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Study Design: Level 4 retrospective review.
Purpose: Brace treatment is the standard nonoperative treatment for adolescent idiopathic scoliosis (AIS). Rotation correction is also 
important, because AIS involves a rotation deformity. The purpose of this study was to evaluate the impact of rotation correction after 
Osaka Medical College (OMC) brace treatment on clinical outcomes in AIS.
Overview of Literature: Brace treatment has a significant effect on the progression of AIS. However, few reports have examined 
rotation correction after brace treatment.
Methods: A total of 46 patients who wore the OMC brace were retrospectively reviewed. The curve magnitude was determined ac-
cording to the Cobb method, and the rotation angle of the apical vertebrae was measured by the modified Nash-Moe method. Based 
on the difference in the rotation angle before and after the initial brace treatment, patients were divided into two groups. Group A 
(n=33) was defined as no change or improvement of the rotation angle; group B (n=13) was defined as deterioration of the rotation 
angle. If the patients had curve or rotation progression of 5° or more at skeletal maturity, or had undergone surgery, the treatment 
was considered a failure.
Results: Differences of rotation angle between before and after the initial brace treatment were 2°±2° in group A and –3°±2° in 
group B (p<0.001). The rates of treatment failure were 42% in group A and 77% in group B (p<0.05). This study included 25 patients 
with Lenke type 1 (54%). Group A (24%) with Lenke type 1 also had a significantly better success rate of brace treatment than group 
B (75%) (p<0.05). 
Conclusions: Insufficient rotation correction increased brace treatment failure. Better rotation correction resulted in a higher suc-
cess rate of brace treatment in patients with Lenke type 1. 
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Introduction

Brace treatment is the standard nonoperative treatment 
for adolescent idiopathic scoliosis (AIS). Proper wearing 

of a brace is effective in preventing curve progression [1-3]. 
Although coronal curve correction is always the focus, ro-
tation correction is also important, because AIS involves a 
rotation deformity. However, few reports have examined 
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rotation correction after brace treatment [4]. 
The Osaka Medical College (OMC) brace was pre-

scribed for patients with adolescent scoliosis in our insti-
tute. The OMC brace is an underarm brace developed by 
OMC in the 1970s. The correction mechanism depends 

on the principle of three-point support to achieve the 
corrective effect on thoracic bending. An armpit pad is 
for correction of the high thoracic curve by the righting 
reflex. OMC brace treatment for AIS could decrease the 
progression of curves and alter the natural history [5,6]. 

Fig. 1. Representative posteroanterior radiographs of the pre- and post-bracing treatment of the four groups. The left side 
shows the pre-bracing image and the right shows the post-bracing image. The * indicates the apical vertebra. (A) A patient 
in group A1 with good coronal and rotational correction. (B) A patient in group A2 with poor coronal and good rotational 
correction. (C) A patient in group B1 with good coronal and poor rotational correction. (D) A patient in group B2 with poor 
coronal and rotational correction. Numbers in parentheses are the correction rates of the Cobb angle.

A B

C D
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The purpose of this study was to evaluate the impact of 
rotation correction on clinical outcomes after OMC brace 
treatment.

Materials and Methods

The OMC brace treatment was used for AIS patients who 
met the following criteria: age 10 years or older, Risser 
stage 0–4, Cobb angle 20°–40°, and no prior treatment. 
Patients wore the brace for 12 or more hours per day, and 
that they completed brace treatment for a minimum of 12 
months before evaluation and then achieved skeletal ma-
turity. Forty-six patients met the study inclusion criteria. 
All radiographs for each patient were reviewed to deter-
mine the curve pattern and measurements. The curve was 
classified using the Lenke classification method [7]. The 
curve magnitude was determined according to the Cobb 
method and the rotation angle of the apical vertebrae was 
measured with the modified Nash-Moe method [8,9]. The 
modified Nash-Moe method approximates the vertebral 
rotation angle by measuring the percentage displacement 
of the convex pedicle with respect to the vertebral body 
width. One percent displacement was regarded as one 
degree vertebral rotation. Both the Cobb angle and the 
rotation angle were recorded prior to treatment, at initia-
tion of bracing, and at the final follow-up immediately 
after completing brace treatment. The radiographic mea-
surements were done on brace at the time of the start of 
bracing, and off brace at pre-treatment and at final follow-
up. The improvement rate of the Cobb angle was calcu-
lated using the following formula: (Cobb angle at pre-
treatment–Cobb angle at initiation of bracing or at final 
follow-up)/Cobb angle at pre-treatmentÍ100%.

Based on the difference in the rotation angle between 
before and after the initial brace treatment, patients were 
divided into two groups. Group A (n=33) had 0° or more 
improvement of the rotation angle. Group B (n=13) had 
more than 0° deterioration of the rotation angle. Each 
group was subdivided into two groups based on the 
improvement rate of the Cobb angle after initial brace 
treatment. Group A1 (n=16) and B1 (n=6) showed 30% 
or more improvement of the Cobb angle, while group A2 
(n=17) and B2 (n=7) showed less than 30% improvement 
of the Cobb angle. Representative radiographs are shown 
in Fig. 1. If the patients had a curve or rotation progres-
sion of 5° or more at skeletal maturity or had undergone 
surgery, the treatment was considered a failure.  

All the data are expressed as mean±standard devia-
tion. Comparative analyses between the two groups were 
performed with the t-test for continuous variables and 
the chi-squared test for categorical variables. Among the 
four subdivided groups, analysis of variance (ANOVA) 
for continuous variables and the chi-squared test for cat-
egorical variables were used. The Tukey-Kramer multiple 
comparison procedure was used to identify the specific 
differences among the four groups after a significant 
ANOVA result. Residual analysis was used to identify the 
categories responsible for a significant chi-square statistic. 
A p-values <0.05 were considered significant.

Results

1.   Demographic data and comparisons of measurement 
parameters 

The mean brace treatment period was 27±13 months in 
group A and 32±18 months in group B. No significant 
differences were found in mean age, Risser stage, Cobb 
angle, and rotation angle before brace treatment between 
the two groups (Table 1). After the initial brace treatment 
and at the final follow-up, there were no significant differ-
ences in the Cobb angle and the rotation angle between 
the two groups. There were significant differences in the 
rotation angle from pre-treatment to initial treatment and 
from pre-treatment to final follow-up between the two 
groups (both p<0.001) (Table 1). 

2. Brace treatment failure

The rates of treatment failure were 42% (14/33) in group 
A and 77% (10/13) in group B (Fig. 2A); the treatment 
failure rate was significantly lower in group A than in 
group B (p<0.05). In group A, 3 patients had both 5° or 
more curve and rotation progression, 4 had only curve 
progression, 4 had only rotation progression, and 3 un-
derwent surgery with less than 5° of curve and rotation 
progression, while in group B, 4 patients had both 5° or 
more curve and rotation progression, one had only curve 
progression, 4 had only rotation progression, and one 
underwent surgery with less than 5° of curve and rotation 
progression. In patients with 5° or more curve and/or ro-
tation progression, 8 patients in group A and 4 patients in 
group B underwent surgery.
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Table 1. Demographic data and comparison of measurement parameters

Characteristic Group A Group B p-value

No. of patients   33   13  -

Age (yr) 12.5±1.2 12.5±1.7   0.987

Risser grade   2.5±1.3   2.1±1.6   0.358

Treatment period (mo)   27.4±12.8   31.6±18.0   0.376

Cobb angle (°)

   At pre-treatment 32±7 35±7   0.236

   At initiation of bracing 21±8   24±10   0.257

   At final follow-up   34±10   42±17   0.145

Improve rate of Cobb angle (%)a)

   At initiation of bracing   35±17   32±21   0.551

   At final follow-up   –6±22 –20±43   0.299

Rotation angle (°)

   At pre-treatment 18±7 16±6   0.305

   At initiation of bracing 16±7 19±6   0.160

   At final follow-up 20±8 23±8   0.297

Differences of rotation angle (°)b)

   At initiation of bracing   2±2 –3±2 <0.001

   At final follow-up –2±4 –7±6 <0.001

The values are given as the mean and the standard deviation. 
Group A, 0° or more improvement of the rotation angle after the initial brace treatment; Group B, more than 0° deterioration of the rotation angle 
after the initial brace treatment.
a)Improve rate was calculated using the following formula: (Cobb angle at pre-treatment–Cobb angle at initiation of bracing or at final follow-up)/
Cobb angle at pre-treatment×100%; b)Differences of rotation angle was calculated using the following formula: rotation angle at pre-treatment–
rotation angle at initiation of bracing or at final follow-up.

Fig. 2. Rates of treatment failure. (A) The treatment failure rate is significantly lower in group A (14/33, 
42%) than in group B (10/13, 77%). (B) Subdivision comparison; the treatment failure rates are 31% (5/16) 
in group A1, 53% (9/17) in group A2, 67% (4/6) in group B1, and 86% (6/7) in group B2. Group A, 0° or 
more improvement of the rotation angle after the initial brace treatment; Group B, more than 0° deterio-
ration of the rotation angle after the initial brace treatment; Group A1, B1, 30% or more improvement of 
Cobb angle after the initial brace treatment; Group A2, B2, less than 30% improvement of Cobb angle 
after the initial brace treatment.
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3. Subdivided comparison  

Patients with a low correction rate of the Cobb angle 
(group A2, B2) tended to have more treatment failures 
compared to those with a high correction rate of the Cobb 
angle (group A1, B1). The rates of treatment failure were 
31% (5/16) in group A1, 53% (9/17) in group A2, 67% (4/6) 
in group B1, and 86% (6/7) in group B2. The treatment 
failure rate was significantly lower in group A1 than in 
group B2 (p<0.05) (Table 2, Fig. 2B).

This study included 25 patients with Lenke type 1 (54%), 
3 with Lenke type 2 (7%), 7 with Lenke type 3 (15%), 
none with Lenke type 4 (0%), 6 with Lenke type 5 (13%), 
and 5 with Lenke type 6 (11%) (Table 3). In patients with 
Lenke type 1, the rates of treatment failure were 25% (2/8) 
in group A1, 22% (2/9) in group A2, 75% (3/4) in group 

Table 2. Subdivided demographic data and comparison of measurement parameters

Characteristic Group A1 Group A2 Group B1 Group B2 p-value

No. of patients   16   17   6   7    -

Age (yr) 12.1±1.1 12.9±1.2 12.5±2.1 12.6±1.5     0.533

Risser grade   2.0±1.3   2.9±1.0   2.2±1.7   2.0±1.5     0.173

Treatment period (mo)   33.8±14.2   21.4±7.7c)   26.3±10.0   36.1±22.7 <0.05

Cobb angle (°)

   At pre-treatment 30±6 34±8 33±6 36±7     0.333

   At initiation of bracing 16±6   26±6d)   17±5e)     31±8d,f) <0.01

   At final follow-up   31±10 37±9   39±18   44±17     0.111

Improve rate of Cobb angle (%)a)

   At initiation of bracing   48±14   23±9b)     50±14g)     16±8d,h) <0.01

   At final follow-up   –2±22 –11±22 –20±57 –20±30     0.451

Rotation angle (°)

   At pre-treatment 17±7 18±7 12±4 19±5     0.193

   At initiation of bracing 15±6 16±7 15±5 22±5     0.102

   At final follow-up 19±8 21±9   21±10 25±6     0.518

Differences of rotation angle (°)b)

   At initiation of bracing   2±2   2±2     –3±2d,g)     –3±2d,g) <0.01

   At final follow-up –2±3 –3±4     –9±8c,e) –6±4 <0.05

The values are given as the mean and the standard deviation. 
Group A1, 0° or more improvement of the rotation angle and 30% or more improvement of Cobb angle after the initial brace treatment; Group A2, 0° 
or more improvement of the rotation angle and less than 30% improvement of Cobb angle after the initial brace treatment; Group B1, more than 0° 
deterioration of the rotation angle and 30% or more improvement of Cobb angle after the initial brace treatment; Group B2, more than 0° deteriora-
tion of the rotation angle and less than 30% improvement of Cobb angle after the initial brace treatment.
a)Improve rate was calculated using the following formula: (Cobb angle at pre-treatment–Cobb angle at initiation of bracing or at final follow-up)/
Cobb angle at pre-treatment×100%; b)Differences of rotation angle was calculated using the following formula: rotation angle at pre-treatment–
rotation angle at initiation of bracing or at final follow-up; c)p<0.05 vs. Group A1; d)p<0.001 vs. Group A1; e)p<0.05 vs. Group A2; f)p<0.01 vs. Group B1; 
g)p<0.001 vs. Group A2; h)p<0.001 vs. Group B1.  

Table 3. The details of curve type in groups

Characteristic Group A Group B

No. of patients
(failure/surgery no.)

     33 (14/11) 13 (10/6)

Lenke type

   Type 1  17 (4/3) 8 (6/2)

   Type 2    3 (1/1)

   Type 3    3 (2/1) 4 (3/3)

   Type 4 0 (0)

   Type 5    6 (4/3)

   Type 6    4 (3/3) 1 (1/1)

Group A, 0° or more improvement of the rotation angle after the initial 
brace treatment; Group B, more than 0° deterioration of the rotation 
angle after the initial brace treatment.
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B1, and 75% (3/4) in group B2. Group A (4/17, 24%) with 
Lenke type 1 also had a significantly better brace treat-
ment success rate than group B (6/8, 75%) (p<0.05) (Fig. 
3). In the comparative analysis of the thoracic curve (Lenke 
type 1–4) and the lumbar curve (Lenke type 5, 6) in group 
A, the rates of treatment failure were 30% (7/23) in the 
thoracic curve group and 70% (7/10) in the lumbar curve 
group. The treatment failure rate was significantly lower in 
the thoracic curve group than in the lumbar curve group 
(p<0.05) (Fig. 4). Five patients with a thoracic curve and 
6 patients with a lumbar curve in group A underwent 
surgery, while 5 patients with a thoracic curve and one 

patient with a lumbar curve in group B underwent surgery. 
The mean Cobb angles at final follow-up in patients with 
surgery were 48°±4° with a thoracic curve in group A, 
41°±6° with a lumbar curve in group A, and 60°±14° with 
a thoracic curve in group B, 40° with a lumbar curve in 
group B. 

Discussion

Various factors including curve pattern, initial curve mag-
nitudes, age, status of menarche, skeletal maturity, and 
even some sagittal spinal parameters, are related to curve 
progression of AIS [4,10-12]. The only goal of nonopera-
tive treatment during adolescence is to prevent curve 
progression. Brace treatment is the most standardized 
nonoperative treatment. There are many reports about 
brace treatment, and the weight of evidence is in favor of 
bracing [1-3,13]. A recent randomized cohort trial also 
emphasized the significant effect of brace treatment on the 
progression of AIS until the patient reaches skeletal matu-
rity, with a dose-response relationship reported between 
brace wear and outcome [14]. 

The failure rate of brace treatment has varied widely in 
previous reports, reflecting the different research condi-
tions [2,15,16]. However, the cause of brace treatment 
failure was also related to the patient’s initial condition be-
fore brace treatment, such as curve magnitudes, age, and 
skeletal maturity, and patient compliance after brace treat-

Fig. 3. The treatment failure rates of patients with Lenke type 1. (A) Group A (4/17, 24%) has a better 
success rate of brace treatment than group B (6/8, 75%). (B) The subdivided rates of treatment failure 
are 25% (2/8) in group A1, 22% (2/9) in group A2, 75% (3/4) in group B1, and 75% (3/4) in group B2. 
Group A, 0° or more improvement of the rotation angle after the initial brace treatment; Group B, more 
than 0° deterioration of the rotation angle after the initial brace treatment; Group A1, B1, 30% or more 
improvement of Cobb angle after the initial brace treatment; Group A2, B2, less than 30% improvement 
of Cobb angle after the initial brace treatment.
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Fig. 4. Comparative analysis of thoracic and lumbar curves 
in group A. The rates of treatment failure are 30% (7/23) for 
thoracic curve and 70% (7/10) for lumbar curve. Thoracic, 
Lenke type 1–4; Lumbar, Lenke type 5, 6.
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ment. As another failure factor after brace treatment, we 
focused on the impact of rotation correction after brace 
treatment on the clinical outcome in the present study.

Scoliosis is composed of a rotation deformity and coro-
nal spinal curvature [1]. Correction of both the rotation 
deformity and the coronal curve is essential to approxi-
mate a normal posture. Curve and rotation correction in 
brace treatment is usually accomplished by applying pres-
sure posterolaterally to the major curve. The correction 
force is divided into two pressure forces: pressure forward 
and pressure laterally. Pressure forward improves the rota-
tion deformity, and pressure laterally improves the coronal 
curve. By means of proper external forces, near normal 
contours and alignment of the spine are restored during 
wearing of the brace. If an adequate external force is not 
applied, it can lead to the deterioration of the rotation 
deformity despite coronal curve correction. The best cor-
rection of the Cobb angle does not always coincide with 
the best correction of vertebral rotation [4]. The patients 
in group B probably received backward pressure force by 
applying pressure anterolaterally to the major curve, in-
stead of adequate forward pressure. This might lead to the 
deterioration of only the rotation angle. The importance 
of vertebral rotation correction with brace treatment is 
not well established. Vertebral rotation deformity before 
brace treatment was reported to be correlated with the 
risk of requiring surgery, but not with the chance of curve 
control [17]. Reduction of both vertebral rotation and the 
Cobb angle after brace treatment is reportedly a prognos-
tic indicator for a good outcome [4]. If the patient wears a 
brace for longer hours with an inadequate rotational state, 
it may lead to an unsatisfactory result. 

This study suggests that insufficient rotation correc-
tion increased brace treatment failure when the results 
were compared between groups A and B (Fig. 2A). In the 
subdivision comparison of group A, patients with a low 
Cobb angle correction rate (group A2; 53%) tended to 
develop more treatment failures than those with a high 
Cobb angle correction rate (group A1; 31%) (Fig. 2B). 
However, this tendency was highly related to the effect 
of curve type. Group A2 contained more patients with a 
lumbar curve (Lenke type 5, 6). Curve type analysis (Fig. 
4) showed that the treatment failure rate was significantly 
higher in the lumbar curve group than in the thoracic 
curve group. The surgical indication for the Cobb angle 
differed between the thoracic curve and the lumbar curve. 
Our surgical indication according to Cobb angle was 

45°–50° for the thoracic curve and 40°–45° for the lum-
bar curve. Larger curves beyond these ranges reportedly 
progress even after skeletal maturity [18-20]. According 
to our surgical indications, lumbar scoliosis cases tended 
to undergo surgery with a lower Cobb angle than thoracic 
scoliosis cases; the mean Cobb angles at final follow-up 
were 41°±6° and 48°±4° for the lumbar curve and thoracic 
curve, respectively. The high failure rate in the lumbar 
curve group seemed to be related to this different surgical 
indication. Focusing only on Lenke type 1, better rotation 
correction resulted in a higher success rate of brace treat-
ment, regardless of the Cobb angle correction rate (Fig. 
3B). Rotation correction can affect prognosis more than 
Cobb angle correction with Lenke type 1. We need to en-
sure that we consider not only coronal curve correction, 
but also rotation correction of the apical vertebra in brace 
treatment of AIS. If the rotation correction is insufficient 
after initial wear, the brace should be modified quickly by 
changing the pressure posterolaterally to the major curve. 
The optimum compression site should be determined by 
checking radiographs.

Although the present study showed the importance of 
rotation correction after brace treatment, some limitations 
were present. First, the study was retrospective and the 
number of patients was relatively small, except for Lenke 
type 1. No conclusions can be made about curve types 
other than Lenke type 1 in this study. Second, the brace 
treatment criteria did not fully satisfy the SRS recom-
mended criteria with respect to Risser grade [10]. Third, 
the modified Nash-Moe method of angle determination 
only provided a rough approximation of axial rotation. 
Computed tomography gives the most exact information 
to measure the rotation angle [8]. However, because of 
radiation exposure, it is difficult to perform computed 
tomography for all patients. Despite these limitations, we 
believe that this study has important ramifications for 
clinical practice.

Conclusions

Insufficient rotation correction when a brace was first ap-
plied increased brace treatment failure. Better rotation 
correction in brace treatment resulted in a higher brace 
treatment success rate in patients with Lenke type 1. On 
the contrary, correction of Cobb angle after bracing was 
less effective than rotation correction in determining suc-
cess of brace treatment.
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