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1. Introduction

Adolescent idiopathic scoliosis (AIS) is a three-
dimensional spinal deformity affecting the young
population, most commonly presenting with thoracic
curvature [1]. Beyond structural alterations, AIS is
associated with changes in postural alignment and
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Abstract

Adolescent idiopathic scoliosis (AIS) is associated with altered trunk posture and
asymmetric lower limb biomechanics. Although gait asymmetries have been observed
in AIS, phase-specific compensatory adaptations in dynamic foot posture remain
underexplored. The pronation-supination index (PSI) offers a detailed view of foot
posture during specific stance phases. This study aimed to analyse PSI values across
five gait phases in adolescents with thoracic AIS, focusing on convex-concave foot
asymmetry.

Methods. Thirty adolescents diagnosed with thoracic/thoracic dominant AIS (Lenke
types 1-4) were included (mean age 14.90 +2.92 years; 23 female). The mean major
Cobb angle was 35.27+8.64. PSI data were collected using the dynamic
pedobarographic system while participants walked barefoot at a self-selected pace. PSI
was calculated separately for the convex and concave feet during five stance phases:
foot contact, early-midsupport, midsupport, late-midsupport, and toe-off. Side to side
comparisons were conducted using paired t-tests.

Results. PSI was significantly higher on the convex side during the foot contact phase
(54.01+3.91 vs. 52.13 +4.70, p = 0.044), indicating increased pronation. No significant
differences were found in PSI during early-midsupport, midsupport, late-midsupport,
or toe-off phases (p > 0.05).

Conclusion. Foot pronation increases specifically during initial contact on the convex
side in adolescents with thoracic AIS. This reflect a selective pronation strategy at initial
contact to maintain balance and compensate for coronal trunk asymmetry. These
findings may have clinical relevance for developing targeted interventions that address
dynamic gait stability in AIS patients.

Keywords: Adolescent idiopathic scoliosis; gait adaptation; pronation-supination
index.

gait, often leading to asymmetrical weight distribution
and compensatory strategies during movement [2,3].
Previous pedobarographic studies have reported
conflicting results regarding side-to-side plantar
pressure asymmetries in AIS. Some indicate increased
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loading on the concave side, while others report
greater coronal variation on the convex side during
static stance [2,4,5]. These inconsistencies suggest that
loading patterns may differ based on curve
morphology or postural compensation.

Despite growing interest in gait analysis in AIS,
few studies have investigated how foot posture adapts
dynamically during specific gait phases. Geometric

indicators such as the PSI offer insight into phase-
2. Materials and Methods

This observational cross-sectional study was
approved by the local institutional ethics committee on
June 11, 2024 (Approval number: B9A69930) and
conducted in accordance with the Declaration of
Helsinki.

Participants

Thirty adolescents diagnosed with thoracic or
thoracic-dominant adolescent AIS were recruited from
the scoliosis outpatient clinic of the Department of
Orthopaedics and Traumatology at Gazi University
between June 2024 and December 2024. Inclusion
criteria were: diagnosis of idiopathic scoliosis with a
Cobb angle between 10° and 45°, classification as Lenke
Type 1 to 4, and no prior use of a spinal brace exceeding
three months [6].
neurological comorbidities affecting gait, prior spinal

Patients with orthopaedics or

surgery, or Lenke Type 5/6 curves were excluded to
ensure biomechanical consistency [7].

Assessment

The PSI data were collected using the Novel
emed® pedobarographic system (Munich, Germany)
during the gait, which provides reliable measures of
pressure distribution and geometric parameters [8,9].
Participants walked barefoot at a self-selected pace
across the pressure platform, and five valid trials were

3. Results

A total of 30 adolescents with thoracic or thoracic-
dominant AIS were included in the final analysis. The
mean age was 14.90+2.92 years, and the mean Cobb
angle of the major spinal curve was 35.27 +8.64°. PSI
values were calculated separately for the convex and
concave feet during five distinct stance phases.

As presented in Table 1, the pronation supination
index was significantly higher on the convex side

specific foot behavior, but their role in scoliosis-related

compensatory ~ mechanisms  remains  unclear.
Particularly, how the foot on the convex side responds
during early stance phases is underexplored.
This study aimed to analyze PSI values across five
stance phases in adolescents with thoracic idiopathic
scoliosis to identify potential side-to-side pronation-

supination adaptations during gait.

averaged for analysis. PSI was calculated for the
convex and concave feet during five stance phases: foot
contact, early-midsupport, midsupport, late-
midsupport, and toe-off. Higher PSI values indicate
greater pronation.

The pronation-supination index is an established
measure of foot posture that reflects the degree of
pronation or supination occurring during gait [10]. It
also provides valuable insight into medial-lateral
control, referring to how effectively the foot manages
balance and weight distribution across the inner and
outer sides of the foot throughout the stance phase [10].
In individuals with postural or spinal asymmetries,
such as those with AIS, alterations in medial-lateral
control may serve as compensatory mechanisms to
maintain stability during walking.

Statistical Analysis

Data were analysed using IBM SPSS Statistics for
Windows, Version 23.0 (IBM Corp., Armonk, NY,
USA). Normality was tested using the Shapiro-Wilk
test. Side-to-side differences in PSI were compared
using paired t-tests, and statistical significance was set
at p <0.05. Continuous variables are presented as mean

+ standard deviation.

during the foot contact phase compared to the concave
side (54.01+3.91 vs. 52.13+4.70; p = 0.04), indicating
greater pronation at initial contact. No statistically
significant differences were observed between sides
during

early-midsupport, =~ midsupport, late-

midsupport, or toe-off phases (p > 0.05).
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Table 1 — Comparison of PSI values between convex and concave sides

Parameters (%) Convex side Concave side P value
PSI - Foot Contact 54.01+3.91 52.13+4.70 0.04*
PSI - Early Midsupport 52.43+3.93 53.21+5.19 0.29
PSI - Midsupport 50.12+5.86 51.91+4.89 0.16
PSI - Late Midsupport 46.46+5.67 47.88+4.91 0.26
PSI - Toe Off 28.38+10.19 27.06+11.98 0.53

Note: * Statistically significant, p<0.05. Data are presented as mean + standard deviation

4. Discussion

The key finding of this study was a significantly
higher PSI on the convex side during the foot contact
phase, suggesting increased pronation at initial contact.
No significant differences were observed in PSI during
the remaining stance phases, indicating that this
pronation shift is phase specific rather than generalized
throughout the gait cycle.

These results align with previous studies reporting
asymmetrical plantar loading in AIS patients, but
expand upon them by highlighting a selective
adaptation during early stance. Increased vertical and
anteroposterior ground reaction forces have been
reported on the convex side, suggesting a
compensatory mechanism aimed at stabilizing trunk
alignment [11]. Our finding of elevated PSI during foot
contact on the convex foot likely reflects a similar
attempt to shift the center of pressure medially,
improving balance in the presence of coronal trunk
asymmetry.

While static evaluations have shown conflicting
results regarding which side bears more load, our phase
specific ~analysis demonstrates that dynamic
compensations in AIS are not constant throughout the
stance phase [4,5]. Instead, these adaptations are likely
orchestrated to stabilize the body during critical gait
transitions, such as initial contact. The preservation of
symmetric PSI values during midsupport and toe-off

further suggests that global foot alignment and

5. Conclusions

This study demonstrates that adolescents with
thoracic idiopathic scoliosis exhibit a increase in foot
pronation on the convex side during initial contact. This
compensatory adaptation may serve to stabilize posture
and maintain balance in response to coronal trunk
asymmetry. Clinically, these findings underscore the
importance of evaluating dynamic foot posture in AIS
patients and suggest that early stance phase may

structure are largely maintained what changes is the
dynamic functional response at specific moments of
gait.

The increased PSI at foot contact may facilitate
medial load transfer on the convex side, serving as a
neuromechanical strategy to stabilize the center of mass
early in the stance phase. Such targeted compensations
may reflect an attempt to reduce energy cost or avoid
further postural imbalance, in line with prior
interpretations of center of pressure adaptations in AIS
[12-13].

A noteworthy aspect of our study is its use of curve
side specific PSI analysis across distinct gait phases, a
methodology that has not been emphasized in earlier
literature. For example, the influence of curve location
on plantar pressure asymmetries has been highlighted
in previous research, although the findings were based
on static measurements or area-based indices [7]. In
contrast, PSI provides a more sensitive, time dependent
metric for identifying compensatory pronation,
especially during dynamic loading transitions.

Study limitations include the lack of a healthy
control group, which limits comparisons to normative
gait patterns. In addition, only thoracic and thoracic-
dominant curve types were included, improving
sample homogeneity but reducing generalizability to
other scoliosis subtypes such as lumbar or double major
curves.

represent a critical window for targeted interventions
aimed at optimizing postural control. Future research
should include healthy controls and broader curve
patterns to validate and expand upon these
observations.
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Keyae aviMa¥rbIHAAFBI MAMIONIATUSIABIK, CKOAMO3BI Oap KacecIipiMaepae Xypy
Ke3iHaeri npoHanus GeiMaeayi

Inci Hazal Avas !, Alim Can Baymurat 2, Ulunay Kanatli 3

1 Frrapivu Kp1zmeTkep, Pusmorepanust joHe peaduanrtanys Kadeapacsl, JdeHcayablk cakray dpaxyabreTi, JArosxe yHusepcenreri, Aioszxe, Typkus
2 TpaBMaTOAOTHSA XoHe opToneans KadeapackHbIH JorieHTi, Meaunna dakyasreti, [asu yausepcureti, Ankapa, Typkus

3 TpaBMaToA0THA X9He OpTOIeAus KadeapachiHbIH podeccopsl, Meanununa dakyasreri, ['asu yausepcureti, AKapa, Typkus

Tyiingeme

Kacecmipimaepain nanonarusaaslk, ckoanosel (KIVC) Tyara KaAIBIHBIH ©3repyiMeH >KoHe TOMEHTi asK-Koa
O1oMexaHMKaChIHBIH acuMMeTpuschiMeH cumnartadasbl. JKNC kesiHae Kypy acMMMeTpusidapbl aHBIKTa/AFaHBIMEH,
AVIHaMMKaAbIK TabaH KaAIIBIHBIH (pa3aAblK KOMIIEHCATOPABIK OelliMaenyaepi >KeTKiAikTi seprreaMereH. [Iponans—
cynuHauys uHAekci (IICU) xypyaiH HakTel (asaszapbiHAarbl TabaH KaAIlbl TypaAbl TOABIK akiapar Oepeai. bya
3epTTeyAiH MakcaTsl — Topakaabai JKVIC Gap >xacecnipiMmaepae Oec ¢paszagarsr IICH kepceTkimTepin Tassay >KoHe
ABHEeC—OJbIC JKaK apachbIHAaFbl aCMMMETPVHbI aHBIKTay.

Oaicrepi. 3eprreyre Topakaabai/Topakaabai-aomuHaHTTH JKIVIC anarsossr KovislaraH 30 sKacecripim (/leHke
tunrepi 1-4) enrisiaai (oprama >xac — 14,90 + 2,92 >xp14; 23 oitea). Herisri Ko66 OypBIIIBIHEIH OpTamia KOPCeTKiIT —
3527 + 8,64°. TICU aepekrtepi AMHaMMKAABIK ITego0aporpausAbK >Kyle apKblAbl >KalaHasK KaAbllTa, ©3
KapKBIHBIMeH XYpy Kesinge aasiHAbL [ICV aeHec >XoHe OIBIC KaKTaFbl adKTap YIIiH Oeaek ecemnteai, Oec ¢paszasa:
asdK >KaHacybl, epTe- opTallla TipeK, opTallla TipeK, Kelll-OpTallla TipeK >koHe uTepiaimn mieiFy. JKakTrap apacblHAaFbI
CaABICTHIPY XXYIITACTBIPbLAFaH T- TECT apKBLABI XKYPrisiaai.

Hoarmxeaep. Ask xanacy ¢asacsirga geHec >kaxra IICH eaayip sxorapst 604451 (54,01 + 3,91 vs. 52,13 +4,70, p
=0,044), bya mpoHalMsHBIH KYIIIeIOiH KepceTTi. EpTe-opraliia Tipek, opTallla Tipek, Kelll-opTallla Tipek KoHe uTepiain
meIFy gasasaphiHaa eaeyai aifbipManiblabIK Oaiikaamaast (p > 0,05).

Kopsitsinasl. Topakaabai JKVMC Gap >xacecripimaepae Gacramnkbl >KaHacy (pasacblHAA AeHeC >KaKTa TabaH
IIPOHAIVACH apTadbl. bya ¢ppoHTaaAbI >Ka3bIKTHIKTAFbl TYAFa aCMMETPILICHIH TeHTepy YIiH OacTaIlKbl >KaHacyaFbl
CEeAEKTUBTI IMPOHAAABIK CTpaTerusiHbl KepceTedi. AapiHFaH HaTvokeaep XVC naykactapga AMHaMMKaABIK XXYPY
TYPaKTBIABIFBIH apTTBIPyFa OafbITTaA¥aH HBICAaHAABl apaJacylapAbl 93ipaeyie KAWHMKAABIK TYPFBIJaH MaHBI3ABI
604yl MyMKiH.

Tynin cesgep: XacecripimMaepais MAMONaTUAABIK, CKOAMO3LL, XYpyTe OeltliMaeay; IMpoHAIMA—CyIIMHAIIV

MHAEKCL

AganTanys IIpoHan BO BpeMsl XOAbOBI y IIOAPOCTKOB € MAMOIIaTUYEeCKIM CKOAMO30M
IPYAHOTO OTaeaAa
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Pestome

IOnomeckuit nmanonatmdecknit ckoamos (IOVIC) acconmmpoBaH ¢ M3MeHeHMEM IIOAOXKeHUs TyAOBMIA U
acMMMeTpuell OMoMeXaHUKM HIVDKHUX KoHewHocTeil. Xorst npm IOVIC Oblam BBLIBAEHBI acMMMETPUM ITOXOAKI,
¢asocrienudrraeckrie KOMIEHCATOPHBIE ajallTalluy AMHAMUIECKON ITO3MIIMI CTOIBI OCTAIOTCSI MaAOU3YIeHHBIMIL.
Muaexc nponauun-cynuHanyuu (VIIC) mo3soasieT AeTaabHO OLIEHNUTHh IIOAOMKEHIE CTOMBI B OIpeAeASHHBIX ¢azax
omtopsl. Llearpio gaHHOTO MCCAe 0BaHMs OBLA0 TTpoaHaau3uposaTh 3HadeHns1 VITIC Ha sty ¢pasax mrara y mogpocTKoOB
¢ TopakaabHbIM IOVIC, ¢ aKIIeHTOM Ha aCUMMETPUIO CTOII CO CTOPOHBI BOTHYTOCTY U BBIITYKAOCTIL.

Mertoapl. B wmccaesosanme Obiaym BKAIOUeHB! 30 IIOAPOCTKOB C AMAarHO30M TOpPaKaAbHOIO/TOpPaKaAbHO-
aomuHaHTHOTO IOVIC (Tumsr Lenke 1-4) (cpeanmnit sospact 14,90 + 2,92 aet; 23 ygacTHMITH KeHCKOTO 1104a). CpeaHnit
yroa mno Cobb cocrasua 3527 + 8,64°. Jdaunsie MIIC cobmupaance ¢ MCIOAb30BaHUEM AVHAMMUYECKON
regobaporpadpuIeckorl CUCTEMBEI BO BpeMs XOALOBI OOCHMKOM ¢ Ipou3BoAbHON ckopocTsio. VIIIC paccuntsiBaacs
OTAEABHO AJsI CTOIIBI CO CTOPOHBI BBITYKAOCTYM M BOTHYTOCTM Ha IISITM (pa3aX OIOPBI: IIOCTAHOBKA CTOIIBI, PaHHSLA
cepejlHa OIIOPBI, CcepeArHa OIOPEI, TTO3AHs cepeAHa OIOPHI U OTPBIB HOCKa. /A5 CpaBHEHMSI MeXAy CTOpOHaMI
MIpUMeHsAN TIapHble t-TeCThl.

Pesyabratel. B ¢ase mocranosku cromsr sHaueHus VIIC Oblam craTMCTMYECKM 3HAYMMO BBIIIE Ha CTOPOHE
soirtyKaoctu (54,01 + 3,91 mportus 52,13 + 4,70; p = 0,044), uTo yKa3biBaeT Ha yCcuJeHMe NpoHanum. B ¢asax pannein
cepeVHBI OIIOPHI, CepeAVHBI OIIOPEL, MO3AHEN CepeAVHBI OITOPHI U OTPEIBA HOCKA AOCTOBEPHBIX Pa3ANINil BHIIBAEHO
He Ob1210 (p > 0,05).

3akaiouenne. Ilponanms cromsl yBeaAmumBaeTcs M30MpaTeAbHO B MOMEHT IIepBOHAYaAbHOTO KOHTAaKTa Ha
CTOpPOHE BBLIITYKAOCTH y ITOAPOCTKOB ¢ TopakaabHeIM IOVIC. DTo oTpakaeT 1CII0Ab30BaHMe CTpaTeTrnu 1301paTeAbHON
MIpOHAIMM IIPU HavaAbHOM KOHTaKTe AAs MOAAEep>KaHISI paBHOBECUs VM KOMITEHCAIlMM KOPOHApPHOM acUMMeTPUN
tyaosuma. IloaydeHHble pesyabTaThl MOTYT MMeTh KAMHMYECKOe 3HadyeHMe AAsl paspaOOTKM TapreTHPOBaHHBIX
BMelllaTeAbCTB, HallpaB/AeHHBIX Ha yAy4llleHle AMHaMIYeCcKOli cTabMAbHOCTY IToxoAKH y nariueHTos ¢ IOVIC.

KaioueBble caoBa: IOHOIIECKUII WMAMONATUYECKMII CKOAMO3, ajaliTallid IIOXOAKM; MHAEKC IIpOHaluu-

CynmMHal .



