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Design and Validation of a Smile-Necklace Plate for
Treating Inferior Patellar Pole Avulsion Fractures:
A Review and Hypothesis
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The patella’s inferior pole transmits force generated by contraction of the quadriceps muscle to the tibial tuberosity
through the attached patellar ligament, thus completing knee extension. Therefore, fractures of the patella’s inferior
pole disrupt the coherence of mechanical transmission in the lower extremities. There appears to be no consensus
among trauma centers regarding the treatment of infrapatellar pole fractures, primarily because there is no consistent
design or application of internal fixation for this type of fracture. We designed a new internal implant similar to the
smile necklace based on our previous study. This smile-necklace plate (SNP) has the advantage of both plate fixation
and tension-band wiring fixation, permitting early rehabilitation, especially in osteoporotic comminuted infrapatellar
pole fractures. Finite element analysis helped verify the biomechanical advantages of the SNP in comparison with exis-
ting studies. Hence, this novel implant is a promising treatment option for inferior pole patellar fractures.
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Introduction
P atellar fractures account for approximately 1% of all frac-
tures, and inferior patellar pole avulsion fractures
account for 9.3%-22.4% of patellar fractures requiring surgi-
cal treatment."” The patella’s inferior pole is a cancellous
bone with no cartilage covering its surface and is not
involved in the composition of the patellofemoral joint. It is
surrounded by the patellar ligament and the infrapatellar fat
pad, and the blood vessels in the infrapatellar fat pad flow
from the patella’s inferior pole and nourish the patella
upward from the vascular pores on the surface. The patella’s
inferior pole is the attachment point of the patellar tendon,
and stress concentration often results in the comminution of
distal pole fragments during injury.>* Therefore, the treat-
ment of inferior patellar pole fractures has its particularity in
reduction and fixation and is directly related to the recovery

of knee function. The ideal type of internal fixation provides
stable reduction without additional immobilization, thus all-
owing for early rehabilitation.” There has not yet been a sin-
gle identified type of internal fixation that is sufficiently
accepted for wide use, and various studies on new internal
fixation methods are published every year. Thus, treating
inferior patellar pole fractures is challenging for all trauma
and sports medicine surgeons, and the lack of a standardized
treatment plan prevents patients from receiving uniform,
high-quality surgical care at all trauma centers, especially in
less-developed areas.

Our previous study combined the conventional micro-
plate and wire tension-band (WTB) techniques to surgically
treat inferior patellar pole fractures,’ and found that it led to
early weight-bearing rehabilitation and good prognoses,
demonstrating the advantages of this combined technique.
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The plate’s increased surface area, which was used to hold
up the fragmented bone, and the conversion of knee exten-
sion device tension into compressive stress, which promoted
healing of the fracture fragments, helped to overcome the
challenges associated with complex fixation of comminuted
fractures. However, the use of >3 internal fixation devices in
the combination technique makes uniform fixation difficult
to achieve. Excessive dispersion of the internal fixation
devices increases the risk of soft tissue irritation. Greater
trauma is also predicted during internal fixation removal
procedures. Combining the advantages of this technique with
an integrated internal fixation device may help to maximize
the benefits of this treatment.

Herein, we summarize the biomechanical characteris-
tics of inferior patellar pole fractures and the currently prev-
ailing forms of internal fixation through a literature review.
At the same time, we propose a novel internal fixation
hypothesis for treating inferior patellar pole fractures based
on our previous study. We evaluated the biomechanical
advantages of this new type of internal fixation using finite
element analysis and provided a theoretical basis for this
hypothesis.

Anatomy and Biomechanics
The patella, embedded in the quadriceps femoral tendon, is
the largest sesamoid bone in the human body. The cartilage
surface forms a joint with the cartilage surface between the
two femoral condyles.” The patella’s inferior pole is a cancel-
lous bone with no cartilaginous articular surface; therefore, it
does not contribute to patellofemoral joint formation.
Instead, it serves as the origin of the patellar ligament, which
attaches to the tibial tuberosity, transmitting forces generated
by the quadriceps muscles to the tibia in order to extend the
knee.® Polar vessels enter the bone through the distal pole
between the articular cartilage and attachment of the patellar
tendon.”'® Magnetic resonance imaging has revealed that
80% of the patellar blood supply comes from the medial and
inferior parts of the patella, which also explains the more
pronounced hematomas caused by inferior pole fractures."!
The inferior patellar pole is one of the stress concen-
tration points of the knee joint and is balanced by complex
loading patterns during knee joint flexion.'” At the same
time, owing to external tibial rotation during knee flexion,
the lower patellar pole rotates laterally under traction from
the patellar ligament."”” The lower patellar pole can be sub-
jected to a direct reaction force caused by collision during
injury. Intense contraction of the quadriceps femoris can
cause excessive tension leading to avulsion of the lower
patellar pole and avulsion fracture.'"* At this point, because
the medial tension is greater than the lateral tension, tears of
the surrounding soft tissue can further aggravate the degree
of fracture comminution.

Current Clinical Trends
Although inferior patellar pole fractures do not involve artic-
ular surfaces, internal fixation has been deemed to be to be
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the less controversial treatment approach because of its
unique role in knee movement. However, fixing the associ-
ated tiny fracture fragments is now becoming the focus of
discussion. The general principles of treatment are to pre-
serve the patella’s length, restore the patella’s biomechanical
function, and reconstruct the knee extension mechanism. In
addition, effective and reliable implants are necessary to
achieve strong bone-to-bone healing, maintain stable reduc-
tion, and achieve early functional rehabilitation; thus, innu-
merable surgeons have applied their talents to this area. We
reviewed and categorized current therapeutic techniques and
aimed to review existing internal fixation methods.

Patellectomy and Suture Fixation

Partial patellectomy (Fig. 1A), the only treatment for commi-
nuted inferior patellar pole fractures, is sometimes used in
the absence of effective fixation or as a last resort."> A series
of studies comparing internal fixation with this traditional
technique showed that partial patellectomy significantly
affected knee function.'® There are many reasons for the
controversy surrounding partial patellectomy, one of which
is related to the inferiority of tendon-bone healing, in terms
of strength and healing time, compared with osseous consoli-
dation. Thus, there is a need for a period of immobilization
after partial patellar resection (at least 6 weeks of cast
immobilization is generally recommended), which is not
conducive to early knee rehabilitation.'” Furthermore, partial
patellectomy often results in a lower patellar position, lead-
ing to a shortening of the extensor mechanism.'® As a result,
the compression forces in the patellofemoral joint increase,
which can lead to cartilage damage. Therefore, this outdated
approach has gradually been abandoned. However, in cases
of inadequate fixation, it remains an effective treatment and
should still be considered as a last resort.

The wire anchor system (Fig. 1B) consists of self-
tapping screws and sutures used to bind and compress tissue
or bone fragments.'” Wire anchors allow reattachment of the
avulsed patella or patellar ligament to the bone, thus all-
owing for functional patellar reconstruction.’” The main
principle is to bury a screw proximal to the patellar fracture,
and then insert an anchor nail with its own tail wire through
the patellar ligament to reposition the fracture and soft tissue
at the lower pole of the patella and restore the original ana-
tomical shape.”’ This procedure is minimally invasive,
restores the anatomy of the knee extensor mechanism, and
avoids the need for secondary surgery.”> However, Kadar
et al. reported internal fixation failure due to limited fixation
strength with wire anchors. The reoperation rate was 14.8%,
with a high infection rate (11%)," Also, the placement of a
wire anchor nail after partial resection of the inferior pole
bone may decrease patellar height and cause misalignment.*’
The use of wire anchors also requires careful evaluation in
patients with osteoporosis, especially concerning the timing
of functional exercise and early weight-bearing.**
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Fig. 1 Graphic review of current surgical treatments for inferior patellar pole avulsion fractures. (A) Partial patellectomy, (B) wire anchor system,
(C) basket plate, (D) patellar concentrator, (E) tension-band wiring, (F) separate vertical wiring (SVW), (G) combination of the tension band wiring
technique with cerclage wiring, (H) combination of a microplate technique with the SVW technique and (l) combination of a microplate technique with

the tension band wiring technique.

Plate Fixation
The basket plate (Fig. 1C) method is probably the most well-
known plate treatment strategy for inferior patellar pole frac-
tures.”> The basket plate was designed and used by Matejci¢
et al. to treat comminuted infrapatellar fractures.'® It was
designed with tension screw holes and claws at the bottom
and sides of the plate to hold the fragmented bone together.
This plate can increase the postoperative outcome rate of
patients with inferior patellar pole fractures to 90.1%, firmly
fix the fracture fragment, restore knee extension, and provide
early functional exercise capability.”> However, basket plates
can cause significant structural and functional damage to the
patellar ligament, resulting in the significant shortening and
rupture of the patellar ligament, risk of disruption of patellar
ligament blood flow, and complications such as internal fixa-
tion provocation during knee flexion.*®

As an extension of plate fixation, the patellar concen-
trator (Fig. 1D) was designed according to the anatomical
morphology and biomechanical characteristics of the patellar
and patellofemoral joints.”” The patellar concentrator is
attached to the lumbar part of the anterior patellar body.
When tightened, it can produce continuous centripetal

pressure on the patella to counteract tensile stress, thus
repositioning and fixing the fracture and allowing the patient
to perform functional knee exercises early after surgery.”®
However, the lower portion of the patellar claw sometimes
does not completely encircle the fracture fragment, allowing
lateral slippage between fragmented bones.”” Additionally,
the internal fixation failure rate is high, and complications
such as decoupling and local augmentation are also possi-
ble.”® Repeated intraoperative flushing with ice and hot water
can lead to incisional inflammation and pain, respectively.

Wiring

Cerclage wiring is achieved by passing a wire through the
quadriceps expansion and patellar ligament and wrapping it
around the entire patella, causing the bone to converge.’'
Unique cerclage wiring is unreliable for severe infrapatellar
pole fractures; it cannot limit the anterior displacement of
the fracture fragments during knee flexion and extension
and is therefore prone to poor fixation.”> As a result, pro-
longed postoperative immobilization is required, often lead-
ing to complications, such as joint adhesions and stiffness.
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Currently, this method is only used as the basis for combina-
tion fixation.”**

The WTB technique (Fig. 1E) is probably the most
widely used technique for treating patellar fractures.’® Due
to contraction of the quadriceps muscle, the patellar surface
tends to be subjected to considerable tension, and the
patellofemoral articular surface to considerable pressure.”® In
the classical tension-band technique of the AO/OTA organi-
zation, two Kirschner wires are fixed in the center of the
bone, and the “8” wire is fixed around the ends of the kerf
pins to prevent angulation and rotation. The internal tension
banding method converts tension into compressive stress
and prevents displacement after fixation by eliminating the
tendency of the fracture to separate during knee motion.””
The biggest problem with using WTB fixation for inferior
patellar pole fractures is the difficulty of maintaining fixation
of small bone fragments.’® The relatively small fracture frag-
ments of the inferior patellar pole make it difficult to achieve
firm fixation of the fracture end, which would effectively
resist the pulling forces of the quadriceps muscle. Therefore,
the WTB technique alone appears to be ineffective in manag-
ing inferior patellar pole fractures.”

Separate vertical wiring (SVW) (Fig. 1F) is another
widely used wiring technique.** Biomechanical studies have
shown that its fixation strength is higher than tension-band
wiring."' SVW can be combined with other suturing tech-
niques for small fragments, particularly in older adults. Bio-
mechanical and clinical studies using ring-tie wire-reinforced
vertical wiring alone have shown that combined fixation is
superior to vertical wire fixation alone.*” In another modifi-
cation of the SVW technique, the ring-tie wire was passed
through the patellar body to improve damage to the patellar
tendon caused by fixation of the ring-tie wire at the periph-
ery of the patella.*” Finite element analysis has suggested that
this modified technique may achieve excellent biomechanical
fixation and prevent bone fragmentation.** Combining SVW
with the Krachow suture technique has also yielded good
results; however, caution is still needed regarding the cutting
characteristics of SVW on the patellar ligament, especially in
early rehabilitation exercises.’

Combined Technique

In recent years, combination techniques have been designed
and developed when a single fixation technique cannot meet
the challenges presented by inferior patellar pole fractures.
Combination techniques have addressed various challenges,
including comminuted bone fragments, patellar ligament
shear, inferior patellar displacement, and limited early reha-
bilitation.** Combining the WTB technique with cerclage
wiring (Fig. 1G) is a widely used fixation approach for
treating inferior pole patellar fractures.>* This combination
fixation takes advantage of the WTB technique’s ability to
promote rapid healing of the fracture and the cerclage wiring
technique’s ability to compensate for the lack of fixation of
comminuted bone fragments.
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In 2014, Song et al. improved the SVW technique with
interrupted vertical wire combined with ring ligation to treat
adults over 50 years of age with osteoporosis.*’ A cadaveric-
specimen biomechanical study of the original and improved
techniques was also conducted. The results showed a 41%
increase in the fixation strength of the improved technique
compared with that of the original technique. This improved
technique also allowed early knee rehabilitation under post-
operative brace protection. However, although the improved
SVW technique is associated with better biomechanical per-
formance and clinical efficacy, it has limitations.** Postopera-
tive limitation of range of motion is still required and the
fixation strength, albeit improved, does not meet the needs
for early unrestricted postoperative knee rehabilitation.
Moreover, it is associated with complications such as mild
limitation of knee extension and internal fixation fracture
postoperatively.

Incorporating microplates into the existing technology
has been another popular combined fixation technique in
recent years. Microplates increase the contact area with the
inferior patellar pole and can also be pre-bent to provide a
more suitable fixation angle. At the same time, the screws
fixed to the microplate provide additional fixation to the
patella, equivalent to the microplate pocket of the bone. In
view of these advantages, Cho et al. combined this micro-
plate technique with the SVW technique (Fig. 1H).*

Microplates avoid the cutting problem associated with
SVW fixation while increasing the fixation area of the SVW.
Compared with SVW fixation alone, a combined approach
with microplates appears to achieve better clinical outcomes
and firmer fixation, allowing earlier rehabilitation exercises.
In addition, our previous research pioneered the combina-
tion of microplates with the tension-band wiring technique
(Fig. 11), and yielded surprising results.® However, there are
some problems with this combined technique, the most
important of which are stress concentration and slight slip-
page at the multiple contact points of different forms of
internal fixation. In particular, the contact between the wires
and microplates causes local stress concentrations. In addi-
tion, the use of multiple combinations of internal fixation
can lead to inconsistency in treatment and a prolonged
learning curve for beginners. Therefore, owing to the disad-
vantages of single fixation and the shortcomings of combined
fixation, designing a single form of internal fixation that con-
siders the advantages of combined fixation becomes a poten-
tial necessity.

Medical Hypothesis
Inspired by our previous combined fixation study, we pro-
pose a novel internal fixation hypothesis for inferior patel-
lar pole fractures. The main structure was composed of a
supporting part resembling a miniature steel plate with tita-
nium cables welded to both sides (Fig. 2A,B). During fixa-
tion, the fragmented bone of the inferior pole of the patella
was picked up by the supporting part and held by locking
screws inserted through the patellar body. Titanium cables
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Fig. 2 The hypothesis and illustration
of smile necklace plate (SNP) and its
fixation for inferior patellar pole
avulsion fractures. (A) and (B) two
combination modes of SNP, (C) and
(D) two fixation modes of SNP in the
treatment of inferior patellar pole
fractures, (E) famous smile necklace.

were wrapped around the screws to form a figure-of-eight
tension-band structure in front of the patella and locked in
place (Fig. 2C,D). Because the shape of the internal fixation
resembled the famous jewelry smile necklace (Fig. 2E), we
named it the smile-necklace plate (SNP).

This SNP combines the advantages of the large contact
area of plate fixation with WTB fixation, which converts ten-
sion into compressive stress. The one-piece design reduces
the risk of relative displacement associated with multiple
internal fixations, thereby reducing the stress concentration
when fixing the bone block. To better evaluate the biome-
chanical advantages of SNP, we used finite element analysis
to compare SNP with six other common internal fixation
methods. We compared the stress distribution, shear, and
displacement values at fracture break after fixation with dif-
ferent implants to provide a theoretical basis for applying the
SNP hypothesis.

Finite Element Analysis Results

e performed a computed tomography scan of the right

knee of a healthy male volunteer and then created
three-dimensional (3D) reconstructions of the patella using
Mimics 17 software. The 3D reconstruction model was then
imported into Geomagic Studio 2016 for denoising, wrap-
ping, and smoothing, and a mesh was created (model materi-
alization) using the surface modeling function of this
software. Finally, the model parameters were imported into
ANSYS R17.0 software for subsequent finite element model
analysis. The volunteer provided informed consent for the
experimental protocol.

Various parameters, such as the elastic modulus,
Poisson’s ratio, and density of the bone, wire, and plate in
the 3D model, were defined according to a previous study

SNP FOR INFERIOR PATELLAR FRACTURES

TABLE 1 Patella bone and titanium alloy material properties.

Materials Youngs’s modulus (MPa) Poisson’s ration
Cortical bone 16,300 0.3
Cancellous bone 2410 0.2
Cartilage bone 7 0.47
Steel 200,000 0.3
Titanium alloy 110,000 0.3

Table 2 Numbers of nodes and elements of patella fracture

model.

Implants Nodes Elements
TBW 72,294 31,980
SVW 64,407 35,827
SVWM 70,955 38,172
TBWC 68,375 37,159
TBWM 66,265 36,191
SNPK 73,043 38,458
SNPS 71,873 37,914

(Table 1). The contact parameters between the metal and
patella were set, and the friction between the metal and
patella was defined as 0.2. The numbers of nodes and
elements of patella fracture model are shown in Table 2. A
fracture model of the inferior pole of the patella was con-
structed, which was defined as the distal non-articular sur-
face of the inferior pole of the patella separated from the
proximal patellar body and divided into three fragmented
bones from medial to lateral a, b, and ¢ (Fig. 3A). The
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Fig. 4 The stress distribution illustration of the internal fixation in seven groups under different load conditions. (A) Tension-band wiring (TBW),
(B) SVW, (C) SVW with microplate (SVWM), (D) TBW combined with cerclage wiring (TBWC), (E) TBW combined with microplate (TBWM), (F) SNP with

Kirschner wire fixation (SNPK), (G) SNP with screw fixation (SNPS).

boundary conditions are shown in the figure, and the bound-
ary conditions are applied through the coupling part of the
reference point; the lower patellar pole is bound with con-
straints, and the upper patellar pole is loaded. By default, the
distal patellar ligament attachment area was completely fixed
in this model, that is, the displacement of the distal nodes in
the X-, Y-, and Z-axes was 0. The load application path was
set, and a tensile load of 0-500 N was gradually applied to
the midpoint of the proximal patella within 2 s (Fig. 3B).
ANSYS was used to analyze the models as follows: (i) stress
distribution and stress values of the inferior patellar pole
and endoprosthesis after fixation; (ii) relative displacement

distance of each bone block in the inferior patellar pole;
(iil) shear stress on each bone block in the inferior patellar
pole; and (iv) fatigue life of the SNP.

Seven types of internal fixation were used for biome-
chanical analysis of inferior pole patellar fractures using
finite element analysis: SNP with screw fixation (SNPS), SNP
with Kirschner wire fixation (SNPK), SVW, SVW with
microplate (SVWM), conventional TBW fixation, TBW
combined with cerclage wiring (TBWC) fixation, and TBW
combined with microplate (TBWM) fixation. A stress distri-
bution diagram is shown in Fig. 4. The stress of the TBW
was concentrated on the tension side, and the stresses of the
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Fig. 5 The stress distribution of the internal fixation in seven groups
under different load conditions.

SVW and SVWM were concentrated on the tension side and
cut with the steel plate. In addition, the stress of the TBWC
and TBWM was distributed on the tension side and metal
contact, whereas the stress of the SNPK was distributed on
the kerf pins in contact with the steel plate. The stress distri-
bution of the SNPS was the least concentrated and sporadi-
cally distributed on the screw and steel plate. With a gradual
increase in the load from 100-500 N, the maximum stress
values in SVW and SVWM at a load of 500 N were 1458.3
and 1932.5 N, respectively. In contrast, the stress values of
TBW and SNPS were the smallest, at 402.89 and 444.47 N,
respectively (Fig. 5).

To investigate the effect of different implants on the
displacement of bone fragments after fracture of the inferior
pole of the patella, we compared the relative separation
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distances of the overall bone mass (fracture contact surface)
and the different comminuted bone fragments under differ-
ent loads after fixation with seven implants. When the lower
pole bone fragment was considered as a whole, the SNPS,
SNPK, and TBWC groups had the lowest relative displace-
ments under a load of 500 N with values of 0.62059,
0.93402, and 0.83387 mm, respectively (Fig. 6A). The relative
displacements of the SNPS, SNPK, and SVWM groups were
lowest when the lower pole bone block was crushed into
three small bone fragments (a, b, and ¢ bone fragments from
the medial to the lateral sides). The relative displacements of
the three bone blocks under a load of 500 N were 0.60035,
0.37936, and 0.42585 mm, respectively, in the SNPS group
from the medial side to the lateral side, which were the
smallest displacements among all groups (Fig. 6B,C).

To investigate the shearing forces of different endo-
phytes on the patella, we tested the pressure at the con-
tact point between the patella and implants in the X-Y,
Y-Z, and X-Z directions for loads ranging from 100-
500 N. The results are presented in Fig. 7A-C. The SVW
and SVWM groups had the highest bone-implant shear-
ing forces. The SNPS group had the smallest bone-
implant shearing force, with pressures of 50.764, 61.22,
and 89.623 MPa at a load of 500 N in the X-Y, Y-Z, and
X-Z directions, respectively.

Finally, material fatigue was tested to assess the durability
of SNPS. The minimum fracture test cycle of the SNP gradually
decreased from 6.0018 x 10° as the load rose from 100-500 N
but still met 5.2934 x 10° test cycles at 500 N (Fig. 8A,B).
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Fig. 6 The relative displacement of different distal fragments and main fragment in seven groups under different load conditions. (A) Displacement of

face-fragment, (B—C) Displacement of fragments a-c.
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Fig. 7 Shear force of the internal fixation in seven groups in the X-Y(A), Y-Z(B), and X-Z(C) directions.
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Discussion
Finite element analysis has been widely used in biome-
chanical studies of orthopedic implants, especially in
analyzing the stress distribution and displacement of differ-
ent internal fixation materials and surgical methods with
unique advantages.”> Finite element analysis can obtain
results that are difficult to obtain using objective test
methods by accurately simulating conceptual structural and
material models subjected to special and complex loading
and constraint conditions.*® In this study, we explored the
stress distribution of SNP and six conventional implants

Fig. 8 Fatigue test (A) and curve (B) of
necklace plate under different load
conditions.

using finite elements analysis. Implant stress reflects the force
exerted by the implant during joint movement, and excessive
stress may lead to fixation failure. The SNPS method showed
less stress concentration, mainly in the distal implant region
near the beginning of the patellar ligament.

In contrast, stresses in implants such as TBW and
SVW were concentrated on the tension side and proximal
end, which may lead to failure of internal fixation and impact
the blood supply to the proximal patella and healing of the
fracture. Subsequently, we explored the biomechanical perfor-
mance of the SNPS in resisting bone fragment displacement.
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When a 500 N tensile load was applied to the superior patel-
lar pole, the contact surface displacement and point displace-
ment of the three bony blocks from medial to lateral after
SNPS fixation were 0.62059, 0.60035, 0.37936, and
0.42585 mm, respectively, which was significantly smaller
than those of the other fixation groups, indicating that SNPS
had better fixation strength. It has been shown that the
quadriceps muscle generates a 316 N tensile load during
knee extension and flexion; however, the displacement of the
fracture end after SNPS fixation was only 0.42401 mm at
300 N and 0.54094 mm at 400 N.*’ This result indicates that
SNPS fixation for inferior pole patellar fracture is sufficient
to resist the large load generated by the quadriceps muscle
during knee extension and flexion. Therefore, theoretically,
SNPS fixation strength is adequate for allowing unrestricted
functional exercise in the early postoperative period. Another
biomechanical index of interest is the shear force exerted by
the implant on bone. In cancellous bone, especially in combi-
nation with osteoporosis, the cable’s shear forces may lead to
internal fixation failure and patellar displacement, resulting
in delayed fracture healing and failure of fixation.** Because
the patella is subjected to numerous force directions and is
often in motion, we compared the vertical shear forces at the
contact point between the implant and bone in three differ-
ent vector directions. The results showed that the SNPS
exhibited low shear forces and would allow for early rehabili-
tation in older adults with osteoporosis.

There are some limitations to our study. The finite ele-
ment model only included the patellofemoral joint and the
corresponding cartilage contact surface and did not involve
the associated ligaments and muscles, which may impact the
results of the analysis. In addition, the SNP we designed is
still hypothetical, and future industrial production and stan-
dard biomechanical experiments on cadavers are required.

SNP FOR INFERIOR PATELLAR FRACTURES

In summary, we first reviewed and illustrated the cur-
rent treatment strategies for inferior pole patellar fractures
and analyzed the advantages and disadvantages of different
endografts. We then hypothesized a novel endograft SNP for
treating comminuted inferior pole patellar fractures and ana-
lyzed the biomechanical characteristics of the new implant
using finite element analysis. The results showed that SNP
has excellent biomechanical performance in stress distribu-
tion, resistance to fragment displacement, and bone-implant
shear forces. Therefore, the SNP implant hypothesis may be
a promising treatment option for inferior patellar pole
fractures.
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