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Abstract: Objective To better evaluate the ergonomics of an ankle-foot orthosis ( AFO), this study proposed a
method for evaluating the impact of AFO stiffness on gait biomechanics based on human-machine coupling
model. Methods Firstly, mechanical properties for two kinds of AFO were evaluated, and AFO stiffnesses were
quantified. Next, kinetics and kinematics parameters from lower limb joints of 30 subjects were collected during
normal walking and walking with two kinds of AFO stiffness. Finally, the impact of AFO stiffness on joint angle,
joint torque, and muscle force of lower limbs during walking were quantitatively analyzed by simulation. Results

Under the circumstance of two different AFO stiffness, the peak ankle dorsiflexion angle, peak knee flexion
angle, and hip extension angle significantly increased (P<0.05). The peak muscle force of soleus and
gastrocnemius also showed an increasing trend. The peak ankle plantarflexion angle, hip flexion angle and peak
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moment of hip flexion obviously decreased (P<0.05). Conclusions

The AFO human-machine coupling

simulation method can effectively realize the quantitative evaluation of the AFO stiffness effect on gait

biomechanics. It can also be applied to assess and optimize the ergonomics of other assistive devices. These

results provide theoretical guidance for the selection, adaptation, and optimization design of AFO.

Key words: human-machine coupling; ankle-foot orthosis (AFO) ; stiffness; gait biomechanics
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Fig.1 Human-machine coupled musculoskeletal model
(a) Human-machine coupling lower limb model,

(b) AFO model, (c¢) Definition location of AFO



EREMANE 378 $£5H 2025104
828 Journal of Medical Biomechanics, Vol. 37 No.5, Oct. 2022

1.2 AFO RIEM=EL

AU F 0K B 28 ) 22 07 4 & AT
LS B i SR R O T AL | A R S R I R ) SR R
BT AFO IR [ WA 2(a) ], i
HUHApI R 5 B9 IE % ( AFO1  AFO2) #E17 Wi BE
W, PR AFO 19674 B340 R 9 4 , (2 14k
WMSEA 225 [ WK 2(b) ], 7EML, B ek
BB 35 K 22 B0 7 rh 803 B OG0 Bl Y R B
FEL, BB B 0G4S 15 10° 386 8 10° 2 /s il
KA AT RENLEAE & 58 BURRE A B G817 IR B
SRR T AT HU VI il S
100 AN A FLE A BE R DD D4 R
JE 4 AFO 52 UL I 555, 2R H Origin 2018
H FRIA 35 B G T Ah A HH R 5 A R R 2 )
Il il 28, 115575 21 il 28 E U] 26 R 3 00 S BIE AR N
AFO WIEE[ WLIE 2(c) ]o 3155 AFO1 (AFO2 W& 53
SR (1.16+0.94) (2.01x1.13) N-m/° ¥ PiFhsz
W AFO H9-F- YW BE T AMLS S5 E

B
; 1 : AFOI AFO2
(a) AFO 5Pl B (b) AFOSZH
£30r

Z
wgist
=

30L
(c) AFOR 8] i £%

2 AFO RIEE

Fig. 2 Quantification of AFO stiffness (a) Mechanical evaluation

device of AFO, (b) AFO pictures, (c) Hysteresis curve of
AFO
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Fig.3 Flow chart of AFO human-machine coupled simulation
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Fig. 4 Curves of angle and moment in limb joints under
different AFO stiffness during stance phase of gait

(a) Peak joint angle, (b) Peak joint moment
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Fig.5 Effects of AFO stiffness on muscle force of the ankle
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