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Objective To compare the clinical severity of congenital muscular torticollis (CMT) based on the method of child
birth.
Method Children diagnosed with CMT and who were < 6-years-of-age at the time of their first visit at the Center
for Torticollis, Ajou Medical Center, were included in this study. The medical records were retrospectively
reviewed with reference to the method of child birth and the clinical severity of CMT. The clinical severity of CMT
was determined either by whether stretching exercises were needed for the children <6-month-of-age or whether
surgical release was required for the children ≥6-months-of-age at the time of the first visit.
Results One hundred seventy eight subjects with CMT were enrolled. There was no significant difference in the
rate of surgical release according to the method of child birth. For 132 patients <6-month-of-age there was also no
significant difference in the rate of stretching exercises.
Conclusion There was no significant difference in the clinical severity of CMT based on the method of child birth.
This finding suggests that prenatal factors alone could be a cause of CMT and that the clinical severity of CMT in
children delivered by Cesarean section is not different when compared with the severity of CMT in children born
through vaginal delivery.
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Congenital muscular torticollis (CMT) is a common
musculoskeletal anomaly in infants, with the reported
incidence being 0.084-3.92%.1,2 The characteristic major
clinical feature is the thickening and shortening of the
sternocleidomastoid (SCM) muscle, which leads to head
tilt and limited head rotation. Some infants with CMT
have a cough reflex while rotating the head to the affected
side.3 Skull asymmetry or plagiocephaly may occur in the
presence of prolonged uncorrected CMT. Furthermore,
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facial asymmetry and scoliosis may also develop and
become aggravated as the patient grows.4,5
The traditional birth trauma theory proposes that the
SCM muscle is torn at birth. However, the true etiology
remains uncertain. Other suggestions are intrauterine
malposition, ischemic hypothesis, the intrauterine
or perinatal compartment syndrome theory and the
hereditary hypothesis. 6-9 Considering these varied
theories, CMT is best viewed as a group of clinical
presentations that are characterized by neck deformity
that primarily involves shortening of the SCM muscle
caused by various prenatal or perinatal etiologies.
Concurrent hip dysplasia in 5-10% of patients with
CMT10,11 supports intrauterine malposition as a possible
etiology. However, research on the prenatal etiology of
CMT is limited. In addition, CMT is seen in patients who
are born by cesarean section; these patients present neck
magnetic resonance imaging (MRI) findings of CMT that
are commonly seen in patients who are born by normal
vaginal delivery (Fig. 1).

We hypothesized that, if the clinical severity of CMT
does not differ based on the method of delivery, then
CMT can develop by prenatal factors. In this study,
the clinical severity of CMT was studied based on the
method of delivery with the aim of determining the role
of prenatal factors on the development of CMT.

MATERIALS AND METHODS
Subjects
One hundred seventy eight patients <6-years-of-age and
who were followed for more than 6 months in our Center
for Torticollis following a diagnosis of CMT from January,
2009 to December, 2009 were included in this study.
CMT was diagnosed when the difference of the thickness
of the SCM muscle on both sides exceeded 2 mm on
ultrasonography or MRI of the neck.3 We excluded the
patients with abnormal postures of the head and neck as
related to ocular causes, neurodevelopmental disorders
such as cerebral palsy, intellectual disability and other

Fig. 1. Neck ultrasonography and
M R I o f t h e su b j e c t s w h o w e r e
born via either vaginal deliver y
(A) or cesarean section (B). (A)
The ultrasonography and axial
T1-weighted MRI of an 8-monthold boy with left CMT shows
enlargement of the left SCM and
low signal intensities (arrows). (B)
The ultrasonography and axial T1weighted MRI of a 9-month-old girl
with right CMT shows enlargement
of the right SCM and low signal
intensities (arrows).
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Fig. 2. The clinical pathways for the treatment of children with CMT.
conditions such as inflammation or infections of the neck
or, structural abnormalities of the cervical spine.
We retrospectively reviewed the medical records of
the 178 study participants and classified the patients to
a vaginal delivery group and a cesarean section group.
We collected the clinical information for all the study
participants, including the age at the first visit, the
gestational age, the birth weight, the ultrasonographic
findings and MRI findings (Fig. 2).
To evaluate the clinical severity of CMT, the need for
stretching exercise was used as an index for patients
<6-months-of-age and the need for surgery was used as
an index for patients ≥6-months-of-age.
Therapeutic protocol for CMT
The therapeutic protocol followed two age-related
clinical pathways for CMT that have been instituted at the
Center for Torticollis, Ajou Medical Center (Fig. 3). These
are described in detail below.
Therapeutic protocol for patients <6-months-ofage: One protocol was for patients <6-months-of-age
at their first visit. For patients without resistance when
performing range-of-motion (ROM) exercise, outpatient department follow-up was done without manual
stretching exercise. Manual stretching was performed
for patients with a shortened SCM muscle and resistance
during ROM exercise. Twenty minutes manual stretching

of the tight SCM was performed three-to-five times
a week by an experienced physiotherapist who was
properly trained and who had more than 10 years of
experience. Each session consisted of applied ultrasound
to the enlarged and shortened SCM, followed by massage
and manual stretches. Caregivers were taught stretching
exercises and were encouraged to provide more than
one session of 10-minute manual stretching exercise a
day at home. The treatment was considered successful
and was terminated when the full ROM was restored
without shortening of the SCM muscle and there was no
resistance during rotation and lateral flexion. MRI was
done for patients who still had resistance to motion of
the neck, a thickened SCM muscle or progressive skull
or facial asymmetry after 6 weeks of stretching exercise.
If definite low signal intensities on the shortened SCM
muscle were noted on the T1 weighted image (Fig. 1) or
manual stretching could not be done due to the patient’s
poor cooperation despite moderate resistance on ROM,
surgical treatment was done after 6-months-of-age. An
incision was placed transversely at 1.5 cm above the
clavicle on the affected side. The SCM muscle was then
cleared from the underlying fascia, and the tight band
was completely divided by cautery, and the abnormal
fibrous band was excised at the clavicular and/or sternal
head.
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Fig. 3. The enrollment algorithm for the subjects from January 2009 to December 2009.
Therapeutic protocol for patients ≥6-months-ofage: MRI was done for patients who still had resistance
to motion of the neck, a thickened SCM muscle or
progressive skull or facial asymmetry even after more
than 6 weeks of physical therapy in other hospitals. If
definite low signal intensities on the shortened SCM
muscle were noted on the T1 weighted image, then
surgical treatment was done. In addition, patients who
had never undergone physical therapy received surgery if
there was resistance on motion of neck with definite low
signal intensities seen on the T1 weighted image (Fig. 1)
and difficulties on stretching exercise. For those patients
who had never undergone physical therapy at other
hospitals, manual stretching was performed on patients
with resistance on motion, but who were without definite
low signal intensity.
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Statistical analysis
We tested the differences among the groups with the
t test using SPSS 11.5 for windows for such variables
as the age at the first visit, the gestational age and the
birth weight. We used Fisher’s Exact test to compare the
necessity of surgical release and stretching exercise of
each group. A p-value ≤0.05 was considered significant.

RESULTS
Comparison between the two groups
Of the 178 CMT patients (98 boys and 80 girls), there
were 132 patients (74.16%) in the vaginal delivery group
was and 46 patients (25.84%) in the cesarean section
group. There was no significant difference in the age at
the first visit, gestational age and birth weight between
the two groups (Table 1, p>0.05). The data showed that
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Table 1. Characteristics of the Children with CMT and Who Were younger than 6 Years-old Based on the Method of
Child Birth*
Vaginal
Cesarean
Characteristics
p-value
delivery
section
Number of subjects (%)
132 (74.16)
46 (25.84)
0.000
†
5.84±9.15
5.45±9.59
0.824
Age at the first visit (months-old)
Gestational age (weeks)†
38.97±2.90
38.79±1.12
0.335
†
Birth weight (gram)
3,302±385
3,173±439
0.292
Percentage of subjects who needed stretching exercises for CMT
60.77 (79)
64.58 (31)
0.729
(number of subjects)
Percentage of subjects who needed surgical release for CMT
20.76 (27)
20.83 (10)
1.000
(number of subjects)
*<6-years-of-age, n=178. †mean±standard deviation

Table 2. Characteristics of the Children with CMT and Who Were younger than 6 Months-old Based on the Method of
Child Birth*
Vaginal
Cesarean
Characteristics
p-value
delivery
section
Number of subjects (%)
95 (71.97)
37 (28.03)
0.000
Age at the first visit (months-old)†
1.39±1.01
1.40±1.07
0.785
†
38.93±3.27
38.68±1.08
0.348
Gestational age (weeks)
†
Birth weight (gram)
3,300±395
3,204±451
0.314
Percentage of subjects who needed stretching exercises for CMT
68.42 (65)
72.97 (27)
0.677
(number of subjects)
*<6-months-of-age, n=132. †mean±standard deviation

Table 3. Characteristics of the Children with CMT and Who Were 6 Months-old or Older Based on the Method of
Child Birth*
Vaginal
Cesarean
Characteristics
p-value
delivery
section
Number of subjects (%)
35 (76.87)
11 (23.91)
0.000
†
Age at the first visit (months-old)
17.91±10.46
19.09±12.74
0.727
Gestational age (weeks)†
39.09±1.54
39.20±1.23
0.587
†
Birth weight (gram)
3,305±364
3,066±400
0.912
Percentage of subjects who needed surgical release for CMT
57.1 (20)
63.6 (7)
1.000
(number of subjects)
*6 months-old≤age<6 years-old, n=46. †mean±standard deviation

60.77% of the vaginal delivery group and 64.58% of
the cesarean section group needed manual stretching
exercise. Surgical release was needed for 20.76% of the
vaginal delivery group and for 20.83% of the cesarean
section group; the difference was not significant (Table 1,
p>0.05).

Comparison of CMT clinical severity for patients
<6-months-of-age
Of the 132 patients <6-months-of-age, 95 (71.97%) were
in the vaginal delivery group and 37 (28.03%) were in
the cesarean section group. No significant differences
were noted for the variables, including the age at the first
visit, gestational age and birth weight (Table 2, p>0.05).
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The number of patients who needed manual stretching
exercise was 65 (68.42%) in the vaginal delivery group and
27 (72.97%) in the cesarean section group, respectively,
and there was no significant difference (Table 2, p>0.05).
Comparison of CMT clinical severity for the patients
≥6-months-of-age
Among the 46 patients ≥6-months-of-age but <6-yearsof-age at their first visit, 35 (76.09%) were in the vaginal
delivery group and 11 (21.91%) were in the cesarean
section group. No significant differences were noted in
the baseline characteristics between these two groups
(Table 3, p>0.05). The number of patients who needed
surgical release was 20 (57.1%) in the vaginal delivery
group and 7 (63.6%) in the cesarean section group, and
there was no significant difference (Table 3, p>0.05).

DISCUSSION
Presently, there was no difference in the clinical severity
of CMT according to the method of delivery. The lack
of a significant difference in the frequency of manual
stretching exercise or surgical release among the vaginal
delivery group and the cesarean section group suggests
that prenatal factors alone can cause CMT, because the
cesarean section patients have little risk of birth trauma
during the perinatal period.
Conventionally, the birth trauma theory has been widely
suggested. This theory proposes that the SCM muscle is
torn at birth with the formation of a hematoma and there
is fibrous contracture. However, an experimentally-torn
SCM muscle did not cause the muscle shortening or a
mass, which is commonly seen in CMT.8 A study reported
six cases of a familial history of CMT, with three of the
cases being siblings.9 Five cases of CMT were reported
in one Turkish family, including siblings, in 1997,6 with a
report describing CMT cases in Korean siblings.7 These
reports suggested that the genetic etiology can play role
in the development of CMT.6,7 These reports suggest that
the genetic etiology can play role in the development of
CMT. It has been proposed that CMT could be the basis
of intrauterine or perinatal compartment syndrome,
based on injecting radio-opaque material into the SCM.12
Another possible hypothesis is that CMT is caused by
intrauterine malposition and insufficient space. 8,13
This theory is supported by the fact that 5-10% of CMT
children have coexistent hip dysplasia and 6.5% have
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other musculoskeletal anomalies such as equinovarus.10
The ischemic hypothesis, which postulates that venous
occlusion by intrauterine malposition produces focal
hypoxic-ischemia in the SCM muscle, has not yet been
clearly proven. The selective occurrence of CMT in SCM
muscle among many other neck muscles has not yet been
explained.12,14 Although diffuse proliferation of fibroblasts,
fibrosis and atrophy of myocytes are histologically
apparent in CMT, no histological differences associated
with pathogenesis have been described. Therefore,
studies on the etiology of CMT from various points of
views are needed.
Presently, no difference of the clinical severity depending on the method of delivery was evident. This
suggests that prenatal factors by themselves can cause
CMT without birth trauma. A large prospective cohort
study with prenatal ultrasonographic evaluation of
fetal positioning and long term follow-up is needed to
obtain more details on the causal role of prenatal factors
in CMT. Some children presently displayed low signal
intensities in the shortened SCM muscle on T1 weighted
images. Further study is also needed for determining the
correlation between the severity of CMT on imaging and
the prognosis.
This study has several limitations. First, it was retrospective. Second, although patients were delivered by
cesarean section, there were no records on the nature
of the cesarean surgery (emergency or elective), the
presence of dystocia and if excessive stretching of the
neck during the cesarean section occurred. So, the
possibility of perinatal trauma on the SCM muscle cannot
be completely excluded, even for the cesarean section
group. However, the relatively large sample size and the
consistency of results among different age group enhance
the importance of our study.

CONCLUSION
CMT can develop by prenatal factors alone and the
importance of prenatal factors should be emphasized.
A large prospective study is needed for more exact
assessment of the pertinent prenatal factors of CMT.
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