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Abstract: Objective By developing an automatic procedure for optimization of femoro-tibial contact area for knee
prosthesis, to summarize the influence pattern of design parameters on contact area, and discover the relation-
ship between the maximum contact stress and contact area. Methods A parametric finite element ( FE) model
was developed in the Isight software, which included three components. automatic parameter changes for the ge-
ometric model, automatic modeling in the FE software, and automatic FE calculation. The automatic workflow
was realized, and then contact areas were statistically analyzed. Results The FE model was validated by using
Tekscan pressure distribution system. When the femoral sagittal radius was gradually close to the tibial sagittal ra-
dius, the contact area gradually reached to the maximum 295 mm’. The femoral sagittal radius had a positive
effect on contact area, while the tibial sagittal radius had a negative effect. The maximum contact stress had a lin-
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ear relationship with contact area approximately. Conclusions This study analyzed the influence of femoro-tibial

sagittal radius on contact stress and contact area, and the research findings would provide references for the de-

sign on reducing wear of tibial insert in clinic.

Key words: femoro-tibial contact area; automatic modeling; finite element analysis; femoral sagittal radius; tibial

sagittal radius
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Fig.2 Simplified knee implant model (a) 3D model, (b) Physical model, (c) Finite element model
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Fig.3 Results of contact stress distributions obtained by different methods (a) Finite element analysis, (b) Experiments
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Fig.5 Relationship between the maximum contact stresses and contact areas

(a) The maximum contact stress-area curve, (b) The increasing process of contact areas

e, S5 R ER T, 70 R0 B sl IR T~ 28 AH ] 1 1%
DU, 25 B0 018 B O R T 2 A8 2 W 4 1, 2 f
TR AR M3 R, ELJE IR 2 i DA 52 72 8 18 5 4
T Jert BT PR O IR TR - A28 2 Wi 2, (5 45 7 O AR T
R LB G O, SR T B 2 T AR S S
IR B R IATE o B, 20 B R Al 1V ) 4
ik A BRI ) O 2R A 4l T ARV R e R 42 fih
IR S: IR N P S ek R LN iR R
T el ) S R A R R R 22— B
2 fub THT RG22 fh 1 ) RERARR, BR BB AR 2R £ 0 4
YRR, L, A8 SCE5 8 T T IO R i
T DU A R TARR ] 38T TARRCR,

A BRITTT VLM g o3 A 52 G807 V5 52 3 A I 5%
TR Al ) AR AR A R R R T AR
Feli ] Tekscan N JJ 7341 B GE%5 A BRITAL Y f 47 55
PEJEAT S0 AE . IV ) 2 A R S8 (I Fuji 8T
Tekscan W ") 25 0 Fr s 6 5 128 oo v B AN
BRIV g SOR RO 2R G HEA T B IE AT S50

H 1 4 R, e 9 PR T 2 A 0 43 A T AR I
LY AN = R NTTE S EPO KL 3 L TR AP iy AR | 27
PRV D7 TR — R 30U/ 3 BH 7 A PR 2% 5% 42 f T
TR 52 0 i 2 1 22 — 26 | 3 i Ul B ol 28 e i
IR R T 24 A28 X 5 i T AR By 0 3 AR S

FH L 5 AT 0, i o 4 sk T AR RS K e R 4 fik
T3 3% Wm0, iz A e BRI N BF 5T A R — E
ShiramizuZ5' 3! % ] Tekscan 2G5 6 P& IR
PRAEAEE 3 kN B 8] 422 fnk 1 g T AN () £ B 4 fh T

R a5 B, I e ith £ BEAE 0°,30°,60°,90°
IIOOF,Vangurard RP HI-FLEX B2 ity 422 ik 1 A5 i
T AR AT T, 7RI S A 3T A N 1 42 fi
N 3 ERe /0N B R 1347 15 MPa LI,

WS BR AT . 2 i S T 14 fil
TR R, 00 0 K G R R ity 2 A8 6 4 fo T L)
i, SEBR O ARYE ASTM F2083 FRifl, 75 /0 Hr 4% Fil
AR A EE R A b AR ) 2 e ik v FRURN 2
i N7 3 XoF R Ao R BES 45 114 5 ), R 7 R ) U Bl B
ARSI 201 PR R AR v DR T 2 A 1 i A
W2 W S S 5 22 ] I FH 2 0 R X 6 1)
IR RBTE, @ RAMZXFRI I, SR A
A AEXS BRI T AT 23 R A S A s A Ak i
BUHATHE, @ Mk TRHBEMREE, Rt
TPk R IR, AR b 42 Ml 0 g /N
(WL S(a) ], KESATER LI ML P, i
XoF 2 ik 107 7 R ik AR ) R R N

4 #ie

AW T Isight 4 A LR, X HEOC
AR A TR 2 o 1 RR ) S e R 2R HEAT A3 BT, 4
R TR B R m AR A R AR LT, 2K
B IR SR AR T 2 AR T W AT I 4 fih i AR 2 T B
R, BIER G W G B AL R B, 5381, B 4
fih TR R R, e R il 17 ) T Tl /N - AR SCAT BRI
BERYLE S B T4 RGN Tekscan N 7153 RS T
ARNWERAE, PFIEA5 A BN TR O R A ik



ERA, % BXTREREZEMREROZMEER
WANG Xiaohong, et al. Influencing Factors of Femoro-Tibial Contact Area for Knee Prostheses 599

T A AR ), $2 0 AR &Rl ad o A i
8 SRR AT A o 2 Ak v PRI e 157 ) 52 i LA
HIFFEAS R ] i PR B R SR A B i 3l

SR

(1]

[10]

[11]

VESSELY MB, WHALEY AL, HARMSEN WS, et al. The
Chitranjan Ranawat Award. Long-term survivorship and
failure modes of 1000 cemented condylar total knee arthro-
plasties [ J]. Clin Orthop Relat Res, 2006, 452 28-34.
SCHAAL T, SCHOENFELDER T, Klewer J, et al. Effects
of perceptions of care, medical advice, and hospital quali-
ty on patient satisfaction after primary total knee replace-
ment. A cross-sectional study [ J]. PLoS One, 2017, 12
(6): e0178591.

BAKER P, MUTHUMAYANDI K, GERRAND C, et al. In-
fluence of body mass index (BMI) on functional improve-
ments at 3 years following total knee replacement. A retro-
spective cohort study [ J]. PLoS One, 2013, 8 (3):
e0059079.

HUANG CH, MA HM, LIAU JJ, et al. Osteolysis in failed
total knee arthroplasty: A comparison of mobile-bearing
and fixed-bearing knees [ J]. J Bone Joint Surg Am,
2002, 84A (12) . 2224-2229.

YOUNG TH, CHENG CK, LEE YM, et al. Analysis of ul-
trahigh molecular weight polyethylene failure in artificial
knee joints: Thermal effect on long-term performance [J].
J Biomed Mater Res, 1999, 48 (2): 159-164.

NIINIMAKI TT. The reasons for knee arthroplasty revisions
are incomparable in the different arthroplasty registries
[J]. Knee, 2015, 22(2) ; 142-144.

DALURY DF, POMEROY DL, GORAB RS, et al. Why are
total knee arthroplasties being revised? [ J]. J Arthroplas-
ty, 2013, 28(8 Suppl) : 120-121.

SHARKEY PF, LICHSTEIN PM, SHEN C, et al. Why are
total knee arthroplasties failing today. Has anything
changed after 10 years? [ J]. J Arthroplasty, 2014, 29(9) .
1774-1778.

EPINETTE JA, BRUNSCHWEILER B, MERTL P, et al.
Unicompartmental knee arthroplasty modes of failure.
Wear is not the main reason for failure; A multicentre study
of 418 failed knees [ J]. Orthop Traumatol Surg Res,
2012, 98(6 Suppl) : S124-130.

WALKER PS, SHOJI H, ERKMAN MJ. The rotational axis
of the knee and its significance to prosthesis design [ J].
Clin Orthop Relat Res, 1972, 89. 160-170.

O’BRIEN ST, LUO Y, BRANDT J. In-vitro and in-silico in-
vestigations on the influence of contact pressure on cross-
linked polyethylene wear in total knee replacements [ J].

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Wear, 2015, 332-333; 687-693.

TURELL M, WANG A, BELLARE A. Quantification of the
effect of cross-path motion on the wear rate of ultra-high
molecular weight polyethylene [ J]. Wear, 2003, 255.
1034-1039.

MURRY DW, GOODFELLOW JW, O“CONNOR JJ. The
Oxford medial unicompartmental arthroplasty: A ten-year
survival study [ J]. J Bone Joint Surg Br, 1998, 80(6):
983-989.

ARGENSON JN, O’ CONNOR JJ. Polyethylene wear in
meniscal knee replacement. A one to nine-year retrieval
analysis of the Oxford knee [J]. J Bone Joint Surg Br,
1992, 74(2) . 228-232.

PSYCHOYIOS V, CRAWFORD RW, O’ CONNOR JJ,
et al. Wear of congruent meniscal bearing in unicompart-
mental knee arthroplasty: A retrieval study of 16 speci-
mens [J]. J Bone Joint Surg Br, 1998, 80(6) : 976-982.
ASTM Committee FO4 on medical and surgical materials
and devices. ASTM F2083 Standard Specification for Knee
Replacement Prosthesis [ S]. USA: ASTM International,
2012.

ZDERO R, FENTON PV, RUDAN J, et al. Fuiji film and ul-
trasound measurement of total knee arthroplasty contact
areas [ J]. J Arthroplasty, 2001, 16(3) : 367-375.

D’LIMA DD, ChEN PC, COLWELL CW. Polyethylene con-
tact stresses, articular congruity, and knee alignment [J].
Clin Orthop Relat Res, 2001, (392) . 232-238.

WALKER PS. The design and pre-clinical evalation of knee
replacements for osteoarthritis [ J]. J Biomech, 2015, 48
(5): 742-749.

HALLORAN JP, EASLEY SK, PETRELLA AJ, et al. Com-
parison of deformable and elastic foundation finite element
simulations for predicting knee replacement mechanics
[J]. J Biomech Eng, 2005, 127(5) : 813-818.

D’LIMA DD, STEKLOV N, FREGLY BJ, et al. In vivo con-
tact stresses during activities of daily living after knee ar-
throplasty [ J]. J Orthop Res, 2008, 26(12) : 1549-1555.
WANG XH, ZhANG W, SONG DY, et al. The impact of
variations in input directions according to 1ISO 14243 on
wearing of knee prostheses [ J]. PLoS One, 2018, 13
(10) : e0206496.

DESJARDINS JD, WALKER PS, HAIDER H, et al. The
use of a force-controlled dynamic knee simulator to quanti-
fy the mechanical performance of total knee replacement
designs during functional activity [ J]. J Biomech, 2000, 33
(10) ; 1231-1242.

WALKER PS, LOWRY MT, KUMAR A. The effect of geo-
metric variations in posterior-stabilized knee designs on
motion characteristics measured in a knee loading machine



EREMAE F34E Fefl 20195 12A

600 Journal of Medical Biomechanics, Vol. 34 No.6, Dec. 2019

[J]. Clin Orthop Relat Res, 2014, 472(1) ; 238-247. [30] T35, W, MER, 55 SW&ERIEC A T %
[25] WANG XH, SONG DY, DONG X, et al. Motion type and KATBARM B[], B A J1%, 2018, 33(3) . 193-

knee articular conformity influenced mid-flexion stability of 199.

a single radius knee prosthesis [ J]. Knee Surg Sports DING WY, MA SQ, ZHOU XC, et al. Wear simulation of

Traumatol Arthrosc, 2018, doi: 10. 1007/s00167-018-5181- tibiofemoral joint surface of total knee prosthesis with high

2. conformity [ J]. J Med Biomech, 2018, 33(3): 193-199.
[26] FITZPATRICK CK, MAAG C, Clary CW, et al. Validation [31]  EJ, B, T30, &, LR A IO (BRI 1

of a new computational 6-DOF knee simulator during dy- A BRICHESE [J]. BE AR Ji %, 2017, 32(2): 109-

namic activities [ J]. J Biomech, 2016, 49 (14). 3177- 114.

3184. WANG C, ZHAO F, DING FW, et al. Finite element study
[27] ASTM Committee F04 on medical and surgical materials on total knee prosthesis wear during stair ascent [J]. J

and devices. ASTM F3141-17, standard guide for total Med Biomech, 32(2): 109-114.

knee replacement loading profiles [ S]. USA: ASTM Inter- [32] E#F, R, TAA, 55 ARBEET shSH R

national, 2017. FHAE TKR P [ ). B AR 12, 2009, 24(5) .
[28] MORRA EA, GREENWALD AS. Tibial plateau abrasion in 333-337.

mobile bearing knee systems during walking gait IlI. A fi- WANG JP, WU HS, WANG CT, et al. Dynamic finite

nite element study [ C]//Proceedings of Annual meeting emement modeling of human knee joint and application in

of the American Academy of Orthopedic Surgeons TKR [J]. J Med Biomech, 2009, 24(5) . 333-337.

(AAOS). USA: Orthopedic Research Laboratories, 2002. [33] SHIRAMIZU K, VIZESI F, BRUCE W, et al. Tibiofemoral
[29] ARCHARD JF. Contact and rubbing of flat surfaces [J]. J contact areas and pressures in six high flexion knees [J].

Appl Phys, 1953, 24(8) . 981-988.

Int Orthop, 2009, 33(2) : 403-406.



