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Biomechanical characteristics of distal tibial articular surface defect of the ankle
joint: three-dimensional finite element analysis

Song Zuo-cheng', Yan Xiao-long? ("Nanshan Branch, Qilu Hospital, Shandong University, Longkou
265718, Shandong Province, China; *Department of Orthopedics, Affiliated Hospital, Shandong University
of Traditional Chinese Medicine, Jinan 250014, Shandong Province, China)

Abstract

BACKGROUND: Studies found that three-dimensional finite element analysis can be used in the study of
ankle biomechanics, but research on distal tibial articular surface defect was few.

OBJECTIVE: To analyze the biomechanics of distal tibial articular surface defect with three-dimensional
finite element, and provide the basis for mechanism of ankle injury related diseases.

METHODS: We established ankle three-dimensional finite element model, and set different diameters of
distal tibial articular surface defect, observed the peak stress of distal tibial articular surface at load of 1
400 N and the flexor of 14°, at load of 700 N and neutral position, at load 2 100 N and dorsiflexion of 10°,
and contact area of tibial astragaloid joint surface at different postures and different defect diameters.
RESULTS AND CONCLUSION: (1) At load of 1 400 N and plantar flexion of 14°, the distal tibial articular
surface front quadrant stress peak was smallest when the distal tibial articular surface defect diameter was
8 mm, and was maximum when defect diameter was 16 mm; the distal tibial articular surface front inner
quadrant stress peak was smallest when the distal tibial articular surface defect diameter was 12 mm, and
maximum when defect diameter was 16 mm; the distal tibial articular surface posterior quadrant stress
peak was smallest when defect diameter was 12 mm, distal tibial articular surface posterior inner quadrant
stress peak was smallest when defect diameter was 0 mm; the distal tibial exterior stress peak was
maximum when defect diameter was 16 mm. (2) At load of 700 N and neutral position, exterior front
quadrant, front inner quadrant, posterior quadrant and posterior inner quadrant stress peaks increased
with the distal tibial articular surface defect increases; the distal tibial articular surface defect stress peak
was maximum when defect diameter was 16 mm. (3) At load of 2 100 N and dorsiflexion of 10°, the distal
tibial articular surface stress peak was maximum when defect diameter was 16 mm. (4) Results showed
that distal tibial articular surface defect diameter was not exceeding 12 mm, and has little effect on the
function of the ankle joint; defect diameter exceeding 12 mm has great effect on the ankle function.
Subject headings: Ankle Joint; Finite Element Analysis; Biomechanics; Tissue Engineering
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Figure 1 Trial flow chart
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Figure 2 Three-
dimensional finite element
models of the ankle joint
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F 1 T 1400 N BLE 14°F R BT i < T R g ME

(MPa)
Table 1 Peak stress of distal tibial articular surface at 1
400 N and toes bend of 14°

R ELR(mm)  HIAMRIR BTNERIR AR FNRIR

0 37.423 12.347 61.574  26.843
4 36.756  12.325  54.723  27.324
8 31.747 12746  18.426  29.546
12 38.742  9.648 11.627  33.145
16 40124 12974 17.548 44278

£ 3 #Hfr2100 N &/E 10°8 R Bmin = HEAI R 1 IEE

(MPa)
Table 3 Peak stress of distal tibial articular surface at the
load of 2 100 N and dorsiflexion of 10°

F2 #7700 N P fuft B2 B imim X T E B N IE{E(MPa)
Table 2 Peak stress of distal tibial articular surface at the
load of 700 N and neutral position

RWMHIER(mm)  FIAMRE AR EAERR BRI

0 13.145  13.647  19.041 21.451
4 13.231 13.702  19.637  21.648
8 13.754 14014 20110  22.125
12 14533 14637 20.645 23.044
16 16.021 16.014  21.746  13.017

x4 BELmXTEARRRGEZNAREACAEEXTE
HOFERRTEAR (mm?)
Table 4 Contact area of tibial astragaloid joint surface at
different positions during different diameters of distal tibial
articular surface defects

REHBIEAR(mm)  BISAERI BTARE FAAERIR A% E SR M B EL A2 (mm) i TH A S A 5 A
0 55.233 23.014 71246  56.843 0 351.4 459.4 406.2
4 55.349 23.145 71.567  56.241 4 351.3 459.5 405.3
8 56.147  23.006 73.156  58.267 8 351.4 449.7 383.1
12 58.023 30.027 75543 60.254 12 347.0 416.5 342.2
16 61.425 33.145 79.867 64.317 16 321.6 367.7 282.1
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Figure 3 Von Mises stress
image of tibial astragaloid
joint surface at different
positions during different
diameters of distal tibial
articular surface defects
Klidz: PArfrind, s R omoc
AT S B B OGT
BRI, G IRIY) SRR
LR, AN ) 2 1] B e
TR LASI K R 30 H it i i
Ui 51 THI R AR AL IR T
AR, W2 B R T8
K, HEZEPEFTAZM.

RN, LSRRI AER ;=4 PROGIAAERT
T RS I I TSI S A PR REAT #2200, B e )
. YA RTIAAE BRSO, JEHAE RS
BTN ol T AR S EARAIN AR S5 4
HER %, I Sh Y s s P AR O LE R, =
YEAT FRIT I IEAR A — OB i 254 0 22w 5 5 i T R
JEHER . AEATAE AR 0 2k 5 s T s 3 N AAAFAE I
SUEA RTERY,  HHEAT A 2N, AR
G M T ATy LK N FE R RL, S 8 10 T AR
SN SRR AR BN LA T T, = A BR T 7 T LA
IR 7S o e N b TN VTR N B S ]
AR, =47 BT T Al AR R AR S0, Xt
NTRYRARAT A HI T A Mt iRy
NTARARPEH R YE, 0 AT AW 0 20T, A
JofERI S R, AR R BT 5 PO, ety
BRTTIRAE DU i (R A D 2 5 B b AT T2 (K
BRI LU R 5, BT ide h
HOL, RTBOCHHA G REIBIITEIRT R BRI M
FRAL BRI BT a SR KSR
A ) S IR R 2 P02, A MRS 2 S
TG 1o B — 4 RICTTVE R AN
K, N = AT BRIC T VA RO I 2R ) 27364 T 43
T B — Rl A e T RO = 4 R T
BRI, e LSRR (1 e WAL BRI 77 2y i LA S At 1
giky, FFRENE IS BROCTT 4552 01 TAL 1K) 52 0 1 DLt AT 7
T AR A ) g 2 i R0,
110180

P.O. Box 10002, Shenyang www.CRTER.org



KA 35 BRI T B 5 T TR AR R 2 F AL — 2 BOC 797

% www.CRTER.org

AWF T ok GO ) S 4 BT, e
ANTF A I I i s g G5 TR . B T 4 R o
OREFE 14°0 34T 1 400 N 32 o 5 5 T ) 1 7 i
fl: @B L7 AT 700 N R R 2 3if S 15 T ) 3 06
B @75 10°1F i 2 100 N R 320 i 5 5 1 1R 8
AR s (O FR - 3z ity D Y T AN [7 Sl 453 7L A58 AN [ 4 7 1
PROCTT e i A . S5 R O#r 1 400 N #E
Jiit A4° B, F 328 ity O 1 T I 470 5 B g WA OG5 T
SRR E AR 8 mm I dRh, SIS E AN 16 mm
I a5 K, FR 328 3y G Y THTHIT P 5 PR, ) U 1 D% 49 T
B E AR 12 mm SRS, O Ik AR AE 0, 4,
8 1 16 mm I fg K Y g WEAE AR A AN s i e i DG
THI 5 A0 5 IR g WA A D5 T A1 A0 12 mim I d5
AN, AT EAS R 0 mm M4 mm AR B
328 3y 51 TS P9 5 BN, 7 Ve AL 1 D% 4 T R LAk
0 mm B8R /N, Bl 5G9 THBRE AR 3G K 5G9 T F Y.
JIVEAE I TG R, DG B4 B4Rk 16 mm I3 J U
K @ 700 N H 7RI, Rt o 5% 715 T AT
Ahy T JE AR A5 B Y g W A 1 A O 1Y T dk
PE ARG E I, 7E G T AR 16 mm
4 NGBR35 85 R, e R AR BRI S 4 4 fR
(18 B 32 Sy G 9 THT Y. ) DR AFL 38 KT Wi A0 5 BRI 9 %2
BR; @#imr 2 100 N 15 10}, i 328 oty 5 15 11 iy 4
S PRV AR AR O TR B A28 0 mm FT 4 mm I
AR, FE TSR 424 8-16 mm I fifi 5 5CTY
TS EARIIIE N, 4 AR N Iy (33 n, 76K
T THBR ELAR N 16 mm IR 4 AN 52 PR 0 Ji2 B 3t i 0% 1 T
IS WEAE Y4 B R o Ik e AV B, RS 32 Bty S Y T S
#2240, 4 F1 8 mm I E OG5 T R 4 Ak i AR A A
AS Ak, ST EAR N 12 mim ISR 6 T Ak
TRUTF LRI, ST TS ELAR A 16 mm B R Gy
AT (R TR AR B K o TP SZAE I, R 32 iy D 4 T e 43
EARA 0 mm F1 4 mm IR EE 5G4 fol i BB
W AR, ST EAR N 8 mm I TR 4 IR e Y
T (2l AR T G698y, D&Y TR A2 16 mm I
JR8 B G T (9 B ful TR A Bz /N s 5 AV N, R 3 i DK
WL E AR 0 mm 14 mim IR B 56 45 T 1 frk
TR A B AR, DG TE 4 B AR 8 mm i IF46
I8 B DG TR 1 42 TR T A sy, DR TR R A AR A
16 mm B SRR OC T A R /. Bkl WL, i
328 3y DN TR ELAR AN R I 12 mim 0O D) RE T
SEM AN, IR B g ity 1 THI A LA L 12 mm 56

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

BROCT Ly BE A5 0 LU ALK o AT 25 387 A0 e 0o e 32 iy oK
T SRAE Y A 3 2 TS A T AE e 32 i 5% T A
HAREY 11-13 mm 23O O D, A
4 11=13 mm 2 By 32 3 O 1 T R e KBt ELAR . A
SCEE RN FIRTE TS R —

TEZ A TRkt A e RAE M, FIIPMRE BT
FHE A B R, RAEARARI, BT,

FBMESE. PTA AR H BIIAT L FE A AT A48 % A
HAFR,

REEEF: K HER2 LARFFEEREEERA
ok, REFEOEER/IREFERE.

XEBEE: LFHMATC42iE CNKI R 25 Lkt
RAMITIREE,

XEHE: XFZLENNRATINF & RNFINF, &
SARTEARBFE.

TEZFERT: RAERMT R R AR 09 L F B 69 %
ATAARIEFAE, BT FH R RAEE A HIE(EIETEM
A )RR BAER LA BA KA 5 FAAE K, T
BatE,

BRI S FHRAT L& O AR EH BRBRALE
T RARAR KWL

4 BEZX#k References

(1] JRRYZE BB E, 1), DABRICTI AR 45 44 A B 0“7
T HTEHE BT T[], E 42U TR 5T, 2015,
19(15):2415-2419.

[2] Baumhauer JF.CORR Insights(®): How Do Hindfoot
Fusions Affect Ankle Biomechanics: A Cadaver
Model.Clin Orthop Relat Res. 2016;474(4):1017-1018.

[3] Hutchinson ID, Baxter JR, Gilbert S,et al. How Do
Hindfoot Fusions Affect Ankle Biomechanics: A Cadaver
Model.Clin Orthop Relat Res. 2016;474(4):1008-1016.

[4] BT, EAN BT I A ) 2 s 3 b sk e [J).
[ H107,2015,28(4):374-377.

(5] HARR, AR, A F T ARIT T B I A5k
BT A 3 2 VR[] H I I PR A ) 27 % 35,2015,
33(5):573-576.

[6] Hong YN, Shin CS. Gender differences of sagittal knee
and ankle biomechanics during stair-to-ground descent
transition.Clin Biomech (Bristol, Avon). 2015;30(10):
1210-1217.

[71 Hoch MC, Farwell KE, Gaven SL, et al.Weight-Bearing
Dorsiflexion Range of Motion and Landing
Biomechanics in Individuals With Chronic Ankle
Instability. J Athl Train. 2015;50(8):833-839.

7217



KA, 35 BRI T B 5 T TR R 2 FHFAE ) — 2 BOC 707

Cﬁ www.CRTER.org

(8]

9]

(10]

(1]

(12]

[13]

(14]

[19]

[16]

(171

(18]

[19]

(20]

[21]

721

SR Ao, TR I i, A5 R OGS ] BB A 0 B R AR E
PESZ A BT M (9] b B 55 DR A 24, 2012,
27(2):121-124.

INDZR R, A BT VAN BRI
MU TF AL IR HES,2010, 14(13):2457-2461.
WKMo . B2 A BRI V). T A 2T
R 51K ,2007,11(31):6265-6267.

SRS, 2t i A L FRIEE N R 22 3 IR = 4 B o A
THE]H EHZU TR S IR K RS, 2011, 15(48):
8951-8954.

PR R R AT U R 23 S R AT SR A A7 B s A
Je = e AR 3 25T (D). Hh K2, 2018.

AN AT BROCVE RS S M A0 )5 BRI T B
€ N3 4y HrF 5 [D]. W g K %,2013.

Mackiewicz A, Banach M, Denisiewicz A et
al.Comparative studies of cervical spine anterior
stabilization systems - Finite element analysis.Clin
Biomech (Bristol, Avon). 2016;32:72-79.

05 BEE R KRS, A BR TR F AR g 2 R A
BTk RE[J]. B A4 052,203, 28(5):585-590.
oA, K IR A AT BOE W BB A =
FROCEC P R S ). T E 4T RS, 2013,
17(9):1521-1526.

Jaramillo HE, Gémez L, Garcia JJ.A finite element
model of the L4-L5-S1 human spine segment including
the heterogeneity and anisotropy of the discs. Acta
Bioeng Biomech. 2015;17(2):15-24.

Henao J, Aubin CE, Labelle H, et al.Patient-specific
finite element model of the spine and spinal cord to
assess the neurological impact of scoliosis correction:
preliminary application on two cases with and without
intraoperative neurological complications. Comput
Methods Biomech Biomed Engin. 2016;19(8):901-910.
A K T M e, A IRAR T AN ) AR 0
FRIToHT[d]. 42 TR 9E,2013, 17(30):
5490-5496.

PR JBCE T BO A TR B I BRITHTFE[D]. R
BBl K %2,2012.

Torcato LB, Pellizzer EP, Verri FR, et al.Influence of
parafunctional loading and prosthetic connection on
stress distribution: a 3D finiteelement analysis.J
Prosthet Dent. 2015;114(5):644-651.

8

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Sui X, Huang Y, Feng F,et al.3D finite element
modeling of epiretinal stimulation: Impact of prosthetic
electrode size and distance from the retina. Int J Artif
Organs. 2015;38(5):277-287.

R R AU, TRAR Y, 2 R R N L O R AL
HIA BRIG /T [J] I PR B RH e ,2012,15(2):205-209.
Shen Y, Li X, Fu X,et al.A 3D finite element model to
investigate prosthetic interface stresses of different
posterior tibial slope. Knee Surg Sports Traumatol
Arthrosc. 2015;23(11):3330-3336.
G, T A i, W PR, 2. AR BRI N M ) AR A
ANZYEA BRI AL [J]. B RER 22 24 (A SRR
2#12),2013, 33(8):1155-1160.

Karakasli A, Erduran M, Baktiroglu L, et al.The effects
of tibiofibularis anterior ligaments on ankle joint
biomechanics.Ulus Travma Acil Cerrahi Derg. 2015;
21(2):90-95.

Niesch C, Huber C, Paul J,et al.Mid- to Long-term
Clinical Outcome and Gait Biomechanics After
Realignment Surgery in Asymmetric Ankle
Osteoarthritis. Foot Ankle Int. 2015;36(8):908-918.
Button KD, Braman JE, Davison MA et al.Rotational
stiffness of American football shoes affects ankle
biomechanics and injury severity.J Biomech Eng.
2015;137(6):061004.

JA— K, SRR HE, 4T 3, 4% Evans AlIChrisman-Snook A
AT BRI AMI R0 TL RS 9 AR 0 2% LU ).
[ H157,2012, 25(8):654-657.

Zhu ZJ, Zhu 'Y, Liu JF,et al.Posterolateral ankle
ligament injuries affect ankle stability: a finite element
study.BMC Musculoskelet Disord. 2016;17(1):96.
ZEAr, W B AT AR 1B RO R vy K S R
POREROC RS E P W 1A BT AT [J). b P s 1
Fh2x,2014, 22(2):65-66.

Jay Elliot B, Gundapaneni D, Goswami T.Finite
element analysis of stress and wear characterization in
total ankle replacements. J Mech Behav Biomed Mater.
2014;34:134-145.

Terrier A, Larrea X, Guerdat J. Development and
experimental validation of a finite element model of
total ankle replacement.J Biomech. 2014;47(3):
742-745.

P.O. Box 10002, Shenyang 110180 www.CRTER.org



