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Adolescent idiopathic scoliosis (AIS) is character-
ized by lateral curvature of the spine with a Cobb 
angle of > 10° and vertebral rotation. Treatment 

of AIS with a rigid brace, the most common nonoperative 
treatment for the prevention of curvature progression, is 
indicated for a defined group of patients based on their age, 
sex, magnitude of the curve, and pubertal status.6,12,17,18

The Chêneau brace, which is intended to de-rotate the 
apical segment of the curve and provide a 3D correction of 
the spinal deformity,19 is the most widely used rigid thora-
columbosacral orthosis in Europe.2 The major mechanism 
of this orthosis is 3D correction of the spinal deformity 
through a system of multipoint pressure zones and expan-
sion chambers.2,10 The Chêneau brace creates pressure on 

the convexity of a curve, and on the opposite side are wide 
expansion chambers in the frontal, sagittal, and horizontal 
planes.9 Regarding the outcomes of brace application, the 
Chêneau brace has been found to prevent curve progres-
sion and to decrease axial rotation.5 Frontal and horizontal 
curve correction is the aim of most brace systems, but sag-
ittal plane correction, especially preservation of lumbar 
lordosis (LL), has been the focus since 2004 because of 
the development of sagittal plane measurement methods 
and the 3D reconstruction technique.

The aim of the present study was to retrospectively 
investigate progressive effects of the Chêneau brace on 
coronal plane, the sagittal plane, and pelvic parameters in 
patients with AIS.

Abbreviations  AIS = adolescent idiopathic scoliosis; LL = lumbar lordosis; PI = pelvic incidence; PT = pelvic tilt; SS = sacral slope; SVA = sagittal vertical axis; TK = 
thoracic kyphosis.
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Object  The aim of the present study was to retrospectively evaluate progressive correction of coronal and sagittal 
alignment and pelvic parameters in patients treated with a Chêneau brace.
Methods  Thirty-two patients with adolescent idiopathic scoliosis (AIS) were assessed before initiation of bracing 
treatment and at the final follow-up. Each patient underwent radiological examinations, and coronal, sagittal, and pelvic 
parameters were measured.
Results  No statistically significant modification of the Cobb angle was noted. The pelvic incidence remained un-
changed in 59% of the cases and increased in 28% of the cases. The sacral slope decreased in 34% of the cases but 
remained unchanged in 50%. Thoracic kyphosis and lumbar lordosis were significantly decreased, whereas the sagittal 
vertical axis was significantly increased from a mean of -44.0 to -30.2 mm (p = 0.02). The mean pelvic tilt increased 
significantly from 4.5° to 8.3° (p = 0.002).
Conclusions  The Chêneau brace can be useful for preventing curvature progression in patients with AIS. However, 
the results of this study reveal high variability in the effect of brace treatment on sagittal and pelvic alignment. Treatment 
with the Chêneau brace may also influence sagittal global balance.
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Methods
Patients

The target population for this study was patients with 
AIS and with a very high risk of curve progression. In-
cluded were patients who were diagnosed with AIS and 
had a prescription for a Chêneau-type thoracolumbosacral 
orthosis, were aged ≥ 10 years, were at Risser Stage 0–2, 
had an initial Cobb angle between 20° and 40°, and, if 
female, were either premenarcheal or < 1 year postmen-
archeal. Patients who had been treated previously were 
excluded from the study.18 Each patient was treated with 
a Chêneau brace and given instructions to wear it for a 
minimum number of hours per day.3

Of the 326 patients in our institution who were treated 
with a brace for scoliosis between 2005 and 2012, 32 pa-
tients (29 girls and 3 boys) met our inclusion criteria. We 
excluded any patient who had early-onset AIS, who did 
not have anteroposterior and lateral radiographs available 
or whose images were unclear, who was treated with a dif-
ferent type of brace, or who was treated before the first 
radiographs were obtained. The average age at initiation 
of brace therapy was 12.9 years (range 11.1–14.5 years; SD 
0.9), and the average duration of brace therapy was 24.4 
months (range 12–69 months) (Table 1).

Interventions and Data Collection
Patients who were prescribed the brace were instructed 

to wear it for a minimum of 23 hours/day. Each patient 
was asked to undergo follow-up at 4- to 6-month inter-
vals, at which times we collected radiographic, clinical, 
orthotic, and self-reported data. Follow-up was deter-
mined to be final when the first of 2 conditions was met: 
the curve had progressed to ≥ 50° (treatment failure) or 
the patient reached skeletal maturity (Risser Stage 4 for 
females, Risser Stage > 4 for males) without this degree 
of curve progression (treatment success). Treatment was 
considered complete when the patient had reached Risser 
Stage 4 (if female) or > 4 (if male) and did not show any 
further growth according to length measurements. Infor-
mation gathered from the medical records included age at 
diagnosis and at brace fitting, sex, history of treatments, 
menarcheal status, and duration of brace use.

Radiology
A standardized form was used to obtain data at initia-

tion of brace therapy and at the last follow-up examina-
tion. Full-length, orthogonal anteroposterior and lateral 
radiographs were obtained simultaneously with the patient 
in a standardized standing position, with shoulder flexion 
to 30°, elbows fully flexed, and fists resting on the clavicles 
to avoid overlap with spinal structures.7 All radiological 
measurements were performed by 1 author (M.F.) using 
the same protractor and controlled by an experienced 
radiologist to minimize interobserver variability. The 
measurement error was within limits determined by the 
reproducibility of readings of repeated measurements of 
all radiographs from 10 patients at regular intervals. In pa-
tients with double-curved scoliosis, the larger curve before 
bracing was defined as the major curve.

Radiographic data at brace initiation and at the last 

follow-up without the brace were collected. We measured 
the Cobb angle, sagittal parameters (T4–T12 thoracic ky-
phosis [TK] angle, L1–S1 LL angle, and sagittal vertical 
axis [SVA]), and pelvic parameters (pelvic incidence [PI], 
sacral slope [SS], and pelvic tilt [PT]).

Statistical Analysis
The values of all aforementioned parameters were col-

lected at brace initiation and at the last follow-up for each 
patient. For each parameter and each patient, the variation 
of the values was categorized as increased (the value at 
weaning increased > 5° or > 20 mm over that at initiation), 
unchanged (the variation of the value at weaning was < 
5° or < 20 mm over that at initiation), or decreased (the 
value at weaning decreased > 5° or > 20 mm from that at 
initiation).

A statistical analysis was performed using SPSS ver-
sion 19.0.1 for Windows. Mean values of each parameter 
were also compared at brace initiation and at the final fol-
low-up by using a paired t-test. Differences between those 
two time points for each parameter according to the type 
of curvature were tested by using 1-way ANOVA adjusted 
for the least-significant difference. For each test, a p value 
of < 0.05 was considered significant.

Approval for this study was obtained from the institu-
tional review board of the Second Affiliated Hospital of 
Wenzhou Medical University.

Results
The differences in the values for each parameter be-

fore brace treatment and at final follow-up are shown in 
Table 2.

The Cobb angle decreased > 5° in 16 (50%) cases, re-
mained unchanged in 10 (31%), and increased in 6 (19%). 
Among the 16 cases in which the Cobb angle decreased, 
it decreased > 10° in 9 (28%) cases. Lumbar lordosis de-
creased in 20 (63%) cases, remained unchanged in 11 (34%), 
and increased in 1 (3%) . Thoracic kyphosis decreased in 

TABLE 1. Characteristics at baseline in 32 patients using a 
Chêneau brace*

Characteristic Value

Age at brace initiation (yrs) 12.9 ± 0.9
Female sex 29 (91)
SRS curve classification
  Thoracic 9 (28)
  Thoracolumbar 6 (19)
  Lumbar 11 (34)
  Double major 6 (19)
Risser Stage
  0 14 (44)
  1 10 (31)
  2 8 (25)
Follow-up time (mos) 24.4 ± 12.5

SRS = Scoliosis Research Society.
*  Values presented are mean ± SD or number (%).
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21 (66%) cases, remained unchanged in 8 (25%), and in-
creased in 3 (9%). Pelvic incidence decreased in 4 (13%) 
cases, remained unchanged in 19 (59%), and increased in 
9 (28%). Pelvic tilt decreased in 4 (12%) cases, remained 
unchanged in 16 (50%), and increased in 12 (38%). The SS 
decreased in 11 (34%) cases, remained unchanged in 16 
(50%), and increased in 5 (16%). The SVA moved forward 
(increased) in 14 (44%) cases, remained unchanged in 14 
(44%), and moved backward (decreased) in 4 (12%).

Differences in all parameters between brace initiation 
and the final follow-up are shown in Table 3. The mean 
Cobb angle improved from 30.6° (SD 5.9°) to 27.3° (SD 
14.2°), but no statistical difference was noted (p = 0.13). 
The mean LL angle significantly decreased from 59.8° (SD 
9.9°) to 52.6° (SD 8.8°). The mean TK angle significantly 
decreased from 28.0° (SD 13.3°) to 20.9° (SD 13.0°). The 
mean PT increased significantly (p = 0.002) from 4.5° (SD 
8.7°) to 8.3° (SD 6.3°), but no statistical difference was 
noted with the PI (p = 0.11) or SS (p = 0.23). The SVA was 
almost significantly (p = 0.02) increased from –44.0 mm 
(SD 39.1) to –30.2 mm (SD 28.5) at the final follow-up.

Differences in each parameter between the time of 
brace therapy initiation and the final follow-up according 
to the kind of curve are shown in Table 4. There were no 
significant differences in any of these parameters between 
brace initiation and the final follow-up according to the 
type of curve, except for the TK angle (p = 0.01). The dou-
ble major curve had higher mean differences in TK angle 
values than in other kinds of curves.

Discussion
The immediate correction of AIS in the coronal, sagit-

tal, and axial planes provided by the Chêneau brace has 

been well documented.11 The purpose of this study was to 
analyze the variability of the long-term effects of bracing 
on AIS. The main finding of the study is that the Chêneau 
brace induces a significant decrease in kyphosis, lordosis, 
and PT. In addition, it resulted in a significant shift for-
ward of the SVA.

The main objective of brace treatment is to stabilize 
the shape of the scoliotic spine and prevent curve progres-
sion. At the final follow-up, the success rate of brace treat-
ment in our study was 81%. In the literature, success rates 
and follow-up durations associated with other braces were 
lower than those associated with the Chêneau brace,1,8,20,21 
but the results of other published studies were not certain. 
The Chêneau brace resulted in a higher percentage of cor-
rection for thoracic curves at the final follow-up; however, 
it may not prevent curve progression effectively for double 
major curves. The results of the present study differed 
from those of De Giorgi et al.,5 who reported a high per-
centage of correction for all curves and a more significant 
percentage of correction at the final follow-up for thora-
columbar curves. However, there may have been a bias in 
their study because of the small sample size. These results 
demonstrate that it is possible to achieve excellent preven-
tion of curve progression, except for double major curves, 
if treatment is started at an appropriate time and initiated 
with an adequate brace.

Most of the previous clinical studies focused on the 
coronal plane. However, the other 3D parameters are of 
primary importance, because it is mandatory to stabilize 
the coronal plane without creating adverse effects on sag-
ittal alignment and transverse plane parameters.

Many brace-related concepts have resulted in good cor-
rection but have had a deleterious effect on the sagittal 
profile, which may be related to the production of lumbar 

TABLE 2. Variation in parameters between brace initiation and weaning

Variation*

No. of Patients (%)

Cobb Angle
Sagittal Parameters Pelvic Parameters 

Sagittal BalanceTK LL PT PI SS

Increased 6 (19) 3 (9) 1 (3) 12 (38) 9 (28) 5 (16) 14 (44)
Unchanged 10 (31) 8 (25) 11 (34) 16 (50) 19 (59) 16 (50) 14 (44)
Decreased 16 (50) 21 (66) 20 (63) 4 (12) 4 (13) 11 (34) 4 (12)

*  A parameter was considered increased when the value at weaning increased > 5° or > 20 mm over that at initiation, unchanged when the 
value at weaning was < 5° or < 20 mm over that at initiation, and decreased when the value at weaning decreased > 5° or > 20 mm from that at 
initiation.

TABLE 3. Correction of parameters with the Chêneau brace

Parameter Before Treatment* At Final Follow-Up* Difference† 95% CI t Value p Value

Cobb angle (°) 30.6 27.3 −3.3 ± 12.0 −7.6 to 1.0 −1.6 0.13
TK (°) 28.0 20.9 −7.1 ± 10.8 −11.0 to 3.2 −3.7 <0.01
LL (°) 59.8 52.6 −7.1 ± 8.2 −10.1 to −4.1 −4.9 <0.01
PT (°) 4.5 8.3 3.8 ± 6.4 1.5 to 6.1 −3.4 <0.01
PI (°) 45.0 47.3 2.3 ± 7.9 −0.5 to 5.1 1.7 0.11
SS (°) 40.5 39.0 −1.5 ± 6.9 −4.0 to 1.0 −1.2 0.23
Sagittal balance (mm) −44.0 −30.2 13.8 ± 32.1 2.2 to 25.3 2.4 0.02

*  Value is presented as the mean.
†  Value is presented as the mean ± SD.
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and thoracic flat back. The Chêneau system was designed 
with the principles of 3D correction in mind. The anterior 
pad pushes the lumbar and thoracic regions backward to 
fight posterior pressure on the rib hump and avoid flat-
back syndrome.19 A significant diminution of TK and LL 
was observed in this study. In 66% of the cases, TK de-
creased, and in 63% of the cases, LL decreased. Seven 
(22%) of the patients were found to have thoracic flat back, 
but 3 of them had it before treatment. A previous study by 
Courvoisier et al.4 on the immediate correction provided 
by brace treatment showed significant decreases in LL but 
no statistical difference in TK. However, progressive mod-
ifications of the spine may occur throughout the treatment 
period. An anterior pad was not enough to fight effectively 
against flat-back syndrome, especially at the thoracic re-
gion. Because of the posterior pressure on the rib hump, 
the SVA moved forward significantly and it had a positive 
effect on sagittal balance.

In our study, the brace-induced correction of pelvic pa-
rameters was also highly variable. The modification of PT 
varied; in 50% of the cases, PT remained unchanged, and 
in 38% of the cases, it increased. However, when consider-
ing the global statistics, PT increased significantly from 
4.5° to 8.3°. Previous studies showed that the PI is a rela-
tively fixed value. According to the reports of Mac-Thiong 
et al. and others,14–16 there is a slight tendency for PI to 
increase after the acquisition of bipedalism during growth 
until skeletal maturity, whereas SS remains relatively sta-
ble. In our study, PI and SS were unchanged in most of 
the cases and showed no significant differences between 
the time of the initiation of treatment and the time of final 
follow-up, which is consistent with the results of previ-
ous studies. The Chêneau brace has a pad at the pelvic 
level that confers pressure on the pelvis. For the cases in 
which PI changed, our hypothesis is that the diminution 
of PI occurs when a brace applies long-term pressure on 
the caudal aspect of the sacrum and at the anterior aspect 
of the iliac crest. Augmentation of the PI occurs when a 
brace applies long-term pressure on the cranial aspect of 
the sacrum and at the anterior aspect of the iliac crest. Sig-
nificant diminution of LL was observed in our study, and it 
modified sagittal balance. To adapt to the modification of 
sagittal balance, the pelvis retroverted and PT increased. 
A previous study showed that LL was significantly cor-
related with PI and SS in AIS.13 Chêneau brace treatment 
may influence this relationship and sagittal global balance. 

There is still a lack of knowledge of the exact mechanisms 
of correction provided by brace treatment. In the current 
study, the suggested mechanisms are both an adaptation of 
the pelvis to modification of the sagittal balance and long-
term compression of the pelvis by the brace.

Because of the limitations of radiographic modalities, 
we did not evaluate progressive correction of transverse 
plane parameters in this study. A previous study found no 
statistically significant immediate modification of trans-
verse plane parameters.4 Lebel et al.11 compared the dif-
ferences in immediate 3D effects between the Chêneau 
brace and the Boston brace by assessing 3D reconstruc-
tions. They demonstrated that the Chêneau brace had a 
significant de-rotation effect compared with the Boston 
brace. However, differences in immediate correction may 
not translate into differences in progressive correction. 
The long-term effect of this difference should be tested 
further in a prospective clinical trial by using 3D recon-
struction technology.

Limitations of the present study included the small 
number of patients and measurements that were based 
on digital radiographs. A possible bias may have been 
present in the angular values. The expertise achieved by 
the brace maker was essential in obtaining good results, 
which could be considered another weakness of the study. 
The strengths of the study are that it was a homogeneous 
case series of patients with only one brace prescriber, only 
one brace maker, effective correction control assessed 
by radiographs inside the brace, and careful selection of 
patients with regard to brace wearing (scoring was based 
on answers from the patient and his or her parents to the 
questions: “Has the brace been used as prescribed? If not, 
do you use the brace at all?” and “For how many hours 
per week or per day are you not using the brace?”; patients 
were classified as compliant if the brace was used > 23 
hours/day until weaning).

Conclusions
The main purpose of the Chêneau brace is to pro-

vide 3D correction of AIS without sacrificing the sagit-
tal profile. The results of our clinical study show that the 
Chêneau brace can be effective in preventing curve pro-
gression in patients with AIS. However, this study reveals 
the high variability of the effect of brace treatment on sag-
ittal alignment. Chêneau brace treatment may influence 

TABLE 4. Type of curve and brace correction for each parameter

Curve Type & Statistics Cobb Angle (°) Kyphosis (°) Lordosis (°) PT (°) PI (°) SS (°)
Sagittal Balance 

(mm)

Curve type (mean ± SD)
  Thoracic –9.9 ± 10.5 –6.0 ± 6.9 –10.0 ± 8.8 2.8 ± 4.8 1.4 ± 10.4 –1.5 ± 9.2 –0.5 ± 36.9
  Thoracolumbar –4.7 ± 7.8 –4.6 ± 7.5 –7.1 ± 4.0 5.1 ± 6.1 –0.8 ± 5.7 –5.9 ± 3.3 17.8 ± 26.8
  Lumbar –2.3 ± 9.7 –2.6 ± 8.2 –2.5 ± 8.2 5.1 ± 7.7 4.4 ± 8.2 –0.7 ± 5.9 14.2 ± 30.9
  Double major 6.1 ± 16.7 –19.5 ± 14.8 –11.4 ± 7.7 1.7 ± 6.7 3.1 ± 4.2 1.5 ± 6.7 30.6 ± 29.5
Statistic
  F value 2.492 4.577 2.375 0.495 0.610 1.265 1.201
  p value 0.081 0.010 0.091 0.689 0.614 0.305 0.328
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sagittal global balance. Additional studies are needed to 
explain the mechanisms of 3D correction provided by the 
Chêneau brace.
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