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E. (B 9T 3D FTENRRBY G 85 F 52 538 XU (anterior cruciate ligament, ACL)  J& 8 1l 5 405 56 B $r A0 1 PR3k
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RE B E W (P<0.05). AJF 3 MHB, 3D 41 IKDC BE4) [(78.6%6.6) vs (74.1£7.1), P=0.016] & & TH M4l . #2058, 3D
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3D printing assisted arthroscopic fixation of anterior cruciate ligament tibial avulsion fracture// GUO Qi', LIU Yu-qiang', LI
Yi—ran’, WANG Xu—peng', LIANG Zhen—lei', MEI Wei', LIU Ning'. 1. Department of Sports Medicine, Zhengzhou Orthopedics Hospital,
Henan University, Zhengzhou 450052, Henan, China; 2. School of Orthopedics, Henan University of Chinese Medicine, Zhengzhou 450046,
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Abstract: [Objective] To investigate the clinical consequences of 3D printing assisted arthroscopic fixation of anterior cruciate liga-
ment (ACL) tibial avulsion fracture. [Methods| A retrospective study was performed on 58 patients who received arthroscopic fracture re-
duction and elastic fixation with high—strength suture pulled out through tibial tunnels for ACL tibial avulsion fracture in our hospital from
October 2020 to December 2022. According to preoperative doctor—patient communication, 28 patients had simulated surgical operation
performed on 3D printed model before the real surgery (the 3D group), while other 30 patients had routinely arthroscopic fixation conducted
without preoperative simulation (the routine group). The perioperative, follow—up and imaging data of the two groups were compared. [Re-
sults| All patients in both groups had arthroscopic fracture reduction and fixation performed smoothly. The 3D group proved significantly su-
perior to the routine groups in terms of the operation time [(44.6+9.0) min vs (51.3+13.2) min, P=0.029], the postoperative drainage volume
[(163.1+£29.1) ml vs (180.3+33.4) ml, P=0.019], and the success rate of first establishment of bone tunnel [cases (%), 17 (60.7) vs 10 (33.3),
P=0.037]. The follow—up period lasted for (12.7+6.9) months on an average, and the 3D group resumed full weight=bearing activities signifi-
cantly earlier than that in the routine group [(21.7£5.4) days vs (25.9+6.1) days, P=0.033]. The Lysholm and IKDC scores, as well as anteri-
or drawer test were significantly improved in both groups over time (P<0.05). The 3D group was significantly better than the routine group
regarding IKDC score 3 months after surgery [(78.6+6.6) vs (74.1+7.1), P=0.016]. With respect of imaging, the 3D group was also signifi-
cantly better than the routine group in term of fracture reduction quality [excellent/good/poor, (15/12/1) vs (8/16/6), P=0.045]. The ACL an-
gle was significantly increased (P<0.05), while the anterior ACL crest height was significantly decreased postoperatively compared with

those preoperatively in both groups (P<0.05). The 3D group got significantly lower anterior ACL crest height than the routine group 3
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months postoperatively [(2.3+0.8) mm vs (2.9£0.8) mm, P=0.009]. [Conclusion| Arthroscopic reduction and fixation of ACL tibial avulsion

fracture does achieve good clinical outcomes. The 3D printing assistance is helpful to shorten the operation time, improve the success rate

of bone tunnel establishment and the quality of fracture reduction, and promote the early recovery of knee joint function.

Key words: anterior cruciate ligament tibial avulsion fracture, 3D printing, surgical rehearsal, arthroscopy
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Table 1. Comparison of preoperative general data between two

groups
- 3D 4 HHA P

(n=28) (n=30)
WY (%, k) 32.248.1 31.2+8.6 0.635
PR (1, i) 12/16 13/17 0.971
BMI (kg/m’, ¥ +s) 21.8+1.1 22.1+0.9 0.298
PR TARBIE (d, x +5) 8.146.2 7.3+4.8 0.567
M (91, Z247) 17/11 16/14 0.571
Meyers 53 %4 (], 11/10/1V) 8/15/5 10/13/7 0.730
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Figure 1. Preoperative surgical preview on the 3D printed model. 1a: Measurement of fracture fragments size and bone bed depth on the

model; 1b~1d: Two~four tibial tunnels were designed, and the tunnels were drilled successively by selecting the best guide angle; le:

High-strength suture was introduced through the tunnel to fix the fracture fragments; 1f: Simulating knee flexion—extension motion to

check the stability of fracture block fixation.
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B 2. BE Lk, 33 %, 2a, 2b: RET X & A & MRI K257~ ACL IR B 1k S B4 (Meyers T2Y), ACL fA75/)N, ACL Hil&
JEREN; 2c~2e: RIGATT 3D B, ARrPEE T VR EEGE, SRR E H T 2(~2h: ARJF 1 4F X )7 K MRI KR
ACL B H 1L SR AT O KA, E&G, ACL AN ACL RIS BEWAIEHR .

Figure 2. A 33 years old female. 2a, 2b: Preoperative plain film and MRI showed ACL avulsion fracture of the tibial crest (Meyers type II),

with declined ACL angle and elevated ACL spine height; 2¢~2e: According to preoperative 3D simulation, the tibial tunnels were drilled

under arthroscope and the fracture fragments were reduced and fixed with high—strength sutures; 2f~2h: Plain film and MRI 1 year after

operation revealed the ACL avulsion fracture of the tibial crest reduced and healed well with the ACL angle and ACL spine height re-

turned to normal levels.
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Table 2. Comparison of perioperative data between the two

groups
- 3D 41 B
et P1E
(n=28) (n=30)
FARKFE] (min, x +s) 44.6+9.0 51.3£13.2 0.029

PO K (em, 7 +s) 5.10.8 54+0.9  0.557

YN ) [ (%)) 17 (60.7) 10(33.3)  0.037
RIGHIFLR (ml, & +s) 163.1+29.1 180.3£33.4  0.019
FHATEMSE] (d, % <) 2.3+0.4 2409  0.638
PG (), H/2/W) 28/0/0 30/0/0 ns
BRI (d, % +s) 6.6+1.9 7.0£23  0.276
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Figure 3. Measurement in sagittal MRI. Point A represents
the most anterior intercondylar ridge of tibial crest (anterior
ACL ridge), while point B represents the most anterior tibial
intercondylar region; Line a is the vertical line of the long ax-
is of the tibia passing through the anterior ACL ridge, while
line b is the vertical line of the long axis of the tibia passing
through the most anterior tibial intercondylar region, line ¢ is
the tangential line in front of the distal end of the ACL. The
angle between line a and line c is the ACL angle, while the

distance between line a and line b is the anterior ACL crest

height.
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Table 3. Comparison of follow—up data between the two groups

- 3D 4 TR PG
(n=28) (n=30)
SEL MG EIE] (d, % +s) 21.745.4 25.9+6.1 0.033
Lysholm PF-43 (43, & +s)
AR 10.1£9.4 103£8.6  0.923
ARG 34A 71.0+10.1 69.849.3  0.636
RIE 124 H 90.745.1 89.9+4.7  0.543
P1H <0.001 <0.001
IKDC ¥4 (47, & +s)
Nl 15.9+5.7 144+44 0285
ARJg 3 H 78.646.6 74.1+7.1  0.016
RJg 124A 93.7+4.3 925432  0.228
P1H <0.001 <0.001
HITA G (], —/1+/2+/3+)
ARHT 0/5/16/7 0/6/15/9  0.859
RJg 34 H 22/6/0/0 21/9/0/0  0.456
ARJF 1240 H 25/3/0/0 22/8/0/0 0.122
P1H <0.001 <0.001
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Table 4. Comparison of radiographic data between the two

groups
- E N
(n=28) (n=30)
BT (], e R/2%) 15/12/1 8/16/6 0.045
ACL i (°, & )
NI 35353  34.2452 0.446
AJF 34 A 51.4+32  50.7+3.1 0.394
PAE <0.001 <0.001
ACL T S (mm, & +s)
NI 5.5+1.2 5.6x1.1 0.817
AJF 34 A 2.320.8 2.9+0.8 0.009
P <0.001 <0.001
BATRA (1, <9 JH/9~12 J&/
12 ) 11/17/0 9/20/1 0.503
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