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[Abstract] Objective: To investigate the alterations in surface electromyogram (sEMG) of the tibialis anterior and gastrocnemius
muscles during straight - line walking in Parkinson’ s disease (PD) patients with freezing of gait (FOG) , and their correlations with
clinical features. Methods: Twelve PD patients with FOG, thirteen PD patients without FOG, and eleven healthy controls (HC)
underwent clinical assessments, gait kinematics acquisition, and sEMG evaluations during straight - line walking. The sEMG signal

characteristics of the severely affected tibialis anterior and medial head of the gastrocnemius muscles during different phases of the gait
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cycle were analyzed using thenormalized root mean square (RMS) and co-activation ratio. Additionally, the correlations between sEMG
alterations and clinical features were explored. Results: Compared to the HC and PD patients without FOG, PD patients with FOG
exhibited slower gait speed, shorter stride length, reduced swing phase, and increased gait variability (P < 0.05). During the single
support phase of the gait cycle, the normalized RMS of the tibialis anterior in FOG patients was significantly lower than that of the HC
(P < 0.05). In the pre-swing phase, the normalized RMS of the tibialis anterior in the PD patients with FOG was significantly reduced
compared to the PD patients without FOG (P < 0.01) , while the PD patients without FOG showed elevated normalized RMS of the
tibialis anterior compared to the HC (P < 0.01). For the gastrocnemius, the normalized RMS during the pre - swing phase was
significantly lower in the FOG patients compared to the patients without FOG and HC (P < 0.05). Moreover, the co-activation ratio of
the tibialis anterior and gastrocnemius during the swing phase was reduced in the FOG patients compared to the patients without FOG
(P <0.05). In the FOG patients, the normalized RMS of the gastrocnemius during the pre-swing phase was significantly correlated with
the severity of FOG (r=—0.758, P=0.007) , as well as the co-activation ratio during the swing phase and stride length variability (r=
0.716, P=0.013). Conclusion: The decreased sEMG activity of the tibialis anterior and gastrocnemius during the pre-swing phase,

along with a reduced co-activation ratio during the swing phase, are key features of FOG in PD during straight-line walking.
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Figure 1 The schematic diagram of a complete gait cycle



FA5 L1

© 32 - Moa BB K ¥ 202541 H
&1 AOFMIEAERZER
Table 1 The demographic and clinical data of the participates
Characterisitic HC(n=1D) nFOG(n=13) FOG(n=12) P

Male/Female (n/n) 5/6 5/8 9/3 0.159*
Age(years,x £s) 65.82 + 8.28 69.77 £ 5.88 70.50 £ 9.66 0.338"
Education(years, x + s) 8.55£5.85 9.62 +6.23 9.08 £5.32 0.901°
MMSE(x + 5) 28.18 +2.04 28.31 £2.21 2742 £2.75 0.591°
Disease duration(years,x = s) NA 527 +2.51 6.67 £2.57 0.182"
H&Y stage(x +s) NA 1.96 + 0.56 2.63 +0.53 0.009°
UPDRS-III (x + 5) NA 21.62 + 8.65 31.17+£5.72 0.004"
LEDD(mg/d, x + 5) NA 677.88 + 157.96 709.38 + 285.60 0.740"
TBGS(x £ 5) NA 24.85 +2.88 16.00 + 4.97 <0.001"
NFOGQ(x £s) NA NA 22.25 +3.41 NA

Gait speed(m/s,x £ s) 1.10 £ 0.10 1.00 £ 0.25 0.55 +£0.28 <0.001"
Gait speed CV(%,x = 5) 0.08 = 0.07 0.07 £0.03 0.15 +£0.08 0.008°
Stride length(cm, x £ 5) 122.02 + 8.38 108.37 £ 23.30 62.14 £27.19 <0.001"
Stride length CV (%, x £ ) 0.06 = 0.07 0.06 + 0.03 0.15+£0.08 0.001°
Cadence (step/min, x + s) 107.31 + 10.07 106.91 £ 7.57 105.59 +20.70 0.952"
Cadence CV(%,x £ s) 0.05 £0.02 0.05 +0.03 0.10 £ 0.05 0.003°
Swing phase(%,x + s) 41.51+1.82 40.55 +3.73 3557 £4.94 0.001"

HC: healthy controls; nFOG: without freezing of gait; FOG: freezing of gait; MMSE: mini-mental state examination; NA: not applicable; LEDD: le-

vodopa equivalent daily dose; H&Y stage: Hoehn& Yahr stage; UPDRS: unified Parkinson’s disease rating scale; TBGS: Tinetti balance and gait scale;

NFOGQ: new freezing of gait questionnaire; CV: coefficient of variation. a: Chi square test; b: One-way analysis of variance; ¢: Kruskal-Wallis test;

d: Two-sample t-test; e: Mann-Whitney test.
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A: Normalized RMS of the tibialis anterior muscle. B: Normalized RMS of the gastrocnemius. C: The co-activation ratio of the tibialis anterior and

gastrocnemius. D: Correlation analysis between the normalized RMS of gastrocnemius during the pre-swing phase and NFOGQ) in patients with FOG. E:

Correlation analysis between tibialis anterior-gastrocnemius co-activation ratio during the swing phase and stride length CV in FOG patients. "P < 0.05,

"P < 0.001, post-analyses were corrected by FDR. RMS: root mean square amplitude value. HC: healthy controls (n=11) ; nFOG: without freezing of gait

(n=13). FOG: freezing of gait(n=12). NFOGQ: new freezing of gait questionnaire. CV: coefficient of variation.
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Figure 2 The sEMG characteristics and their correlations of the three groups of subjects
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