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ABSTRACT

Patellofemoral instability is a painful and commonly recurring condition, which often must be managed surgi-
cally. Diagnosis can be aided by the use of a variety of physical exam signs, such as the Q angle, Beighton hyper-
mobility score, glide test, J sign, patellar tilt test, and apprehension test. Imaging modalities including x-ray, CT,
and MRI guide both diagnosis and management by revealing trochlear dysplasia, bony malalignment, and liga-
mentous injury that contribute to instability. Following an initial patellar dislocation, nonoperative management
with bracing and physical therapy is an acceptable option, despite limited evidence that operative management
may improve functional outcome and reduce recurrent dislocations.

For recurrent dislocations, operative management is indicated, and the appropriate procedure depends on
the patient’s anatomy and the cause of instability. Reconstruction of the medial patellofemoral ligament
(MPFL) restores the primary soft tissue restraint to lateral patellar dislocations, and can be performed using
a variety of techniques. In patients whose instability is related to bony malalignment, a tibial tubercle oste-
otomy is commonly performed to realign the extensor mechanism and establish proper patellar tracking. In
patients with trochlear dysplasia, a trochleoplasty may be performed to create a sufficient groove for the
patella to traverse. Often these procedures must be combined to address all causes of instability. The reported
outcomes following all three of these procedures are generally very good, with the majority of patients expe-
riencing functional improvements and a low rate of recurrent instability, although more large randomized
controlled trials are needed to determine which techniques are most effective. The purpose of this clinical
commentary is to provide an overview of the current methods employed by orthopedic surgeons to diagnose
and manage patellar instability.
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INTRODUCTION

Recurrent patellofemoral instability is a painful and
often chronic condition following dislocation of the
patella from its position within the trochlear groove.
This condition has been estimated to affect 5.8 per
100,000 individuals and is more prevalent among
females and 10-17 year olds (29 per 100,000).! Once
a single dislocation has occurred, patients are nearly
seven times more likely to experience subsequent
dislocations.! Patellar dislocations are commonly
associated with damage to articular cartilage, which
can lead to chronic knee pain.?? Patellar instability
has been associated with a number of anatomical
factors including: ligamentous laxity, genu valgum,
femoral anteversion, excessive tibial torsion, troch-
lear dysplasia, patella alta, and insufficiency or rup-
ture of the medial patellofemoral ligament (MPFL).
Patellofemoral instability often responds poorly to
nonoperative management and must be addressed
surgically. The purpose of this clinical commentary
is to provide an overview of the current methods
employed by orthopedic surgeons to diagnose and
manage patellar instability.

CLINICAL EVALUATION

History and Physical Exam

The first step in managing a patient with patello-
femoral instability is to perform a thorough clinical
evaluation. Critical elements of the patient’s his-
tory include the precise mechanism of injury and
whether this was their first dislocation. If patients
have experienced recurrent instability, they should
be questioned about the frequency, mechanism,
duration, and prior management of these events.

There are a number of physical exam signs and
maneuvers which can help diagnose patellofemoral
instability.* Knee alignment should be assessed, par-
ticularly for presence of genu valgum. The Q angle
is an important indicator of knee alignment; it com-
prises the angle between a line drawn from the ante-
rior superior iliac spine to the center of the patella
and line from the center of the patella to the tibial
tubercle (Figure 1). This angle is typically larger in
women, 15-20° compared to 10-15° in men. An
abnormally large Q angle imposes a lateral direction
of force on the extensor mechanism, causing a predis-
position for lateral patellar instability and dislocation.

Anterior superior
iliac spine

‘Q'angle

Midpoint of patella

Tibial tubercle

Figure 1. The Q angle can be used to assess knee alignment.

The Beighton hypermobility score can be obtained
to asses for overall generalized ligamentous laxity.>
This involves a 9-point scale on which a score greater
than 5 indicates hypermobility; one point is assigned
for each of the following findings: passive hyperex-
tension of each small finger >90°, passive abduction
of each thumb to the volar/radial surface of the fore-
arm, hyperextension of each elbow >10°, hyperex-
tension of each knee >10°, and forward flexion of the
trunk with the ability to place both palms flat on the
floor with full knee extension.” The passive patellar
glide test is a simple maneuver to evaluate for patel-
lar hypermobility. With the patient supine and the
knee in extension, the examiner pushes the patella
medially and laterally; the patella is divided into
four vertical quadrants, and a glide longer than the
width of three quadrants is consistent with hypermo-
bility. The J-sign is demonstrated when the patient
sits on the edge of the examination table and moves
their knee from a position of flexion to extension; in
patients with a tight lateral retinaculum, the patella
may appear to shift laterally as the knee extends. The
patellar tilt test can also be performed to identify a
tight lateral retinaculum. With the patient supine and
the knee in extension, the examiner pushes on the
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patella in an attempt to flip the lateral edge upwards.
In a normal patient, the lateral edge may elevate up to
20°; however, in a patient with a tight lateral retinac-
ulum, the lateral edge will not elevate past neutral.
The apprehension test is another useful test for insta-
bility; it is performed with the patient supine and the
knee extended. The examiner pushes the patella lat-
erally as though to dislocate it. The test is considered
positive when the patient verbally expresses appre-
hension or involuntarily contracts the quadriceps to
maintain stability. Finally, Bassett's sign may indicate
a rupture of the MPFL; it consists of pain with palpa-
tion of the adductor tubercle, which is the femoral
attachment of the MPFL.*

Diagnostic Imaging

Imaging also plays a critical role in the diagnosis and
management of patellofemoral instability. Imaging
should begin with weight bearing anteroposterior
(AP), posteroanterior (PA) (45° flexion), and true lat-
eral (30° flexion) radiographs of the knee. AP and PA
views are valuable for assessing knee alignment and
congruity, while the lateral view provides insight into
patellofemoral anatomy. Trochlear dysplasia can be
appreciated on a true lateral view. The crossing sign
occurs when a line drawn along the floor of the troch-
lear groove crosses the anterior surface of the femoral
condyles (Figure 2).°” Other signs of trochlear dyspla-
sia include a trochlear depth less than 4 mm and an
anterior trochlear bump greater than 3 mm.”

Patella alta can also be noted on the lateral view.
There are a number of methods for measuring patella

Shallow trochlea
(>145°)

Crossing sign l

g

alta.® On a true lateral view, Blumensaat’s line (along
the roof of the intercondylar femoral notch) will nor-
mally meet the inferior pole of the patella (Figure
3A). The Insall-Salvati index is obtained by dividing
the length of the patellar tendon by the length of
the patella; the normal range is between 0.8 and 1.2,
with an index >1.2 indicating patella alta (Figure
3B).? Alternative methods for identifying patella alta
include the Caton-Deschamps, Blackburne-Peel, and
the modified Insall-Salvati indices.'*!?

A Merchant view is also useful for identifying patel-
lar tilt, trochlear dysplasia, and lateral subluxation;
this view is obtained with the knee in 30° flexion
and the beam directed distally to view the patella as
it sits within the trochlear groove.!* Patellar tilt can
be evaluated by measuring the lateral patellofemo-
ral angle, which is formed by a line drawn between
the anterior points of the medial and lateral femoral
condyles, and a line that goes along the lateral artic-
ular facet of the patella (Figure 4B). Normally these
lines open laterally; however, the lines may be par-
allel or open medially in the presence of abnormal
patellar tilt. The sulcus angle is the angle between
two lines drawn from the medial and lateral condyles
to the deepest part of the intercondylar sulcus (Fig-
ure 4C)."* A normal sulcus angle is approximately

Insall-Salvati Ratio ¢/,
Caton Index </,

A

Figure 2. The crossing sign and a shallow trochlea are indica-
tors of trochlear dysplasia.

Figure 3. Blumensaats line (A), the Insall-Salvati ratio, and
Caton index (B) can be used to identify patella alta.
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A

Congruence angle

C. Sulcus angle

Figure 4. The congruence angle (A), lateral patellofemoral
angle (B), and sulcus angle (C) are used to evaluate patellar tilt.

130-140°; abnormal values have been associated
with trochlear dysplasia.'*'> The congruence angle
is measured by drawing a line that bisects the sulcus
angle and another line from the apex of the sulcus
angle to the deepest point of the patellar articular
surface; the angle between these two lines is consid-
ered negative if it is medial to the line bisecting the
sulcus and positive if it is lateral to this line (Figure
4A). An angle greater than -6° has been associated
with lateral patellar subluxation.”

Advanced imaging modalities such as magnetic res-
onance imaging (MRI) and computed tomography
(CT) provide valuable information that may guide
surgical interventions. Osseous anatomy and limb
alignment can be assessed by both MRI and CT. The
tibial tuberosity-trochlear groove (TT-TG) distance is
a useful indicator of malalignment (Figure 5). This
can be assessed by superimposing two axial images

Figure 5. The TTTG distance can be used to determine the
presence of bony malalignment.

of the tibial tuberosity and the trochlear groove and
measuring the medial-lateral distance between the
tibial tuberosity and the deepest point of the troch-
lear groove. A TT-TG distance >15-20 mm is gener-
ally considered abnormal; an increased TT-TG has
been associated with instability, as it represents a
lateralized insertion of the patellar tendon relative
to the trochlear groove.” Additionally, MRI is useful
for identifying injuries to the MPFL and articular
cartilage.*'® MRI may reveal whether the etiology
of a patient’s instability is bony or ligamentous in
nature, dictating which surgical intervention is most
appropriate.

TREATMENT

Nonoperative Management

Conservative management is most appropriate in
patients who have experienced their first episode of
instability and have no evidence of an osteochon-
dral injury. A variety of rehabilitation protocols have
been described, ranging from full mobilization with
a bandage or neoprene sleeve to short-term immo-
bilization with a brace or a cast.'”? Physical therapy
is also commonly recommended to improve neuro-
muscular control of the knee; exercises should focus
on stretching, range of motion, and strengthening,
particularly of the quadriceps muscles.”> A number
of small randomized controlled trials have compared
the outcomes of nonoperative versus operative man-
agement of primary acute patellar dislocations.?"**?
These studies have provided mixed results; some
have reported no significant difference in the rate of
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recurrence or subjective functional outcome (Kujala
score).”?2” However, others have reported significantly
lower rates of recurrence and improved outcomes with
surgery.?*** A Cochrane meta-analysis reported a
significant risk reduction for recurrent dislocation
(RR = 0.53, 95% CI: 0.33-0.87) and higher Kujala
scores (mean difference 13.93, 95% CI: 5.33-22.53)
at 2-5 years for patients undergoing operative treat-
ment; although the authors cautioned that the quality
of this evidence was poor due to the limitations of
available data.’ The overall rate of recurrence in this
meta-analysis was 24% for nonoperative patients and
13% for operative patients at 2-5 years after initial
injury.'® However, there is currently no consensus
regarding the utility of nonoperative management,
and it remains an acceptable option in patients with a
primary acute patellar dislocation.

MPFL Reconstruction

The MPFL is a major soft tissue restraint to lateral
patellar translation when the knee is in 0-30° of flex-
ion, and it is commonly injured during a patellar
dislocation.?®* Its femoral origin lies 1 cm distal to
the adductor tubercle, approximately 9 mm proxi-
mal and 13 mm posterior to the medial epicondyle,
and it inserts along the superomedial border of the
patella.?*®! Reconstruction or repair of the MPFL is
indicated in patients who have a torn or incompetent
MPFL and those who have recurrent instability with-
out evidence of bony malalignment. Techniques uti-
lizing various grafts and fixation methods have been
described; however, the goal with all reconstructions
is to restore the soft tissue restraint to lateral patellar
motion.?**" A diagnostic arthroscopy should also be
performed before MPFL reconstruction to identify
any osteochondral lesions or loose bodies.

One method of MPFL reconstruction involves a ham-
string autograft being passed through a patellar bone
tunnel.* A hamstring tendon such as the gracilis or
semitendinosus is harvested from the distal insertion
on the pes anserinus. A bone tunnel is then drilled
from the anterosuperior surface to the midpoint of
the medial surface of the patella, and the graft is
passed through. The femoral attachment of the MPFL
is then identitied proximal and posterior to a line join-
ing the medial epicondyle and adductor tubercle. A
hole is drilled into the femur, the graft is inserted, and
its positioning is checked at 30° flexion. If the graft is

tight in flexion, the insertion site is either too proxi-
mal or anterior; whereas, if the graft is loose in flex-
ion, the insertion is either too distal or posterior. The
graft should not be tensioned, as this may interfere
with knee range of motion and impose harmful joint
reactive forces. Once optimal positioning has been
achieved, the graft is fixed into the femur using an
interference screw.*

Another method also makes use of a hamstring auto-
graft, except the graft is fixed to the patella with suture
anchors rather than via a bone tunnel (Figure 6).* In
this procedure, a gracilis or semitendinosus graft is
harvested from its distal insertion. The superomedial
border of the patella is then exposed and two suture
anchors are inserted. The graft is then placed through
the suture anchors and tightened down. The femoral
origin of the MPFL is identified, a hole is drilled, and
the graft is positioned and fixed using an interference
screw.*

Alternatively, the quadriceps tendon may be used to
create a new MPFL.** This method involves sepa-
rating a strip of the quadriceps tendon and releasing

Figure 6. Anillustration demonstrating MPFL reconstruction.
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it proximally. The strip is then turned down on its
distal attachment to the superior patella and tun-
neled medially through the prepatellar soft tissues.
Again, the femoral MPFL origin is identified, a hole
is drilled, and the graft is positioned and fixed using
an interference screw.*o*

A number of studies have reported the outcomes of
patients who have undergone some form of MPFL
reconstruction.®® 4 Qutcomes are generally posi-
tive, with most authors reporting improvements in
pain and functional outcome and a low incidence
of recurrent dislocation. Complications most often
arise from poor graft positioning, which can cause
abnormal joint forces that result in cartilage damage,
pain, and graft failure; other complications include
patella fracture and stiffness.” A meta-analysis of
320 patients in nine studies examining outcomes
after MPFL reconstruction with a double-bundle
hamstring tendon autograft reported a mean post-
operative Kujala score of 92.0/100 (Standard error =
1.4, p = 0.001) and a complication rate of 12.5%,
with stiffness being the most common complaint.*
However, the authors cautioned that the study was
limited by small and limited design of many existing
studies.”> Although authors generally report posi-
tive outcomes for MPFL reconstruction, the numer-
ous techniques currently being used complicate
the comparison between studies; more large ran-
domized controlled trials are needed to determine
whether any technique is superior to others.

Tibial Tubercle Osteotomy
Tibial tubercle osteotomy is another option for treating
patients with patellofemoral instability. This procedure

involves altering the position of the tibial tubercle on
the tibia, thereby realigning the extensor mechanism
of the knee and correcting malalignment and instabil-
ity.”®*% This procedure is indicated in patients with
recurrent instability who have an increased TT-TG dis-
tance, patella alta, or high grade osteochondral lesions
in the patellofemoral joint.

One of the most prominent surgical techniques is the
anteromedialization osteotomy described by Fulker-
son et al.>* This procedure is indicated for patients
with instability due to maltracking, particularly those
who have an increased TT-TG distance, patella alta,
or patellofemoral osteochondral lesions. The proce-
dure involves making a bony cut beneath the tibial
tubercle, translating the fragment anteromedially 1-2
cm, and fixing it in place with screws (Figure 7).>* If
patella alta is present, distalization may also be per-
formed to restore proper patellar tracking.”55

Medialization of the tubercle, also known as the
Elmslie-Trillat procedure, is an option to address
maltracking in patients without patella alta.”” Medi-
alization is commonly performed in conjunction
with MPFL reconstruction, and addresses instabil-
ity by decreasing the lateral forces imposed by the
quadriceps muscle across a malaligned patellofemo-
ral joint.”*2® During this procedure, the tibial tuber-
cle is detached and translated medially 1-2 cm to
establish a normal TT-TG distance.*

The outcomes following tibial tubercle transfer have
generally been reported to be very good.*>>*%? The
authors of a systematic review reported a 7% recur-
rence rate in an analysis of 38 articles with 1182 sur-
geries.” Complications are uncommon and can be

Figure 7. An illustration and AP and lateral radiographs demonstrating a tibial tubercle osteotomy.
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minimized by proper surgical technique but include
tibia fracture, overmedialization, nonunion, painful
hardware, and wound complications.5*°

Trochleoplasty

Various procedures exist to alter the bony archi-
tecture of the trochlear groove, including proximal
open trochleoplasty, deepening trochleoplasty, and
trochlear lengthening osteotomy. Since trochlear
dysplasia has been found in 85% of patients with
recurrent patellofemoral instability, these surgical
techniques may be of benefit for specific patients.”
Some experts consider trochleoplasty to be a salvage
procedure and recommended in cases of severe
trochlear dysplasia, given the associated pain and
technical complexity.®® Specific indications include
patients with a flat or convex lateral trochlear facet
with hypoplasia of the medial trochlear facet, in the
presence of normal or near normal articular car-
tilage. Normal or near normal articular cartilage
within the trochlear groove is required to allow for
successful reshaping.®”®® A trochleoplasty is contra-
indicated in patients with open physes or those with
diffuse patellofemoral arthritis.® This procedure is
also contraindicated in patients with patellofemoral
pain with no history of patellar dislocation.®

There are a number of trochleoplasty techniques
that have been described in the literature. Proximal
open trochleoplasty is used in cases where insta-
bility is related to a supratrochlear spur. The goal
of this procedure is to create a concave surface on
the proximal trochlea.” A line is measured from the
proximal trochlea distally to the top of the center
of the intercondylar notch and a V-shaped outline
is formed on the trochlear groove; this serves as
a guide for the removal of cartilage and bone.” A
deepening trochleoplasty may be done to address
a shallow trochlear groove. This procedure is per-
formed by elevating the articular cartilage from the
femur and using a burr to deepen the sulcus; the sul-
cus may also be narrowed and lateralized to improve
patellofemoral tracking (Figure 8).% The supratroch-
lear spur is also removed, and the cartilage flap is
then secured with biocompression screws or suture
anchors through the medial and lateral trochlear fac-
ets.?%%7 In patients who have a hypoplastic lateral
trochlea, a trochlear lengthening osteotomy may be
appropriate.”> This procedure involves lengthening

Figure 8. An illustration demonstrating a deepening trochleo-
plasty.

the lateral trochlear facet by means of an osteotomy;
the facet may also be elevated by inserting cancel-
lous autograft.®” 7

Complications associated with trochleoplasty include
overcorrection, arthritis as a result of damage to the
trochlear cartilage, and arthrofibrosis.®® There are
varying reports with regard to the incidence of post-
operative stiffness, which is likely correlated to the
postoperative rehabilitation protocol instituted by the
operating surgeon.”® The risk of intraarticular frac-
ture at the patellofemoral joint has been described
in the literature as well, and has a higher likelihood
of occurrence in older patients with degenerative
changes at baseline.>*"

SUMMARY

Following an initial patellar dislocation, nonoperative
management with bracing and physical therapy is an
acceptable option, despite limited evidence that oper-
ative management may improve functional outcome
and reduce recurrent dislocations. For recurrent dis-
locations, operative management is indicated, and
the appropriate procedure depends on the patient’s
anatomy and the cause of instability. Reconstruc-
tion of the MPFL restores the primary soft tissue
restraint to lateral patellar dislocations, and can be
performed using a variety of techniques. In patients
whose instability is related to bony malalignment, a
tibial tubercle osteotomy is commonly performed to
realign the extensor mechanism and establish proper
patellar tracking. In patients with trochlear dysplasia,
a trochleoplasty may be performed to create a suf-
ficient groove for the patella to traverse. Often these
procedures must be combined to address all causes
of instability. The reported outcomes following these
three procedures are generally very good, with the
majority of patients experiencing functional improve-
ments and a low rate of recurrent instability. Many of

The International Journal of Sports Physical Therapy | Volume 11, Number 6 | December 2016 | Page 873




the reported postoperative complications are related
to technical errors in surgery that generate abnormal
joint forces. Although there are many studies dem-
onstrating the benefits of operative management for
patellar instability, there is considerable heterogene-
ity among surgical techniques, and larger random-
ized controlled trials are needed to determine the
most effective methods for managing this complex
condition.
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