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Objective  To investigate the factors affecting rehabilitation outcomes in children with congenital muscular 
torticollis (CMT).
Methods  We retrospectively reviewed the medical records of 347 patients who were clinically suspected as having 
CMT and performed neck ultrasonography to measure sternocleidomastoid (SCM) muscle thickness. Fifty-four 
patients met the inclusion criteria. Included were demographic characteristics as well as measurements of cervical 
range of motion (ROM), SCM muscle thickness, and the abnormal/normal (A/N) ratio, defined as the ratio of SCM 
muscle thickness on the affected to the unaffected side. 
Results  Subjects were divided into three groups depending on degree of cervical ROM (group 1A: ROM>60, n=12; 
group 1B: 60≥ROM>30, n=31; group 1C: ROM≤30, n=11), the SCM muscle thickness (Th) (group 2A: Th<1.2 cm, 
n=23; group 2B: 1.2≤Th<1.4 cm, n=18; group 2C: Th≥1.4 cm, n=13), and the A/N ratio (R) (group 3A: R<2.2, n=19; 
group 3B: 2.2≤R<2.8, n=20; group 3C: R≥2.8, n=15). We found that more limited cervical ROM corresponded to 
longer treatment duration. The average treatment duration was 4.55 months in group 1A, 5.87 months in group 
1B, and 6.50 months in group 1C. SCM muscle thickness and the A/N ratio were not correlated with treatment 
duration. 
Conclusion  Infants with CMT who were diagnosed earlier and had an earlier intervention had a shorter duration 
of rehabilitation. Initial cervical ROM is an important prognostic factor for predicting the rehabilitation outcome 
of patients with CMT.
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INTRODUCTION

Torticollis is one of the most common types of abnor-
mal head and neck postures in infants. Torticollis was 
first defined by Tubby in 1912 as “A deformity, either con-
genital or acquired, characterized by lateral inclination 
of the head to the shoulder, with torsion of the neck and 
deviation of the face” [1]. The term congenital muscular 
torticollis (CMT) suggests a neck deformity primarily in-
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volving the shortening of the sternocleidomastoid (SCM) 
muscle that is detected at birth or shortly after birth [1]. 
CMT is the most common form of torticollis in children, 
significantly outnumbering orthopedic, neurologic, and 
ocular causes [1,2]. 

MacDonald classified patients with CMT into two 
groups. First are those patients with a palpable sterno-
mastoid tumor [2,3]. A pseudotumor or SCM tumor, also 
known as fibromatosis colli, typically presents as a pain-
less, firm, fibrous mass in the SCM muscle in infants 2—4 
weeks of age [4]. The second group consists of patients 
with tightness of the SCM muscle but no palpable tumor, 
who are designated as having idiopathic muscular torti-
collis. Postural torticollis, another type of torticollis, is a 
term used to describe patients with congenital torticollis 
who have all of the clinical features of torticollis but no 
demonstrable tightness or tumor of the muscle [5]. In 
the current study, the first two groups, including patients 
with a palpable sternomastoid tumor or tightness of the 
SCM muscle, are regarded as categories of CMT.

The incidence of torticollis varies widely, but can be as 
high as 19 per 1,000 live births [2]. According to Porter 
and Blount [4], pseudotumors occur in approximately 
0.4% of all newborns; the mass usually increases in size 
until 1 month of age, diminishes gradually, and disap-
pears after 3 months of age. However, 10%—20% of infants 
with an SCM tumor develop CMT as a result of fibrosis 
of the remaining tumor. Although SCM tumors and CMT 
are regarded as different disease entities in Stuart’s study, 
the etiology of these two conditions are explained as part 
of the same disease spectrum [4]. Histologically, CMT is 
recognized as endomysial fibrosis with the deposition of 
collagen and the migration of fibroblasts around individ-
ual muscle fibers [6]. This finding is in accordance with 
the derivation of CMT from the fibrosis of an SCM tumor. 

Although most infants with CMT show a rapid resolu-
tion of the SCM mass during early infancy, a few fail to 
recover full cervical range of motion (ROM) during their 
childhood [7]. Many studies that evaluated the natural 
history and outcomes of children with CMT produced 
varied results, depending on the type, severity, and age 
at diagnosis of torticollis [1]. Generally, with conserva-
tive treatment, patients with postural torticollis do better 
than those with muscular torticollis, and patients with 
only SCM muscle tightness do better than those with ob-
vious fibrotic tumor of the SCM muscle [2]. Conservative 

treatment, consisting of manual stretching and massage, 
has proven effective. Cheng et al. [7] did a prospective 
study of 510 infants with SCM pseudotumor and CMT 
and found that 90.7% of subjects had excellent and good 
overall results after a manual stretching program. 

It is believed that the success of conservative treatment 
depends on the patient’s age at the time of presenta-
tion. Earlier ultrasonography studies demonstrated that 
patients with severe fibrosis were likely to be older than 
those with mild fibrosis [6].

However, previous studies that tried to determine the 
influence of other clinical features of CMT—such as cer-
vical ROM, SCM muscle thickness, and relative size of a 
mass to the unaffected side—to the outcome of conserva-
tive treatment produced inconsistent results. Therefore, 
the current study was designed to investigate the factors 
affecting rehabilitation outcomes in children with CMT.

MATERIALS AND METHODS

Subjects
We identified 347 infants with clinically suspected tor-

ticollis with abnormal neck posture who visited a reha-
bilitation clinic at a tertiary medical center from March 
2008 to March 2012, and screened the subjects using neck 
ultrasonography. Patients younger than 3 months of age 
with a palpable neck mass or tightness and limited pas-
sive cervical ROM were included in this study. Patients 
with congenital anomalies of the cervical spine or ocular 
anomalies were excluded. Subjects with benign paroxys-
mal torticollis were also excluded. Among the 347 infants, 
54 (30 males and 24 females) met the inclusion criteria. 
Of the remaining 293 patients, 203 had another type of 
torticollis, such as benign paroxysmal torticollis or ocular 
abnormality, and 90 patients were excluded because they 
had incomplete medical records or had not completed 
the rehabilitation program. The study was reviewed and 
approved by Institutional Review Board, and informed 
consent was obtained from all the parents or caregivers 
of the patients. 

Methods
We obtained plain radiographs of the cervical spine 

with anterior-posterior and lateral views to exclude any 
spinal abnormalities. Neck ultrasonography was per-
formed by 2 physicians with 2 years experience to con-
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firm the existence of the neck mass or hypertrophy of the 
SCM muscle (Fig. 1). We measured bilateral SCM muscle 
thickness on the longitudinal view at the largest dimen-
sion by scanning along the SCM muscle between the 
level of the mastoid process and the level of the junction 
between the sternum and the clavicle; scans were per-
formed three times for each subject, and averaged. The 
patients were examined in the supine position with their 
necks slightly extended by putting a small pillow under-
neath the shoulder and rotating the head to the opposite 
side.

Sex, gestational age, birth weight, mode of delivery, 
and affected side were determined from the patients’ 
medical records. In addition, we measured SCM muscle 
thickness, cervical ROM, and the abnormal/normal (A/
N) ratio, defined as the ratio of the SCM thickness on the 
affected to the unaffected side. These characteristic data 
are shown in Table 1. 

Conservative physiotherapy including manual stretch-
ing exercises, massage, strengthening exercises of the 
unaffected side, and therapeutic ultrasonography was 
performed on each patient and a standardized phys-
iotherapy program—3 times a week for 30 minutes per 
session—was performed by an experienced physical 
therapist. Measurement of cervical ROM was done once 
a month and diagnostic ultrasonography was performed 
at 2- to 3-month intervals, according to the improvement 
of clinical features (Fig. 2).

Table 1. Demographic description of participants

Variable Value
Sex

   Male 30 (55.6)

   Female 24 (44.4)

Mass side

   Right 32 (59.3)

   Left 22 (40.7)

Mode of delivery

   NSVD 44 (81.5)

   Cesarean section 10 (18.5)

Gestational age (wk) 39.26±1.05

Birth weight (kg) 3.28±0.38

Age at diagnosis (day) 36.63±14.80

Cervical ROM (°) 49.35±17.16

SCM muscle thickness (cm) 1.24±0.24

Abnormal/normal ratio 2.48±0.66

Values are presented as mean±standard deviation or 
number (%).
NSVD, normal spontaneous vaginal delivery; ROM, range 
of motion; SCM, sternocleidomastoid.

Fig. 1. Ultrasonographic features of sternocleidomastoid muscle with longitudinal view in a child with congenital 
muscular torticollis. (A) Sternocleidomastoid muscle of affected side shows heterogenic echotexture and fusiform 
dilatation. (B) Sternocleidomastoid muscle of unaffected side shows homogenous echotexture.

Fig. 2. Measurement of range of motion of cervical rota-
tion.
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Physical treatment was initiated soon after the subjects 
were diagnosed with CMT. The end points of the study 
were defined as the time when the cervical ROM was 
normalized or the deficits in the cervical ROM were 5° or 
less, when no palpable mass remained, and when the dif-
ference in the SCM muscle thickness of the affected and 
unaffected sides was less than 2 mm [8]. Deficits in cervi-
cal ROM that were greater than 5° at the age of 1 year, or 
no further improvement after successive treatment up to 
the age of 1 year, were regarded as treatment failure [8,9]. 
Treatment duration was defined as the time between the 
first and the last day of standardized physiotherapy, at 
which time the initial and final assessments were done.

For this study, patients were divided into three groups 
depending on the initial degree of passive cervical rota-
tion ROM (group 1A, ROM>60; group 1B, 60≥ROM>30; 
group 1C, ROM≤30), SCM muscle thickness (Th) (group 
2A, Th<1.2 cm; group 2B, 1.2≤Th<1.4 cm; group 2C, 
Th≥1.4 cm), and the A/N ratio (R) (group 3A, R<2.2; 
group 3B, 2.2≤R<2.8; group 3C, R≥2.8).

Statistical analysis
The Spearman rank correlation coefficient was used to 

assess the association between the variables observed 
and treatment durations. The Mann-Whitney U-test was 
used to compare means for each group according to sex, 
side of the mass, and mode of delivery. SPSS ver. 17.0 
(SPSS Inc., Chicago, IL, USA) statistical software was used 
in the analysis. Null hypotheses of no difference were re-
jected if p-values were less than 0.05.

RESULTS

Fifty-four infants (30 males and 24 females) whose 
ages ranged from 13 to 70 days (mean±standard devia-
tion [SD], 36.62±14.80 days) were included in this study. 
The basic clinical characteristics are shown in Table 1. 
The right side was affected more often than the left side 
(59.26% vs. 40.74%, respectively). The majority of the 
subjects (81.48%) were born via normal spontaneous 
vaginal delivery and the remaining 18.52% were by cesar-
ean section. Mean gestational age was 39.26 weeks (SD, 
±1.05) and the mean birth weight was 3.28 kg (SD, ±0.38). 
Age at diagnosis averaged 36.62 days (SD, ±14.80) and the 
mean cervical ROM at the time of diagnosis was 49.35° 
(SD, ±17.16). The average thickness of the SCM muscle 
was 1.24 cm (SD, ±0.24) and the A/N ratio was 2.48 (SD, 
±0.66). Among these characteristics, sex, the side of the 
mass, and the mode of delivery were not significantly 
correlated with treatment duration (Table 2). Gestational 
age and birth weight also were not significantly corre-
lated with treatment duration (Table 3). 

The rehabilitation program using conservative physical 
therapy was completed in 52 (96.30%) of the 54 total cas-
es and 2 patients (3.70%) did not reach full cervical ROM 
before 1 year of age. The mean age at the time of diagno-
sis of the two patients who failed to recover full cervical 
ROM before the age of 1 year was 46 days (51 days and 41 
days); this was relatively older than the mean age of all 
of the subjects. Both of these patients presented with a 
right-sided SCM muscle mass and showed severe limita-
tions in cervical ROM (20° and 10°, respectively), which 
were classified as group 1C. Their SCM muscle thick-
nesses were greater than average (1.8 cm and 1.54 cm, 
respectively) and were classified as group 2C, although 
it was not statistically significant. In addition, one of the 
patients showed a high A/N ratio, 2.95, which was classi-
fied as 3C, but the ratio of the other, 2.18, was classified 

Table 2. Duration of conservative physiotherapy by de-
mographic factors

Variable Value p-value
Sex 0.705

   Male 5.53±2.37

   Female 5.79±2.40

Mass side 0.062

   Right 6.19±2.53

   Left 4.86±1.88

Mode of delivery 0.848

   NSVD 5.66±2.30

   Cesarean section 5.60±2.76

NSVD, normal spontaneous vaginal delivery.
p<0.05 was considered significant. Statistical significance 
was evaluated using the Mann-Whitney U-test.

Table 3. Demographic factors and durations of conserva-
tive physiotherapy

Variable
Correlation 
coefficient

p-value

Gestational age (wk) 0.091 0.309

Birth weight (kg) -0.136 0.164

Age at diagnosis (day) 0.259 0.029*

p<0.05, *p<0.01, Spearman correlation. 
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as 3A, although this was also not significant.
The age at the time of diagnosis was positively correlat-

ed with total treatment duration (correlation coefficient, 
0.259; p=0.029) (Table 3). The total treatment duration 
was compared among the groups, and the groups were 
classified according to the age at diagnosis (group A: 
age≤21 days, n=8; group B: 21≤age<42 days, n=32; group 
C, age>42 days, n=14). We found significant correlations 
between the age at diagnosis and the total treatment du-
ration, shown in Table 4. 

We investigated three variables—cervical ROM, SCM 
muscle thickness, and the A/N ratio at the time of diagno-
sis—that are considered to influence treatment duration 
(Table 5). Cervical ROM was divided into three groups: 
group 1A, ROM>60°, n=12; group 1B, 30°≤ROM<60°, 
n=31; and group 1C, ROM≤30°, n=11. The average dura-
tion of treatment was 4.09 in group 1A, 5.87 in group 1B, 
and 6.50 months in 1C, with statistically significant cor-
relations (correlation coefficient, 0.307; p=0.012). Thick-
ness of the SCM muscle, which was measured by ultraso-
nography using a long-axis view, was classified into three 

groups: group 2A, Th<1.2 cm, n=23; group 2B, 1.2≤Th<1.4 
cm, n=18; and group 2C, Th≥1.4 cm, n=13). The average 
duration of treatment for groups 2A was 5.65, 2B was 5.78, 
and 2C was 5.46 months, with no significant differences 
between groups (correlation coefficient, -0.025; p=0.429). 
The A/N ratio was subdivided into three groups (group 
3A: R<2.2, n=19; group 3B: 2.2≤R<2.8, n=20; and group 
3C: R≥28, n=15). The average treatment duration for 
group 3A was 6.11, for 3B was 5.30, and for 3C was 5.53 
months, and there were no significant differences be-
tween groups (correlation coefficient, -0.088; p=0.262). In 
addition, there were no significant correlations between 
the cervical ROM and the A/N ratios (correlation coeffi-
cient, 0.073; p=0.300).

 Treatment duration (Dur) was classified into three 
groups (group A: Dur≤4, n=16; group B: 4<Dur≤8, n=32; 
and group C: Dur>8, n=6) and the initial cervical ROM, 
SCM muscle thickness, and A/N ratio were compared 
among groups. We found significant correlations be-
tween treatment duration and cervical ROM, with a 
longer treatment duration corresponding to a more se-

Table 4. Duration of conservative physiotherapy by age at diagnosis

Group Age at diagnosis (day) Treatment duration (mo) Correlation coefficient p-value
A ≤21 3.88±1.73 - -

B 21< & ≤42 5.84±2.37 0.292 0.016*

C 42> 6.21±2.33 - -

Values are presented as mean±standard deviation. 
p<0.05, *p<0.01, Spearman correlation. 

Table 5. Duration of conservative physiotherapy by group

Group Treatment duration (mo) Correlation coefficient p-value
Group 1: cervical ROM (°) 0.307 0.012*

   1A (>60) 4.09±1.58

   1B (60≥ & >30) 5.87±2.14

   1C (≤30) 6.50±2.97

Group 2: SCM muscle thickness (cm) -0.025 0.429

   2A (<1.2) 5.65±2.52

   2B (1.2≤ & <1.4) 5.78±2.05

   2C (≥1.4) 5.46±2.67

Group 3: abnormal/normal ratio -0.088 0.262

   3A (<2.2) 6.11±2.56

   3B (2.2≤ & <2.8) 5.30±2.20

   3C (≥2.8) 5.53±2.39

ROM, range of motion; SCM, sternocleidomastoid. 
*p<0.05, Spearman correlation. 
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vere limitation in cervical ROM (correlation coefficient, 
-0.387; p=0.002). Two other variables, SCM thickness and 
A/N ratio, did not have significant correlations by treat-
ment duration (Table 6).

DISCUSSION

CMT is one of the most common causes of neck-posture 
abnormalities in children, and resolves spontaneously 
within a few months with good prognosis. Nevertheless, 
surgical intervention is necessary in some recalcitrant 
cases if the child cannot achieve full cervical ROM and 
deficits remain despite intensive physical therapy includ-
ing manual stretching and massage. Therefore, it is im-
portant to find factors that may influence rehabilitation 
outcomes in patients with CMT, to avoid invasive proce-
dures and to achieve better outcomes.

In this study, we evaluated the relationships among dif-
ferent demographic factors and the duration of a rehabil-
itation program. Demographic findings showed a slight 
male predominance (male, 55.6%; female, 44.4%) and 
that the right side is more commonly affected (59.26%), 
as noted in previous studies [10]. 

Neck-motion abnormalities in children with CMT are 
presented as limitations in lateral bending as well as 
in cervical rotation. Although both lateral bending and 
cervical rotation measurements indicate the severity of 
a neck-motion abnormality, a previous study suggested 
that the measurement of cervical rotation has better 
inter-examiner reliability than a side-bending measure-
ment [5]. Therefore, the degree of cervical rotation was 
adopted as a predictor of treatment outcome in this 
study. The results showed that a severe deficit in cervical 
ROM results in longer physical therapy. Cheng et al. [7] 
suggested that cervical ROM deficits influenced treat-
ment duration. They subdivided subjects with deficits in 

cervical ROM into four groups: group I, 0°; group II, 1°—
15°; group III, 16°—30°; and group IV, >30°. Groups III and 
IV showed the longest treatment duration (5.2 months) 
compared to the other groups. In Cheng’s study [7], defi-
cits in cervical ROM of 30° or less were subdivided into 
three groups and deficits greater than 30° were assessed 
as one group; the researchers did not suggest the differ-
ences in treatment durations according to severities of 
limitation in cervical ROM within the group. In the cur-
rent study, subjects with more severe deficits in cervical 
ROM were included. We divided groups according to cer-
vical ROM, with groups 1B and 1C representing deficits in 
cervical ROM greater than 30°, and group 1C with deficits 
greater than 60° showed the longest treatment. 

The A/N ratio, defined as the ratio of SCM muscle 
thickness on the affected side to the unaffected side, was 
measured. SCM muscle thickness varies in size in each 
subject depending on developmental factors such as 
aging, sex, and other innate variables, so that it is some-
times misleading to compare the raw thickness. The A/
N ratio, which indicates the relative thickness of affected 
SCM muscle in CMT patients assuming that the SCM 
thickness of the unaffected side is normal, is a reasonable 
and convenient method to compare the relative degree of 
muscle hypertrophy. Han et al. [11] showed that the ra-
tio of the thickness of the SCM muscle on the lesion side 
to the non-lesion side, as well as the raw SCM muscle 
thickness, was correlated with the duration of rehabilita-
tion. Lim et al. [12] divided treatment duration into two 
groups, one less than 12 months and the other greater 
than 12 months, and analyzed the correlations with the 
A/N ratio. The results showed that the groups with treat-
ment duration longer than 12 months had a greater A/N 
ratio in terms of SCM muscle thickness when measured 
longitudinally, although there was no statistically signifi-
cant difference in the A/N ratio determined by measur-

Table 6. Initial cervical ROM, SCM thickness, and A/N ratio by treatment duration

Group A Group B Group C
Correlation  
coefficient

p-value

Treatment duration (mo) ≤4 4< & ≤8 >8

Cervical ROM (°) 56.25±17.65 49.53±14.94 30.00±14.14 -0.387 0.002*

SCM thickness (cm) 1.26±0.29 1.23±0.20 1.19±0.28 -0.058 0.339

A/N ratio 2.50±0.73 2.47±0.65 2.45±0.70 -0.015 0.459

ROM, range of motion; SCM, sternocleidomastoid; A/N, abnormal/normal ratio.
*p<0.05, Spearman correlation. 
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ing the cross-sectional circumference [12]. In the current 
study, however, neither the A/N ratio nor SCM muscle 
thickness were related to treatment duration. 

We found that infants who were diagnosed earlier with 
CMT had a shorter length of treatment. This result is in 
agreement with previous studies. Tatli et al. [8] subdi-
vided subjects with sternomastoid tumor and postural 
torticollis into two groups according to the age at presen-
tation—less than 6 weeks and between 6 and 24 weeks—
and found that patients who presented with a sternomas-
toid tumor or postural torticollis at less than 6 weeks old 
had a shorter period of therapy compared to those with 
the later presentation. Petronic et al. [13] subdivided pa-
tients diagnosed with CMT into five groups according to 
their age at first visit and showed that earlier treatment is 
shorter in duration and more cost-effective.

The present study had limitations that should be con-
sidered. First, the severity of fibrosis on ultrasonography 
was not considered a prognostic factor in this study. Kim 
et al. [14] divided ultrasonographic findings of CMT into 
five subgroups, according to echogenicity and the pres-
ence of a mass, and found that grades 3—5, representing a 
more severe type of CMT, had longer treatment compared 
to grades 1 and 2. However, Lim et al. [12] found that the 
echogenicity of the affected SCM muscle was not cor-
related with the duration of treatment. Ultrasonographic 
findings that show the patterns of muscle fibrils and dif-
ferent echogenicity according to the different degrees of 
severity should be considered in future studies. 

Second, the location of a mass in the SCM muscle was 
considered influential on the rehabilitation outcome. 
In the current study, SCM muscle thickness was mea-
sured from the site that shows the largest diameter with 
scanning along the SCM muscle from the level of the 
mastoid process to the level of the sternum and clavicle. 
Cheng et al. [7] adopted a scoring system for evaluating 
the outcomes of children with CMT. Among their evalu-
ation categories was the presence of a residual band, 
scored according to its location in the SCM muscle: no 
band (3 points), lateral (2 points), lateral and cleidal (1 
point), and cleidal and sternal (0 points). Higher scores 
represented good prognoses. However, in their study, 
determining the location of a residual band was done by 
palpating the SCM muscle and was not confirmed with 
ultrasonography. Measuring SCM muscle thickness at 
the level of the clavicle and sternum using a longitudinal 

view is difficult because bony structures obscure the full 
thickness of the muscle. Instead, an axial view to mea-
sure the SCM muscle circumference is a more accurate 
method for determining muscle hypertrophy. In future 
studies, ultrasonography should be used to determine 
the precise locations of masses or the largest dimension 
of the muscle thickness before and after treatment, and 
the relationship of these measurements to the rehabilita-
tion outcome should be included. Furthermore, compar-
ing SCM muscle thickness using a longitudinal view as 
well as an axial view will be helpful in determining the 
severity of CMT.

Third, a follow-up evaluation was not done after the 
completion of rehabilitation therapy, and it is not known 
whether the effects of treatment have been maintained. 
In addition, home exercise after each session of the 
rehabilitation program was not controlled, so it is pos-
sible that some subjects received more intensive manual 
stretching and massage at home. Inter-therapist variabil-
ity in performing manual stretching and massage is an-
other possible confounding factor that should be consid-
ered. Therefore, treatment protocols should be applied in 
more controlled circumstances in future studies. 

Our study’s small sample size lessened its statisti-
cal power. Congenital abnormalities and birth-related 
problems that are known to be related to CMT such as 
hip dysplasia, plagiocephaly, or clavicle fracture were 
not presented by our subjects. A prospective study with a 
large sample size that represents the general population 
would be helpful for analyzing prognostic factors of CMT 
and increasing statistical power.

Although our study contains some limitations, it is sig-
nificant that we identified limitations in cervical ROM as 
a reliable prognostic factor for the outcomes of patients 
with CMT. The positive correlations between limitations 
in cervical ROM and treatment duration were confirmed 
even in infants with more severe limitations of greater 
than 30°. Even in patients with severe limitations in cer-
vical rotation, the prognosis is good in CMT. Therefore, 
early diagnosis and the early initiation of physical treat-
ment are necessary in infants who are clinically suspect-
ed of having CMT. In addition, despite the presentation 
of severely limited cervical rotation, conservative manual 
therapy should be tried first before considering invasive 
procedures on infants.

In conclusion, infants with CMT who were diagnosed 
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earlier and had an earlier intervention had a shorter du-
ration of physical therapy. This result agrees with previ-
ous studies. In addition, the initial ROM of cervical rota-
tion is important for predicting the duration of physical 
therapy in patients with CMT.
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