HREE rERATERR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

3D fTENMA A B FIMGE S EHIRRATF LR E S UG PHRA

5, 7 KA BRSE NES NS

https://doi.org/10.12307/2025.124
#5858 2023-11-01

SCERIEEE ;. 3D 4750 MR E AR L5 A B AN B T AT SR SR

SEFEA: 2024-01-12 2 WEHEAT

4 (1) BARMEHR: FARB . ZAKE. o KA,

>
f20EM: 2024-02.08 ‘ o B > | prsi WERA. BRERAMNG. B E
485 2024-02-29 AR A BRI IE F B
hEYRE. R AT E 3D A FE A AR (3) ek P HhhEdEAT: MR FIEFA. Lysholm 35
R459.9; R318; R687.3 PR @
XERS: g | (1) 30 AR S AT T A | [ (2) Tl KA S & BT BBt A E
2095-4344(2025)09-01863-07 BrE E4E. BRI Y, REBRXTD | |#ARERIE, TEIAT RAHX, AR
Yﬁﬂiﬁ‘/ﬂ\ﬁg A ﬁ%'b’\;ﬁgi‘y&a ’}? ﬁizﬁ] ‘k}]; %éﬁﬁ%/ﬁ}go

SCRERE
MEUBB S RNTIEI O FIEAKCTEIR, 54 9DICOMESUR SAMImcsHE, TR NEDIERIERT FAT, B RH
B IO RAITRS, FUA 00 MR LR

SEBIIR : FEA NI PR FARIFA B E R 00 = 40U, AR IE I (0T RSO B 5 P S A OB, OIS 80
SEMRET 1 KRR LA (A B4 U

kS

B 3DITEN ML B SR BT TSR e B v BB IR T IR B 5T R B PRI (a3 . BRSO . B RS HE R S5 I e (HZ AT
A A S AROR ] R R SR P L B SRR L AN 2 A ] AR TH

BH9: IRFU3DITEN A S ARG & 52 H AR BT R T A v LA U6 97 I 20705 R AR T 2

Faik: WCER20612 NI T A B, L TRT5VE 2y Jy3DAANE AL, AE2H1041. 3DZHRI3DT EAMA LA T AR 45 1 € il AU
BT ORI N 1 e e A TR W AL AT W T T I B m AL TR e B L TR ), B DI EE, ARATAN
ARJGHEES . RE T A B S WU AR R A B S SRR IE M 22 8, RATAIRSS L, 3, 6T iR 3% K Lysholm
PRIy, SYAMC IR ROAE R AR L .

HRE5EW®: ODALHFMT RN, FERE DS THMA, ZH7AREEE (P <0.001); QWAL AIAFHERA . i A
FRVEORTTIG R, ZERA BB VER (P < 0.001), T HEE 5 UM J0 B S 2ie s 3DAUAR S iR ER A < B il s o3 000 3 K% Jle i s A0 £ 15 R i
THRIME > 54 25(-0.2240.72)°, (-0.20£0.73)°41(0.23£0.37)°, (HZEFITCI EPEE s 3DALTF RIGr IE B A S I 2 A0 10 2 (B Al
N, ZERATRENE (P <0.05); @FALEE RGBT LLysholmiFy1yiB 4 1 (P < 0.001); 3DALARJEL, 34 H MIERTE S
LeARJGIA H Hilysholm PEop T H AL, 2257 A B EVER (P < 0.05); PIALIEH ARJE3NH iLysholmiFor . ARJE64H KR 1T 2 B 1%
Lysholm ¥ /) 22 57 T2 2 2 11 2 (P > 0.05); @A FITEIFAAE KL © LR L RULHI3DIT BN A4 B T B 45 5 7 i A ASL A B A AL
TTEA BIF RIS T 2 (BT B TR FSEAT, BMNECE D, RGBS TIRERE R, I H3DHT ENMA A i S A v Szl
AT -

KA 3DTED; MALEGE TG ERINBG TTRER IR A m b IO R

Application of 3D-printing patient-specific instruments combined with customized locking plate in
opening wedge high tibial osteotomy

Ma Chi, Wang Ning, Chen Yong, Wei Zhihan, Liu Fengji, Piao Chengzhe

Central Hospital Affiliated to Shenyang Medical College, Shenyang 110075, Liaoning Province, China

Ma Chi, Master candidate, Physician, Central Hospital Affiliated to Shenyang Medical College, Shenyang 110075, Liaoning Province, China

Corresponding author: Piao Chengzhe, Professor, Chief physician, Central Hospital Affiliated to Shenyang Medical College, Shenyang 110075, Liaoning Province,
China

Abstract

BACKGROUND: The use of 3D-printed patient-specific instruments in opening wedge high tibial osteotomy has advantages such as shorter operative time,
fewer fluoroscopic exposures, and higher correction accuracy. However, previous studies have reported issues such as significant damage to surrounding soft
tissues and improper fixation of the plates.
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OBJECTIVE: To investigate the clinical efficacy of using 3D-printed patient-specific instruments combined with customized locking plate in opening wedge high

tibial osteotomy for the treatment of knee osteoarthritis.

METHODS: A total of 20 patients diagnosed with knee osteoarthritis were divided into the 3D group (n=10) and the conventional group (n=10) according to
surgical methods. The 3D group underwent opening wedge high tibial osteotomy using 3D-printed patient-specific instruments combined with customized
locking plate, while the conventional group underwent opening wedge high tibial osteotomy using conventional methods. The operative time, fluoroscopic
exposures, incision length, pre- and postoperative hip-knee-ankle angle, medial proximal tibial angle, posterior tibial slope, the difference between the planned
and actual correction angle, preoperative and 1, 3, 6 months postoperative knee range of motion and Lysholm score, and incidence of complications were

analyzed and compared between the two groups.

RESULTS AND CONCLUSION: (1) The operative time and fluoroscopic exposures were significantly shorter in the 3D group compared to the conventional
group, with a statistically significant difference (P < 0.001). (2) Both groups showed a significant improvement in postoperative hip-knee-ankle angle and medial
proximal tibial angle compared to preoperative values, with a statistically significant difference (P < 0.001), while there was no significant change in posterior
tibial slope. In the 3D group, the postoperative hip-knee-ankle angle, medial proximal tibial angle, and posterior tibial slope differed from their respective
preoperative planned values by (-0.22+0.72)°, (-0.20£0.73)°, and (0.2340.37)°, but the differences were not statistically significant. The difference between the
planned and actual correction angle of 3D group was significantly smaller than that of conventional group (P < 0.05). (3) Both groups showed a gradual increase
in knee range of motion and Lysholm scores after surgery (P < 0.001). Compared to the conventional group, the 3D group had superior knee range of motion

at 1 and 3 months postoperatively, as well as a higher Lysholm score at 1 month postoperatively, with statistically significant differences (P < 0.05). There were
no statistically significant differences in Lysholm score at 3 months and knee range of motion and Lysholm score at 6 months between the two groups (P >
0.05). (4) Complications occurred in neither groups. (5) The above results indicate that both 3D-printed patient-specific instruments combined with customized
locking plate and conventional methods have good clinical efficacy. However, the former has a shorter operative time, fewer fluoroscopic exposures, and faster
postoperative recovery of knee joint function. Additionally, 3D-printed patient-specific instruments can achieve preoperative planning accurately.

Key words: 3D printing; patient-specific instruments; customized locking plate; opening wedge high tibial osteotomy; knee osteoarthritis

Funding: Science and Technology Innovation Foundation for Master's Students of Shenyang Medical College, No. Y20220526 (to MC); Science and Technology
Foundation of Shenyang Medical College, No. 20191009 (to WN); Shenyang Young and Middle-aged Science and Technology Innovation Talents Support

Program, No. RC220422 (to CY)

How to cite this article: MA C, WANG N, CHEN Y, WEI ZH, LIU FJ, PIAO CZ. Application of 3D-printing patient-specific instruments combined with customized
locking plate in opening wedge high tibial osteotomy. Zhongguo Zuzhi Gongcheng Yanjiu. 2025;29(9):1863-1869.

0 5|= Introduction

T AT RAE N DL I8 P ST e e, T B AR
H AT E Y R RE S (hEE R RISTT
Fare (2021 4F R ) R IR ORAT R I BRI T
JEUU) =, e O T A R BRI TR AT 3R A5 KA G
G PRIT R FFBUIE IR H s 85 AR (opening wedge high
tibial osteotomy, OWHTO) 1 g {8 A 1) B8 2220 Fie 6 5
Wi A B FH AR T 32 o A at BRSOk
PP R IR OWHTO RRININ = B R & A M B H IR K
(T ARBAR S TR A [ 22

H L OWHTO AR PRI B A J& PR e LA 2 BT 75 221
RKERE, SERFESETIEY, EmFEARTH. 30T
BN = s R G W T RS B T o N I [ R N
B MR BT IR E R IER B0, R, A ARIRE T
MEEE SRR R, R REERRARF
B REE SR BT RASHE, 6
PR T8, AR 3 T BALE B SUIRIE 7 o 42 7 AR N et S s
it T R R AR SR P

WA R M R EE AT T 12 Fh 5 RN A 55 1 2k 1
I ARIE, HAARZ RIBET KA Y, R SCE M B (2
FEE%. BUE REWEGHE ) A L5 ER 5 R
WAL AN G TUE IS RRE, SRR 8E SR AL
B X OWHTO [ FARBIRMA R KM M. Ak, 1E& %t
AR AT T AN e ], B LE R AR B B AR 4% 2
I R 5T S B BRI 7 B B MR AT I BN A K,
A5 25 G b3 i) U HE

W VRHIE 9 R B ] B e AT 6 7 325, IR AR A

1864 | PEARTIZAR | 5529% | 58598 | 2025538

SR £ SRR OWHTO Sty W B 61 A 0
HT L

1 W&RFFE Subjects and methods

1.1 3%t BT, IFESRERAMALFEA t £ IS, i
XPAREA ¢ R 56 A0 B DR R B R M (0 5 22 0 i, THECRLER
H Fisher FEHAKLE .

1.2 BFEAME REG T 2022 £ 6 H % 2023 4F 3 HEIL
H 2= 2 e B i v o 2% 5 52 o

1.3 % 44N 20 T 2022 4F 6 H % 2023 4 3 AFEIL
FH 2 2 Bt B J P 0o BR B 012 94T OWHTO R E OG 1T % 7R
FH, WHF RSN 24, 3D 4 10 2R H 3D 4T EIA
A SRS & AR e TR, WAL 10 R A
WHEFAR . A EEFRL TR Z 7 e R E R X
(P>0.05), HAR LY, MR FCE T 2Bk
OEFASEEZS 2 (165 B b5 2023[040], &
R 8k 2023-06-28), AT & ST M F AN B FE F & .

N M DER< 65 %, AR EIEE < 30 kg/m’
@RI A IE] = F B IR AZ, Kellgren-Lawrence 73204 1T,
1144 ", S i) =2 38 45 72 < Kellgren-Lawrence 11 £¢;
@WK TITES) >120°, JE L <10°, HNEIEIE >5°, &
BT i T AR < 85°5 DRRSHTFRRE, MRI AR Py 4b
MEFI 1) 28 P e s it -

HebrdnoE: OQizWiomai e, tikdE. KGR, 2%
PR P B O R 55 @AM [A] = 95 A8 72 B = Kellgren-
Lawrence T2} B & FF B I OG5 B T 48 @O ThBE
PRfS . &I RE 7 AR 52 F AR



MAEZE

PEERTERAR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

14 A EAMEILAE L.
xz1 | BEANYNEA

Table 1 | Introduction of implants
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Figure 1 | Preoperative planning of 3D group
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Figure 2 | Surgical procedure of opening wedge high tibial osteotomy
assisted by patient-specific instruments and customized locking plate
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Figure 3 | Flow chart of patient allocation
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Table 2 | Comparison of general data and preoperative indicators
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Table 3 | Comparison of perioperative indicators between two groups
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Table 5 | Comparison of postoperative hip-knee-ankle angle, medial
proximal tibial angle, and posterior tibial slope with their preoperative
planned values in the 3D group
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Figure 4 | Preoperative and postoperative radiographic images of a typical

case
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Figure 5 | Postoperative 6-month radiographic images of a typical case
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