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Abstract

Objective: To explore the biomechanical characteristics of unicompartmental knee arthroplasty
(UKA) under varying radii of radial-corner shape reserved osteotomy and knee flexion angles, to
provide a theoretical basis for optimizing surgical protocols. Methods: Based on CT and MRI images
of knee joint, finite element models of conventional osteotomy and radial-corner shape reserved
osteotomy (1~6 mm radius) under the knee flexion of 0°, 30° and 60° were constructed to analyze
stress distribution characterization of tibia. Results: In the radial-corner shape reserved osteotomy
models (2~6 mm radius), the maximum von Mises stress in the cortical bone of the proximal tibial
osteotomy region was reduced by 10.11%, 17.69%, 18.56%, 29.03%, and 35.16% at 0° flexion; by
1.73%, 14.40%, 17.80%, 25.00%, and 38.98% at 30° flexion; and by 5.87%, 15.16%, 18.38%, 19.67%,
and 22.39% at 60° flexion, compared to the 1 mm radius model. Under the same conditions, the
maximum von Mises stress in the cancellous bone of the proximal tibial osteotomy region exhibited
a similar trend to that observed in the cortical bone. Under different radii in the radial-corner shape
reserved osteotomy, the overall high-stress distribution regions in the cortical and cancellous bone
of the proximal tibial osteotomy region were largely consistent with those in the conventional oste-
otomy model at the same knee flexion angles. Conclusion: The radial-corner shape reserved osteot-
omy, by optimizing the geometric configuration of the osteotomy surface, effectively improved stress
distribution in the proximal tibial osteotomy region, reduced the risk of stress concentration, and
significantly mitigated the risk of stress fractures in the tibia. These findings provide a theoretical
basis for selecting appropriate surgical protocols in clinical UKA procedures.
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1. 5l

A AR B K IR BB 56T, 2 B 51T 2% (Osteoarthritis, OA) i & FIERAL, 859% B %1 K K
AR, BRI O R BRI 2.5 12[1], Tt F 2050 4EH R ARG N 74.9% [2], ALERE
AT 1B, MEN T SECCTRIEE 2K . KOA MFERIGIT LTS N=2: BE&
{7 # & R (High Tibial Osteotomy, HTO). 4=/ 517 & #: R (Total Knee Arthroplasty, TKA) R ¢ 17 581 &
AR (Unicompartmental Knee Arthroplasty, UKA). UKA fEIGI7 I 3T % 7 I B E R, GE%AE
TR T IBA E S5 TR UKA BRCE T Bk, (HRAMEE/IMERA G HAORE, ™EEmW T F
A8 BRSO R AT SE B AR TR B [3] [4]. UKA I 2 B AT A48 il o 5T P UPSRE[5] . IR B AR R 7
&6 B VEE AT (e E-F 33 b) [6]. ~F H B A SR BRI B G R VAR )15 R0 D TA) 3 kA7 M 5T
K15 BEWIFHARYN, e RS fetl 3 E BRI, SECE K H IR L[8].
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R G P AR AR R 4R e A A 1) 5 W B T 32 5y SR T BT & (Mobile-bearing) #1 [#] 5& T & (Fixed-
bearing) B Fh2E MY . 5N G B 1 dRUAR R Oxford 11 B BRABAA, oA R 2 AR 38 ) DLZE IR
F-G B B3, AT S ) 35 403 5 IS B2 . 1M I 12 P & BRI B ZUK B4 (Zimmer A &,
2004 AEHEH)AMRE, HROIEM TR IE ARA R E SR ER B 6 L, R4t T Earfae .
Emerson 5[] X} LU LRI, TEENF G IRRERN G B8 SCILE U (ORT5FA0R, BERIKT RO
o B R N 7, AR TR A R e 5 OO0 ] = AR 036 0. Bonutti S5E[10] 00K IABE VI B SR B, [E e P
EARARTE IR PR B A R B KB A AR 2, & 37 S84 B T 75 RSB 1 )y P ELAEE A 2050
LRI ARS, RHAMEHE A F AR ARFIZIGHEH 1 m 2R,

W R N AR AT B S R B TP A UATTIR A 96 o RS H AR 2 275 Oxford DG AL E 4
FARBEARUIA, 4 HEESN)EI e B T B V)RR ORI I EAC# .  TE U AL B RS D)
HEESEHAMERE R, 20N EMMRERAEZE M EEREYEK, SEEEEE, ®n7TREFE
B L R At R R S T R TRV DB 17 2 IRV A A b SR AN S, =2 B A
JURTTEAR 22 51 RS I B B g AR B v, R e i B TP HT I R A2 4L« Chang &5 [11]5: T2 & 28 1) CT #dls
P g = e AT PRI AR T AR B P A A RO, i e R AL 1 7 U Rk e T AR R i
BRI R T A LR, RIS TR A TR LRTEAS, HJ) 5 g Rk O R A e B S R
FEA%. SRTM, H TS TZBOARIEA [ J5 00 A R DL B AS [R5 7 e ittt A T B AR 70 25 A LA v A
WA .

JI B J A FEE PR AR A 2 S 35 S R OG5 1R 52 0 A3 A IS Bl 2R 1 o Yuan 28 [ 12K A IR T 7 i 7 ik,
P T 37 5°% 77y 97 L1 PR S A R BB R R H B A B B RN T RGN, I AT 4 AR A e
R G UGN, 2 AR 2 L RS RN K, R R S A R 7o, AN R B iR
Fefu )N 7)o B R HE = o SRTT, Weber S5E[13]7ERLI S 25 A W I R OG0 BE 453 00 whon] I b A [0 10 i s £ £
(—4°. 0°\ 4°, 8)iEAT T LA, UESEIE IR 5 WA o] LA R S R B A R T B AL o 0] G {rT T A T
BT A BB DL LA BCR TR AL T AR 7 R A GO 70 H R THRZREIN B, MARTE RIS .

A e R VPN DG B AR KAV A T e E LR AR [14] . Takayama Z5[15]8F 5% T e &
JEATA AR A BB AR LA TRV L i it A TR 2L AP T Bt 22 S DA RO I T 0K 1 v E i et 1 FEE 2 TRT R R &R
I A B A FEE R R 0, TR G el B I (%) ZEL A () B B e i) B /N o R e 2R 4 5 I PR TS 25
BB R, BRI AE AR PN AIRE4[16]. Suzuki Z5[1712E WU B 50 BE AR Bk, A
FEWER TG A RE A R IO AR Bl . T RIS (A BR 2 A M DS AR, FFBG N H AR A S A7 1)
A 6

TERRCTT R E AT, KRG R AEE AN, NEREEEAEXET, SRS
A RIS A B (B 00 Ji it 307, i il 60° %) BT AR B A ST S ONE, TR R S B R ok
REFE . N T VPPAS T2 RO R B R S B OGN 98 SRR 1 R 20 g AR DX 0 1] = G
BE ) SRR SRR AU R e 1, A TR ARG CT 5 MRI Edl DL I R F AR A
Ji %, AEMEST A = IR & UG 3 TP, B TEEAE, HhEESETS
KPR T AR B B A, TESREERE e ih TR BSIAL(0%) i il 3071 60°, R B4 [ M A B i A 2 R
Chang Z5[11]f 1 TE, Bl AT T GEAT AL, SRS TERIFLAYEAE R — 8 . VEAS [ A 4% UKA
DRZI, PREE R AR AR AR T 1~6 mm ESFLEAE, DL L mm iy, M T 18 N EESFLE AR AR
B (B A 0 = A RO Y, 3BT 1 AN IR R DR JeE T 7 P52 e R 20 g AR DX B2 I R o PR e K
von Mises /) S H AP AREAE . A7 B 7EAR T OR B [ A 0B HR A RIS FLAP AR 0T UKA AR ) 55
W, F5EIAE AT, v )E SR AR AR
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2. HRIFSE
2.1. fAsEXR

EARBCH, B T — AR R MRS, SR TH B LT Z 34 (computed tomography, CT) %}
AT MG, K13 7 I8t 872 5KZE N 0.75 mm. #5504 512 x 512 (1) CT B5. [FIEE, ]
iR 8% (magnetic resonance imaging, MRIVA Al — [5G 15 BEAT 4, FRHLT 354 5KZ)F 4 0.6 mm. 43
AN 256 x 256 1] MRI K% .

2.2. RBEI SMEXIS

(@) (b)

Figure 1. Radial-corner shape reserved osteotomy models: (a) radial-corner shape reserved osteotomy model of 1 mm radius;
(b) radial-corner shape reserved osteotomy model of 4 mm radius

1. REBEABFEERG: () RBEABSHILFE 1 mmRE; Ob) REEABEHFLFE 4 mm &R

MR NAKE RS CT A MRI SR A R T ARIRAETT 58, B ORI 58 IR SGT5 FIHE <77 A il B
BRE A (UKA) ) = 4EFE LA PR T o S O R A B % . RT3 R AR 46 . 4%
CT EUg TG B AT Mimics Wk BIME, EBUE 8RO 1 BME, #H7TXEEK A3 a#E
BEDCHR, AFERE . BE. HEEREE . B MR EESA Mimics B, AR$E A AR fEH] 407 B %
TR AR R AL AT R, o, W BB E . WAMUBRE R . MR
B, WAL BT X7 (Anterior Cruciate Ligament, ACL). Ji& 22 X 14 (Posterior Cruciate Ligament,
PCL). W {II&E]H47 (Medial Collateral Ligament, MCL). #MI&|#)7i (Lateral Collateral Ligament, LCL). #%]
i AR E _ETTAE R B DY S U . =4 S AR LT ALS R Se B OCT = 4E A  N 3 ) T
FEF A Geomagic HHk—5 eI A B DL R AR T Fr o 2 R BB AR E T R ER 78 = 4 s B A
SolidWorks Hxf g 57 A ] =25 ) i1 & LR A 3° (W AMNERIBA Dy 0°) e AT /KPR, Mgk E
BUE, BT, b B S KR TR R B B . 28 Chang S5 [9] (R B (8] 11 4k
HHARMB, B AT PSeEAT AL, RS FERFLI A EREE— P . NP R AL AR UKA 52
W, FEIZJE0UA BT AL T 1~6 mm £ LR (RL 1 mm s3E) IR B A A AV E Y, il 1 R, i)
BB RS B MR S RS RST, EEUIRE ] T Oxford N BB A, B BAREAT
g 20 mm; 2 ARSI E RS 6 mm: R E BRI ETE KB 20 mm, JEEEN 3 mm. X S AR
B AR RN R B [ A A B B T TR LA (i i 07) BA K JiE il 3070 60°, FLEESL T 21 MIAFPIRA T
PIRERY, FERTE B i NS BMERAA, FEanE] 2 Brxd & AMEEALTE Hypermesh #44 A k474 BR 7o M % &l
gr. BB MEED HaiE e, KU k7 DU p ks &7y, KM C3D4 Hycki, AX 5

DOI: 10.12677/mo0s.2025.143251 613 5 1 A


https://doi.org/10.12677/mos.2025.143251

B R JE ARA T E KRR R AR E 1.00 mm, T RSORZ T E A . FLARET A 45 A 5080 X 4 Ay B AT AT
S ALFR, F SR FH /N T A BT (C3D8R) AT MR K1 73 « LI A7, WA ANAEAE F B A XIS . CEATF 50,
X WRASHEAT T U AT, B HEEE I A RS s SRR XS R ST D 1.00 mm, ST 30 A2 AR %
R~F41.00 mm, JEE MR RSFZE 0.80 mm & 1.20 mm 2 [a], HiAh BB 45 H IRk R~ 1.50 mm.

[iEa= g

S AR A

2 B iA

Figure 2. 3D finite element model of radial-corner shape reserved osteotomy
E 2. REBEABEN=4HBRITEE

2.3. MEEM

Table 1. Material properties used in the FE model

= 1 ARTREPEROMRENE

4ERE AR PR (MPa) MEV/N =4 % FE (t/mmd)
J 17000 0.30 1.25E-09
WA R B 350 0.25 4.37E-08

E1 = E3 =20, E2 = 120, G12 = Ga3 =

FHR 57.70, Gis = 8.33 vi3 = 0.20, vi2 = v23 = 0.30 1.07E-09

LGz 15 0.46 1.07E-09

A X By C1=5.83, D1=0.00683 - 1.00E-09

IE & ki C1=6.06, D1=0.00410 - 1.00E-09
PR C1=6.43, D:=0.00126 - 1.00E-09

SM gy C1=6.06, D1=0.00126 - 1.00E-09
i 15 0.45 1.00E-09

JEC DU =K JUL e 15 0.45 1.00E-09

4% 4 A 4(CoCr) 195,000 0.30 8.3E-09

B TR O (UHMWPE) 685 0.40 9.4E-08
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HREH 5

g

1045 BRITRT AL FRAE Hypermesh FRSfEAT MORHBVE R B B . 43 PR AR b 4o FF M) I8 P ¥ B 2 1
FIE 7, 3 r B A AR IR 0 ) R 4 K 4 A 4 (CoCr), 2 A BRI M B A B 4 TR 0%
(UHMWPE) . 5 4 g (2 S5 i RURA J 15 ) 359 1 8 4 4% T [ P SR DR8], X 43 B R R i o 5T
R B RGRE RORHVE B, E RS B IR R 5 BEIT 1500 s, AMABAT R AR A5z N T %, Rk
AR & 1) R LR B AR . DR R % 1) R MR A ), FF B AR 11 Neo-Hookean #57,
HAM TN v =C x(1,-3), CoAWIAEIYIRRE, 1, Cauchy-Green MASTK B — & IE A&, A
AR MR 5 1 [ P A, [ 1 B A g B, A IRVl 1 F) A ME AR B I B (1= Ea), SRR
BRARKRR, S A 17 5 3 AL B
2.4, hREHE5HM

[ R s PR A A B A e, B85 em. W KBk a5 g e
LT TR 1 P MR R 5 Y e AR R A A, AR A I B A R IR, B /A 1000
N [19].

3. R
31 BREREERRRENET

SR B AR AR AR, ERRET YOI 5 RSV G LU U 3 e AT K s, P AT IR
B, HPEEREE S AP TR B A, IR Y T O BN A(0) SR 30°AT
60° . 1 5 71 4 A0 F S 2B A B 1 TS AT B AL SR ZE AL LRt b P — B T o VT4 I A 225 UKA
(OB, B A A LR I T 1~6 mm (O4EFLEAR, BL L mm . Bk HERZ A 455 3 A AL
TR 18 /S RV FL 2 450 1 5 B R 2k R 20 1 i 3 s 0 X 5K von Mlises 32 718 [ 725 A 34 A ks
EARFE, BARsAikashin T

20

i Il Normal
- R=1mm
18 1 I R=2mm
1 - R=3mm
= 16 - [ IR=4mm
] i : R=5mm
gm/ : R=6mm
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72}
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Figure 3. The maximum von Mises stress of the cortical bone in the proximal tibia on conventional osteotomy and radial-
corner shape reserved osteotomy (1~6 mm radius) models under the knee flexion angles of 0°, 30° and 60°

E 3. BEHHEEEANRERASESHFLER 1-6 mm BRERXTSER 0°. 30°, 60°PREILHEBEXKRENER
X von Mises Rz 7118
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R AR RS [ B AL A2 P PR B [ A A 2R o R 30 g AR X2 1 IR K von Mlises: ¥ )
TEWRICT I 00 3071 60° F AR AN E] 3 FivR . BhiFLV 2B /NI G B [ A bl i A 2 o i B b vl i
X 7 5 1A B K von Mises 77 B 2 v 1 A o AR B A A E B AL A2 Lmm B A, R X
BB ERE I ih 0°. 30°. 60°4%1F N IH Kk von Mises 3 /1435y 13.85 MPa. 14.44 MPa. 13.98 MPa.
FHIF AN, 50 AR B AR L, 2B 20 s A DX B Joi 1 %of I 2 7 () B4 R 43731 4 1:1.38. 1:1.23, 1:1.13,
A DL TR O JeE o A SN, B LS S SEIEIZ R o DR ER B A B LR 2mmy 3mm. 4 mm,
5mm. 6 mm R, RE U X 1K von Mises B AH LEA FLAE 42 Lmm AR5 53 5 7E I 6
5 il 0 /> T 10.11%. 17.69%. 18.56% - 29.03%. 35.16%; &< i i 30°HfJk/> T 1.73%. 14.40%.
17.80%-. 25.00%. 38.98%; &< 15 )H #h 60°Hf /b T 5.87%. 15.16%. 18.38%. 19.67%. 22.39%. [iti%h
FLHARIIG R, LJEZE T B, il s E B N 7K JG FLAE I 919 e ff #7152 0 3071 60°
BF, B5FLFE42 5 mm Al 6 mm 23 BRAR TR E T s X R R R oK von Mises B 7. N 77 BEA IR 5 [A]
ST INEL FLAA AT BRI S D E B, ATk 18 DX R ) B . FE A AR R T, SR
BUE T S57K-FECE TR BRI E A, B 2 iE N e . TR B 3 A 8B PR E e T Je Bl FL IR, X
AR AR DX LRI S5 0G, AHAS 8 ) Re % W R I T A B LR gk AT BR A, 8 b 1 B (R R it
JERAE, MIMSEE T8 R E I i X N ) 504

32. REAERBEXERENNNISH

Table 2. Stress distribution on cortical bone of the proximal tibia in conventional osteotomy and radial-corner shape reserved
osteotomy (R = 1~6 mm) models under knee flexion angles of 0°, 30°, and 60°

#2 REOLABEXERBEEASETREMRBEAEER = 1~6 mm)EERRERXTIEMN 071 30°F0 60" THY
HHhEE

Component Normal R=1mm R=2mm R=3mm R=4mm R=5mm R=6mm ColorBar

0°Flexion é” E” QE’ @?’ @?' @” ‘i’
e @ PP QPP
o @ @@ @@ @@

LA AR R R AS [R] B FL A3 ) O B 160 A0 R 2R e J i 0 IX B A R 549 ELAL AV (07) AN
JEi i 307 60" TN ) AT AR T A 2 FoR. FEF BB, MR SG AL T E LA, R
B A X B N T e L2 IBON SN AR, B SR XA T R R i A, H
FERE B Y- 6 AR DX i H BN VA s RO R it 30N, 2 770 A I AT, 77U s
SeE o g U Sk A R DY g o (R N T O T D DR VA R A A7 L [ N . S S VA A R
TIVEAR s T2 ORTT JE Hh 60°I s N A e IR I, A A RN SRR ) — o X T IR B
[ AR AR, FEAFIREFLAAR AT, iy 3 i 4 X o A A sy L 7 2 A (X 38 55 4 T e 2
R A YA AL . DR P [ AR R AR 2 v R AU i A X R A AE IR R T B AL, SRR AR X
SR PR 2 BT T S P O, 7 U A DX T i LT 2 B LA s RS S Ji il 30° I 3 ) 2
IIARAE SR B BCE X RO AT o, 7 e L AR 7 J 4B DX 0 P o A B B LA, I TR 5 52

s,
o
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HREH 5

g

JIBLIN s RRTTJ H 60° I B FEMGAE I AN 65 5 R BB A AL B T 7= AR 5 IR O X8, Hoh 32 )%
00 10 30 S S8 [ S o 24, I A i A B 52 N, I VAL s R B B T M0 Fr) 3 S A LA o 3 —
BRI, BEERE LRI, AEARIRIEE ST Ja A R DR B A Al A R PR 2 7 A7 R H L
B, X YIBEAL AR SO R — e A R AR AT RN o RIS, B I 5K T e A EE )
FEOR, BT WU E R, R B (B A 4B AR P I B o XA B FLAR TR AT TR B, T 3 B
B i DX IS S 2B R0 R N7 DA /N AR T X 3K

33 REBLRBERMERENNN

SRR E T REOR, 7RI AN A = i -1 & LU B 3 AT s, PR AT I
BACE, Hoh I B T S ACH G TR R BB, AEREEAE EBE 7T EALAL(07) JE il 307
60° o O B [5] #f1 A0 1 1 AR A1 AT TSR AT AL, S AE [ FL IR St fiadt — 2D R PPl B A1 2420 UKA
(s, OB [ f B E AR I T 1~6 mm IS FLAAA2, DL Lmm g . gt SIS 158 20 3 AN H
AT 18 AN AL FL A2 DR B 51 A1 A 2R ) i U S B DXAR B 1 K von Miises B ) AR fb
HBHARFEAR, Bk Aiasun .

1.6
I Normal
1 B R-1mm
1.4 B R=2mm
’ [ R=3mm
= 1 [ IrR=4mm
o) 1.2 [ IrR=5mm
= _IR=6mm
z
O
= 1.0
wn
wn —_—
& L
=
2 0.8 1
Q  —
S
g 0.6
=]
£
fé 0.4 4
=
0.2 1
0.0 -
0° Flexion 30° Flexion 60° Flexion

Figure 4. The maximum von Mises stress of the cancellous bone in the proximal tibia on conventional osteotomy and radial-
corner shape reserved osteotomy (1~6 mm radius) models under the knee flexion angles of 0°, 30° and 60°

E 4. BEHEEEANREBRABESHFLER 16 mm BRERXTHERM 07, 30°. 60°FREBILIHEEXMRRENER
K von Mises B 11&

B AR SR RS ()l L2420 1 O B (B30 B A 28 o i AU o B 1 XA BB [ B K von Mises B g
TEMRCTTJE I 00 30°F0 60° F AR 4] 4 Btz . O B 15 AR A B S 28 v e i 0 XA O D e K
von Mises M. JJ7ERGFLAE 1 mm B 35 T BB 8 . OR B B AR AU B ALK AR 1 mm BEEY IR
Ui AR XA BB AE IR DS S il 004 30°. 60° 2% T W K von Mises I /373734 1.14 MPa. 1.05 MPa. 0.90
MPa. AHE &AM, AHECT R AL, [ ds XA TR (15K von Mises 327743 5l 34K T 25.27%-
1.94%7#1 12.50%. FEEESFLAAERIM K, Bk von Mises N 12T/ o R 5<5 Ji #li 30° 1 60°F, N 7143
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i

A
g

Par
&

AIERGFLAEAE 2 mm (0.90 MPa) T 4 mm (0.78 MPa) i 4R T FIAE A, 1 LA 4 FL24% 6 mm i
(0.90 MPa) A& T FUAR B A Y o £ B [ 1 488 1 B A 6 i L2 42 1) R R R 5 A Ak B AR 1 it o 30° 1 60°
N I8 A0 g A B XA B S g B AR B A AR B AL AR 2 mmy 3 mmy 4 mm. 5 mm. 6 mm Y
W, TR TSR XRA B 18 K von Mises B AH LR FLEA2 1 mm BR8Y 23 J 7E RSG5 JE il O°FFHs b 1
6.14%. 7.02%. 16.67%. 19.30%- 21.05%; W< il 30° A8/ T 14.29%. 17.14%. 20.00%. 22.86%-
24.76%; [ E i 60° K %/b T 2.22%. 10.00%. 13.33%. 16.67%. 18.89%. i /7F& I S K2 4L FL 2K
BEHEING KT R BT AR, b 1 N R — X3 BE A, AN SR 1 R H i i A XA ol
BN ST . AR i i 30° 1 60° I, X RPN R E .

34. REEREERMREHN NS

AT R DR LA AN TR L A58 1A O P 30 A 4B A 2R o i D v AR XA B 1 AE IR SR 1T A T
NLAE(0)s i 30°LA K it 60° =FARES T MR S A AR RS, JLARINEE 3 P AR AECE AR
T, BB T LA, R T A X R B R R 2B BON IS A, N
e L A Y EILAE R i AL N1 65 10 3 ELARR o7 B s SRR ST e oty 30°INT S B2y oA T i b Jo - ) L 5 i
IS WA AL TR i U 65 i A S R B R A e A L T i, HLAZR F WA /N T R T EL S AL I
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Table 3. Stress distribution on cancellous bone of the proximal tibia in conventional osteotomy and radial-corner shape re-
served osteotomy (R = 1~6 mm) models under knee flexion angles of 0°, 30°, and 60°
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