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ABSTRACT

BACKGROUND AND PURPOSE: Infants grow rapidly, which causes the SCM to thicken physiologically. Therefore some cases of physi-
ologically-thickened SCM can be confused with a poor response to physical therapy. There have been only a few quantitative ultrasono-
graphic studies on the clinical outcomeof rehabilitation for CMT.Our aimwas to evaluatewhether a new sonographic assessmentmethod
that uses the muscular thickness ratio of the SCM can help quantify the outcome of rehabilitation therapy for patients with CMT.

MATERIALS AND METHODS: We evaluated 48 patients (male/female, 17:31; mean age, 3.9 months) who were diagnosed with CMT and
who underwent initial and follow-up sonography. The ratio of the thickness of the involved SCM to the thickness of the intact SCM (SCM
thickness ratio) was calculated. A scoring system based on the range of motion of the neck was used to assess clinical improvement. The
correlations between clinical improvement and the thickness of the involvedmuscle, the difference in involvedmuscle thickness, the SCM
thickness ratio, and the difference in the SCM thickness ratio were evaluated with Spearman rank correlations.

RESULTS: Follow-up Cheng scores were higher than initial scores; this difference indicates clinical resolution (follow-up, 4.90; initial, 3.38).
The SCM thickness ratio at follow-up was lower than that at the initial evaluation (follow-up, 1.29–1.34; initial, 1.65–1.77). Intra- and
interobserver agreements were excellent. Most variables were moderately correlated with clinical improvement (correlation coefficients,
0.36–0.509). R1 showed the highest correlationwith clinical improvement (0.481 and 0.509), followed by the initial maximal thickness of the
SCM (0.434 and 0.488). �P (P1–P2) and �R showed similar correlation coefficients with clinical improvement.

CONCLUSIONS: Measurement of the SCM thickness ratio appears to overcome the problem of a false-positive diagnosis of clinical
aggravation of CMT resulting from physiologic growth. R1 and �R are accurate objective measurements, which can be used in the
management of CMT.

ABBREVIATIONS: CMT� congenital muscular torticollis; P1, 2� initial and follow-up maximal thickness of the SCM; R1, 2� initial and follow-up SCM thickness
ratio; SCM� sternocleidomastoid muscle

Congenital muscular torticollis is a common disorder of the

musculoskeletal system in neonates and infants, with an in-

cidence of 0.3%–1.9%. Patients with CMT can be divided into a

sternomastoid tumor group and those with tightness of sterno-

cleidomastoid muscle but no clinical tumor as a muscular torticollis

group. Postural torticollis is congenital torticollis with neither tight-

ness nor tumor of the SCM. CMT has been used synonymously with

congenital torticollis.1 In infants with torticollis, the head typically is

tilted toward the side of the affected muscle and rotated toward the

opposite side.2 On sonography, focal or diffuse enlargement of the

SCM is apparent in the lower two-thirds of the muscle, and the size of

the lesions ranges from 8 to 15.8 mm in the maximal transverse di-

ameter.3 The echogenicity of the lesions is hyperechoic (49%) and

mixed echogenic (49%).4

Most patients experience a reduction in the size of the SCM

spontaneously or after physical therapy.5,6 However, infants grow

rapidly; this growth causes the SCM to thicken physiologically, so

some cases of physiologically thickened SCM can be confused

with a poor response to physical therapy. To our knowledge, there

have been only a few quantitative sonographic studies on the clin-

ical outcome of rehabilitation for CMT. The purpose of this study

was to evaluate whether a new sonographic assessment method

that uses the muscular thickness ratio of the SCM can help quan-

tify the outcome of rehabilitation therapy in patients with CMT.

Received June 4, 2012; accepted after revision June 28.

From the Departments of Radiology (H.-J.P., S.-Y.L., E.-C.C., M.-H.R., H.-J.K.) and Re-
habilitation Medicine (Y.-T.L., K.Y.), Sungkyunkwan University School of Medicine,
Kangbuk Samsung Hospital, Seoul, Republic of Korea; and Department of Radiol-
ogy (H.-J.P., S.S.K.), Kangwon National University School of Medicine, Chuncheon,
Republic of Korea.

Please address correspondence to So-Yeon Lee, MD, Department of Radiology,
Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, 108
Pyung-dong, Jongno-gu, Seoul 110-746, Republic of Korea; e-mail:
radiology11@hanmail.net

http://dx.doi.org/10.3174/ajnr.A3299

890 Park Apr 2013 www.ajnr.org



MATERIALS AND METHODS
Case Selection
This retrospective study included 48 con-

secutive patients (17 boys and 31 girls;

mean age, 3.9 � 3 months) who visited

our hospital with a clinical diagnosis of

CMT and who underwent initial sonogra-

phy, follow-up sonography, and rehabili-

tation therapy between January 2009 and

March 2012. The same physician from the

Rehabilitation Medicine Department

made the clinical diagnosis of CMT for all

patients on the basis of a mass in the SCM

and documentation of a deficit in passive

neck rotation in association with ipsilat-

eral SCM shortening. The exclusion crite-

ria were postural torticollis without a

mass or tightness, the presence of hema-

toma in the SCM, congenital anomaly of

the cervical spine, spasmodic torticollis,

and bilateral torticollis. Ten patients were

excluded on the basis of these criteria.

This study was approved by our institu-

tional ethics review board, and the re-

quirement for informed consent was

waived because of the retrospective study

design.

Sonographic Evaluation
A musculoskeletal radiologist performed all ultrasonographic ex-

aminations by using the HDI 5000 (Philips Medical Systems,

Bothell, Washington) and Logiq E9 (GE Healthcare, Milwaukee,

Wisconsin) imaging devices equipped with linear 6- to 15-MHz

probes. With the patient in the supine position, a small pillow was

placed under the shoulder to extend the neck. This study followed

our current protocol for sonographic evaluation of CMT. Specif-

ically, a large amount of semisolid sonography transmission gel

was used to minimize pressure on the lesion. Gray-scale images

were obtained for both SCMs in the transverse and longitudinal

planes. The largest cross-section of the lesion was captured, and

the anteroposterior diameter, which represents muscular thick-

ness, was measured. Sonograms of the involved muscle were com-

pared with those of the uninvolved muscle, and the anteroposte-

rior diameter of the contralateral SCM was measured (Fig. 1). The

internal echotexture of the lesion was captured and classified as

either homogeneous or heterogeneous. The mean interval be-

tween the 2 sonographic examinations (ie, initial and follow-up)

was 4.2 � 3 months. All images were retrospectively retrieved

from patient files and were interpreted and measured by 2 fellow-

ship-trained academic musculoskeletal radiologists with 10 and

12 years of experience. The ratio of the thickness of the involved

SCM to the thickness of the intact SCM (ie, the SCM thickness

ratio) was calculated.

Clinical Correlation
Treatment began a few days after diagnosis. Patients underwent a

standard physiotherapy program that involved manual stretching

for 30 minutes 3 times per week. Manual stretching followed a

standardized protocol: 3 repetitions of 15 manual stretches of the

tight muscle with sustained force for 1 second and a rest period of

10 seconds between each stretch. The parents of the patients were

taught to carry out a home program of active positioning in ac-

cordance with specific instructions.7 As suggested by Cheng et al,2

clinical improvement was assessed with a scoring system based on

the range of motion of the neck measured with a goniometer. We

adopted a modified Cheng method that considered only the nu-

meric angles containing rotation deficits and side-flexion deficits.

The degree of each angle of rotation and flexion deficit was mea-

sured and scored with a 4-point scale, respectively: 0, poor (�15);

one, fair (11–15); two, good (6 –10); three, excellent (�5). There-

fore, the modified Cheng score ranged from 0 to 6, with higher

scores indicative of better clinical results.

Statistical Analysis
The thickness of the affected SCM and the SCM thickness ratio

were compared for initial and follow-up values with paired t tests.

Interobserver agreement between the 2 radiologists was assessed

with the intraclass correlation coefficient. We used the following

intraclass correlation coefficient classification system: poor re-

producibility, �0.40; fair-to-good reproducibility, 0.40 – 0.75; ex-

cellent reproducibility, �0.75. Wilcoxon signed-rank tests were

used to evaluate differences between the initial and follow-up val-

ues (eg, difference in the SCM thickness, difference in the SCM

thickness ratio). The correlation coefficients between thickness,

the SCM thickness ratio, and the modified Cheng scores were

calculated with categoric regression analysis and Spearman rank

correlations. A weak correlation was defined as correlation coef-

FIG 1. One-month-old boy with congenital muscular torticollis on the right side. A, Transverse
gray-scale sonogram of the lower one-third of the right side of the neck shows the hypertro-
phied SCM (diameter, 1.08 cm). B, The intact left muscle measured 0.40 cm, and the SCM
thickness ratio was 2.70. The initial modified Cheng score was 0.C, Follow-up sonography of the
involved muscle shows a decreased thickness of 0.71 cm 6 months later. D, At follow-up, the
thickness of the uninvolved muscle was 0.56 cm, the SCM thickness ratio was 1.27, and the
modified Cheng score was 6.
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ficients between 0.1 and 0.3; a moderate correlation, between 0.3

and 0.7; a high correlation, between 0.7 and 0.9; and a very high

correlation, above 0.9.8 All analyses were performed with the Sta-

tistical Package for the Social Sciences software, Version 10.1

(SPSS, Chicago, Illinois). P values �.05 were considered statisti-

cally significant.

RESULTS
Table 1 depicts the mean thickness of the involved muscle and the

normal muscle, the SCM thickness ratio, and the Cheng scores.

Follow-up Cheng scores were higher than initial scores (mean,

follow-up: 4.90 � 1.59; initial: 3.38 � 2.46), indicating clinical

resolution of CMT. The SCM thickness ratio at follow-up was

lower than that at initial evaluation (mean, readers 1 and 2; fol-

low-up: 1.34 � 0.50, 1.29 � 0.48; initial: 1.77 � 0.70, 1.65 � 0.72).

The intraclass correlation coefficient was 0.919 for thickness and

0.988 for the SCM ratio, indicating excellent interobserver agree-

ment (Table 2). Table 3 depicts the correlation coefficients ob-

tained from Wilcoxon signed-rank tests between the study vari-

ables and the Cheng scores; the values for most correlation

coefficients were indicative of moderate correlation (0.366 –

0.509). The initial SCM thickness ratio (R1) showed the highest

correlation (0.481 and 0.509) with Cheng

scores, followed by the initial maximal

thickness of the SCM (P1, 0.434 and

0.488). The difference between initial and

follow-up SCM thickness (�P, P1–P2)

and the difference between the initial and

follow-up SCM thickness ratio (�R)

showed a similar correlation with the

Cheng scores. None of the correlation co-

efficients were significantly correlated.

We observed 13 cases (27%) in which the

maximal thickness of the SCM was higher

(ie, �P � 0) and the SCM thickness ratio

was lower (ie, �R � 0) at follow-up than

at initial evaluation (Fig 2). At follow-up,

only 2 of these cases (4%) had decreased

Cheng scores, while the others had in-

creased Cheng scores (Fig 3).

DISCUSSION
CMT typically affects first-born boys with

a breech presentation or difficult obstetric

history.3 The clinical and sonographic fea-

tures of CMT are strongly correlated.6 In

patients with CMT, sonography reveals

fusiform enlargement and significant

asymmetry of the SCM. Sonography also

FIG 2. Two-month-old boy with congenital muscular torticollis on the left side. A, Transverse
sonogram of the left side of the neck shows the hypertrophied SCM (diameter, 0.57 cm). B, The
intact right muscle measured 0.38 cm, and the SCM thickness ratio was 1.50. The initial modified
Cheng score was 3. C, Follow-up sonography of the involved muscle shows an increased thick-
ness of 0.68 cm 3 months after the initial evaluation. D, At follow-up, the thickness of the
uninvolvedmuscle was 0.54 cm, the SCM thickness ratio was 1.26, and themodified Cheng score
was 6.

Table 2: The intraclass correlation coefficients for the SCM
thickness measurements and the SCM thickness ratio

Thickness
of Involved
Muscle

Thickness
of Normal
Muscle

SCM
Thickness
Ratio

P
Value

Initial 0.952 0.919 0.950 �.001
Follow-up 0.988 0.935 0.976 �.001

Table 3: Correlation coefficients indicating the relationship
between study variables and clinical prognosisa

P1b �Pc R1d �Re

Reader 1 0.434 (.002) 0.384 (.007) 0.481 (.001) 0.394 (.006)
Reader 2 0.488 (�.001) 0.380 (.008) 0.509 (�.001) 0.366 (.011)
a Numbers in parentheses are P values. P values �.01 were considered statistically
significant.
b P1 is the initial maximal thickness of the sternocleidomastoid muscle.
c�P is the difference in the maximal thickness of the SCM between initial and
follow-up measurements.
d R1 is the initial SCM thickness ratio (maximal thickness of the involved muscle/
maximal thickness of the normal muscle).
e�R is the difference in the SCM thickness ratio between initial and follow-up
measurements.

Table 1: The mean values of sternocleidomastoid muscle thickness, the SCM thickness ratio, and the modified Cheng scoresa

Thickness of Involved
Muscle (cm)

Thickness of Normal
Muscle (cm)

SCM Thickness
Ratiob Modified Cheng

ScoreReader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2
Initial 0.86 (�0.35) 0.84 (�0.36) 0.49 (�0.08) 0.52 (�0.08) 1.77 (�0.70) 1.65 (�0.72) 3.38 (�2.46)
Follow-up 0.75 (�0.27) 0.74 (�0.26) 0.57 (�0.09) 0.58 (�0.09) 1.34 (�0.50) 1.29 (�0.48) 4.90 (�1.59)
a Data in parentheses are SDs.
b Ratio is the thickness of involved muscle/thickness of normal muscle.
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correlates well with clinical severity.9 Muscular thickening is due

to the proliferation of fibrous tissue.10 Resolution of muscular

thickening is a good indicator of clinical recovery and is used

widely in the Department of Rehabilitation Medicine at our hos-

pital. The echotexture of the CMT can also be a useful diagnostic

tool, and the ratio of the hyperechoic lesion to the normal portion

of the SCM can be used as a guideline for treatment.5 However,

because hyperechoic lesions do not always show a parallel appear-

ance along the SCM, the exact measurement of the hyperechoic

lesion along the whole SCM is difficult. Furthermore, hyperechoic

lesions are observed in only 49% of CMT cases.11 The maximal

thickness of the involved muscle is objective and shows good in-

terobserver agreement. In our study, the intraclass correlation

coefficients for maximal thickness were extremely high (0.919 –

0.988). This result suggests that maximal thickness of the SCM

can be used as a quantitative method of evaluation. Decreased

thickness generally indicates resolution of SMT, but some pa-

tients do not follow this trend. In our study, follow-up SCM thick-

ness (P2) was higher than the initial SCM thickness (P1) in 13

patients (27%), and the follow-up SCM thickness ratio (R2) was

lower than the initial ratio (R1) in these patients. Nonetheless, all

except 2 of these patients had improved Cheng scores at

follow-up.

We suspect that these results can be explained by physiologic

growth of the SCM. The intact contralateral SCM muscles in these

patients showed increased muscle thickness (mean, 0.13 cm).

Therefore, an increase in the thickness of the involved muscle (ie,

�P � 0) does not always indicate clinical aggravation. To com-

pensate for changes in muscle thickness explained by physiologic

growth, we suggest using the ratio of the thickness of the involved

muscle to that of the normal muscle. Cheng scores were negatively

correlated with both involved SCM thickness and the SCM thick-

ness ratio. The initial SCM thickness ratio was more strongly cor-

related with the Cheng scores at follow-up than was the initial

SCM thickness or the change in the initial SCM thickness. The

change in the SCM ratio and the change in the involved SCM

thickness showed a similar correlation with the Cheng score. Al-

though the correlation coefficient for P1 was slightly higher than

that for �P and though the correlation coefficient for R1 was

slightly higher than that for �R, there were no significant differ-

ences between any of the correlation coefficients.

We used modified Cheng scores to evaluate clinical improve-

ment in patients with CMT. The original Cheng score is com-

posed of 2 objective measurements of neck motion and 3 subjec-

tive criteria (craniofacial asymmetry, palpable residual band, and

subjective head tilting).2 We used the 2 objective measurements

only to produce a modified Cheng score that ranged from 0 to 6.

We focused on whether R1 and �R might show a close correlation

with clinical improvement, and we compared these correlations

with those of P1 and �P. The correlation coefficient for P1 was

higher than that for �P, and the correlation coefficient for R1 was

higher than that for �R. The correlation coefficient for R1 was

slightly higher than that for P1, but the correlation coefficients for

the �P and the �R were similar. Thus, we found that R1 and P1

reflect clinical improvement in CMT, while the �P and �R may

also indicate clinical improvement. The �R may be particularly

helpful in the interpretation of the mismatch between clinical

improvement and sonographic findings among patients who have

higher P2 than P1, as occurred among 13 patients in our study.

Our study has some limitations. First, we were unable to evaluate

the correlation between increased echogenicity and clinical improve-

ment. Quantitative analysis of increased echogenicity was difficult,

and some cases did not show increased echoes in the involved SCM.

Another limitation was the retrospective study design, which made it

difficult to perform a completely blinded study.

CONCLUSIONS
P1, R1, �P, and �R were moderately correlated with clinical im-

provement. The SCM thickness ratio overcomes the error of a

false-positive diagnosis of clinical aggravation of the CMT result-

ing from physiologic growth. R1 and �R are accurate objective

measurements that can be used in the management of CMT.
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