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Development of an Anterior Foot Drop Ankle Foot Orthosis with
Adjustable Stiffness

LI Siyuan', GU Yanjie', WANG Chen*, CHEN Wenming'*, MA Xin'?**
(1. Academy for Engineering and Technology, Fudan University, Shanghai 200433, China; 2. Department of
Orthopedics, Huashan Hospital, Fudan University, Shanghai 200040, China)

Abstract; Objective For patients with foot drop gait, to design a kind of anterior ankle foot orthosis (AFO) with
adjustable stiffness, so as to restore natural gait of the ankle by limiting the patients’ unusual plantar flexion to the
optimum extent. Methods The minimum orthodontic moment of 10 foot drop male patients was measured by self-
made experimental equipment, which could be used to select optimum material modulus of the AFO. The
relationship between elastic modulus and different filling structures and filling ratio parameters was studied by
tensile test. A typical patient with foot drop was selected, and the anterior AFO fitting the shape of patient’ s foot
was quickly made by three-dimensional (3D) printing with foot geometric data and specific filling material, filling
structure and filling rate. The kinematics and surface electromyography (sEMG) of plantar flexors were tested
under barefoot and wearing two kinds of AFOs, so as to verify the effect of the AFO on plantar flexion. The
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effectiveness of the limitation and the degree of preservation of ankle valgus and plantar flexion were discussed.
Results The minimum corrective torque required for 10 male patients with foot drop was 2. 16 N-m. Compared
with the rigid AFO, the range of motion (ROM) of plantar flexion and valgus increased by 67.8% and 88. 6%
respectively with the flexible AFO. The activation of the muscles responsible for plantar flexion ( soleus, medial
head of gastrocnemius and lateral head of gastrocnemius) also decreased by 38.3%, 46.6% and 55.8%.
Conclusions This AFO with adjustable stiffness can be used for orthosis customization of patients with foot drop,

providing more effective and long-term orthosis function and potential.

Key words: foot drop; three-dimensional (3D ) printing; ankle foot orthosis ( AFO ); gait; surface

electromyography ( SEMG)

AT RN PR WA — R SR G, R
/IR UL PR 22 45 2R BN RE f R
I, RN R I M LA (N Sk
& RIS BB LSS, R AN DATRE
5P AT R R A2 B BRI X R S Bl i 6 T
M3 R R B ORI S JE B e
T EE 20 TE SRR OG5 T th g R 8/ 50% | [R]
I F 0 i 55 Jed ot g RS I 1A R A5 0G5 e
FIFESETIN 129 , 8 I O 19 AL/ sl e 5 4 ik 28, I T
AE ORI A

BREHTE %% (ankle foot orthosis, AFO) /E &
TEMERISIRT TR, RIS T
SRR IE . AFO ] DL BROC Y 7R 12 A 1 7 i 48
P ( F23h=X) s ™ Az BR ) (pesh=X) Zhfig, A
Bl AR E Y BT R, b5 B
T s M 1 A0 A ] 2 S B R ) 8 T R R OG 1
Ab AFO F=A= BRI 1 e BEL 38 o el 5 30 O
5B I RESZ R, A5 2 v B G Y B I A B R £ BE R
18 479% |, e 5 B K il A BE 23 080/ 14, 3% |, T
/I A BN 58. 19 O gt /b i B R BR OGS 7Y
JeE AR N ANEIANN S iE Y 5251 B 2 R BUP IR
5% , B 5CTT A BE T FE I/ 17% , 2k 8] KRS 38
23% EARE MW Wk, A T B 7R
3 AN TR L A% R 8 1 T B L R AR T
TR I G5 3 T LAE I IS B /b v B OC
T E B EERIBRE A, N TR R AR LR
T 7 S 20 T LY 2 K3 M A g e 7 0 4
FI AFO [y BE 2% JEALIA M s AR

A i S g B A, M 10 467 15 A LR TS )
ST B E BRI /N AR TS R OCT R
A0 S At R A BIR ] Y e/ AR B | I Dk Sy ik

i, BT A 4 AT B AFO, 1% AFO FEHT H#
Xof I SRR 1Y A0 250 2l 5 I BIR s 2 B B O 44
FRBROCT —E mE W LS MR NN G155 .
BRJE 0 1AL SRR R T S P AFO B 24
iz g 2 B JB WL AE 3R M AL H ( surface
electromyography, sEMG ) # 17 £ ¥ J7 %= 14 6
RAE

1 #R57E®

1.1 AFO i%it
L11 Z3HE8 AT FRERE AFO A2kt H
DA R T 2 R 5 R 25 B Je K &2 28 v ST A il
o e/ VBT IR 1R B R B , et IT il ROy R
FI b B [ LI 1 (a) ], 3R 5 T S A
FE 0 WK 2 S/ NFRIR 1 F RO 0 B S B
RATHYBERS [ W 1(b) ], HEFEEH 10 ], HA
Pt @ 4% 18~55 % WUAE R ;@ T #h 2
Pt/ WU A5 055 | RS 5 A LR C 0 S B0 T e 2P
;@ BRATAUILAZNT 3 2, @ w747 7E 100 m
Db, HEBRbRdE . © MO EEAR RS DI RE A 2
H;Q FEIHASHALEE .,

W A o K A R 0T A A5 SR (0 R
0. 1°) BEfEE B A AT, YL A SRl 7 i 1y B ey
FABEAVE RS AL T % A B AR R R B, AR R
AR BR OCTT RTINS 8 B ) £ 2 [
FE SRR N ARG, AR R B AR Ak
R HR FEE ML 20 cm, ic SR SC TG E /A
FEo DB 1 BAi 555 1 R8I B S py 5= AL B AR
WSEDAA R D)) ETAAR A I Tae e iRt 3 S S SR
HSE AT B S g (BROCT b A 25 1 Bh
H)[WE 1(e) ],



EREYANE $£37% F1H 2022528
68 Journal of Medical Biomechanics, Vol. 37 No.1, Feb. 2022

Co) Pk
1 BE&/NFERNENR

Fig.1 Test of the patient’ s minimum orthosis torque (a) Test

device, (b) Test data, (c) Test process
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Fig.2 Markers and the surface electromyography test under
different gaits (a) Bare foot, (b) Wearing orthosis
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