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Abstract

Introduction: This study aims to evaluate the effectiveness of a fixed-angle locking star-plate for the fixation of periprosthetic
patellar fractures (PPPFs) in individuals with partial or total knee arthroplasty (TKA). The objectives focus on patient
outcomes, complication rates, and functional recovery.

Materials and Methods: A retrospective case series design was utilized, encompassing a chart review at a single-center Level 1
Trauma Center. The population included patients with PPPFs who underwent open reduction and internal fixation (ORIF)
with a fixed-angle locking star-plate from September 2021 to January 2023. Clinical examinations and radiographs were used
to assess outcomes and complications.

Results: Three patients were treated for PPPFs. A 77-year-old male (Patient 1) resumed normal activities and reported complete
pain relief at four months post-ORIF. A 51-year-old female (Patient 2) demonstrated enhanced pain control and increased
knee flexion, although she presented a non-healing surgical wound. A 70-year-old female (Patient 3) with severe PPPF and
osteoporosis experienced an extensor mechanism disruption and infection, leading to hardware removal and permanent knee
extension loss. The follow-up period ranged from 2.5 weeks to four months postoperatively.

Conclusions: Fixed-angle locking star-plate fixation for PPPFs generally showed favorable results. However, the treatment of
a patient with severe osteoporosis and extensor mechanism impairment resulted in a suboptimal outcome. These findings
underscore the importance of tailored approaches to PPPF management and highlight the need for further research to
compare treatment methods.

Keywords: periprosthetic patellar fracture; knee arthroplasty; locking star-plate; fixation; open reduction and internal
fixation (orif)

Introduction interventions displaying failure rates as high as
approximately  92%  [4,5]. Common PPPF
management has ranged from nonoperative therapy
to surgical interventions such as partial or complete

Primary total knee arthroplasty (TKA) has become
one of the most performed elective surgeries in the

U.S with annual volumes projected to reach 935,000

to 1.67 million by 2030 [1]. With an increase in life patellectomies with extensor apparatus repair, open
reduction and internal fixation (ORIF) with either

tension band wiring (TBW), marsupialization with
bone graft, and trabecular metal patella augmentation
[6,7]. The treatment of PPPF varies and is commonly
guided by the Ortiguera and Berry classification
(Table 1), yet there is no definitive recommendation
regarding the best surgical modality of fixing these
periprosthetic fractures [7-10].

expectancy and the rising volume of annual TKA,
there will be a growing number of individuals with
artificial knees leading to an expected rise of
periprosthetic  fractures [2,3]. An increase in
periprosthetic patellar fractures (PPPF) is particularly
concerning, as they are the second most common
periprosthetic fracture post TKA with surgical
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Table 1: Ortiguera and Berry classification of periprosthetic patella fracture

Classification of periprosthetic patella fractures

e Type [: Stable implant and intact extensor mechanism

Type II: Disruption of extensor mechanism.

o Stable implant or loose implant

Type III: Loose patella component

o Type IIIA: Reasonable remaining bone

o Type IIIB: Poor bone stock

Residual patella thickness less than 10 mm

e Severe comminution making bone unsatisfactory for component fixation

Plate fixation represents a potential new approach for
addressing these fractures and has emerged as a
promising strategy for managing native patella
fractures. Chloros et al., in a comprehensive literature
review, have indicated that recent studies support the
superiority of plate fixation, predicting it to become
the preferred method for native patella fractures [11].
Notably, the fixed-angle locking star-plate specifically
has demonstrated enhanced outcomes in complex,
comminuted patella fractures when compared to
other modalities, such as TBW [2,3,11-13]. Yet, to
date, studies specifically examining plate fixation for
PPPFs are absent. Thus, considering the suboptimal
outcomes historically associated with PPPF surgeries
and the encouraging results from plate fixation in
native patella fractures, this article presents the results
from three cases at a single institution where PPPF
was addressed using the fixed-angle locking star-
plate. In light of these considerations, we hypothesize
that the fixed-angle locking star-plate fixation method
will result in improved clinical outcomes for patients

with PPPFs.

Methods

The study was designed as a retrospective case series,
and a chart review was conducted to evaluate the
outcomes of PPPF fixation using a fixed-angle locking
star-plate in patients with a partial or total knee
replacement. Conducted at a single center Level 1
Trauma Center, this investigation involved patients

with PPPFs who had undergone ORIF with a fixed-
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angle locking star-plate from September 2021 to
January 2023. The chart review focused on initial
clinic visits and subsequent postoperative follow-ups.
The evaluation of outcomes was based on patient-
reported assessments, clinical examination, and
radiographic  findings, aiming to assess the
postoperative recovery, complications, and functional
outcomes. Given the nature of the case series, the
results were descriptive, and no statistical methods
were used to analyze the data. The emphasis was on a
comprehensive review and synthesis of clinical notes
and imaging studies to provide a qualitative
understanding of the outcomes following the surgical
intervention.

Results
Casel

A T77-year-old male with a prior surgical history of a
left TKA for osteoarthritis, which had been
performed in 2013, presented to the clinic on
February 4th, 2022, for left knee pain that had begun
after a ground-level fall three days prior, but he was
unsure if he had landed on his left knee. He reported
that the pain was primarily in the front of his knee.
Upon examination, swelling was observed without
bruising, and the patient was still able to bend his
knee. Imaging revealed a left PPPF without disruption
of the extensor mechanism, which warranted the
placement of a knee immobilizer (KI) until surgical
fixation could be performed. The imaging findings are
illustrated in fig 1.
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Figure 1: Preoperative Radiographs: (a) Anteroposterior view; (b) Lateral view; (c) Sunrise view of the left knee
demonstrating a patellar fracture

ORIF was performed on February 15th, 2022,
employing a fixed-angle locking star plate secured with
15 screws, as depicted in Figure 2 The surgery, which
lasted 2 hours and incurred no perioperative

complications, allowed the patient to be discharged
the same day with instructions to remain in a KI at all
times.

Figure 2: Intraoperative Radiographs: (a) Patella fracture prior to fixation; (b) Postoperative view showing the fixed-angle
locking star plate and screws in place

During the initial 2-week follow-up, it was reported
that the patient remained in a KI and noted
appropriate pain improvement. The incision site was
healing well, and the plan was for the patient to
remain in the KI, weight-bear as tolerated (WBAT),
and to follow up in 2 months. Two months following
ORIF, the patient reported complete resolution of
pain in the left knee. The radiographs taken at this

follow-up visit confirmed a wellfixated patellar
fracture with no complications evident, as depicted in
Figure 3. The patient was advised to discontinue the
use of the KI, with unrestricted knee flexion allowed.
However, he was counseled to refrain from weight-
bearing activities for an additional month. Physical
therapy commenced on the day of the follow-up.

Figure 3: Postoperative Radiograph: Lateral view of the left knee 2 months after ORIF showing the patella with internal

Four months after surgery, the patient reported doing
very well and had been back to his normal daily
activities, including activities such as climbing ladders
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and going sailing. On physical examination, the
patient exhibited a smooth gait, and his left knee had
a full range of motion. Given the patient's recovery
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and stable post-operative images, routine follow-up
appointments were deemed no longer necessary and
was encouraged to schedule an appointment if any
concerns arose regarding his left knee.

Case 2

A 5Sluyear-old female with a history of bilateral
patellofemoral arthroplasty performed in February
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2017 presented to the clinic on September 30th,
2021, complaining of right knee pain. The pain was
localized to the anterior aspect of the knee,
exacerbated by activities such as climbing stairs and
arising from a seated position, and relieved with rest.
Significant swelling was also noted. Initial radiographs
revealed a right PPPF with evidence of osseous
healing, absent any signs of quadriceps tendon
detachment, as indicated in Figure 4.

a h

C

Figure 4: Initial Encounter Radiographs: (a) Anteroposterior view of both knees showing bilateral patellofemoral
compartment replacements; (b) Lateral view of the right knee displaying a PPPF; (c) Sunrise view of the right knee
confirming the PPPF

After the initial consultation, continuous wear of a KI
was advised, along with WBAT. A CT scan conducted
on October 8th, 2021, provided further detail on the
nature of her PPPF, revealing a comminuted and
displaced stellate-type fracture of the patella, depicted
in Figure 5. Despite the conservative management
approach which included immobilization followed by
a gradual increase in range of motion and the

initiation of physical therapy, the patient continued
to experience significant pain by April 2022.
Subsequent imaging six months postinitial
management showed no appreciable change. The
patient's right knee demonstrated a range of motion
from approximately 10 to 135 degrees and was tender
to palpation over the medial patellar facet.

a b
Figure 5: CT scan of the Right Knee from October 8th, 2021: (a) Axial cut showing a comminuted and displaced fracture of
the patella; (b) Sagittal cut displaying the stellate pattern of the patellar fracture; (c) Coronal cut revealing the extent of
displacement and comminution

Given the lack of success with conservative
management, ORIF was undertaken on August 22nd,
2022. The procedure involved the implantation of a
fixed-angle locking star plate along with nine screws to

stabilize the right PPPF, as shown in Figure 6. The

© 2024 Bryce T. Hrudka, et al.

surgery was completed in 2 hours without any
perioperative complications. Postoperatively, the
patient was discharged on the same day with
instructions to wear a knee brace locked at full
extension and to continue with WBAT.
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Figure 6: Intraoperative Radiographs: (a) Lateral view of the right knee showing the implanted fixed-angle locking star plate;
(b) Axial view of the patella with screws fixating the right PPPF

At the initial follow-up, 2.5 weeks following surgery,
the patient's pain was well-managed. By six weeks
postoperatively, she demonstrated the ability to flex
her knee to approximately 60 degrees and to perform
an active straight leg raise. The patient was then
advised to ambulate with the brace set to allow flexion
from O to 50 degrees, with an incremental increase of
10 degrees per week, and was permitted to rest
without the brace. At the four-month postoperative

mark, her knee flexion reached 100 degrees.
Radiographs at this stage indicated stable screw
placement and the absence of a persistent fracture
line, as seen in Figure 7. However, the patient did
encounter a complication: a non-healing eschar at the
incision site, which was managed with routine
dressing changes. Ongoing physical therapy and
subsequent follow-ups were scheduled accordingly.

Figure 7: Four-Month Postoperative Radiographs: (a) Lateral view of the right knee displaying stable positioning of screws;
(b) Axial view showing no evidence of a persistent fracture line

Case 3

The final patient in this series was a 70-year-old female
with a history of a left TKA conducted in April 2022.
She presented to the clinic on September 9th, 2022,
for a discussion regarding surgical intervention for her
left PPPF with an impaired extensor mechanism. The
chief complaint involved left knee pain that began
suddenly three months prior on the anterior aspect of
her knee, with no clear cause, although she recalled
her left knee buckling post-TKA. Pain was exacerbated
by activities such as walking, climbing stairs, and
rising from a chair, and alleviated by rest and pain

© 2024 Bryce T. Hrudka, et al.

medication. At that time, she was utilizing a walker
for ambulation. Physical examination revealed
tenderness of the left patella upon palpation and
compression, and the left leg's range of motion was 0
to 100 degrees, with a 60-degree extensor lag.
Preoperative magnetic resonance imaging (MRI) of
the patient’s left knee revealed a displaced patellar
fracture with the quadriceps tendon largely intact;
approximately 75% remained attached to the
retracted patellar fragment. The extensor mechanism
was maintained, likely due to the attachment of the
vastus medialis oblique to the un-displaced portion of
the patella, as depicted in Figure 8.
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Figure 8: Preoperative Imaging of the Left Knee: (a) Lateral radiograph demonstrating a PPPF with superior retraction of
the patellar fragment; (b) Axial MRI view showing muscle attachments to the patella; (c) Sagittal MRI view illustrating the
extent of tendon attachment and displacement

On October 28th, 2022, the patient was treated with
ORIF, which included comprehensive repair of the
extensor mechanism and the placement of a fixed-
angle locking star plate secured with 12 screws, as
illustrated in Figure 9. The procedure was completed
within 3 hours without any perioperative

complications. Following surgery, the patient was
discharged with instructions to wear a KI consistently
and to WBAT. Due to the extensive nature of the
extensor mechanism repair, it was recommended that
the knee immobilizer be used for an extended
duration of two additional months.

Figure 9: Intraoperative Radiograph: Lateral view of the left knee showing ORIF with a fixed-angle locking star plate and
screws for a PPPF

Unfortunately, the patient was readmitted on
December 8th, 2022, due to disruption of the left
knee extensor mechanism and an associated
infection, as evidenced in Figure 10a. After the initial
treatment, the left quadriceps tendon was repaired,
and incision and drainage were performed, along with
the removal of the left patellar plate, as detailed in
Figure 10b. Alongside the hardware removal, a
surgical drain was inserted, antibiotic therapy was

commenced, and she was advised to keep the knee
immobilizer locked in full extension. On January 6th,
2023, she returned for the explanation of the infected
TKA hardware, additional repair of the quadriceps
tendon, removal of the polyethylene component from
the patella, further irrigation and debridement, and
the placement of a rigid antibiotic spacer, which is
depicted in Figure 10c. Currently, her pain is well-
managed, and the knee remains fixed in extension.

c

Figure 10: Series of Radiographs Illustrating Postoperative Complications and Interventions: (a) Lateral view of the left knee
showing disruption of the extensor mechanism; (b) posthardware removal showing the knee after patella plate removal; (c)
Following TKA hardware removal and insertion of a rigid antibiotic spacer

© 2024 Bryce T. Hrudka, et al.
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Discussion

The case series examined the efficacy of fixed-angle
locking star-plate fixation in three patients with PPPF,
with two demonstrating successful functional
recovery and a return to normal activities. These
positive outcomes contribute to the emerging
evidence that locking plate technology may be
superior for managing complex fractures. However,
one patient experienced significant postoperative
complications, including a failed repair of the
extensor mechanism and infection, which ultimately
resulted in a permanent knee extension due to the
removal of all hardware, including the star-plate. The
critical nature of PPPF in the third case was
highlighted by an impaired extensor mechanism. The
mechanical demands required to overcome the
retraction of the fractured patella, alongside

ISSN:2837-2565
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osteoporosis as evidenced by specific bone density
scores, were likely contributing factors to the adverse
outcome. These patientspecific considerations
underscore the importance of individual assessments
in determining the prognosis of PPPF interventions.
A review of the literature, including the study by
Deans et al, notes a considerable failure rate
associated with conventional ORIF methods for PPPF
repair. The findings from the series suggest the
potential for improved results with the fixed-angle
locking star-plate approach, despite the lack of
comprehensive studies examining this method. This
gap is particularly notable as management
recommendations are often based on the Ortiguera
and Berry classifications, which do not currently
include considerations for this newer fixation

technique (Table 2) [7].

Table 2: The treatment options based on the classification of periprosthetic patella fracture

Type 1

Extensor mechanism intact

Stable patella component

Nonoperative treatment

e Knee brace in extension

e Cylinder cast

Type 2

Extensor mechanism disrupted

Operative repair or reconstruction of the extensor mechanism

Stable patella component

e Dartial patellectomy and repair of tendon

e Open reduction and internal fixation of fracture

Loose patella component with adequate bone

e Revision of patella component with partial patellectomy and repair of tendon

e Revision of patella component with open reduction and internal fixation of fracture

Loose patella component with inadequate bone

e Removal of loose component with partial patellectomy and repair of tendon

e Removal of loose component and complete patellectomy

e Reconstruction of the extensor mechanism with extensor allograft or Marlex mesh

Type 3

Intact extensor mechanism

Loose patella component

Asymptomatic with nondisplaced patella component

e Knee braced in extension

e Cylinder cast

Asymptomatic with displaced patellar component

e Removal of loose patella component, then knee braced or casted in extension

Symptomatic with displaced patella component

e Removal and revision of loose patella component if adequate bone for secure component fixation

e Removal of loose component and consider alternatives, such as patelloplasty, marsupialization with
bone graft, and trabecular metal patella augmentation

© 2024 Bryce T. Hrudka, et al.
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The limitations of the study, primarily the small
cohort size and its retrospective nature, may affect the
broader applicability of the results. The absence of a
comparative control group and the reliance on
patient-reported outcomes, rather than quantifiable
measures or statistical analysis, position the
conclusions within an exploratory framework. The
series indicates a promising direction for PPPF
management, offering a potential improvement over
traditional method. The findings warrant further
investigation with a larger sample size and controlled
study designs to validate the benefits of the fixed-angle
locking star-plate fixation in PPPF repair.

Conclusion

Given that surgical repairs of PPPFs have historically
been associated with failure rates as high as 92%, the
investigation into alternative approaches was deemed
essential [5]. The study reported on three cases in
which patients underwent ORIF for PPPFs with the
utilization of a fixed-angle locking star-plate, and it
was observed that two of the three cases resulted in
excellent outcomes. The failure in the third case could
be attributed to the degree of impairment of the
extensor mechanism and the patient's underlying
osteoporosis. To the best of the authors' knowledge,
this study is the first to assess the outcomes of ORIF
for PPPFs using a fixed-angle locking star-plate. This
technique has shown promise in cases of patella
fractures without prosthetic involvement. Future
research should aim to expand this body of literature
to determine whether the use of a fixed-angle locking
star-plate for PPPFs offers improved outcomes over
traditional methods.

Take Home Points

» The fixed-angle locking star-plate offers a potential
alternative to traditional ORIF in the repair of
PPPFs.

» Patientspecific factors, particularly conditions of
the extensor mechanism and bone density, are
crucial determinants of surgical success.

» There is a significant need for further research to
validate the effectiveness of the fixed-angle locking
star-plate in PPPFs.
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