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Abstract
Background Maintaining effective reduction and firm fixation in inferior pole patellar fractures is a highly challenging 
task. There are various treatment methods available; although tension-band wiring combined with cerclage wiring 
(TBWC) is the mainstream approach, its effectiveness is limited. Herein, we propose and evaluate a new technique 
called candy box (CB), based on separate vertical wiring (SVW), for the treatment of inferior pole patellar fractures. 
Specifically, we provide biomechanical evidence for its clinical application.

Methods Five fixation models were built: SVW combined with cerclage wiring (SVWC); TBWC; modified SVW with the 
middle (MSVW-A) or upper (MSVW-B) 1/3 of the steel wire reserved, and CB. A finite element analysis was performed 
to compare the displacement and stress under 100-N, 200-N, 300-N, 400-N and 500-N force loads. Three-dimensional 
printing technology was utilized to create fracture models, and the average displacement of each model group was 
compared under a 500-N force.

Results The results of the finite element analysis indicate that CB technology exhibits significantly lower maximum 
displacement, bone stress, and wire stress compared to that with other technologies under different loads. 
Additionally, in biomechanical experiments, the average force displacement in the CB group was significantly smaller 
than that with other methods under a 500-N force (P < 0.05).

Conclusions CB technology has the potential to overcome the limitations of current techniques due to its superior 
biomechanical characteristics. By incorporating early functional exercise and ensuring strong internal fixation, patient 
prognosis could be enhanced. However, further clinical trials are needed to fully evaluate the therapeutic effects of CB 
technology.
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Background
The inferior pole of the patella refers to the cancellous 
bone in the portion of the lower 1/4 of the patella that is 
not covered by articular cartilage [1, 2]. Fractures of the 
inferior pole of the patella are thus extra-articular frac-
tures and account for approximately 9.3–22.4% of patellar 
fractures [3–6]. Inferior pole patellar fractures are notori-
ous; owing to the small fracture block and concentration 
of stress, most are comminuted fractures, and it is diffi-
cult to maintain effective reduction and firm fixation [7]. 
The patella is an important component of the knee exten-
sor system, and inferior pole patellar fractures disrupt the 
integrity and continuity of this system, as well as the nor-
mal anatomical and biomechanical relationships of the 
patellofemoral joint [8]. Therefore, the correct treatment 
of these fractures is essential for restoring stability, integ-
rity, and function of the knee extensor system [1, 9].

However, currently, there is no established standard-
ized treatment for inferior pole fractures of the patella 
[10, 11]. The use of inferior pole excision surgery has 
been gradually abandoned [12]. Classic tension-band 
wiring combined with cerclage wiring (TBWC) has been 
used for a long time in the treatment of patellar fractures 
[13]; it is simple to perform and cost-effective, and is con-
sidered as the gold standard for internal fixation of patel-
lar fractures. However, it is difficult to control separation 
and displacement during knee flexion for distal patellar 
fractures [14]. The basket plates technique is effective in 
reducing complications caused by TBWC, such as sepa-
ration and displacement, achieved by applying pressure 
in multiple directions. However, this method does not 
guarantee early functional exercise of the knee joint and 
carries a potential risk of patellar tendon injury. [15, 16]. 
Further, the patellar claw technique provides a more suit-
able biomechanical environment for fixing and healing 
transverse fractures of the patella [17]. However, for infe-
rior pole fractures of the patella, the excessive rebound 
force with this technique may pose risks such as re-dis-
placement of small bone fragments [18]. The separate 
vertical wiring (SVW) technique was recently proposed 
as a new treatment method for inferior pole patellar 
fractures [19, 20], and some researchers have used SVW 
combined with cerclage wiring (SVWC) to treat infe-
rior pole patellar fractures in patients with osteoporosis, 
achieving good results. However, this technique still does 
not allow early weight-bearing or full extension exercises 
and carries the risk of internal fixation failure [21]. In a 
2018 report [22], the encircling steel wire in the SVW 
technique was improved to bone-penetrating tunnel steel 
wire, and a finite element analysis and clinical study were 

performed; the results suggested that this modified SVW 
(MSVW) technique has good biomechanical properties. 
However, the finite element analysis did not consider 
how the position of the transverse bone tunnel affected 
the internal fixation strength. Additionally, in the clinical 
study, some patients experienced complications such as 
steel wire loosening [22].

In summary, for inferior pole patellar fractures, unre-
solved issues remain regarding how to minimize com-
plications while ensuring sufficient internal fixation 
strength and enabling early functional exercise of the 
knee joint. The purpose of this study was to address these 
issues. Considering the aforementioned situation, we 
attempted to further improve the MSVW technique by 
using intermittent vertical steel wire fixation combined 
with double cerclage through the proximal patella wire. 
The distribution of the improved steel wire is similar to 
that of a candy box; therefore, it is called the candy box 
(CB) technique. The main points of improvement were as 
follows: after fixing the broken end of the fracture with 
three interrupted vertical wires, lateral bone tunnels were 
established in the upper 1/3 and middle 1/3 of the patella; 
and the fixed wire around the periphery of the patella was 
replaced with two wires on the side of the patella through 
the bone tunnel (Fig. 1). This technique serves three pur-
poses. First, it provides greater internal fixation strength 
by wrapping the fracture fragments of the lower pole 
of the patella like a CB. This helps prevent risks such as 
re-displacement of small fracture fragments. Second, it 
reduces detachment of the quadriceps tendon and mini-
mizes complications such as soft tissue irritation. As a 
result, patients experience less pain during functional 
exercises. Third, this method ensures secure fixation 
and sufficient soft tissue protection, allowing patients to 
engage in early functional exercises for faster and better 
recovery.

This study utilized finite element analysis and bio-
mechanical experiments to compare the biomechani-
cal characteristics of the CB technique with previously 
published techniques for treating inferior pole patellar 
fractures, including the conventional TBWC, emerg-
ing SVWC, and two versions of MSVW (Fig. 2A-E). Our 
hypothesis was that the CB technique would exhibit 
superior biomechanical properties.

Materials and methods
Establishment of the initial three-dimensional (3D) models
A 128-slice spiral computed tomography scanner 
(SIMENS SENSATION 128, slice thickness: 0.6  mm, 
slice gap: 0.6  mm, resolution: 512*512 pixels) was used 
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to perform thin-layer scanning from the upper leg to the 
lower leg of an adult male volunteer laying on his back 
with his knee joint in a neutral position. The obtained 
two-dimensional image data were stored in DICOM for-
mat and imported into the 3D image modelling software 
processing system, Mimics21. The patella region was 
selected through region-growing, the patella polylines 

were extracted, and 3D models of the patella and infe-
rior pole patellar fracture were established. The models 
were then input into Geomagic Studio 2021 software for 
noise removal, encapsulation, and smoothing, and the 
software’s surface modelling function was used to create 
a volume mesh solid.

Fig. 2 Diagram of different wiring techniques. (A) Separate vertical wiring combined with cerclage wiring (SVWC). (B) Tension-band wiring combined 
with cerclage wiring (TBWC). (C) Modified SVW with the middle 1/3 of the steel wire reserved (MSVW-A). (D) Modified SVW with the upper 1/3 of the steel 
wire reserved (MSVW-B). (E) Candy box technology (CB)

 

Fig. 1 Candy box technical schematic diagram. (A) Front view of candy box technology. (B) Oblique view of candy box technology. (C) Side view of candy 
box technology. (a) Three discontinuous vertical steel wires. (b) Upper 1/3 steel wires of the patellar tunnel. (c) Middle 1/3 steel wires of the patellar tunnel
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Establishment of the fracture model and evaluated internal 
fixation models
The established 3D model of the patella fracture was used 
as input to the finite element analysis software, ANSYS 
WORKBENCH2021. Various parameters of the bone 
and wire in the 3D model were defined, such as the elas-
tic modulus and Poisson’s ratio (as shown in Table  1) 
[4]. Three types of frictional contacts were set: the con-
tact between the periphery of the patella and encircling 
wire, contact between the patella and vertical wire with 
a friction coefficient of 0.2 [23], and contact between 
fracture ends with a friction coefficient of 0.45 [24, 25]. 
The portion where the wire passed through the patella 
was set as “bonded” (i.e., there was no relative displace-
ment between them). Five different techniques were used 
to construct five 3D models. We constrained the lower 
pole of the patella and applied loads on its upper pole. 
‘Compression Only Support’ software was used behind 
the patella to simulate the medial and lateral condyles of 
femur, and an angle of 45° with respect to the long axis of 
patella was used to simulate forces on the knee joint [26] 
(Fig. 3).

Evaluation indices
The solution module of ANSYS WORKBENCH 2021 
software was used to analyse the stress and displacement 
distribution of the patella and internal fixation in each 
model under 100-N, 200-N, 300-N, 400-N, and 500-N 
loads.

Biomechanical experiments
Due to its excellent comprehensive performance, acrylo-
nitrile butadiene styrene (ABS) resin is widely used in 3D 
printing technology and biomechanical experiments [27, 
28]. Based on the finite element model, we constructed 
solid fracture models of the above five internal fixation 
models with 3D printing using ABS photosensitive resin 
as the material [29–31], with each group consisting of five 
models (Fig. 4). One experienced physician was responsi-
ble for model preparation and ensuring accurate fixation 
of the metal wires. We applied constraints to the lower 
end of the patella and loaded force on its upper end at 
a set stretching speed of 1 mm/min, recording displace-
ment data every 0.3  s. The tension was stopped when 
it reached 500  N. With ABS photosensitive resin as the 
material, there was no relative displacement inside the 
resin during stretching. The overall displacement of the 

upper and lower poles could only be caused by the dis-
placement of the broken end. This allowed the electronic 
universal testing machine (Changzhou Sanfeng Instru-
ment Technology Co., Ltd., China. Model number: MIT-
100) to automatically record the overall displacement of 
the near fracture end using specific sensors, which was 
considered as the displacement of the fracture end. We 
then calculated the average displacement for each type of 
internal fixation under this load force (500 N).

Statistical analysis
Statistical analyses were performed using SPSS 25.0 and 
Prism 9.0 software. Continuous variables are represented 
as the mean ± standard deviation. One-way analysis of 
variance (ANOVA) was used to compare displacement 
values between techniques under the same load, and the 
least squares difference t-test was used for multiple com-
parisons between techniques. The significance level was 
set at P < 0.05.

Results
In the finite element analysis, the maximum displace-
ment and maximum stress of the patella and steel wire 
under various force loads were lower with CB technology 
than with other techniques. In the biomechanical experi-
ments, under a force of 500  N, the CB group exhibited 
the smallest average displacement (P < 0.05).

Finite element analysis: displacement
We calculated and compared the displacement values for 
five different models; the results demonstrated that CB 
technology has lower displacement than that with other 
technologies under various force loads (See Fig.  5A, 
Additional file 1, Additional file 2).

The displacement nephogram under a 500-N load 
is shown in Fig.  6. Compared to that with the TBWC 
and SVWC techniques, the maximum displacement 
with the CB technique under a 500-N load was lower 
by 29% (0.144  mm vs. 0.102  mm) and 30% (0.145  mm 
vs. 0.102  mm), respectively. Compared to that with the 
MSVW-A and MSVW-B techniques, the maximum dis-
placement with the CB technique under a 500-N load 
was lower by 75% (0.401  mm vs. 0.102  mm) and 18% 
(0.124 mm vs. 0.102 mm), respectively.

Finite element analysis: stress
The CB technique exhibited the lowest maximum stress 
under different loads. The maximum stresses accord-
ing to technique and load are shown in Fig.  5B for the 
patella and Fig. 5C for the steel wire. Stress nephograms 
under a 500-N load are shown in Fig.  7 (patella) and 
Fig. 8 (steel wire). Compared to that with the TBWC and 
SVWC techniques, the maximum stress of the patella 
with the CB technique under a 500-N load was lower by 

Table 1 Model material parameters
Name of the material Elastic modulus (MPa) Poisson ratio
Cortical bone 10,000 0.30

Cancellous bone 840 0.29

Steel wire 100,000 0.29

Kirschner wire 200,000 0.30
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Fig. 3 Schematic diagram of patella loading. The inferior pole of the patella is bound and constrained, the upper pole is loaded, and the arrow indicates 
the stretching direction. The blue circles represent the support of the medial and lateral condyles of the femur to the patella
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81% (98 MPa vs. 18 MPa) and 77% (79 MPa vs. 18 MPa), 
respectively, while the maximum stress of the steel 
wire was lower by 51% (961 MPa vs. 472 MPa) and 40% 
(782  MPa vs. 472  MPa), respectively. Compared to that 
with the MSVW-A and MSVW-B technique, the maxi-
mum stress of the patella with the CB technique under 
a 500-N load was lower by 84% (118  MPa vs. 18  MPa) 
and 55% (40  MPa vs. 18  MPa), respectively, while the 
maximum stress of the steel wire was lower by 61% 
(1234 MPa vs. 472 MPa) and 39% (783 MPa vs. 472 MPa), 
respectively.

Biomechanical experiments
The results of the biomechanical experiments dem-
onstrated that, under a force of 500  N, the CB group 
exhibited the smallest average displacement (P < 0.05). 
Specifically, compared to that with the TBWC and 
SVWC techniques, the average displacement in the CB 
group was reduced by 43% (2.096 mm vs. 1.179 mm) and 
18% (1.439  mm vs. 1.179  mm), respectively. Compared 
to that with the MSVW-A and MSVW-B techniques, 
the average displacement in the CB group was reduced 
by 27% (1.617 mm vs. 1.179 mm) and 17% (1.419 mm vs. 
1.179 mm), respectively (Fig. 9).

Fig. 5 Histogram of displacement or stress at different forces. (A) The maximum displacement of different groups under different forces. (B) The maxi-
mum stress of patella under different forces. (C) The maximum stress of steel wire under different forces. Separate vertical wiring combined with cerclage 
wiring (SVWC). Tension-band wiring combined with cerclage wiring (TBWC). Modified SVW with the middle 1/3 of the steel wire reserved (MSVW-A). 
Modified SVW with the upper 1/3 of the steel wire reserved (MSVW-B). Candy box technology (CB)

 

Fig. 4 Construction of physical models and biomechanical experiments. (A) Front view of fracture model. (B) Back view of fracture model. (C-D) Separate 
vertical wiring combined with cerclage wiring (SVWC). (E-F) Tension-band wiring combined with cerclage wiring (TBWC). (G-H) Modified SVW with the 
middle 1/3 of the steel wire reserved (MSVW-A). (I-J) Modified SVW with the upper 1/3 of the steel wire reserved (MSVW-B). (K-L) Candy box technology 
(CB)
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Fig. 7 Stress nephogram of patella under 500-N force. (A) Separate vertical wiring combined with cerclage wiring (SVWC). (B) Tension-band wiring com-
bined with cerclage wiring (TBWC). (C) Modified SVW with the middle 1/3 of the steel wire reserved (MSVW-A). (D) Modified SVW with the upper 1/3 of 
the steel wire reserved (MSVW-B). (E) Candy box Technology (CB)

 

Fig. 6 Displacement nephogram of different internal fixation groups under 500-N force. (A) Separate vertical wiring combined with cerclage wiring 
(SVWC). (B) Tension-band wiring combined with cerclage wiring (TBWC). (C) Modified SVW with the middle 1/3 of the steel wire reserved (MSVW-A). (D) 
Modified SVW with the upper 1/3 of the steel wire reserved (MSVW-B). (E) Candy box technology (CB)
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Fig. 9 Displacement diagram of different internal fixation groups under 500-N force. Separate vertical wiring combined with cerclage wiring (SVWC). 
Tension-band wiring combined with cerclage wiring (TBWC). Modified SVW with the middle 1/3 of the steel wire reserved (MSVW-A). Modified SVW with 
the upper 1/3 of the steel wire reserved (MSVW-B). Candy box technology (CB). *p < 0.05; ***p < 0.001

 

Fig. 8 Stress nephogram of steel wire under 500-N force. (A) Separate vertical wiring combined with cerclage wiring (SVWC). (B) Tension-band wiring 
combined with cerclage wiring (TBWC). (C) Modified SVW with the middle 1/3 of the steel wire reserved (MSVW-A). (D) Modified SVW with the upper 1/3 
of the steel wire reserved (MSVW-B). (E) Candy box technology (CB)
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Discussion
Inferior pole patellar fractures are mostly comminuted 
fractures. Due to their small size and concentrated stress, 
it is difficult to maintain effective reduction and strong 
fixation, which makes their treatment challenging [4]. 
The methods reported in the literature have advantages 
and disadvantages, as well as various complications [1]. 
How to minimize complications while ensuring sufficient 
internal fixation strength and simultaneously meeting the 
early functional exercise needs of the knee joint remains 
an unresolved issue.

Among surgical methods for preserving the patella, 
the TBWC technique is considered as the most clas-
sic method for treating patellar fractures [32]. However, 
when it is used for inferior pole patellar fractures, owing 
to the crushing of the fracture block, the effect of fixa-
tion is relatively small when a steel needle is inserted into 
the inferior pole crushing site. Under early functional 
exercise, the risk of internal fixation failure and fracture 
non-union is still difficult to avoid [33]. Basket plate tech-
nology may limit knee joint movement in patients after 
surgery due to excessive stimulation of soft tissue and the 
potential risk of patellar tendon injury. [15, 16]. Although 
the patellar claw technique has a good fixation effect on 
transverse fractures of the patella, its excessive restor-
ative force may cause small bone fragments to reposition 
in cases of inferior pole fractures. Additionally, detach-
ment of the quadriceps tendon may exacerbate soft tissue 
injuries. [18].

SVWC technology has been specifically proposed for 
inferior pole patellar fractures. Although SVWC technol-
ogy can concentrate the force of internal fixation on the 
inferior pole of the patella, the fixation strength is still 
limited, and the time and range of motion of the knee 
joint still need to be limited postoperatively; in addi-
tion, there are still a risk of postoperative complications, 
such as a slight limitation in knee extension and internal 
fixation fracture [34]. The MSVW technique as reported 
by He et al. in 2018 improved the encircling steel wire 
to a patellar tunnel steel wire based on the SVW tech-
nique [22]. However, it remained unclear whether one 
bone tunnel steel wire could satisfy the internal fixation 
strength requirements and whether different positions 
of the bone tunnel steel wire impacted the internal fixa-
tion strength. Furthermore, clinical studies revealed that 
some patients experienced complications with MSVW, 
specifically wire loosening.

Therefore, in order to solve the problem of how to min-
imize complications while ensuring sufficient internal 
fixation strength and meeting the early functional exer-
cise requirements of the knee joint, we attempted to fur-
ther improve the MSVW technique by using intermittent 
vertical steel wire fixation combined with double cer-
clage through the proximal patella wire. After fixing the 

fracture ends with three vertical steel wires, we created 
lateral bone tunnels in the upper and middle 1/3 of the 
patella. Then, we replaced the fixed steel wire around the 
patella with two steel wires on the side of the patella. This 
is the CB technology introduced in this article.

In order to verify the biomechanical stability of CB 
technology, we compared its biomechanical character-
istics with previously proposed techniques (i.e. TBWC, 
SVWC, and MSVW) under different loads using finite 
element analysis and biomechanical experiments. The 
results indicate that compared to other techniques, CB 
technology has smaller displacements, wire stresses, and 
bone stresses under different loads. Further, the results of 
the comparison between MSVW-A and MSVW-B tech-
niques indicated that the MSVW technique with only the 
middle 1/3 of steel wire reserved cannot obtain satisfac-
tory internal fixation strength. This provides an answer 
to the debate about the placement of the bone tunnel 
steel wire in the SVW technique; specifically, the tunnel 
through the patella should be as close as possible to the 
upper 1/3 of the patella to obtain more satisfactory inter-
nal fixation strength.

Due to the improvement of one encircling steel wire 
to two bone tunnel steel wires, in addition to shortening 
the force arm, we added a bone tunnel steel wire to dis-
perse stress, thereby improving the fixation strength. This 
may be one of the reasons why CB technology exhibits 
good biomechanical properties. Compared to the TBWC 
technique, the CB technique does not involve the inser-
tion of Kirschner wires into the fractured bone fragment 
below the patella, which prevents further displacement 
of small fracture fragments and avoids irritation to soft 
tissues caused by longitudinal Kirschner wires. Com-
pared to the basket-shaped steel plate and patellar claw 
techniques, the CB technique uses transverse bone tun-
nel steel wire for fixation. This eliminates the need to pass 
through the quadriceps tendon above the patella during 
surgery. Consequently, this procedure can be done with 
a smaller incision and without stripping the quadriceps 
tendon or affecting the blood supply above the patella. 
This eliminates the limitation of not being able to engage 
in early functional exercise due to excessive soft tis-
sue stimulation. Compared to the MSVW technique, an 
additional bone tunnel steel wire was added based on 
existing technology. This provides stronger biomechani-
cal stability, aiding in the avoidance of complications 
such as fracture displacement due to steel wire loosening 
during early functional exercise. More importantly, CB 
technology achieves, for the first time and in a true sense, 
the concentration of internal fixation stress on the lower 
pole of the patella by wrapping the fractured fragments 
like a ‘candy box’. This is unified with the biomechanical 
mechanism of the fracture itself, shifting the theoretical 
bias of internal fixation for lower pole patellar fractures 
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towards central fixation at the lower pole and addressing 
current knowledge gaps. We consider this to be the most 
important reason for the excellent biomechanical charac-
teristics of CB technology.

Because the internal fixation method in the CB tech-
nique goes through the patellar tunnel, it is noteworthy 
that a 2018 cadaver study showed that when penetrat-
ing the bone tunnel, destruction of the anterior cortex 
increases the risk of patellar fracture [35]. This was sub-
sequently confirmed in a finite element analysis of the 
patellar tunnel [36]. In addition, a finite element analysis 
of the insertion position of the Kirschner wire showed 
that the more backward the Kirschner wire, the more 
stable the fracture [37]. Therefore, during the implemen-
tation of the CB technique, we attempted to maintain the 
position of the bone tunnel as far away from the anterior 
cortex as possible to minimise the risk of refracture due 
to the bone tunnel position. The stress nephograms of the 
steel wire and patella showed that the maximum stress 
with the CB technique appeared on the right side of the 
fracture end, and the stress of the two steel wires crossing 
the bone tunnel was not high. Therefore, we consider this 
method of crossing the bone tunnel as relatively safe and 
without an increased risk of refracture.

It is worth noting that the maximum stress of the steel 
wire in the finite element analysis structure reached 
1234  MPa (MSVW-A), and the maximum stress of the 
patella reached 118  MPa (MSVW-A). This may be due 
to the phenomenon of ‘stress shielding’, which has been 
widely documented in studies of bone implant interac-
tions [38]. When components with different elastic mod-
uli bear loads in parallel, components with higher elastic 
moduli bear more of the load, providing stress and strain 
shielding for components with lower elastic moduli. This 
leads to much higher stress in the steel wire than in the 
patella at the same location, which may ultimately lead 
to complications such as bone loss and stress shielding 
osteoporosis [39, 40], This indirectly proves that MSVW 
technology, which only retains the middle 1/3 of the steel 
wire, cannot achieve sufficient stability. Furthermore, 
based on national standards for medical steel wires, 
1234 MPa does not reach the yield strength of the steel 
wire; additionally, research has shown that 118 MPa is far 
from reaching the yield strength of the patella bone [41]. 
Our subsequent biomechanical experiments also con-
firmed this point, as there was no occurrence of internal 
fixation failure under a force of 500 N.

Previous studies have shown that the average maxi-
mum tension that can be applied by the quadriceps 
tendon during knee extension is 316  N. In addition, a 
previous biomechanical experiment reported that the 
maximum load at which a repaired patellar tendon fails 
is 433  N [42]. Furthermore, studies have indicated that 
when the patella is subjected to a force inclined upward 

at an angle of 45°, the pressure on the patellofemoral joint 
reaches its maximum value [43, 44]. Encouragingly, our 
finite element analysis results indicate that CB technol-
ogy can achieve minimal displacement and stress under 
different force loadings at 45°. Additionally, the biome-
chanical experimental results showed that the CB group 
still had the smallest displacement when the load reached 
500  N. Because CB technology can avoid the irritation 
of longitudinal Kirschner wires on soft tissues caused by 
TBWC, it can successfully break the limitation against 
early exercise to protect the quadriceps tendon. The addi-
tional steel wire compared to that with the MSVW tech-
nique can make the lower pole of patella more inclined 
towards ‘central fixation’. In addition, our research shows 
that under experimental conditions in which the patella 
is subjected to the maximum load, CB technology still 
has sufficiently high internal fixation strength. Therefore, 
CB technology should be considered as safe for similar 
postoperative treatments. Further, based on the present 
findings, we preliminarily consider that the need for early 
functional exercise in patients with inferior pole patellar 
fractures can be met with the application of CB technol-
ogy in clinical practice, while maintaining satisfactory 
internal fixation strength and reducing complications.

There are several limitations to this study. Firstly, 
the modelling of the knee joint and its internal fixation 
requires complex details and constraints [45], and our 
model could not accurately simulate the motion process 
of the knee joint. Secondly, the finite element model did 
not consider material anisotropy and lacked an analysis 
of different angles and types of fractures. Moreover, the 
impact of patellar nerve traction and the possible biome-
chanical changes that may occur during fracture healing 
were not considered [46, 47]. Finally, clinical data to vali-
date the results of this research were lacking. Therefore, 
later research stages must establish models from different 
perspectives, forces, and types of fractures to verify the 
biomechanical performance of CB technology. In addi-
tion, finite element and biomechanical models should 
be further improved by considering material anisotropy, 
establishing fracture healing models, and using fresh 
cadaveric specimens to simulate biomechanical pro-
cesses under realistic conditions. Lastly, long-term clini-
cal studies are needed to validate the treatment efficacy 
of CB technology for inferior pole patellar fractures.

Conclusion
In summary, compared to other internal fixation meth-
ods evaluated in this study, the CB technique shows 
smaller displacement and stress, providing a more secure 
fixation. However, the establishment of additional models 
is still required to verify its biomechanical performance 
under different angles, forces, and fracture types. Clinical 
trials are also needed to evaluate its therapeutic effects. 
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We look forward to further exploring CB technology as 
a fixed and reliable internal fixation method, with fewer 
complications, that can meet the early functional exercise 
needs of the knee joint.
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