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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 scoliosis curvature direction on center of pressure (COP) kinematics and free moment (FM)
parameters during gait.

[VETELE In this study, participants included 14 adolescents with AIS categorized into right scoliosis (n=7)
and left 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.
(ST The AIS group had significantly higher body height (P=0.021) and trunk length (P=0.052) than
the control group. No significant differences were found in the COP and FM parameters for the right
leg between the groups. However, the left scoliosis subgroup showed a significantly larger range of
anteroposterior COP displacement in the left leg (convex side) compared to the control group (P=0.027),
as well as a larger FM mean and impulse compared to the right scoliosis subgroup (P=0.019).
Adolescents with right and left scoliosis demonstrate different gait adaptations, particularly in
COP and FM dynamics, highlighting the need for curvature direction-specific rehabilitation protocols to
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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 as-
sess two COP components: Anteroposterior displace-
ment center of pressure anteroposterior (COPAP), which
reflects the progression of the stance phase, and medio-
lateral sway center of pressure mediolateral (COPML),
which indicates balance control in the mediolateral direc-
tion. Combined with FM analysis, these measures evalu-
ate gait dynamics in AIS. In this study, we hypothesized
that: a) COP displacements and FM patterns are differ-
ent between people with AIS and healthy controls, and
b) COP displacements and FM patterns are different be-
tween patients with right and left 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-L.3) were included. They were divided
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into right scoliosis (Cobb angle =19.7+3.2") and left sco-
liosis (Cobb angle=19.4+2.9°) subgroups. The control
group included 16 healthy adolescents. Participants with
neurological issues, recent injuries, or surgeries were ex-
cluded. 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 AIS and control groups or between left and
right scoliosis subgroups. The left foot of the left scoliosis
subgroup had a significantly greater COPAp range com-
pared to controls (P=0.027).

In the right foot, the FM parameters (mean, range, RMS,
impulse) showed no significant differences between the
groups. However, the left foot of the left scoliosis sub-
group had significantly higher FM mean and impulse
than that of the right scoliosis subgroup (P=0.019 for both
parameters).

The SPM test results revealed no significant differences
in COP trajectories in either X or Y direction between
groups and between subgroups. However, a slight but sig-
nificant difference in left foot FM was found between the
control group and the right scoliosis subgroup (from 4.71
to 5.13% in the stance phase; (P=0.005).

Conclusion

This study uniquely focused on gait differences between
the left and right AIS subjects and healthy controls, with a
special reference to COP and FM components. The higher
height and trunk length in AIS patients may suggest that
taller trunk length is a risk factor during growth spurts.
No differences were found in COPML parameters (mean,
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range, RMS) between the groups. In the COPAP, only the
left scoliosis subgroup showed increased displacement in
the left foot. The left scoliosis subgroup had higher FM
mean and impulse values, indicating more muscular ef-
fort to maintain posture, particularly in the left foot. The
SPM test confirmed this with a small but statistically sig-
nificant FM difference shown between the control group
and right scoliosis subgroup. These findings suggest that
both curvature type and direction affect gait mechanics.
The left scoliosis subgroup was the most affected group,
highlighting the need to consider the polarity of scoliosis
curvature in designing rehabilitation programs. Though
the sample size was small, the data support scoliosis-
specific interventions focusing on postural control and
gait correction. A tailored rehabilitation program should
be designed separately for each group. Additionally, gait
pattern correction should be prioritized in the rehabilita-
tion process.
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