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Introduction

Despite the patella’s small size, patellar fractures can lead
to profound pain and impairment owing to their articulation
with the distal femur and their critical function in the
extensor mechanism of the lower extremity. Treatment
often alleviates the impairment—knee extension is
restored—but even well-executed treatment may be asso-
ciated with poor outcomes.

Structure and Function

The patella is a sesamoid bone in the extensor mechanism
between the quadriceps tendon and the infrapatellar liga-
ment (patellar tendon). It functions as a lever for knee
extension, effectively augmenting the force of the quadri-
ceps. This position and function has three important
consequences: (1) the quadriceps is weaker without a
patella; (2) there are large compressive forces at the
patellofemoral joint; and (3) the patella is subject to high
tension forces [7]. The combination of compressive and
tensile forces has implications for both mechanisms of
injury, methods of treatment, and ultimate outcomes.
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Injury Considerations

Fractures of the patella may result from either direct or
indirect mechanisms. The classic indirect mechanism is a
fall on the feet in which the quadriceps eccentrically fire to
decelerate the body. When the force of the fall overwhelms
the resistance to knee flexion, the extensor mechanism
fails. Depending on the velocity of the force (owing to
viscoelastic properties, ie, time-dependent strain, of tis-
sues) either the tendons will rupture or the bone will break.

Indirect forces typically lead to transverse fractures [6]
with, at times, substantial displacement of the fracture
fragments. By contrast, a direct blow more likely results in
comminution, articular injury, anterior soft tissue damage,
and thus open injury [4]. Combinations of patterns are
common: a direct impact accompanied by knee flexion and
quadriceps contraction can cause marked fragment dis-
placement and soft tissue injury [6].

Diagnosis and Classification

A patellar fracture must be suspected in all patients who
have sustained a direct high-energy blow to the anterior
knee or cannot actively extend their knee or perform a
straight-leg raise after a flexion injury or fall.

Anteroposterior and lateral plain radiographs must be
obtained but often underestimate the degree of comminu-
tion and articular step-off, especially in the axial plane. An
axial or sunrise view is helpful for evaluation but is diffi-
cult to obtain in a patient with an acute injury owing to
discomfort. With major trauma but no fracture, images
should be assessed carefully for evidence of quadriceps
tendon or patellar ligament injury.
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Fractures should be described by fracture orientation
and position (eg, transverse, inferior pole), degree of
comminution, and displacement (especially affecting the
articular surface). Vertical fractures are possible but rare. A
well-corticated fragment in the superolateral quadrant is
more than likely part of a bipartite patella and not an acute
fracture [1]. Avulsion fractures are most commonly located
at the inferior pole of the patella and often encountered in
the pediatric population as patellar sleeve fractures. In the
adult population, avulsion fractures occur at the origin of
the patellar tendon and often cause disruption of the
extensor mechanism [3].

Consideration of soft tissue status is important as the
patella is nearly subcutaneous. Foremost, an open fracture
must be considered when there is a break of or blood on
the skin. A full-thickness skin laceration in the absence of
a fracture should be injected to test for a traumatic
arthrotomy (which then should be addressed by débride-
ment in the operating room) [9]. In addition, the state of the
extensor mechanism must be assessed. If there is doubt
whether the inability to extend the knee results from true
disruption as opposed to pain-related guarding, infusing the
knee with lidocaine can increase specificity.

Treatment

The goals of treatment are a functional extensor mecha-
nism, articular congruity, and full, painless motion of the
knee. Nonoperative treatment may be reasonable in

Fig. 1A-B (A) A lateral radio-
graph shows a transversely
oriented patella fracture with
wide displacement. (B) A lateral
radiograph, obtained after open
reduction and internal fixation
using a plate and screws, shows
the tension-band configuration
with fracture reduction.
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patients with an intact extensor mechanism and minimal
intraarticular step-off.

Surgery should be deferred in patients whose preoper-
ative risk assessment is bleak, or in those who are not apt
to regain function in any case (eg, patients with a prior
failed extensor mechanism, joint ankylosis, or who are
nonambulatory).

Small fragments may be excised or repaired with suture
or screw fixation if possible. Every effort should be made
to preserve and stabilize as much of the patella as possible
to maintain the moment arm and avoid loss of poor out-
comes which can occur when greater than 40% of the
patella is removed [2]. Removal of the entire patella may
be contemplated for patients with massively comminuted
fractures. Excision addresses the pain related to the fracture
but decreases the mechanical advantage the patella pro-
vides to the extensor mechanism. The loss of quadriceps
strength after total patellectomy can be as great as 49% and
enough loss to preclude climbing stairs or getting out of a
chair [13]. Therefore we believe total patellectomy should
be considered only after all techniques for salvage have
been exhausted.

Transverse fractures (Fig. 1A) are best treated with a
tension-band technique (traditionally two axial Kirschner
wires with a figure-of-eight wire anteriorly) (Fig. 1B)
which neutralizes tension forces anteriorly and converts
them into stabilizing compressive forces at the articular
surface [8]. This technique is stronger than a simple cer-
clage wire in transverse fractures [14] and can be combined
with screw fixation in simple and in more comminuted
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fractures to increase stability [5]. The reduction must be
checked by palpating or observing the articular surface of
the patella through a retinacular arthrotomy (surgically
created if needed); fluoroscopy is not sufficiently accurate.

If there are multiple fracture lines, it may be reasonable
to first provisionally fix small fragments with screws
to create a two-part transverse fracture, which then is
addressed with a tension band, circumferential fixation,
or both.

Outcomes

The typical outcome after surgery is union of the fracture
and function inversely proportionate to the severity of the
initial injury. Still, even seemingly mild injuries can be
associated with development of patellofemoral arthrosis
[12]. Prolonged immobilization after surgery also can lead
to stiffness and loss of knee motion [11]. Early displace-
ment after operative fixation can occur in 10% to 20% of
patients following ORIF, often attributable to inadequate
fixation [10, 11]. Overall rates of patellar nonunion are
reportedly between 2.4% to 12.5% [6]. Hardware failure is
not uncommon even with good healing (especially with
wire banding), but removal is necessary only if prominent
or symptomatic.

Five Pearls

1. A patellar fragment, especially one in the superior
lateral quadrant, may be a bipartite patella (often
bilateral) and not a fracture.

2. In the setting of injury but normal bony anatomy
observed on radiographs, consider a quadriceps
rupture or avulsion. (Failure of the infrapatellar
ligament results in a high-riding patella.)

3. Repair of the patella should be accompanied by
access to the joint surface and retinacular repair.

4. It may be reasonable to fix (rather than excise) a
comminuted fracture even with bad articular
damage, as this can preserve bone stock for a knee
replacement later.

5. Tension-band wires ultimately will break. Use of
suture, and not metal, will spare you a ‘broken wire
xray’.
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