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Foot pressure profile for the paretic and non-paretic lower
extremities in children with spastic hemiplegic cerebral palsy
and the relationship with postural stability. Cross-sectional
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Abstract. Background: Cerebral palsy is a nonprogressive neurodevelopmental disorder that causes motor im-
pairments and limb asymmetries in children with hemiplegic CP, leading to altered plantar pressure, reduced
postural stability, and functional gait limitations. Aim. This study compared foot pressure profiles between
paretic and non-paretic limbs in children with hemiplegic cerebral palsy and controls and examined their
relationship with postural stability. Methods: In this cross-sectional study, 20 children with HCP (mean age:
8.1+1.65 years) and 31 TD (mean age: 8.06+1.15 years) underwent spasticity assessment using the Modified
Ashworth Scale. Static plantar pressures were measured with the DIERS Pedoscan system, while dynamic
PS indices were recorded using the TecnoBody device under eyes-open and closed conditions. Resu/ts: Within
the HCP group, affected feet demonstrated significantly lower maximum and average pressures, pressure
distribution, surface area, and hindfoot pressure compared to non-affected feet (all p<0.019). Compared to
controls, children with HCP showed significantly greater limb length discrepancies (p<0.001) and poorer
Opverall Stability Index (OSI) scores at level 10 under both eyes-open (p=0.015) and eyes-closed (p=0.005)
conditions. Correlation analyses revealed that higher body weight (r=0.559; p=0.014) and BMI (r=0.548;
p<0.015) were positively associated with increased symmetry of the foot axis angle. In contrast, greater foot
length differences (r=—0.528; p<0.017) were associated with reduced symmetry in maximum hindfoot pres-
sure. Regression analysis identified leg length difference (B=0.50, p=0.04) and OSI at stability level 10 with
eyes closed (B=0.17, p=0.47) as significant predictors of the symmetry index for anteroposterior and medi-
olateral foot movements in HCP children. Conclusion: Children with HCP show notable foot pressure asym-
metries, reduced hindfoot support, and poorer postural stability, influenced by limb length differences, body
weight, and BMI. Leg length discrepancy and eyes-closed stability strongly predict foot movement symmetry,
emphasizing the need for targeted rehabilitation to improve gait and mobility.
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Introduction impairments, including deficits in motor coordina-
tion and muscle weakness (1). While most children

Spastic hemiplegic cerebral palsy (HCP) is a neu- with HCP are capable of independent ambulation,
rodevelopmental condition characterized by motor they often exhibit gait abnormalities associated with
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increased muscle tightness, limited joint range of
motion, foot deformities, and impaired motor con-
trol (2). A common feature of HCP is lower limb
asymmetry, with the hemiplegic side typically shorter
and smaller (3). Due to this asymmetrical alignment,
children with HCP tend to shift weight-bearing pre-
dominantly to the unaffected limb. Combined with
underlying spasticity, this compensatory pattern can
lead to muscle weakness and atrophy on the affected
side, impaired postural stability, delayed growth, and
progressive foot deformities (1). Foot deformities are
frequently observed in children with CP and contrib-
ute to abnormal foot contact, uneven plantar pres-
sure distribution, and altered posture and gait (4,5).
Plantar pressure analysis is widely recognized as a
reliable tool for assessing plantar load distribution,
identifying abnormal gait patterns, evaluating lower
limb alignment, determining the severity of pediat-
ric impairments, monitoring rehabilitation progress,
and validating movement strategies (5). Previous
research has examined plantar load distribution in
children with hemiplegia, comparing affected and
non-affected feet (4,6,7). Findings suggest that the
location of plantar loading on the paretic limb var-
ies depending on the task and severity level. In static
assessments, studies have reported increased pressure
on the forefoot and midfoot regions (8,9), while dy-
namic assessments have shown elevated pressures in
the hallux, midfoot, and forefoot (10), consistent with
static results. Additionally, (6) found that severe cases
had greater forefoot and hallux pressure, whereas
mild cases exhibited higher heel loading, similar to
results reported by (7) during gait and stance analy-
sis. Postural control and balance are fundamental for
maintaining equilibrium and upright posture, allow-
ing proper head and trunk alignment against gravity
(11). Impairments in postural control reduce func-
tional balance and significantly impact movement in
children with CP (1). Individuals with HCP often
experience difficulties in tasks requiring postural
stability (12,13). While (14) reported that children
with HCP demonstrated similar static postural sway
to typically developing peers, (13) identified pos-
tural abnormalities in the same population due to
unequal weight-bearing between limbs. Expanding
on this, (15) noted that altered loading strategies on

the paretic limb contributed to gait abnormalities and
balance deficits. Moreover, even when static balance
appeared normal, (16) found that children with spas-
tic CP exhibited increased sway shifts and reduced
frequency, indicating mild postural control impair-
ments. Despite growing research interest, plantar
pressure distribution in children with hemiplegia re-
mains underexplored, particularly under static condi-
tions (8,9). Most studies have focused on dynamic
assessments (6,7,10), and existing findings are incon-
sistent, potentially due to variations in participant
age, sample size, spasticity severity, foot deformities,
and measurement tools used. Static plantar pressure
research is especially limited in Saudi pediatric popu-
lations (17), particularly concerning how lower limb
loading during standing affects postural stability. To
address this research gap, the present study aims to
(1) assess and compare foot pressure profiles of pa-
retic and non-paretic limbs in children with spastic
HCP and a control group, and (2) determine the as-
sociation between foot pressure profiles and postural
stability in children with HCP compared to typically

developing peers.

Materials and Methods
Study design and participants

A cross-sectional study with an analytic descrip-
tive structure included 51 children aged 5-10 years:
20 children with HCP (mean age 8.1+1.65 years)
and 31 typically developing (TD) (8.06+1.15 years).
HCP children were recruited from Al-Dammam and
Al-Khobar general hospitals, while TD Children re-
cruited from Al Fursan International schools. Ethi-
cal approval was granted by the Institutional Review
Board of Imam Abdulrahman bin Faisal University
(IRB-PGS-2024-03-321). Informed consent was ob-
tained from all legal guardians.

Inclusion and exclusion criteria
Children were eligible for inclusion if they were

aged 5-10 years and able to follow instructions. For
the HCP group, participants required a confirmed
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diagnosis of spastic hemiplegia, the ability to stand inde-
pendently without assistance, full plantar contact while
standing, GMFCS levels I or II, spasticity grades 1,
1+, or 2, with no BMI restrictions. Exclusion criteria
included the use of assistive devices, history of ortho-
pedic surgery or botulinum toxin injections within the
past six months, and fixed lower limb deformities. The
control group consisted of healthy children with no
history of lower extremity surgeries, including trauma-
related procedures, fractures, osteotomies, or other
corrective musculoskeletal interventions.

Sample size

The study’s sample size was determined using
G*POWER software based on data from (5), which
reported arch index values of 0.26 + 0.03 for chil-
dren with CP and 0.22 + 0.04 for typically develop-
ing peers. With an alpha of 0.05 and a power of 0.95,
the required sample size was 36 participants (18 per
group), with an additional 4 children (2 per group)

included to account for potential dropouts.
Degree of spasticity

Spasticity was assessed using the Modified Ash-
worth Scale (MAS), a reliable and valid clinical tool
that scores muscle resistance from 0 (no resistance) to
4 (rigidity), with an added 1+ category for improved
sensitivity(18). Evaluations were conducted in a supine
position, assessing resistance during passive move-
ments of hip flexors, adductors, internal rotators, ham-
strings, and plantar flexors on the affected side. Each
muscle group was tested in a calm environment while
the child remained relaxed, with three repeated meas-
ures taken to ensure reliability.

Lower limb discrepancies

Lower limb length was evaluated using tape
measurements, a widely accepted, noninvasive, and
cost-effective clinical method with proven validity and
reliability (19). Measurements were taken with partici-
pants in a supine position: thigh length was measured
from the greater trochanter to the medial knee joint
line, leg length from the medial knee joint line to the

medial malleolus, and foot length from the center of
the heel to the tip of the second toe (20). Differences
between the right and left limbs were then calculated
to determine discrepancies.

Foot pressure profile and weight-bearing symmetry

Plantar pressure distribution was evaluated using
the DIERS Pedoscan system (RS scan 1.0m, DIERS
International GmbH, Germany), a validated device
equipped with 4,096 sensors and operating at a 300 Hz
sampling rate (21,22). For static measurements, par-
ticipants stood upright and barefoot on the platform.
The system recorded pressure data across four regions
(forefoot and rearfoot of both feet) and generated out-
puts including (21,23):

- Maximum pressure: Highest pressure value
detected.

- Average pressure: Mean value across all sensors.

- Pressure distribution: Percentage of total pres-
sure between left and right feet.

- Surface area: Sensor area engaged by each foot.

- Foot axis angle: Angle from heel midpoint to
forefoot midpoint relative to sensor alignment.

- Centre of gravity rotation: Angle between the
centers of gravity of both feet and sensor direc-
tion, quantifying balance in anterior-posterior
and mediolateral directions.

Symmetry indices were subsequently computed
by dividing the pressure values of the affected side by
those of the non-affected side in the HCP group and,
for the control group, by dividing left-side values by
right-side values. These measurements provided both
visual and numerical representations of plantar load
symmetry.

Postural stability

Postural stability was assessed using the ProKin
212 N system (TecnoBody S.rl, Italy), a validated
multidirectional tilting platform designed to meas-
ure dynamic balance (24). Stability indices, including
anterior-posterior, medial-lateral, and overall scores,
were recorded at instability levels 10 and 30 under both
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eyes-open and eyes-closed conditions (25). Each level
consisted of two 30-second trials with rest intervals in
between. Higher stability scores reflected greater pos-
tural instability.

Statistical analysis

Statistical analyses were performed using SPSS
version 27.0 (SPSS Inc., Chicago). Normality of
continuous variables was assessed using the Shapiro—
Wilk test and visual inspection of histograms and
Q-Q plots. Data were summarized as means *
standard deviations or medians and percentages.
Wilcoxon signed-rank and Mann—Whitney tests
were used for within- and between-group compari-
sons, respectively. Bivariate Spearman correlations
and linear regression analyses were conducted to ex-
amine associations between foot pressure symmetry
indices and clinical characteristics.

Results

The results indicated that the distribution of foot
pressure and postural stability parameters was non-
normal, therefore non-parametric statistical methods
were employed.

Demographic, anthropometric, and clinical characteristics

Table 1 presents descriptive statistics for both
the control group (n=31) and the cerebral palsy group
(n=20). No significant differences were observed be-
tween groups in terms of age, gender, weight, height,
BMI, or hand dominance. However, children with CP
exhibited significantly greater asymmetries in thigh,
leg, and foot lengths (p<0.001), highlighting underly-
ing structural discrepancies associated with hemiple-
gia. All CP participants were classified under GMFCS
Level I, with varying degrees of spasticity (55% scor-
ing 1 and 45% scoring 1+ on the MAS).

Table 1. Demographic, anthropometric, and clinical characteristics of all study children

Normal Children CP Children Sig.
Number 31 20 -
Age (Years) (Mean/SD) 8.06 (1.15) 8.10 (1.65) 0.812
Gender (N/%) Boys 16 (51.6) 14 (70.0) 0.197
Girls 15 (48.4) 6 (30.0)
Weight (Kg) (Mean/SD) 27.95 (8.06) 31.89 (14.65) 0.839
Height (Cm) (Mean/SD) 124.84 (6.78) 128.80 (16.99) 0.569
BMI (Mean/SD) 17.67 (3.27) 18.35 (5.15) 0.885
Thigh Length Difference (Cm) (Mean/SD) 0.00 (0.00) 1.10 (1.45) <0.001*
Leg Length Difference (Cm) (Mean/SD) 0.00 (0.00) 1.02 (1.22) <0.001*
Foot Length Difference (Cm) (Mean/SD) 0.00 (0.00) 0.15 (0.33) 0.010*
Hand dominance (N/%) Right-Handed 31 (100) 20 (100) 1000
Left-Handed 0 (0) 0(0)
Affected Side (N/%) Right - 15 (75.0)
Left - 5 (25.0) i
Gross Motor Function Classification System | I - 20 (100)
(N/%) 11 - 0(0) )
Modified Ashworth Scale (N/%) 0 - 0(0)
- 11 (55.0)
1+ - 9 (45.0) i
2 - 0(0)
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Postural stability:

Table 2 shows intra-group comparisons of an-
teroposterior and mediolateral stability indices
across two levels (10 and 30). Among normal chil-
dren, APSI was significantly poorer than MLSI at
level 10 with eyes closed (p=0.037), suggesting in-
creased instability in the anteroposterior direction
under visually deprived conditions. Dynamic pos-
tural stability parameters, including OSI, MLSI,
and APSI, were compared between groups using the
Mann-Whitney test (Table 3). Notably, children
with CP showed significantly higher OSI values at
level 10 with both eyes open (p=0.015) and closed
(p=0.005), indicating reduced balance control un-
der dynamic conditions. No significant differences
were found in other stability parameters, especially
at level 30, suggesting selective impairments in CP
under more unstable conditions.

Foot pressure profile

Table 4 highlights foot pressure characteris-
tics in both groups. In CP children, the nonaffected
foot showed significantly higher maximum pres-
sure (8.19+3.31) than the affected foot (5.38+2.19,
p<0.001), with similar disparities seen in average pres-
sure and pressure distribution. In contrast, normal chil-
dren displayed minor asymmetries, with only average
pressure and pressure distribution reaching significant

levels (p>0.001 and 0.047 respectively). Surface area

was significantly larger in the nonaffected foot of CP
children (p=0.019), reinforcing the presence of com-
pensatory loading and altered biomechanical strate-
gies. The hindfoot maximum pressure also increased
significantly on the nonaffected foot compared to the
affected one in CP children (p<0.001), whereas fore-
foot pressure, axis angle, and movement parameters
showed no substantial intra-group variation. Table 5
compares symmetry indices (SI) for both groups. CP
children demonstrated significantly lower symmetry
indices in maximum pressure (p<0.001), average pres-
sure (p=0.021), pressure distribution (p=0.001), surface
area (p=0.003), and hindfoot pressure (p=0.001), un-
derscoring impaired load distribution and asymmetry.
Interestingly, no significant differences were detected
in forefoot pressure, axis angle, or movement sym-
metry (anteroposterior/mediolateral), nor in center of
gravity rotation.

Associations of foot pressure symmetry indices

Spearman correlation analysis (Table 6) re-
vealed significant positive associations between foot
axis angle SI and both weight (r=0.559, p=0.014)
and BMI (r=0.548, p=0.015), and negative correla-
tions between hindfoot pressure SI and foot length
difference (r=—0.528, p=0.017). Mediolateral move-
ment SI correlated negatively with APSI (r=—0.478,
p=0.033), while combined movement SI corre-
lated positively with leg length difference (r=0.47,
p=0.036) and OSI (r=0.45, p=0.049). Multiple

Table 2. Comparing the anteroposterior and mediolateral different stability indices in all study children (Within group analysis)

(Wilcoxon Signed Ranks Test)

Normal Children CP Children
Parameters Mean SD Z Score Sig. Mean SD | ZScore | Sig.
Level of stability Anteroposterior 0.78 0.46 0.87 0.91
10_ Eyes open Mediolateral 0.77 o34 | Ot | 07 0.80 040 | 0% | 00
Level of stability Anteroposterior 2.04 1.48 . 1.40 1.30
10_Eyes closed | nediolateral 158 s | 20007 1.41 oo | 0| O
Level of stability Anteroposterior 0.51 0.28 0.38 0.18
30_ Eyes open Mediolateral 0.47 020 | P | OF 0.4 023 | 0% | 04
Level of stability Anteroposterior 0.75 0.41 0.60 0.55
30_Eyesclosed | pediolateral 0.82 oss | 023 0.76 I i
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Table 3. Comparing the dynamic postural stability parameters (Between groups analysis) (Mann Whitney test).

Parameters Mean SD Mean Rank Sig.

Level of stability 10_ OSI_ Eyes open Normal 1.13 0.49 21.94 0.015*
CP 2.02 1.19 32.30

Level of stability 10_ MLSI_ Eyes open Normal 0.77 0.34 26.10 0.95
CP 0.80 0.49 25.85

Level of stability 10_ APSI_ Eyes open Normal 0.78 0.46 27.39 041
CP 0.87 0.91 23.85

Level of stability 10_ OSI_ Eyes close Normal 2.11 0.96 21.31 0.005*
Cp 3.05 1.11 33.28

Level of stability 10_ MLSI_ Eyes close Normal 1.58 1.03 27.24 0.46
CP 1.41 1.09 24.08

Level of stability 10_ APSI_ Eyes close Normal 2.04 1.48 28.94 0.08
CPp 1.40 1.30 21.45

Level of stability 30_ OSI_ Eyes open Normal 0.73 0.31 28.06 0.22
Cp 0.61 0.23 22.80

Level of stability 30_ MLSI_ Eyes open Normal 0.47 0.29 25.98 0.99
CP 0.44 0.23 26.03

Level of stability 30_ APSI_ Eyes open Normal 0.51 0.28 28.31 0.17
CPp 0.38 0.18 22.43

Level of stability 30_ OSI_ Eyes close Normal 1.22 0.64 28.32 017
CP 1.04 0.87 22.40

Level of stability 30_ MLSI_ Eyes close Normal 0.82 0.55 26.85 0.61
CP 0.76 .60 24.68

Level of stability 30_ APSI_ Eyes close Normal 0.75 0.41 29.02 0.07
CP 0.60 0.55 21.33

Abbreviations: MLSI: Medial-lateral Stability Index; APSI: Anterior-posterior Stability Index; OSI: Overall Stability Index.

regression showed that only leg length difference
significantly predicted combined movement SI
(B=0.50, p=0.04), explaining 35% of variance.

Discussion
Demographic characteristics

This study identified notable lower limb asym-
metries in children with spastic hemiplegic cerebral
palsy, with mean side-to-side differences of 1.08+1.2
cm in leg length, 1.13+1.43 cm in thigh length, and
0.18+0.34 cm in foot length. Similar discrepancies

reported by (3,26,27) have been linked to unilateral
spasticity, corticospinal tract injury, and chronic mus-
cle tone imbalance, which hinder longitudinal bone
growth. Consistent with (27), these asymmetries are
strongly associated with altered gait, reduced social
engagement, and impaired functional mobility. Such
findings highlight the influence of spasticity severity
and motor impairment distribution on skeletal growth
and alignment. Clinically, early detection and ongo-
ing monitoring of anthropometric asymmetries are
crucial for mitigating abnormal gait mechanics, pos-
tural instability, and uneven plantar pressures. Further
research is needed to clarify their role in plantar load
distribution and guide orthotic intervention strategies.
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Table 4. Comparing both sides foot pressure parameters in all study children (Within group analysis) (Wilcoxon Signed Ranks Test)

Normal Children CP Children
Parameters A Z
Mean | SD | Score | Sig. | Parameters Mean | SD | Score | Sig.
Maximum Pressure | Left 7.67 | 2.38 Affected 538 | 2.19
-1.69 | 0.09 -3.92 | <0.001*
Right 8.44 | 2.73 Nonaffected 8.19 | 3.31
Average Pressure Left 2.36 | 0.45 Affected 2.15 | 0.49
-3.53 | <0.001* -3.78 | <0.001*
Right 2.62 | 035 Nonaffected 2.7 0.63
Pressure Left 4799 | 4.86 199 | 0.047* Affected 40.11 | 8.15 3.58 | <0.001*
. . . -1. . =-J. <U.
Distribution Right 52.01 | 4.86 Nonaffected 59.89 | 8.15
Surface Area Left 68.98 | 17.78 Affected 67.09 | 23.17
-1.38 | 0.17 -2.35 | 0.019*
Right 66.69 | 15.61 Nonaffected 79.05 | 24.30
Foot Axis Angle Left 9.39 | 8.46 Affected 6.69 |10.96
-1.55 | 0.12 -1.61 0.11
Right 7.09 | 6.86 Nonaffected 2.56 | 10.96
Maximum Pressure | Left 2.75 | 0.76 | -1.37 Affected 3.73 | 2.21
(Forefoot) - 0.17 -0.62 0.54
Right 2.97 | 0.90 Nonaffected 3.99 | 3.16
Maximum Pressure | Left 793 | 3.08 | -0.91 0.36 Affected 4.64 | 2.26 3.58 | <0.001*
. . -3. <0.
(Hindfoot) Right 8.07 | 2.16 Nonaffected 732 | 3.0
Anteroposterior Left 1.41 | 2.60 | -1.45 Affected 4.82 | 7.01
Movement - 0.15 -1.18 0.24
Right 1.22 | 2.59 Nonaffected 231 | 585
Mediolateral Left 451 | 3.55 | -0.61 0.54 Affected 6.1 4.24 Lo | 030
Movement Right 443 | 327 ' Nonaffected 55 | 442| '
Movement (Both | Anteroposterior 3.57 | 3.07 | -1.80 | 0.07 | Anteroposterior 5.86 | 5.25 Lot 031
Feet) Mediolateral 399 | 3.15 Mediolateral 459 | 2.28 ’ '

Postural stability parameters

In the control group, anteroposterior stability
(APSI) with eyes closed was significantly poorer than
mediolateral stability (MLSI) (p=0.037), indicating
that healthy children rely heavily on visual input for
maintaining anteroposterior stability. Removing visual
feedback increases sway velocity and impairs postural
control, consistent with (14,16). Children with spastic
hemiplegic cerebral palsy (CP) exhibited significantly
poorer overall stability (OSI) than controls with both
eyes open (p=0.015) and closed (p=0.005) at level 10,
reflecting greater sway and instability. This aligns with
findings from (11,12,14), who linked impaired balance
in CP to deficient trunk control and neuromotor dys-
function. Unlike typically developing children, those

with CP benefit less from visual input due to sensory

integration deficits (16). While visual cues are critical
for postural stability, evidence suggests propriocep-
tive input can sometimes compensate for visual loss
(12,26,28), highlighting the complex multisensory na-
ture of balance. These findings emphasize the need for
individualized rehabilitation focusing on propriocep-
tive training and trunk stabilization to enhance pos-
tural control in children with CP.

Foot pressure profile

This study compared foot pressure parameters in
typically developing children and those with spastic
hemiplegic cerebral palsy (CP), focusing on side-to-
side differences (right vs. left in controls; nonaffected
vs. affected in CP). Among healthy children, no sig-

nificant asymmetry was found in maximum pressure,
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Table 5. Comparing the foot pressure parameters (Between groups analysis) (Mann Whitney test)

Parameters Mean SD Mean Rank Sig.

Maximum Pressure ST Normal 0.95 0.27 32.11
Cp 0.67 0.17 16.52 <000

Average Pressure SI Normal 0.90 0.12 29.87 0.021°
Cp 0.81 0.13 20.00

Pressure Distribution SI Normal 0.94 0.18 31.76 0.001*
Cp 0.70 0.24 17.08

Surface Area SI Normal 1.04 0.15 30.97 0.003*
Cp 0.87 0.27 18.30

Foot Axis Angle SI Normal 1.48 1.84 25.21 0.19
Cp 0.15 3.14 19.97

Center of Gravity Rotation Normal 3.16 2.91 23.44 0.13
Cp 5.24 4.58 29.98

Maximum Pressure (Forefoot) SI Normal 0.97 0.25 26.35 0.83
Cp 1.06 0.59 25.45

Maximum Pressure (Hindfoot) SI Normal 1.00 0.32 31.77 <0.001*
CP 0.68 0.33 17.05

Anteroposterior Movement SI Normal 1.32 .85 24.52 0.38
CP 2.97 3.69 28.30

Mediolateral Movement ST Normal 1.17 0.75 25.03
CP 1.59 1.47 27.50 056

Movement (Both Feet) SI Normal 0.96 0.41 23.81 0.190
CP 1.19 0.64 29.40

Abbreviation: SI: Symmetry Index.

though slightly higher values were recorded on the
right foot (8.44+2.73 vs. 7.67+2.38; p=0.09), con-
sistent with minor physiological variations linked to
limb dominance (29,30). In children with CP, marked
asymmetry was observed, with significantly higher
maximum pressure in the nonaffected foot (8.19+3.31
vs. 5.38+2.19; p<0.001), reflecting compensatory
weight-shifting due to weakness, spasticity, and foot
deformities (4,6). Average pressure and pressure dis-
tribution showed similar trends (p<0.001), with the
nonaffected foot bearing 60% of total load. Surface
area was also larger (79.05+24.30 vs. 67.09+23.17;
p=0.019), indicating a broader base of support for
stability (6). Asymmetry was most pronounced in
the hindfoot (p<0.001), while forefoot pressures

and dynamic sway measures showed no significant

differences. Symmetry indices for maximum pres-
sure, average pressure, pressure distribution, surface
area, and hindfoot pressure were significantly lower
in CP than controls (p<0.003), indicating substan-
tial imbalance in weight-bearing and postural control
(16). Conversely, indices for forefoot pressure, foot
axis angle, and center of gravity rotation were pre-
served, suggesting partial maintenance of directional
control (9). Overall, unilateral motor impairment in
CP profoundly disrupts plantar pressure distribution
and postural mechanics, contrasting with the minor
asymmetries seen in healthy peers. Rehabilitation
should target improved weight-bearing symmetry
through proprioceptive training, strengthening of the
affected limb, and orthotic support (8,26,28). Further
research should examine the dynamic implications
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Table 6. Correlations between foot pressure parameters and demographic, anthropometric, clinical, and dynamic postural stability
parameters in children with cerebral palsy

Spearman Correlations
(Maximum Pressure Mediolateral Movement | Movement (Both Feet)
Foot Axis Angle SI Hindfoot) SI SI SI

Weight r 0.559° -0.06 -0.23 -0.07

P 0.01 0.80 0.34 0.78
Height r 0.29 0.15 -0.02 -0.13

P 0.23 0.52 0.93 0.60
BMI r 0.548' -0.15 -0.31 0.04

P 0.015 0.54 0.19 0.89
Thigh Length Difference | r -0.11 -0.01 0.41 0.11

P 0.65 0.98 0.07 0.63
Leg Length Difference r 0.45 -0.22 -0.01 0.47*

P 0.06 0.35 0.98 0.036
Foot Length Difference | r 0.08 -0.528" 0.19 0.15

P 0.74 0.017 0.41 0.53
Level of stability 10_ r -0.07 0.43 -0.06 0.02
OSL_ Eyes open P 0.76 0.06 0.79 0.95
Level of stability 10_ r -0.24 -0.11 -0.19 -0.17
MLSI_ Eyes open P 0.33 0.65 0.43 0.48
Level of stability 10_ r -0.28 0.08 -0.478" 0.17
APSL_ Eyes open P 0.25 0.74 0.03 0.47
Level of stability 10_ r 0.05 -0.30 0.08 0.45%
OSL_ Eyes close P 0.86 0.20 0.72 0.049
Level of stability 10_ r -0.02 0.09 -0.02 -0.35
MLSL_ Eyes close P 0.94 0.72 0.95 0.13
Level of stability 10_ r 0.19 -0.07 0.00 -0.20
APSI_ Eyes close P 0.44 0.78 0.99 0.38
Level of stability 30_ r 0.23 -0.15 -0.10 -0.33
OSL_ Eyes open P 0.36 0.54 0.68 0.15
Level of stability 30_ r 0.12 -0.24 0.07 -0.14
MLSI_ Eyes open P 0.62 0.30 0.78 0.55
Level of stability 30_ r 0.14 0.16 -0.30 -0.40
APSI_ Eyes open P 0.58 0.49 0.20 0.08
Level of stability 30_ r -0.07 -0.14 0.29 -0.01
OSL_ Eyes close P 0.77 0.54 0.21 0.98
Level of stability 30_ r -0.11 -0.10 0.43 -0.11
MLSI_ Eyes close P 0.66 0.67 0.06 0.65
Level of stability 30_ r 0.05 -0.06 0.16 0.02
APSL_ Eyes close P 0.83 0.80 0.51 0.92
**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Group = Cerebral Palsy

Abbreviations: SI: Symmetry Index; MLSI: Medial-lateral Stability Index; APSI: Anterior-posterior Stability Index; OSI: Overall Stability Index.
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Table 7. Prediction of foot pressure parameters in children with cerebral palsy

Linear Regression Analysis
Model Summary
Foot Pressure Indices Predictors B Sig
R Square (Sig)
Maximum Pressure (Hindfoot) SI | Foot Length Difference -0.39 0.09 0.15 (0.09)
Mediolateral Movement SI Level of stability 10_ APSI_ Eyes open -0.31 0.19 0.09 (0.19)
Foot Axis Angle SI Weight 0.27 0.53
0.17 (0.23)
BMI 0.16 0.71
Movement (Both Feet) ST Leg Length Difference 0.50 0.04
0.35 (0.02)*
Level of stability 10_ OSI_ Eyes close 0.17 0.47

Abbreviations: B: Standardized Coeflicients Beta; SI: Symmetry Index; APSI: Anterior-posterior Stability Index; OSI: Overall Stability Index.

of these static asymmetries, their effects on gait
and mobility, and the efficacy of symmetry-focused
interventions.

Relationship between foot pressure parameters and other
outcomes

This study examined associations between foot
pressure symmetry indices and demographic, anthro-
pometric, clinical, and postural stability measures in
children with cerebral palsy (CP), providing insights
into factors influencing plantar pressure asymmetries
and postural control. Body weight and BMI were posi-
tively correlated with the foot axis angle symmetry in-
dex, suggesting that higher body mass may reduce foot
axis asymmetry through increased plantar contact and
compensatory postural strategies (8,31). Conversely,
hindfoot pressure symmetry was negatively correlated
with foot length difference, indicating that structural
asymmetries impair weight-bearing on the affected side
and lead to contralateral hindfoot overloading (6,10).
Dynamic stability analysis revealed that poorer anter-
oposterior (AP) stability was associated with greater
mediolateral movement asymmetry, consistent with
sensory integration challenges in CP(16). Interestingly,
the symmetry index for AP vs. mediolateral movement
was positively correlated with both leg length differ-
ence and overall stability index (OSI) under eyes-
closed conditions. This may represent a compensatory
adaptation to limb-length discrepancy and generalized
postural instability, leading to a more balanced sway

pattern (7,9). The first simple linear regression showed
a negative but non-significant relationship between
foot length difference and hindfoot maximum pressure
symmetry index (B=—0.39, R?=0.15, p=0.09), consist-
ent with prior findings linking structural asymmetries
to uneven weight distribution (6,10). Similarly, the
association between anteroposterior stability index
(APSI) and mediolateral movement SI was negative
but non-significant (B=-0.31, R?=0.09, p=0.19), re-
flecting known sensory integration challenges in CP
(7,16). The multiple regression model assessing weight
and BMI as predictors of foot axis angle SI explained
17% of the variance (R?=0.17, p=0.23), but neither was
significant, suggesting neuromotor deficits and struc-
tural factors play a larger role than body composition
(8,31). Importantly, leg length difference and over-
all stability index (OSI) at level 10 with eyes closed
significantly predicted anteroposterior/mediolateral
movement SI (R2=0.35, p=0.02), with leg length dif-
ference as an independent predictor (B=0.50, p=0.04).
This supports the impact of limb-length discrepancies
and sensory integration deficits on postural symmetry
in hemiplegic CP (9,26,28). In summary, despite some
non-significant predictors likely due to sample size, leg
length discrepancy and OSI are key factors influencing
movement symmetry, emphasizing the need to address
structural and sensory-motor impairments in rehabili-
tation. Future studies should explore these relation-
ships in larger cohorts and during dynamic activities
like gait. These findings highlight that structural factors
(e.g., limb-length discrepancies) and impaired sensory
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integration significantly influence weight distribution
and sway symmetry in CP. Clinically, interventions
should prioritize correcting structural inequalities and
enhancing sensory-motor control through targeted re-
habilitation strategies (3,26,28).

Limitations

The current study has certain limitations that
should be acknowledged. The relatively small sample
size may limit the generalizability of the findings. Fur-
thermore, the cross-sectional design offers only a static
view, and longitudinal research is needed to capture the
progression of postural and pressure imbalances over
time. Finally, the exclusive inclusion of participants with
GMFCS Level I narrows the scope of the study and may

overlook variability across different functional levels.

Conclusion

This study identified significant structural and
functional asymmetries in children with spastic hemi-
plegic cerebral palsy, including altered lower limb
measurements, plantar pressure distribution, and pos-
tural stability. Limb length discrepancy was strongly
linked to asymmetric hindfoot loading and impaired
directional control. Children with CP showed greater
postural instability under eyes open and closed condi-
tions, reflecting deficits in neuromuscular coordination
and sensory integration. Regression analysis revealed
leg length discrepancy and overall postural instability
(OSI) as key predictors of anteroposterior and medi-
olateral asymmetry, with body weight and BMI show-
ing non-significant trends. These findings highlight
the need for individualized rehabilitation addressing
both structural and sensory-motor deficits. Further re-
search should explore gait-related postural control and
assess proprioceptive, stabilization, and orthotic inter-
ventions to improve functional outcomes.
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