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- ABSTRACT-

Is craniofacial asymmetry progressive in the untreated congenital
muscular torticollis?
Although craniofacial asymmetry is frequently involved in the congenital muscular torticollis
(CMT) patients who require surgical release, it has not been evaluated appropriately. Therefore,
little is still known concerning severity and change of craniofacial asymmetry with aging. The
authors analyzed preoperative craniofacial asymmetry objectively and confirmed relationship
between craniofacial asymmetry and aging in CMT patients who got surgical release.
The authors retrospectively measured preoperative craniofacial asymmetry using cranial vault
asymmetry index (CVAI) and inter-commissural angle (ICA) and reviewed preoperative
rotational and flexional deficit of neck movement for 123 CMT patients who underwent
complete tight fibrous band release and resection at the Center for Torticollis, Ajou Medical
Center from February 2007 to February 2011. The relationship between CVAI, ICA, rotational
deficit, and flexional deficit, and age at operation were analyzed. Mean values of CVAI, ICA,
rotational deficit, and flexional deficit were compared between the age groups, after grouping
the patients by age (Age Group 1, surgically treated before the age of 1 year; Age Group 2, from
1 to 3 years; Age Group 3, from 3 to5 years; Age Group 4, from 5 to 10 years; and Age Group 5,
after 10 years).
Mean age at operation was 82.5 months (range, 5-498 months). Seventy-one percent (n=87) of
patients had a significant cranial asymmetry and eighty-seven percent (n=107) of patients had a
significant facial asymmetry. In correlation analysis, ICA increased proportionally to age
(Pearson correlation coefficient r=0.334, p=0.000), especially patients under 3 years old (r=0.42,
p =0.001). CVAI was unrelated to age, rotational deficit, and flexional deficit. Rotational deficit
decreased proportionally to age (r=-0.229, p=0.032). In ANOVA test, ICA and rotational deficit
between the age groups were statistically significantly different (p<0.05)
In congenital muscular torticollis, facial asymmetry is progressive if the contracted SCM
muscle is not released although cranial asymmetry is already determined younger than 6 months
i

old. Early operation should be considered to prevent progression of facial asymmetry in CMT
patients if they need surgical release.
Key words : Congenital muscular torticollis, Surgical release, Craniofacial asymmetry, Age
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I. INTRODUCTION
Congenital muscular torticollis (CMT) is a neck deformity involving shortening of the
sternocleidomastoid (SCM) muscle.(Canale et al. 1982; Cheng et al. 1994; Cheng et al. 1999)
The reported incidence of torticollis has varied from 0.3%-2%.(Cheng et al. 2001) Although
various theories such as birth trauma, ischemia, intrauterine malposition, hereditary hypothesis,
neurogenic theory, and infection theory have been proposed, the actual cause of torticollis
remains uncertain.(Cheng et al. 1994)
The limitation in range of motion of neck and head tilt is typical symptom. The typical lesion
is a hard mass within the tight SCM muscle. After reaching its maximum size, the mass
gradually recedes within the first year and, in most patients, the muscle tightness subsides after
the mass has resolved. In some patients, large portions of the muscle may become
fibrotic.(Cheng et al. 2001) Contracture of SCM muscle causes the head to turn towards the
affected side and the chin to point to the opposite side. This unilateral contracture of the SCM
muscle may induce cranial and facial asymmetry at presentation.(Cheng et al. 2001; Chate 2004;
Rogers et al. 2009)
Although craniofacial asymmetry is more frequently involved in the CMT patients who require
surgical release,(Cheng et al. 1999) craniofacial asymmetry has not been evaluated
appropriately. Most of studies measured craniofacial asymmetry as the categorical value.(Wirth
et al. 1992; Bharadwaj 1997; Cheng et al. 1999; Cheng et al. 1999; Stassen et al. 2000; Cheng et
al. 2001; Shim et al. 2008) And cranial asymmetry and facial asymmetry were not evaluated
separately.(Bharadwaj 1997; Cheng et al. 1999; Cheng et al. 1999; Stassen et al. 2000; Cheng et
al. 2001; Shim et al. 2008) Therefore, little is still known concerning how many CMT patients
have craniofacial asymmetry and how craniofacial asymmetry change with aging. And
craniofacial asymmetry has not been considered as the important factor in determination of
surgical timing. However, craniofacial asymmetry will be remained permanently on some
patients, although functional problems such rotational and flexional deficit are improved, even
after the contracted SCM muscle is released, if surgical release is delayed.
The authors objectively measured frequency and severity of preoperative craniofacial
asymmetry of CMT patients who had surgical release at the Center for Torticollis, Ajou Medical
１

Center. And relationship between aging, preoperative limitation in range of motion of neck, and
craniofacial asymmetry was analyzed.
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II. MATERIALS AND METHODS
Surgical release was performed for CMT patients according to the Therapeutic Protocol of the
Center for Torticollis, Ajou Medical Center.(Lee et al. 2011) A stretching exercise was
considered for all CMT patients younger than 6 months old. Surgical release was considered
around that age. MRI is acquired for patients older than 6 months with limitation of passive
range of motions (PROMs) in rotation and lateral flexion of the neck. If they have already been
practicing stretching exercise for more than 6 weeks and the focal low signal intensity and/or
diffuse low signal intensity in the involved SCM was noted, surgical release was considered. If
they did not have previous stretching exercise, additional stretching exercises and/or surgical
release are considered, although an abnormal MRI finding is noted.
One hundred seventy one CMT patients underwent complete tight fibrous band release and
resection (Lee et al. 2010) at the Center for Torticollis, Ajou Medical Center from February
2007 to February 2011. A retrospective review was carried out of all patients who had surgical
release at this center.
Preoperative craniofacial asymmetry was evaluated for only 123 patients using standardized
anteroposterior photographs with a digital camera and the three-dimensional (3D) brain
computed tomography (CT), because the quality of photographs of other 48 patients were not
adequate to evaluate facial asymmetry. Chart reviews were performed to identify age at
operation, sex, presenting symptom, and preoperative PROMs of the rotation and lateral flexion
of the neck.
B. Method of Assessment
PROMs of the neck were measured for rotation and lateral flexion under general anesthesia
immediately preoperatively because most infants resist attempts to manipulate their head quite
vigorously at conscious status. This method provides a more sensitive measure of subtle
differences in sternocleidomastoid muscle contraction. Measurement was done with the
arthrodial protractor, with the patient in the supine position, both shoulders stabilized, and head
and neck supported by so that the neck was free to rotate and bend laterally. When the limitation
occurred during neck movement, further movement was stopped and the PROM was recorded.
The limitation in passive rotation and lateral flexion (rotational deficit and flexional deficit)
３

were calculated.
The cranial vault asymmetry index (CVAI) was used to measure the degree of cranial
asymmetry.(Loveday et al. 2001) Initial anthropometric parameters for head diagonals were
determined from the full supracranial view of the 3-D brain computed tomography (CT). The
oblique distances were obtained from the orbitale superius directly above the midpupil to the
occipital landmark, which is defined by a parallel line directed posteriorly from the orbitale
superius on the opposite side.(Farkas 1994; Mulliken et al. 1999; Schaaf et al. 2010) The CVAI
was determined using the following equation:
CVAI = [(diagonal B - diagonal A) X 100] ÷ diagonal A, where A < B (Fig. 1).
The CVAI is a meaningful index to describe cranial asymmetry independent of head size.
An inter-commissural angle (ICA) was used to measure the degree of facial asymmetry on
standardized anteroposterior photographs, which is the sharp angle between the interexocanthal
plane and the intercommissural plane (Fig. 2).(Yu et al. 2009) Variable anthropometric points
and angles can be used for measuring facial asymmetry. ICA is the one of parameters easy to
measure and understand.(Yu et al. 2009) The CVAI and intercommissural angle were measured
twice for each patient and the average was recorded.
C. Assessment of Results
Pearson correlation coefficients were calculated to analyze the relationship between CVAI,
ICA, rotational deficit, and flexional deficit, and age at operation.
The sample of patients was divided into five subgroups according to the age at the time of
presentation: Age Group 1, surgically treated before the age of 1 year; Age Group 2, from 1 to 3
years; Age Group 3, from 3 to5 years; Age Group 4, from 5 to 10 years; and Age Group 5, after
10 years. CVAI, ICA, rotational deficit, and flexional deficit between the age groups were
analyzed for significant differences using one-way analysis of variance (ANOVA).
Measurements of CVAI and ICA were performed on digital photographs with Adobe
Photoshop CS3 (Adobe Systems, San Jose, CA), and statistical analysis was performed with
PASW Statistics 18.0 (SPSS, Chicago, IL).
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III. RESULT
The data set is comprised of 123 patients (77 males and 46 females). CMT occurred on the
right side in 80 cases and on the left in 43 cases. Mean age at operation was 82.5 months (range,
5-498 months).
Among 123 patients, 25 patients were included in Age Group 1, 34 in Age Group 2, 21 in Age
Group 3, 18 in Age Group 4, and 25 in Age Group 5 (Table 1).
All but two patients had a variable degree of ipsilateral occipital flattening and frontal bossing.
Seventy one percent (n=87) of patients had a significant cranial asymmetry, defined as a CVAI
>3.5%.(Loveday et al. 2001) Eighty seven percent (n=107) of patients had a significant facial
asymmetry, defined as an ICA >0.5%. There were no patients whose unaffected face was
smaller than the affected side.
In correlation analysis, ICA increased proportionally to age (Pearson correlation coefficient
r=0.334, p=0.000) (Table 2.) (Fig. 3A), especially patients under 3 years old (r=0.42, p =0.001)
(Fig. 3B). CVAI was unrelated to age, rotational deficit, and flexional deficit (Table 3).
Rotational deficit decreased proportionally to age (r=-0.229, p=0.032) (Table 2.). In ANOVA
test, ICA and rotational deficit between the age groups were statistically significantly different
(p<0.05) (Table 3).
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Table 1. Patients’ characteristics
Age Group
1
2
3
4
5
Total
Sex
Male
Female
Affected
side
Right
Left

Age range
(months)
≤12
12-36
37-60
61-120
≥121
5-498

Mean ± SD
(months)
8.0 ± 2.4
24.1 ± 6.5
45.7 ± 5.4
84.4 ± 18.7
266.0 ± 14.4
82.5 ± 108.9

Number (n)
25
34
21
18
25
123
77
46
80
43
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Table 2. Correlation analysis between cranial vault asymmetry index, intercommissural angle, rotational deficit, flexional deficit, and age.
Flexional
Rotational
CVAI (%)*
ICA (°) †
Deficits (°)
Deficits (°)
Age (months) Pearson
0.064
0.334
-0.229
-0.092
correlation
coefficient
P-value
0.550
0.000
0.032
0.393
CVAI (%)*
Pearson
-0.116
0.114
correlation
coefficient
P-value
0.333
0.342
ICA (°) †
Pearson
0.119
0.113
correlation
coefficient
P-value
0.269
0.293
* CVAI (cranial vault asymmetry index); [(diagonal B - diagonal A) X 100] ÷ diagonal A,
where A < B
† ICA (Inter-commissural angle); sharp angle between the inter-exocanthal plane and the intercommissural plane.
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Table 3. Comparison in mean ± SD of cranial vault asymmetry index, intercommissural angle, rotational deficit, and flexional deficit between age groups.
Flexional
Rotational
Age
CVAI (%)*
ICA (°) †
Deficits (°)
Deficits (°)
Group
1
5.35 ± 2.18
1.52 ± 1.09
32.5 ± 17.5
32.3 ± 7.7
2
5.08 ± 2.1
2.29 ± 1.13
29.3 ± 12.1
29.3 ± 9.8
3
4.36 ± 3.42
1.93 ± 1.01
25.4 ± 10.8
32.5 ± 6.7
4
5.31 ± 2.59
2.26 ± 1.03
23.6 ± 12
32.5 ± 5.5
5
5.16 ± 2.89
2.64 ± 1.88
19.5 ± 9.6
28.3 ± 13.2
Total
P-value
0.817
0.032
0.023
0.552
* CVAI (cranial vault asymmetry index); [(diagonal B - diagonal A) X 100] ÷ diagonal A,
where A < B
† ICA (Inter-commissural angle); sharp angle between the inter-exocanthal plane and the intercommissural plane.
All P-values were calculated using the one-way ANOVA test
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Fig. 1. Full supracranial view of 3-D brain CT. Cranial vault asymmetry index
(CVAI) = 4.61%; Operation was done at the age of 1 year, 7 months; CVAI =
[(diagonal B - diagonal A) X 100] ÷ diagonal A, where A < B

９

Fig. 2. Standardized anteroposterior photograph before operation. Intercommissural angle (ICA) = 4.5°; Operation was done at the age of 7 months ; ICA =
sharp angle between the inter-exocanthal plane and the inter-commissural plane.
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A

Correlation analysis(r=0.334, P=0.000)
B

Correlation analysis(r=0.42, P=0.001)
Fig. 3. The severity of facial asymmetry depends on the age at the operation. The
scatterplot shows positive linear correlation between age and facial asymmetry.
Panel A displays data acquired at whole age and panel B displays data at an age below
36 months.
１１

IV. DISCUSSION
Rotational deficit displayed a negative, albeit weak, correlation with age (Table 2.). The
limitation in rotation is mainly due to sternomastoid tumors at the affected side of SCM muscle.
Tumor is resolved spontaneously as time passes and rotation to the affected side is improved
consequently. One study reported that sternomastoid tumors were found only in patients
younger than 2 years, with most such patients being under 1 year. After the age of 2 years, all
unresolved sternomastoid tumors had changed to a tight fibrotic band.(Cheng et al. 1999) On
this study, sternomastoid tumors were found mainly in MRI of patients younger than 1 year and
severe fibrotic band in patients over 3 years. Consequently, improvement of rotational deficit in
surgical candidates does mean reduction of tumors, not improvement of torticollis.
Craniofacial asymmetry has been noted in 90.1% of patients operated on for torticollis.(Cheng
et al. 1999) Torticollis has been associated with 64%-84% of infants born with a normal head
shape who develop positional plagiocephaly.(Loveday et al. 2001) In this study, all but two
patients had a variable degree of ipsilateral occipital flattening and frontal bossing. Seventy one
percent (n=87) of patients had a significant cranial asymmetry, defined as a CVAI >3.5%.
However cranial asymmetry was irrelevant to the age after 6 months. This is due to cranial bone
growth pattern. A major increase in cranial size occurs in the first 2 years of life. The first 6
months of life are characterized by a period of generalized rapid growth, followed by a slower
period of growth from 6 months to 4 years.(Dufresne et al. 2006) And repositioning and
physiotherapy for the deformational plagiocephaly is effective until 1-4-months-of-age because
cranial remodeling is dependent mainly on the remaining growth potential.(Moss 1997;
Robinson et al. 2009; Kluba et al. 2011) Therefore, cranial shape is most determined during the
first 6 months of life. One study showed that the major cause of deformational plagiocephaly is
limited head mobility in early infancy secondary to cervical imbalance. And a negative
correlation between age and rotational deficit and a positive correlation between cranial
asymmetry and rotational deficit was demonstrated in patients(mean age, 6.1 months) with
positional plagiocephaly and torticollis which is resolved spontaneously or by physical
therapy.(Rogers et al. 2009) However, in our study, improvement of rotation deficit did not
affect cranial asymmetry because most of patients were older than 6 months. Consequently, to
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correct cranial asymmetry in CMT patients, another therapy such as repositioning and helmet
therapy should be considered during physical therapy for CMT before 6 months if cranial
asymmetry is severe.
The cluster of findings that comprises the asymmetry associated with torticollis is consistent
and has been reported by several authors.(Pirttiniemi et al. 1989; Ferguson 1993) The findings is
consistent with a frontal deformational plagiocephaly, with recession of the ipsilateral zygoma
and forehead, and a reduction of vertical facial height on the affected side.(Hollier et al. 2000)
However, severity of facial asymmetry was not measured as the numerical value(Wirth et al.
1992; Bharadwaj 1997; Cheng et al. 1999; Cheng et al. 1999; Stassen et al. 2000; Cheng et al.
2001; Shim et al. 2008) and was not evaluated separately from cranial asymmetry(Bharadwaj
1997; Cheng et al. 1999; Cheng et al. 1999; Stassen et al. 2000; Cheng et al. 2001; Shim et al.
2008) in most of studies. Although facial asymmetry is measured by objective methods in some
studies, younger patient such as infant was not evaluated.(Ferguson 1993; Chate 2004; Chate
2005) Therefore, change in facial asymmetry according to age was not reported. This study
measured preoperative facial asymmetry of surgically treated CMT patients from infant to adult
as numerical value using ICA and verified that facial asymmetry is progressive with aging
unless surgical release is not done appropriately. Chen et al. used four anthropometric angles
including midfacial angle, inter-commissural angle, and two chin point angles in a frontal
photograph to measure facial asymmetry of patients who got bimaxillary surgery.(Yu et al. 2009)
Although, if all of four angles used, facial asymmetry can be calculated more accurately, ICA is
enough to measure severity of facial asymmetry and easy to measure in infant. Some authors
used cephalometric values to bony asymmetry.(Ferguson 1993; Chate 2004; Chate 2005)
However, cephalometry is hard to be taken in child younger than 5 years and cannot show soft
tissue asymmetry.(Hollier et al. 2000)
In this study, preoperative ICA was moderately positively correlated with age, even for
patients over 10 years (Table 3). That means that facial asymmetry will progress if the
contracted SCM muscle is not released (Table 3, Fig. 3). Facial bone has a later rapid phase of
growth than cranial bone and different rates according to the area of the face.(Dufresne et al.
2006) Therefore, fascial contraction of the involved SCM muscle is responsible for progression
of facial asymmetry (Chate 2004; Chate 2005) during long period of facial growth.
Many authors have reported subjective improvement in facial asymmetry after release of the
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affected SCM muscle with varying degrees of success, depending on the age of the patient at
operation. It is conceded that the cosmetic results of nonsurgical therapy are unsatisfactory if
there is facial asymmetry during infancy.(Canale et al. 1982; Ippolito et al. 1985) Candler and
Altenberg(Bharadwaj 1997; Cheng et al. 1999) have been the most ardent proponents of
surgical correction of the torticollis during infancy. Cheng et al. showed that excellent results
can be expected in nearly all cases surgically treated before the age of 3 years.(Cheng et al.
1999) Another study showed that facial asymmetry is persistent and more often observed in
children operated on after 3 years.(Maslon et al. 2009) However, Wirth et al. showed that even
severe facial asymmetry may resolve completely within a few years if the patient is operated on
before 5 years by a long-term follow-up of 55 patients.(Wirth et al. 1992) One case report
described that facial asymmetry of a 10-year-old girl with CMT resolved almost completely
postoperatively.(Chate 2005)
A drawback of most studies is that facial asymmetry is measured as a categorical value such
as mild, moderate, and severe and results were not statistically significant.(Wirth et al. 1992;
Bharadwaj 1997; Cheng et al. 1999; Sasaki et al. 2000; Stassen et al. 2000; Swain 2007)
Therefore optimal surgical timing to resolve facial asymmetry is hard to determine based on
previous reports. However, based on this study, this is clear that an early operation will be
helpful to improve facial asymmetry because facial asymmetry in a younger patient is mild and
the remodeling potential is higher than in older patients. To confirm optimal surgical timing to
get better improvement of facial asymmetry, the authors are following our patients.
This study is the first time that the relationship between craniofacial asymmetry and age were
analyzed separately, quantitatively, and objectively in CMT patients. Other authors used
categorical variables to measure severity of craniofacial asymmetry, such as mild, moderate,
and severe.(Wirth et al. 1992; Bharadwaj 1997; Cheng et al. 1999; Sasaki et al. 2000; Stassen et
al. 2000; Swain 2007) In this study, the CVAI and ICA instruments used to measure cranial and
facial asymmetry are continuous objective variables. So, the severity of craniofacial asymmetry
was measured accurately and the exact association between craniofacial asymmetry and age at
operation was analyzed.
Conventional two-dimensional photographs were used to measure ICA. Photography in
children is challenging because of patient movement. Accurate positioning for a specific
viewpoint is essential to estimate the deformity. The use of a multi-camera system to get a 3D
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photograph has been described successfully in previous reports. A major advantage of the 3D
imaging technique is its quick and easy approach. If this technique is applied for measuring,
improved independence of the examiner, unlimited repetition of measurements, and archiving of
the results can be attained.
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V. CONCLUSION
Craniofacial asymmetry is involved frequently in CMT patients, especially patients who
require surgical release. Therefore it should be considered as one of important factor in
determination of surgical timing. Cranial asymmetry is already determined younger than 6
months. Another therapy such as repositioning and helmet therapy should be considered to
correct cranial asymmetry before operation. Facial asymmetry is progressive if the contracted
SCM muscle is not released. Early operation should be considered to prevent progression of
facial asymmetry in CMT patients.
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- 국문요약 -

Is craniofacial asymmetry progressive in the untreated congenital
muscular torticollis?
아주대학교 대학원의학과
서승조
(지도교수 : 박명철)

수술적 치료를 필요로 하는 상당수의 선천성 근성 사경환자들에서 두개안면
비대칭이 동반되지만 이를 적절하게 평가한 연구들은 없었다. 그러므로 아직까지
수술적 치료가 늦어진 선천성 근성 사경환자에 있어서 나이가 듦에 따른 두개안면
비대칭의 심각도 및 그 변화 양상에 대해 정확히 알려져 있지 못하다. 이에
저자들은 수술을 받은 선청성 근성 사경환자들의 술 전 두개안면 비대칭을
객관적으로 분석하여 수술 시 연령과의 관계를 증명하였다.
2007년 2월부터 2011년 2월까지 아주대학교 병원 사경센터에서 수술을 시행받은
123명의 선천성 근성 사경 환자에 대해 후향적 연구를 통해 cranial vault asymmetry
index (CVAI) 및 inter-commissural angle (ICA)를 이용하여 술 전 두개안면 비대칭을
측정하였으며 의무기록 조사를 통해 술 전 목의 회전 및 굴곡 운동의 제한을
알아보았다. CVAI, ICA, 회전 제한, 굴곡 제한, 및 수술 시 연령과의 상관관계를
분석하였다. 연령군에 따른 CVAI, ICA, 회전 제한, 및 굴곡 제한의 평균값을
비교하였다 (age group 1, 1세 전에 수술 받은 환자; age group 2, 1-3세; age group 3, 35세; age group 4, 5-10세; age group 5, 10세 이상).
수술 시 평균 연령은 82.5개월 (5-498개월)이었으며 환자의 71% (n=87)가 상당한
두개 비대칭을, 87% (n=107)가 상당한 안면 비대칭을 가지고 있었다. 상관분석에서
ICA는 연령에 비례하여 증가하였으며 (Pearson correlation coefficient r=0.334, P=0.000),
이는 특히 3세 이하의 환자에서 두드러졌다 (r=0.42, P=0.001). 반면 CVAI는 연령,
２０

회전 제한, 및 굴곡 제한과 어떠한 상관성도 보여주지 못했으며 회전 제한은
연령과 반비례하는 양상을 보여주었다 (r=-0.229, P =0.032). ANOVA test에서 ICA와
회전제한은 연령군에 따른 유의한 차이를 보여주었다(P <0.05).
선천성 근성 사경에 있어 두개 비대칭은 6개월 전에 이미 결정될지라도 안면
비대칭은 수축된 흉쇄유돌근을 풀어주지 않으면 진행될 수 있다는 것을 알 수 있다.
그러므로 선천성 근성 사경에서 안면 비대칭의 진행을 예방하기 위해 수술적
치료가 필요할 경우 이른 수술적 치료를 고려해 볼 수 있겠다.
Key words : Congenital muscular torticollis, Surgical release, Craniofacial asymmetry, Age
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