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Abstract

BACKGROUND: The inferior pole of the patella is very important for the integrity and stability of the knee extensor mechanism and maintaining good knee joint
function. Currently, there is no unified surgical method for the clinical treatment of inferior pole patella fractures, but effective internal fixation should have the
ability to counteract the tensile stress of the quadriceps and patellar ligament, the flexion stress of the femoral condyle, and the separation and displacement
of the fracture ends.
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OBJECTIVE: A three-dimensional model of patellar inferior pole fracture was established by finite element method to compare the fixation effect and
biomechanical stability of Kirschner-tension band, Kirschner-tension band combined with encircling, Kirschner-tension band combined with longitudinal
binding, so as to provide a reliable surgical choice for clinical treatment of patellar inferior pole fracture.

METHODS: A healthy female volunteer was selected to undergo CT scan of the knee joint, and a model of the fracture of the inferior pole of the patella was
constructed using finite element software. According to different internal fixation methods, they were divided into three groups: A, B and C. Group A received
tension-band wiring; group B received tension-band wiring combined with cerclage wiring, and group C received tension-band wiring combined with separate
vertical wiring. Under the same support and constraint conditions, the biomechanical properties of the three internal fixation models were evaluated by finite

element analysis software.

RESULTS AND CONCLUSION: The results of finite element analysis showed that group C had the smallest displacement of the whole model, the patella and
the internal fixator, and the smallest stress of the model and the internal fixator compared with group A and group B when different loads were applied in the
direction of 45°. It is indicated that compared with Kirschner-tension band wiring and Kirschner-tension band wiring combined with cerclage wiring, Kirschner-
tension band wiring combined with separate vertical wiring exhibits smaller displacement and stress, with superior biomechanical strength, providing a more
reliable internal fixation. Theoretically, it is sufficient to meet the needs of patients to perform functional exercises after surgery in the early postoperative

period.

Key words: inferior pole of the patella; fracture; fracture internal fixation; Kirschner-tension band wiring combined with separate vertical wiring; finite element

analysis; biomechanics; orthopedic implants
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Figure 1 | Frontal view of the internal fixation model of the patellar
inferior pole fracture in each group
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Figure 2 | Lateral view of the internal fixation model of the patellar
inferior pole fracture in each group
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Table 1 | Elastic modulus and Poisson's ratio of the patella and internal
fixation
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Figure 3 | Loads, constraints, and compression-only support were applied

to the patella model separately
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Table 3 | Stress values of three models under different load conditions in
the direction of 45° resultant force

o 300N 400 N 500 N

A4 671.49 926.66 1152.5
B4 400.43 559.81 773.74
C4 298.57 413.70 545.64

Bk A-C L v IREF SR DAL L o Rk Ja iy

AL NCE LB kit

FRHIBEAL, 5 REHTK

| 0245 66726 e
m: 60179 42439
s1s82 %376
403 42585 0313
= i 24251
a5 Azl 18188
e st 12125
izsne e5571
216560.7 Min ot sz
78348 W

PIvE: 18 A-C 35 e IREF SR Dl RS L o IR 5K o e &5 5 PR H A A |
P ki iy N R it

4 | 45° G HAEEARREHEGEGT 3 MIREANEEIRI N 1E
Figure 4 | Stress values of the internal fixators of the three models under
different load conditions in the direction of 45° resultant force

(0.158 mm: 0.066 mm) A 39%(0.109 mm: 0.066 mm);
£ 400 N 3 fif T fie KALHE 70 53] AR T 47%(0.274 mm:
0.154 mm) Fll 27%(0.158 mm: 0.115 mm); 7F 500 N #§ fif
N KA FE 9 BIRAR T 47%(0.219 mm:  0.115 mm) FI1 25%
(0.204 mm: 0.154 mm). A RICIPrEREN, HiEhNER
PRI, B R BN Ay 530 s H B2 80,
300 N 3 B B/, 500 N B RES Bk C 417E 45° 4
71771 300, 400, 500 N #far 26 4F T~ HEAARRL . #E SN
[ E I /. I3 6-8 J[E 5, 6.

<6 | 45 AN A E EAEHEEMGT 3 MRS UBE (mm)
Table 6 | Displacement values of three models under different load
conditions in the direction of 45° resultant force
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Table 5 | Stress values of three models under different load conditions in

the direction of 45° resultant force
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Figure 5 | Displacement values of the patella for three models under
different loading conditions in the 45°combined force direction
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Figure 6 | Displacement values of the internal fixings of the three models
under different load conditions in the direction of 45° resultant force
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