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Abstract: Objective To establish the three-dimensional (3D) solid models of the knee joint with anterior cruciate
ligament (ACL) fracture and the normal knee joint based on CT and MRI images of human knee joints, so as to
explore influences of the knee joint with ACL fracture at different knee flexion angles on its mechanical properties.
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Methods
and the tibial prosthesis was inclined backward by 7°. The 3D finite element models for UKA at knee flexion of 0°,

Combined with the unicompartmental knee arthroplasty ( UKA) , an Oxford Il prosthesis was implanted

30°, 60°, 90° and 120° were established, with application of 1 kN compressive load on the femur center, to
analyze stress distributions of the meniscus cushion, femoral and tibial prosthesis at different knee flexion angles.
Results
principal stress of the meniscus liner was statistically different, with the maximum difference of 62. 5% between

For both knee ACL fracture group and normal knee group under five knee flexion states, the maximum

two groups. At 0°, 30°, 60° and 120° knee flexion, the maximum stress in the ACL fracture group was
significantly higher than that in the normal knee group. At 30° knee flexion, the maximum stress of the femoral
prosthesis in the ACL fracture group increased significantly. The maximum increase under the other four knee
flexion states was 60. 81% . Compared with the normal knee group under five knee flexion states, the maximum
stress of the tibialprosthesis in the ACL fracture group was increased by 19.07% ,36. 78% .25.69% .—4.38% .51.19% ,
respectively. In the ACL fracture group, the uniform stress on the meniscus liner and the tibial prosthesis were
higher than that in the normal group except at 90° knee flexion. Greater damage could be caused to the meniscus
liner at 30° and 120° knee flexion. Conclusions The stress distribution of unicondylar prosthesis varied with flexion
angleof the knee joint and the ACL function. The overall stress of the ACL fracture group was larger than that of
the normal knee group, with stress concentrated in the medial area. The maximum stress could be reached at the
knee flexion of 120°, with the most obvious wear. The research findings provide a theoretical basis for surgical
design of the knee joint ACL fracture in UKA and optimization of the meniscus prosthesis.

Key words: knee joint; anterior cruciate ligament ( ACL) fracture; unicompartmental knee arthroplasty (UKA) ;

biomechanical properties; finite element analysis
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Fig.1 Kbnee joint non-invasive model and UKA model
(a) Finite element model of non-invasive knee joint,
(b) UKA models with different knee flexion angles
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Fig.2 Comparison of contact pressure between the

non-invasive model and literature results
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Fig.3 Stress distributions of meniscus liners at different knee flexion angles (a) 0°, (b) 30°, (c¢) 60°, (d) 90°, (e)120°

222 BERBAKREASH BREEAENEHK
AT s ) I i =S N W I - N s o
AR B I T 43 A5 AT R AR AR 1 g5 R R ) 43 A AR
DAL, AR 8 S5 RN 7 4 v DA T O © s v i i o8
1F EF) 30° 1 60° (1Y 5 i 11 JE E 90° B 5 43
e KN 7 43 DX P AR 8 e B 3 M A4 2R 1 ; 7F
B 12000 BRARF m N E N &, H ACL
Wir SLLH W 1 o3 A X ACL TE % 40 K, A A
WM T, ACL Wi 441 b ACL IE & 4 78 R &8 &
ISR (WE 4)
2.3 BRERBERKEANT

JRIEHT ACL Wi 24 FIIE % 16 D0, X Hb St
PR AEAS [ Je B A BT 18 e R 2 8 g ] i, o

A ARt B H5e K N 7R JE B 90° B /N, i I
30° i K, HAH 22 0 B 53 318 5. 06% F 62. 5%
JH I 0° ,60°F1 120°0F , ACL Wi 24 20 () e K % S
¥R T ACL IE % 4, A 25 08 B 43 51 ok 37. 46% |
20. 13% 1 19. 93% , H&EBAATE 5 BB BORE T
ACL W24l fe R 0 S e ACL IE #4053 m T
19. 07% . 36. 78% . 25.69% . —8.13% 1 51.19% .
JRE B (B A ELAT 5 2 T A Aol 8 R0 IR - A1 A A [R) 1) A2
ek, B 12000, B 0 B A Fr & 32 1 | K 3
IV A8 G ¥ T 4 U IR A 5 BRJE B 90° 4k, B
BB AR R J1 39 K F ACL 1E % 40 ; 76 )8 B 30° F
120°0), fe K N S 78 ACL W24 41 S RIS | %) 2
R R IELi)



EEHE, S BXTA R XAHENRAREREN N 2SN A RIT S

LI Pengxiang, et al. Finite Element Analysis on Biomechanical Properties of Unicompartmental Knee

74 Arthroplasty in ACL Fracture of the Knee Joint
I
ACL Higd H :
b >
(a) 0° (b) 30° (¢) 60° (d) 90° (e) 120°

B4 AEAEBRAETREEREMKNSH
Fig.4 Stress distributions of tibia prosthesis at different knee flexion angles (a) 0°, (b) 30°, (c¢) 60°, (d) 90°, (e)120°
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Fig.5 Comparison of the maximum principal stress on prosthesis of UKA models with different flexion angles

(a) Meniscus cushion, (b) Tibial component, (c¢) Femoral prosthesis
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