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Background: In prior studies, there has been no report of clinical observation of postoperative
reconnection of the sternocleidomastoid muscle (SCM) in children with congenital muscular torticollis
(CMT). Therefore, the objective of this study is to investigate the factors associated with postoperative
reconnection of the SCM in children with CMT, and to provide clinical evidence.

Methods: A retrospective study was conducted, wherein 83 CMT children without any missing data
were followed up from November 2019 to June 2021. The age at the time of surgery, sex, preoperative and
postoperative follow-up duration, laterality, neck mass history, preoperative physical therapy history, and
severity type were recorded. The severity classification of CMT was based on clinical features and ultrasound
images of SCM. The postoperative reconnection of SCM was measured.

Results: Out of 83 patients, ten had postoperative reconnection. The rate of postoperative reconnection
of SCM in children with CMT who had undergone unipolar SCM release surgery was 18.994 times higher
than in patients who had not undergone such surgery. This difference was statistically significant [odds ratio
(OR) =18.994, 95% confidence interval (CI): 1.583 to 227.897, P=0.020].

Conclusions: The history of SCM release surgery in CMT children can predict the postoperative
reconnection of SCM, which will aid in determining the optimal surgical approach for recurrent CM'T

patients.
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Introduction

Congenital muscular torticollis (CMT) is a common
congenital condition in children characterized by head tilt,
facial and cranial asymmetries, limited cervical rotation,
and potential presence of flatter cheek and smaller eye. The
incidence rate ranges from 0.3% to 3.92% (1-3). A higher
prevalence of involvement on the right side was observed
compared to the left. Furthermore, a male-to-female ratio
of 3:2 was noted (4). Plagiocephaly, facial asymmetry,
primiparity, and birth trauma are among the factors that
have been proposed as potential causes of CMT (5).

It is widely acknowledged that early physical therapy
is crucial for the effective treatment and management of
CMT. When diagnosed early and treated non-surgically,
the cure rate of CM'T can exceed 90%, and the prognosis is
favorable (5). However, in cases where conservative methods
are ineffective, additional therapies, including non-invasive
and surgical interventions, are necessary (6,7). For optimal
outcomes, surgical intervention is recommended within the
age range of one to four years (8-10). Indications for surgical
intervention in CMT include children who are more than
one year old with cervical passive or active limitations in

Highlight box

Key findings

® The present study has uncovered a significant finding that
postoperative sternocleidomastoid muscle (SCM) reconnection
can occur in cases of congenital muscular torticollis (CMT)
after unipolar release surgery, which marks a novel discovery.
Our research revealed that children with CMT who underwent
unipolar SCM release surgery experienced a postoperative SCM
reconnection rate 18.994 times higher than those who did not
undergo the surgery. This observed difference was statistically
significant, with a P value of 0.020.

What is known and what is new?

® Previous research has indicated that different surgical methods may
have varying rates of recurrence for CMT. Unipolar surgery had
a higher recurrence rate of 5.5-7%, while bipolar release surgery
had a lower recurrence rate of 2-2.9%. However, it is crucial to
note that SCM reconnection without clinical symptoms does not
necessarily equate to CMT recurrence with obvious symptoms.

What is the implication, and what should change now?

* Our manuscript represents a pioneering study in the field, being
the first to report on postoperative SCM reconnection and its
associated factors. The implications of this study are that for
children diagnosed with CM'T who had undergone unipolar SCM
release surgery, bipolar release surgical approach may be advisable.
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rotation or/and side flexion ranging from ten to fifteen
degrees, those who are more than seven months old with
sternocleidomastoid muscle (SCM) mass, and those who
have shown poor response to conservative treatment (11).
A variety of surgical techniques have been developed for
treating CMT; including but not limited to unipolar release,
bipolar release, and transaxillary subcutaneous endoscopic
release of the SCM (9,12,13). In our study, the unipolar
release surgical technique was universally employed for all
pediatric patients diagnosed with CM'T.

"Torticollis recurrence is a frequent complication following
surgical release (10). As outlined in Chotigavanichaya’s
article, recurrence was defined as a significant head tilt
caused by the SCM, resulting in a 50% reduction in range of
motion when compared to the initial 12-week postoperative
period (10). The recurrence of torticollis after surgery does
not necessarily indicate reconnection of CM'T. Reconnection
of the SCM refers to the appearance of a previously severed
SCM with or without accompanying clinical symptoms.
Our study revealed that some CMT patients experienced
SCM reconnection after surgery, yet achieved favorable
surgical outcomes with an average follow-up duration of
1.36 years. The objective of this study was to analyze the
factors associated with postoperative SCM reconnection.
We present this article in accordance with the STROBE
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-23-144/rc).

Methods
Subjects

Ninety-six CMT inpatient children with CMT who met
the surgical criteria and underwent unipolar SCM release
surgery were enrolled from the clinics between November
2019 and June 2021, and ultimately 83 patients without
missing follow-up data were included for analysis (as shown
in Figure I).

The following were the inclusion criteria for the study:
(D) diagnosis of CMT; (II) lack of response to conservative
treatment; (I1) treatment with unipolar release surgery at
our hospital between November 2019 and June 2021; (IV)
follow-up duration of at least one year; and (V) completion
of in-patient records.

The study’s exclusion criteria included the following:
(I) presence of other conditions causing torticollis, such
as ophthalmic torticollis, bony torticollis, and syndromic
torticollis; (IT) surgical methods other than unipolar release;
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n=10 n=73

Figure 1 Flowchart inclusion.

(II) age below one year; (IV) follow-up duration of less
than one year; and (V) incomplete in-patient records.

The head tilt angle was measured using traditional
goniometers and the toriCAM software (Graham Barrett,
AppStore, USA) (14), which is a smartphone application
available on the App Store (Apple Inc., Cupertino, CA,
USA) (Figure 24).

The diagnosis of SCM reconnection was established
based on the following criteria: (I) the patients were
previously diagnosed with CMT; (II) all patients underwent
unipolar SCM release surgery; (III) a prominent SCM
was visible on the surgical side (Figure 2B,2C) and
ultrasonography revealed diffuse hyperechogenicity
throughout the muscle.

Of these patients, reconnection group (n=10) and non-
reconnection group (n=73), 31 were female and 52 were
male, with a mean age of 2.43+1.81 years (range, 1.04 to
11.35 years), and a mean follow-up time of 1.36+0.41 years.
Skeletal torticollis, ophthalmologic torticollis, immune
system disorders, and other congenital malformations
were excluded in all patients through examinations such as
cervical X-ray and ophthalmologic examination. Patient
information was obtained from medical records and a
follow-up questionnaire.

The diagnosis of CMT was established based on the
following criteria: (I) characteristic clinical manifestations of
head tilts to the affected side and rotation of the mandible
to the healthy side; (II) restricted neck movement; (III)
ultrasound examination revealing focal or diffuse thickening

© Translational Pediatrics. All rights reserved.
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of the affected SCM when compared to adjacent normal
tissue or the contralateral SCM.

Severity classification

The severity classification was determined as follows: for
the mild type, (I) diffuse hyperechogenicity along the
entire muscle with hypoechogenic was seen in ultrasound
images of the affected SCM; (II) palpation of the affected
SCM was soft; (IIT) less than 50% fibrosis was seen in the
affected SCM on Masson staining; (IV) no history of CMT
surgery was present. For the moderate type, (I) diffuse
hyperechogenicity along the entire muscle with almost no
hypoechoic was seen in ultrasound images of the affected
SCM; (II) palpation of the affected SCM was rigid; (III)
50-75% fibrosis was seen in the affected SCM on Masson
staining; (IV) no history of CMT surgery was present. For
the severe type, (I) a localized well-defined hetero-echoic
mass/hyperechogenic band was seen in the entire involved
SCM; (II) palpation of the affected SCM revealed a hard,
palpable mass; (II) more than 75% fibrosis was seen in the
affected SCM on Masson staining; (IV) no history of CM'T
surgery was present. Recurrent type referred to patients

with a history of CM'T surgery (Table 1, Figure S1).

Surgical procedures

The patients underwent unipolar SCM release performed
by the same skilled pediatric orthopedic surgeon. Patient are
positioned supine with the head facing the side unaffected
by torticollis. An interscapular pad was used to elevate the
upper thorax, and a padded ring was used to support neck
extension for better visualization and operability of the
affected SCM. A transverse skin crease incision was made
two centimeters above the sternoclavicular end of the SCM.
The platysma was incised, and the skin and subcutaneous
tissue were excised. The sternal and clavicle head of the
SCM, along with any tense fibrosis fascial and muscular
bands, were released. A distal 0.5 cm of the SCM was
excised and sent for pathological analysis. The incision was
then sutured in layers.

Statistical analysis

The statistical analysis was performed using SPSS version
22.0 (Statistical Product and Service Solutions, NY,
USA). The quantitative data were expressed as median
(interquartile range) or mean = standard deviation (SD).
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Figure 2 Postoperative photograph of a child with sternocleidomastoid muscle reconnection. This image is published with the

patient’s parents/legal guardians’ consent. (A) A head tilt angle of 3°; (B) the reconnected sternocleidomastoid muscle; (C) the normal

sternocleidomastoid muscle.

Non-parametric tests, including Kruskal-Wallis and Mann-
Whitney U tests, were employed to compare independent
groups. The normality of the data distribution was assessed
using PPlot and the Kolmogorov-Smirnov test. A Chi-
square test or Fisher’s exact test was conducted where
appropriate. To analyze between-group differences in
outcomes, a Cox regression analysis was conducted using
a Wald test for testing significance. A two-sided P value of
less than 0.05 was considered statistically significant.

Sensitivity analysis was carried out by excluding the

© Translational Pediatrics. All rights reserved.

included items gradually to identify the influences on the

results.

Ethical statement

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
institutional ethics committee of the Children’s Hospital of
Fudan University (No. 2021-492) and informed consent was
signed by the patients’ parents or legal guardians.
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Table 1 Severity grading of congenital muscular torticollis
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Type B ultrasonography Palpation Fibrosis CMT surgery history
Mild Diffuse hyperechogenicity along the entire Soft Less than 50% No
muscle with hypoechogenic
Moderate Diffuse hyperechogenicity along the entire Rigid 50% or more but No
muscle with almost no hypoechoic less than 75%
Severe Localized well-defined heteroechoic mass/ Hard or palpable 75% or more No
a hyperechogenic band in the entire involved mass
muscle
Recurrent - - - Yes

CMT, congenital muscular torticollis.

Results

A total of 83 subjects were included in the study, as
shown in Figure 1. The mean age of the patients was
2.43+1.81 years, and the mean follow-up time was
1.36x0.41 years. There were no statistically significant
differences between the reconnection group (n=10) and non-
reconnection group (n=73) in terms of sex, side, presence
or absence of mass in SCM, preoperative physical therapy
history, postoperative neck brace, postoperative limitation
of neck movement, and postoperative head tilt (P>0.05).
However, significant differences were observed between
the two groups in age at the time of surgery, follow-up
time, and classification (P<0.05), as detailed in Table 2. A
multivariate Cox regression analysis was conducted with
surgery age and classification, the two significant factors
(P<0.05), included. The severity classification was identified
as the statistically significant contributing factor (P=0.002),
with CMT patients with a recurrent type having an 18.994
times higher risk of postoperative SCM reconnection than
those with a mild type [odds ratio (OR) =18.994, 95%
confidence interval (CI): 1.583 to 227.897, P=0.020], as
presented in Table 3.

Discussion

CMT is a prevalent musculoskeletal condition among
children, with an incidence ranging from 0.3% to 3.9%
(1-3). Clinical manifestation of CMT is head tilt, limited
cervical range of motion. In the absence of intervention, the
head may tilt towards the affected side while the face tilts
towards the intact side. Apart from forward tilt and atrophy
of the affected SCM, patients may also exhibit asymmetrical
facial development, along with bilateral unequal eye
splitting.

© Translational Pediatrics. All rights reserved.

Our classification of torticollis mainly refers to the
degree of fibrosis of the SCM in the ultrasound image and
the palpation of its hardness (Table 1). Our classification is
based on relevant studies conducted by previous researchers.
As per the findings of Gong ez al., there exists a positive
correlation between tissue hardness and fibrosis, implying
that tissue becomes harder as the severity of fibrosis
increases (15). Furthermore, excessive expression of type I,
III, and IV collagen fibers in patients with CMT leads to
fibrosis of the SCM, which can be observed through light
microscopy (16). Based on the aforementioned criteria,
we classify the severity of the disease into four distinct
types: mild, moderate, severe, and recurrent. Similarly,
Tatli e al. proposed a classification system for the degree
of SCM fibrosis observed on ultrasonography in children
with CMT (17).

For all children diagnosed with CMT in our study, we
opted to utilize the unipolar release surgery technique.
In this study, a higher prevalence of SCM reconnection
was observed in the recurrent group, who had undergone
CMT surgery previously (P=0.002). For patients with
recurrent type, utilizing bipolar release technique during
subsequent surgeries may be a preferable choice. Because
unipolar surgery was found to have a higher recurrence
rate of 5.5-7%, while bipolar release surgery had a lower
recurrence rate of 2-2.9% (18-20). The lower recurrence
rate in bipolar release technique can be attributed to the
thorough release of the SCM at both its origin and insertion
points, resulting in a more comprehensive muscle release.

Furthermore, the reconnection prevalence was found
to be independent of the patient’s sex, side of deformity,
and age at operation, which is consistent with previous
research (10). The study results indicated that the
postoperative outcomes in the group with SCM
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Table 2 Characteristics of participants at baseline

Demographic characteristics Reconnection group (n=10) Non-reconnection group (n=73) P value
Sex' 0.227
Male 8 44
Female 2 29
Age (years)*, median (IQR) 2.62 (1.88, 6.03) 1.73 (1.31, 2.32) 0.008
Follow-up time (years)*, median (IQR) 1.33 (1.05, 1.51) 1.55 (1.14, 1.69) 0.012
Torticollis side’ 0.316
Left 7 36
Right 3 37
Neck mass history* 1.000
Yes 9 67
No 1 6
Preoperative physical therapy history* 1.000
Yes 9 67
No 1 6
Severity type* 0.023
Mild 1 6
Moderate 2 18
Severe 5 49
Recurrent 2 0
Postoperative neck brace 0.187
<2 weeks 3 10
>2 weeks 7 63
Postoperative limitation of neck movement' 1.000
>5° 1 12
<5° 9 61
Postoperative head tilt" 0.633
>5° 2 10
<5° 8 63

Bilateral accurate test, P<0.05 was statistically significant. T, Pearson Chi-square test; t, Fisher’s exact test. IQR, interquartile range.

reconnection were comparable to those in the non-
reconnection group (P>0.05). During the follow-up period,
pediatric patients who underwent reconnection surgery did
not exhibit significant symptoms of torticollis, and their
neck mobility showed no statistically significant differences
compared to the non-reconnection group. The current
surgical effect in the reconnection group resembled that of

© Translational Pediatrics. All rights reserved.

Z-plastic surgery in CMT, which effectively restored the
V-shaped structure of the neck and released the contracture
of SCM (21).

There are several limitations in this study: (I) the
sample size of CMT patients in both the reconnection
and non-reconnection groups was relatively small; (IT) the
follow-up period was insufficiently long; (III) there was
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Table 3 The results of the multivariate Cox regression analyses

95% CI
Severity type P OR
Lower Upper
Total 0.002 - - -
Moderate 0.762 0.689 0.062 7.666
Severe 0.667 0.623 0.072 5.371
Recurrent 0.020 18.994 1.583 227.897

Mild is the reference item. Bilateral accurate test, P<0.05 was
statistically significant. OR, odds ratio; Cl, confidence interval.

no quantitative indicator provided for the classification of
CMT patients in palpation items. Therefore, the results
need to be verified by larger-scale studies with longer
follow-up periods.

Conclusions

In this study, an increased risk of postoperative SCM muscle
reconnection was observed in recurrent CMT children who
had previously undergone SCM release surgery (recurrent
type). Further studies are needed to explore the long-term
association between reconnection and disease recurrence,
which will aid in determining the optimal surgical approach
for recurrent CMT patients.
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Supplementary

Figure S1 Masson staining of the affected sternocleidomastoid muscle. (A) Less than 50% fibrosis; (B) 50-75% fibrosis; (C) more than 75%
fibrosis.
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