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Multimodal investigation of anticipatory postural adjustments in AIS: Convex/concave asymmetry across central, pe-
ripheral, and biomechanical dimensions
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[Abstract] Objective: To investigate the central-peripheral-biomechanical features of anticipatory postural adjust-
ments in adolescent idiopathic scoliosis (AIS) during a rapid arm raise task. Methods: Totally, 38 subjects were en-
rolled: 11 healthy controls, 14 mild AIS, and 13 moderate AIS. Participants performed rapid bilateral arm raises
while 32-channel electroencephalography, surface electromyography of eight trunk muscles, and force platform cen-
ter of pressure (COP) data were synchronously recorded. Single-trial EEG movement-related cortical potentials and
event-related desynchronization were extracted using SEMG-detected movement onset as the temporal anchor and ag-
gregated after group-level outlier cleaning. Statistical analysis combined trial-level linear mixed models with subject-
level analysis of covariance in a hierarchical strategy. Results: The mild group showed lower convex-side paraspinal
integrated EMG than the concave side, whereas the moderate group exhibited a reversed pattern with high-energy
convex-side compensation (P =0. 006). Movement-related cortical potential amplitude followed an health control >
mild > moderate gradient (P =0.018). Body mass index independently modulated both central motor preparation
timing and peripheral postural mechanical output (P =0. 007). Thoracic-curve sensitivity analysis confirmed these
findings. Conclusion: The primary APA abnormality in AIS is convex/concave paraspinal energy maldistribution
that worsens during repeated rapid movements. BMI may modulate both cortical preparation timing and biomechani-
cal postural output through inertial loading. Convex/concave mapping combined with synchronized EEG-sEMG-
COP analysis may help characterize neuromuscular control deficits in AIS and may provide a basis for individualized
fatigue-aware rehabilitation assessment.
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EEG:7 AR R . M2 W4l (n=21) B fi 3 o br



536

R FAHTE BB A A% . 2 HEKF «=0. 05,

2 #£R
2.1 SEMG #Me & UL /W M) R 3 AR (AR AL SN A
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Mu # Bf ERD C3(dB) 0.6+1.6 0.1£1.2 —0.6+1.1 0. 083 0. 387 0. 055 0.218 0. 165
Mu 4i Bt ERD C4(dB) 0.5+1.6 0.3+2.1 —0.8+1.9 0.258 0.417 0.151 0.092 0.193
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TE R B 22 MAD B REE T U5 19 2 a0 90 Bl



hEBEE - 2026 4E 9 H 45 41 B4 9 M)

Pz HLH o Ml Bt ERD 45) 41 [0] 22 R 30K 1 3 (3 P >o0.
25, FDR A& IEJ5 4 P >0.22), A EERZ.Cz H
e BP ¥R 5 BMI (1 X7 ANCOVA Hik 5] i 2%
(BMI %% P =0.007,R*=0. 224) : BMI # K i) 3Z iz
& BP W R R L CRE (D, 48R 8RR o o 5
SE | O L D U B U B2 R 7| = el A R
P, SFE I, COP fiy 5t 3 B 1Y 22 8 # 95 AN-
COVA [RIFEA I 2] BMI 9 {2 3 %00 (P =0. 004,R* =
0.284), BMI # K 1521k # COP Hij 15t ¥ B 8 /N,
BMI 75 AR 2 CRz J5 1 4% B [B] ) 1 ) 2 )2 G238 Hn s ek
JEE 1 855 )2 G M ST R0 L AR T T ATS i H A
F 1 AF 5% Hp A A B4 B & B . AR 5 = T R O AR
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BE 1) 38 B2 2] W R BRI UG SRR 57 9K 3l i
AR, thRX 5 0722 2, B4R ERD A COP fi9 4[] 22
SERIA W H FCz i BP & 6 fil 5 X ig — 2 g
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