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Abstract: Medial compartmental osteoarthritis of the knee is a common degenerative disease and the cause of disability in the middle—
aged and elderly. High tibial osteotomy (HTO) has been proved an effective treatment for medial compartment osteoarthritis of the knee.
However, the indication selection and surgical technique of HTO remain difficulties in some extent. Improper indication selection or poor
surgical manipulation will lead to unacceptable clinical outcome, even accelerate osteoarthritis progression. At present, finite element analy-
sis is the main method to simulate the stress distribution of knee joint after HTO and predict the clinical outcomes. In this paper, finite ele-
ment analysis on knee stress distribution and its variations after high tibial osteotomy, as well as the design and placement of implants were
analyzed and summarized to provide a theoretical reference for clinical practice to improve surgical efficacy and clinical results.

Key words: medial knee compartment, osteoarthritis, high tibial osteotomy, finite element analysis

HRTR (osteoarthritis, OA) E=—FhEHHLA B
BB, FERM M E T (ANHEROCT FIE ),
(ERUECIN 3= YN & B BER IR | il 5 SR IR (NS 22 e
MFEMER, OA KWFBAE LI, FKEWA M 1 OWHTO Xt A IEF T £ 4 1 Z & Mm i 5R
st 40 2 BIRFEN 10%~17%, 60 % VL b NG

(finite element analysis, FEA) #E HTO 477 & A [&]
%= OA WMMFFEIE R A T2 I 4 b LN FH AT

ik 50%, 75 % LA LIk 80%, BUERFEH 53%, TR
DRI A R B OA 2 AN H] 25 T 16
GBI, KB e A OA. INIITT S
‘B L8 H  (open wedge high tibial osteotomy, OWH-
TO) JEIRITIRAMIE = OA M EZEFBZ —, A
R ARREAR BB IE OA HEJE & ARZ 22 %) HTO it
177 R ImIRAEFE, {5 HTO XFEOCT A= 9 1 2752
AR, RS OETE L AR SR TERA BRIT ST

DOI:10.3977/j.issn.1005-8478.2022.15.07

HTO A J5 5 RS S &M% F I 5G9 45 8] % 171 fp
HF A, TRES SR NME ) (medial collater-
al ligament, MCL) 1 JJ38 /i1 *'. Purevsuren 55 '
S OWHTO BERUAIFSE A2 3, AP 00~10° 3 fin fif &
FE B 30°07 MCL PR 5Ky, d i #r i MCL RERS
SE L 1R 8 g A B 2 AN TE] 2 3G 0 5 7 T 2 fik
PR AR AT A0 0] 25 42 sl 137 3 7R DG4 e A3 a2
MAE) 12T, Fff MCL V)2 A e U 7% Pl fa]

ABETE : HE AREEIL ST H (445 :81974347 ,81802210) 5 U1 K4V P P2 Bl wifk & J 135 TREE S H (475 : 2018HXFHO040)
TEE RIS AEAEEE W AT B, 1 A9 1) < ST B As sh 477 , (HLE ) 13984921056, (HL {54 )809712650@qq.com

*RISIES WM, (115 ) 13881878767, (HE, 154 )shenbin_1971@163.com

1377



5304 55 151
202248 H

T LSRR S
Orthopedic Journal of China

Vol.30,No.15
Aug.2022

‘FAfai, Van Egmond &5 U5 ad @7 OWHTO FEAUAE
FAAR ARSI, & AP MCL 7] g 28Uk 5
DAL S =5 T R A R A, AT R R AL B £ 4 A
%, X5 Bagherifard 5 ™ (AR 45 R0 — 2, BT
DL, i YAk 2 MCL AT B T80/ A 18] = 17 4
W3 43 10 ey e A% 2 4 R 1 AN 1) == 9 B8 v I R T
R MR, R FERMERTRER IR ST AT 0, AR
1M, OWHTO A MCL 2 A i 2 A A F2 B H Al
WICER, HAELE—L.

2 BREMEEEEX OWHTO BEXT HZEEmE
FEA #35%

ST, IR B R B e A W T2 o) JR O T 42 i
NI A A B R M Suero & MY A7 A
OWHTO FIRINF I e B0 IZ B 320 v S 5 e e 13 | A 8 JRE
RS T U A SR . Yazdi 25 10 @57 PR OWH-
TO IR FE & IR I 15°F1 30° R Jj ) i) 2= 422
filt FE 343 BN 4.9%F0 17.7%, B HMiE 15°0F )
[F) 28 Jefph 1 R % 10.8%, R B ANIE 15011 30k Ml
I¥1) 25 F2 ik 17 0 S04 I 22.8% 11 13.3%., IR, OWH-
TO A R b Rl e, IR B e A ] sk
B, 7 AR ke B s 5 4 R B O 1 2 I A A L
#, T RN ) R T SO E OA

Bretin 25 ' 5 i AR R 5T & L, B e RE
WA O el 1R, JReE e S B¢
W2 AL E R I AMUER,  FTREE B T AL M
g, AHR, MBeEAMEr= AR, 32 B
W IER . Kenawey 55 " BFZE &0, PN 0] 2 42 fiph
JE 77 b BB sl B AN IE R T R S/ NG K,
PIBEAS R I8/ N TR A, (LA ) % K AN 32 5200

K, >4 HTO 5LESMNG TUBHTE, EH e
W BT R Z 0 T AR, 35 Y ANERT LUK PN
) 2R fr e A B AMIIAT %, 5 B AIE T B2 3K
A E) % 0 3k BE S, SETIEE SR = OA i
. MR, PIBESEORERE I = A T, e e
AN R [RIREL 235 RO T ) 3 0 ) ks

3 OWHTO BEBETFeEHAXNBRXT hERIE
FEA #3538

Black &% " I RBFFEE L, OWHTO RJ5IEH 5
0071 °F- 35 R 3.5° AT ARARF AU A I RIT 2%, AT £3.6°
A5t YR OWHTO BERIBFGY A BE, MIE-E-F- & a5 il
IR E] 5ol BRE M 2= Py et A T Ml ] =
JE B, R R O T IR S R 45
{05 B/SRR i e s k313 A S s RN v w1 [T =g

1378

A al = 53, B, OWHTO J& 8 J5 (0 28 vl
U R N AMUE) % O HT R RS, SRS TR
ISP RS 9 A SNIR S A s I N s A AU G
N5l BESS AR N ) % OA HEfE

JE - B AR s R 2 D R TR,
BIRMRN H3En BirERRL s MR, IEEER )R
RIS RIS HIRS , 5 - & HR 1 R
il 22 L) (anterior cruciate ligament, ACL) 5K J7 44
B RS RN O Tmholf 19 P
WA THIMES IS, 0 T ACL AR R £ i
W25 PECLWTRL o 7 Rt AR A 3
AR/ 2 RO A H LN 5w, SHEASE
]2 OA HEFEFL -

Zi b, BRNBCHERNANBIRIESS, R 5 R
FXE OWHTO AJE AT IR S faf [RIFF 2. OWH-
TO 8 R A AL AR THES SRz ', i H e
XSS 12y A A RS SR s H R A e

4 OWHTO MBI ERXNEBEXT =2 FEA
R

P B LN A B 1T BB A 2 T3 HTO 2RI
FOJRLERL, T B T 2R 1 ARG B 7 B 37 P9 R R T AR
RIS A ) E A RS 2 I Z g, H oM
W IE S W T A . IR 20N T e LA i
AN B IE N Fujisawa 55, B HF & H4MIl 62%
b, BN 3o~5 AR BAR TG R Y, Sl At
kinso %5 " fFFEIN MBS NI I A A I NBH 0°.

Trad 25 " # HTO BIRISE K 20 4.5°0 MBI,
ST N AIMIUITE)ZE [RI  3 A Tk 0P, P9l a] =5 0
WA, BRI )R AR M) =, B A
FEANRIT IE Ao 4.5°, b BT IE nT BE 26 ST e e
AR 7T o Kuriyama 45 5 #E57 OWHTO #5558 56
WE TR AU SN BB IE 2 Fujisawa s N EAEN E
FIARARIMUT- 5 S A 071 faf ALE 8 G738 3 o

M2, HATZHE R FEA #5881 OWHTO
MU 21 B0F IE f 7E 0°~5° b &, {H HTO fefE
ANERTr IE A0 AT 5

5 OWHTO XT&UTXNEXT HEZIE FEA
R

ERIEE OA & IFNBITE , HrhiRa gk
WiIE205 31%, KESIRAYN 59%, —FFEE5]E
25 10% . RN B STE AR WS Xt
WAL TH T T RE S SRAF IR AR I PRI TAL . HTO
FREEAMIE 2 OA WHRHIRTE , DG Ze Rt R



304 55 15 )
202248 H

TSRS
Orthopedic Journal of China

Vol.30,No.15
Aug.2022

ARSI FARBCR MW ERLREER > 2, X T
HTO A J5 56 LA} XTI RBCR 9 52 ) 1 JC 48—
=SSN E N (1P NS SR VS S G PO E /G AT VAR A
MIRFFE IR 21, Song 45 ™ & B OG T L it <40
ARG B G PRI TR, Park ™ BIFFEIN R 65 L fhi
FHE h<4.5°8 AP, Nakayama 55 2 HE 7 #EH4)
BT HTO 67 EIE T PN BRI X 505 | DI g ) 40 A
RISEIR, RIOCTT MR 5o S EUR B LK
H BN A3, rTRES S EUMIIEE OA HHE.
25 b, 54 IRKF FEA BF28 OWHTO %5 1E 535
LMy KR e A <4e, BRI OWHTO ¢
TR FEA BFRERD, T H £ FEA W55 H
ISP S S TN I F Vi

6 OWHTO HEMZITZMEREEH FEA iR

BRECE RSN, P P 2 i R e A 2
OWHTO FAR M2 . BFFE &I, Tomofix
[ 22 B AE OWHTO AU MU DAk H 38 g 5 B 4
RS R TR sson; 2, Hefdsh/INE Pud-
du Bt , JCHEWIMGLE . BESRAFFEUERA ] Tomo-
fix H9HR Lt Puddu H9HR RS04 AT NI Fdse o, (1
J& Koh %5 ™ 5% K S Br BE TR 55 TomoFix AR
ZERCiL S RN DA B Y DA <35 € S E R A b & Y A K €5
B/, Weng ™ Fl Cheng ™ W57 K 815 1 55 0 B 74
BRI T A3 FCHE SR fb 0, F1 43 AT 34950, bk G R4z
i3 E2 I SR ORI, B TUE AT AU

BETREE . AR S Bt & N 715
MSFEMI Azoti 55 B ST ARRINEGY K B IR
AN I FHE Sk P2 R 1 18T 55 7K B 10092 i B
A TUE AT REtEf/N . Bostrom &5 P AFGTINR, FE
R TR AR A R AR 4 mm [R1FL HL B FL 0 =AM Kz
J5T 1 em 45 DUAMI R 5T 1 ) RN A8 e /N . A RS
FEUH, WRAET 28 3 R T I R A R ]
U M B T L RTRE e 1 1 B A A R ET I 10, 77
BEOMEE E R E R 7, Chen 55 IR ERM,
T 32 S R P P SR T T 2 A A P i i 2
53 BV 15 R 1 4 St DR 1T

Zi b, OWHTO JEIf IR FIGIF IR MlfE %= OA 1Y
HILFAR, @it FEA ] LI4EfE OWHTO £ F# IE 2
B, SR S TFARIGIT, PRIER MR -2
PR KA A 7RO %

T B 2

FEA J5 vl SR 0 e AS 6] g . S [R] -+ T8
TAEAAE FIROCTT A 2t HRTC gz 1
F HTO AW 12 S s 7 E Kk, AR
AT FAREAE . WEWERE L. RGP L
KN BB SR T A Y SRR .
TG R )2t 2%, HTO YR IR IN
ME 2= OA ANA R Z AW 12410 BHEFF IR AT
AN FEA B FE— @ B AR SL g 2,
BEE DI ITRA . FEA 45 W5 L 42 i fk . 4%
fb. BRefk, JFmIIGIR—LNH, EFIEIMEHEA
R 1) 7 FH R

S 30k

[1]  Rezus E, Burlui A, Cardoneanu A, et al. From pathogenesis to ther-
apy in knee osteoarthritis: bench—to—bedside [J] . Int J Mol Sci,
2021,22 (5) : 1-24.

[2]  Zhang ZY, Huang CB, Jiang Q, et al. Guidelines for the diagnosis
and treatment of osteoarthritis in China (2019 edition) [J] . Ann
Transl Med, 2020, 8 (19) : 1213.

[3] Kataoka K, Watanabe S, Nagai K, et al. Patellofemoral osteoarthri-
tis progresses after medial open—wedge high tibial osteotomy: asys-
tematic review [J] . Arthroscopy, 2021, 37 (21) : 362-365.

[4]  Liu X, Chen Z, Gao Y, et al. High tibial osteotomy: review of tech-
niques and biomechanics [J] . J Healthe Eng, 2019, 2019 :
8363128.

[5] Kuriyama S, Watanabe M, Nakamura S, et al. Classical target coro-
nal alignment in high tibial osteotomy demonstrates validity in
terms of knee kinematics and kinetics in a computer model [J] .
Knee Surg Sports Traumatol Arthrose, 2020, 28 (5) : 1568-1578.

[6]  Purevsuren T, Khuyagbaatar B, Kim K, et al. Effects of medial col-
lateral ligament release, limb correction, and soft tissue laxity on
knee joint contact force distribution after medial opening wedge
high tibial osteotomy: a computational study [J] . Comput Methods
Biomech Biomed Engin, 2018, 22 (3) : 1-8.

[7]  van Egmond N, Hannink G, Janssen D, et al. Relaxation of the
MCL after an open—wedge high tibial osteotomy results in decreas-
ing contact pressures of the knee over time [J] . Knee Surg Sports
Traumatol Arthrosc, 2017, 25 (3) : 800-807.

[8]  Bagherifard A, Jabalameli M, Mirzaei A, et al. Retaining the medi-
al collateral ligament in high tibial medial open—wedge osteotomy
mostly results in post—operative intra—articular gap reduction [J] .
Knee Surg Sports Traumatol Arthrosc, 2020, 28 (5) : 1388-1393.

[9]  Kim KI, Kim HJ, Kim GB, et al. Selective pie—crust release of su-
perficial medial collateral ligament in medial open—wedge high tibi-
al osteotomy [J] . Orthop Traumatol Surg Res, 2020, 106 (3) : 481—
485.

[10] Yazdi H, Mallakzadeh M, Sadat Farshidfar S, et al. The effect of
tibial rotation on knee medial and lateral compartment contact
pressure [J] . Knee Surg Sports Traumatol Arthrosc, 2016, 24 (1) :
79-83.

1379



5304 55 151
202248 H

T LSRR S
Orthopedic Journal of China

Vol.30,No.15
Aug.2022

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Suero EM, Hawi N, Westphal R, et al. The effect of distal tibial ro-
tation during high tibial osteotomy on the contact pressures in the
knee and ankle joints [J] . Knee Surg Sports Traumatol Arthrosc,
2017, 25 (1) : 299-305.

Bretin P, O’Loughlin PF, Suero EM, et al. Influence of femoral mal-
rotation on knee joint alignment and intra—articular contract pres-
sures [J] . Arch Orthop Trauma Surg, 2011, 131 (8) : 1115-1120.
Kenawey M, Liodakis E, Krettek C, et al. Effect of the lower limb
rotational alignment on tibiofemoral contact pressure [J] . Knee
Surg Sports Traumatol Arthrosc, 2011, 19 (11): 1851-1859.

Black MS, d’Entremont AG, McCormack RG, et al. The effect of
wedge and tibial slope angles on knee contact pressure and kine-
matics following medial opening—wedge high tibial osteotomy [J] .
Clin Biomech (Bristol, Avon) , 2018, 51 (1) : 17-25.

Imhoff FB, Comer B, Obopilwe E, et al. Effect of slope and varus
correction high tibial osteotomy in the ACL~deficient and ACL-re-
constructed knee on kinematics and ACL graft force: abiomechani-
cal analysis [J] . Am J Sports Med, 2021, 49 (2) : 410-416

Su AW, Bogunovic L, Smith MV, et al. Medial tibial slope deter-
mined by plain radiography is not associated with primary or recur-
rent anterior cruciate ligament tears [J]| . J Knee Surg, 2018, 33
(1):22-28.

Kim GB, Kim KI, Song SJ, et al. Increased posterior tibial slope af-
ter medial open—wedge high tibial osteotomy may result in degener-
ative changes in anterior cruciate ligament [J] . J Arthroplasty,
2019, 34 (9) : 1922-1928.

Panzica M, Westphal R, Citak M, et al. Intraoperative computer—as-
sisted prediction of intraarticular contact pressures in the knee dur-
ing high tibial osteotomy [J] . Int ] Med Robot, 2018, 15 (2) : €1972.
Atkinson HF, Birmingham TB, Schulz JM, et al. High tibial osteoto-
my to neutral alignment improves medial knee articular cartilage com-
position[J]. Knee Surg Sports Traumatol Arthrosc, 2021,23 (3): 1-16.
Trad Z, Barkaoui A, Chafra M, et al. Finite element analysis of the
effect of high tibial osteotomy correction angle on articular carti-
lage loading [J] . Proc Inst Mech Eng H, 2018, 232 (6) : 553-564.
Nakayama H, Schroter S, Yamamoto C, et al. Large correction in
opening wedge high tibial osteotomy with resultant joint=line obliq-
uity induces excessive shear stress on the articular cartilage [J] .
Knee Surg Sports Traumatol Arthrosc, 2018, 26 (6) : 1873-1878.
Kim JS, Lim JK, Choi HG, et al. Excessively increased joint—line
obliquity after medial opening—wedge high tibial osteotomy is asso-
ciated with inferior radiologic and clinical outcomes: what is per-
missible joint=line obliquity [J] . Arthroscopy, 2021, 37 (21) : 979—
988.

Song JH, Bin SI, Kim JM, et al. What is an acceptable limit of
joint=line obliquity after medial open wedge high tibial osteotomy?
analysis based on midterm results [J] . Am J Sports Med, 2020, 48
(12) : 3028-3035.

Rosso F, Rossi R, Cantivalli A, et al. Joint line obliquity does not

affect the outcomes of opening wedge high tibial osteotomy at an av-

1380

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

erage 10— year follow—up [J] . Am J Sports Med, 2021, 2021 :
3635465211059811.
Park JG, Bin SI, Kim JM, et al. Using the lower limb adduction an-
gle to predict postoperative knee joint—line obliquity after open—
wedge high tibial osteotomy [J] . Orthop J Sports Med, 2021, 9 (5) :
23259671211003991.
Raja Izaham RM, Abdul Kadir MR, Abdul Rashid AH, et al. Finite
element analysis of Puddu and Tomofix plate fixation for open
wedge high tibial osteotomy [J] . Injury, 2012, 43 (6) : 898-902.
Kang KT, Koh YG, Lee JA, et al. The influence of the number of
holes in the open wedge high tibial osteotomy on knee biomechan-
ics using finite element analysis [J] . Orthop Traumatol Surg Res,
2021, 107 (4) : 102884.
Koh YG, Lee JA, Lee HY, et al. Design optimization of high tibial
osteotomy plates using finite element analysis for improved biome-
chanical effect [J] . J Orthop Surg Res, 2019, 14 (1) : 219.
Weng PW, Liaw CK, Chen CH, et al. Concentrated stress effects of
contoured and non—contoured high Tibial osteotomy plates: a finite—
element study [J] . Clin Biomech (Bristol, Avon), 2020, 78 : 105089.
Cheng CT, Luo CA, Chen YC. Biomechanical effects of screw ori-
entation and plate profile on tibial condylar valgus osteotomy — fi-
nite—element analysis [J] . Comput Methods Biomech Biomed En-
gin, 2020, 23 (12) : 906-913.
Azoti W, Aghazade M, Ollivier M, et al. Orientation and end zone
of the osteotomy cut for high tibial osteotomy: influence on the risk
of lateral hinge fracture. A finite element analysis [J] . Orthop Trau-
matol Surg Res, 2021, 107 (7) : 103031.
Bostrom A, Amin AK, Macpherson GJ, et al. Hinge location and
apical drill holes in opening wedge high tibial osteotomy: a finite
element analysis [J] . J Orthop Res, 2021, 39 (3) : 628-636.
Jacquet C, Marret A, Myon R, et al. Adding a protective screw im-
proves hinge’s axial and torsional stability in high tibial osteotomy
[J]. Clin Biomech (Bristol, Avon) , 2020, 74 (1) : 96-102.
Chieh—Szu Yang J, Chen CF, Lee OK. Benefits of opposite screw in-
sertion technique in medial open—wedge high tibial osteotomy: a vir-
tual biomechanical study [J].J Orthop Translat, 2020, 20 (1) : 31-36.
Zhao XW, Fan ZR, Ma JX, et al. Reinforcement strategy for medial
open—wedge high tibial osteotomy: a finite element evaluation of
the additional opposite screw technique and bone grafts [J] . Com-
put Methods Programs Biomed, 2022, 213 (213) : 106523.
Yang JC, Lin KY, Lin HH, et al. Biomechanical evaluation of high
tibial osteotomy plate with internal support block using finite ele-
ment analysis [J] . PLoS One, 2021, 16 (2) : €0247412.
Chen YN, Chang CW, Li CT, et al. Biomechanical investigation of
the type and configuration of screws used in high tibial osteotomy
with titanium locking plate and screw fixation [J] . J Orthop Surg
Res, 2019, 14 (1) : 35.
(i :2021-01-01 f&[11:2021-11-22)
(AT R ZERT)
(ASCHif: T HE)



