PEAL TR 20 & 17 #2016 - 04 - 22 iR
Chinese Journal of Tissue Engineering Research April 22, 2016 Vol.20, No.17

omz WWW.CRTER.Org

- REE -
BRI/ EBRAHERREBREEAEMNSHRIGKRRICIEIE
EfR, WO, BRI M RMEIKFH—MBEER(EATH —ARER), MK EST 232007; 24 MEFA

REFF—WEBER, <HcEeed 230601)

SIRASC: 7rEfh, #Ak, S,
I, 2016, 20(17): 2451-2458.
DOI: 10.3969/j.issn.2095-4344.2016.17.003 ORCID: 0000-0002-3861-0467 (4 1+)

BRESHRUEBEXTERBREFREENNEMSH R HIGREIE

X I A A B3 At 9 AU AT 41 TG 4
HEATE 250, 017 9 4 B, G A 7 7
S A 0 AT B [::> R, A
WX ATIR TE R AT E R T
R A
: ATIRL7E ) B4t
Egﬁggi%¢ﬁ%%@%ﬁﬁﬁﬁ P BN G B B A 5 B 2 it 2

(—

RN T AR B 53 5 20 A, ISR SR AR K

eI 25 T 51 R OB KT 41 B0 6 i OB

SCRRAE M :

ERXTERZEARTHERR: RIS ERAEEESEOT IR, SRR E BRI P,
SMIERERL. ANZEL 3 N SHUENIESS SRR R R, G R T B OCT A BRTE .
AT AR RTRE: LRI SIERAEE, 2R B i sh Mg, 7T L I8 20 i 4
AR RS B RS, BB Bl PR N FH LE 42 2 RS2 G s P I 50 T BUAA, A AR A RE S ™ R L 5 1H 5 56 04
REGOEES N E A SR e S IV

HE

BR: AR AT EAEY I AT Z R, B SST B R AL, B AR
It b

BE9: ARTCHO PR B B BN LS5, JEXT Gemini-PS BT B A R R E
AT I PRYSLE -

FoiE: OMBRAERRTT BRI AT, 0 BB B E € S Bl 17 IR 5, dae bR ik
MR B AL SNIRZEL B SR C 3 NS HUE N IEZ KRR R R, TS HOR 3 ME L IES
%, QU 9 DRIGH A I IS B HIRE ST I IR T, X 9 MR HEAT A RIS T, A
ReBEHEAT T3 ZEARZE I3 M QNN 42 BI(47 IR)H BHFREE KT R EH, K Gemini-PS IR A
BEAT AR B e, RS [R5 A SRS B R 50 9 PP 0 S 5 L R SR 5 W 2 PP 20 PR B e il R IR DR 1 2
RE, DA S ELP 20 VPG B T )5 I R TR R AL

HREER: OR LW RN E R/ TR 0 mm, ShiE 3°, AN 6°4la, RN jig(E
N 15.9 MPa; T8 LA SR B ISE M K 2R b, A AT B2 KT A ie A BE RS2 K T4 B £
FE R s IR ZE T AT 22 00 A DU B AR BN R E L S B & O T 0 mm, SbiE 3°, Ah
B6°; @I 07 EAT A IEAS SER R A A @42 Bl B S RIRE YT, BEVIN (R 12-36 M H, 1 Bk
AR BB R 3 B R IRV R 5 R Ao MR e e 55 5 1 7 B SR IR R T W 2 PP 23 220
BEHATREZE R (P < 0.05); BEHUG AR H WSS IE0 B B Hil 85 R (P < 0.05). X SHE B ARK
DU BRI R RSB SE I RORE, BHRIRRTTIREIRE BT O RIeR, BE kBN E R
T/INA AT 22 51 L 5 04t B i e 2 Ve B PR 57 5 AT A RO B R o B I A AT

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

L. T BT EIEFR T EHMEA B ENATE (7 ZER Wi KL AL T[] AR LR

wath, %, 1975 %4,
W ERTA, Rk,
1998 St i B F [R5
A, Gl EAEER, BN
FERHLTFBOHR.

P& 7>25+5:R318
SCHRBRIRTS:A

i 5:2095-4344
(2016)17-02451-08
FtriE: 2016-02-20
http://WWW.crter.org

2451



triEfh, 5 GIRTT I 2R 1B B R BTN SRR IR F0E @7 7&2 www.CRTER.org

Xu Gao-wei, Associate
chief physician, First
Affiliated Hospital (the First
People’s Hospital of
Huainan), Anhui University
of Science & Technology,
Huainan 232007, Anhui
Province, China

T E AT AU R A O B OR

REEIA:

HFHAAY: N TR BEXTER: BAELE: &0 AR IEXER: BXT, #XHT
K MRS

FREIA:

KPHIEAR, B IE: BRIFHEA: GIRITCH: BRTK, B ARLRE

Finite element analysis of femoral prosthesis implant in total knee arthroplasty:
positioning parameters and clinical optimization

Xu Gao-wei', Dong Bin', Cui Hai-yong', Ma Qiang? ('First Affiliated Hospital (the First People’s Hospital of
Huainan), Anhui University of Science & Technology, Huainan 232007, Anhui Province, China; 2First
Affiliated Hospital of Anhui Medical University, Hefei 230601, Anhui Province, China)

Abstract

BACKGROUND: Three-dimensional finite element simulation has been widely used in biomechanics.
However, there is little research in knee joint replacement. The study of femoral prosthesis is less.
OBJECTIVE: To analyze the optimal positioning parameters of knee replacement and femoral prosthesis
implantation, and to verify the efficacy of Gemini-PS knee prosthesis in total knee arthroplasty.
METHODS: (1) Knee finite element model in total knee replacement was constructed. Orthogonal
experiment was performed in femoral osteotomy positioning parameters. The shift amount A, external
rotation degree B, and valgus degree C of femoral prosthesis were selected as the relevant factors for
orthogonal experiment. Three values were taken for each parameter to establish orthogonal tables.
Nine experimental combined knee replacement finite element models were created and analyzed with
finite element. Analysis of variance and range analysis were used by optimization. (2) Totally 42
patients (47 knees) with knee osteoarthritis received total knee arthroplasty with Gemini-PS knee joint
prosthesis. Knee joint function was evaluated after replacement with Hospital for Special Surgery knee
score and American Knee Society knee score. Knee pain was assessed with Visual Analogue Scale
score.

RESULTS AND CONCLUSION: (1) Minimal polyethylene substrate surface compressive stress peak was
translation 0 mm, external rotation of 3°, valgus 6°; the peak stress was 15.9 MPa. Among the influential
factors, the effects of internal and external translation were larger than that of external rotation angle, and
greater than that of valgus angle. The optimal positioning parameter combination was pan 0 mm, external
rotation 3°, valgus 6° by range analysis and variance analysis. Orthogonal experiment was valid by
simulation. (2) 42 patients were followed up for 12-36 months. One patient affected subcutaneous fat
liquefaction of the lower segment of the incision. Hospital for Special Surgery knee score and American
Knee Society knee score were significantly higher after implantation (P < 0.05). Visual Analogue Scale
score was significantly lower after replacement (P < 0.05). X-ray films showed that osteolysis, dislocation
or loosening was not found. The recovery of knee joint was good after operation. (3) These findings
suggest that small changes in the site of femoral prosthesis implantation can cause abnormal distribution
of polyethylene liner surface stress peaks. Accurate positioning of femoral prosthesis in total knee
arthroplasty can achieve better clinical results.

Subject headings: Arthroplasty, Replacement, Knee; Prosthesis Implantation; Finite Element Analysis;
Osteoarthritis, Knee; Tissue Engineering

Cite this article: Xu GW, Dong B, Cui HY, Ma Q. Finite element analysis of femoral prosthesis implant in
total knee arthroplasty: positioning parameters and clinical optimization. Zhongguo Zuzhi Gongcheng
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B AF (Altair A 7 ) . Abaqus % 14 (Abaqus 2 7 ) -
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Table 1 Material properties of knee models of finite
element

kL AR LL FPERR S (MPa)
ARE 0.25 2 500

B 0.25 17 000

iYL 0.25 200 000

JIERER YL 0.25 118 000

HIKYE 0.25 2 800

AT ER LA 0.4 690

AR FEEX FIRZ ZI TR [ e AR i
i, PR BCE R AFIZ 5], %S5 2 188 R R 2,
JBCE B A B AR A M B L0 A B 2 1) DU BE 5 R BN
0.037E X Hefilt, 18] FHtin1 120 N# i E B 2% i b
(LE1)-
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Figure 1 Femoral
prosthesis in contact with
the polyethylene liner
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Table 2 Orthogonal factor table

SRR KF1 KT 2 KF3
WA A(mm) -15 0 15
HNiE A BE B(°) 3 3.5 4
SMERSEE C(°) 55 6 6.5

&3 IEXEHE
Table 3 Orthogonal table
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152 IEREUERLE: 505 Gemini-PS I 56 75 i 14 4
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Table 4 Orthogonal experiment table and experimental
results

SRR LS Kit K2 K3 WER

123456789

111222333 2321 2017 26.65 6.54
1231231232069 2455 2591 5.22
1232313122321 2271 2510 2.41
123312231239 2273 2459 1.89

o0 w >

213 BCEBARTTEL RN U= L R AT
LA, fEREBEEANKINEmMBIRY, WA
R T f LR R T ANEE AR B s, Ab
41 2 4£.5.5°-6.5° 1 ¥ il 2 AR A ) &5 RBA K KR
Wi, 5 _E AR ZE AT AE RAR B, SRS,

®5 RHEGZRSH

Table 5 Analysis of variance results

ZH AT A(mm)  SMEEFEEB(P)  AMEIAITE C(°)
Sar 20.09 13.70 3.09

Fi 0.1759 0.1152 0.0251
TURE 54.9% 35.8% 7.5%

214 E AL EE FRIE R R AR B R e
MSEEAE N0 mm, SLiE3°, 4MEE6°, RIA2B1C2,
ZAHMA S FIRQH SEIG h, HIR 204 R 3R T B
JIEAE B /NEIN15.9 MPa, KT JEHER RN 5 418
RY( e B g VA, 38 4 BT E SRR B 1B AE SE IR A AL
o

2.2 & RISIEIRIELE R

221 Gemini-PSIE KRR 2 R AT E#MA P ARG
BENENL 420 g BRIV, RIS, T
BFIT, BV E12-36H . RFEME. #Edh
gt e, BRSO TR . 148 E B
e Ja AR LU R B FREI WAL, 47 0 i A0 T RE 77 AR
DBURE, Tnsadezy, iIR1ETRLEEER.

2.2.2  Gemini-PS i ¢ 75 R 7 4 i 50 7 B e 5 a1
RV GOl HROWLLEH, B B 5 R IKBE Y
HSSVT 73 FIKSS P43 14175 B 4 57 B 42 =1 (P < 0.05);
H 02 b vP73 s B 4 w7 BH 2R (P < 0.05).

2.2.3  Gemini-PSI& I AR 42 I 5% 1 B 4 il 5 X 2k
B XS LR IEAL B Bon B B a3
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(8.2£7.0)°, E#H)n WHEIM-T1(7.8£1.8)°, B 5HE
o) L 2 A B3 R (P < 0.05), W.E2. B
) SR XA 2k B 3RS SR IR AL B L [EDE ME R R
B, WRBUATCRERE, 130 WAL DL OE R R R

<6 BERAIEEE HSS T4, KSS 14 Ry BT
SR (xxs, n=42)
Table 6 Comparison of Hospital for Special Surgery knee

score, American Knee Society knee score and pain Visual
Analogue Scale score before and after replacement

TiH BT RIKEE YT P
HSS W4 25.16x10.11 88.18+7.57 <0.05
KSS 74> 32.21+14.69 85.50+5.58 <0.05

EMIESEA% 8.18+1.26 1.06+0.82 <0.05

2 BEATRBEER
BIfE X §t4k A

Figure 2 X-ray films of
a osteoarthritis patient
before and after
replacement

B A VB AT X S
b B E#E 31 MH X
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KA JE i 2K T 120°-125°,  H A L i)
KATDIRECL S B FARGE , RERSHR i O) T 3 3 1L
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M55 R AR RO, AR BB A A A R BRI, (H 2
— ERA, RIS RN AR - A P EL R, X
ARJEH R, KRI85 4R )5 IF AR
A KA R IR 5

N LA R B 10T G PESG T 2 B
RATWITLAE A ROT i, R REEE N Z AL
BN RIS, ORI 1 A IR RO B T,
X R KT BB W) 0 S IR FOAE R SR T B Rt &
REE, RIRIBah e — R =LET Wiz, 1A 5
(IS S, BT s SR VE SR ST D RE St ALY
WA, 22 51RO T R FT N AR SR Eh e #T8), fE g
R B AR U R R R O L LA D B 4 R AT Y
WA, D AREIFFIERIE I, N TR E SR
SN RO B (I PRACRUSY, B (B 1R L A B A
AL ANSNE 4 mm Z R RT s Bk RasE, fE
Ul I I G IR B A5, R DR LA Jm R AR ) v it
SRR R B E TR RO, AR S 2 N ORI AT 7K
L, MMZEIEHILE 4 mm DL, R RS i Ok
BARIETT R B B S F e 30 2 18] AN DL BC R
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