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Wear Simulation on Tibiofemoral Joint Surface of Rotating Hinge
Knee Prosthesis
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Abstract; Objective To study the wear condition of rotating hinge knee prosthesis ( RHKP) during horizontal
walking gait, and provide technical references for wear prediction and clinical application of this kind of
prosthesis. Methods A finite element wear model of RHKP was established based on the standard ISO 14243,
and the simulation results including the wear distribution and mass wear rate of tibiofemoral joint surface were
compared with the results from in vitro experiments on the same type of prosthesis. Results The mass wear
rate of the polyethylene insert was 26.01 mg/MC ( million cycle) from finite element analysis ( FEA) and
(30.06+1.21) mg/MC from in vitro experiments, and the mass wear rate of the upper surface of polyethene
insert from FEA was about 3. 3 times that of the lower surface. The wear area obtained by FEA was basically
consistent with that obtained by in vitro wear measurement. The main wear area was symmetrically distributed
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in the middle and back of the upper surface. Conclusions The mass wear rate of RHKP, as a semi-restrictive

prosthesis, is obviously higher than that of primary total knee joint prosthesis. More attention should be paid to

wear test and evaluation of RHKP.

Key words: rotating hinge knee prosthesis (RHKP) ; mass wear rate; in vitro wear experiment
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(a) Physical model, (b) Geometric model

JRCEHR T B R A A A R
PEVEATIR AR, S PERER N 193 GPa, JARA LA 0. 45,
FEER 9 000 kg/m’® s At HFLE A FAE 5 41 2R
IR OB L, S R 1 016 MPa, JAFA LA
0.46, % Bf K 940 ke/m>, A MOBHEREE R E R
LRPETPE AT PRRR AR RS E , SR FH 7S T AR D 4%
Xl ST R4, Hon R AL C3DSR, B AR A
BT 15 AT Ak R WA, SR FH DO T 4% D 4% 320 47 3 4, B
JUEAR C3DIOM,, BEE FIrA A2 il i 2 o4 571 pR 4L
T ik, 305 1) 2 Ao Ay R 2 fi, D1) 1 4 Mk 1) P R R AR
¥k 0. 04,

F4E 1SO 14243-3 XA B E 47 2k 5 ih 24
W, HERNZbREET ST 2R BT BR, B 4 4
FIER B T AR SR FH 14T e e e U T G ik A
34N B, SRR B bR b e e e R R
WANIER: . BB v [, (8 Fe i 7E K P -
(NS Iz B, REE B Al 1) ) 1 A R sk
PN A,



K R, E ERRERBRXTREREXTENERFR
ZHANG Ji, et al. Wear Simulation on Tibiofemoral Joint Surface of Rotating Hinge Knee Prosthesis 593

1.2 EHED

KAL) Archard B 351 FRIS X e 5 e AU g
IR AR IR B O 4 1T HE AT B A A A PR TR, LAk
PR AT RN

H =kpS

Hrr H R BB (mm) 5 & 24 B 8 H
(mm/N*) 5p Rl 3 (N/mm?) 5. S Ay ¥ 4% L B
(mm) , FE 0N R0 I i 240 A g A AR B
T E AR IUR B S5

ST RE Y AT 1 SR ) oG s R
D BT PRI TS SRS D T 42
fit o7 3 FAR T 1 B BE 5, 4 ) Archard 28 X5 4
A3 5D N R S PR S R B 6 2R Rt ok S #|
1A W25 Y Z MBS BRI , HE T RS 5 MC SRS
i, 2% Wang % #F5%  BU1. 065 6x107° mm®/N
VMBI R BOHAT A B RE AN TR R L
WA BT T 2k R R 250
1.3 b=zl

i %R 1SO 14243-3 =518 5 2k AR
RIS A, P 4 AL IURE (2R 4T 5 MC R Y s
i, Ho 3 2 oS0l 1 X IRAE . SR
It ADL TR HL ( AMTI 22 /], S ) %
ISR A2 4 A7 il oy 28, I B0 0E B AR 32 Bl A
=, 45 iz 3l SRS | JBa B8R S 8 30 5
X R Bt ) 28y B AR A 5 A SO R A A
Xz gl Ve BT AR S IR 3 IHE 05,1,
2.3.4.5 MC BB, B 3R 2R
HATRRE I & 0 R B & . fF 5 MC B0 45
WG, A B a5 AL 5

2 HZ#R

2.1 von Mises W/

2 iRl 5 MC 55 a4 3 [ 210 von Mises
NI ARG, SRR AR AZ N T A AR
HLERT N DX, I L P A1 0 6 AR S XAk 43 A
BT R T SR AR ) 12 MR RAE 40% ~ 44% DA
JARIN,1.2.3.4.5 MC B 50 7 W08 43514 30. 07,
27.10.29. 18 33.86.28. 30 MPa, 7EL 75 W itk
A AN IR, N R RN 120k bR
() 25% , [RVRF S B XAR A AR AT S Sl

Bi Sy

=
<
o
o

ON—QLR~O

OO O————h NN
SO R ION00—LLN0S
=G0 go—Unooh I oL

2 #HBEIEREESMCBEEANTH
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(a) Finite element simulation results, (b) In vitro test results
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Tab.1 Quality change of prosthesis inserts obtained from in vitro wear testing

JEAR U GER GEY] GEE X R 2H

HoMe Jiie/ g B A/ mg it/ g Buik FE/ mg JitE/ g Bit FE/ mg Bkt g i A/ mg
0 18.744 3 0 18.673 4 0 18.675 5 0 18.722 0 0

0.5 18.727 0 18. 82 18. 655 8 19. 14 18.657 0 20. 12 18.723 5 -1.54
1 18.713 3 33.74 18.639 3 36.75 18. 641 7 36. 54 18.724 7 -2.68
2 18.684 6 64. 00 18.614 2 63.42 18.619 7 60. 08 18.726 2 -4.24
3 18. 656 4 93.40 18.582 3 97.57 18.589 9 92. 04 18.728 5 -6.45
4 18. 629 2 123. 06 18.553 3 128. 10 18.564 8 118.72 18.730 0 =7.97
5 18.601 0 153.29 18.526 4 156. 99 18.538 6 146. 83 18.7319 -9.94
3 i HARVFAR RS IR T DAY A4 et e % 3 5l , ke ot ) =2

AT IS0 14243-3 b5 Archard J $5 3
WHENT K AT AE 2 2 T B B e s 7R M OG5 I
PRI B AR T A3 HT 5 MC S5 BY N TS 451 4%

[ B, A P A TRl B A4 S A7 4R 1 s 45 %?‘FEHDE’WE
Lt ST VA s O NI o 7 N
26. 01 mg/MC , 3256545 5 A (30. 06+ 1. 21 ) mg/MC,

PIEHEA —3, A R 5450 5256 1 55 451 o
A B B ) — Bk, FEAE T ER R
S 0 X e H A B X R o3A, iE—D B Uk T A SO
FROCIIRY AT R0

M b SRTH N, )R, W {E I 7 S B s R] B G
Bk 7 A0 A5 B b | 4 B o A (RSP
A BT D RS B R LR R b I e 2
(0 ) B i ™, I TN DR, DA 5 Xk
KA BEA DX i S I A A ) DX A RS )
DX i 0 1K, e R 5 3R M e SR fl ™ A
AHXTIZ B, B 30 40 A A 3 B R TR TR,
IR ZER BT SRV IR e A e AR T 8 A1

1 g5 KX IE Bl AR — B, B X AN IR
JEHEAR X RRAMTT AT R & A e R
1 H R R B N 5 R 2 e E W, b 3Rim R
HERURA N I RMEAY 3.3 F%, X 77 LA 7 (8
FIE 0 DX 35 A5 2 R B R A, b e a1 WA N ) 29
TR 4 F%, 1T 2% 0 B X oK F b 3R,
P& L5 2 58, T LUK SO _F T 2% T A0 188 8 R
wmlt,

A FRICTH R P15 B 451 32/ N TR AP SL 50 B A5 4
Wt PR A BR o 48l 1 bb s BRAR 09 2 A4z Bl 26
52, W AARS N S m6 v S ST 8 S5 B I 28 2 for Sz
B — 22 5, I AR P 2 1 45 3R = 1E 22
Sto DL, A BRIT T B AR LA #5275 55 A i) 43
W,

ARSI, THE i BT R T B AR 1 B 51 % i
TR E A RO RAR, DFRRM WK E A
I K 4 M8 AR T 1 R 44 KR A2 7E 20 mg/MC L)
TR0 BN Bian 450 X WIK E e 2 RO
TEAA AT RSN S | 15 58 2065 o B 5 Ry



K F,E EHRREEBRXTREREZEXTENERTR
ZHANG Ji, et al. Wear Simulation on Tibiofemoral Joint Surface of Rotating Hinge Knee Prosthesis 595

(16.9+1.8) mg/MC, HHI, % HE % 8 5% AR AR 1)
i FH 25 U B8 25 ( 10 4E LA 1) (BB HR X
B .l e, WA A0 B X 3 AR T Jre S A IF 5 LA K
ETES T,

A SCHA BRIC/ BT R AAAE AN T R B . D B
PARBOIERE T S R AR A RS B BRI
TCE A TIN5 400 2R B0 2 30 SCAE A B T 4
B FH T R 22 85000 U 48 I OG5 B B i 153
5 FH Y 2 880, X AN T gk A b 2% S BB AL 45 R 1Y D
25, BRIy e Soph AT 1A M I 9 6 )
P PR, B R e 2 5 e R A A 1 s 0 o oz 4
JEBHN T, @ Archard BEIABRIG AR S0 R 5 Jk
i) Archard FEHIFIS , B %8I T3 X7 P K
F DA AR A5 R 2 X B PR ()5, A i B e R
RETOUIN 2 M B 400, AN REA AU 20 J2 | s ol A ¢ 25 5 L
e, @ HXIACEATE LS HATHRLL, 5
SLTAE AT SR AR DL H # 16 h (an BN R RE B
S5 ) FRLALL

4 HFHig

ARSCHE N T — P e 5 B A B S YT R AR 1) 32
B 2F AR 5 BRI ST 1SO 14243-3 AR ifEAL L
SYHE S MC K473 248 T 1 R 7 40 A 5 Joi
P, [RIAS X B AT R A1 BS 3 52 56, OF 5 A FR
JUOHELEE P VAT LI IE, SE U0 RS I 4 L 34 %
W, 2R 0ot B 1T 3% TS 4 DXl R 380 22 X R 3 A
FEAT ) S5 N X 38K, 5 42 fih 17 7 43 A7 DX 3 2 A —
B, R B AR T O B B B A ) S = TR
R T B, A R IT A BT A 2 114 o S R
ANF IR S AL I 3 H TR R R 2 R R Y
3.3 4%, ASHIFGEGSS A AT AT e fc e 2 I O T B AR 1)
BRI G FIG R N AR L AR S %

S E Lk

[ 1] KAHLENBERG CA, BARAL EC, LIEBERMAN LW, et al.
Retrieval analysis of polyethylene components in rotating
hinge knee arthroplasty implants [ J]. J Arthroplasty,
2021, 36(8) : 2998-3003.

[2] JLIE, Ik, W03, %5 el sehb NN TR A B4 . vh )7 I
TG IR S SRR T BE R AR AR RN [J ] E A
TR, 2014, 18(4) : 523-528.

[3] WUNDER JS, LEITCH K, GRIFFIN AM, etal.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Comparison of two methods of reconstruction for primary
malignant tumors at the knee. A sequential cohort study
[J]. Surg Oncol, 2001, 77(2) ; 89-99.

WP, Thuirg, BE, . RO A BN R T AR YT
RBSURHT[I]. EHERERE, 2018, 24(1) : 15-18.
YAO WT, CAlI QQ, WANG JQ, etal. Treatment of
osteosarcoma around the knee in skeletally immature
patients [ J]. Oncol Lett, 2017, 14(5) . 5241-5248.
Wried, B, SR, 5. FOEROCT B R R BOR
STRIBFSE[J]. BESAME R, 2015(37) : 389-390.
HOGENDOORN PC, ATHANASOU N, BIELACK S,
et al. Bone sarcomas: ESMO clinical practice guidelines
for diagnosis, treatment and follow-up [J].
2014, 25(3) . 204-213.

PREG, BJREW, ANV, N T AT BB AR I BE 5 45
[J]. haEsMRlAeR, 2015, 53(10) ; 757-762.

Orthopaedic
Replacement Registry. Hip, knee & shoulder arthroplasty
annual report [ R]. 2020.

Ann Oncol,

Australian Association  National  Joint

Swedish Knee Arthroplasty Register. Annual report 2020-
English version [ R]. 2020.

GRIMER RJ, AYDIN BK, WAFA H, et al. Very long-term
outcomes after endoprosthetic replacement for malignant
tumours of bone [J]. Bone Joint J, 2016, 98B(6): 857-
64.

PALA E, TROVARELLI G, CALABRO T, etal. Survival
of modern knee tumor megaprostheses. Failures,
functional results, and a comparative statistical analysis
[J]. Clin Orthop Relat R, 2015, 473(3) : 891-899.

HAUJIE L, DASEN L, TAO J, etal. Implant survival and
complication profiles of endoprostheses for treating tumor
around the knee in adults: A systematic review of the
literature over the past 30 years [ J]. J Arthroplasty, 2018,
33(4) . 1275-1287.
GOODMAN SB, GALLO J.
Mechanisms, prevention and treatment [ J]. J Clin Med,
2019, 8(12) . 2091.

ABDULKARIM A, KEANE A, HU SY, etal. Rotating-
hinge knee prosthesis as a viable option in primary

Orthop

Periprosthetic osteolysis:

surgery: Literature review & meta-analysis [ J].
Traum Surg Res, 2019, 105(7) : 1351-1359.
AW, I, BT RO B T R 2R S B
MOt [ J]. b BEFa iR, 2015, 39(1):39-
42.

KNIGHT LA, PAL S, COLEMAN JC, et al. Comparison
of long-term numerical and experimental total knee
replacement wear during simulated gait loading [J]. J
Biomech, 2007, 40(7) : 1550-1558.

T3F, BT, FRIR, & SYa BRSO A T %



596

EREMANE 378 F£48 202458A
Journal of Medical Biomechanics, Vol. 37 No.4, Aug. 2022

[19]

[20]

[21]

[22]

[23]

AR L[ J]. B AW J1 %, 2018, 33(3): 193-
199.

DING WY, MA SQ, ZHOU XC, et al. Wear simulation of
tibiofemoral joint surface of total knee prosthesis with high
conformity [J]. J Med Biomech, 2018, 33(3): 193-199.

ZHANG QD, CHEN ZzZX, ZHANG J, etal Insert
conformity  variation affects kinematics and wear
performance of total knee replacements [ J ]. Clin

Biomech, 2019, 65 19-25.
EN, B0, T 30T, A LR N M S AR B B
WA BROT ORI [ J]. BE AR J1%%, 2017, 32(2): 109-
114.

WANG C, ZHAO F, DING WY,
study on total knee prosthesis wear during stair ascent
[J]. J Med Biomech, 2017, 32(2): 109-114.

TN NI I 2 T A A P 8 D64 T T 2 5 K 1 R PR T
S3Hr[D]. dLnt: bR AE TR KR, 2019,

ZHANG JY, WANG J, TIAN DM, et al. Spherical center
and rotating platform hinged knee prosthesis:

et al. Finite element

Finite-
verification and contact
analysis [J]. Knee, 2020, 27(3) . 731-739.

SAMIEZADEH S, BOUGHERARA H, ABOLGHASEMIAN
M, et al. Rotating hinge knee causes lower bone-implant

element model establishment,

[24]

[25]

[26]

[27]

[28]

interface stress compared to constrained condylar knee
replacement [ J]. Knee Surg Sport Tr A, 2019, 27(4):
1224-1231.

WANG XH, LI H, DONG X,
14243-1 to ASTM F3141 in terms of wearing of knee
prostheses [ J]. Clin Biomech, 2019, 63; 34-40.

WANG L. Finite element analysis of polyethylene wear in

et al. Comparison of 1SO

total hip replacement; A literature review [J]. P | Mech
Eng H, 2019, 233(11): 1067-1088.

BIAN YY, ZHOU L, ZHOU G,
biocompatibility, tribological

etal. Study on
debris
characterization of ultra-low-wear polyethylene as artificial
joint materials [ J]. J Mech Behav Biomed, 2018, 82. 87-
94.

STOLLER AP, JOHNSON TS, POPOOLA OO,

Highly crosslinked polyethylene in posterior-stabilized total

property and wear

et al.

knee arthroplasty: In vitro performance evaluation of wear,
delamination, and tibial post durability [ J]. J Arthroplasty,
2011, 26(3) ; 483-491.

BRANDT JM, CHARRON KDJ, ZHAO L,

Commissioning of a displacement-controlled knee wear

et al.

simulator and exploration of some issues related to the
lubricant [J]. P | Mech Eng H, 2011, 225(8) . 736-752.



