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Research on foot and ankle deformity correction schemes with
external fixator based on neural network

Ge Yunfei',Zhang Qing',Xu Liwei',Shen Yidong”,Sun Yuantao'

(1. School of Mechanical Engineering, Tongji University ,Shanghai 201804, China; 2. Department of
Orthopaedics, The First people's Hospital of Yancheng ,Yancheng 224006, China)

Abstract: Aiming at the design of the adjustment scheme for the hexapod external fixator and the optimization of the position and posture
changing trajectory of the fixator during the deformity correction of the foot and ankle, a method of adjustment scheme for the external
fixator based on the neural network is proposed. Firstly, the kinematics of the hexapod external fixator is analyzed with the neural
network. Secondly, different deformity correction modes including ankle mode, miter mode, butt mode and parallel mode, are
discussed. Finally, a computer-aided adjustment scheme of the hexapod external fixator is proposed and the adjustment sequence of
telescopic screws is discussed in the calculation. Experimental results show that the adjustment scheme which designed based on the
proposed method could effectively guide the correction of different types of foot and ankle deformities. They could achieve ideal remained
deformity and the average residual displacement deformity is less than 1 mm and the average residual angular deformity is less than 1°.
Meanwhile, with this adjustment scheme, the position and posture changing trajectory of the hexapod external fixator could be closer to
the ideal linear trajectory, and the offset of optimized position changing trajectory and optimized posture trajectory changing are reduced
by 31% and 19% respectively, which effectively alleviate the pain of patients and improved the experience of deformity correction.

Keywords :foot and ankle deformity; hexapod external fixator; correction scheme; neural network
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Fig. 1 Different kinds of circular external fixators
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Fig.3 The process of deformity correction with

six-axis external fixator
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Fig. 4 Position (posture) changing trajectories of sub-points
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Fig.5 Neural network architecture for kinematic analysis
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R3 EATEROIPEENRESH

Table 3 Deformity parameters of one case

W5 or fit% WA
1Ef 0 ShEH 2°
mfis HO 2 mm J i 7°
Liilfina K14 8 mm 0°

F4 REFRODFERSERERNRESH

Table 4 Mounting parameters of one case

M7 A his A
1EfE SMl 18 mm 0°
g JE M 24 mm Wi 30
LiiiTDA VT3 99 mm P 5°

x5 ABMATIRFHAEIEERAEARTE
Table 5 Deformity correction scheme including

struts adjustments sequences

M5 M1 2 M3 4 S M6 BBAINE

1 183 193 166 151 141 196 456312

2 183 193 167 153 143 197 456312

10 185 194 172 168 160 208 456312

(a) Al JE L (b) Uiz

(a) Posteroanterior (b) Lateral

F 11 HFRIZ2E LR X A

Fig. 11 X-ray images for deformity diagnosis
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(a) The changing trajectory of position
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(b) The changing trajectory of posture
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Fig. 12 The changing trajectory of position and posture

about corresponding ring
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Fig. 13 The changing trajectory of position and posture

about sub-points

3 #HR5i1Tie

AR 25 2H N 3 B R R P AU AL BRI | 7 X5 75 il A
I 5 i )R TR A7 A A2 I, AT AR T3 S ML A I A
PRI EETT 5 . e AR SE e R 6w, % F IR 1R T H
PRI RIS, I AT SRAS UNEE 2 B/ (1 BAR AR AR W B 22
SRR WL N T 1 mm BV 35 A B AR B /)
T1e . BUE T AR SCA SR IE A I B 07 98 00 0 B R T
ML 25 S T VR D B ) S 1, AT TR IR IR AN
RIS BRI AT A0 6 E 1) S 36 v, i 24 8



198 it & M & ¥

#H LR

FEVRAT I 27700 A0 S 25 A5 B X6 B R A7 SRR A 3 | 22
AL GEMEATR I T 7 A 1 285 2R o 3 3 R AR G
PRGBS0 D A% o R 222 03 A A% 2 s b T
31% 1 19% , AT AT LAAG 35015 2% fifk R85 0 9 IO el 38
TBITIRE

4 & i

BEXTR TR BRI T A5 IR IR 7 1975 Bl A [ 2% 32
T TR 2 R 2 AL B R R 7 58 0 B K 7
¥, [R) 2% R8T i AT 80 5 DU o 5 8 i o 1 0 8 2
AR RFEMR o AR SRS E 48 A T2 Bl A Y
el b, e T LR B AR e IR AL A X
iz R IBCAA RUARL R LR IR RS A5 7 P A [] ) A R
TR IR et I PR 5 M AT 5 S 5, S0 1A
KRISHRHAME E #8887 S0 23 B A 5 2 9 5 B
TEH] T HASCRT LAPRTEAS 7] 25 531 W 1B 95 95 1) 655 1E 8058
i v LG AR o ) 50 2 AR A U | 9E T 22 i 18 387 7
TE 2o A v B AN SO R A YT IR
A AT I VLA BT A — AR EREfE
PZE RS0 HHE (R 5 . [ 2021 ]-(K-54))
(1] M. Tisarov A7 T I 01 10 5k A1 B BF
FELD]. R REFEERIRE, 2009.
SHU H SH. Basical and clinical resraech of Ilizarov
method on the lower limb trauma [ D ]. Tianjin; Tianjin
Medical University, 2009.
W, Tk, RAE, A B I ANREOR S5 5
“UTBEEEIRITRMGE SN BERIE 1], B
2021, 12(3) :200-205.
YANG J, WANG Q, ZHU W, et al.

(2]

Correction of
posttraumatic talipes equinovarus deformity with Taylor
spatial frame and scythe-shaped osteotomy [ J ].
Department of Orthopaedics, 2021, 12(3) :200-205.
PEFFHL, ZI, R ZE, 4F. Nizarov BRI B4 m)
BRI TR IR 2 (1], P B AR R A,
2017, 25(4) :303-307.

HUA Q K, QIN S H, ZHAO L J, et al. Transverse tibial

(3]

bone transport by llizarov technique for treatment of
diabetic foot [ J ]. Orthopedic Journal of China, 2017,
25(4) :303-307.

FLL, Wi, WIS, 5. lizarov FREE G M
VIEEE RIS B ()], TPREBE R
SMEHEE, 2015, 29(12) 1 1474-1477.

[4]

(5]

L6]

(7]

[8]

(9]

[10]

[11]

(12]

DONG CH H, JIANG SH H, XU M L, et al. Ilizarov
technology combined with tarsal V-Shape osteotomy for
treatment of traumatic clubfoot [ J]. Chinese Journal of
Reparative and Reconstructive Surgery, 2015, 29(12):
1474-14717.

ZW, W&, EE, F OARKEIETFARSE
Hizarov F ARG DAESE RE SN B2 )],
BEEBEIIIE, 2012, 26(1) :31-35.

QINSH, GUOBF, RENL X, et al. Limited operations
and Ilizarov technique for correction of congenital clubfoot
in adolescents [ ] ]. Chinese Journal of Reparative and
Reconstructive Surgery, 2012, 26(1) :31-35.

TR, AR, FWA. Tizarov T AT B 5
BEABERIE )], P EBE TSR A, 2018,
32(2):178-181.

ZHANG Z Y, ZANG J CH, QIN S H. Effectiveness of
Tlizarov technique in treatment of clubfoot after burns[J].
Chinese Journal of Reparative and Reconstructive Surgery,
2018, 32(2):178-181.

XNZLNGE, A AAE , HEDCAR. 28 8l S 2805 1E B G 3 J FRl
W], HEFIESRRE, 2018, 26(7) :663-666.
LIU H SH, ZHOU X Z, KANG Q L. Taylor spatial frame
using for deformity correction around ankle [ J ].
Orthopedic Journal of China, 2018, 26(7) :663-666.
DORON K, MARK E. Clinical utility of the Taylor
spatial frame for limb deformities [ J ]. Orthopedic
Research and Reviews, 2017, 9. 51-61.

BASHA K, ALAWADHI A, ALYAMMAHI M, et al.
Comparison of three circular frames in lower limb
deformity correction: A biomechanical study [ J J.
Cureus, 2022, 14(5): 25271.

EUGEN R, ROBERT R, GOSHEGER G, et al.
Deformity correction and extremity lengthening in the
lower leg: Comparison of clinical outcomes with two
external surgical procedures [ J]. SpringerPlus, 2016,
5(1): 2003.

DABASH S, POTTER E, CATLETT G, et al. Taylor
spatial frame in treatment of equinus deformity [ J].
Strategies in Trauma and Limb Reconstruction, 2020,
15(1) :28-33.

WROTSLAVSKY P, KRIGER S J, HAMMER-NAHMAN
S M, et al

Computer-assisted gradual correction of



%1

AL AR LT 2L I SR BRAMEE BT I SR s 199

[13]

[14]

[15]

[16]

[17]

(18]

[19]

charcot foot deformities: An in-depth evaluation of stage
one of a planned two-stage approach to charcot
reconstruction [ J ]. The Journal of Foot and Ankle
Surgery, 2020, 59(4) ; 841-848.

LIU Y, YUSHAN M, LIU Z, et al. Application of
elliptic registration and three-dimensional reconstruction
in the postoperative measurement of Taylor spatial frame
parameters[ J]. Injury, 2020, 51(12): 2975-80.
NG, BRI, BRESC, AF. ST ORI R A E
AL TITIRA [T ], AR 2= 4, 2018, 39(10) :
232-240.

SUN H, ZHANG X SH, CHEN J W, et al. Optimization
of electronic prescription for parallel external fixator based
on ant colony algorithm[ J]. Chinese Journal of Scientific
Instrument, 2018, 39(10) :232-240.

KILTE, HEE, ZEiin]. THEHLA B ERIE S [ E R A
ARBRANB R R I RS ()], A E 5 O AR A%
AR, 2021, 14(6) : 572-576.

GUAN SH SH, DU H, QIN S H. Application and
development of Ilizarov technique in foot and ankle
surgery[ J]. Chinese Journal of Bone and Joint Surgery,
2021, 14(6) : 572-576.

BEAE, KA, ML 2B ER T RS A
I# 5 SZ ZRPR B T ST ROT IR TS [T ] MU T,
2021, 38(5): 10-18.

GE Y F, ZHANG Q, SUN Y T. Research on the method
of calculating the adjustment schedule of hexapod external
frames under multiple deformity-correction modes [ J ].
Journal of Machine Design, 2021, 38(5): 10-18.
SHABANA A A. Dynamics of multibody systems[ M].
Berlin: Springer-Verlag, 2005.

M e, 75 Al IR IBRALAL B 05 B S5 851k [ D]
IR MR Tl K2, 2013,

QU ZH L. Simulation and optimization of 6-dof stewart
parallel manipulator[ D]. Heilongjiang: Harbin Institute
of Technology ,2013.

T, T4, FEDCAR. Taylor 25 ] 32 42 (I R 1 FH
B [T]. B E SR 28R, 2014, 22(19):
1773-17717.

WANG Y ZH, XU J, KANG Q L. Clinical application
progress of Taylor spatial frame[J]. Orthopedic Journal
of China, 2014, 22(19) :1773-1777.

[20]

(21]

(22]

(23]

[24]

[25]

[26]

WL, ZEA, 2, %, B HME BP &M
3-PPR IJFIRHLM A IE MRS ()], TP i i 5
45, 2015, 21(7) : 1804-1809.

XIEZH J, LI X J, LI CH, et al. Forward kinematics of
3-PPR Parallel mechanism based

on displacement

Computer

21 (7):

compensation of BP neural network [ J].
Integrated Manufacturing Systems, 2015,
1804-1809.

TOQUICA J S, OLIVEIRA P S, SOUZA W, et al. An
analytical and a deep learning model for solving the
inverse kinematic problem of an industrial parallel
robot[ J]. Computers & Industrial Engineering, 2020
106682.

T, rek, sk, & OBET LM BERMIER
Stewart ~F- 3 L L IEARAOPIEAME [T ], AR 4
(T20R), 2017, 47(1) : 97-104.
WANG Q M, SU J, ZHANG L, et al. Forward
kinematics of orthogonal Stewart platform based on L-M
algorithm[ J 1. Journal of Jilin University ( Engineering
and Technology Edition) , 2017, 47(1) : 97-104.
MATE, Ak, FiB. BT BP & W4 1Y 3-
UPS-RCR JFERHLA AL B IE MR (1], AL T 5 05T,
2020, 36(3): 30-34,49.

LIN J K, SHI G L, TANG SH. Forward kinematics
solution analysis of 3-UPS-RCR parallel mechanism based
on improved BP neural network[ J]. Machine Design and
Research, 2020, 36(3) : 30-34,49.

WEI M, CHEN J, GUO Y, et al. The computer-aided
parallel external fixator for complex lower limb deformity
correction[ J]. International Journal of Computer Assisted
Radiology and Surgery, 2017, 12(12) : 2107-2117.
PALEY D, HERZENBERG J E, TETSWORTH K, et al.
Deformity planning for frontal and sagittal plane corrective
osteotomies[ J ]. Orthopedic Clinics of North America,
1994, 25(3) . 425-465.

YUNFEI G, QING Z, YUANTAO S, et al. Optimization
of deformity correction modes and their control methods
for hexapod robot based external fixator[ C]. Capetown:
2021 IEEE 12th International Conference on Mechanical
and Intelligent Manufacturing Technologies ( [CMIMT) ,
2021 270-276.



200 & L £ ¥ W

a4t

EEE N

BH%E 2017 4F T 22 M B R AR
e, B R R M s A,
FEOT 10 AR BESME E BT R GE JFERALAR A
DA R R AR B

E-mail; yunfei_ge@ tongji. edu. c¢n

Ge Yunfei received his B. Sc. degree from Lanzhou University
of technology in 2017. He is currently a Ph.D. candidate at
Tongji University. His main research interests include intelligent
system of external fixators, parallel manipulator and medical
image processing.

K, 1989 4 Tl i TR (S il
SGEBHE R ) PRAF2E 2R AL, 43 B TE 1990
AR 1999 AF TR TR 2% BRATA5 1 A
2B AL B RS R E LS RE TR T AR 27 B
Pz, EEWTT 0 B R BT S R e
A S 7 2 IR R GE0E 42 55
E-mail; zhqing_tj@ 126. com

Zhang Qing received his B. Sc. degree, M. Sc. degree and
Ph. D. degree all from Wuhan University of Technology in 1989,

1990, and 1999, respectively. He is currently a professor in the
College of Mechanical Engineering at Tongji University. His main
research interests include intelligent rehabilitation and deformity

correction medical system and intelligent optimization design.
PRSR GEEAEH) 2010 4 FRI AR
BlRAR AR 2R 200, 2019 4FF K EE ALK
é SEARPH 2 0, BN TT R4S SR 3TT 26—
‘ /. B BB 1A B, B 9807 0
Tizarov £ZAR 42 ) 23 (8] SCALEAR R i

-~ g—
N

BriESEE,
E-mail; easternshen@ 163. com

Shen Yidong ( Corresponding author) received his B. Sec.
degree from Nanjing Medical University in 2010, and received his
M. Sc. degree from Tianjin Medical University in 2019. He is
currently the attending physician of the Department of Orthopedics
of the First People’ s Hospital of Yancheng City, Jiangsu
Province. His main research interests include Ilizarov

technology, Taylor spatial frame technology and correction and

reconstruction of limb deformity.



