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To aim of the present paper was to introduce a novel fixation technique for the treatment of inferior pole fracture of
the patella. We performed a prospective observational study of consecutive cases of inferior pole fracture of the
patella that were treated at our institution between January 2018 and June 2019. The patients include three men and
one woman, with an average age of 47 years (range: 42–59 years). All patients were treated with the novel rim plating
fixation technique for preserving the inferior pole of the patella. During the surgery, a 2.4 mm straight locking compres-
sion plate was contoured to adapt to the arc of the lower half of the patella as the rim plate. After reduction of the frac-
ture, the rim plate was fixed to the proximal fragment of the patella through multiple locking screws, against the
continuous pull of the patellar tendon. The rim plate encircles and constricts the inferior pole fragments, functioning
as a compression and blocking construct. If necessary, an additional anterior tension band or mini locking plate can
be used to further prevent anterior displacement of the inferior pole fragments. Under this rigid fixation, motion of the
knee and full weight-bearing were encouraged postoperatively. The patients were followed up monthly until 12 months
after surgery. The time to achieve 90�pain-free, full range of motion of the knee, and fracture healing, were recorded.
Related complications were monitored, including infection, loss of reduction, fixation failure, anterior knee pain, and
soft-tissue irritation. The modified Cincinnati knee rating system was used for knee function assessment. The average
operative time was 58.8 min (range: 52–63 min). The average blood loss was 59.8 mL (range: 45–71 mL). For all
patients, pain-free 90� range of motion was restored in 2–4 weeks, and the full range of motion was restored in
8–11 weeks. All patients achieved bone union in 6–9 weeks with no displacement of the fragments or breakage of the
implant. No patient complained of anterior knee pain or soft-tissue irritation. The modified Cincinnati score at
12-month follow up demonstrated excellent outcomes in all four patients. The rim plating technique may be a feasible
option for the treatment of the inferior pole fracture of the patella.
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Introduction

The patella is a triangular bone situated on the anterior
surface of the knee at the distal end of the femur. It is

the largest sesamoid bone in the human body and forms part
of the knee joint. The patella plays a crucial role in the trans-
mission of the quadriceps muscle forces, the increase of the
lever arm, the distribution of the forces on the femoral troch-
lea, and the centering of the extensor apparatus1. The

inferior pole of the patella is an anterior bony extension of
the patella body, which is the origin of the patellar tendon
and bears high stress. Fractures of the patella comprise 1% of
all fractures, with an incidence of approximately 1.2 per
100,000 per year2. Fractures of the patella may result from
either direct or indirect mechanisms. The indirect eccentric
tension through the extensor mechanism often results in
avulsion fractures of the inferior pole, causing fracture
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displacement. Among all patellar fractures that require surgi-
cal treatment, fractures of the inferior pole of the patella
account for 9.3% to 22.4%3. These patellar fractures directly
interrupt the knee extension structure and are seldom stable.
To restore the continuity of the knee extensor and allow
early knee motion, surgical treatment is often necessary for
the management of this group of fractures, while
nonoperative management is reserved for a small proportion
of non-displaced and stable fractures4.

Thus far, the two main surgical options available are
(i) partial patellectomy, entailing resection of the inferior
pole fragment and reconstruction of the extensor using
transosseous sutures or wires; and (ii) osteosynthesis, involv-
ing preserving the inferior pole of the patella using various
fixation techniques described in the published literature5.
Due to the difficulty of fixation to the small inferior pole
fragments, partial patellectomy and repair of the patellar ten-
don with sutures was once the treatment of choice6, 7. How-
ever, the connection of tendon to bone is relatively weak and
takes a longer time to heal than a bone-to-bone interface,
which often requires the patients to be in prolonged immobi-
lization before knee mobilization resumes. In addition, re-
section of the inferior pole of the patella is often associated
with complications, including postoperative alteration in the
length of the patella (patella baja), anterior knee pain, stiff
knee, and decrease of quadriceps power6, 8. Under such cir-
cumstances, most surgeons prefer to preserve the inferior
pole fragments through internal fixation9. However, under
the continuous stress from the patellar tendon, it is hard to
achieve a fixation rigid enough to control these small-sized
fragments. The difficulty may be further exacerbated by mul-
tiple risk factors, such as a multifragmentary fracture and
poor bone quality of elderly patients5, 10. An ideal fixation
method should comply with three crucial demands: it should
aid in reduction, provide stable fixation, and enable early
rehabilitation11. Such a method has not yet been identified.

The methods of traditional tension band and cerclage wiring
are not useful as they do not provide satisfactory stability if
the distal pole is comminuted and are often associated with
loss of reduction and soft tissue irritation due to breakage
and migration of the wiring4. Therefore, various new tech-
niques have been described in the literature for
osteosynthesis of the inferior pole of the patella, with the pri-
mary goal of reliable fixation12–16. However, most of the cur-
rent techniques remain less helpful for comminuted inferior
pole fractures and are commonly associated with certain
complications.

Over the past decade, the popularity of the locking
plate in treating patellar fractures has been increasing. Some
anatomical locking plates are used to manage comminuted
patellar fractures, offering high coverage and stable locking
fixation5, 17. In addition, specific plate constructs have been
developed to manage inferior pole fractures of the patella,
such as the basket plate, the hook plate, and the button
plate8, 13, 14. However, to our knowledge, there is no current
technique using a rim plate beneath the patellar tendon to
fix the inferior pole of the patella. We present a novel tech-
nique of rim plating, which may be an effective and safe
option for the treatment of these challenging fracture pat-
terns. The purpose of this study is: (i) to assess the feasibility
of the rim plating technique in treating inferior pole frac-
tures of the patella; (ii) to confirm the efficacy of the tech-
nique; and (iii) to evaluate the safety of the surgery.

Surgical Technique

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) patients diagnosed
with type 34-A1 patellar fractures; (ii) patients treated
operatively and fixed with the rim plating technique;
(iii) postoperative follow up not less than 1 year; (iv) full post-
operative radiological and clinical outcomes were acquired;

A B

Fig. 1 Diagram of the rim plating

technique in anterior–posterior (A) and

lateral view (B). The two cortical

screws (marked red) are initially

implanted. During the tightening of

the two cortical screws, the distal

fragment was pulled proximally (red

arrow). Then the locking screws

(black) were implanted.
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and (v) a prospective study. The exclusion criteria were:
(i) pathological or non-traumatic fracture; (ii) open fractures;
(iii) patients with prior limited knee function; and
(iv) patients who refused to undergo rim plating fixation.

Concept and Mechanism of the Rim Plating Technique
The rim plate encircling the inferior pole of the patella would
function as a compression and blocking construct. In
treating a simple fracture with an intact inferior pole frag-
ment, following the appropriate implantation of the two
proximal cortical screws, the plate would slightly migrate

proximally. This migration of the plate would push the infe-
rior fragment towards the proximal patella, creating a pre-
load between the fragments. This static compression,
although different from the dynamic compression produced
by the tension band, would also facilitate bone healing.
Simultaneously, the lower arc part of the plate body nestles
the displaced inferior pole fragments into their original loca-
tion and blocks them from distal displacement. The blocking
effect created by this “plate dam” is firm and reliable. Espe-
cially in dealing with comminuted fractures, all fragments
would be constructed as a whole, preventing the separation

A B C

D E F

Fig. 2 Case 1: A 56-year-old woman sustained an inferior patellar pole fracture of the right knee from a scooter accident. (A) The straight midline

incision. (B) The fracture and knee joint were exposed and irrigated. (C) A 2.4 straight locking plate with sufficient length was prepared. (D) The

fracture was reduced in knee extension and maintained by a towel laying forceps. (E and F) The plate was contoured to encircle the inferior pole

fragment. The fracture realignment and rim plating were confirmed by intraoperative fluoroscopy.
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between distal fragments. The strength of this fixation relies
on the rigidity of the plate and the locking screws fixed to
the side edges of the proximal patella. Multiple screws bear
the stress through sufficient anchorage, which would largely
avoid cutting through the bone (Fig. 1).

Operative Procedure
Under spinal or general anesthesia, the patient was placed in
the supine position on the radiolucent table. The injured leg
was draped in a manner that would allow free movement

during the operation. After the inflation of a pneumatic tour-
niquet, the knee was positioned in extension.

A straight midline incision, approximately 8 cm in
length, was made from the upper 1/3 of the body of the patella
to the inferior pole of the patella. After skin incision, full-
thickness soft-tissue flaps were raised medially and laterally to
expose the fragments, the ruptured retinaculum, and the patel-
lar tendon. Elevation of the periosteum around the fragments
is unnecessary. The blood clots and debris were removed and
the knee joint was irrigated through the fracture gap.

A B C

FED

Fig. 3 Case 2: A 48-year-old man suffered from an inferior patellar pole fracture of the left knee. (A) Obvious displacement of the comminuted

inferior pole of the patella. (B, C) The fracture was reduced and fixed with a rim plate, with an anterior mini 2.0 locking plate to prevent anterior

displacement of the distal fragments. (D–F) Postoperative CT display: the distal fragments were wrapped by the rim plate on both coronal and sagittal

planes. The insertion of the patellar tendon was free from the implants.
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A 2.4 mm straight locking compression plate was pre-
pared and contoured to adapt to the arc of the lower half of
the patella. Forceps were used to reduce the fracture and
maintain the reduction temporarily. The anatomic reduction
was confirmed by intraoperative fluoroscopy. At the rupture
of the retinaculum, the curved plate is horizontally inserted
to hold the inferior pole fragment close to the proximal frag-
ment. The key point is to locate the locking plate as close as
possible to the insertion of the patellar tendon. Two cortical
screws were implanted at the bilateral ends of the plate for
compression when upward traction was applied to the plate
using two forceps. After confirmation of the position of the
plate by intraoperative fluoroscopy, locking screws were fixed
to hold the proximal fragment and stabilize the plate (Fig. 2).
After the completion of rim plating, an anterior tension band
was made with PDS-II sutures to prevent anterior displace-
ment of the inferior pole. If the distal fragments are too com-
minuted to be constricted by the anterior tension band, an
anterior mini buttress plate is recommended (Fig. 3). When
fixation was complete, immediate passive motion was used
to ensure the stability before the closure of the incision.

Rehabilitation
Motion of the knee and full weight-bearing were encouraged
postoperatively. In the first 2 weeks after the operation, the
knee was unrestricted, but activities with intensity or flexion
of more than 90� were not recommended.

Outcome Measures

Operative Time and Blood Loss
The operative time was recorded for a general assessment of
the difficulty and complexity of the surgical procedure. The

degree of surgical trauma was evaluated by intraoperative
blood loss.

Visual Analog Scale
The visual analog scale (VAS) is a validated, subjective
measure for acute and chronic pain. Scores are recorded by
making a handwritten mark on a 10-cm line that represents
a continuum between “no pain” and “worst pain.” The VAS
was used to evaluate the postoperative knee pain after
surgery.

Fracture Healing Time
The most common clinical criteria of fracture healing are the
absence of pain or tenderness during weight-bearing, the
absence of pain or tenderness on palpation or physical exam-
ination, and the ability to bear weight. The time of the frac-
ture meeting the clinical healing criteria is considered the
fracture healing time. A prolonged fracture healing time

A B

Fig. 4 Case 2: At 12-month follow-up,

fixation failure or patella baja was not

noted (A, B).

TABLE 1 Patients’ demographic information and outcomes

Patients (number) 1 2 3 4

Gender (F/M) F M M M
Age (years) 56 48 59 42
Operation duration (min) 59 61 63 52
Blood loss (mL) 65 45 58 71
Fracture healing time (weeks) 9 6 8 8
Time to 90� range of motion (weeks) 4 3 3 2
Time to full range of motion (weeks) 11 9 9 8
Modified Cincinnati score* 89 93 91 97

*Evaluated 12 months postoperation.
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often indicates an unstable fixation or impairment to the
blood supply.

Loss of Reduction
Loss of reduction is defined as the inferior pole fragment
being displaced more than 2 mm in any direction, which is
assessed by observation of radiographic images. A significant
loss of reduction indicates the failure of fixation.

Time to Achieve 90� Pain-Free and Full Range of
Motion
The range of motion (ROM) is the measurement of the
amount of movement of a specific joint, which can be mea-
sured using a goniometer. Prolonged immobilization would
cause a decrease in ROM. The period to a full ROM is asso-
ciated with the time and effect of postoperative
rehabilitation.

Modified Cincinnati Score
The Modified Cincinnati Rating System Questionnaire rating
system consists of 12 questions, covering the domains of
pain, swelling, function, and activity level. The total score is
calculated as the sum of all questions’ responses, with
100 representing the best/excellent knee function and 0 rep-
resenting the worst/poor knee function. This system can help
to evaluate the change following surgery or other interven-
tions to the knee.

Complications
The potential complications, as an indicator of the safety of
the surgery, include infection, internal fixation failure or

breakage, anterior knee pain, knee stiffness, and patella baja.
All complications were recorded. The incidence of complica-
tions influences the safety and feasibility of the surgery.

Statistical Analysis
All the calculations were achieved using IBM SPSS Statistics
version 25 (IBM SPSS Statistics for Windows 64 bit, version
22.0; IBM, Armonk, NY, USA), with significance for all ana-
lyses set at P < 0.05. The estimates from normally distributed
data are reported as means and ranges.

Results

Between January 2018 and June 2019, four consecutive
patients with isolated inferior patellar fractures were

treated with the rim plating technique in a level I trauma
center. The patients included three men and one woman.
One female patient was diagnosed with osteoporosis.

Follow-Up
The follow-up period was 12 months after primary surgery. All
patients were usually followed up in routine outpatient clinics,
first at 1 month, then 3-monthly until the 12th month. An
Internet video call would be arranged if the patient could not
come to an outpatient clinic as scheduled. During each follow
up, a physical examination was performed, and the ROM of
the involved knee was measured. A routine X-ray was taken to
evaluate the fracture displacement and conditions of the
implants. The patients were asked to fill in The Modified Cin-
cinnati Rating System Questionnaire at 12 months post-
operation. The details of the outcomes are described in
Table 1.

A B D

C

Fig. 5 Case 1: At 11 weeks after the operation, the fracture healed without loss of reduction and the implant remained intact (A, B). Full range of

motion was achieved (C, D).
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General Results
The operations were performed routinely 2 days after hospi-
talization. The average operative time was 58.8 min (range:
52–63 min). The average blood loss was 59.8 mL (range:
45–71 mL). Two patients received Celebrex 400 mg per day
for 3 days after the operation. Each patient was discharged
from the hospital around 1 week after the operation.

Clinical Improvement
All four patients could walk independently with weight-
bearing within 1 week. The average VAS at 1 month after
the operation was 1.5 (range: 0–3). The clinical bone union
was observed between 6 and 9 weeks.

Radiographic Evaluation
At 12-month follow up, no displacement of the fragments or
breakage of the implants was noted. No patella baja was pre-
sent on radiographic imaging (Fig. 4).

Functional Outcomes
The 90� pain-free ROM was restored in 2–4 weeks, and the
full ROM was restored in 8–11 weeks (Fig. 5). The modified
Cincinnati score at 12-month follow-up ranged from
89 to 97.

Complications
No infection was observed. No patient complained about
anterior knee pain or soft-tissue irritation and no patient
required implant removal.

Discussion

Current Status
To our knowledge, no consensus has been reached about the
ideal method for fixing inferior pole fractures of the patella.
The inherent weakness and the size of the fragments rule out
firm stabilization with commonly used wiring or screws. In
recent published literature, basket plate fixation and separate
vertical wiring are regarded as the two most reliable tech-
niques18. Biomechanically, the basket plate can sustain a peak
force of more than 400 N from the patellar tendon19. The bas-
ket plate fixation allows early unrestricted motion of the knee
and its efficacy has been confirmed by long-term studies11.
However, there are some concerns about the large size of the
plate and its location directly at the patellar tendon, from
which irritation of the soft tissues could arise17. In addition,
the basket plate is not available in many countries and most
orthopaedic surgeons are inexperienced in using this plate.
Comparatively, the separate vertical wiring is more cost-
effective, with easily obtained materials. The ultimate load of
this fixation system is 250.1 ± 109.7 N, and the force loaded
to the completely extended quadriceps muscle is 316 N; there-
fore, 4 weeks of long leg cast immobilization of the injured
knee is needed16. Song et al. (2014) augmented this technique
with cerclage wire, achieving a higher average ultimate failure
load of 325 N, but a sudden contracture of the quadriceps is

still a threat to the fixation20. The main limitation of the sepa-
rate vertical wiring is that its efficacy in the treatment of com-
minuted fractures in the elderly remains uncertain.

Feasibility of the Novel Technique
This is the first study attempting to fix the inferior pole of
the patella with a single rim plate from below the patellar
tendon. Anatomically, the patellar tendon extends to the
quadriceps tendon through the surface of the patella. It is
virtually impossible to restrict the pole fragments completely
from the surface of the patella without interference to the
patellar tendon. Among current forms of fixation, the
implants either thrust through the patellar tendon or com-
press on its surface11, 13, 14, 19, 21. The soft tissue irritation
waiting to happen necessitates a second surgery for implant
removal. In fact, it is feasible to place a mini locking plate
beneath the patellar tendon and along the inferior pole
coronally10. Placing the plate parallel to the patellar tendon
would theoretically minimize the disturbance to the tendon
and surrounding soft tissue. For this reason, the 2.4 mm
locking compression plate was selected for this special posi-
tion, as it is neither bulky nor too weak to bear the stress.
This hypothesis is preliminarily confirmed by the outcomes.
The rim plate did not cause laceration or irritation of the
patellar tendon, and no patient complained about the promi-
nence of the implant.

Efficacy and Safety
In terms of the mechanism, the rim plate works as a blocking
construct, rather than a gripping structure. The cerclage wir-
ing or the basket or hook plate holds the inferior pole frag-
ments through longitudinal gripping force from the wires or
hooks, while the rim plate blocks the fragments directly with
part of the plate around the pole. This blocking mechanism
with evenly distributed resistance may achieve better control
of the inferior pole fragments, and potentially reveal the
advantage in circumstances of multifragmentary fractures or
poor bone quality. With this coronal plating, the pull strength
from the patellar tendon is confronted by the purchase of
multiple locking screws, so the cerclage around the patella to
enhance the fixation is no longer necessary. In the
intraoperative test, after plating, the inferior pole fragments
were rigidly stabilized with a range of motion between 0� and
120�. The inferior pole fragment inclined to displace anteriorly
when the knee was put in extreme flexion. To eliminate this,
we suggest placing an anterior tension band or mini anti-glide
plate to assist after the rim plating. We suggest not restricting
the knee after the operation, which may help in regaining the
muscle strength quickly and reduce the risk of deep venous
thrombosis. However, activities with intensity or high flexion
of the knee are not recommended. The pursuit of full ROM
prematurely is not advisable.

The novel technique has limitations. First, we have not
performed a biomechanical test for this technique yet.
Although the intraoperative test demonstrated a stable fixa-
tion, a biomechanical evaluation is necessary before further
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clinical use of the technique. Second, only four patients have
received the fixation with the rim plating technique. The
excellent outcomes may not be representative when larger

samples are involved. Because the overall incidence of this
type of fracture is low, a multicenter trial may be needed for
further evaluation of the technique.
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11. Matejči�c A, Ivica M, Juriši�c D, �Cuti T, Bakota B, Vidovi�c D. Internal fixation of
patellar apex fractures with the basket plate: 25 years of experience. Injury,
2015, 46: S87–S90.

12. Chang SM, Ji XL. Open reduction and internal fixation of displaced patella
inferior pole fractures with anterior tension band wiring through cannulated
screws. J Orthop Trauma, 2011, 25: 366–370.
13. Fan M, Wang D, Sun K, Jiang W. Study of double button plate fixation in
treatment of inferior pole of patella fracture. Injury, 2020, 51: 774–778.
14. Jang JH, Rhee SJ, Kim JW. Hook plating in patella fractures. Injury, 2019,
50: 2084–2088.
15. Kadar A, Sherman H, Drexler M, Katz E, Steinberg EL. Anchor suture fixation
of distal pole fractures of patella: twenty seven cases and comparison to partial
patellectomy. Int Orthop, 2016, 40: 149–154.
16. Oh HK, Choo SK, Kim JW, Lee M. Internal fixation of displaced inferior pole of
the patella fractures using vertical wiring augmented with Krachow suturing.
Injury, 2015, 46: 2512–2515.
17. Wild M, Thelen S, Jungbluth P, et al. Fixed-angle plates in patella fractures –

a pilot cadaver study. Eur J Med Res, 2011, 16: 41–46.
18. Zhang J, Jiang XY, Huang XW. Separate vertical wiring combined with tension
band and Kirschner-wire plus cerclage wire in the treatment of displaced inferior
pole fractures of the patella. Beijing Da Xue Xue Bao Yi Xue Ban, 2016, 48:
534–538.
19. Krkovic M, Bombac D, Balazic M, et al. Modified pre-curved patellar basket
plate, reconstruction of the proper length and position of the patellar ligament—a
biomechanical analysis. Knee, 2007, 14: 188–193.
20. Song HK, Yoo JH, Byun YS, Yang KH. Separate vertical wiring for the fixation
of comminuted fractures of the inferior pole of the patella. Yonsei Med J, 2014,
55: 785–791.
21. Yang KH, Byun YS. Separate vertical wiring for the fixation of comminuted
fractures of the inferior pole of the patella. J Bone Joint Surg Br, 2003, 85:
1155–1160.

658
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 2 • APRIL, 2021
NEW FIXATION STRATEGY


	 Novel Rim Plating Technique for Treatment of the Inferior Pole Fracture of the Patella
	Introduction
	Surgical Technique
	Inclusion and Exclusion Criteria
	Concept and Mechanism of the Rim Plating Technique
	Operative Procedure
	Rehabilitation

	Outcome Measures
	Operative Time and Blood Loss
	Visual Analog Scale
	Fracture Healing Time
	Loss of Reduction
	Time to Achieve 90 Pain-Free and Full Range of Motion
	Modified Cincinnati Score
	Complications
	Statistical Analysis

	Results
	Follow-Up
	General Results
	Clinical Improvement
	Radiographic Evaluation
	Functional Outcomes
	Complications

	Discussion
	Current Status
	Feasibility of the Novel Technique
	Efficacy and Safety

	References


