoulders, hips, and knees23, and lumbar 
lordosis increases between the ages of 3 and 12 then 
decreases from the ages of 13 to 1524. There are 
no studies providing quantitative data on postural 
misalignment in children with neuromuscular 
diseases, particularly those with DMD. In this respect, 
the present data for alignment of sagittal plane 
posture, but not of frontal plane posture, allowed us 
to distinguish healthy children from children with 
DMD. Alignment of the pelvis differed significantly 
between the groups with and without DMD (P<0.05), 
showing greater pelvis tilt amplitudes and anterior 
projection of the CoM in the DG.

The anterior projection of the CoM observed in 
children with DMD may be due to the interaction 
of multiple factors, such as muscle shortening and 
muscle strength imbalance (agonist/antagonist ratio). 
According to Caromano25, the shortening of plantar 
flexor muscles, frequently seen in children with DMD, 
induces clubfoot and excessive lateral displacements 
of the trunk during walking. From a functional point 
of view, anterior projection of the CoM over the base 
of support increases the susceptibility for falls. Lajoie 
and Gallagher26 showed in older adults that the greater 

Figure 1. Box-plot of balance scores obtained for the eutrophic 
group (EG), Duchenne group (DG), and overweight/obese group 
(OG) with the Pediatric Balance Scale (PBS).
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lateral and anterior excursions, the lower control of 
balance. Here, therefore, is the correlation between 
some variables of alignment and PBS scores.

In the present series, indirect measures of CoM 
demonstrated anterior and lateral displacement in all 
participants, with greater sagittal plane asymmetry 
in the DG compared to the EG (p<0.05). Frontal 
and sagittal plane asymmetries allow us to infer 
the direction of CoM displacement. Frontal plane 
analysis provides data regarding medial-lateral 
displacement, whereas analysis in the sagittal plane 
indicates anterior-posterior displacement. These 
present findings agree with Barrett  et  al.8 who 
also observed anterior projection of the center of 
gravity in 61 children with DMD evaluated on a 
force plate. Furthermore, Dalleau et al.27, studying 
21 adolescent girls with scoliosis on a force plate, 
attributed anterior projection of the center of gravity 
to pelvic anteversion, which promotes an increase 
in lumbar lordosis and posterior displacement of the 
trunk. Despite the differences in methodology and 
pathological condition, this suggestion seems to be 
in line with the present study, since pelvic anteversion 
and anteriorization of the center of gravity were 
common findings in all children with DMD.

The PBS scores used for balance assessment 
can vary from 0 to 56, corresponding to increasing 
performance. According to Newstead  et  al.28 who 
evaluated adults with brain damage, each point 
deducted on the Berg Balance Scale indicates an 
increasing risk of falls: a decline from 56 to 54 
increases the risk of falls by 3 to 4%, from 54 to 
46 by 6 to 8%, and the risk of falls is almost 100% 
when the subject scores less than 36. No such data 
are available for the pediatric population. Therefore, 
comparisons need to be done between children 
with and without DMD. A study on this topic was 
conducted by Franjoine et al.29 and showed the scores 
achieved by normal children aged 2.6 to 13.7 years. 
The authors demonstrated that the score increased 
with advancing age from the second to the seventh 
year, with girls reaching the highest scores.

For our study, a significant difference in the 
performance of the balance tasks was observed 
between groups, with a median score of 55.5 
for the EG, 55 for the OG, and 42.5 for the DG, 
demonstrating low performance and high risk of falls 
in DMD. The clinical relevance of this finding was 
in agreement with another functional scale specific 
for neuromuscular diseases, the MFM. The score 
obtained in the MFM indicates the level of functional 
impairment in patients with DMD. According to 
Vuillerot  et  al.30, a total score of 58% separates 
ambulant from non-ambulant patients, irrespective 
of age. Thus, the children of the DG presented good 

motor function (scores higher than 66 points) but 
impairment in balance detectable with the PBS.

The relevance of the present study lies in the fact 
that it provides quantitative data of proximal postural 
deviations in children with DMD and correlates them 
with functional measures of balance.

In conclusion, the distinction between the DMD 
children and the non-affected children is based 
on horizontal pelvic alignment and sagittal-plane 
asymmetry. Boys with DMD presented excessive 
forward projection of the CoM, exacerbated pelvic 
anteversion, and the worst balance scores. The 
excessive pelvic anteversion of the DMD seems to 
aid balance, however this strategy did not guarantee 
a similar performance as that achieved by the 
eutrophic or obese children. Further investigations 
into proximal alignment should focus on the impact 
of muscle shortening, i.e. plantar flexion.
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