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Abstract

BACKGROUND: Periprosthetic fracture of the femoral of the knee after total knee arthroplasty is one of the common complications, and there is a lack of
biomechanical research on the periprosthetic fractures of the femoral of the knee under different bone strength conditions. The three-dimensional finite
element analysis can provide a biomechanical basis for clinical practice.
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OBJECTIVE: To investigate the biomechanical changes of anterior femoral notching after total knee arthroplasty under different bone strengths, and to provide
a mechanical basis for the clinical prevention of supracondylar femoral periprosthetic fractures after knee arthroplasty.

METHODS: The femoral CT data of healthy adults were obtained, and the three-dimensional model of femoral lateral replacement of the knee joint was
established by Mimics, Geomagic studio, and Solidworks software. Anterior femoral notching models of different depths were constructed, and the models
were imported into ANSYS software to analyze the changes of biological stress on the femoral condyle with different bone strengths and different anterior
femoral notching depths. The stress changes of the femoral anterior condyle section after and before the filling of anterior femoral notching with bone cement
were analyzed.

RESULTS AND CONCLUSION: (1) Under any bone strength, the supracondylar stress increased with the depth of anterior femoral notching. In normal bone
conditions, there was a stress abrupt change point when the anterior femoral notching depth was between 3 mm and 4 mm. In the case of osteoporosis,
there was a stress abrupt point when the anterior femoral notching depth was between 2 mm and 3 mm. (2) When anterior femoral notching occurred during
knee arthroplasty and the depth exceeded the thickness of the bone cortex, the supracondylar stress of the femoral gradually increased as the bone strength
decreased. (3) The stress of the anterior femoral condyle section decreased when the model with an anterior femoral notching depth of 3 mm was filled with
bone cement. (4) The results show that anterior femoral notching should be avoided during knee arthroplasty, especially in patients with osteoporosis. If
anterior femoral notching occurs during surgery, bone cement can be used to evenly fill the anterior femoral notching to reduce the supracondylar stress of the
femur and reduce the incidence of periprosthetic fractures of the femoral joint

Key words: total knee arthroplasty; anterior femoral notching; osteoporosis; periprosthetic fracture of knee joint and femur; biomechanics; three-dimensional

finite element analysis
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Figure 1 | Separating the femoral mode

2 | AT ERAGER
Figure 2 | Model after total knee arthroplasty

1.5.2 AbFMERAR . B B FURE FA BB KRR B B
B FA TR STL SCA#% 2043 731 5 N\ Geomagic studio 2013 %X
fF, AT RS AR AL, B O AT R R AR
HER B Zapastimi g, Wk, NiEst
BEAT ANSYS KB 2 BT 4T T 2l f fm IF DL STP ST 4% 2
fth (& 3).

x1 | BREBRIAE. BRR BRRNZOFLEFMMELSSER
Table 1 | Polygon processing and curved surface fitting results of femoral
prosthesis, cortical and cancellous bones

T F =M EARCE BT fFESC NURB i 4
522 126 416 0 0 305
B 128 876 0 0 301
R 108 710 0 0 240

3 | BRE/RA. KERE. ¥ABRE NURBS ghEE
Figure 3 | NURBS curved surface of femoral prosthesis, cortical bone, and
cancellous bone
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Figure 4 | Installation of simulated femoral prosthesis
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Figure 5 | Incisal map of anterior femoral notching at different depths
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FEALAE Y 7 Nm, B G I B R4 A 9 225 N, i
BRIz i (BT Y) 1 220 NP (B 7).

z2 | BR REBERBKRHMRIES
Table 2 | Material properties of bone, femoral prosthesis, and bone
cement

MR YL (MPa) THRA L
1B R 12 000 03

B rp B B 9000 0.2

7 B A B R 7560 0.2
IEH R TUE 121 03

B rp R SRR KA B 71 0.2
P SRR AL R R 50 0.2
Mg ik (S HE4) 200 000 0.25
KU (5P RIS TR ) 3000 0.41

6 | BREREREL
Figure 6 | Gridding of femur
model

7 | REBESZEHOINE

Figure 7 | Static stress analysis diagram of the femur

3 | BETRBMEFAERAREER TSI T SMEBTE
Table 3 | Number of nodes and elements of mesh generation of finite
element after femoral total knee arthroplasty

TiH JBe B B 5T (mim)

0 1 2 3 4 5
A4 23528 23785 23754 23811 23605 23455
FOTH 12474 12644 12593 12 622 12 462 12421
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Solidworks B4 A 57 F B /K Ve 3EAMARFE N 3 mm 1) AFN
BERY, X-T A% S HEAT CR A7 %0 5 N 42 ANSYS 17.0 #5433
ITH R CMREA, AT I 5 J5 15 R 23 907, H
JCHCH 12 616, T LM BHBRE J5 8 BRI BT 7%
3T
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B 5 T 2 1) B B AR R [R] ARN R JBE 2 1) () B3 23 39138
F B e e A 204 B K JE3E AN AFN JRZ N 3 mm.
AFN VR 8 3 mm., KA AFN 2 83 R R 5 2 5007
FR B K HES Ny @=0.05. FiTA Hdl kb B # 4L SPSS 25.0 %K
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BREEBE AN Gt B R d .

2 Z5ER Results
21 BEBLE A5 EBE  7E ANSYS 2023 R1 Hfth it

R AT AL I T SRR RHE, 28 T4 18 5 15
BN F) 2 K0 [ 8-10 fiir .

3mm 4mm 5mm
E8 | E¥BREHTRREHRERIERE (0-5 mm) B ERNRE

Figure 8 | Stress gradient of normal bone with different depths of anterior
femoral notching (0-5 mm)
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5mm
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o BB BRIRAR 5 A B B AT R BRI R B (0-5 mm) BR E

Figure 9 | Stress gradient of mild to moderate osteoporosis with different
depths of anterior femoral notching (0-5 mm)
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Figure 10 | Stress gradient of severe osteoporosis with different depths of
anterior femoral notching (0-5 mm)
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Table 4 | The maximum equivalent stress of anterior femoral notching in
different femoral bone strengths
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0 1 2 3 4 5 #6 | FTEBFREBESKREREEREFMH &M RN
U Table 6 | Linear regression analysis of different bone strengths and the
I E‘Jﬁi - 34421 36478 41334 46339 58252 60.655 maximum equivalent stress on the femoral condyle
B R R B 35.890 40.830 42.374 54.803 59.642 61.646
o TS 37.664  43.694 45323 60.089  60.749  62.332 24 IEHH B igs EEE R
A5 B R? 0.950 0.947 0.903
[a] 5 7 F 2 B 5.759 5.647 5.408
— EE R — R L — T B Pt 0.01 0.01 0.04
70 q
65
604 6 Al & i, BEAE BSEAET BTIN A B4 5
%5& %1>09, WABEWRE: BHTTERBBNIEE, Sk
Z AR R IEAR R T2, AR RS RAR R 2 AL EA
= KeSIE 3L PAHY < 0.05, HAEGHEE . M
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N B KRRy, FLBER ARN REEIIVR, M A

H=0 mm H=1mm H=2 mm H=3 mm H=4 mm H=5mm

BIE: H Jy R i B B IR

11 | TNEERBE &SRS RIE RYIER H sk E

Figure 11 | Line chart of stress change of anterior femoral notching with
different bone strengths

2.2.2 [AIFp AFN R FEAE LR B 5 B0 BB R R g I s
WS AT P AE— ol AN VRN B TR 25 AF X R LR T R
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YR AFN VR FEAE LT I EE 5 N SPSS 25.0 34T H oG4k
PEENEAS AT, 138 HT 5 gk 5 Fir.
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Table 5 | Linear regression analysis of different depths and maximum
supracondylar stress of femoral condylar

24 JBEE R SN2 IR (mm)

0 1 2 3 4 5
TR 4 BE R2 0.937 0.993 0.795 0.995 0.982 0.991
[EIERFEEY -0.010 -0.020 -0.010 -0.030 -0.010  0.000
Pl 0.162 0.052 0.299 0.044 0086  0.059

el

2.3 FRRMANAN TR E R LR KEFHE A R
AFN JRFE N 0, 3 mm fg /K YR HEANA B A 3 mm B 8
BRGNS R INFR 7 fiios. 4 bk 3 AL H s kAT 5
&5 2T, SR

F=7 | RERIEBRYERE (H) 730, 3 mm &FKEEAREN 3 mm
FIHBR B8R LR RE W (MPa)
Table 7 | The maximum equivalent stress on the supracondylar joint (0, 3
mm) and the cement filling depth of 3 mm anterior femoral notching

B H=0 mm H=3 mm+ /KJE  H=3mm
EH 5 R 34.421 40.470 46.399

B EE RGBS 35.890 41.687 54.803
TS 37.664 45.045 60.089

X#s 35.99+1.62 42.40+2.37 57.76+6.90

2.3.1 AFN I JE N 0mm fl 3mm () L & 40 & 12 fif
N, MFETHETEH, I B AFN 41T AFN IE N
3 mm 20 I BR b A R S5 RLORE ) 4 il Dl (35.9941.62) K
(57.76+6.90) MPa, 2 ik 12 MPa, E R B E M E X
(P=0.02 < 0.05).,

2.3.2 AFN IRJE0N 3 mm HERFIE /KIS ARN BB
& 13 JiT 7%, AFN 7 [ 4 3 mm+ 5 /K Y8 AFN I £ A
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Pl H g i e S5 UITZE IR FE o

& 12 | H=0 mm 5 H=3 mm W& B8R L& XFBH R E
Figure 12 | Column chart of the maximum equivalent stress on the
femoral condyle with H=0 mm and H=3 mm
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13 | H=3mm 5 H=3 mm+ B ENRE B L RASHR HiEFE
Figure 13 | Column chart of the maximum equivalent stress on the
femoral condyle with H=3 mm and H=3 mm + bone cement
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REATREA, 25 W3 MR L (P=0.018 < 0.05).
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RO ESMZ EILECR, WA ZERIC R E R L
(P=0.119 > 0.05).,
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& 404
S 35
R 301
& 25
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# 15
3@ 10
54
04
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BVE: H OB BT R BT DR .

& 14 | H=0 mm 5 H=3 mm+ BRHRE R L& XFHH R E
Figure 14 | Column chart of the maximum equivalent stress on the
femoral condyle with H=0 mm and H=3 mm+bone cement
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T RSEE R, B AFN SRZ RN, a8 bR
R FEIEH B AT, AFN JREETERE 3 mm
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35 ANTAVE R SR JE T R DG M B JE I B R K
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