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Abstract

BACKGROUND: Early postural adjustments serve as preparatory measures for forthcoming actions or potential disruptions in posture, thereby facilitating
improved movement execution and mitigating destabilizing effects caused by posture interference.

OBJECTIVE: To investigate the characteristics of temporal and intensity parameters of key lower limb muscles during early postural adjustment phase when
stroke patients with varying levels of balance initiate walking at a self-selected comfortable pace.

METHODS: The characteristics of early postural adjustments in 16 stroke patients were observed. Sixteen patients were divided into a non-fall group

(n=8) and a fall group (n=8) based on the history of falls and Berg Balance Scale scores. Noraxon inertial sensors and Noraxon Ultium EMG wireless surface
electromyography were utilized to collect body kinematic data and surface electromyography data during gait initiation. Muscle activation time and activation
sequence of six key muscles in the lower limbs (tibialis anterior, medial and lateral gastrocnemius, rectus femoris, lateral femoris and biceps femoris muscles)
during the early postural adjustment phase, as well as normalized electromyography integral values for the four time windows (each 150 ms) before gait

initiation, were analyzed.

RESULTS AND CONCLUSION: Stroke patients with a history of falls exhibited earlier activation times for the six key muscles in the lower limbs during gait
initiation compared with those in the non-fall group. The fall group demonstrated significantly earlier activation times for tibialis anterior, lateral head of
gastrocnemius, and vastus lateralis (P < 0.01, P < 0.05). In contrast, the non-fall group displayed a consistent pattern of activating extensor muscles before
flexor muscles, with thigh muscle activation preceding calf muscle activation. However, in the fall group, calf extensor muscle activation occurred prior to thigh
extensor muscle activation, and the vastus lateralis was activated even earlier. The tibialis anterior was the last activated muscle in both groups. Specifically
during T3 (> =300 to =150 ms), the tibialis anterior exhibited significantly higher activity in the fall group compared with the non-fall group (P < 0.05), while
the lateral head of gastrocnemius demonstrated significant inhibition during T3 (P < 0.05) and the medial head of gastrocnemius showed significant inhibition
during both T3 and T4 (> =150 to 0 ms) stages compared with the non-fall group (P < 0.01, P < 0.05). To conclude, stroke patients with varying balance abilities
employ distinct early postural adjustment strategies prior to stepping, as evidenced by differences in muscle activation timing, recruitment order, and muscle
activity amplitude. Patients at a high risk of falling exhibit prolonged duration of early postural adjustment and delayed initiation of gait, indicating earlier
activation of the tibialis anterior muscle and inhibition of gastrocnemius muscle activity. These delays in gait initiation and variations in muscle recruitment
strategies may contribute to unstable posture and an increased susceptibility to falls.

Key words: feedforward postural adjustments; early postural adjustments; stroke; gait initiation; fall
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Table 1 | Demographic data of patients in two groups

At ToEkA5ILH h7ElE: ! P1H
EWE (xts, %) 61.5046.61 67.25+6.88 0.218
1 (xts, cm) 167.87+6.53 168.25+9.44 0.876
S (xts, kg) 72.0046.52 69.58+10.14 0.599
BBS 141 (x4s) 52.25+1.91 35.88+5.14 0.000
IOTRESE / 1 i 1. (n) 5/3 5/3

BOALE (n) Ate, 4% 3%, 5H

FyE: BBS Jy Berg i K.
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Figure 1 | Schematic representation of the experimental scene and data
stage for analysis
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Figure 2 | The EMG activity of a subject within 1 second before gait
initiation in the non-fall group
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Figure 3 | The EMG activity of a subject within 1 second before gait
initiation in the fall group
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Table 2 | Muscle activation time during early postural adjustment stage in
stroke patients at different risks of falls

N ToEkAsILH 7 e PH

JiES =gl -362.60%33.50 -560.23+68.65 0.028°
JERZ LA Sk -475.75+41.80 -806.29+117.22 0.028°
JERZ P33k -572.05%37.59 -725.04+11.92 0.505
BEEAL -582.35476.92 -600.91492.14 0.442
AL -389.16433.37 -617.02497.64 0.007°
=S -432.78+49.42 -606.88+90.55 0.382

FE: °P<0.05, "P<0.01.

=3 | IRELAMBERASENESNEZERFESNER
Table 3 | Repeated-measures analysis of variance with multiple factors
for normalized electromyography integral values

WL eSS EAESES AP 2 * B AR 3R
FAH Pl F{f P FAH P1E
JiES= g 3.070  0.102 74266 <0.001° 2.536 0.104
HER LA Sk 1714 0212  3.601  0.044° 4.305 0.026°
MEILAMISL  6.163  0.026° 5.839  0.002° 11.379 <0.001°
B E AL 0.083 0.777 4629  0.028° 1372 0.270
AL 0.095 0763 3770  0.050  0.484 0.571
=S 0.000 0989 3230 0.067  1.015 0.363

FiE: °P<0.05, "P<0.01.

2= A AR FH o 6 HUULPAT A e DL P 0 Sk o)A o A L FL AR
SMETEA R R ERBU T W2 7 (P <0.05) RE T
FHERA LA M Sk < Rz AL PR 000 S 60 5 L JUL PR A o e UL R
TERTIAIA R BRI T W E 2R (P<0.01, P<0.05); 7F
AN [ 56 2L RAS [) B 5] B2 P 2 ] FHE iz LA MO Sk R e P UL P Al
KRR HEAC LA - E R I S I BAEH (P < 0.01, P<
0.05). R#LLELER, INFRESH 3 BUULA (R R HEM
LA Sk« HE R WL A Sk ) A v A UL R RR 23 AE AN [ ke
YR B (R B FRAFAE R E M E R (P < 0.01, P<0.05), K
FRER ¥ 3 HUVLA R A B LA AR A0 UL LR 434 7 B[] D] 35
BRI T REFEMEZESR (P<0.05). AT HANAN T E 2 H%Z
TR N EPA [ BOULFLYE BN BE A I TR AR A I RE R, dREEXT 16
24 52X TR UL AR 2B AR AN R B [R] B B A TR 36 21
NHIBSME S RAT R R T E 0T

AR AL VL EAR S (B AE I TR) 5 A AE N IR MR, ARSRILA
BOEIRAS N N AbRuE AL F AR 2B 7E 5 18] B PO AR f (B
i, AR IRAS S ] .

AL 2 H B 6 HUILAIE 4 AN A) B A bR AR AL UL L AR 43
ERERbRHERZE . B4R T 2 HEETE EPAINEL 4 A
T 1) A TS PR R JUL P A v e T R 2 26 P e 1) 51 36 AN 4
R o LR B 5 g SR . AL TS bl W8, T8 Bk fa) 20 A ik
fRIZH7E EPA B BEIR B AT WLER RIS T 2475 MBS 5 o5, kA1
YHTE EPA [ 4 AN R) B P4 IR 1T UL 9 20 ot P38 4 v - O A2
4, FEIEART > 300 & -150 ms [ 8 BB AT LI UL S
B T IR EIAL (P < 0.05); 1T BRI ) HERZ LA Sk A0
FHE P UL P A0S ZE 0 A5 R > —300 % -0 ms I ] B Y R B 1 30
AR R i, E TG BB 2E 1) R A U4 MO Sk AR P P UL P A Sk
TEIE A T > =300 22 -0 ms B [A] B P R I HH T %Ay FRIB0E 4 A
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R4 | TREEKEIRE ARG ZE B R HAZE TS (EPA) I ER R AR BRI
FROERRALEE R EXTEE (xts, n=8)
Table 4 | Comparison of normalized electromyography integral values
of lower limb muscles during early postural adjustment stage in stroke
patients at different risks of falls

WA [ NET] 1= S W P S REEE P1H
JEE AL T1 0.018+0.007 0.096+0.069 0.280
T2 0.085+0.049 0.167+0.052 0.267
T3 0.1910.073 0.435+0.062 0.023°
T4 0.649+0.051 0.660+0.062 0.890
MERAALAMISL T2 0.060£0.030 0.019+0.109 0.720
T2 0.125+0.063 0.115+0.093 0.931
T3 0.322+0.082 -0.053+0.115 0.019°
T4 0.054+0.093 -0.109+0.126 0.361
MERALAMSL T2 0.045+0.030 -0.003+0.090 0.620
T2 0.253+0.087 0.078+0.131 0.284
T3 0.565+0.118 -0.155+0.140 0.002°
T4 0.1890.121 -0.206+0.117 0.034°
R E AL T1 0.082+0.179 0.030+0.259 0.651
T2 -0.039+0.253 -0.041+0.374 0.987
T3 -0.151£0.332 -0.087+0.375 0.726
T4 0.196+0.533 0.0070.366 0.423
B AMmAL T1 -0.017+0.089 -0.036+0.141 0.991
T -0.18240.126 -0.205+0.181 0.919
T3 -0.188+0.182 -0.271+0.188 0.756
T4 -0.084+0.198 -0.234%0.202 0.604
i =Sk T1 0.010+0.071 0.044+0.065 0.729
T 0.025+0.066 0.105£0.091 0.489
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during four stages of early postural adjustments in stroke patients at
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