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INTRODUCTION

Congenital muscular torticollis (CMT), the third most 
common orthopedic diagnosis in children, is caused by 
unilateral shortening of the sternocleidomastoid muscle 
(SCM), resulting in the characteristic typical ipsilateral head 
tilt and rotation of the face and chin toward the opposite 
side (1, 2). The underlying pathogenesis of CMT is unclear. 
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The various proposed etiologies include fibrosis due to 
peripartum hemorrhage, intrauterine crowding, and primary 
myopathy (3, 4). 

CMT is divided into three types—postural, muscular, and 
SCM mass-type (2)—that reportedly occur in 22.1%, 30.6%, 
and 42.7% of cases, respectively (5). Postural CMT is the 
mildest form resulting from the postural preference of the 
infant, without limitation in the passive range of motion 
(PROM). Muscular CMT is caused by muscle tightness and 
restriction in the PROM but no clinical tumor. SCM mass-
type CMT is also known as fibromatosis colli. It is the most 
severe form, with restriction in PROM, and is associated 
with a longer treatment duration (2). In most cases, 
observation and physical therapy usually lead to favorable 
outcomes, particularly when treatment is started within 
the first year of life (1). The SCM mass increases in size for 
several weeks, stop changing over 2–3 months, and then 
slowly regress for 4 to 8 months in approximately 50–70% 
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of patients within the first year of life (1, 6). When physical 
therapy is ineffective, surgical lengthening or botulinum A 
toxin injection may be performed (7-9).

Ultrasonography (US) is the first-choice imaging modality 
for infants with CMT (10). US has many benefits over other 
imaging modalities, particularly in the pediatric population, 
since it does not require sedation, is widely available, and 
lacks radiation exposure. Several common US findings have 
been noted in CMT without an SCM mass, including diffuse 
hyperechogenicity along the entire muscle and hyperechoic 
band (11, 12). However, to our knowledge, no studies have 
focused only on infants without a palpable mass or without 
a recognizable mass on US to correlate the US findings with 
the clinical severity at initial presentation. Thus, our study 
aimed to determine whether US at initial presentation could 
help to assess the clinical severity of CMT in infants without 
an SCM mass on both physical and US examinations. 

MATERIALS AND METHODS

Our Institutional Review Board approved this retrospective 
study and waived the requirement for informed consent. 

Participants
We retrospectively identified 140 infants under 12 months 

of age who visited the outpatient clinic of the Department 
of Rehabilitation Medicine due to head tilting or rotation 
and were suspected of having CMT, regardless of a palpable 
mass along the SCM, between March 2017 and December 
2018. All participants underwent neck US for evaluation 

of CMT on the day of the outpatient clinic visit, as well as 
cervical spine radiography with anteroposterior and lateral 
views to rule out congenital bony abnormalities. 

The exclusion criteria were as follows: 1) inaccurate 
measurement due to excessive crying and movement (n = 8, 
5.7%); 2) SCM mass on US (n = 61, 43.5%); and 3) secondary 
causes of torticollis (congenital anomaly of the cervical spine, 
ocular torticollis, and neurogenic or spasmodic torticollis) 
(n = 0). Finally, our study included 71 infants (33 males/38 
females) (Supplementary Fig. 1). Their mean age was 4.1 ± 2.3 
months (range, 1–12 months).

US Examination
US examination of the bilateral SCM was performed by a 

radiologist (with 7 years of experience in musculoskeletal 
US) using a Philips iU22 scanner (Philips Healthcare) with 
a 12.5-MHz linear array transducer. In our institution, while 
a hockey-stick transducer could be used for US examination 
of patients with small and short necks, none of the patients 
included in our study required this transducer. During the 
examination, the infants were placed in the supine position 
with their head slightly rotated to the opposite side and 
their neck gently extended by placing a small rolled towel 
below the shoulder (13, 14). A large quantity of transmission 
gel was applied to reduce the effect of compression of the 
SCM. The thickness of the bilateral SCM was measured on 
both longitudinal and transverse US when the muscle was 
relaxed and stretched as much as possible, while avoiding 
exaggerated contraction of the muscle during the infants’ 
crying (Fig. 1). The maximal anteroposterior diameter of the 

Fig. 1. Scheme for measurement of SCM thickness on transverse (A) and longitudinal (B) US. Dotted lines represent main long axis of 
SCM. SCM = sternocleidomastoid muscle, US = ultrasonography
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SCM was measured three times in the upper, middle, and 
lower thirds of the entire length on the transverse scan, 
perpendicular to the long axis of the muscle. The largest 
of the three values was selected as the representative 
transverse US value. The maximal thickness was measured 
two or three times on the longitudinal scan to cover the 
entire length in the plane parallel to the muscle fibers, with 
the thickness of the muscle belly maintained as uniform as 
possible from one side to the opposite side. The largest of 
the two or three values was selected as the representative 
value of the longitudinal scan.

Image Analysis 
The ratio (SCM-R; affected/non-affected muscle 

thicknesses) and difference (SCM-D; affected–non-affected 
muscle thicknesses) between the maximal thickness of the 
affected and non-affected SCMs were calculated on the 
US images (Fig. 2), as described previously (13, 15). Both 
SCM-R and SCM-D were assessed considering inter-individual 
variation in baseline SCM thickness. Two radiologists 
(with 5 years of experience in pediatric US, respectively) 
reviewed the US images and classified the echotexture and 

echogenicity of the affected SCM in a consensual manner. 
The echogenicity characteristics of the affected SCM were 
compared to those of the uninvolved side and classified 
as 1) homogenous or heterogeneous; and 2) hyperechoic, 
isoechoic, or hypoechoic (16, 17) (Fig. 3). 

Clinical Evaluation
A board-certified rehabilitation medicine specialist (with 

10 years of experience) performed the physical examinations 
for all infants and recorded the cervical PROM limitation and 
degree of head tilt and rotation. Two reviewers classified 
the patients using a three-point scoring system, according 
to the degree of lateral head bending or cervical rotation 
based on the electronic medical records as follows: group 
1, no suspicious finding on physical examination; group 2, 
lateral head tilt or rotation ≤ 10°; and group 3, angulation 
> 10° (18). The presence of plagiocephaly was also assessed 
in the participants of each group. 

Statistical Analysis
Continuous variables were expressed as means ± standard 

deviation or medians with ranges. Categorical data from 

Fig. 2. 6-month-old girl presented with left-sided torticollis (clinical group 1). 
Measurement of maximal thicknesses of non-affected (A, C) and affected (B, D) SCMs by longitudinal (A, B) and transverse (C, D) US. SCM-Ds 
obtained by longitudinal and transverse scans were 1.1 cm and 0.6 cm, respectively. SCM-Rs obtained by longitudinal and transverse US scans 
were 1.22 and 1.10, respectively. SCM-D = difference between maximal thickness of affected and non-affected SCMs, SCM-R = ratio between 
maximal thickness of affected and non-affected SCMs

A

C

B

D



1382

Hwang et al.

https://doi.org/10.3348/kjr.2019.0893 kjronline.org

the three clinical groups were compared using chi-squared 
or Fisher’s exact tests. SCM-R and SCM-D were shown 
as error bars according to the three clinical grades. The 
differences in the US parameters among the three groups 
were evaluated by analysis of variance (ANOVA) tests. 
Multiple pairwise comparisons were conducted using 
Tukey’s multiple comparison tests, in cases of statistical 
significance. Receiver operating characteristic (ROC) analysis 
was performed to determine the diagnostic performance 
of the SCM-R and SCM-D. The areas under the ROC curve 
(AUC) with their corresponding 95% confidence intervals 
were calculated. DeLong’s tests were used to compare the 
statistical difference between AUCs. The optimal cutoff value 
was determined using Youden’s Index. All statistical analyses 

were performed using SPSS Statistics for Windows, version 
20.0 (IBM Corp.) and MedCalc Statistical Software, version 
18.5 (MedCalc Software). The significance level was set to 5%.

RESULTS

Patients’ Characteristics
The patients’ baseline characteristics are summarized in 

Table 1. The average thickness of the non-affected SCM 
was 5.9 ± 1.1 mm on transverse US and 5.9 ± 1.1 mm on 
longitudinal US. Based on the clinical evaluations, we 
classified 18, 35, and 18 infants into groups 1, 2, and 3, 
respectively. We observed significant differences in ages 
between groups 1 and 2 (p = 0.001) and groups 1 and 3 (p = 

Fig. 3. Transverse sonograms of non-affected (left panel) and affected (right panel) SCMs in three patients.
A. Homogeneous hyperechoic (arrowheads in right panel). B. Heterogeneous hyperechoic (arrowheads in right panel). C. Homogeneous isoechoic 
(arrowheads in right panel).
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B
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0.004). The patients in group 1 were significantly younger 
than those were in the other groups. However, we observed 
no significant intergroup differences in sex, weight, and 
gestational age at birth. Forty-four patients (61.9%) 
had plagiocephaly and the proportions of patients with 
plagiocephaly did not differ significantly between patients 
with and without abnormalities on physical examinations 
(group 1 vs. groups 2–3) (p = 0.931).

SCM-R
We observed a significant difference in the SCM-R among 

the subgroups when measured on longitudinal (p = 0.001) 
but not transverse US (p = 0.180) (Table 2). Figure 4A and 
B shows the error bars for SCM-R according to the three 
groups. We observed a significant increase in the SCM-R on 
longitudinal US between the infants in groups 1 and 3 (p < 
0.001) and groups 2 and 3 (p = 0.036), respectively (Table 
2, Fig. 4). We observed no significant difference in the 
SCM-R between the infants in groups 1 and 2 (p = 0.120) 
on longitudinal US.

SCM-D
We observed significant differences in SCM-D among the 

groups when measured on longitudinal (p = 0.002) but not 

transverse US (p = 0.250) (Table 2). Figure 4C and D shows 
the error bars of SCM-D according to the three groups. The 
SCM-D on longitudinal US was different for groups 1 and 3 
(p = 0.001) (Table 2, Fig. 4). We observed no significant 
difference in SCM-D between the infants in groups 1 and 2 
(p = 0.135) and groups 2 and 3 (p = 0.050), respectively, 
on longitudinal US.

Diagnostic Performance of SCM-R and SCM-D on 
Longitudinal US Scan

We assessed the diagnostic performance of SCM-R and 
SCM-D for the longitudinal scan only and not for the 
transverse scan due to the lack of intergroup difference 
in the ANOVA tests. The SCM-R (cutoff, 1.07; sensitivity, 
73.6%; specificity, 61.1%; AUC, 0.731) and SCM-D (cutoff, 
0.9 mm; sensitivity, 45.3%; specificity, 94.4%; AUC, 0.731) 
showed moderate accuracy for the detection of clinical 
groups 2–3 (Table 3). DeLong’s tests revealed no significant 
differences between the AUCs of SCM-R and SCM-D (p > 
0.999). The SCM-R and SCM-D did not detect clinical group 
3 with significant accuracy (p > 0.05) (Table 3).

Echogenicity Characteristics of the Affected SCM on US
Forty-eight (67.6%) patients showed no alteration in 

Table 1. Demographic Data according to Clinical Groups
Characteristics Total Group 1 Group 2 Group 3

Sex (n, male/female) 33/38 7/11 17/18 9/9
Age (months) 4.1 ± 2.3 2.8 ± 2.6* 4.3 ± 1.9 4.8 ± 2.2
Weight (kg) 3.08 ± 0.51 3.03 ± 0.33 3.13 ± 0.53 3.03 ± 0.65
Gestational age at birth (weeks) 38.6 ± 1.5 38.4 ± 1.1 38.7 ± 1.6 38.5 ± 1.5
Direction of head tilting (n, right/left) 28/43 8/10 11/24 9/9
Plagiocephaly (%) 61.9 61.1† 68.5 50.0

Unless otherwise indicated, data are means ± standard deviations. *Patients in group 1 were significantly younger than those in group 2 (p = 
0.001) and group 3 (p = 0.004), †Proportion of plagiocephaly were not significantly different between patients in group 1 versus group 2–3 
(p = 0.931).

Table 2. Results of SCM-R and SCM-D by Longitudinal and Transverse US Scan
Parameters Group 1 (n = 18) Group 2 (n = 35) Group 3 (n = 18) P

Longitudinal scan
SCM-R 1.069 ± 0.067† 1.129 ± 0.087‡ 1.204 ± 0.150†‡ 0.001*
SCM-D (mm) 0.42 ± 0.30§ 0.74 ± 0.50 1.14 ± 0.85§ 0.002*

Transverse scan
SCM-R 1.039 ± 0.144 1.137 ± 0.259 1.087 ± 0.162 0.180
SCM-D (mm) 0.62 ± 0.46 0.99 ± 0.91 0.91 ± 0.62 0.250

Data are means ± standard deviations. *Significant difference among subgroups by analysis of variance. In post-hoc analyses of 
measurements on longitudinal scan, mean SCM-R of group 3 were significantly higher than those for †group 1 (p < 0.001) and ‡group 2 (p 
= 0.036), respectively. Mean SCM-D of group 3 was significantly higher than those for §group 1 (p = 0.001). SCM = sternocleidomastoid 
muscle, SCM-D = difference between maximal thickness of affected and non-affected SCMs, SCM-R = ratio between maximal thickness of 
affected and non-affected SCMs, US = ultrasonography
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echogenicity (homogenous and isoechoic), 18 (25.3%) 
showed a heterogeneous echotexture, and 23 (32.3%) 
showed hyperechogenicity in the affected SCM. None 
of the involved SCMs showed hypoechoic changes. The 
proportions of infants with heterogeneous echotexture 
or hyperechogenicity in the affected SCM did not differ 
significantly among the three groups (p > 0.999 and p = 
0.357, respectively) (Table 4).

DISCUSSION

The SCM-R and SCM-D differentiated between the three 
groups classified based on the clinical severity only on 

longitudinal US, with moderate accuracy for differentiating 
groups 2–3 from group 1. In other words, the US 
parameters substantially differed between patients with and 
without abnormality on physical examination. Of the two 
parameters, the SCM-D is simpler and easier for the operator 
to calculate while simultaneously performing US. Although 
the ROCs of SCM-R and SCM-D for the longitudinal scan 
showed comparable diagnostic performance for detecting 
groups 2–3, the higher specificity of the SCM-D indicates 
its usefulness for confirmation in infants not suspected of 
having CMT. The cutoff values for detecting groups 2–3 may 
seem small (SCM-D: 0.9 mm); however, considering that 
the average thickness of the non-affected SCM was only 5.9 
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± 1.1 mm, this can be a substantial value. The SCM-R and 
SCM-D measured on longitudinal US showed an increasing 
tendency according to the clinical severity and significant 
differences in the mean comparisons among the three 
clinical groups. After intergroup comparison, both values 
differed significantly between clinical groups 1 and 3.

We analyzed the SCM-D and SCM-R measured on both 
transverse and longitudinal US and found that the SCM-D 
and SCM-R assessed by transverse US were not related 
to the clinical severity. Most studies on CMT have used 
longitudinal US to measure SCM thickness (15, 19) and 
transverse US to measure SCM cross-sectional area (19, 20). 
One study used transverse or longitudinal US by choosing 
images showing the largest cross-section of the lesion (21). 
During longitudinal US, operators can use secondary signs 
such as a parallel hyperechoic perimysium and hypoechoic 
muscle fibers to maintain the correct axis of the SCM. 
In contrast, there is a greater potential for an oblique 
scanning axis during transverse US. Moreover, the point of 
maximal thickness can be chosen from nearly the entire 
length of the muscle on the monitor during longitudinal 
US. Conversely, the muscle segment with the maximum 
thickness can be easily missed during transverse scanning 
from the upper to the lower part. These technical factors 
might contribute to the difference in accuracy between 
longitudinal and transverse scans.

Several studies have correlated SCM mass abnormalities 

on US with prognosis or treatment course (11, 13, 15, 
18, 21, 22). They reported that length measurements—
SCM mass thickness and thickness ratio or difference 
between the affected and normal side—were correlated 
with clinical improvement and treatment duration (15, 21). 
The type of echogenicity of the SCM mass has also been 
reported to have a prognostic role; patients with diffuse 
hyperechogenicity along the entire SCM or a longitudinal 
hyperechoic band within the normal SCM required a 
longer treatment duration and showed a higher rate of 
surgical treatment (11, 22, 23). An alteration in the SCM 
mass echogenicity reflects various stages of muscle fiber 
degeneration (23, 24). A heterogeneous echotexture of a 
mass indicates fibrous tissue mixed with normal SCM fibers. 
Diffuse hyperechogenicity represents a severe degree of 
fibrosis with nearly absent normal SCM fibers. However, in 
our study, hyperechogenicity or heterogeneous echotexture 
were not correlated with the clinical severity and the 
prevalence was lower (32.3%) than that reported by Kim 
and Kim (63%) (16). 

Two studies compared US-normal and abnormal groups 
in patients with CMT (18, 25). Both studies confirmed that 
the US-normal group showed a smaller cervical PROM deficit 
and better prognosis with a shorter treatment duration than 
those in the US–abnormal group. The histologic findings 
of fibromatosis colli include edema, muscle degeneration, 
and subsequent fibrosis (10, 26). Meanwhile, a different 

Table 3. Diagnostic Performance of SCM-R and SCM-D on Longitudinal US Scan for Differentiating Subgroups
Parameters Cutoff Sensitivity (%) Specificity (%) AUC 95% CI P

Group 1 (n = 18) vs. group 2–3 (n = 53)
SCM-R 1.07 73.6 61.1 0.731* 0.613–0.830 < 0.001
SCM-D (mm) 0.9 45.3 94.4 0.731* 0.613–0.830 < 0.001

Group 1–2 (n = 53) vs. group 3 (n = 18)
SCM-R 1.21 50 90.6 0.660 0.538–0.768 0.078
SCM-D (mm) 1 50 84.9 0.665 0.543–0.773 0.059

*No significant difference was observed between data by DeLong’s test (p > 0.999). AUC = area under receiver operating characteristic 
curve, CI = confidence interval

Table 4. Results of Echotexture and Echogenicity of Affected SCM according to Clinical Groups
Parameters Total (n = 71) Group 1 (n = 18) Group 2 (n = 35) Group 3 (n = 18) P

Echotexture > 0.999
Heterogeneous 18 (25.3) 5 (27.7) 9 (25.7) 4 (22.2)
Homogeneous 53 (74.6) 13 (72.2) 26 (74.2) 14 (77.7)

Echogenicity 0.357
Hyperechoic 23 (32.3) 8 (44.4) 11 (31.4) 4 (22.2)
Isoechoic 48 (67.6) 10 (55.5) 24 (68.5) 14 (77.7)
Hypoechoic 0 0 0 0

Data are numbers of cases, with percentages in parentheses.
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underlying pathophysiology has been postulated for the 
US-normal group with CMT (25, 27) and SCM imbalance 
has been suggested as a cause of postural torticollis (27). 
In our study, the patients could be clinically diagnosed 
with either muscular or postural CMT. Although we could 
not confirm the pathological finding of thickened SCM in 
the higher-level clinical group due to a generally favorable 
outcome of CMT, fibrosis being too mild to be clearly 
recognized as focal SCM-mass type on US, idiopathic 
thickening and tightness, or SCM imbalance might explain 
our findings. However, our results should be confirmed by 
further studies.

Non-mass CMT comprises more than half of the total 
CMT cases (5) and is a significant subgroup requiring US 
in clinical practice. Our result suggests that if the bilateral 
SCMs are asymmetrical and the symptomatic side is 
substantially thicker than the opposite side, the US findings 
may support the diagnosis of CMT and aid clinicians in 
the decision to initiate physiotherapy. Moreover, our 
study revealed a relatively low incidence of alteration 
in echogenicity. Therefore, quantitative measurement of 
thickness may be more helpful than the echogenic features 
for the evaluation of non-mass CMT. 

In our study, the patients in group 1 were significantly 
younger than those were in the other groups. In a previous 
study, older age at presentation was significantly associated 
with a longer treatment duration and a greater requirement 
for surgical treatment (28). While the younger patients in 
group 1 might be expected to have a better prognosis, we 
could not evaluate the prognosis of each subgroup due 
to the retrospective study design and the benign clinical 
course of CMT, which did not require follow-up examination 
in most patients.

We also evaluated the prevalence of plagiocephaly. 
The persistent twisted position of the neck can induce 
deformational plagiocephaly (1). Rogers et al. (29) 
reported that more than 90% of infants with deformational 
plagiocephaly were associated with torticollis. The incidence 
of plagiocephaly in our study (61.9%) was similar to that of 
the non-SCM lesion group in a previous study (56.5%) (25). 
The proportions of plagiocephaly did not differ significantly 
between patients with and without abnormalities on 
physical examination and were not influenced by the 
clinical severity.

Our study had several limitations. First, the data were 
retrospectively obtained and we could not classify infants 
into muscular and postural torticollis groups. Second, 

we could not confirm the pathological findings of SCM 
thickening because CMT is a benign entity. Third, the 
interobserver agreement could not be evaluated due to the 
agitation of the infants. 

In conclusion, the SCM-R and SCM-D obtained by US could 
be a useful tool in CMT even in infants without an SCM 
mass. In particular, SCM-D is a straightforward parameter 
that could be used to help grade the clinical severity when 
obtained on longitudinal US. Alterations in the echogenicity 
and echotexture of the involved SCM were not common 
findings in non-mass CMT and were not associated with 
clinical severity. 
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