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ABSTRACT

Adolescent idiopathic scoliosis (AIS) is a multifactorial spinal deformity with high
prevalence, affecting spinal alignment, postural control, and gait mechanics. This study aims to examine
the effect of lumbar scoliosis curvature direction on center of pressure (COP) kinematics and free
moment (FM) parameters during gait.

[VETELEE In this study, participants included 14 adolescents with lumbar AIS categorized into right
lumbar scoliosis (n=7) and left lumbar scoliosis (n=7), and 16 healthy peers as controls. Data related to
the COP and FM parameters were collected using two Kistler force plates during the stance phase of gait.
Statistical analysis was done using MANOVA for discrete variables and statistical parametric mapping
(SPM) for time-series data.

[EEME The main scoliosis group had significantly higher body height (P=0.021) and trunk length
(P=0.052) than the control group. Also the average of COPAP in the left foot was different between
control and main scoliosis group (p=0.040), as well as the left lumbar scoliosis subgroup showed a larger
COPAP range in the left leg (convex side) compared to the control group (P=0.027). SPM comparisons for
free moment only in the left foot showed a difference between the control and the right lumbar scoliosis
groups (P=0.005).

Received: 24 Apr 2025 Right and left lumbar scoliosis subgroups demonstrate distinct gait adaptations, particularly in
Accepted: 03 Jun 2025 ¢ center of pressure and free moment dynamics. Merging subgroups obscured significant biomechanical
Available Online: 23Sep2025  © differences, highlighting the need for direction-specific rehabilitation strategies to enhance gait stability

and neuromuscular control in AIS. Future studies should analyze scoliosis directions separately to
characterize their biomechanical profiles.
EMEIEE Adolescent idiopathic scoliosis (AlS), Center of pressure (COP), Free moment (FM), Gait

* Corresponding Author:

Nader Farahpour, Assistant Professor.

Address: Department of Sports Biomechanics, Faculty of Sports Sciences, Bu-Ali Sina University, Hamedan, Iran.
Tel: +98(918) 1113816

E-Mail: naderfarahpourl@gmail.com

@ Copyright © 2025 The Author(s);
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://medrehab.sbmu.ac.ir/issue_1066_1067.html
https://medrehab.sbmu.ac.ir/?lang=en
https://dx.doi.org/10.32598/SJRM.14.4.3359
http://medrehab.sbmu.ac.ir/?lang=en
https://orcid.org/0009-0008-9653-4088
https://orcid.org/0000-0002-5883-7845
https://orcid.org/0000-0001-6236-6348
https://orcid.org/0000-0002-1688-4811
https://orcid.org/0000-0003-2776-8557
https://crossmark.crossref.org/dialog/?doi=10.32598/SJRM.14.4.3359
http://medrehab.sbmu.ac.ir/?lang=en
mailto:naderfarahpour1@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

Introduction

dolescent idiopathic scoliosis (AIS) is a

multifactorial three-dimensional spinal de-

formity (Cobb angle >10°), affecting 2-4%

of adolescents, with a higher prevalence

among girls during puberty (10-11 years).

Its exact etiology remains unknown. AIS
is associated with neuromuscular and biomechanical ab-
normalities, including altered muscle activation patterns,
impaired proprioception, and reduced postural stability.
These deficits can lead to structural changes in the spine,
rib cage, and pelvis, resulting in asymmetric posture and
altered weight distribution during static and dynamic bal-
ance. The biomechanical consequences of AIS are evi-
dent during walking. Asymmetric loading patterns may
contribute to curve progression by affecting the growing
musculoskeletal system, making gait analysis essential
for understanding AIS. Key measures include the center
of pressure (COP), which refers to the point where the
plantar ground reaction force (GRF) is applied, and the
free moment (FM), which refers to rotational moments of
the knee during gait. The COP changes reveal neuromus-
cular control strategies, while the FM variations indicate
compensatory balance efforts. Studies have shown altered
COP in AIS, linking curve severity to COP displacement
and FM differences in rotational control [28].

However, inconsistencies may stem from combining
lumbar/thoracic curves and left/right convexities, ob-
scuring subgroup differences, which is problematic since
distinct curves likely drive unique gait adaptations. This
study addresses these gaps by focusing solely on AIS and
analyzing right and left scoliosis separately. We assess
two COP components: Anteroposterior displacement cen-
ter of pressure anteroposterior (COPAP), which reflects
the progression of the stance phase, and mediolateral
sway center of pressure mediolateral (COPML), which
indicates balance control in the mediolateral direction.
Combined with FM analysis, these measures evaluate
gait dynamics in AIS. In this study, we hypothesized that:
a) COP displacements and FM patterns are different be-
tween people with lumbar AIS and healthy controls, and
b) COP displacements and FM patterns are different be-
tween patients with right and left lumbar scoliosis.

Methods
From among 7,000 high school students screened, 45

had a Cobb angle >10° based on X-ray. Of these, 14 with
AIS (apex at L2-L3) were included. They were divided
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into right lumbar scoliosis (Cobb angle =19.74+3.2°) and
left lumbar scoliosis (Cobb angle=19.4+2.9°) subgroups.
The control group included 16 healthy adolescents. Par-
ticipants with neurological issues, recent injuries, or sur-
geries were excluded. All were right-footed participants.

Two Kistler force plates (2000 Hz) recorded GRF com-
ponents during walking. After warm-up and capturing
in a static state, participants completed five walking tri-
als at self-selected speed. The COP and FM were calcu-
lated during the stance phase (GRF>10N), and FM data
were normalized to body weight, respectively. Parameters
included mean, range, and root mean square (RMS) of
COPML and COPAP, and mean, range, RMS, and im-
pulse of FM. MANOVA, followed by post-hoc tests
(Tukey’s and Bonferroni-corrected), was used for data
analysis. The statistical parametric mapping (SPM) was
used for time-series data.

Results

The AIS and control groups had similar age, weight,
and shoulder/pelvis dimensions. However, AIS partici-
pants were significantly taller (5+2 cm, P=0.021) and had
longer trunks (3£6.6 cm®, P=0.052). No significant differ-
ences in mean, range, and RMS of COPML were found
between the main scoliosis group and control groups or
between left and right lumbar scoliosis subgroups. More-
over, the average of COPAP in the left foot was different
between control and main scoliosis group (P=0.040), and
also the left foot of the left lumbar scoliosis subgroup had
a significantly greater COPanterior range compared to
controls (P=0.027). In the right and left foot, FM values
(mean, range, RMS, impulse) showed no significant dif-
ferences between the groups).

SPM comparisons revealed no significant differences in
COP trajectories in either direction across groups. How-
ever, a brief but significant difference in left foot FM was
found between the control group and the right lumbar
scoliosis group during 4.71-5.13% of the stance phase
(P=0.005).

Conclusion

This study uniquely focused on gait differences between
the left and right lumbar scoliosis subjects and healthy
controls, with a special reference to COP and FM compo-
nents. The higher height and trunk length in AIS patients
may suggest that taller trunk length is a risk factor dur-
ing growth spurts. No differences were found in COPML
parameters (mean, range, RMS) between the groups. For
COPAP the average of COPAP in the left foot was dif-
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ferent between control and main scoliosis group. As well
as, the left lumbar group showed increased displacement
in the left foot. This aligns with prior research linking
greater anteroposterior COP motion to impaired dynamic
balance [18].

SPM analysis confirmed this with a small but statisti-
cally significant FM difference between the control and
right lumbar groups, indicating more muscular effort to
maintain posture, particularly in the left foot.

These findings suggest that both curvature type and di-
rection affect gait mechanics. The left lumbar subgroup
appeared most affected, highlighting the need to consider
the polarity of scoliosis curvature in rehabilitation de-
sign. Though the sample size was small, the data support
scoliosis-specific interventions focusing on postural con-
trol and gait correction. A tailored rehabilitation program
should be designed separately for each group. Addition-
ally, gait pattern correction should be prioritized in the
rehabilitation process.
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