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Abstract

BACKGROUND: There are few studies on dynamic biomechanical analysis of Kirschner wire tension band steel wire in different winding methods for the
treatment of transverse patella fractures.

OBJECTIVE: To analyze the biomechanical difference between the “8”-shaped Kirschner wire tension band fixation and the “0”-shaped Kirschner wire tension
band for the treatment of transverse patella fractures in the complete gait cycle using three-dimensional reconstruction technology.
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METHODS: Based on the CT scan data of the human knee joint, Mimics, Geomagic Studio, Hypermesh and Abaqus and other three-dimensional reconstruction
softwares were used to establish the “8” and “0” shape Kirschner wire tension band to treat the finite element model of the patella transverse fracture. A
complete gait cycle of the knee joint after surgery was simulated by loading the material properties, setting boundary conditions, applying loads and other
operations. The difference in displacement and stress between the two fixed models was analyzed.

RESULTS AND CONCLUSION: (1) In the complete gait cycle, the change of stress value was positively correlated with the change of buckling angle, and the
maximum stress reached at 70% of the gait cycle. In the same gait instant, the stress of each component of the “0” model was less than that of the “8” model. (2)
The displacement value of each component of the two models increased with the increase of the flexion angle during a complete cycle, and reached the peak
displacement at 70% of the gait cycle. In the same gait instantaneously, the “0”-shaped model was different. The displacement values of the components were
all smaller than those in the “8” model. At the peak of the displacement, the displacement values of the patella, Kirschner wire and steel wire of the “0” model
were 10%, 11%, and 13% smaller than those of the “8” model. (3) The results show that during the complete gait cycle, the high stress areas of the two tension
band models are mainly concentrated near the patella fracture line and the contact part of the internal fixation, but the stress peak value of each component in
the “0” model is less than “8”-shaped model, and it is better than the “8”-shaped tension band model in terms of the stability of the fracture end and internal

fixation, and has a better biomechanical effect.

Key words: patella; transverse fracture; tension band; biomechanics; gait cycle; Kirschner wire; finite element
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Figure 1 | Two kinds of tension band
internal fixation solid models for

transverse patella fractures

143 FRRIS SHHRMRE 76 Mimics 19.0 HORIA G 1R
5 ECF U LS AR 2 BB O LB AT . R 5%
[ AL 5 R RO AROR, Tk 17, R R
AT BB (B PP o 2 % 1 D EL SR (PR 1

x1 | REREMSY

Table 1 | Material parameters of each structure of the model
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Figure 2 | A finite element model of patella transverse fracture with
internal fixation with two tension bands
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Table 2 | Two finite element model input parameters

AW (%) WS (mm) AAMEESD (%) WEBAT (N s ()
10 3.36 -0.68 1888 12.00
20 4.32 -0.95 1492 14.95
30 1.28 0.67 1072 8.80
40 0.35 1.57 2200 5.00
50 4.22 0.48 1867 16.78
60 4.96 -1.78 168 41.64
70 3.75 -3.67 168 57.49
80 2.38 -4.92 168 47.08
90 1.3 -5.66 168 16.42
100 0 1.57 168 0
80
60 58
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E Figure 3 | Change trend of knee
flexion angle in one gait cycle
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Figure 4 | Stress distribution cloud diagrams of the patella of the two
models in the gait cycle
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