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Abstract

BACKGROUND: Finite element analysis is an advanced computer-based engineering technique that uses mathematical approximations to simulate the

human body. This method accurately reflects the biomechanical characteristics within the knee, providing a powerful tool for understanding knee disease
pathogenesis, optimizing surgical protocols, and developing new implant materials.

OBIJECTIVE: To review the establishment of finite element modelling of the knee joint and its application in the study of knee joint diseases, and look forward to

the future development trend.

METHODS: The first author searched the PubMed and El databases in April 2024 by applying a computer with English search terms “finite element analysis,
FEA, knee joint, finite element model, knee biomechanics, knee osteoarthritis, knee prosthesis, knee ligaments, meniscus” and searched CNKI and WanFang
databases with Chinese search terms “finite element analysis, finite element model, knee joint, biomechanics, osteoarthritis, computational model, knee
prosthesis, knee ligament, meniscus.” Finally, 75 papers were included in the analysis.

RESULTS AND CONCLUSION: (1) Finite element analysis method uses medical imaging data to obtain a three-dimensional human model, simplifies the complex
human joint structure into finite and interconnected units, and visually displays the internal stress distribution of the knee joint by applying external loads to
the model. (2) The researchers deeply study the internal stress and strain distribution of the knee joint under different working conditions by means of finite
element analysis, revealing the overloading of the articular cartilage and the decrease of load in some areas when the balance of the internal load distribution
of the knee joint is changed, and that such long-term abnormal stresses cause deformation, wear and tear, and eventual loss of cartilage, which is crucial for
understanding how biomechanical factors cause degenerative changes of the knee joint. (3) The effect of physical therapy methods such as Tai Chi and gait
adjustment in patients with osteoarthritis of the knee joint was evaluated by finite element analysis, and the results showed that these treatments reduced the
overloading of the cartilage, which provided a scientific theoretical basis for clinical treatment. (4) Clinicians are able to optimize surgical treatment strategies
by performing three-dimensional reconstruction, data measurement, and simulation of surgery before surgery through finite element analysis. Furthermore,
the mechanical characteristics of different prostheses can be simulated to improve the shape, material, and fixation of the prostheses, reduce patient
complications, and improve patient outcomes. (5) The combination of artificial intelligence and finite element analysis makes the construction of finite element
models more accurate and easy to operate, greatly contributing to the efficiency of clinicians” medical practice and patient outcomes. (6) Finite element
analysis is only a digital simulation, which is still somewhat different from the real physical state.

Key words: knee joint; articular cartilage; meniscus; biomechanics; finite element analysis; finite element model; knee osteoarthritis; joint replacement;

artificial intelligence; review
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TR A Hoh, ERRPLLEHNTIRG T
FR g TR, EHESHSRIUTHTHES
Ho Ry 1/2, Bk, st FREHEERERGES, &
1R R T RERIE IR AP AE M. B AR IERABAR
a A,

H PRI AT i3 7T 45 Bh S A+ B A MUK R AR 69 RARAL
EAEEFX, A REFLE. BORIF P adih £
P B AR AR AR HEAT 49 A PR LT 2 R, AAXE T8 5
Bk BR, B KRB Y B A Bk gt 38.5%,
BIK R LE M P RN K 25 M) 5| AR 6 S B, B SR KR
B b EANKEE ERRH. &R, HRTUSHE
BWE KT KeYEn T RFEEEZER, T A )
& REL EIFTMBIRRXT ) FRHIE, WFEFHEN
HE, REHFNETHR, TR THRAAALIRLT
BB, REBARERES, By REFLIE.
IR AT PR TU AT ik A W RS ) o 68 B AT & s Ak 2
HEIIR, B EE—F Rt TR, ARE 2
6 R E A AE
23 BRITOMEERXTRELESNPINAE ~i
FERB AT EZNRELHM, BEFEFHAGRTIL
IR MG, & RATIG 1%-2%", & FRFFE
BHETRTNEH, THRLXDDOMINEMARET
TFRABZET A, FAATROGERIIGXTH I T/
B, BRETFEEKR, wRAERE, EEELT
& BB AAG AT K. BHRAAFRET L ETE
W iR B RS R T A R AT B A AT =
HEE. HENEFAEUF K, AT FAEH B X A=
FARAEK, BERZFREFAER, AATRY KEH
%z 0, Schatzker [[ & 2 B8+ & B4 w Leg £ A,
HAF B RIRFIF & B LSt RIFREF AT, BEkig
FERAAMBTE G E, AHEAMT AT, Fh
£ @I AENAR X 4. BELAID & °V iE i3 A FR T AT IR E
B, KRG E T AR SAARIR A T, KRR
Fa by R e, EiRAFR & KA T RE £ R M 09 2R,
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A9 B 5 9k - —, FHIEH % JEF) Schatzker 11 & f & 497
AKEHM, FHHEN SRS ARG LT ORI,
ZENG & i it B AR A g Ko kR 4 A R F 9B A
R, BATAAEA T FB4TL A RR LA KA 093 oy it
ATE R, BT F AT B ) oA . W TGEE R G LA,
VATFAE AN 69 FE M Fo R T a0 R, AP 13 it
AT AR T2 A B R BRAE AR R ST A HR T VAR UK, Y A AR
JL 7 B b A3 a3 098, A6 97 Schatzker 112 B 4742
A RIFOAE M, faxt T RE AU A a9 AL E AL T
QB R, Bt B RATRE R F 408, ©iE
SIE A RMAR L. A R R AT A 5 R A4
Ak dE, LT85 EH KXk, FERRE 5 ™ ) A
A P AR AT Schatzker V & 25 -F & 49 #F - FIF4T4
YN FHR, oM AF R B R T ke XI5 A R
A EARBAR L, A8 A0 AR AR B I B4 09 B e 2
B LA E AR A A, TR T EAF AL M A
MR, EAATHGAER, B, *FF Schatzker V
RRE T & I P A BB E AR AT, 42 EATIR,
HRASV R ARET RGO LT RETA HGAF L
B, T BRFE, RAAEFFRETHR.

24 NI EBREERK T ERTOMIUSINATIHE 44t
T RA PR HTARIBRK 0 e RAEH, ALK AT
it EA S K F 3R R ARG FA, A TG
AEQFR™, REZIRAATIF RN 20 —F
AIFREAR, MRS T i EAF G LR,
HEMATHARABAG T T ERAALEEER. X85
EAE R AL B Sy EALE O, LK 3.

%3 | AIRTOHERES AR

Jiik Rz SR PR
PNR E RGN ABERE Jy FEIN ELF DR R
1o R S AL AT AR b AR RN 22 56
SR R HEMAL
LB BRSPS AR R R R
N ANE R AT B AN A
/55 BBk JE i

ARSI ORI AL )
S FdRAEAL

FEBEERN 5 HI 1k

i EAN T A L GE A TR
AR AF D REAN 1%
5 A S

NGB G P AT A o E e K T e BB M T
MBREAETER, FASIRRELRG T ., 2d T
Faho B AR K. A, FFES B 6= BOR T HRAE
Hi)F s if R Z N, K5 EBMERET S| AeLEMe
X, BRZIBRREA. L5k, AIFEEERGSE
I, AR FRAAER M ERBE T #7169 E55, AR
Z R TGS E, TET ALy E R, LEAE
53 1 5%40 %, KAKAVAND & * A 3 A T R B % 3]
Fa A P LA A, % Swin UNETR 5 43t 4k A4S 45 4,
HET —AF s Era B GXTtMELMAF
AL, Swin UNETR | T4 49 3D 521, Sit KAL)
F it — AR R @i, B4 50F 552148k,
TAF AT ERFRZT B8, FNRS TR
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WG, AT R IR RALE T A A ) AR 33,
BURTON % " 32 ik 7 —# L F A RAP 2 W &4 F B %
ik, BTH3 MRIBEKTBRXDBEILEH, THFR
2T B2 0 AR A, AX-FEM 2 — AN R A
MR IC 7 ik . JAX-FEM 4845 ) ) GPU Jmik ¥ 47 3 HE A 4L
B+ 5, FRAT AR, Tk ik EF#
R PR 6935 % 5 2. Bk, JAX-FEM g
BRI WA MEM (EXT ), MBI RERL
AL E | SRR A B 7R &kt T SRR A,
BRI B] 2 — AN Ak e, Bk, 128 EE
33 B ARBAT R T FIE TR EA PN T, AT
BEFR T A LA AR F R R R AR Hsh, PAZ 5 7
R T A TEROARAELE S &, BIL5442
W 24 TR 69 Ik 55 0 AT A AR P R KA, AR
BB, TATIRE KT KA EATR, b iR
VTG EP A RE NG, FRSTHRFTEGL
E R,

G ERTE, ANIHRERARASWARENET E
KL, HFAREHICEE. REFEHE. MK
WEF 7@, ARMEALE A R 055,
Tit—FIREALH AR KT A RASHE LA B,
R A TRIUAER MY 2E 6 M A E A 52 R M, A E A G R
EEE L2 .

3 1571 Discussion

3.1 BHEMAEZIUSHARN AR EENER A R T
DT RAE A — AP T B F AT R0 A K,
Bz R FhixP&RERENTTAAMAE, 2K
RBRATAEMAFZNEZHEH X, L THENRE TR
K SRR R A Fe i BTN, AR AT 1] B L
El 4, sol, CREEBELIFR FEATHIEXTEHRK
A, AL TAEG G FARATAR, Hae9% LI g 4l XT
AR T BT, RAANT PRAEAREHS
kR BRA R ERRE TG, BATELAA. T
BizMigfdn B ER Y SFhit T,

BREKELMANS % © 3
YO A B G 53 B i B
F TR 7T 4

\
CHAND & " fii /| A (19
XS 28 P50 I O T
2D FERY, B IR R IR
KA MRz —

BENDJABALLAH 2 Y
IR IR DS B
P A5 R 22 7 v v
JARIETAT PR e AR Y

PENA 25 2 5|
CT [ 1% Fl MR &
B ST AR
W ) = Y Y

4 | BIRTREL FRATE Bk E

DONG % ¥ il Fi] P4 1415
HERLE HAN CT A1 MR
MBS S, B3%
BRI PRICA A

R k& TR CT 1%
AR TS
PROCESH, B R T
WRICAT WIZ 3 71 5L

3.2 {EEERXANFHMAMREVR BRAZA AR BT
AT T X9 F R @ A RARIT, 1234 BT
PHERA T ERLEREL RS AR ATLE, LFLL
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WA RS E AR T B LR E G L AIH . RF
B A F R G ST o R AT T A, RMUFEASH
TAHRASWER THRXTREAM N FHME, KI5
T EAMAL, BIRIT T ARASH L SN I
RENERFEROFRIIK, HBSFEFTRESLE.
3.3 ARNVSIRIME A PRI AR ST EAEDL,
MAGE—LERRME, G4, BRATRZ IR L0
ARG, (AEMBERN, ATHETAR, FF24
RREEMBAT R, PTG ARALF Bk tn . LI Fo g
Wi iR, B EOEA 5 A RN EMGEE—Z 8
E R, Bk, AT AR R MR B 2 G — AR,
KZBEAY A FZHRIKT CIRIEGBREDHBRA
AR RATIGE, BTRAEREZR TN, B, X
3BT ZRE A FHE, RAREFSRE AR ZHA
BEBATIME SN . e, ARAMNTEBRAE S RE A F 2,
e REA S T e®m EREBRERE, BRAEKKRERLT
M RAIFAE R,

3.4 EARNEERN XFRAET LT HRAHSH L
R M A NG R LR 77 B 09 4538, A KRR T 22
HENIETF. BRXTAHARAONETE T RRRIEZRKRS
THRT WA FATH, H BT G Ik 6 E A F=
WRAES T N, WG REAXRFERENF KRG XFB
Wk, AFRER, RV RBHREMHLAE ™,
Bl BT, W% 0 A TRL AT 3 AR T A2 3t 37 A M A A HH49 F+
K, SHRAINGFZH)N%RERTF, EAZTENER
JLR AT 7. BAT, M AR A A TR 4669 i L&,
AEBALH S RASNAL S, HBALE MK
RERBN MG A FRTUAER & F A H . 34E B0 1R,
1EE 7 ERE g, S AL, ZERFTIER
E A 69 TAEBCE An B 0906 97 AR 7,

3.5 RAEREXFRRKBVEN A RASTHAREBRXT
FRE P H R AR K RS T IR X T AW ) F et B,
WA FRTUARAL, FRRE T A AR K T 69 ) AT
F, TRERROEENS, TERRFRFT LR,
ABAMRAABARIZ T, ARG F RO R FEFEH G K
B A KRR A ARG IEER RSB ARKK
B AR BB S A FE . LR Ao IS B S LR 4 eh
HIRTUAER, RFRATRER S mA RibE, FEAN
R AR iR TS ) 2 ) R B AT AR R R L4 B ol , AT
B Fo ke FRARIS M R S0IE, AL T ARG A A2,
E5 FhmAEm AT AER, N, RRHREFEL
TR i Bfe £ Y ABERBAT AR, AHRBE R 4R
Lig Ay B, KB, RRERF B A AA T GRIEA,
S B ) AR EF 5], H—HRAH FRAARR 64 2
A2, RIA PR AR M B GG A A 5 R b, AR A
BV RFERT BT IZAEA, HERT RRBOT B A6
ARBET RO IIFAHBT, REEHGETERIRE

g

BB X F R LFEEHAIRE ., THREH AR EXR.
B R m ik, BIAEESRF R,

FEREE: LFahEd F9, ERMAMEALFRE TP R
BB R,

FFHRERAEERR: X2 — BT AR T, ARIE (Foif k24T 1)
“E - WAL - AR 5 X F 4.07 £, ESEIIRGKEALT,
A AR B bk B 69 T RN R omds, ARy K, B AT
AP Rk, TR HN. Fd. 700, k. BAMEZIK, TH
25 RG], ARSI 0 NSRRI T AT AR IR,

MR EE L X B AT A 5 S A3 A T L MAREE L.

HERASE LFRE AT TR AEE PR ENITIREITLNPRISMA
B). LFEHMATC AL F LR B G ke R LT3 AEE, L
FRNFUTHT ERWEFINT, FATIPFBUAA XL EHSHFILAETE.
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