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Finite element analysis of medial patellofemoral ligament reconstruction at different flexion angles
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Abstract

BACKGROUND: The medial patellofemoral ligament reconstruction is the most commonly used method for the treatment of lateral dislocation of patella at
present. The ultimate goal is to adjust the patella to the normal anatomical position and restore the patella track. Currently, the main core problem of medial
patellofemoral ligament reconstruction is the selection of its femoral end fixation point.

OBIJECTIVE: Finite element method was used to analyze the limiting effect of the reconstructed medial patellofemoral ligament on the patella at different
flexion angles of the knee joint, and to simulate the limiting effect of medial patellofemoral ligament reconstruction at different fixation points of the
femoral end on the patellofemoral end, so as to provide help for the selection of fixation points of the femoral end during the reconstruction of the medial
patellofemoral ligament.
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METHODS: A finite element model of knee including bone and soft tissue was established according to the extracted CT and MRI data of knee joint. When

the knee flexion angle of 30° and 60° was simulated, the medial patellofemoral ligament was constructed by selecting different fixation points of femur end.
The contact stress and contact area between patellofemoral joints at different points were compared, as well as the transverse binding force on patella. The
equilength of the medial patellofemoral ligament constructed from the same fixation point of the femoral end at different flexion angles was verified to study
the effect of various reconstruction positions of the medial patellofemoral ligament.

RESULTS AND CONCLUSION: (1) A three-dimensional finite element model of the knee joint at 30° and 60° flexion angles was established to construct the
medial patellofemoral ligament at different fixation points of the femur end. The medial patellofemoral ligament constructed at the same position of the
femur end had usable isometric length at different flexion angles. (2) After the lateral displacement of the patella, in the transverse direction, the medial
patellofemoral ligament constructed at different fixed points of the femur end produced different transverse binding force on the patella, and the transverse
binding force was maximum at the anterior 10 mm and minimum at the proximal 5 mm. In the longitudinal direction, the location and size of stress
concentration points on the patella cartilage were roughly the same, and the contact pressure did not change much. However, the contact area between the
patella cartilage and the femoral cartilage was significantly different, with the maximum contact area at 10 mm at the front end and the minimum contact area
at 5 mm at the proximal end. (3) The medial patellofemoral ligament constructed at the center of the saddle region has a good lateral restriction on the patella,
but does not cause excessive restriction on the patella in the longitudinal restriction, and can achieve a good restriction on the patella.

Key words: medial patellofemoral ligament reconstruction; medial patellofemoral ligament; knee joint; finite element; fixation point of femur end; saddle area
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Figure 1 | Fixation point of the femur end
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Figure 2 | Medial patellofemoral
ligament reconstructed from the central
point of the saddle region
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Figure 3 | Three-dimensional
reconstruction model of the knee joint
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Table 1 | Hyperelastic material parameters of major ligaments and
tendons

R YIGHET DI (MPa) BRI 45 250
iLBSN 2.75 0
HEW 2.83 0
PRI B 5 0 8.27 0
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Table 2 | Material properties of knee joint model components

Mk VLR (MPa) MERYN =
hid 17 000 0.3

P Az 0 35 0.3
AR 59 0.49
e 12 0.45
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2 Z5B Results
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MPFL KA 25 /T 5 mm, RIS a] DU 5SS [ i il A
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Table 3 | Reconstructed medial patellofemoral ligament length

(mm)

B i 1] 5 Jaitiiizs)es
30° 60°

i X H 54.01 53.66
T 5 mm 53.8 55.01
HiiH 5 mm 48.14 47.6
Fii 10 mm 44.29 44.18
FEi 5 mm 52.28 50.04
73 10 mm 51.34 47.94
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Figure 4 | Nephogram of interpatellofemoral cartilage stress distribution

in the first step (only applying upward load of quadriceps femoris)

i L 6 R i AR KA i S AR R AT R

22 ARE@HRI HHEE I SMITEINALFE S, A4S E] MPFL
X LA T A IR R 2R Ty, gk 4. R SCTT T h 30°
I, 2% RO I MPFL X B 1R 1] 20 ) B AE 115.22-
178.24 N Z [, L APl o [ 4E s AE HIT S 10 mm AbER, 1M
v 5 mm Ab g/l e B S [ 2 s H - # X AT L I v AR
BN, BRI LIRS A IR TR S ] 7 e ) 3 S 7 B
AR ESE a3 TR
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Table 4 | Transverse binding force of medial patellofemoral ligaments at
different knee flexion angles

e i ] 7 il A
30° 60°

LXK 146.39 234.38
i 5 mm 115.22 210.50
Rk 5 mm 165.10 256.40
RT3k 10 mm 178.34 270.30
T 5 mm 151.90 243.73
U 10 mm 156.20 246.70

MY M 60° B, % SR EE Y MPFL X BB XA 1)
21 JIHUEAE 210.5-270.3 N 2 [a], H i KE 5 & /IMAFTTE
frE 5 30° mFAH R, FLAS A 2958 s S5 s 5
30° HFAHABL
23 EAEWHERRAN ) REREDSEROR  EXK
VU Sk AL L s T it 0 A7 S, B R I R DG YT A e — A
10 mm A7 #, Hi ANSYS B0 vF B4 i i i P9 0 ) ok
A HE, WA S. JE 307, 60° [ B IR 4 A o
K, WES, 6. Jm il 30° i, Ry or A 32 B R 7R R R
MR 8, B 7E 2.005-2.103 1 MPa 2 [H], T Ji& il 60° i,
FRL ) o0 AT A AR i Ol B RS 43, AUEAE 2.695 5-
2.890 5 MPa 2 [i.

=5 | FEEUBEESRERNNSEARNEE (MPa)
Table 5 | The maximum stress on the medial side of the patellar cartilage
after patellar displacement

e i ] i il A E
30° 60°

X 2.1003 27941
¥ 5 mm 2.0673 2.6955
R 5 mm 2.103 1 2.784 4
A7 % 10 mm 2.1100 2.7838
i 5 mm 2.0675 2.890 5
izt 10 mm 2.005 0 2.8592
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FBvE: A-F 3RS 87X HRay, U035 5 mm, Ri%G 5 mm, FiiE 10 mm,
T3 5 mm, LI 10 mm BT R ERE R IR T 43 A 2 1

5 | 30° BB B AR RERANN S HE

Figure 5 | Stress distribution of the medial patella cartilage after flexion
displacement at 30°

BlAE: A-F 205l D4z X e, 23 5 mm, B3 5 mm, #ii 10 mm,
TE5 5 mm, TG 10 mm BTSRRI HR R B N IR ) 43 AT 2

&l 6 | 60° BEBMABEHEETRERAMNASHE

Figure 6 | Stress distribution of medial patella cartilage after flexion
displacement at 60°

0 I B 8 1) 3 R Bz iR 7 B L3R 6. JiE il 30° I,
i 5 ) 29 e R e R ) B0 (E 5.333 3-5.722 5 MPa ],
1M i i 60° B, B K Hefi Ik /1 8U{A 7E 6.451 6-7.210 3 MPa 2.
6], 43 AIAEIL G 5 mm BRHEUEE IR, LS 10 mm i
AN
# 6 | EEBIERRE S KEMEHBIE (MPa)

Table 6 | Maximum contact pressure between patellofemoral joint after
patellar displacement

I i ] 72 A e il £
30° 60°

Iy R IX 5.694 2 6.9388
I 5 mm 57225 7.2103
HiH 5 mm 5.6486 6.691 1
Hi3 10 mm 5.597 4 6.689 1
JEH 5 mm 5.6814 6.8242
3 10 mm 53333 6.4516

P A% e BB R (R AR, WER 7. J it 30° Y,
e RN S B XA, BB R A 81.6 mm?. AR T
g X rbty, [ E fmEE s s, Bfmi ARk, fE
i3 10 mm AETARIE K T 18.9 mm?3 T [E] 52 AR L b B B
ER AR AT —E BN, HORIE N T 13.12 mm?; B E s
L5 A B, AR/ T 2.9 mm?, RS i Hh 60° I,
DAL, 5 X At s P MPFL PR ST AR, HL e e 1) 2 fd i
BN 105.15 mm?,  AREGT BB DXy, B S ] 5 e 17 30T g
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BB T 4.3 mm?, [T EE T 15.93 mm?, [
e SN T 12.19 mm?2,
®7 | RBAYERRREKFIEMER (mm?)

Table 7 | Cartilage contact area between patellofemoral joint after
patellar displacement

J i ] 7 R S il
30° 60°

g X A 81.6 105.15
i 5 mm 78.7 100.85
B3 5 mm 92.99 116.04
Al i 10 mm 100.5 121.08
it 5 mm 91.26 114.31
fE i 10 mm 94.72 117.34

3 i7if Discussion
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DARIAE MPFL X iz G\ m] ok B2 20 TR0, 7 3 4 2% 1) R L 0

T ER A BT, MPEL X B 110 BR ) 60 4 4 1) 5 20 1) 1)
PR, ) RPN MPFL S P AR IR 23R 7,
PME 2R R E IR, AR RO R it i BB 8 IE
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