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Abstract

BACKGROUND: The plantarflexor weakness is a common muscle defect in patients with spastic cerebral palsy and Charcot-Marie-Tooth, which clinically
manifests abnormal gaits, and the relationship between plantarflexor weakness and abnormal gaits is unclear.

OBJECTIVE: To explore the biomechanical behavior of the lower limb under the action of a single factor of plantarflexor weakness to reveal the mechanism of
abnormal gait induced by plantarflexor weakness and to provide guidance for the rehabilitation training of patients with plantarflexor weakness.
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METHODS: A predictive framework of musculoskeletal multibody dynamics in the sagittal plane was established based on OpenSim Moco to predict lower limb
joint angles and muscle activation changes during walking in normal subjects. The validity of the framework was verified by combining the inverse kinematics
and electromyogram activation time of the experimental data. Reduced isometric muscle forces were used to model plantarflexor weakness and to compare
predicted lower extremity joint angles, joint moments, and muscle energy expenditure with normal subjects to analyze the effects of plantarflexor weakness on

lower extremity biomechanics.

RESULTS AND CONCLUSION: (1) The Moco-based prediction framework realistically predicted the biomechanical changes of the lower limbs during walking
in normal subjects (joint angles: normalized correlation coefficient > 0.73, root mean square error < 7.10°). (2) The musculoskeletal model used a small
stride support phase to increase the “heel-walking” gait during plantarflexor weakness. When the plantarflexor weakness reached 80%, the muscle energy
expenditure was 5.691 4 J/kg/m, and the maximum activation levels of the gastrocnemius and soleus muscles were 0.72 and 0.53, which might cause the
plantarflexor weakness patients to be more prone to fatigue when walking. (3) Muscle energy expenditure was significantly higher when the weakness of
plantarflexors exceeded 40%, and the joint angles and moments of the lower limbs deteriorated significantly when the weakness of plantarflexors exceeded
60%, suggesting that there may be a “threshold” for the effect of plantarflexor weakness on gait, which may correspond to the point at which health care

professionals should intervene in the clinical setting.
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Table 1 | Information on 16 normally developing adolescent subjects

ZRHE FE (L) B (em) R (ke)  RBUEIREL (ke/m?)
T 14 155.3 87.8 36.4
T 10 151.8 54.2 235
3 7 120.0 22.8 15.8
T4 13 145.3 45.1 213
5 8 117.8 214 15.4
6 10 132.0 33.7 19.3
7 9 1288 25.8 155
8 14 164.0 53.0 19.7
9 10 1387 30.2 15.6
T10 13 146.7 63.3 29.4
Ti1 8 126.9 29.6 183
T12 7 120.1 26.5 183
T13 11 135.4 39.5 215
T14 11 159.5 56.1 22.0
T15 13 150.5 35.8 18.8
T16 13 148.0 34.0 155
14 7k
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Table 2 | Main parameters of lower limb muscles

NS B TRALSIHL @"(%)  OpenSim ZiJU 15(m)  4iTiUS Fo (N)
JIEZNIIN 8.98 0.106 2790.85

M Sk WUk Sk 1.40 0.102 452.16
LN 11.93 0.141 2787.32
BRI 6.28 0.096 2155.03

& B 3.79 0.085 1468.88
WL 21.56 0.083 8557.30
TRz 5.73 0.062 3044.59

t H i 6.21 0.052 3934.18
&L 3.35 0.078 1414.87
1.4.3 BRJENE R WA [FRL B v LG 216 T

e B A B HN B LA, IS e B e L K 2 R LA
71 FY [ 20%, 40%, 60%, 80% AT i LTC f7 ki o,
WLATE i bt H LR EERZ AL Fy . sk 3 Fiose

=3 | R HEREN R XFENR S
Table 3 | Maximum isometric muscle force of the plantarflexor weakness
model

Fo Tk 1k (%) L H AL THERAIL £
0 393418 3044.59
20 3147.34 2435.67
40 236051 1826.75
60 1573.67 1217.84
80 786.84 608.92
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Figure 1 | Flow chart of the optimal control problem in OpenSim Moco
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q,(t) < q(t) < qu(t) (5)
u(t) < ult) < uy(t) (6)
0.001<a(f) <1 (7)
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a(t)=al(t,) (12)
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Table 4 | Joint angle limits of the musculoskeletal model

W [ () I (+)] (-20°, 45°)
TS LA () i (+)] (0°, 75°)
BRICTT [ B () ) (+)] (-15°, 25°)
JEEREDRTS [ (-)/ 1 (+)] (-5°, 5°)

B - AT () 5 (+)] (-10°, 10°)
B~ IR (x J7 1) (0om, 2m)
B - HUH (y 7 ) (0.75m, 1.25m)
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Figure 2 | Normal gait prediction
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Figure 3 | Normal gait and plantarflexor weakness gait
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Table 5 | Spatio-temporal parameters of gait in normal subject and
patients with different degrees of plantarflexor weakness

RS Ew%Z gl
e
P PIgs 20% YIS 40% FY LSS 60% FY LSS 80%
BASTE (s) 1.03 094 0.77 0.68 0.58
I (22 )(m) 1.28  1.15 0.96 0.84 0.72
SCHEAR S EG (A2 )(%) 65.14  65.70 67.39 68.30 66.34
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Figure 4 | Changes in kinematics and kinetics of the lower extremity in
plantarflexor weakness
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