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Does the Chêneau brace affect gait pattern and body balance
of adolescents with idiopathic scoliosis?
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Purpose: This study evaluated changes in selected spatiotemporal and kinematic gait parameters and balance in girls with Adoles-
cent idiopathic scoliosis (AIS) with and without the Chêneau brace. Methods: 15 subjects with scoliosis wearing the Chêneau brace and
an equal comparative control group underwent objective gait analysis with the 3D BTS motion caption system. Balance assessment was
done with the Kistler platform. The analysis was performed at comparison of gait and balance parameters in patients with scoliosis in two
conditions: with and without the Chêneau brace during the study. Results: Statistically significant differences occurred in many spatio-
temporal and kinematic parameters both for the AIS group with and without the Chêneau brace and in the AIS group with and without
the Chêneau brace as compared to the control group. When comparing adolescents with AIS with and without the Chêneau brace, statis-
tically significant differences were noted in the COP-X amplitude and in the path length in trials with closed eyes. Compared to the
control group the following differences were statistically significant: the value of the COP-Y amplitude during the trial with closed eyes,
both with and without the Chêneau brace, and the Equivalent area of the COP during the trial with closed eyes with the Chêneau brace.
Conclusions: The Chêneau brace in patients with juvenile idiopathic scoliosis affects the level of selected balance and gait parameters.
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1. Introduction

Adolescent idiopathic scoliosis (AIS) is the most
common spinal deformity, which occurs with a fre-
quency of 1–4%. This progressive growth disease gen-
erates postural changes, standing instability, sensory
disturbance, and modification of gait pattern [8], [17],
[23], [27]. It has been confirmed in several studies
that the step length, cadence, velocity, range of mo-
tion of the pelvis, hip, knee, and ankle, muscle effi-
ciency, and energy cost are affected [8], [17], [19],
[25], [26]. However, some studies showed that pa-
tients with AIS had typically poor balance control, but
the gait pattern did not differ from the healthy control
group [3]. Bracing is a basic method of treatment, rec-
ommended for patients with skeletal immaturity and

Cobb angle between 25–40 degrees [14], [20]. Some
studies, both with short-term and long-term follow-up,
investigated the influence of brace wearing on gait pat-
terns and balance control. In one of them, researchers
performed radiological assessment and gait analysis in
patients with AIS, first without the brace and 1 hour
later in-brace [18]. Another study compared the evalua-
tion of patients with AIS before and after the 6-month-
-long process of wearing the brace, which included ra-
diological assessment and gait analysis (kinematics,
mechanics, electromyography (EMG) as well as the
energetics of walking [20]. In most of the studies,
patients were treated with Chêneau brace [3], [14],
[20], [23], [28]. A few studies focused only on bal-
ance assessment in AIS patients wearing the brace. In
another study, researchers compared postural control in
adolescent girls when wearing the Chêneau brace and
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when performing active self-correction during a quiet
comfortable stance [22]. Another study showed im-
provement in postural balance after 4 months of Chêneau
brace treatment [21]. However, one of the studies dem-
onstrated a lack of balance changes in a 4-month follow-
up, when patients with AIS were wearing the Boston
brace [24].

Measuring only static parameters such as the Cobb
angle as well as the assessment of balance in static
conditions does not describe the dynamic changes of
scoliotic deformities in gait. Moreover, to our knowl-
edge, no study has yet investigated the gait of adoles-
cents wearing a cheneau brace and after removing it
compared to the control group. Therefore, the study
aimed to assess the impact of adolescent idiopathic
scoliosis on gait pattern and body balance, but also the
impact of using the Chêneau orthosis on the afore-
mentioned factors.

The study aimed to assess the impact of adolescent
idiopathic scoliosis on gait pattern and body balance,
as well as the impact of using the Chêneau orthosis on
the aforementioned factors.

2. Materials and methods

2.1. Participants

Qualification for the study was carried out among
children and adolescents referred for treatment and
physiotherapy at the Clinical Regional Hospital No. 2
in Rzeszów (KSW). Patients with AIS were referred
by orthopedic specialists and rehabilitation specialists.
The inclusion criteria were: thoracolumbar/lumbar or
lumbar primary structural curve according to Lenke
classification [16], age between 10–18, all curve
types, and a Cobb angle of 20–40°, Risser stage ≤ 3
[10], who had been prescribed the Chêneau brace,
consent to participate in the study. The exclusion cri-
teria were: history of neuromuscular, cardiovascular,
pulmonary, vestibular or rheumatological diseases,
scheduled for surgery, leg length discrepancy bigger
than 1cm, lack of normal vision, back pain or another
which could affect gait pattern and balance, lack of
consent for participating in this study.

The control group consisted of 15 healthy girls
matched in terms of age, height, and weight to the study
group (Table 1).

Fiveteen girls with progressive AIS aged 9–15 years
were enrolled in the study group. All girls were diag-
nosed with left thoracolumbar/lumbar or lumbar pri-

mary structural curve according to Lenke classifica-
tion [16]. The value of primary and secondary curves
were defined according to the Cobb method and
skeletal immaturity was defined with the Risser test.
The angle of scoliosis exceeded 20°, but no one was
qualified for surgery. The maximum angle of scoliosis
was 36°. Patients with leg length discrepancies higher
than 1 cm, any locomotor disorders, low back pain,
neurological abnormalities observed on clinical ex-
amination or with any previous treatment for their
scoliosis were not included in this study.

Those who used the brace for more than 12 months
were qualified. All patients were wearing the Chêneau
brace for 22 hours per day. All girls were patients of the
Clinical Regional Centre for Rehabilitation of Children
and Adolescents in Rzeszów. All participants have
regularly attended physiotherapy. Each participant
had one to three individual exercise sessions per
week (45 minutes) and individually performed the
planned exercises at home. The exercise plan was
individual for each and focused on the correction of
deformities.

The study was approved by the Bioethics Com-
mittee of the Faculty of Medicine of the University of
Rzeszów (Resolution No. 1/05/2021/W). All partici-
pants were informed about the aim and the course of
this study, and they signed a voluntary consent to
participate.

2.2. Methods

The cross-sectional study was performed between
2019 and 2021. The assessment was performed in the
Movement Analysis Laboratory of the Clinical Physio-
therapy Department at KSW in Rzeszów. All of the
participants were assessed before starting their first
exercises. Gait was assessed using 3D analysis, body
balance on a force platform and anterior-posterior spinal
curvatures using a digital inclinometer. Gait and balance
assessments were performed twice. The first assess-
ment was performed without the brace and the second
one after a 30-minute break, with the brace.

Radiological assessment

Full spine and pelvic anteroposterior X-ray in a stand-
ing position (without brace) was performed to asses
Cobb angle and Risser sign. The anteroposterior cur-
vatures of the spine were measured in all subjects using
a Saunders digital inclinometer. In line with Czaprow-
ski’s conclusions, the assessment of all participants was
performed by the same researcher [4]. The measure-
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ments were conducted based on the guidelines of the
American Medical Association. To assess the angle of
the sacral slope, the inclinometer reader was reset in
the horizontal position and then placed on the lumbo-
sacral junction. Measuring the lumbar lordosis angle
began by resetting the inclinometer reader at the L5–S1
point, after which it was applied to the thoracolumbar
junction (Th12–L1). The angle of thoracic kyphosis
was determined after the inclinometer was reset at the
Th12–L1 point, and the reading was taken at the cer-
vicothoracic junction (C7–Th1) [4].

Gait assessment

Gait was assessed with the use of a three-dimen-
sional motion analysis system. Spatiotemporal and
kinematic data were collected with a six-camera mo-
tion capture system (BTS SMART-DX 700, 250 Hz;
BTS Bioengineering, Milano, Italy) with software
(SMART Capture, Tracker and Analyzer) and two
force-plates (AMTI, USA). Passive markers were
placed on the subject’s skin with the internal protocol
of the Davis Marker Placement system on the sacrum,
pelvis (the anterior and posterior iliac spine), femur
(lateral epicondyle, great trochanter and in the lower
one-third of the shank), fibula (lateral malleolus, lat-
eral end of the condyle in the lower one-third of the
shank), foot (metatarsal head and heel). Each 3D as-
sessment was preceded by system calibration. Record-
ing process included walking a path of 5 m at least six
times. Tests were conducted barefoot. Subjects were
asked to walk along this distance at their natural pace.
Gait assessment was done when patients were wearing
Chêneau brace and without it on the same day. The
following data were analyzed [17], [6]: 1) spatiotempo-
ral parameters: step length [m], velocity [m/s], cadence
[steps/min], stance phase [s], double stance phase [s];
2) kinematic parameters: range of motion of the pelvis
and the hip on the sagittal, frontal and transversal plane,
range of motion of the knee and the ankle on the sag-

ittal plane, position of the pelvis and the hip in the
initial contact (IC) and pre-swing (PS).

Balance assessment

For the balance assessment, the AMTI platform was
used. The assessment was performed with, and with-
out the Chêneau brace, with eyes both open and closed.
Each task took 30 s. The following data were analyzed:
amplitude of COP-X [mm], amplitude of COP-Y [mm],
trace length [mm] and speed of COP [mm/s] and
equivalent area of COP [mm2] computing sway length,
sway ellipse area, and sway velocities [7], [21].

2.3. Statistical analysis

The chosen gait and balance parameters were ana-
lyzed for the convex and concave spine curves. All vari-
ables were presented in mean (± standard deviation).

A paired Wilcoxon test was used to compare two
repeated measures of quantitative variables.

Mann–Whitney test was used to compare quanti-
tative variables between two groups.

The level of statistical significance was assumed at
p < 0.05. All statistical analyses were performed using
Statistica 13.2. software.

3. Results

3.1. Demographic
and radiological results

There were no significant differences between AIS
and the control group in terms of age, weight and
height, but the value of BMI was significantly higher
in the control group (Table 1).

Table 1. Participants characteristics

Group
Parameter

AIS group (N = 15) Control group (N = 15)
p

Age [years] m ± SD 14.83 ± 2.43 14.13 ± 1.64 p = 0.199
Weight [kg] m ± SD 53.07 ± 9.4 57.27 ± 7.81 p = 0.371
Height [cm] m ± SD 1.66 ± 0.09 1.65 ± 0.09 p = 0.466
BMI [kg/m2] m ± SD 19.21 ± 2.3 20.87 ± 1.54 p = 0.037 *
Radiologic:
Primery thoracolumbar/lumbar Cobb angle [°]

m ± SD
[min–max]

32.1 ± 6,5
[20–36°] – –

Risser 2 [2–2]

m – mean, SD – standard deviation, * statistically significant ( p < 0.05).
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The mean value of the primary curve was 32° Cobb
angle (range 20–36°). The mean value of thoracic
kyphosis measured with an inclinometer was 28 (range
24–32°) and the angle of lumbar lordosis was 29° (range
24–33°). The mean secondary curve was 19° Cobb
angle. The mean value of Risser was 2, 14 girls were
post-menarche and one girl was pre-menarche (Table 1).
The Chêneau brace was worn on average from 20
to 24 months.

3.2. Gait assessment

Comparison of gait parameter in the AIS group
with and without the Chêneau brace

The study showed a decreased step length for both
the convex and the concave side of the curve when the
patients were wearing the brace while walking, but the
result was statistically significant only for the convex
side ( p = 0.025) (Table 2).

Concerning the kinematic gait parameters, the study
showed statistically significant differences in both the
convex and the concave sides of the curve for the
following parameters: pelvic obliquity range of mo-
tion and rotation the hip range of motion in frontal
plane and hip flexion in IC. Otherwise, the study
showed statistically significant parameters only for the
concave side for pelvic rotation in IC, hip position in
the frontal plane in PS, and rotation in PS (Table 3).
In Table 3, the values of only those parameters
where differences were statistically significant are
collected.

Comparison of gait parameter
in the group of AIS without the brace
and the control group

According to the comparison of spatiotemporal
gait parameters between the AIS and the control group,
there were no statistically significant differences
(Table 4).

Table 2. Spatiotemporal gait parameters in the AIS group with and without brace

Spatiotemporal gait parameters No brace With brace p
Stance phase [%] – convex side m ± SD 59.64 ± 2.73 60.77 ± 1.69 0.162
Swing phase [%]– convex side m ± SD 39.25 ± 2.56 39.23 ± 1.69 0.624
Double support [%] m ± SD 10.62 ± 1.42 11.27 ± 2.74 0.401
Step length [m] – convex side m ± SD 0.57 ± 0.07 0.55 ± 0.07 0.025*
Stance phase [%]– concave side m ± SD 60.79 ± 1.52 60.51 ± 1.27 0.249
Swing phase [%]– concave side m ± SD 39.21 ± 1.52 39.48 ± 1.27 0.249
Double support [%] m ± SD 10.93 ± 2.52 10.59 ± 1.41 0.783
Step length [m] – concave side m ± SD 0.58 ± 0.08 0.57 ± 0.07 0.146
Mean velocity [m/s] m ± SD 0.99 ± 0.17 0.96 ± 0.17 0.092
Cadence [step/min] m ± SD 110.23 ± 7.14 110.67 ± 7.17 0.754

m – mean, SD – standard deviation, p – Wilcoxon paired test, * statistically significant ( p < 0.05).

Table 3. Kinematic gait parameters in the AIS group with and without the brace

Kinematic gait parameters No brace With brace p
Pelvic obliquity ROM– convex side m ± SD 8.29 ± 2.57 3.6 ± 2.4 0.001*
Pelvic intra-extra rotation ROM m ± SD 10.21 ± 2.52 7.23 ± 2.08 0.004*
Hip abduction-adduction  ROM– convex side m ± SD 12.52 ± 4.4 9.5 ± 3.17 0.017*
Hip flexion-extension ROM at IC- convex side m ± SD 32.61 ± 2.85 30.79 ± 2.67 0.014*
Pelvic obliquity ROM– concave side m ± SD 7.92 ± 3.03 3.03 ± 1.76 0.001*
Pelvic  intra-extra rotation ROM– concave side m ± SD 10.63 ± 3.06 7.24 ± 2.1 0.001*
Hip abduction-adduction ROM– concave side m ± SD 12.81 ± 3.86 8.61 ± 2.54 0.002*
Pelvic intra-extra rotation at IC – concave side m ± SD 4.89 ± 2.98 2.79 ± 2.97 0.044*
Hip flexion-extension at IC – concave side m ± SD 33.12 ± 1.95 30.61 ± 1.62 0.001*
Hip abduction-adduction at PS  – concave side m ± SD –2.02 ± 3.82 3.41 ± 2.05 0.003*
Hip intra-extra rotation– at PS concave side m ± SD 4.84 ± 6.36 9.5 ± 3.85 0.045*

ROM – range of motion, IC – initial contact, PS – pre-swing, m – mean, SD – standard deviation, p – Wilcoxon paired
test, * statistically significant ( p < 0.05).
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The analysis of kinematic gait parameters showed
statistically significant differences for both sides of
curve in the following parameters: pelvic range of mo-

tion in transversal plan, knee and ankle range of
motion in sagittal plane and hip position in transversal
plane in PS Additionally, on the convex side, statisti-

Table 4. Spatiotemporal gait parameters in the group of AIS without the brace and the control group

Spatiotemporal gait parameters Control group
(N = 15)

AIS group
(no brace)
(N = 15)

p

Stance phase [%] – convex side m ± SD 60.61 ± 1.12 59.64 ± 2.73 0.319
Swing phase [%]– convex side m ± SD 40.83 ± 5.43 39.25 ± 2.56 0.967
Double support [%] m ± SD 10.61 ± 0.83 10.62 ± 1.42 0.983
Step length [m] – convex side m ± SD 0.61 ± 0.05 0.57 ± 0.07 0.13
Stance phase [%]– concave side m ± SD 60.59 ± 0.87 60.79 ± 1.52 0.506
Swing phase [%]– concave side m ± SD 38.74 ± 2.04 39.21 ± 1.52 0.901
Double support [%] m ± SD 10.75 ± 0.72 10.93 ± 2.52 0.708
Step length [m] – concave side m ± SD 0.61 ± 0.05 0.58 ± 0.08 0.238
Mean velocity [m/s] m ± SD 1.05 ± 0.12 0.99 ± 0.17 0.248
Cadence [step/min] m ± SD 111.13 ± 6.97 110.23 ± 7.14 0.819

m – mean, SD – standard deviation, p – Mann–Whitney test, * statistically significant ( p < 0.05).

Table 5. Kinematic gait parameters in the group of AIS without the brace and control group

Kinematic gait parameters Control group
(N=15)

AIS group
(no brace)
(N = 15)

p

Pelvic intra-extra rotation ROM m ± SD 8.4 ± 1.47 10.21 ± 2.52 0.034*
Knee flexion-extension ROM – convex side m ± SD 58.48 ± 2.72 53.94 ± 7.58 0.031*
Ankle flexion-extension ROM – convex side m ± SD 33.15 ± 3.87 29.17 ± 4.23 0.013*
Hip abduction-adduction ROM at IC – convex side m ± SD –3.58 ± 1.63 –0.58 ± 3.46 0.008*
Hip abduction-adduction ROM at PS – convex side m ± SD –2.72 ± 2.14 0.8 ± 4.25 0.016*
Hip intra-extra rotation ROM at PS – convex side m ± SD 10.78 ± 2.74 4.97 ± 3.02 <0.001*
Pelvic intra-extra rotation ROM – concave side m ± SD 8.46 ± 1.45 10.63 ± 3.06 0.01*
Knee flexion-extension ROM – concave side m ± SD 59.37 ± 3.7 53.27 ± 7.51 0.022*
Ankle flexion-extension ROM – concave side m ± SD 34.13 ± 3.72 29.82 ± 3.49 0.007*
Hip intra-extra rotation – at PS concave side m ± SD 10.53 ± 2.45 4.84 ± 6.36 0.001*

ROM – range of motion, IC – initial contact, PS – pre-swing, m – mean, SD – standard deviation, p – Mann–Whitney
test, * statistically significant ( p < 0.05).

Table 6. Spatiotemporal gait parameters in the AIS group with the brace and the control group

Spatiotemporal gait parameters Control group
(N = 15)

AIS group
(with brace)

(N = 15)
p

Stance phase [%] – convex side m ± SD 60.61 ± 1.12 60.77 ± 1.69 0.983
Swing phase [%] – convex side m ± SD 40.83 ± 5.43 39.23 ± 1.69 0.693
Double support [%] m ± SD 10.61 ± 0.83 11.27 ± 2.74 0.967
Step length [m] – convex side m ± SD 0.61 ± 0.05 0.55 ± 0.07 0.018*
Stance phase [%] – concave side m ± SD 60.59 ± 0.87 60.51 ± 1.27 0.575
Swing phase [%] – concave side m ± SD 38.74 ± 2.04 39.48 ± 1.27 0.253
Double support [%] m ± SD 10.75 ± 0.72 10.59 ± 1.41 0.95
Step length [m] – concave side m ± SD 0.61 ± 0.05 0.57 ± 0.07 0.133
Mean velocity [m/s] m ± SD 1.05 ± 0.12 0.96 ± 0.17 0.244
Cadence [step/min] m ± SD 111.13 ± 6.97 110.67 ± 7.17 0.95

m – mean, SD – standard deviation, p – Mann–Whitney test, * statistically significant ( p < 0.05).
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cally significant differences were observed in the hip
position in IC and PS in the frontal plane. The con-
cave side noted statistically significant differences
in hip position in the transversal plane in PS (Table 5).
In Table 5, the values of only those parameters where
differences were statistically significant are pre-
sented.

Comparison of gait parameters
in the AIS group with the brace
and the control group

When the patients were wearing the brace the step
length on the convex side was shorter in the AIS group
as compared to the control group ( p = 0.018), which is
a statistically significant difference (Table 6).

Concerning kinematic gait parameters, the study
showed statistically significant differences for both
the convex and the concave side for the following
parameters: pelvic range of motion in the frontal
plane, range of motion of the knee and ankle and hip
position in transversal plane in IC. For the convex
side, statistically significant differences were demon-
strated in IC for a hip position in the frontal plane,
and in PS in pelvic and hip positions in the transver-
sal plane. In Table 7, the values of only those pa-
rameters where differences were statistically signifi-
cant are presented.

3.3. Balance assessment

Comparison of balance parameters
in the AIS group with and without
the Chêneau brace

Concerning balance parameters the study showed
statistically significant differences only for the amplitude
of COP-X during the trial with open eyes ( p = 0.045*)
and for trace length with closed eyes ( p = 0.022)
(Table 8).

Comparison of balance parameters
in the AIS group without the brace
and the control group

When patients were not wearing the brace the am-
plitude COP-Y was shorter in the control group as com-
pared to the AIS group without the brace during the test
with closed eyes ( p = 0.005), which was a statistically
significant difference (Table 9).

Comparison of balance parameters
in the AIS group with the brace
and the control group

When patients were wearing the brace the amplitude
COP-Y with open eyes was shorter in the control group
as compared to the AIS group ( p = 0.042), which was

Table 7. Kinematic gait parameters in the AIS groupwith the brace and the control group

Kinematic gait parameters Control group
(N = 15)

AIS group
(with brace)

(N = 15)
p

Pelvic obliquity-ROM – convex side m ± SD 8.05 ± 1.85 3.6 ± 2.4 <0.001 *
Knee flexion-extension – ROM – convex side m ± SD 58.48 ± 2.72 54.32 ± 5.37 0.02 *
Ankle flexion-extension – ROM – convex side m ± SD 33.15 ± 3.87 29.05 ± 3.76 0.006 *
Hip abiduction-adduction at IC – convex side m ± SD –3.58 ± 1.63 1.75 ± 3.7 0.001 *
Hip intra-inter rotation at IC – convex side m ± SD –3.13 ± 2.42 –0.12 ± 6.01 0.033 *
Pelvic intra-extra rotation at PS – convex side m ± SD –4.29 ± 0.8 –2.41 ± 2.58 0.02 *
Hip intra-inter rotation at PS – convex side m ± SD 10.78 ± 2.74 3.97 ± 7.18 0.001 *
Pevelvic obliquity-ROM – concave side m ± SD 8.33 ± 1.45 3.03 ± 1.76 <0.001 *
Hip abiduction-adduction – ROM – concave side m ± SD 11.92 ± 1.76 8.61 ± 2.54 0.001 *
Knee flexion-extension – ROM – concave side m ± SD 59.37 ± 3.7 51.33 ± 7.81 0.002 *
Ankle flexion-extension – ROM – concave side m ± SD 34.13 ± 3.72 28.78 ± 3.38 0.001 *
Pelvic tilt at IC – concave side m ± SD 10.61 ± 1.57 9.28 ± 1.9 0.014 *
Pelvic intra-extra rotation at IC – concave side m ± SD 4.57 ± 0.81 2.79 ± 2.97 0.044 *
Hip intra-inter rotation at IC – concave side m ± SD –3.8 ± 2.41 1.73 ± 6.23 0.001 *
Hip flexion-extension at IC – concave side m ± SD 32.63 ± 2.82 30.61 ± 1.62 0.024 *
Hip abduction-adduction at PS – concave side m ± SD –2.61 ± 2.36 3.41 ± 2.05 <0.001 *

ROM – range of motion, IC – initial contact, PS – pre-swing, m – mean, SD – standard deviation, p – Mann–Whitney
test, * statistically significant ( p < 0.05).



Does the Chêneau brace affect gait pattern and body balance of adolescents with idiopathic scoliosis? 87

Table 8. Balance parameters in the group of AIS with and without the brace

Parameters No brace With brace p
Amplitude COP-X EO [mm] m ± SD 21.28 ± 11.04 27.84 ± 11.33 0.045 *
Amplitude COP-Y EO [mm] m ± SD 29.89 ± 13.89 33.98 ± 14.84 0.229
Trace length EO [mm] m ± SD 489.82 ± 199.16 522.34 ± 158.66 0.315
Equivalent area EO [mmq] m ± SD 1508.53 ± 2001.91 1411.79 ± 943.97 0.09
Speed EO [mm/s] m ± SD 16.57 ± 6.58 17.08 ± 6.11 0.66
Amplitude COP-X EC [mm] m ± SD 25.31 ± 12.2 33.57 ± 29.2 0.303
Amplitude COP-Y EC [mm] m ± SD 35.47 ± 14.04 44.19 ± 23.26 0.107
Trace length EC [mm] m ± SD 523.01 ± 142.47 590.07 ± 194.54 0.022 *
Equivalent area EC [mmq] m ± SD 1821.25 ± 1892.43 1830.2 ± 1589.98 0.561
Speed EC [mm/s] m ± SD 17.67 ± 4.91 19.4 ± 5.68 0.073

EO – eyes open, EC – eyes closed, m – mean, SD – standard deviation, p – Wilcoxon paired test, * statistically signifi-
cant ( p < 0.05).

Table 9. Balance parameters in the AIS group without the brace and the control group

Parameters Control group (N = 15) AIS group (no brace)
(N = 15) p

Amplitude COP-X EO [mm] m ± SD 20.95 ± 5.16 21.28 ± 11.04 0.512
Amplitude COP-Y EO [mm] m ± SD 24.2 ± 7.2 29.89 ± 13.89 0.461
Trace length EO [mm] m ± SD 485.34 ± 99.46 489.82 ± 199.16 0.148
Equivalent area EO [mm2] m ± SD 802.89 ± 350.11 1508.53 ± 2001.91 0.486
Speed EO [mm/s] m ± SD 16.18 ± 3.32 16.57 ± 6.58 0.325
Amplitude COP-X EC [mm] m ± SD 23.01 ± 6.29 25.31 ± 12.2 0.967
Amplitude COP-Y EC [mm] m ± SD 24.52 ± 5.94 35.47 ± 14.04 0.005 *
Trace length EC [mm] m ± SD 517.06 ± 101.45 523.01 ± 142.47 0.967
Equivalent area EC [mm2] m ± SD 884.8 ± 365.22 1821.25 ± 1892.43 0.089
Speed EC [mm/s] m ± SD 17.24 ± 3.38 17.67 ± 4.91 0.87

EO – eyes open, EC – eyes closed, m – mean, SD – standart deviation, p – Mann–Whitney test, * statistically significant
( p < 0.05).

Table 10. Balance parameters of the AIS group with the brace and the control group

Parameters Control group
(N = 15)

AIS group
(with brace) (N = 15) p

Amplitude COP-X EO [mm] m ± SD 20.95 ± 5.16 27.84 ± 11.33 0.081
Amplitude COP-Y EO [mm] m ± SD 24.2 ± 7.2 33.98 ± 14.84 0.042 *
Trace length EO [mm] m ± SD 485.34 ± 99.46 522.34 ± 158.66 0.806
Equivalent area EO [mm2] m ± SD 802.89 ± 350.11 1411.79 ± 943.97 0.019 *
Speed EO [mm/s] m ± SD 16.18 ± 3.32 17.08 ± 6.11 1
Amplitude COP-X EC [mm] m ± SD 23.01 ± 6.29 33.57 ± 29.2 0.135
Amplitude COP-Y EC [mm] m ± SD 24.52 ± 5.94 44.19 ± 23.26 <0.001 *
Trace length EC [mm] m ± SD 517.06 ± 101.45 590.07 ± 194.54 0.481
Equivalent area EC [mm2] m ± SD 884.8 ± 365.22 1830.2 ± 1589.98 0.004 *
Speed EC [mm/s] m ± SD 17.24 ± 3.38 19.4 ± 5.68 0.436

EO – eyes open, EC – eyes closed, m – mean, SD – standard deviation, p – Mann–Whitney test, * statistically significant
( p < 0.05).
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a statistically significant difference. Additionally, the
“Equivalent area” parameter, when measured with open
eyes, was shorter in the control group as compared to
the AIS group ( p = 0.019) (Table 10).

4. Discussion

Conclusions regarding the findings of gait analysis
in patients with AIS are still inconsistent. The present
work aimed to compare spatiotemporal, kinematic, and
balance variables between AIS patients with and without
Chêneau brace and between AIS patients with Chêneau
brace and healthy controls. Wu et al. [30], [31] found
that the kinematics of the pelvis, and lower extremi-
ties differed between concave and convex sides at
AIS. The comparative analysis of our study included
kinematic and spatiotemporal gait parameters for the
concave and convex sides of the primary curvature
arc. We also hypothesized that gait pattern abnormali-
ties would affect the poorer body balance control of
individuals with AIS.

The study showed that the spatiotemporal parameters
of gait of individuals with AIS walking in a Chêneau
brace were generally not different from the gait pat-
tern without the brace. The only difference was shown
in step length, which was shorter on the convex side
during gait in the brace. The step length on the convex
side was also significantly shorter during gait in the
brace compared to the step length of the healthy group.
The difference in stride length was not shown between
the gait of individuals with AIS without a Chêneau brace
and healthy subjects.

The hypothesis of a difference in the kinematic pa-
rameters of individuals with AIS in the study group
was confirmed. A decrease in the range of motion of the
pelvis and hip joint on the convex side in the sagittal and
frontal planes was demonstrated between people with
AIS and healthy subjects. Gait in the Chêneau brace
was also with reduced pelvic and hip range of motion
on the convex side.

Body balance was worse in the group of AIS indi-
viduals in the Chêneau brace compared to healthy sub-
jects, while body balance in and out of the brace dif-
fered only in terms of anterior-posterior COP sway.

Kim et al. [13] compared the results of gait analysis
of adolescent idiopathic scoliosis (AIS) patients and
healthy subjects through a meta-analysis of the existing
research. They identified and subsequently analyzed six
comparative studies published between January 2000
and May 2020 with the findings of AIS including spa-
tiotemporal parameters (walking speed, step length,

cadence and stance phase duration), segmental kine-
matics (frontal, sagittal and transverse pelvic motion),
and electromyographic variables (electrical activity of
the quadratus lumborum, erector spinae and gluteus
medius). Their analysis showed that the stance phase
and frontal pelvic motion were significantly reduced in
AIS patients compared with healthy controls. No sig-
nificant differences were observed in the case of speed,
step length, cadence, sagittal pelvic motion and trans-
verse pelvic motion. Our results are consistent with those
of Kim’s meta-analysis, but nevertheless showed a dif-
ference in stride length, a shortening on the convex
side in those with AIS both in and without a brace.
Boulcourt [2] in an analysis of the temporal-spatial
parameters of the gait of AIS subjects showed that
46% had asymmetric patterns including asymmetries
in stride length.

Daryabor et al. [5] selected 33 studies investigat-
ing the effect of scoliosis deformity on gait parameters
and energy expenditure during walking. Most of the
studies also concluded no significant differences in
walking speed, cadence, and step width in scoliosis
patients and healthy participants. However, patients
showed decreased hip and pelvic motion, excessive
energy cost of walking, stepping pattern asymmetry
and ground reaction force asymmetry. They lacked
consistent evidence of the effect of scoliosis on tem-
poral-spatial and kinematic parameters in AIS patients
as compared with healthy individuals.

Moreover, our study showed statistically signifi-
cant differences in pelvic range of motion in the fron-
tal plane and knee and ankle range of motion in the
sagittal plane when comparing scoliosis patients and
the control group, both for convex and concave sides.
In addition, in our study, hip position in the transver-
sal plane in the initial contact for convex and con-
cave sides was statistically different. Furthermore, on
the convex side, there were statistically significant
differences in hip position in initial contact in the
frontal plane and in pre-swing in the transversal
plane and pelvic position in the transversal plane in
pre-swing. For the concave side, we noted statisti-
cally significant differences in hip range of motion in
the frontal plane, hip flexion in initial contact, hip
position in the frontal plane in pre-swing, and pelvic
position in initial contact in the sagittal and transver-
sal plane.

Concerning spatiotemporal gait parameters with
and without the Chêneau brace, our study showed that
the only statistically significant parameter was a de-
creased step length for the convex side of the curve
when the patients were wearing the brace while walk-
ing ( p = 0.025).
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Mahaudens [18] demonstrated that after 6 months
of orthotic treatment, in an out-brace situation, the
stride length was found to be increased by 5% compared
to those without the brace (without brace: 1.28 m; with
brace: 1.38 m). However, the comparison of the im-
mediate in-brace and out-brace situations revealed no
significant changes in the length step (without brace:
1.38 m; with brace: 1.40 m) [22]. Karimi [9] detected
a significant decrease in the walking speed of subjects
with AIS (Milwaukee orthosis: 1.4 m/s) versus no
orthosis conditions (1.32 m/s). Paolucci [20] reported
a significant reduction in the walking speed between
patients with the Chêneau brace (0.57 ± 0.12 m/s) and
patients without the brace (0.67 ± 0.13 m/s). Ma-
haudens [18] and Paolucci [21] showed also a signifi-
cant reduction in cadence in patients with orthosis
compared to those without it. The cadence in the studies
by Karimi [8] similar to our research did not signifi-
cantly differ between the orthosis and no orthosis con-
ditions.

Concerning kinematic gait parameters, our study
showed a statistically significant reduction of the range
of pelvic motion in the frontal and transverse planes
while wearing the brace. The range of hip motion in
the frontal plane was also significantly decreased. At
the beginning of the gait cycle, the value of hip flex-
ion showed a statistically significant reduction in the
Chêneau brace. Statistically significant was also the
value of pelvic position in the transverse plane for the
concave side and an increase in the value of hip posi-
tion in the frontal and the transverse plane in the pre-
swing phase, also on the concave side.

Mahaudens [11] demonstrated that compared with
an out-brace situation, the immediate in-brace situation
in AIS subjects significantly decreased frontal pelvic
( p < 0.001) and hip ( p < 0.001) motions with a sig-
nificant reduction of pelvic rotation ( p = 0.003) but
without any change in the lower limb motions.

Furthermore, Kramers [15] demonstrated that the
use of a brace reduced the dynamic range of pelvic
motion in the frontal plane in braced condition com-
pared with an unbraced condition. This outcome is
consistent with our results.

Our results are also in line with the results of
Karimi [9], who showed that the transverse pelvic
motion following the use of the orthosis was signifi-
cantly reduced without any change in the lower limb
motions when compared with those patients with no
orthosis.

Postural stability is considered as an ability to
maintain static body alignment in space and to restore
the body balance, lost by the action of destabilizing
factors. Structural scoliosis has been claimed to be

such a factor [15]. Wiernicka et al. [29] analyzed the
postural stability of girls having a progressive form of
idiopathic scoliosis compared to the group consisting
of healthy girls. They performed a postural stability
examination using two stabilometric platforms with
visual control (eyes open) at three stages: both legs’
stance, left leg stance, and right leg stance. The Center
of Pressure (COP) sway path length, the area and the
displacement amplitude were compared. For the dou-
ble stance, they found no difference in postural stabil-
ity parameters between the groups. However, for the
right leg stance, the total sway path length was longer
( p = 0.04) and the M-amplitude of the lateral COP
displacement was increased ( p = 0.03) in the scoliotic
group.

In our study, when comparing the AIS group with
and without the Chêneau brace, balance parameters
differed significantly only for COP-X amplitude with
eyes open (p =0.045) and path length with eyes closed
( p = 0.022). In contrast, compared to the control group,
patients with AIS during the test without the corset had
significantly longer COP-Y amplitude ( p = 0.005)
when tested with eyes closed. In the body balance test
with the brace, our study showed that the COP-Y am-
plitude and “Equivalent area“ with eyes open were
significantly shorter for the control group ( p = 0.042,
p = 0.019, respectively). Adler et al. [1] found that
scoliosis patients who wore a brace had better balance
than patients who did not use the brace. The results
suggest that wearing the brace might have a therapeu-
tic effect on balance for patients with AIS and it may
cause a long-term learning effect and a gradual im-
provement in balance performance. However, Sadeghi et
al. [24] showed that treatment of scoliosis with a Boston
brace did not change medial-lateral COP sway. Khanal
et al. [12] found that AIS subjects have poor balance
in comparison to healthy subjects. In addition, wear-
ing the brace for a period of 4 months did not cause
any improvement in balance parameters in scoliosis
subjects. Moreover, when eyes were closed, further
more aspects of disbalance was observed. Paolucci
[21] examined thirteen patients (11 females and 2 males,
mean age 13.3 ± 1.7 years, mean Cobb angle 32 ± 9,
median Risser sign 2) and thirteen healthy adolescents
(8 females and 5 males, mean age: 13.0 ± 1.6 years) as
an age-matched control group. The postural ability of
all participants was assessed with stabilometry (with
open and closed eyes separately), computing sway
length, sway ellipse area, and sway velocities. Static
and dynamic baropodometry (open eyes only) was
used to measure the limb load and to compute: walk-
ing speed, step length, step cadence, and step width.
They also evaluated the symmetry of lower limb load-
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ing in the standing position. Their results showed that
the AIS group was characterized by significantly higher
postural instability than the control group (P < 0.05)
decreased with the brace in terms of limb load sym-
metry (–12% in eyes open condition), sway length
(–12%), velocity in anteroposterior (–16%) and latero-
lateral directions (–10%). Significant correlations were
also found between the changes that occurred when
wearing the Chêneau brace in load symmetry while
standing and in gait symmetry (R > 0.5, P < 0.05).

Limitations

Adolescents already using the Chêneau brace were
qualified for the study. It can be assumed that bracing
has already caused a change in body posture, and re-
moving the Chêneau brace for a short examination
will not result in a return to the pre-bracing state. For
this reason, the difference in gait and balance pa-
rameters assessed with and without the brace may
have been smaller than expected. In future studies, we
propose examining without the brace when deciding
to wear it and after at least 6 months of systematic
use. The second limitation is the number of partici-
pants, which was too small to separate groups taking
into account the size of the curvature, their compen-
sation, or the number of curves.

5. Conclusions

The results of this study may contribute to a better
understanding of the characteristics of gait patterns,
lower limb kinematics and body balance of people with
AIS, especially those treated with a Chêneau brace.
Knowledge of asymmetry, shortened stride length on
the primary convex side, and reduced pelvic and hip
ranges of motion, may help develop rehabilitation and
treatment plans for people with AIS.
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