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Effect Evaluation of 3D Printing Individualized Knee Prosthesis in Animal Experiments
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(Abstract)  Objective To explore the effect evaluation of 3D printing individualized knee joint prosthesis in animal
experiments. Methods A total of 10 Zijin Lantang pigs from Guangdong Heyuan were selected as experimental pigs for
computed tomography (CT) image acquisition of knee joint. The obtmined image date were imported into Mimics 17.0 software,
and the software was used to repair and erase the sectional image, and personalized knee joint prosthesis was designed. Left total
knee arthroplasty (TKA) was performed on experimental pigs, and 3D printing knee prostheses were implanted. The knee extension
and flexion of experimental pigs were observed, the pain and muscle strength of the left hindlimb were evaluated, and imaging
examination was performed to observe the joint space, prosthesis loosening, wound and prosthesis infection. Results The
operation was carried out smoothly, and in 3 months after the operation, the left hind limb pain, muscle strength and activity were
good. Anteroposternal and lateral radiographs and CT examination results of the knee joint, anatomical observation of the knee
prosthesis complex, indicating that the position of the joint prosthesis, lower limb length, line of force, joint space is good, no obvious
loosening and infection. Conclusion The application of 3D printing individual knee prosthesis in animal experiment of TKA is
good and feasible.

(Keywords)  Knee joint prosthesis; 3D printing; Personalized knee prosthesis; Total knee surface replacement; Animal
experiment

RO B PE DR S — DO R IB AL PR R 1 BEAR BRE N DB A DU, R R M 539 A 1) 2
EME SR G PEREAT PR AT, PR T AR . NSO B R B R — . R R

(FEEHEI]  2022-10-10

(BE£TH) &4 3D BRI E S TREARG A ORWIIE (908222653110)
(EERY ) W, 9, AREFmL, WAEER I TE.

(% @FEE) 4 (E-mail: drchenyang@163.com)



s 2 Shenzhen Journal of Integrated Traditional Chinese and Western Medicine December 2022 Vol. 32.No.23

BT R BB E R R TIRIT, W MENRYT. D)
REMB R Z9MIRYT RN I VTSN 25 58 o ik o I ) S
(4 2 9 AN el DR ST VR 9T 45 BRI, B A A ORI
JE A5 B IR RE, A IR RFT R B A (total knee
arthroplasty, TKA) J2iRJ7 MIIERT & Rk R B2
RIT R P TKA o i 3 2 (10 05 R R o A BN
T, XA TEE N SRR S R ST IS B T RE
R FARTEG ML, BaE. SFHEn. BikiksE
ERFEARE AN NG, HoPORS A DUfR s, R 22
AR E, KRG RETHITERIKEAE. BAERALA R
BAEMEA R KAV AR m, WiE— kR
TR BE Rl B Y BRI, 5 AR
R EAAHAIE, A AT S A X0 AR ) 3R] 4
FRIROCTRR E I, DR G A AT LAAE A 52 58 2 ) 5 oK B 1)
A U, SZEG @ i 3D 4T BN AR T A R Ak i o6
R, PR AT TKA S25%, #)8 vFfl 3D 4T ER4RAE
TKA s R FHRCR, itk — 0 925 Kl R R FH 32 Ik 1 25
K%,

1 B{R5FAE

1.1 S HBAER HYH

L1120 T ARMRE &S 10 K, P H
W (83+05) MH, FHEEE (75.6+3.8) kg, 1
5K (122.7+3.2) cm.

112 25%)  GilR PCOK & RVE SR R B ¥ sA 1l 245
AR AR, EZ5dEs HA1020318) 3 VB G S
By CAEAEHI 2 O A BR A ), 1 24 1 H13020655) 5
Kk e (YL AR 25 et R A A, [ 25+
H20041869) ; i B i 6 v S (2 BRI 25 [R
AT, [EZET H34021900) 5 #h R 3 E] SR 9 5
GLIMER R R A R A7), [H 255 H20193336)

1.2 RaTfE&

ARH I 58 ¥ SRR A R B X e ST = A
(computer tomography, CT) A fif 24k sl {5 (magnetic
resonance imaging, MRD) 28 202, M G IBE .
R AR o B

1.3 3D B ARATHP & ARAR

¥ X 2k, CT %5 3 A\ Mimics 17.0 #ff, #2370
BE 3D RA, SNEERA E R IO E, PR
e R RN gk e E. BUT M, R
P B 5 2 S0 R S R ALE PR AR DG (R A . 4 AH S il LA
STL JE= A 3D 4TERHL, FTERREOCTTER & SRR 24,
THEER

14 FARiEA

TR B IR 4 B BRI+ 3R R A I

W, TSI L ALY SRR 2 3] AU
4 mg « kg +IKEMEA 0.2 mg » kg + BTG 0.5 mg. 52
6 5% TR I R 0 J SR B B, 2% T AR b e i AR 4T
THERAR T, T AR S0 SR A B 1 A R AR R A £
RSB ER KA T A, TR MRS RN d% 8
PNTIB BN RN R Tt N 13 e o] LT N = - S D VA
ETHE e e AR, MR EES g M, il iRE
TR, R R )y e, Tl R
EEHLmE, #ilExt R G de: W E RS
RED A EA T RS R v 1 S a2 A L R K At
FH Bk b e by i DG e LA A A R O S A
HAEA R ERE, HEZAEKE. BRI
3 min, BB TAETRE ST, B 1 ARG,
BRIZEEDVI0. FREHRM L FENEER, R5HRE
FREERNMAAERG D, I B

1.5 Rex#®

FAR1AJFENHRKEZR 16 75 ULNES, #2815,
ARG H 2 RFFLS AT R A0 ) BB«

1.6 KM I54R

MEEAR JG LI HE Bl g oL, MR W,
RS B AR ELRE, DA RGUAR S N B B L SRS THIBAL
(1) WUAAR S [ SO0, A Ao 48 A8 XU 5 R
T T 2 o)A SO R 00 PR AR K [ A, R B XS
B S5 S5t ] 388 40 JUL g SR ) S P A it R A 1k 0,
O RORFERIE R, BN 0; <+ FBoREREIRE, idN
1% “++ 7 RRWWIER, WH2% “+++7%
R TR, BN 3 . TR () FLH (590
NIEFEbE.  (2) B ARESEEAE X 067 F A L,
SR [R] BR (¥ A A AT B ST AL S Ak 3l Bk S i
T BEZ ARSI B, AR 75 A7 TERARAR B o

1.7 %it o

K SPSS 23.0 BATHHAT AR AL FE, THETRI Lyt
For, K RS, R E O L ERR, R R,
P <0.05 hZERAAG I FRE L.

2 7% R

21 FAR&ZR

BT A S5 (1) TKA AR AT . ARG S8 0Us R
A A RAF. RS 3 A H FARMBERAT IEMAL X 4
FWER, $ERARR L B s, MBI RN, K
DL 455 11 B B A R

22 SEEHEF ARG Iy A gh oL R 45 R AR

ARJFHR, LRI PR 3 9, 5ARATHE,
ZRBAGITHEE N (P<005) ; RJG3d, SiEN
BHE BT, ATRERE 4%, SRAE, ZRrAAS5



I PHESS 528 & 2022 4F 12 [ 55 32 #4 23 1]

FRX (P<005 5 MEARE 3 MHBEER, s
PNV E ZARRTARAE, SRR, ZRBTgqiH7 &
X (P >005 o EEHEARGUR. KRG 3de KRG 3MH
S SARFIAL, Z RS2 L (P> 0.05), LK 1.

®K 1 SEIRMETFARRTE MR O VPN 45 S LA
(n=10, x+g, 2
B [E] JillW] I8
Z NG 48+04 2.0+0.0
UNFEPN 3.9+0.7 23+0.6
ARJF3d 4.1+07 23405
ARG 34MH 46+05 22+04

e H5ARmLLE, °P < 0.05.

2.3 I F RIS B9 MK Rl B B AR
SEHSE AT 3 d IR IS e N TR, B

KFRA, ZRBEARITZEENL (P<005 ; KE
3SAAMEM A EE SRR, ZFB L% X
(P>0.05) , W&E2,

K2 SERE TR AN ST A il M B LA
(=10, x+5, ()

] e 1 ) (ENENES
Y Nl 166.64 + 1.95 31.35+1.17
NERE 148.76 + 2.87¢ 42.27 £2.06°
AR5 34 A 166.83 +1.36 31.28 +1.63

H: HAREEE, P <0.05,

24 FEFARAEGBMSRNS X X R LR
SIS AT AR S 3 A A B X BBy B, )
AR S AaZh, frETURRA, LE L

C

e AL ORET X Z&KIEAL s B. RET X ML R s €0 RG34 XKIEA ) Do RJa 3 DA X &ML .

K1

3% it

B R 2 WA N DR BT, RS RO T R
BRI R IZEE N, 2 IR KT a3l 32 IR
P AMBR IR T S5 9 Re i T TKA J2& I 301 5645 R (K IV T

ST AR (0B RAZ) X ekt

FEBPL 5 TKA IEEEAR R, FAREBES S, Mg
Z0. BE MR BAT S B PSS T R

FAREEMZE AN, CEEEILIKEHE KT AR
RO, BEFLBTAREEFENEMSE TKA 675,



e 4 .

Shenzhen Journal of Integrated Traditional Chinese and Western Medicine December 2022 Vol. 32.No.23

TR R ZE S 390 (Rl B O '
5 B RAT AL VR e UL RS,  PAEU W AR 5 519
hEEW L, W EEWGR . ARG, B 75 a5
HF=AEAR R AR .

ARSI R E AT W ST B TR, JFEA
3D ATEMBRRHT N TARAA, HI20 VPl 3D 4T BN i 45 (1
NTARARAE TRKA SRR . A SER S 7T LA 21,
ST 48 PO 0 W0 2 7 E AR BT SR i 25 6 1) B 22 5 24
RAFGIFEL (P> 005 , HEFARAT, AKEF4H
LRG3 d LA ZER BA ST HEEX (P <0.05) , f£
ARG 3N AW LR 2 KRB EAR)E LR
05 1 R 2 45 0 55 DR 3R 2 5 T L BB 3l e e e I
b BT 5 0 B R E AR B WU, EREE D
Ha & i (] i HERS , BUROR B TS BT . SE
RO T i BIE S EAR R 3 d SARAT LR, 257
BEA G R (P <0.05) , H 52 HAR G
B T B AR TS SRR ST A S PR MRS
3AA, ST i R B S RAT R, =R g
FREX (P >005) , TS LT, SHE
JBCRT CREF AT A B R, AT HEAT SRS S, RJE 3 A
AR LT A S R I AE

L, 3D FTENEAR R RIRGE, FAed 4T EnRpR)
BORMER ], Tk 2 B AL EA, 3R AR T
BAFAR, IR TXIEET . b 3D TEIHAR
POt R R, ATLLUE X 28, CT 5G9 Ra, fEEaK
. 3D 4T EI R AR SRR HOR MR B 1, AR iR
BN TR, EILMRE RIS, HiAE A
PRAR 10— Vb s (o 2 B AN 5 BB R HE R I BN . A
P BB (1 DE A B AT AR B (K AR SR I
PR R 2k AR G5 M ANIZ Bh 22 254, RO T
ARSI EB RO, &8 3D FTEIHLAT Lo i 48
FEHA AR R B FLER A, 3T B 5 AL UM G P 1) 58
YRR A, RemEEK. BIKAERT, B
BRI e s E= R mahmr et ™. Bir
3D ITEPEORAEIR IR B3RS T BRI N BT, 2
RIEARFTEAN . AER T AR AR AR A 187328 39 182 F By
R Vil B 2 B L s, B B e R AT
FAREE IR . A SLIXT MR B B AR A
TR 5 LN RCRAEAT TP R, it — PN
FIATHES SR PR -

Zi EPTIR, 3D FTEIASRAL IR SCTT B L TKA i1
ENVSRIE N FRCR R4, BATRIATHES

( &% 30k )
(1) s, M. BRSCTT B M SRTT SOR T TTIE AT FU it R
(1) . T R 545 8o, 2017, 17(52): 61-62.

(2)  Lentz TA, Hellkamp AS, Bhavsar NA, et al. Assessment
of Common Comorbidity Phenotypes Among Older Adults With
Knee Osteoarthritis to Inform Integrated Care Models (J) .
Mayo Clin Proc Innov Qual Outcomes, 2021, 5(2): 253-264.

(3)  Henckel J, Holme TJ, Radford W, et al. 3D-printed
Patient-specific Guides for Hip Arthroplasty (J) . The Journal
of the American Academy of Orthopaedic Surgeons, 2018,
26(16): E342-E348.

(4)  FengS, Yang Z, SunJN, etal. Comparison of the therapeutic
effect between the simultaneous and staged unicompartmental
knee arthroplasty(UKA) for bilateral knee medial compartment
arthritis (J) . BMC Musculoskelet Disord, 2019, 20(1):
340.

(5) Gill SD, Hill-Buxton LM, Gwini SM, et al. Simultaneous
(two-surgeon)versus staged bilateral knee arthroplasty:
an observational study of intraoperative and post-operative
outcomes (J) . ANZJ Surg, 2020, 90(5): 826-832.

(6) M. HIAAGHIAN LB ERFRZLHNES (1) .
iR eI, 2022, 102(1): 4-8.

(7)  Ohori T, Mae T, Shino K, et al. Complementary Function
of the Meniscofemoral Ligament and Lateral Meniscus
Posterior Root to Stabilize the Lateral Meniscus Posterior
Horn: A Biomechanical Study in a Porcine Knee Model (J) .
Orthop J Sports Med, 2019, 7(1): 1-7.

(8)  ERoU#, Maikal, W, . 3D HORIT AL AT MR
FOIBRA R R IR E (1) . B B RS I R 7T,
2015, 12(2): 9-11, 16, 82.

(9)  R¥E, AER, ETR. 3D FTEIAMELEE SR 2
KN BHARITIEE R R EIFRAT TR (1) . iR
S B0, 2019, 19(20): 20-21, 24.

(10) Chung KS, HaJK, RaHIJ, etal. Pullout fixation for medial
meniscus posterior root tears: clinical results were not age-
dependent, but osteoarthritis progressed (J) .
Sports Traumatol Arthrosc, 2019, 27(1): 189-196.

(11)  BRZER, BWeE, W, 5. 3D 4TEEORTEL YR 2 4k
FINH&EE (1) . E7 DARES, 2021, 42(1): 91-96.

(12)  =Af6MS, FRdh, BREGIE, . 3D 4TEDMELEE SRTES
BRICT B IR N A R HACREE (1) . P 5O R
i, 2020, 35(10): 1071-1073.

(13) 4R#%E. 3D ATEHMRARFEN TRTEBPHMA (J) . ik
Wi E5BERE (BT , 2016, 11(4): 244-247.

(14) Zaharin HA, Abdul Rani AM, Azam FI, et al. Effect of
Unit Cell Type and Pore Size on Porosity and Mechanical
Behavior of Additively Manufactured Ti6Al4V Scaffolds (J) .
Materials(Basel), 2018, 11(12): 2402.

Knee Surg



