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Effects of Different Posterior Tibial Slopes in Unicompartmental
Knee Arthroplasty on the Wear and Function of Prosthesis
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(1. School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China; 2. Department of Orthopedics, Yangpu Hospital Affiliated to Tongji University,
Shanghai 200090, China)

Abstract: Objective To establish the three-dimensional (3D) finite element model of unicompartmental knee
arthroplasty ( UKA) with 3° and 7° posterior tibial slope at different knee flexion angles, and to study
biomechanical properties and prosthetic wear of the knee joints with two types of posterior tibia slope and their
effects on knee function. Methods Combining CT and MRI images of human knee joints with the 3™-generation
Oxford prosthesis, the finite element UKA model with 3° and 7° posterior tibia slope were established. The 1 kN
load was applied to center point of the medial and lateral condyles of the femur to simulate the standing load of
human body. The maximum stresses and distributions of the prosthesis and articular cartilage at different knee
flexion angles were analyzed. Results The maximum stress of the meniscus liner with 3° posterior tibia slope at
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0°, 30°, 60°, 90°, 120° knee flexion angles increased by 28. 06% , 68.99% , 19.45% , 21.06% and 53.38% , the
distribution area was concentrated from the side of the meniscus liner to the central area, and the stress
concentration was obvious at 120° knee flexion. The maximum stress of prosthesis with 3° posterior tibia slope
was greater than that with 7 ° posterior tibia slope. The expansion of stress concentration area would cause wear
and loosening of the prosthesis, contact stress and concentration area of the articular cartilage would
subsequently increase with posterior tibia slope increasing, and stress concentration would be more obvious at
high knee flexion angles. Conclusions Tibial prosthesis has the higher stress and greater wear under the
condition of 3° posterior tibia slope than 7° posterior tibia slope. The research findings provide theoretical basis for
the UKA design in clinic.

Key words: unicompartmental knee arthroplasty (UKA) ; tibial prosthesis; posterior slope; finite element analysis
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Fig.1 Anatomical axis of the tibia and femur
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Fig.3 Maximum stress distributions on meniscus liners with 3° and 7° posterior tibial slope at different knee flexion angles

(a) 0° knee flexion, (b) 30° knee flexion, (c¢) 60° knee flexion, (d) 90° knee flexion, (e) 120° knee flexion

2.1.2 BREBAEASA BB
AR ECT & 6] R A AR 3 5 2 B B T
FEAN [F) e A B2 T 19 I8 (B I 7 o0 A an 1 4 Jor
TN BB 8 P A I 3 43 R K g T A v
X, 7E 5 Pl BB, I 30 05 KN J1 41
SIS 8 7° % 51.08% . 66. 83% .68. 13% , 16. 4% |
56.59% . JE g 0°F1 30° B i B (B A4 e KR DA 43 A
FEMSTS, JR R 60° s}, J5 1 3° 1 g 43 DX 35k AR A AR

A\
A

(a) 0° (b) 30°

Jafsize

Jafiize

N\
4

B E BB R AT, S5 (00 7° 76 J B 90° Bty B A
475K BEE T AR 1S R I g AR v X i 1)
ST,

2.1.3 EMEBMBAKRREASH  JEIE 0°~90°
TEOLT, Ja i 3 BB A& SR 0 B K 1 ¥R T he
00 70 B JE B B AR TP J e I R e s o
A B 10 7 A8 Ak SR (] I oo Jee it ) B2 A0, R
AR SRR 76 i B 30° B ok B 45 K, 2 H M A 3

L
L

(c) 60° (d) 90° (e) 120°

E4 BEEREGHMTARERAETEESRESAN NS
Fig.4 Maximum stress distributions on tibia prosthesis with 3° and 7°posterior tibial slope at different knee flexion angles

(a) 0° knee flexion, (b) 30° knee flexion, (c) 60° knee flexion, (d) 90° knee flexion, (e) 120° knee flexion
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Fig.6 Contact stress distribution of femoral cartilage and tibial cartilage with 3° and 7° posterior tibial slope at different knee
flexion angles (a) 0° knee flexion, (b) 30° knee flexion, (c) 60° knee flexion, (d) 90° knee flexion, (e) 120° knee flexion
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