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Quantitative Analysis of Magnetic Resonance
Imaging of the Neck and Its Usefulness in
Management of Congenital Muscular Torticollis
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Objective To quantify magnetic resonance imaging (MRI) findings of congenital muscular torticollis (CMT) and
to demonstrate the usefulness of quantitative MRI findings in the management of CMT.

Methods This was a retrospective study of 160 subjects with CMT who had undergone neck MRI at the age of 48
months or younger at a tertiary medical center. Among the 160 subjects, 54 had undergone surgical release of CMT
and 106 subjects had not undergone surgery. For the quantitative analysis, the ratios of area and intensity of the
MRI findings were measured and compared between the two groups (ratio of area = the largest cross-sectional
area of the SCM with CMT - the cross-sectional area of the contralateral SCM without CMT / the cross-sectional
area of the contralateral SCM without CMT; ratio of intensity = the mean gray color intensity of the contralateral
SCM without CMT - the lowest mean gray color intensity of the SCM with CMT / the mean gray color intensity of
the contralateral SCM without CMT). Receiver operating characteristic (ROC) curve analysis was conducted for
the ratios of area and intensity in order to find the optimal cutoff value for determining the need for surgery in
CMT cases.

Results The ratios of area and intensity were significantly higher in the surgical group than in the non-surgical
group (p<0.001), suggesting that the sternocleidomastoid muscle (SCM) was thicker and darker in the surgical
group than in the non-surgical group. The optimal cutoff value for the ratio of area was 0.17 and that for the ratio
of intensity was 0.05. All subjects with a ratio of intensity less than 0.03 belonged to the non-surgical group, and all
subjects with a ratio of intensity greater than 0.16 were categorized in the surgical group.

Conclusion The quantitative MRI findings, i.e., ratios of area and intensity, may provide a guideline for deciding
the need for surgical intervention in CMT patients. Further prospective studies are required to verify these
findings.
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INTRODUCTION

Congenital muscular torticollis (CMT) is one of the
most common musculoskeletal problems in children
[1]. Incidence of CMT has been reported to be as high as
3.92% in neonates [2]. Clinically, CMT is characterized by
thickening and/or tightness of the unilateral sternoclei-
domastoid muscle (SCM), resulting in limited neck mo-
tion [3,4].

It was reported that CMT might be defined as a devel-
opmental disorder of the SCM characterized by fibrosis
that leads to shortening of the SCM. Fibrosis reduces
the mobile proton density that presents as hypointensity
on both T1- and T2-weighted magnetic resonance im-
ages (MRI). Furthermore, if the fibrosis is localized, then
localized low signal intensity is observed, but when the
fibrosis is diffuse, then the entire SCM will show diffuse
hypointensity [5].

About 90% of the CMT cases can be treated primarily
through stretching exercises without causing additional
musculoskeletal complications, because most cases have
small amount of fibrosis [3]. However, the remaining 10%
CMT cases have a large amount of dense connective tis-
sue within the SCM that presents as increased hypoin-
tensity on T1- and T2-weighted MRI scans. Such cases
with dense connective tissue within the SCM rarely show
improvement with stretching exercises [3,6]. Therefore,
these cases require surgical release of the SCM in order to
minimize secondary musculoskeletal complications [4].

Our previous study, using neck ultrasonography, sh-
owed that children with a thicker SCM may require a
longer duration of stretching exercise in combination
with other therapeutic interventions, such as surgery.
This suggests that the thickness of the SCM may be one
prognostic factor for CMT treatment [7]. We also reported
that the MRI and histopathologic findings correlated well
with the amount of fibrosis and aberrant dense connec-
tive tissue within the SCM. This may suggest that if mul-
tiple or large low-signal intensities within the SCM are
noted, surgical release should be considered [6].

However, from the literature review and to the best
of our knowledge, there is no report on the quantita-
tive analysis of MRI findings in terms of cross-sectional
area and gray color intensity of the SCM related to CMT.
Therefore, the objectives of this study were 1) to quantify
CMT MRIs in terms of cross-sectional area and gray color

intensity and 2) to demonstrate the usefulness of quanti-
tative MRIs in management of CMT.

MATERIALS AND METHODS

This retrospective study was carried out in a single ter-
tiary medical center. This research was approved by the
Institutional Review Board of Ajou Medical Center.

Subjects

Among the subjects who visited the Clinic for Torticol-
lis, Department of Physical Medicine and Rehabilita-
tion in a single tertiary medical center, for symptoms of
abnormal head and neck posture between January 2012
and December 2013, those who had met the following
inclusion criteria were included: 1) diagnosed with CMT;
2) had undergone an MRI of the neck for CMT; 3) were 48
months or younger at the time of the MRI; and 4) had a
follow-up period of 23 months. Individuals were exclud-
ed if they had a previous history of surgery or injection
of botulinum toxin into the SCM for CMT. A diagnosis of
CMT was made when the following criteria were simulta-
neously met: 1) the head was tilted toward the shoulder
of one side, and the chin was turned toward the shoulder
of the opposite side and 2) the SCM of the involved side
was >2 mm thicker than that of the contralateral side, as
detected on ultrasonography [8].

The subjects were divided into two groups, the non-
surgical group and the surgical group, which included
the patients who had undergone surgical release of CMT.
Surgical release was performed by the third author at the
age of 6 months or older for one or more of the follow-
ing conditions: 1) functional limitation of neck motion
attributable to shortening of the unilateral SCM with
no further functional gain anticipated from stretching
exercise and/or objection to performing stretching ex-
ercise by the participant; 2) participants had an obvious
craniofacial deformity due to neglected CMT; and 3) par-
ticipants displayed multiple (more than 2) and/or large
low-signal intensities evident to the naked eye within the
SCM on T1-weighted MRI images [6].

Stretching exercise was performed in patients less
than 6 months of age with functional limitation of neck
motion. Manual stretching exercise was conducted in
patients with a shortened SCM, 30 minutes of manual
stretching exercise was performed two to five times a
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week by an experienced physical therapist, and ultra-
sound was applied to the enlarged SCM. Caregivers were
taught stretching exercise and encouraged to give ses-
sions of manual stretching exercise at home. The treat-
ment was considered to be successful when the full range
of motion of neck rotation was achieved. The treatment
was considered to be unsuccessful when there was func-
tional limitation of neck motion due to shortening of the
unilateral SCM after 6 weeks of stretching exercise or ob-
jection to performing stretching exercise before the end
of the treatment [9] (Fig. 1).

Acquisition of neck MRI

MRI scans of the neck were taken when subjects pre-
sented with one or more following conditions: 1) resis-
tance to motion of the neck at the age of 6 months or old-
er even after adequate physical therapy; 2) objection to
performing stretching; 3) obvious craniofacial deformity

due to neglected CMT; 4) parental consent was obtained.

An MRI of the neck was performed using a 1.5-T MRI
unit (Signa; GE Medical Systems, Milwaukee, WI, USA)
or a 3.0-T MRI unit (Achieva; Philips Medical Systems,
Amsterdam, Netherlands). The following imaging pa-
rameters were used for the MRI: TR/TE, 400-600/11-14
for T1-weighted imaging and 3,000-4,000/75-100 for T2-
weighted imaging; section thickness, 3.0-6.0 mm; slice
gap, 1-2.5 mm; and FOV, 180-240 mm depending on the
body side and section planes. Contrast enhancement was
not used, and the MRIs were reviewed with a picture ar-
chiving and communication system (PACS) (PiViewSTAR;
Infinitt, Seoul, Korea).

Quantitative analysis of neck MRI findings

The first and second authors conducted a quantitative
analysis of the neck MRIs in an independent and blinded
way. After inter-rater reliability was assessed, the mean

| chidrenwithcMT |

Age<6 months of age |

Resistance (-)
| Age>6 months of age |—> OPD follow-up

Resistance (+)
v

Resistance (+)
v

Stretching exercise
3-5 days/week

OPD follow-up ~ |«282ne )

Abnormal neck MRI?*

Resistance (+)
v

Yes

Ne\

Stretching exercise
3-5 days/week

OPD follow-up |¢-Resistance ()

Surgical release+post op

: C **Consider surgical release or
stretching exercise

OPD follow-up
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v
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3-5 days/week

OPD follow-up |« )
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v
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for 1-3 weeks

OPD follow-up |22 )
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No
release or OPD follow-up |

Abnormal neck MRI?*
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Surgical release+post op
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*Presence of multiple or gross low signal
intensity in the involved SCM

**Doctors have consultations with their
patients about therapeutic plan

Fig. 1. Therapeutic protocol for congenital muscular torticollis (CMT). OPD, outpatient department; SCM, sternoclei-

domastoid muscle; MRI, magnetic resonance imaging.
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values measured by the two raters were used for further
analysis.

Ratio of area

The difference in pre-operative cross-sectional area be-
tween the affected and unaffected SCMs was used as an
indicator of radiological severity. To calculate this differ-
ence, the largest SCM cross-sectional area was measured
on the affected side using the region of interest (ROI)
method on an axial T1-weighted MRI image, and the
cross-sectional area of the unaffected side was also mea-
sured on the same T1-weighted image (Fig. 2A). Finally,
the ratio of area was calculated in all 160 subjects as fol-
lows:

Ratio of area = (the largest cross-sectional area of the
SCM with CMT - the cross-sectional area of the contra-
lateral SCM without CMT) / the cross-sectional area of
the contralateral SCM without CMT.

Ratio of intensity

The difference in gray color intensity between the af-
fected and unaffected SCMs on the pre-operative neck
MRI was used as another indicator of radiological sever-
ity. This difference was measured using the lowest mean
gray color intensity of the affected side on the preopera-
tive axial T1-weighted MRI images using the ROI method,
and the mean gray color intensity of the unaffected side
was also measured on the same T1-weighted image [5]

(Fig. 2B). Finally, ratio of intensity was calculated in all
160 subjects as follows:

Ratio of intensity = (the mean gray color intensity of the
contralateral SCM without CMT - the lowest mean gray
color intensity of the SCM with CMT) / the mean gray
color intensity of the contralateral SCM without CMT.

Statistical analysis

For comparison between the non-surgical and surgi-
cal groups, a normality test was performed for the two
groups. Since both groups did not have a normal distri-
bution curve, Mann-Whitney U-tests were performed
to determine if differences in the radiological measure-
ments between the non-surgical and surgical groups were
significant. Binary regression analyses were performed
with adjustment for age at the time of acquiring the MRI
image. Fisher exact tests were used to compare gender
differences and the side affected with CMT between the
two groups. Inter-rater reliability was assessed using the
intra-class correlation coefficient (ICC), while receiver
operating characteristic (ROC) curve analysis was used
to determine the optimal cutoff value of the ratios of area
and intensity in the surgical group. Statistical Package for
the Social Sciences (SPSS) ver. 19.0 (IBM, Armonk, NY,
USA) was used for statistical analysis, and statistical sig-

nificance was set at a p-value <0.05.

Fig. 2. T1-weighted magnetic resonance image of the neck of a patient with congenital muscular torticollis. (A) Meth-
ods for measuring the sternocleidomastoid muscle (SCM) area by drawing regions of interest around the SCM. (B)
Methods for measuring the SCM gray color intensity (arrow) by drawing regions of interest around the SCM.
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RESULTS

Subject characteristics

Among the 788 subjects who had visited the Clinic for
Torticollis with symptoms of abnormal head and neck
posture, from January 2012 to December 2013, 160 pa-
tients (104 boys and 56 girls) met the inclusion criteria
and were included in this retrospective study. The right
side was affected by CMT in 93 (58%) participants, and
the left side was affected by CMT in 67 (42%) partici-
pants. The mean age at the time of diagnosis of CMT
was 11.58+10.23 months (range, 1 to 46 months). The
mean age at the time of neck MRI was 13.13+£9.37 months
(range, 6 to 46 months).

One hundred six participants (66.3%) were included in
the non-surgical group, and 54 subjects (33.7%) were in-
cluded in the surgical group (Fig. 3). The characteristics
of subjects according to the group are presented in Table
1. At the time of MRI, participants in the surgical group

788 Subjects with congenital muscular torticollis

Magnetic resonance imaging of the neck

I
() (*)

| 511SLIijects | | 277 Subjects |

(12.44+7.84 months) were significantly younger than
those in the non-surgical group (13.48+10.08 months)
(p=0.047). The ratio of boys to girls was significantly
higher in the non-surgical group than that in the surgical
group (p=0.03). There was no significant difference in the
affected side of CMT between the two groups.

The ratios of area and intensity

Table 2 shows that ICC values for ratios of area and
intensity were 0.92 and 0.95, respectively, suggesting a
good inter-rater reliability (p<0.001).

Quantitative analysis of MRI findings of the neck with
CMT between the surgical and the non-surgical groups
The ratio of area was significantly higher (p<0.001) in
the surgical group (1.44+1.26; range, -0.39 to 3.83) than
in the non-surgical group (0.66+0.76; range, -0.36 to 2.58)
(Fig. 4A). The ratio of intensity was significantly higher
(p=0.001) in the surgical group (0.15%+0.10; range, 0.03 to

<48 Months of age

>48 Months of age

| 160 Subjects | |

117 Subjects |

Non-surgical group Surgical group
106 subjects 54 subjects

Non-surgical group
11 subjects

Fig. 3. The algorithm for enroll-
ment of the subjects from January
2012 to December 2013.

Surgical group
106 subjects

Table 1. Characteristics of the subjects according to the group

Characteristic Non-surgical group (n=106) Surgical group (n=54) p-value
Age at diagnosis of CMT 11.62+11.05 11.48+8.49 0.290
Age at MRI (mo) 13.48+10.08 12.44+7.84 0.047*
Gender (boy:girl) 75:31 29:25 0.030*
Affected side by CMT (right:left) 62:44 31:23 0.540

Values are presented as meantstandard deviation or numbers.
CMT, congenital muscular torticollis; MRI, magnetic resonance imaging.

*p<0.05.
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0.46) than in the non-surgical group (0.03+0.06; range,
-0.13 to 0.16) (Fig. 4B). This relationship was statisti-
cally significant even after adjusting for age at the time

Table 2. Inter-rater reliability of the measurements of ra-
tios of area and intensity

MeantSD ICC p-value

Ratio of area® 0.92 <0.001*
Investigator 1 0.96£1.02
Investigator 2 0.86+0.98

Ratio of intensity” 0.95 <0.001*
Investigator 1 0.07+0.10
Investigator 2 0.07+0.11

ICC, intra-class correlation coefficient; investigator 1,
JWK; investigator 2, SHK.

“Ratio of area = (the largest cross-sectional area of the
sternocleidomastoid muscle with CMT - the cross-sec-
tional area of the contralateral sternocleidomastoid
muscle without CMT) / the cross-sectional area of the
contralateral sternocleidomastoid muscle without CMT.
PRatio of intensity = (the mean gray color intensity of the
contralateral sternocleidomastoid muscle without CMT —
the lowest mean gray color intensity of sternocleidomas-
toid muscle with CMT) / the mean gray color intensity
of the contralateral sternocleidomastoid muscle without
CMT.

*p<0.05.

®

p<0.001

1.44

Ratio of area
N
1

0.66

_2 T 1
Non-surgical group Surgical group

of acquiring the MRI image (the ratio of area, adjusted
p<0.001; the ratio of intensity, adjusted p<0.001).

Usefulness of quantitative MRI findings in CMT mana-
gement

ROC curve analysis was conducted on the ratios of area
and intensity in order to find an optimal cutoff value at
which surgery should be performed. The optimal cutoff
value for the ratio of area was 0.17 (sensitivity 85.2%,
specificity 28.3%) for the need for surgery to treat CMT
(area under the ROC curve [AUC] = 0.693) (Fig. 5A and
5B). The optimal cutoff value for the ratio of intensity was
0.05 (sensitivity 96.3%, specificity 53.8%) for the need for
surgery to treat CMT (AUC=0.856). All participants with
a ratio of intensity <0.03 belonged to the non-surgical
group, and all participants with a ratio of intensity >0.16
were in the surgical group (Fig. 5C and 5D).

DISCUSSION

To the best of our knowledge, this is the first report to
quantitate MRI findings of CMT patients. Hwang et al. [6]
reported that when multiple or a large amount of low-sig-
nal intensities within the SCM are visible on MRI scans,
surgical release of CMT should be considered, because
skull asymmetry or plagiocephaly may occur in the pres-

061 p=0.001

0.4

0.2 1
0.15

Ratio of intensity

0.03

_02 T 1
Non-surgical group Surgical group

Fig. 4. Comparison of quantitative magnetic resonance imaging findings of congenital muscular torticollis (CMT) be-
tween the 2 groups. (A) The ratio of area® was significantly higher in the surgical group (1.44+1.26) than in the non-
surgical group (0.660.76) (p<0.001). (B) The ratio of intensity” was significantly higher in the surgical group (0.15+0.10)
than in the non-surgical group (0.03+£0.06) (p=0.001). ‘+’ denotes the mean value. SCM, sternocleidomastoid muscle.
“Ratio of area = (the largest cross-sectional area of the SCM with CMT - the cross-sectional area of the contralateral
SCM without CMT) / the cross-sectional area of the contralateral SCM without CMT. Ratio of intensity = (the mean
gray color intensity of the contralateral SCM without CMT - the lowest mean gray color intensity of the SCM with
CMT) / the mean gray color intensity of the contralateral SCM without CMT.
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Fig. 5. Dot histogram of quantitative magnetic resonance imaging findings of the neck affected by congenital muscu-
lar torticollis (CMT) for both the non-surgical and surgical groups. The optimal cutoff values were calculated by the
receiver operating characteristic (ROC) curve analysis. (A) The optimal cutoff value for the ratio of area was 0.17 (sen-
sitivity 85.2%, specificity 28.3%) for the need for surgery to treat CMT. (B) For the ratio of area, the area under the ROC
curve (AUC) was 0.693. (C) The optimal cutoff value for the ratio of intensity was 0.05 (sensitivity 96.3%, specificity
53.8%) for the need for surgery to treat CMT. While all subjects with a ratio of intensity <0.03 did not undergo surgery,
all subjects with a ratio of intensity >0.16 underwent surgery. (D) For the ratio of intensity, the AUC was 0.856.

ence of prolonged uncorrected CMT. Furthermore, facial
asymmetry and scoliosis may also develop and become
aggravated as the patient grows [10,11]. However, the au-
thors did not provide a quantitative MRI cutoff at which
surgery should be performed. The present study aimed to
determine this cutoff value and to demonstrate the use-
fulness of quantitative MRI findings in the management
of CMT.

The results of this study indicate that the ratio of area
(p<0.001) and the ratio of intensity (p=0.001) were statis-
tically significant between the non-surgical and surgical
groups. However, the ratios of area overlapped substan-
tially, since most values were dispersed more widely in
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the surgical group than in the non-surgical group. Al-
though there was an overall statistical significance, due to
extensive overlapping, it was difficult to determine a cut-
off value for deciding the need for surgery, thus limiting
the clinical application of this value. On the other hand,
in terms of the ratio of intensity, all participants who
underwent surgery had a value greater than 0.16 while
none of the participants who had a value less than 0.03
underwent surgery. In addition, if values ranging from
0.03 to 0.16 were obtained, the cutoff value for the need
for surgery was 0.05 (sensitivity 96.3%, specificity 53.8%),
thereby presenting a guideline for deciding whether sur-
gery should be performed. The sensitivity was set at the
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cutoff values, and as such, a value was selected at which
the sensitivity peaked at 96.3%. The AUC value obtained
from the ROC curve was greater for the ratio of inten-
sity (AUC=0.856) than for the ratio of area (AUC=0.693).
Therefore, the ratio of intensity was selected as a more
useful parameter for deciding whether surgery should be
performed to treat CMT.

With respect to the ratio of area, negative values were
obtained in several patients. This may be because at the
time of their hospital visit for the diagnosis of CMT, there
was a difference of >2 mm in thickness of the SCM on the
CMT-affected side, as assessed using ultrasonography.
However, when analyzed with MRI, the CMT-affected
SCM appeared smaller, thereby reducing the area in
comparison to the contralateral side [6,12].

Several negative ratios of intensity were also calculated.
When the MRI ROIs were measured, the average gray
color intensity of the SCM was measured on T1-weighted
images. Although some MRI scans that displayed images
with lower intensities indicated the presence of fibrotic
tissue, there were cases where the areas of higher inten-
sity were greater than the areas of lower intensity in the
CMT-affected SCM. Therefore, SCMs with CMT displayed
higher average intensities than the contralateral, non-af-
fected SCMs. Images that showed a higher intensity were
presumed to be due to subacute hemorrhagic changes in
the muscle, suggesting that the negative values resulted
from changes in the state of subacute hemorrhage [13,14].

Although the exact causes of CMT are not yet known,
it can be presumed that the SCM is affected prior to or at
the time of childbirth [15-17]. Swelling is initially noted
in the SCM; however, it heals gradually. Although wound
healing may occur naturally, if damage to the SCM is
severe, a portion of the muscle may be replaced with fi-
brotic tissue. The fibrotic tissue then causes shortening
of the SCM, subsequently limiting the range of motion
of the neck. Therefore, differences in the clinical severity
of CMT may explain the differences in the thickness and
signal intensities of the SCM in CMT subjects.

The results suggest that at the time of MRI, the partici-
pants in the surgical group were significantly younger
than those in the non-surgical group. The surgical group
displayed functional limitations in neck motion that may
be attributable to the shortening of the unilateral SCM.
Because of this problem, MRIs were acquired earlier in
the surgical group than in the non-surgical group. In

this study, 54 participants (33.8%) underwent surgery,
among the 160 subjects with CMT who had undergone
neck MRI, which is a high percentage than that reported
previously [18,19]. If patients had symptoms of resistance
to motion of the neck after adequate physical therapy or
obvious craniofacial deformity due to neglected CMT, a
neck MRI was performed to assess the need for surgical in-
tervention, thus resulting in a greater number of surgeries.

The ratio of boys to girls was significantly higher in the
non-surgical group (75:31) than in the surgical group
(29:25) (p=0.03), a finding that is contradictory to that
in the previous work. For example, Cheng and Au [18]
reported a ratio of boys to girls of 3:2. Unfortunately, we
cannot provide a reasonable explanation for sex differ-
ences between the non-surgical and surgical groups. To
more accurately evaluate the correlation between gender
and surgical intervention, a larger study is necessary.

Several limitations of this study should be noted. First,
it was a retrospective study. MRI was performed only
when the symptoms were severe. One of the criteria for
surgical release of SCM for treating CMT was the pres-
ence of multiple and/or large low-signal intensities with-
in the SCM evident to the naked eye on T1-weighted MRI
scans. However, at the time of surgery, we were not aware
of any quantitative values indicating the area and low-
signal intensity on MRI scans. Therefore, quantitative
values of MRI in CMT cases might provide a guideline
for deciding the need for surgical intervention. There-
fore, large prospective studies are required in the near
future. A second limitation is that the study only the two-
dimensional characteristics of the muscle were assessed,
although the SCM has a three-dimensional structure, i.e.,
it is long and spindle shaped. In spite of the aforemen-
tioned limitations, this study was able to provide some
clinically significant quantitative MRI findings of CMT
and it demonstrated the usefulness of these findings in
the management of CMT.

However, the above limitations are offset by several
strengths. First, this study included a large number of
participants. Previous studies on MRI findings of CMT
have been conducted in a smaller number of patients,
thus limiting the clinical application of their findings.
For example, Parikh et al. [20] only included 40 subjects
and Hwang et al. [6] only studied 33 subjects. The current
study included 160 CMT patients who had undergone
neck MRI, and surgery was performed in 54 of these 160
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CMT patients. The second strength of the current in-
vestigation was that the risk of MRI measurement bias
was controlled. This was achieved by ensuring that two
authors of this study assessed the MRIs in a blinded and
independent way. Overall, the inter-rater reliability was
high enough for using the mean.

In conclusion, the ratios of area and intensity were used
to quantify MRI findings of CMT. The results suggest that
these measures may provide a guideline for deciding the
need for surgical intervention in CMT patients. These
findings support the usefulness of quantitative MRI find-
ings in the clinical management of CMT. Prospective
studies are required to further verify these findings.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Bredenkamp JK, Hoover LA, Berke GS, Shaw A. Con-
genital muscular torticollis: a spectrum of disease.
Arch Otolaryngol Head Neck Surg 1990;116:212-6.

2. Chen MM, Chang HC, Hsieh CF, Yen MF, Chen TH.
Predictive model for congenital muscular torticollis:
analysis of 1021 infants with sonography. Arch Phys
Med Rehabil 2005;86:2199-203.

3. Cheng JC, Wong MW, Tang SP, Chen TM, Shum SL,
Wong EM. Clinical determinants of the outcome of
manual stretching in the treatment of congenital mus-
cular torticollis in infants: a prospective study of eight
hundred and twenty-one cases. ] Bone Joint Surg Am
2001;83A:679-87.

4. Cheng JC, Tang SP. Outcome of surgical treatment of
congenital muscular torticollis. Clin Orthop Relat Res
1999;(362):190-200.

5. Yim SY, Yoon D, Park MC, Lee IJ, Kim JH, Lee MA, et
al. Integrative analysis of congenital muscular torti-
collis: from gene expression to clinical significance.
BMC Med Genomics 2013;6 Suppl 2:S10.

6. Hwang JH, Lee HB, Kim JH, Park MC, Kwack KS, Han
JD, et al. Magnetic resonance imaging as a determi-
nant for surgical release of congenital muscular torti-
collis: correlation with the histopathologic findings.
Ann Rehabil Med 2012;36:320-7.

302 www.e-arm.org

7. Han JD, Kim SH, Lee SJ, Park MC, Yim SY. The thick-
ness of the sternocleidomastoid muscle as a prog-
nostic factor for congenital muscular torticollis. Ann
Rehabil Med 2011;35:361-8.

8. Yim SY, Lee IY, Cho KH, Kim JK, Lee IJ, Park MC. The
laryngeal cough reflex in congenital muscular tor-
ticollis: is it a new finding? Am J Phys Med Rehabil
2010;89:147-52

9. Lee SJ, Han ]JD, Lee HB, Hwang JH, Kim SY, Park MC,
et al. Comparison of clinical severity of congenital
muscular torticollis based on the method of child
birth. Ann Rehabil Med 2011;35:641-7.

10. Binder H, Eng GD, Gaiser JF, Koch B. Congenital mus-
cular torticollis: results of conservative management
with long-term follow-up in 85 cases. Arch Phys Med
Rehabil 1987;68:222-5.

11. Canale ST, Griffin DW, Hubbard CN. Congenital mus-
cular torticollis: a long-term follow-up. ] Bone Joint
Surg Am 1982;64:810-6.

12. Entel RJ, Carolan FJ. Congenital muscular torticollis:
magnetic resonance imaging and ultrasound diagno-
sis. ] Neuroimaging 1997;7:128-30.

13.De Smet AA. Magnetic resonance findings in skeletal
muscle tears. Skeletal Radiol 1993;22:479-84.

14.De Smet AA, Fisher DR, Heiner JP, Keene JS. Magnetic
resonance imaging of muscle tears. Skeletal Radiol
1990;19:283-6.

15.Lidge RT, Bechtol RC, Lambert CN. Congenital mus-
cular torticollis: etiology and pathology. ] Bone Joint
Surg Am 1957;39A:1165-82.

16. Suzuki S, Yamamuro T, Fujita A. The aetiological rela-
tionship between congenital torticollis and obstetrical
paralysis. Int Orthop 1984;8:175-81.

17.Davids JR, Wenger DR, Mubarak SJ. Congenital mus-
cular torticollis: sequela of intrauterine or perinatal
compartment syndrome. J Pediatr Orthop 1993;13:
141-7.

18. Cheng JC, Au AW. Infantile torticollis: a review of 624
cases. ] Pediatr Orthop 1994;14:802-8.

19. Cheng JC, Tang SP, Chen TM, Wong MW, Wong EM.
The clinical presentation and outcome of treatment
of congenital muscular torticollis in infants: a study of
1,086 cases. ] Pediatr Surg 2000;35:1091-6.

20.Parikh SN, Crawford AH, Choudhury S. Magnetic
resonance imaging in the evaluation of infantile torti-
collis. Orthopedics 2004;27:509-15.



