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Exploration of the Musculature Imbalance in Lumbar Disc
Herniation Patients by Gait Simulation
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Abstract: Objective To analyze the changes of muscle force of waist and lower limb of lumbar disc herniation
(LDH) patients under the mode of abnormal gait by using the gait simulation technique, and to explore the
characteristics of the musculature imbalance in LDH patients. Methods The study was carried out in 20 LDH
patients (served as LDH group) admitted in the Tuina Department of Yueyang Hospital of Integrated Traditional
Chinese and Western Medicine, which is affiliated to Shanghai University of Traditional Chinese Medicine, from
August 2015 to October 2016, and 5 healthy volunteers taking the health examination in the same period served as
the normal group. We collected the gait analysis data of the normal subjects and LDH patients, and obtained their
ground reaction forces and parameters of body movement in drive AnyBody musuloskeletal model. By inverse
kinetic analysis, the muscle force of the loin, pelvis, and lower limbs was calculated. After comparing the peak
muscle force value of bilateral body sides of the LDH patients, we explored the regular patterns of muscle
dysfunction of LDH patients. Results In the LDH group, the peak muscle force of the superficial back muscle
chains and tibialis posterior of the affected side showed a decreasing trend, while the peak muscle force of the
lateral muscle chains and most of the superficial front muscle chains of the affected side showed an increasing trend
in comparison with those of the healthy side. Conclusion In LDH patients, the musculature imbalance exists in the
bilateral sides of the patients, and is characterized by the decreased muscle force of the superficial back muscle
chains and tibialis posterior of affected side, and by the increased muscle force of the lateral muscle chains and the

superficial front muscle chains of the affected side.

Keywords: lumbar disc herniation; musculature imbalance; gait; gait simulation
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Table 1 Comparison of the peak muscle force of the bilateral superficial back muscle chains

in the normal group and LDH group [M(P2s, Pss), N-kg']

1EE41(541)) LDH 41 (20 i) Kruskal Wallis

WAL
ZMi(L) Fifl(R) g (H) SBACS) ZH P
SM 5.50(3.70, 11.11) 3.63(2.66, 9.96)% 4.32(1.06, 9.35) 3.21(1.19, 6.67) 2935  0.402
SL 7.53(6.71, 10.77) 4.63(4.13, 9.74)" 5.72(3.66, 10.10) 4.31(3.16, 6.68) 3910 0271
GAL 9.11(8.54, 10.91) 8.95(7.56, 10.64) 7.84(6.91, 10.17) 6.71(5.13, 8.91) 6.076  0.108
GAM 25.25(20.58, 27.76) 22.24(20.44, 26.16)  21.27(17.49, 26.87) 18.90(15.54, 25.39)®  3.582 0.310
SeT 4.29(3.56, 5.66) 4.49(4.17, 5.08) 4.58(3.57, 7.27) 4.04(2.36, 6.36) 0.796  0.851
SeM 6.00(3.79, 6.36) 4.56(4.51, 5.55) 4.87(3.84, 7.17) 4.66(2.53, 6.24)% 2,013  0.570
BFL 4.91(3.43, 532) 3.48(2.76, 5.11) 3.94(3.05, 5.59) 3.19(2.32, 5.55) 0.572  0.903
BFB 0.25(0.16, 0.26) 0.21(0.15, 0.24) 0.20(0.17, 0.24) 0.19(0.12, 0.24)% 1.697 0.637

DP<0.05, @QP<0.01, SEFMHALEMELE; @P<0.05, 5 LDHZLEM L
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Figure 1 Comparison of the peak muscle force of the
bilateral superficial back muscle chains in the normal
group and LDH group
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Figure 2 Comparison of the peak muscle force of the
bilateral lateral muscle chains in the normal group
and LDH group
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Table 2 Comparison of the peak muscle force of the bilateral lateral muscle chains

in the normal group and LDH group

[M(st, P75), N'kg’]]

WEL LA WEFA (S5 H)) LDH 4H (2041 Kruskal Wallis

ZEMI(L) Aifi(R) g (H) BA(S) VAL P{E
PeB 0.26(0.14, 1.62) 0.42(0.30, 1.19) 0.45(0.05, 1.00) 0.64(0.19, 0.91) 5.157  0.161
Pel. 0.39(0.23, 2.32) 0.62(0.45, 1.69) 0.71(0.30, 1.41) 0.96(0.41, 1.31) 5353  0.148
GMi 2.38(1.95, 2.67) 2.39(2.05, 2.39) 2.03(1.28, 2.86) 1.88(1.39, 2.63) 3.622  0.305
GMe 1.57(1.26, 1.86) 1.63(1.25, 1.86) 1.52(1.21, 2.07) 1.60(1.46, 2.02) 6.598  0.086
GMa 0.53(0.48, 0.54) 0.60(0.39, 0.63) 0.43(0.33, 0.60) 0.41(0.34, 0.54) 5.843  0.119
TF 0.47(0.33, 0.58) 0.37(0.31, 0.40) 0.39(0.27, 0.94) 0.54(0.41, 0.66) 4515 0211
Pir 0.93(0.84, 0.95) 0.90(0.80, 0.96) 0.86(0.70, 1.21) 0.77(0.50, 1.11) 1.220  0.748
QL 0.34(0.33, 0.52) 0.40(0.30, 0.60) 0.25(0.22, 0.31)"  0.27(0.23, 0.32)" 13.702  0.003
OEA 0.65(0.62, 0.90) 0.88(0.71, 0.91) 0.57(0.43, 0.79) 0.55(0.45, 0.74) 6.093  0.107
OIA 0.65(0.58, 1.04) 0.62(0.57, 0.64) 0.38(0.31, 0.64) 0.44(0.29, 0.71) 5261  0.154

DOP<0.05, HIEHAIAM i

#3 ERASEHEEERYE(LDH)ARmMETRENBEAL A IIEE LR
Table 3 Comparison of the peak muscle force of the bilateral superficial front muscle chains
in the normal group and LDH group

[M(st, P75), N'kg"]

o WEH A (54)) LDH 2H (20 f51] ) Kruskal Wallis
SLEL LA
ZeM (L) FM(R) {8 (H) B(S) VAL PiE
TA 1.36(1.32, 1.81) 1.58(0.88, 1.94) 1.34(0.99, 2.52)  1.52(0.70, 2.69) 2.934 0.402
Val 0.22(0.22, 0.55) 0.25(0.20, 0.61) 1.33(0.24, 2.26)  1.34(042, 2.19) 10913 0.012
VaM 0.05(0.05, 0.14) 0.13(0.06, 0.24) 0.34(0.07, 0.57)  0.34(0.11, 0.54)" 9.938 0.019
Val 0.02(0.02, 0.06) 0.05(0.03, 0.20) 0.13(0.02, 0.23)  0.14(0.05, 0.22) 7.780 0.051
RF 1.25(1.15, 1.27) 1.15(1.09, 1.41) 1.67(1.06, 2.49)  1.79(1.37, 2.40)"  11.244 0.010

DP<0.05, HIEFHAMLE



2021 4F55 38 4

660 TR R 2
3
7 Nor-L ®
L Nor-R
B .DH-H

LDH-S

WL F10E(E (N -kg™)

TA ) Val, A aM Va] RF
Nor: 1EH#4l; LDH: MEMER B IES; L 005
R: A H: @00 S: @M TA: RAjl; Val: BHb
ML; VaM BEN ML ; Val: BehmIL; RF: AL,
DP<0.05, EH45 LDHAZ A FEA i
B3 IEEH5REMEE &R HE (LDH) Hm M a7k s 8

BLA HIE(E LB
Figure 3 Comparison of the peak muscle force of the
bilateral superficial front muscle chains in the normal
group and LDH group
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Table 4 Comparison of the peak muscle force of the bilateral deep front muscle chains

in the normal group and LDH group

[M(st, P75)s N'kg’]]

TELA IER AL B LDH 21 (20 f4]) Kruskal Wallis

ZEMI(L) A(R) g (H) EMCS) VAL P
TP 1.61(1.1, 2.15) 1.23(1.11, 1.27) 1.31(0.92, 1.93) 1.03(0.72, 1.66)" 2.953 0.399
ILL 0.60(0.51, 0.77)  0.60(0.53, 0.66) 0.56(0.34, 0.88) 0.51(0.34, 0.83) 1.720 0.633
AdL 0.37(0.32, 0.46)  0.34(0.33, 0.51) 0.32(0.21, 0.58) 0.31(0.20, 0.49) 2.057 0.561
AdM 1.00(0.80, 1.22) 1.04(0.66, 1.04) 0.62(0.46, 0.93) 0.67(0.37, 1.03) 4.965 0.174
AdB 0.21(0.17, 0.27) 0.19(0.17, 0.40) 0.20(0.11, 0.29) 0.19(0.10, 0.28) 1.681 0.641
ObE 0.51(0.46, 0.62)  0.50(0.49, 0.73) 0.56(0.47, 1.01) 0.44(0.35, 0.66) 1.683 0.641
Obl 0.60(0.51, 0.61)  0.66(0.59, 0.77) 0.54(0.40, 0.90) 0.46(0.28, 0.79) 3.947 0.267
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