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Abstract Introduction Scoliosis is one of the major causes of respiratory dysfunction in
patients with Duchene muscular dystrophy (DMD). Also, progressive spinal deformity
severely affects walking and sitting, and can also lead to pain and difficulty in patient
care. Although the relationship between scoliosis and respiratory functions was
extensively studied, its impact on pain has not been examined. Hereby, we aimed to
evaluate the relationship between scoliosis and respiratory dysfunction and pain,
together with the frequency of scoliosis in Turkish DMD patients.
Materials and Methods The demographical data, rate, and region of scoliosis, pain,
and respiratory functions were evaluated in 69male DMD patients. The severity of pain
was evaluated with a visual analog scale (VAS) and the degree of scoliosis was assessed
with Cobb angle. Forced vital capacity was used to grade the pulmonary functions.
Results Scoliosis was present in 52.2% of the patients, mainly in the dorsolumbar
region. Pain was present in 53.6% of the patients, most commonly in the back and
lumbar regions. The rate of pulmonary dysfunction was 49.3%. Of the 36 patients with
scoliosis, prevalences of pain and respiratory dysfunction were 77.7 and 50.0%,
respectively. Scoliosis was significantly associated with pain and respiratory dysfunc-
tion, as expected.
Conclusion The prevalence of pain and respiratory dysfunction is considerably high in
DMD patients with scoliosis. These patients should be closely monitored for pain and
deterioration in respiratory functions, to ease their daily care, increase their quality of
life, and preserve the functionality, as long as possible.
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Introduction

Scoliosis is the deformity of the spine in the coronal plane
and defined as a curvature ofmore than 10 degrees. It is often
associated with the pelvic inclination and is accompanied by
kyphosis. Neuromuscular scoliosis has been reported to be as
high as 85 to 90% in Duchenemuscular dystrophy (DMD). It is
a progressive condition that impairs mobility, gait, sitting
and balance, trunk stability, cardiac and pulmonary func-
tions, and inevitably results in severe disability in daily living
activities. Also, scoliosis causes pain in varying intensities,
which eventually increases the morbidity.1

Patients with DMD typically have progressive restrictive
respiratory deterioration and eventually respiratory failure.
Standard of care guidelines recommends intervention in
treatment when the percent of predicted forced vital capac-
ity (FVC%) falls below the clinically relevant thresholds.2

Pulmonary function is inversely correlated with patient
age and severity of scoliosis in DMD.1

Pain is another symptom that significantly affects physi-
cal and mental wellbeing. Mechanical factors have been
suggested as the cause of pain in DMD.3 Although the
relationship between scoliosis and respiratory functions
was extensively studied, its impact on pain has not been
examined, particularly. Hereby, we aimed to evaluate the
relationship between scoliosis and respiratory dysfunction
and pain, and the frequency of scoliosis in a group of Turkish
DMD patients.

Materials and Methods

Study Population
This study was conducted on pediatric patients registered
in neuromuscular diseases unit at Izmir Tepecik Education
and Research Hospital, who were admitted between
January and August, 2018. Inclusion criteria were (1) having
a definite diagnosis of DMD with clinical, laboratory, muscle
biopsy and/or genetic testing, (2) age between 8 and
18 years, (3) able to give informed consent to participate
in the study. Exclusion criteria were diagnosed with a
non-DMD myopathy, having active respiratory tract infec-
tion, being on mechanical ventilation, having mental
retardation, or having any malignant, infectious, or rheu-
matologic disease, or having a vertebral fracture that could
cause spinal pain. The lower limit of the age range was set
based on the rare occurrence of scoliosis in DMD under the
age of 8, and the difficulty to assess respiratory function
tests in young children. Patients older than 18 were exclud-
ed since the study targets the pediatric age group.

A total of 150 DMD patients were enrolled. All were male.
Fifty patients were excluded for being under the age of
8 years and 14 patients for being above the age of 18 years.
Nine patients could not perform the pulmonary function test
(PFT). Scoliosis radiography could not be performed in one
patient. One patient hadmental retardation, one patient had
a vertebral fracture, three had prior spinal surgery, and one
had active respiratory tract infection. Eventually, 69 patients
were included in the study.

Demographical data including age, age at diagnosis, disease
duration, consanguinity, as well as clinical features, including
corticosteroid therapy, ambulation, assisted device or wheel-
chair use were noted. Height measurements could not be
performed in the whole patient group, because scoliosis,
contractures, and joint stiffness significantly affect height.

Therefore, height, weight, and body mass index were not
included in the analyses. All patientswere receiving predniso-
lone therapy at a dose of 0.75mg/kg/d. Patients were grouped
according to the classification by DMD Care Considerations
Working Group at TREAT-NMD neuromuscular network
as follows: stages 1, 2, and 3 were considered ambulatory,
stages 4 and 5 nonambulatory.4

This study was conducted according to the Helsinki
declaration and all patients or their parents gave informed
consent for inclusion in this study. The local ethics commit-
tee approved the study protocol.

Assessment of Scoliosis
Scoliosiswas assessed through clinical and radiological exami-
nations. The presence and the region of scoliosis (cervical,
dorsal, dorsolumbar, and lumbar) were recorded. Anteropos-
terior and lateral scoliosis radiographs were taken. Care was
taken to include the entire spine from the cervical vertebrae to
the hip joints in anteroposterior radiographs. The radiographs
of patients, who could not stand up, were taken in a sitting
positionwithout support. Theupper endwaspositioned at the
ear level, shoulders at 90 degrees flexion, hands-on shoulders,
and elbows at maximum flexion. The degree of scoliosis was
graded using the Cobb anglemeasured by a radiologist, which
is the “gold standard” of scoliosis evaluation. It is the angle
formed between the two lines drawn along the end plates of
the terminal vertebrae at both ends of the curve deformity,
whoseendplates aremost tilted towardeachother. Cobbangle
less than 30 degrees was defined as mild scoliosis, angles
between 31 and 50 degrees as moderate scoliosis, and angles
greater than 50 degrees were scored as severe scoliosis.5

Assessment of Respiratory Functions
Respiratory functions were evaluated with a spirometer
device (Medical International Research; Rome, Italy). Spiro-
metric measurement was performed 2 hours after the meal
with the patient in a relaxed and comfortable position.
Patients were informed about the test, at first.

Forced vital capacity (FVC), which is the volume of air
forcibly exhaled during fast and deep expiration after the
deepest inspirationpossible,wasmeasured to evaluate restric-
tive type pulmonary dysfunction. Restrictive respiratory dis-
order was graded according to the FVC rate, as normal (FVC
�81%), mild (66–80%), moderate (51–65%), or severe (�50%).6

Assessment of Pain
The presence and the location (neck, back, waist) of spinal
pain were mapped. Pain intensity was assessed with a visual
analog scale (VAS). Pain was categorized as mild (VAS< 4),
moderate (4 �VAS <7), or severe (VAS �7).7 Patients were
instructed not to take any analgesic/pain killers within
24 hours before the evaluation.
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Statistical Analysis
Statistical analyses were performed with SPSS v20.0 for Mac
(SPSS Inc.; Chicago, United States).

Descriptive data were expressed as percentages. Student’s
t-testorchi-square testwasusedtocomparegroupsconcerning
numerical orcategoricaldata, respectively. Correlationanalyses
were performed using the Spearman rho correlation test. The
level of significance according to the Spearman rho correlation
test was determined as follows: r¼ 0.90 to 1.00 very high;
r¼ 0.70 to 0.90, high; r¼ 0.50 to 0.70, moderate; r¼ 0.30 to
0.50, low; r¼ 0.00 to 0.30 negligible correlation.8 The statistical
significance level was set at p< 0.05.

Results

The mean age was 12.10� 4.05 (8–18) years and the mean
age at diagnosis was 7.24� 4.87 (1–11) years. Consanguinity
frequency was 19.7% (n¼ 12). Clinical features of DMD
patients are summarized in ►Table 1. The incidence of
scoliosis increased with age. A significant and low positive
correlation was found between patient age and scoliosis
(p< 0.001, rho¼ 0.445).

Thirty-seven patients out of 69 reported pain. The mean
VAS scorewas 3.1� 0.8 (2–6) and painwasmostly localized to
theback. Painwas significantlymore common inpatientswith

scoliosis (p< 0.001). Of the 36 patients with scoliosis, 28
(77.7%) had pain. However, the mean VAS score was
3.8� 0.51 in the scoliosis group, whereas 2.86� 0.35 in the
nonscoliosis group. There was no significant difference
between these groups in terms of pain severity (p> 0.05).

Among the whole study group, 34 patients (49.3%) had
respiratory dysfunction. Themean FVC value of patientswith
respiratory dysfunction was 73.09� 25.9.

►Table 2 lists the frequency of respiratory dysfunction
in patients grouped for severity and region of scoliosis
and severity of pain. Fifty percent of the patients with
scoliosis had respiratory dysfunction. The severity of
respiratory dysfunction increased with the severity of
scoliosis. There was a positive and moderate correlation
between scoliosis and respiratory dysfunction (p< 0.001,
rho¼ 0.569).

There was no significant relationship between the region
of scoliosis and respiratory dysfunction (p> 0.05).

The severity of pain and the severity of respiratory
dysfunction were significantly and moderately correlated
(p< 0.001, rho¼ 0.624).

Thirty-seven patients (53.6%) were wheelchair-bound; 28
patients (75.6%) of which had scoliosis. The association
between scoliosis and using a wheelchair was also statisti-
cally significant (p< 0.001, rho¼ 0.411).

Discussion

Pain, mostly in the back and lumbar regions, was a common
symptomreportedby53.6%of theDMDpatients in this study. It
is noteworthy that, a high number of patients with scoliosis
(77.7%) had pain (p< 0.001). The majority of the DMD patients
had scoliosis andwerewheelchair bound. Scoliosiswas present
in the dorsolumbar region most frequently. The severity of
scoliosis significantly affected respiratory functions. Themajor-
ity of the patients with mild scoliosis (62.1%) had normal FVC;
on the other hand, all patients with severe scoliosis had severe
respiratory dysfunction (100%).

Previously, the incidenceof scoliosiswas reported tobe17%
among patients receiving steroid therapy.9 All patients in the
present study were on corticosteroid therapy, including the
wheelchair-bound ones, because corticosteroid therapy is
believed to improve the cardiopulmonary functions and pro-
longs survival. Since corticosteroids have a positive effect on
respiratory functions, patients are recommended to continue
the treatment even in the late stages and in the period of
ambulation loss.10–12 In our study, despite the steroid use, the
scoliosis ratewas high. As expected, the prevalence of scoliosis
increased with age. The progression of scoliosis is accelerated
with loss of ambulation. It has been recommended to extend
the walking time with appropriate orthoses, which might
slow down the progression of scoliosis in DMD patients aged
13 to 15.13

Pain isasymptomthatsignificantly reduces thequalityof life
in DMD, thus etiology should be investigated in detail.14–16 In
the present study, almost every four out of five DMD patients
with scoliosis had pain. Lager and Kroksmark explained the
causes of this pain as the loss of ambulation, disruption of

Table 1 Clinical features of DMD patients

n (%)

Pain

Yes 37 (53.6)

No 32 (42.4)

Scoliosis

Yes 36 (52.2)

No 33 (47.8)

Scoliosis (age groups)

Age 8–13 14 (38.8)

Age 14–18 22 (61.2)

Severity of scoliosis

Mild 29 (80.6)

Moderate 4 (11.1)

Severe 3 (8.3)

Region of scoliosis

Lumbar 12 (33.3)

Dorsal 4 (11.1)

Dorsolumbar 20 (55.6)

Ambulation

Yes 32 (46.4)

No 37 (53.6)

Wheelchair-bound

Yes 37 (53.6)

No 32 (46.4)

Abbreviation: DMD, Duchene muscular dystrophy.
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posture, and increased weakness affecting spine biomechanics
inDMD.17Similarly,mechanical factors, suchaspelvicobliquity,
which arise with the loss of sitting balance due to scoliosis,
asymmetric posture, imbalance in mechanical loading, weak-
ness, and strain in paraspinal muscles, and degenerative
changes have also been suggested as the cause of pain in
DMD. Also, pain is also accompanied by fatigue, anxiety, and
depression in this group of patients.3 In accordance, Pangalila
et al reported that up to 74% of the patients with DMD
experienced pain, which was accompanied by fatigue, anxiety,
and depression.18 Zebracki et al evaluated the pain and the
effect of pain on daily life activities among children with
Duchenne or Becker muscular dystrophy, and reported the
co-occurrenceofmild tomoderate level of pain,most common-
ly in the lower back region, which was consistent with our
findings in the present study.19

Furthermore, pain is a common symptom in several other
neuromuscular diseases other than DMD. In a study evaluat-
ing pain in 862 patients with neuromuscular diseases, it was
found that pain was quite frequent comorbidity and there
was a significant relationship between pain and poor general
health, vitality, and social function. It was also reported that
pain was moderately associated with increased fatigue,
inability to cope with stress, and sleep disturbances. The
limitation of physical abilities contributes to all these
problems.20

Pulmonary function tests were performed in all patients
and 49.3% had restrictive type dysfunction. Besides, 50% of the
patients with scoliosis had respiratory dysfunction. We found
that respiratory dysfunction worsened with the severity of
scoliosis. Reduced strength in the respiratory muscles and
scoliosis in the thoracic region are the most important causes
of deterioration in respiratory function in DMD. Respiratory
dysfunction is an important risk factor for lung infections,
pulmonary hypertension, and right-sided heart failure.14,17

Mullender et al, emphasize that regularmonitoringof scoliosis
is important for evaluating pulmonary vital capacity.15

This study is subject to several limitations. Since a consid-
erable amount of our patients had contractures and scoliosis,
height measurements and body mass index could not be
assessed and included in the analyses. Second, this study
lacks evaluation of the quality of life, mood, and fatigue,
which could have improved our understanding of the effects
of pain on daily living activities.

In conclusion, scoliosis leads to pain and respiratory
dysfunction, two comorbidities affecting DMD patients.
Since, pain, respiratory dysfunction, and scoliosis are all
closely related and highly frequent in DMD, pain and
respiratory functions should be closely monitored, be-
sides scoliosis. Frequent visits would enable the physician
to recognize the factors affecting the physical and mental
functions, such as pain, scoliosis, and respiratory deterio-
ration, and rearrange the treatment plans and rehabilita-
tion programs promptly, accordingly. This is of
importance particularly in case of ambulation loss.

This study confirms the high frequency of pain, scoliosis,
and respiratory dysfunction in DMD. It would be important
to pay attention to the pain of the patient and to do every
effort to relieve and prevent the pain.
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Table 2 The frequency of respiratory dysfunction in DMD patients grouped for the severity of scoliosis assessed by Cobb angle, the
region of scoliosis and severity of pain assessed by VAS

Severity of respiratory dysfunction, n (%)

Normal Mild Moderate Severe Total

Severity of scoliosis Mild 18 (62.1) 4 (13.8) 2 (6.9) 5 (17.2) 29 (80.6)

Moderate – – 2 (50) 2 (50) 4 (11.1)

Severe – – – 3 (100) 3 (8.3)

Total 18 (50) 4 (11.1) 4 (11.1) 10 (27.8) 36 (100)

Region of scoliosis Dorsal 3 (75.0) – – 1 (25.0) 4 (11.1)

Lumbar 7 (58.4) 1 (8.3) – 4 (33.3) 12 (33.3)

Dorsolumbar 6 (30.0) 3 (15.0) 4 (20.0) 7 (35.0) 20 (55.6)

Total 16 (44.4) 4 (11.1) 4 (11.1) 12 (33.3) 36 (100)

Severity of pain in pts. with scoliosis Mild 13 (61.9) 2 (9.5) 2 (9.5) 4 (19.0) 21 (75.0)

Moderate – – 1 (16.7) 5 (83.3) 6 (21.4)

Severe – – – 1 (100) 1 (3.6)

Total 13 (46.4) 2 (7.1) 3 (10.7) 10 (35.7) 28 (100)

Abbreviations: DMD, Duchene muscular dystrophy; VAS, visual analog scale.
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