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Percutaneous leverage reduction and hollow screws internal fixation assisted by 3D printing technology for
treatment of calcaneus fractures

DENG Xiongwei, WAN Zhiping, HU Hejun
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ABSTRACT Objective:To explore the clinical curative effects of percutaneous leverage reduction and hollow screws internal fixation as-
sisted by 3D printing technology for treatment of calcaneus fractures. Methods : Sixty patients with calcaneus fractures were enrolled in the
study and were randomly divided into 3D printing group and conventional surgery group,30 cases in each group. All patients in the 2 groups
were treated with percutaneous leverage reduction and hollow screws internal fixation. For patients in 3D printing group, the 3D models of
injured feet were printed by using 3D printing technology before the surgery for detailed understanding of fractures , making surgical plan and
confirming the leverage point during fracture reduction and the position, direction and length of implanted screws, and then the surgeries
were performed according to the designed surgical plan. The patients in conventional surgery group were merely treated with conventional
percutaneous leverage reduction and hollow screws internal fixation. The operative time, intraoperative X — ray exposure and fracture healing
time were recorded and compared between the 2 groups. The Bohler angle and Gissane angle of injured foot were measured on X - ray films
before the surgery,immediately after the surgery and at 6 months after the surgery respectively. The clinical curative effects were evaluated
according to Maryland foot function scoring standard at 6 months after the surgery. Results: The surgeries were finished successfully in all

patients. The operative time was shorter and the intraoperative X — ray exposure was fewer in 3D printing group compared to conventional sur-

gery group(50.30 +/-=7.63 vs 61.47 +/-8.29 min,t = —5.170,P =0.000;7. 03 +/=2. 02 vs 12.36 +/- 3. 15 times,t = — 13. 493,
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P =0.000). All patients in the 2 groups were followed up for 6 — 12 months with a median of 10 months. All fractures healed in the
2 groups,and the fracture healing time was shorter in 3D printing group compared to conventional surgery group (11.5 +/—= 1.3 vs
12.5 +/-1.5 weeks,t = —10. 265, P =0. 000 ). There was statistical difference in Bohler angle (3D printing group:6. 28 +/— 2. 40,
29.50 +/-2.50,29.30 +/-2. 65 degrees;conventional surgery group:6.30 +/-2.38,28. 60 +/-2.48,28.30 +/-2.30 degrees) and Gis-
sane angle(3D printing group:96. 30 +/—4.86,132.50 +/-4. 68,132. 44 +/-4.66 degrees;conventional surgery group:96.50 +/—4.82,
131.50 +/-4.60,131.90 +/-4.40 degrees) of injured foot between different timepoints before and after the surgery,in other words, there
was time effect( F =94.404,P =0.000;F =55.860,P =0.000). There was no statistical difference in Bohler angle and Gissane angle of
injured foot between the 2 groups in general ,in other words , there was no group effect( F =1.086,P =0.302;F =5.769,P =0.068) . There
was no interaction between time factor and group factor in Bohler angle and Gissane angle of injured foot( F =1.686,P =0.190; F =
5.026,P =0.072). At 6 months after the surgery,the clinical curative effects were evaluated according to Maryland foot function scoring
standard. Thirteen patients obtained an excellent result,12 good,3 fair and 2 poor in 3D printing group ; while 10 patients obtained an excel-
lent result,11 good,6 fair and 3 poor in conventional surgery group. There was no statistical difference in clinical curative effects between
the 2 groups(Z = —1.101,P =0.271). Conclusion ; Percutaneous leverage reduction and hollow screws internal fixation assisted by 3D
printing technology is similar to conventional percutaneous leverage reduction and hollow screws internal fixation in clinical curative effects
on fracture reduction and injuried foot function recovery in treatment of calcaneus fractures,while the former has such advantages as fewer
intraoperative X — ray exposure ,shorter operative time and faster fracture healing compared to the latter.
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