
Turk J Phys Med Rehab 2021;67(1):41-47
DOI: 10.5606/tftrd.2021.4979

Available online at www.turkishjournalpmr.com

Original Article

TURKI
SH

 S
O

CI
ET

Y 
OF

 PHYSICAL MEDICINE AND REH
ABILITATION

The relationship between scoliosis and upper extremity functions in 
patients with Duchenne muscular dystrophy
Nihan Erdinç Gündüz1, Filiz Meryem Sertpoyraz1, Banu Dilek2, Ebru Şahin2, Figen Baydan3, Bedile İrem Tiftikcioglu4, 
Elif Keskin Pehlivan5, Aylin Dikici1, Yaşar Zorlu4, Elif Akalın2, Özlen Peker2

1Department of Physical Medicine and Rehabilitation, Health Science University,Izmir Tepecik Training and Research Hospital, Izmir, Turkey
2Department of Physical Medicine and Rehabilitation, Dokuz Eylül University, Faculty of Medicine, Izmir, Turkey
3Department of Paediatric Neurology, Health Science University, Izmir Tepecik Training and Research Hospital, Izmir, Turkey
4Department of Neurology, Health Science University, Izmir Tepecik Training and Research Hospital, Izmir, Turkey
5Department of Physical Medicine and Rehabilitation, Urla State Hospital, Izmir, Turkey

Received:  June 26, 2019  Accepted: January 12, 2020  Published online: March 04, 2021

ABSTRACT

Objectives: The aim of this study was to investigate the relationship between scoliosis and upper extremity functions in patients with 
Duchenne muscular dystrophy (DMD).
Patients and methods: Between January 2018 and July 2018, a total of 55 patients (54 males, 1 female; mean age: 9.9±2.9 years; 
range, 6 to 15 years) who were diagnosed with DMD based on the clinical, laboratory, muscle biopsy and molecular analysis results were 
included in this cross-sectional study. Scoliosis was evaluated and Cobb angles were measured. Functional Ambulation Scale and Brooke 
and Vignos scale scores were recorded. The ABILHAND-Kids questionnaire and Nine-Hole Peg Test (9-HPT) were used to assess the 
upper extremity functions. Hand grip strengths were also evaluated.
Results: The median ABILHAND-Kids scores and the hand grip strength values of the patients without scoliosis were significantly higher 
compared to those with scoliosis (p=0.002 and p=0.004 for right hand and p=0.012 for left hand, respectively). There was no statistically 
significant difference in the 9-HPT scores between the patients with and without scoliosis (p>0.05). We found a negative, significant 
correlation between the Cobb angle and ABILHAND-Kids scores in patients with scoliosis (r=-0.503; p=0.017).
Conclusion: Our study results show a moderate relationship between scoliosis and upper extremity functions. Scoliosis may adversely 
affect upper extremity functions in patients with DMD.
Keywords: Duchenne muscular dystrophy, grip strength, scoliosis, upper extremity function.

Duchenne muscular dystrophy (DMD), one of the 
most common pediatric neuromuscular diseases, is 
an inherited disease which affects approximately one 
from 5,000 live male births and displays recessive 
inheritance due to the X chromosome.[1] Complete or 
partial deficiency of dystrophin among cell membrane 
proteins leads to progressive muscle degeneration, 
resulting in the loss of functional skills.[2] Functional 

limitations in the lower extremities and gait 
disturbances are observed in the early stage, while 
dependence on a wheelchair may occur at the age 
of 12 years. Since the age of 10 years, limitations of 
upper extremity functions may appear.[3] In DMD, it 
is of utmost importance to maintain upper extremity 
functions in terms of patient independence and quality 
of life.
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Progressive muscle weakness, gait disturbances, 
joint contractures, cardiomyopathy, hypercapnic 
respiratory failure, and scoliosis are important factors 
affecting quality of life in patients with DMD.[3] 
Scoliosis is frequently observed in patients with DMD. 
The time when scoliosis develops in patients with 
DMD coincides with the time they lose their ability 
to walk and stand at the age of 10 years.[4] Although 
scoliosis is defined as the lateral curvature of the 
spine of more than 10 degrees to the right or left, 
which is radiologically detected on the coronal plane, 
indeed, it is a three-dimensional torsional deformity 
of the spine and body, which is not limited only on the 
frontal plane, together with the lateral deviation of the 
vertebrae.[5,6] This deformity may be due to idiopathic, 
congenital or neuromuscular causes. Neuromuscular 
scoliosis is secondary to other pathologies, such as 
muscular dystrophy, cerebral palsy, spinal amyotrophy, 
and myelomeningocele. The Scoliosis Research Society 
(SRS) classifies neuromuscular scoliosis under two 
main headings: neuropathic causes with central and/or 
peripheral motor neuron involvement and myopathic 
causes.[7] The incidence of scoliosis reported in 
DMD, which is one of the most important myopathic 
diseases, varies between 48 and 93%.[8] Neuromuscular 
scoliosis can progress in a severe and progressive way, 
and it causes more disability with the effects of the 
underlying disease. Oda et al.[9] reported that scoliosis 
progressed continually in 46% of patients, shifted from 
kyphosis to lordosis in 32% of patients, and did not 
show progress in 15% of the patients. Brooke et al.[10] 
reported that a spinal curve between 30° and 120° 
developed in 75% of 120 DMD patients. Together with 
muscle weakness, neuromuscular scoliosis disrupts 
the sitting balance in these patients, and the patients 
are required to use one or two hands as a support to 
provide this. This also restricts the patient's functional 
status further.[11,12]

Although the definitive treatment of DMD has 
not been developed yet, the life expectancy has been 
increased, indicating that patients spend most of their 
life in a wheelchair and have a life dependent on the 
use of the upper extremities. Therefore, it is critical to 
identify the factors which may affect upper extremity 
functions and to take precautions. To the best of 
our knowledge, there is no clinical study evaluating 
the association between the upper limb functions 
and scoliosis in patients with DMD. In this study, 
therefore, we aimed to investigate the relationship 
between scoliosis and upper extremity functions in 
patients with DMD.

PATIENTS AND METHODS

Between January 2018 and July 2018, a total of 
55 patients (54 males, 1 female; mean age: 9.9±2.9 
years; range, 6 to 15 years) who were diagnosed with 
DMD based on the clinical, laboratory, muscle biopsy 
and molecular analysis results and were followed at 
neuromuscular diseases unit were included in this 
cross-sectional study. Inclusion criteria were being 
in the age group of 6 to 15 years and having a given 
consent to participate in the study by themselves 
and/or their legal guardians. Exclusion criteria were 
the suspected diagnosis of DMD, the presence of an 
additional systemic and/or neurological disease, severe 
cognitive dysfunction, a history of scoliosis surgery 
and a history of surgical intervention for the upper 
extremity. A written informed consent was obtained 
from each patient and/or legal guardians. The study 
protocol was approved by the Dokuz Eylül University, 
Faculty of Medicine Ethics Committee (No. 2018.1.3). 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

Demographic and clinical data including age, 
sex, age of diagnosis, occupation and socioeconomic 
status of the caregivers were obtained. Whether the 
participants had balance in sitting, mobilization 
status, the age of ending independent mobilization, use 
of orthopedic devices, use of a wheelchair, the age of 
transition to a wheelchair, the presence of contracture, 
participation in rehabilitation programs, and use of 
steroids were questioned.

Posture and scoliosis were evaluated. Scoliosis 
was evaluated through clinical and radiological 
examination. Anteroposterior and lateral scoliosis 
radiographs were taken for radiological evaluation. 
The location of scoliosis was classified as thoracic, 
thoracolumbar, and lumbar. The scoliosis direction 
was recorded as right and left. The Cobb angle 
measurements were performed by a radiologist. The 
radiographs of the participants who could not stand 
were taken in the sitting position. The radiographs of 
the participants without sitting balance were taken in 
the assisted sitting position.

For functional evaluation, Functional Ambulation 
Classification (FAC), Brooke and Vignos scales were 
used. The mobility status was assessed by the FAC 
scale, which includes the amount of physical support 
required to ambulate and classifies ambulation levels 
from degree 0 (non-functional ambulation) to degree 
5 (ambulator-independent).[13,14] The lower extremity 
function was assessed by the Vignos scale. The grades 
of the Vignos scale range from 1 to 10; 1 indicates that 
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the patient is able to walk and climb stairs without 
assistance, while Grade 10 refers to the patient being 
confined to a bed.[15] The upper extremity functional 
levels of the participants were evaluated by the 
Brooke Upper Extremity Scale which was developed 
specifically for patients with DMD by Brooke et al.[16] 
in 1981. This scale classifies functional levels from 
Grade 1 (defined as the ability to abduct the arms in 
a full circle until they touch above the head, starting 
with arms at the sides) to Grade 6 (defined as the 
inability to raise hands to the mouth and no useful 
function of hands).[16]

To assess the upper extremity functions, 
the ABILHAND-Kids questionnaire and the 
Nine-Hole Peg Test (9-HPT) were performed. 
The ABILHAND-Kids questionnaire was used to 
assess the manual ability. It was initially developed 
to measure hand functions in children with cerebral 
palsy. It aims to measure the children's use of their 
upper extremities in daily activities in 21 items. 
Mostly, the function of two hands together is 
evaluated. In general, the scale is applied by asking 
the caregivers, or the child can be involved, if 
the age is appropriate for answering questions. 
There should not be any assistive device or human 
support, when the function skill is evaluated. The 
participant rates the amount of difficulty during 
the activities on a scale from 0 to 3. There are 
three points in scoring, 0 points are evaluated as 
cannot be done, 1 as difficult, and 2 as easy.[17,18] The 
Turkish version of ABILHAND-Kids questionnaire 
was found to be a reliable and valid scale for children 
with neuromuscular diseases.[19] The 9-HPT is a 
timed test which measures finger dexterity based on 
performance.[20] The patients are asked to insert the 
pegs that are in the box in the holes on the panel one 
by one and as quickly as possible, by using one hand. 
Then, the patient is asked to put the pegs again into 
the box one by one. The patient can use the other 
hand to fix the panel. The completion time of the test 
is determined by a chronometer.[20] A hydraulic hand 
dynamometer (Jamar, North Coast Medical, CA, 
USA) was used to measure hand grip strength. Three 
measurements of muscle strength were performed 
for both the right and left hands, and the mean 
values were recorded as kg. The participants were 
given a 1-min rest period between each test.[21]

Statistical analysis

The post-hoc study power analysis was performed 
using the G*Power version 3.1.9.2 software 
(Heinrich-Heine-Universität Düsseldorf, Düsseldorf, 

Germany). Accordingly, type 1 error was taken as 0.05, 
r=-0.503 and n=22, the power of the study was found 
to be 0.69 for the ABILHAND-Kids score.

Statistical analyses were performed using the IBM 
SPSS version 20.0 software (IBM Corp., Armonk, 
NY, USA). Descriptive data were presented in mean ± 
standard deviation (SD), median (min-max) or number 
and frequency. The Kolmogorov-Smirnov test was 
used to analyze the normality of data distributions. 
The relationship between the Cobb angles and upper 
extremity function tests was evaluated using the 
Pearson correlation analysis (r) (r=0.9-1, very high 
correlation; r=0.7-0.9, high correlation; r=0.5-0.7, 
moderate correlation; r=0.3-0.5, low correlation; 
r=0.0-0.3 negligible correlation).[22] Comparisons 
were made using the Mann-Whitney U test. A p value 
of <0.05 was considered statistically significant.

RESULTS

Of the patients, 50.9% had independent 
mobilization, while 52.7% were using orthopedic 
devices. The rate of the patients with the FAC score 
of Level 0 was 47.3. The Vignos score was Level 4 and 
below in 56.3% of the patients. The Brooke score was 
Level 3 and above in 78.2% of the patients. Steroid 

TABLE 1
Baseline demographic and clinical characteristics of 

patients
Variables n % Mean±SD

Age (year) 9.9±2.9

Sex
Male
Female

54
1

98.2
1.8

Age of diagnosis 3.8±2.1

Independent mobilization 28 50.9

Age of ending independent 
mobilization 

8.7±2.5

Age wheelchair confined 8.7±2.7

Sitting balance
Yes
No

52
3

94.5
5.5

Orthopedic device use 29 52.7

Corticosteroid use
Yes
No

21
34

38.2
61.8

FAC level 0 26 47.3

Vignos level 4 and below 31 56.3

Brooke level 3 and above 43 78.2
SD: Standard deviation; FAC: Functional Ambulation Classification.
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TABLE 4
Correlations between Cobb angle and ABILHAND-Kids score, Nine-Hole Peg Test scores and 

hand grip strengths (n=22)
Cobb angle

r p

ABILHAND-Kids score  -0.503* 0.017*

Nine-Hole Peg Test-remove (right hand) -0.144 0.567

Nine-Hole Peg Test-remove (left hand) -0.181 0.473

Nine-Hole Peg Test-place (right hand) 0.046 0.855

Nine-Hole Peg Test-place (left hand) -0.045 0.860

Hand grip strength (right hand) -0.295 0.183

Hand grip strength (left hand) -0.272 0.221
* Pearson’s correlation was used (r=0.9-1, very high correlation; r=0.7-0.9, high correlation; r=0.5-0.7, moderate correlation;  r=0.3-0.5, 
low correlation; r=0.0-0.3 negligible correlation); * p<0.05.

use was present in 21 of 55 patients (Table 1). The 
dominant hand of all patients was the right hand.

A total of 33 (60%) patients had no scoliosis, while 
22 (40%) patients had scoliosis. Four (7.3%) patients 
with scoliosis had thoracic scoliosis, 10 (18.2%) had 

lumbar scoliosis, and eight (14.5%) had thoracolumbar 
scoliosis. The mean thoracic Cobb angle was 22.8±13.4 
degrees, the mean lumbar angle was 32.0±18.0 degrees, 
and 20.7±20.9 degrees in patients with thoracolumbar 
scoliosis (Table 2).

When the ABILHAND-Kids scores were evaluated 
according to the presence of scoliosis, the scores of 
patients without scoliosis were higher compared to 
those with scoliosis, and this difference was statistically 
significant (p=0.002). There was no statistically 
significant difference between the patients with and 
without scoliosis in terms of 9-HPT scores (p>0.05). 
The hand grip strength was statistically significantly 
higher for both the right (p=0.004) and left (p=0.012) 
hands in the patients without scoliosis than those 
with scoliosis (Table 3). There was a negative and 
significant correlation between the Cobb angle and 
ABILHAND-Kids scores in the patients with scoliosis 
(r=-0.503; p=0.017) (Table 4).

TABLE 2
Scoliosis measurements

Variables n % Median Min-Max
Scoliosis

Yes
No 

22
33

40
60

Cobb angle 17.7 10.80-72.00
Cobb angle (according to 
localization of scoliosis) 

Thoracic 20.75 11.50-38.00
Lumbar 27.5 10.80-63.50
Thoracolumbar 13.65 11.00-72.00

Min: Minimum; Max: Maximum.

TABLE 3
Scoliosis and upper extremity functions

Participants with scoliosis (n=22) Participants without scoliosis (n=33)

Variables Median Min-Max Median Min-Max p

ABILHAND-Kids score 8 0-42 34 7-42 0.002*

Nine-Hole Peg Test-remove (right hand) 12.81 6-27.25 11.25 5.40-34 0.259

Nine-Hole Peg Test-remove (left hand) 15.19 6-27.76 11.10 5.86-30 0.173

Nine-Hole Peg Test-place (right hand) 20.20 12.61-85.7 18.70 12-38 0.317

Nine-Hole Peg Test-place (left hand) 23.74 10-150.64 21.41 11-38 0.302

Hand grip strength (right hand) 2.00 0-7.00 5.33 0-16 0.004*

Hand grip strength (left hand) 2.00 0-7.00 5.10 0-14.33 0.012*
Min: Minimum; Max: Maximum; * p<0.05. Mann-Whitney U-test was used for comparisons.
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DISCUSSION

In this study, we demonstrated that there was a 
relationship between scoliosis and upper extremity 
function. Upper extremity functions were negatively 
affected in the presence of scoliosis and associated 
with the Cobb angle degree in patients with DMD. 
To the best of our knowledge, this is the first study 
to investigate the relationship between scoliosis and 
upper extremity functions in patients with DMD.

Maintaining upper extremity functions in 
patients with DMD is extremely important regarding 
maintaining the independence and quality of life 
of these patients. While functional limitations in 
lower extremities can be compensated by the use of 
a wheelchair, it is difficult to compensate functional 
limitations in upper extremities. In a review carried 
out by Mazzone et al.,[23] the upper extremity muscle 
weaknesses of individuals with DMD started mainly 
in the proximal muscles, since the ambulatory periods, 
and proceed in a way displaying progress from 
proximal to distal. Movements are limited to hand and 
wrist and, eventually, to fingers at the non-ambulatory 
period.[23] Maintaining upper extremity functions in 
children with DMD is of utmost importance in the 
continuation of independence in daily living activities, 
since the early period.

In the present study, upper extremity functions were 
evaluated using the ABILHAND-Kids questionnaire 
and 9-HPT, and hand grip strengths were evaluated 
by a dynamometer. When the ABILHAND-Kids 
scores were evaluated according to the presence of 
scoliosis, the scores of the patients without scoliosis 
were significantly higher compared to those with 
scoliosis. When the correlation between the Cobb 
angle and upper extremity function tests was 
examined, a significant negative correlation with the 
ABILHAND-Kids scores was found. However, no 
significant difference was observed in the 9-HPT 
results between the patients with and without scoliosis. 
This may be related to the fact that the 9-HPT 
measures finger dexterity. Fine motor skills in patients 
with DMD are usually deteriorated after proximal 
upper extremity muscle impairment. When the hand 
grip strengths were evaluated, the values of patients 
without scoliosis were higher. Muscle weakness affects 
the upper limb function and performance of activities 
of daily living. Although the relationship between the 
muscle strength and function is not linear, it is affected 
by personal and environmental factors.[24,25]

Scoliosis is progressive in the majority of patients 
with DMD.[26,27] Weakness in the trunk and paraspinal 

muscles leads to the collapse of the immature, 
developing spine.[4] Scoliosis in DMD patients 
progresses quite different than adolescent idiopathic 
scoliosis. It usually begins with a single curve with 
the apex in the thoracolumbar region, by progressing 
over time includes the entire spine and pelvic obliquity 
occurs.[28] The time when scoliosis develops in patients 
with DMD coincides with the time they lose their 
ability to walk and stand at the age of 10 years. From 
the onset of scoliosis, progression can be extremely 
rapid and impair unsupported sitting ability. Scoliosis 
also causes deterioration in pulmonary functions.[29] In 
addition to all these effects of scoliosis, in this study, 
scoliosis was demonstrated to have an adverse effect on 
upper extremity functions, which was associated with 
the degree of scoliosis.

One of the possible mechanisms of the effect of 
scoliosis on upper extremity functions may be its 
effect on sitting balance.[30] Severe scoliosis can cause 
difficulty in sitting and increases patients' need for arm 
support to correct the coronal balance.[31] The correct 
body posture and mobility in patients with DMD are 
crucial in the wheelchair stage and support of upper 
extremity activities. Maintaining the f lexibility of 
the spine and preventing truncal deformity provide 
more normal activity of upper extremities during the 
patient's sitting.[32]

In the study, in which Janssen et al.[33] investigated 
the variables associated with upper extremity 
functions in patients with DMD, they found a 
negative correlation with the late stage of the disease, 
presence of scoliosis, advanced age, use of upper 
extremity splint, frequent constriction, limitation, 
and elbow pain complaints. However, they showed 
a positive correlation with going to school or work, 
use of steroids, high body mass index and advanced 
age at the time of diagnosis. The authors concluded 
that scoliosis might have an adverse effect on upper 
extremity functions by disrupting sitting balance.

Nonetheless, there are some limitations to this 
study. First, more than one test was used to evaluate 
the upper extremity function in this study, due to the 
lack of standardized tests evaluating upper extremity 
in neuromuscular diseases. Second, the relationship 
between the degree of scoliosis and upper extremity 
functions is complex and multifactorial. The main 
issue is that scoliosis would not be an independent 
predictor of upper extremity functions as opposed 
to age, steroid use, or disease progression. The lack 
of a sample size calculation was another limitation 
of this study. However, post-hoc power analysis was 
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performed, and the study was found not to be powerful 
enough.

In conclusion, our study results show a moderate 
relationship between scoliosis and upper extremity 
functions and the presence of scoliosis in patients 
with DMD may adversely affect upper extremity 
functions. Rehabilitation interventions which prevent 
the development of scoliosis in these patients may 
contribute positively to maintenance of upper extremity 
functions. However, further studies investigating the 
relationship between scoliosis and upper extremity 
functions are required in this patient population.
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