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Abstract
» Certain anatomic factors, such as patella alta, increased tibial tubercle-
trochlear groove distance, rotational deformity, and trochlear dysplasia,
are associated with an increased risk of recurrent patellar instability.

» The presence of a preoperative J-sign is predictive of recurrent
instability after operative management.

» Isolated medial patellofemoral ligament reconstruction may be
considered on an individualized basis, considering whether the patient
has anatomic abnormalities such as valgus malalignment, trochlear
dysplasia, or patella alta in addition to the patient activity level.

» More complex operative management (bony or cartilaginous proce-
dures) should be considered in patients with recurrent instability,
malalignment, and certain anatomic factors.

P
atellar instability (PI) is a
potentially devastating diagno-
sis considering the high recur-
rence rate (up to 71%)1 and

relatively modest rate of return to preinjury
level of sport (67%) without surgery2. A
thorough understanding of risk factors and
how to properly evaluate and treat PI is
crucial for successful management. Ana-
tomic factors (patella alta, increased tibial
tubercle-trochlear groove (TT-TG) and
tibial tubercle-posterior cruciate ligament
(TT-PCL) distance, rotational deformity,
trochlear dysplasia, and connective tissue
disorders) increase the risk of instability3-7.
After the index instability episode, patients
with a patellar dislocation history have
nearly 7-fold increased odds of experienc-
ing recurrence8. PI affects patients’ abilities
to perform activities of daily living. As such,
cliniciansmust be able to diagnose and treat
this condition using the most recently
published literature. The purpose of this
article was to review physical examination
and imaging tests that aid in diagnosis of
instability, outline risk factors of recur-
rence, and provide an algorithmic approach
to current treatment modalities through a
systematic literature.

Physical Examination
After an instability episode, lower limb
alignment, hypermobility, and gait should
be assessed. The Q-angle is measured by
drawing 2 lines: the first from the anterior
superior iliac spine to the center of the
patella and the second from the center of
the patella to the tibial tubercle. Angles
between these lines.20° (females) and
.15° (males) may indicate a greater lateral
force on the extensor mechanisms, result-
ing in a greater risk of patellar dislocation9.
Hypermobility is assessed with the
Beighton score, a 9-point scale indicating
ligamentous laxity if.4 of the following
are fulfilled (1 point/extremity): passive
pinky finger dorsiflexion .90°, passive
thumb opposition to the flexor aspect of
the wrist, elbow hyperextension .10°,
knee hyperextension .10°, and the
ability to flatten both palms on the floor
with flexed hips and extended knees10.
With PI, compensatory gait alterations
may occur to decrease subjective insta-
bility or may be a predisposing factor to
injury. Patients tend to have decreased
knee and hip joint movement and a
more valgus knee position during walk-
ing, likely because of an impaired hip
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abductor and external rotator and
diminished knee extensor strength11.
Hip rotation should be assessed in the
prone and supine positions given that
patients with PI tend to have increased
femoral anteversion and associated
pathologic increases in hip internal
rotation12,13. Tibial torsion is most
readily assessed in the supine position
evaluating the thigh-foot angle at 90°
of hip and knee flexion. Patients may
require operative correction if they
have external tibial torsion .30° or
internal tibial torsion .15°14. Stand-
ing alignment should be evaluated
with the skin exposed from the thighs
to the ankles, allowing for the evalua-
tion of both coronal alignment and
any rotational deformities.

Dynamic evaluation of the patella
allows for assessment of a J-sign,which is
observed as the patella moving laterally
as the knee is actively extended from a
flexed position. The J-sign indicates that
the patella moves lateral to the trochlear
groove in extension with subsequent
medial displacement in flexion as it
engages with the trochlea15. It may be
hard/jumping (snaps) or soft (glides),
with the former being related to severe
dysplasia vs. the later originating from
malalignment resulting from a diver-
gence of the line of pull of the extensor

mechanism, its path across the trochlear
groove, and a subsequent anchor point
at the tibial tubercle. A thorough
examination when the patient is supine
and the knee is extended should be
performed to determine medial and
lateral patellar mobility, although acute
swelling may affect interpretation of
findings. If the patella can be displaced
medially or laterally$3 quadrants, the
lateral or medial patellar stabilizers may
be injured, respectively9. The degree of
knee flexion when patellar laxity is
observed can allow for identification
of the instability culprit. During patel-
lar engagement within the trochlea
(full extension to 30° flexion), the
main patellar stabilizer is the medial
patellofemoral ligament (MPFL).
Beyond 30°, the main restraint is
trochlear bony anatomy, although the
medial patellotibial ligament andmedial
patellomeniscal ligament serve as sec-
ondary stabilizers beyond 45° of flex-
ion16. For patients with loss of bony
restraint, this primarily results from
patella alta (the patella does not [yet]
engage in the groove) or underlying
trochlear dysplasia (the groove is shallow
or convex). When assessing patellar
apprehension, Ahmad et al. found that if
a patient experiences apprehension
when a lateral force is applied to the

patella in full extension, through 90°
flexion, and back to full extension but
experiences relief with application of a
medial force through these movements,
PI can be diagnosed with excellent sen-
sitivity (100%) and accuracy (94%)17.
Zimmerman et al. described a technique
combining the classic and moving
apprehension tests: The knee is flexed to
120° and is then extended while apply-
ing a lateral force to the patella18.
Apprehension at higher degrees of flex-
ion is associated with anatomic abnor-
malities such as trochlear dysplasia or
valgus deformity18.

Imaging
Radiographs are used to assess patellar
morphology and location (Fig. 1).
Measurement of patellar height on
radiographs was first described by Blu-
mensaat et al. in 1938 and has since been
described by multiple authors using
both direct (relative to the femur)
and indirect (relative to the tibia)
methods19-21. A commonly used
method, the Caton-Deschamps index
(CDI), has good reliability22,23. The
CDI is determined by comparing the
distance between the inferior margin of
the patellar articular surface and the
anterosuperior angle of the tibial plateau
to the length of the patellar articular

Fig. 1

Posteroanterior (PA) and lateral radiographs. PA radiographs (Fig. 1-A) can aid in comparison of the position of the patella (purple outline) between
knees. Lateral radiographs (Fig.1-B) canbeused for themeasurementof theCaton-Deschamps index (CDI), inwhich thedistancebetween the inferior
margin of the articular surface of the patella and the anterosuperior angle of the tibial plateau (x) is comparedwith the length of the patellar articular
cartilage (y), with values greater than 1.3 indicating patella alta. Lateral radiographs can also be used to evaluate for the presence of the crossing sign
(blue arrow). The Insall-Salvati ratio may also be measured on lateral radiographs (Fig. 1-C), which compares the length of the patellar tendon (x) to
total patella length (y), with values.1.2 indicating patella alta. The size of trochlear bumps may be measured by drawing a line extending from the
anterior femoral cortex (dottedblue line,Fig. 1-C) andmeasuring thedistance fromthat lineperpendicular to themost anterior aspect of the trochlear
floor (solid blue line), with values.3 mm being abnormal.
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cartilage on a lateral radiograph with the
knee flexed to 30° (Fig. 1). CDI values
.1.3 indicate patella alta24. The Insall-
Salvati ratio may also be used, which is
the length of the patellar tendon com-
pared with total patella length (Fig. 1).
Values.1.2 indicate patella alta.
Importantly, a meta-analysis found that
many studies using patellar height
measurements have demonstrated poor
control of the degree of knee flexion and
whether the quadriceps was contracted
during imaging, which may affect the
patellar tilt angle and location and
resultant measurements25.

TheDejour classification describes
the shapeof the trochlear groove (Fig. 2).
The degree of trochlear dysplasia is
commonly assessed on lateral radio-
graphs through identification of the
“crossing sign” or the point at which
the line of the trochlear floor crosses the
anterior contour of the lateral femoral
condyle (Fig. 1). As the crossing sign
moves inferiorly and the condyles
becomemore asymmetrical, the severity
of trochlear dysplasia increases5. Lateral
radiographs may be used to evaluate the
presence of trochlear bumps by drawing
a straight line extending from the ante-
rior femoral cortex and measuring the
distance from that line perpendicular to

the most anterior aspect of the trochlear
floor. Values.3 mm are abnormal26

(Fig. 1). The true lateral radiograph aids
in identification of a supratrochlear spur,
which is a global prominence of the
trochlea that results in patellar mal-
tracking off the lateral facet in flexion
and is indicative of high-grade trochlear
dysplasia26. The sulcus angle (Fig. 3)
and trochlear depth may also be evalu-
ated on Merchant and lateral radio-
graphs, respectively, with sulcus angles
.145° and trochlear depths#4 mm
indicating trochlear dysplasia5. Higher
sulcus angles have a risk of osteochondral
pathologies, including acute fracture27.
The congruence angle can also be dem-
onstrated on the Merchant view by
measuring the angle between a line bi-
secting the sulcus angle and a line from
the deepest point of the sulcus to the
median ridge of the patella. Values.16°
indicate patellar subluxation28. The
Merchant view (superior-inferior, used
for the evaluation of patellar subluxa-
tion) should be used over the Laurin
view (inferior-superior, used for the
evaluation of patellar tilt) when assessing
PI29.

Computed tomography (CT)
has good intraobserver reliability in
measurement of the TT-TG distance,

which is measured by first identifying
the deepest point of the trochlear groove
in the axial viewanddrawing a line across
the posterior condylar axis25 (Fig. 4). A
second line bisecting the trochlear groove
is drawn perpendicular to the first. The
axial view is adjusted until the most ante-
rior portion of the tibial tubercle is iden-
tified, and a line parallel to that bisecting
the trochleargroove isdrawn.TheTT-TG
distance ismeasuredbetween the2parallel
lines30. Values.20 mm represent patella
malalignment5. When normalizing the
TT-TG values to other anatomic values,
Heidenreich et al. found that adjusting the
TT-TG distance to patellar length (PL)
was the most predictive of recurrent
instability31.

When evaluating PI, magnetic
resonance imaging (MRI) is useful in the
assessment of associated bony, cartilag-
inous, and ligamentous lesions32. Pre-
vious studies have described the use of
MRI for the measurement of TT-TG
distances, but Anley et al. cautioned
against this because they found that
within the same cohort of patients,mean
MRI TT-TG values were 4.16 mm less
thanCTmeasurements33.Nevertheless,
TT-PCL distance can be measured on
MRI with excellent interobserver and
intraobserver reliability34. TheTT-PCL

Fig. 2

Dejour classification. The shape of the trochlea can be described as shown above. Fig. 2-A Shallow trochlear groove. Fig. 2-B Flat trochlear groove.
Fig. 2-CMedial femoral condyle hypoplasia. Fig. 2-D Flat trochlea with medial femoral condylar hypoplasia, representing a “cliff” sign.

Fig. 3

Sulcus angle. The sulcus angle can be mea-
sured on Merchant view radiographs, with
angles greater than 145° being indicative of
trochlear dysplasia.
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distance is measured by first drawing a
line connecting the medial and lateral
dorsal condyles on the axial slice just
below the tibial articular cartilage.
Then, 2 parallel lines are drawn per-
pendicular to the first: one bisecting the
midpoint of the inferior patellar tendon
insertion and a second bisecting the
most medial and lateral points of the
PCL. The distance between the parallel
lines is measured, with values.24 mm
being abnormal33,34. Although both
TT-TG and TT-PCL can be used to
assess patellar alignment, an increased
TT-PCL value represents true tibial
tubercle lateralization33. In addition to
dynamic CT35, dynamic MRI may be
used to assess patellarmaltracking.A recent
study found that in patients with mal-
tracking, a greater degree of mediolateral
translation (12.46 6.9 mm vs.20.16
2.3mm) and amore lateral position of the
patella were present compared with con-
trols.The authors also found that increased
TT-TG distances, CDI values, and sulcus
angles were associated with dynamic
patellar translation and tilt36. Further
studies assessing dynamic MRI accuracy
may provide more insight into its clinical
utility in diagnosing PI.

Risk Factors of Recurrent Instability
Recurrent PI has been reported to
occur in up to 71% of cases managed

conservatively and is typically multifac-
torial1,37-40. Primary and recurrent
instability occurs most commonly in
pediatric and teenage populations41,42

and in those with physically high-
demanding professions43. Previous
studies have suggested that patella alta,
increased TT-TG or TT-PCL distance,
and trochlear dysplasia may be contrib-
utory42,44. In a review of imaging factors
in 60 patients with recurrent instability
and 120 patients without a history of
patellar dislocation, Steensen et al. found
that patients with recurrent patellar dislo-
cations had higher rates of patella alta
(60% vs. 21%), rotational deformity
(27% vs. 3%), and trochlear dysplasia
(68% vs. 6%) in addition to increased
TT-TG distances (42% vs. 3%)40. In
addition, patients with recurrent insta-
bility were more likely to have multiple
abnormal anatomic factors compared
with controls40. Of note, groups have
recently advocated for normalizing TT-
TG to patient-specific anatomy such as
PL to provide increased sensitivity of
such radiographic measures31.

Multiple models using combined
imaging and demographic-related fac-
tors have been proposed to predict
recurrent instability45-48. Key factors for
evaluating models for clinical use are
applicability to a general population,
appropriate follow-up, and ease of im-
plementation in the clinical setting. A
study by Christensen et al. with 584
patients and a 12-year mean follow-up
demonstrated that the average time to
recurrent instability was 3.7 years42.
Therefore, predictive models limited to
short-term follow-up should be used
with caution because they may under-
estimate recurrence. Hevesi et al. pre-
sented a multivariable in-clinic model
based on 81 patients followed for amean
of 10 years for predicting recurrent
instability using age, skeletal immatu-
rity, presence of dysplasia, and TT-TG/
PL46. The authors provided free access
to their calculator online for graphical
implementation in pediatric and adult
populations49. Similarly, Ling et al. used
multicenter data from 291 patients with
PI followed for 2 years and created a

model that identified the following
recurrence risk factors: younger age,
previous contralateral patellar disloca-
tion, skeletal immaturity, lateral patellar
tilt, increased TT-TG distance, Insall-
Salvati ratio, and trochlear dysplasia45.
For clinicians interested in pediatric-
specific scoring systems, Jaquith et al.
provided a model using 266 knees fol-
lowed for a mean of 1.3 years and
reported that dysplasia, skeletal imma-
turity, patella alta, and a history of con-
tralateral patellar dislocation were
recurrence risk factors47. Although the
prognostication of recurrent instability
continues to be studied, it is clear
that a multifactorial patient-centered
approach is needed to properly evaluate
and treat this condition.

Patellar dislocation recurrencemay
occur after surgical stabilization. In an
analysis of 237 patients who underwent
unilateral isolated MPFL reconstruc-
tion, Zhao et al. aimed to identify factors
associated with recurrent lateral PI50.
Although all included patients demon-
strated clinical improvements in Kujala
and International Knee Documentation
Committee scores, 20 patients (8.4%)
experienced some type of failure (redis-
location or subjective instability) up to 5
years postoperatively. Although failure
riskwas not associatedwith radiographic
features (patellar height, trochlear dys-
plasia, TT-TG distance, patellar tilt),
the presence of a preoperative J-sign was
associated with a 3-fold increased risk of
postoperative instability. The authors
also found a significant association
between a J-sign andboth aCDIvalue of
$1.2 and trochlear dysplasia50. Simi-
larly, Sappey-Marinier et al. reported
that the presence of a preoperative J-sign
or CDI$1.3 was predictive of failure,
although no correlation was found
between these 2 predictors51.

Management
Nonoperative Management
and Timing
Conservative management may be
attempted for first-time dislocators
without associated chondral lesions, os-
teochondral fractures, or loose bodies. A

Fig. 4

Tibial tubercle-trochlear groove (TT-TG) dis-
tance. The TT-TG distance can bemeasured (*)
from the most anterior portion of the tibial
tubercle (x) and the deepest point of the
trochlear groove (y) on axial view computed
tomography images, with values.20 mm
being considered abnormal.
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primary treatment goal in nonoperative
management is to decrease swelling
because it can inhibit quadriceps muscle
activity52. Institutional nonoperative
protocols often begin with immobiliza-
tion and the use of crutches to weight-
bear as tolerated. Immobilization can be
achieved through simple bracing with
the knee extended, patellar stabilization
braces, and taping53. Firm taping to
shorten the MPFL and medial retinac-
ular tissue is also an immobilization
option that allows for improved gait
mechanics through stabilization of the
disrupted tissue54. However, the out-
comes of this method have not been
extensively studied. After a brief period
of immobilization, patients may begin
to progressively increase mobility and
strength with full return to activity by 8
weeks55.

A systematic review of meta-
analyses comparing nonoperative and
operative management of acute patellar
dislocations found that operative treat-
ment may result in a lower rate of
recurrent dislocations but does not
improve functional outcome scores56.
Even more recently, a randomized con-
trol trial demonstrated that MPFL
reconstruction (MPFLR) was superior
at protecting against additional patellar
dislocations, with a 6.7% instability rate
noted for MPFLR compared with
41.9% for nonoperative, active rehabil-
itation controls at 12 months of follow-
up. Sanders et al. demonstrated that at
the12-year mean follow-up, patients
with recurrent dislocations had a 4.5-
fold increase in odds of patellofemoral
arthritis after index dislocation, sug-
gesting potential utility of early man-
agement aimed at preventing
subsequent instability57. Nevertheless,
there remains a lack of consensus in the
literature for the treatment of first-time
dislocators. Although initial nonopera-
tive management can be attempted in
young, healthy patients with first-time
patellar dislocations without underlying
chondral injury or loose body forma-
tion, operative intervention may be
considered if risk factors of recurrence
are present.

Surgery
Although initial nonoperative man-
agement of first-time dislocators is
commonplace, many studies have
investigated the efficacy of operative
intervention58-61. A study looking at 33
adolescents treated surgically after trau-
matic patellar dislocation reported good
long-term functional outcomes61 while
another investigation comparing non-
operative andoperative treatment in126
patients found no difference between
redislocation rates, functional and sub-
jective outcomes, and activity levels at an
8-year follow-up58.MPFLRhas become
increasingly popular in PI management
and is typically indicated after$2m
dislocation episodes62. Other indica-
tions for isolated MPFLR include PI
without concerning anatomic abnor-
malities on imaging, positive physical
examination findings, or sports
participation62-64. Ideal surgical candi-
dates should fall within these criteria: (1)
TT-TG distance,20 mm at 0° flexion,
(2) CDI,1.4, (3) normal or type A
dysplastic trochlea, and (4) patellar tilt
,20° on axial imaging62,65. Patients
with other underlying causes of recur-
rent instability (patella alta, patellofem-
oral arthritis, general ligamentous laxity,
trochlear dysplasia) or those with exces-
sive femoral anteversion, excessive tibial
torsion, or valgus malalignment are
typically not candidates for isolated
MPFLR66.

Surgical techniques for MPFLR
can be characterized as proximal soft
tissue, distal realignment, or combined
procedures62,67-72. Various autograft
and allograft sources have been
described (gracilis, semitendinosis,
patellar, quadriceps) in addition to arti-
ficial options71,73. Although some
debate exists over whether to use an
allograft or autograft, a recent systematic
review reported no clear benefit of one
over the other74. Despite disagreement
in the surgical technique, the impor-
tance of restoration of native anatomy is
agreed upon. The femoral MPFL inser-
tion has been well-described, withmany
studies reporting the insertion to be in
the curvature or “saddle” between the

adductor tubercle and the medial
epicondyle75-80 (Fig. 5). LaPrade et al.78

defined the insertion point in relation to
the medial epicondyle (10.6 mm proxi-
mal, 8.8mmposterior) and the adductor
tubercle (1.9 mm anterior, 3.8 mm
distal). When considering the MPFL’s
insertion on the patella, some authors
prefer the term medial patellofemoral
complex because some of the MPFL
fibers insert on the quadriceps tendon in
addition to the patella75. Although these
fibers should be recognized during
patellar fixation of an MPFL graft,
debate exists on where patellar fixation
should occur, as both single and double-
bundle techniques have been
described66,81,82.

Complications after MPFLR may
include patellar fracture, postoperative
instability, flexion loss, and pain83.
Although the use of trans-patellar bone
tunnels in MPFLR allows for greater
stability than suture repair, bone tunnels
have been shown to increase the risk of
iatrogenic fractures and lead to overall
higher complication rates62,83-85. In
addition, malpositioning of bone tun-
nels can cause medial patellofemoral
overload and subsequent patellofemoral
pain, arthrosis, ormedial subluxation55,86.

Fig. 5

MPFL insertion on the femur. When perform-
ingMPFL reconstruction, care should be taken
to restore native anatomy by attaching the
MPFL graft to the native MPFL insertion point.
AT5 adductor tubercle, MPFL5medial
patellofemoral ligament, MQTFL5medial
quadriceps tendon femoral ligament, sMCL5
superficial medial collateral ligament, and
VMO5 vastus medialis oblique.
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As reported by a recent meta-analysis
including 25 articles and 629 knees, the
mean overall complication rate for
MPFLR is 26%83. However, the
authors found great variability in
reported complication rates, ranging
from 0% to 85% and concluded that
there is a lack of high-level evidence
available on risks associated with
MPFLR.

When Isolated MPFLR Is Not Enough
When anatomic abnormalities are pre-
sent, isolated MPFLR may not be suffi-
cient to address instability. Bony
malalignment, defined by an increased
Q angle or TT-TG distance, may
require concomitant procedures. How-
ever, cutoffs for isolated MPFLR ineli-
gibility vary in the literature. Increased
Q-angle values have been defined as
.20°87,88 or within the range of 15 to
25°62,63,89 while increased TT-TG dis-
tances have been defined as.20 mm88,
22 mm90, or 15 mm91. Similarly,
although patellar or trochlear dysplasia
has been reported as contraindications
to isolatedMPFLR, the specific amount
of dysplasia considered to be unamenable
to surgery is not yet established62,64,92.
This lack of consensus highlights the
importance of using information from a
variety of sources, such as history,
physical examination, and imaging,
when making surgical decisions.
Regarding patella alta, various values
have been reported as cutoffs for isolated
MPFLR (1.2-1.3 using Insall-Salvati
index values62,64,89,92 and 1.2-1.4 using
CDI values62,65,93,94). When deter-
mining surgical management, these
thresholds should be considered in the
context of recent literature reporting
goodclinicaloutcomesof isolatedMPFLR,
regardless of bony abnormalities such as
increased TT-TG distance, trochlear dys-
plasia, and increased CDI95,96.

When to Add Tibial
Tubercle Osteotomy
Tibial tubercle osteotomy (TTO) with
MPFLR is typically considered with
elevatedTT-TG(.20mm)orTT-PCL
(.24 mm) distances55. In cases with

TT-TG distances of 17 to 20 mm and
recurrent instability,MPFLR combined
with anteromedializationTTOhas been
shown to result in superior functional
outcome scores and patellar kinematics
comparedwith isolatedMPFLR97. Ideal
surgical candidates for anteromedializa-
tion exhibit isolated chondrosis of the
distal or lateral patella, excessive lateral
patellar tilt, or subluxation associated
with increased TT-TG distance98,99.

The Elmslie-Trillat technique
describes tibial tubercle transfer through
elevating and medializing the tibial
tubercle, followed by reattachment with
a cannulated screw100,101.More popular
is the Fulkerson procedure or the ante-
romedialization technique102. The
ability to create simultaneous anteriori-
zation and medialization is achieved
through an oblique osteotomy of the
tibial tubercle98. Other techniques
include complete detachment of the
tibial tubercle to achieve optimal medi-
alization, distalization, or both103-105.
These techniques are not without com-
plications. The Elmslie-Trillat tech-
nique has been associated with increased
patellofemoral joint pressure and
arthritic changes101 while the Fulkerson
procedure may lead to persistent pain,
stiffness, arthrofibrosis, progressive
chondral deterioration, and sympto-
matic hardware98. Risk factors of poor
functional outcomes after combined
MPFLR and TTO include female sex
and TTOmedialization.10 mm106. A
systematic review quantifying the risk of
early postoperative complications after
TTO with different surgical techniques
found that the complication risk was
higher when the tibial tubercle was
completely detached (11%) compared
with medialization (3%) and ante-
romedialization (4%) techniques.
Regardless of the technique, the overall
risk ofmajor complicationswas 3%after
TTO and MPFLR103. The location of
patellar chondrosismayaffect theoutcome
of TTO. Anteromedialization with TTO
leads to better outcomes when patellar
chondrosis is localized to the distal and
lateral facet regions comparedwithmedial,
central, or diffuse regions99.

Special Circumstances Requiring
Further Procedures
Recurrent PI may require more exten-
sive surgical intervention. With troch-
lear dysplasia, trochleoplasty is effective
in providing patellar stabilization while
minimizing maltracking through nor-
malization of kinematics during
patellofemoral articulation107,108.
Sulcus-deepening procedures may be
used in Dejour type B and D troch-
leas109. If malalignment is present, lat-
eral retinacular release, medial
retinaculum imbrication, or a combi-
nationmay be used. Lateral retinaculum
release alone has not been shown to
restore normal kinematics in PI but can
be an adjunct to patellofemoral align-
ment procedures addressing recurrent
instability110. Lateral retinacular release
was reported to be the most common
(43.7%) adjunct procedure performed
in a study investigating nationwide sur-
gical trends in themanagement of PI111.
Another soft-tissue procedure for PI is
proximal patella realignment, which has
been shown to have excellent results for
patients with chondromalacia (up to
94%)112 with no difference in outcomes
when proximal patella realignment is
performed with/without TTO113.
Imbrication of themedial retinaculum is
usually performed with a distal align-
ment procedure or distal femoral oste-
otomy114. If imbrication is performed,
caution should be taken to avoid over-
tensioning of the MPFL. Combination
procedures are becoming increasingly
used to optimize postoperative stability.
The modified Elmslie-Trillat procedure
includes lateral retinacular release,
medial capsular reefing, and medial
transposition of the anterior tibial
tubercle101,115. While the treatment of
focal cartilage defects is beyond the
scope of this review, patients undergoing
patellofemoral cartilage restorative pro-
cedures have been shown tobenefit from
a combined anteromedialization proce-
dure through an improved contact area
and decreased patellofemoral forces that
optimize the biochemical environment
of the new cartilage implant98,102. Fur-
thermore, in PI patients presenting with
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an avulsion fracture of the medial facet,
acute surgical repair has not been shown
by Sillanpaa et al. to improve outcomes
compared with nonsurgical management.
However, surgery may be warranted in
avulsion injuries involving the articular
cartilage to restore cartilage integrity.
Thus, a thorough review of imaging must
be performed when determining the
treatment of medial facet avulsion frac-
tures in the setting of PI116.

Future Directions
Owing to the complexity and variability
in patient presentation, the ability to
derive a gold standard management of
patellofemoral instability has remained
difficult. A survey study of the Interna-
tional Patellofemoral Study Group im-
plementing the Delphi method found 8
consensus statements, including non-
operative management being the stan-
dard of care for first-time dislocators
without osteochondral fragments or
loose body excision and most surgeons
favoring medial reconstruction for
recurrent instability. However, there
remained no consensus regarding the
most appropriate type of bony proce-
dure to perform in patients with

underlying bony deformities117. To best
address these uncertainties in optimal
management, high-quality multicenter
randomized controlled trials directly
comparing specific surgical methods are
needed. The senior author’s preferred
evidence-based treatment algorithm is
shown in Figure 6.

Conclusion
Although PI is one of the most preva-
lent knee disorders orthopaedic sur-
geons encounter, management
strategies continue to develop. Given
the multiple contributing comorbid-
ities that can present with PI, diagnosis
and treatment will continue to vary
based on individual patient presenta-
tion and pathology, surgical technique
preference, and functional
expectations.
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71. Schöttle PB, Fucentese SF, Romero J.
Clinical and radiological outcome of medial
patellofemoral ligament reconstruction with a
semitendinosus autograft for patella instability.
Knee Surg Sports Traumatol Arthrosc. 2005;
13(7):516-21.

72. Steensen RN, Dopirak RM, Maurus PB. A
simple technique for reconstruction of the
medial patellofemoral ligament using a
quadriceps tendon graft. Arthroscopy. 2005;
21(3):365-70.

73. Enderlein D, Nielsen T, Christiansen SE,
Faunø P, Lind M. Clinical outcome after
reconstruction of the medial patellofemoral
ligament in patients with recurrent patella
instability. Knee Surg Sports Traumatol
Arthrosc. 2014;22(10):2458-64.

74. McNeilan RJ, Everhart JS, Mescher PK,
Abouljoud M, Magnussen RA, Flanigan DC.
Graft choice in isolated medial patellofemoral
ligament reconstruction: a systematic review
with meta-analysis of rates of recurrent insta-
bility and patient-reported outcomes for auto-
graft, allograft, and synthetic options.
Arthroscopy. 2018;34(4):1340-54.

75. Tanaka MJ, Chahla J, Farr J II, LaPrade RF,
Arendt EA, Sanchis-Alfonso V, Post WR,
Fulkerson JP. Recognition of evolving medial
patellofemoral anatomy provides insight for
reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2019;27(8):2537-50.

76. Baldwin JL. The anatomy of the medial
patellofemoral ligament. Am J Sports Med.
2009;37(12):2355-61.

77. LaPrade MD, Kallenbach SL, Aman ZS,
Moatshe G, Storaci HW, Turnbull TL, Arendt EA,
Chahla J, LaPrade RF. Biomechanical evaluation
of the medial stabilizers of the patella. Am J
Sports Med. 2018;46(7):1575-82.

78. LaPrade RF, Engebretsen AH, Ly TV,
Johansen S, Wentorf FA, Engebretsen L. The
anatomy of the medial part of the knee. J Bone
Joint Surg Am. 2007;89(9):2000-10.

79. Philippot R, Chouteau J, Wegrzyn J, Testa R,
Fessy MH, Moyen B. Medial patellofemoral
ligament anatomy: implications for its surgical
reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2009;17(5):475-9.

80. Placella G, Tei MM, Sebastiani E, Criscenti G,
Speziali A, Mazzola C, Georgoulis A, Cerulli G.
Shape and size of the medial patellofemoral
ligament for the best surgical reconstruction: a
human cadaveric study. Knee Surg Sports
Traumatol Arthrosc. 2014;22(10):2327-33.

81.PlacellaG, Speziali A, Sebastiani E,MorelloS,
Tei MM, Cerulli G. Biomechanical evaluation of
medial patello-femoral ligament reconstruc-
tion: comparison between a double-bundle
converging tunnels technique versus a single-
bundle technique. Musculoskelet Surg. 2016;
100(2):103-7.

82. Kang H, Zheng R, Dai Y, Lu J, Wang F.
Single- and double-bundle medial
patellofemoral ligament reconstruction
procedures result in similar recurrent dislo-
cation rates and improvements in knee
function: a systematic review. Knee Surg

Sports Traumatol Arthrosc. 2019;27(3):
827-36.

83. Shah JN, Howard JS, Flanigan DC, Brophy
RH, Carey JL, LattermannC. A systematic review
of complications and failures associated with
medial patellofemoral ligament reconstruction
for recurrent patellar dislocation. Am J Sports
Med. 2012;40(8):1916-23.

84.HendawiT,GodshawB, FlowersC, Stephens
I, Haber L, Waldron S. Autograft vs allograft
comparison in pediatric medial patellofemoral
ligament reconstruction. Ochsner J. 2019;19(2):
96-101.

85. Mayer P, Schuster P, Schlumberger M,
Eichinger M, Pfaff M, Immendörfer M, Richter J.
Midterm results after implant-free patellar fix-
ation technique for medial patellofemoral lig-
ament reconstruction. J Knee Surg. 2020;33(11):
1140-6.

86. Stupay KL, Swart E, Stein BES. Widespread
implementation of medial patellofemoral
ligament reconstruction for recurrent patellar
instability maintains functional outcomes at
midterm to long-term follow-up while
decreasing complication rates: a systematic
review. Arthroscopy. 2015;31(7):1372-80.

87. Hvid I, Andersen LI, Schmidt H.
Chondromalacia patellae: the relation to
abnormal patellofemoral joint mechanics. Acta
Orthop Scand. 1981;52(6):661-6.

88. Zhou J-W, Wang C-H, Ji G, Ma L-F, Wang J,
Zhang F, Dong JT, Wang F. Aminimally invasive
medial patellofemoral ligament arthroscopic
reconstruction. Eur J Orthop Surg Traumatol.
2014;24(2):225-30.

89.Hiemstra LA, Kerslake S, Kupfer N, LafaveM.
Patellofemoral stabilization: postoperative
redislocation and risk factors following surgery.
Orthop J Sports Med. 2019;7(6):
2325967119852627.

90. Lippacher S, Dreyhaupt J, Williams SRM,
Reichel H, Nelitz M. Reconstruction of the
medial patellofemoral ligament: clinical
outcomes and return to sports. Am J Sports
Med. 20142014;42(7):1661-8.

91.Ma L-F, Wang F, Chen B-C, Wang C-H, Zhou
J-W, Wang H-Y. Medial retinaculum plasty
versus medial patellofemoral ligament
reconstruction for recurrent patellar instability
in adults: a randomized controlled trial.
Arthroscopy. 2013;29(5):891-7.

92. Panni AS, Alam M, Cerciello S, Vasso M,
Maffulli N. Medial patellofemoral ligament
reconstruction with a divergent patellar
transverse 2-tunnel technique. Am J Sports
Med. 2011;39(12):2647-55.

93. Arendt EA, Dahm DL, Dejour D, Fithian DC.
Patellofemoral joint: from instability to arthritis.
Instruct Course Lect. 2014;63:355-68.

94. Mishra CB. Reconstruction of medial
patellofemoral ligament for chronic patellar
instability. Indian J Orthop. 2012;46:447-54.

95. Erickson BJ, Nguyen J, Gasik K, Gruber S,
Brady J, Shubin Stein BE. Isolated medial
patellofemoral ligament reconstruction for
patellar instability regardless of tibial tubercle-
trochlear groove distance and patellar height:
outcomes at 1 and 2 years. Am J Sports Med.
2019;47(6):1331-7.

96. Liu JN, Brady JM, Kalbian IL, Strickland SM,
Ryan CB, Nguyen JT, Shubin Stein BE. Clinical
outcomes after isolated medial patellofemoral
ligament reconstruction for patellar instability
among patients with trochlear dysplasia. Am J
Sports Med. 2018;46(4):883-9.

Pa t e l l a r I n s t a b i l i t y |

NOVEMBER 2022 · VOLUME 10, ISSUE 11 · e22.00054 9



97. Franciozi CE, Ambra LF, Albertoni LJB,
Debieux P, Granata GSdM, Kubota MS, Carneiro
M, Abdalla RJ, Luzo MVM, Cohen M.
Anteromedial tibial tubercle osteotomy
improves results of medial patellofemoral
ligament reconstruction for recurrent patellar
instability in patients with tibial tuberosity–
trochlear groove distance of 17 to 20 mm.
Arthroscopy. 2019;35(2):566-74.

98. Farr J, Cole BJ, Kercher J, Batty L, Bajaj S.
Anteromedial tibial tubercle osteotomy
(Fulkerson osteotomy). In: Anterior Knee Pain
and Patellar Instability. New York, NY: Springer;
2011:455-62.

99. Pidoriano AJ, Weinstein RN, Buuck DA,
Fulkerson JP. Correlation of patellar articular
lesions with results from anteromedial tibial
tubercle transfer. Am J Sports Med. 1997;25(4):
533-7.

100. DeFroda SF, Gil JA, Boulos A, Cruz AI Jr.
Diagnosis and management of traumatic
patellar instability in the pediatric patient.
Orthopedics. 2017;40(5):e749-57.

101. Barber FA, McGarry JE. Elmslie–Trillat
procedure for the treatment of recurrent
patellar instability. Arthroscopy. 2008;24(1):
77-81.

102. Fulkerson JP, Becker GJ, Meaney JA,
Miranda M, Folcik MA. Anteromedial tibial
tubercle transfer without bone graft. Am J
Sports Med. 1990;18(5):490-7.

103. Payne J, Rimmke N, Schmitt LC, Flanigan
DC, Magnussen RA. The incidence of
complications of tibial tubercle osteotomy: a
systematic review. Arthroscopy. 2015;31(9):
1819-25.

104. Koeter S, Diks MJF, Anderson PG,
Wymenga AB. A modified tibial tubercle
osteotomy for patellar maltracking: results at two
years. J Bone Joint Surg Br. 2007;89(2):180-5.

105.Mayer C,MagnussenRA, Servien E, Demey
G, Jacobi M, Neyret P, Lustig S. Patellar tendon
tenodesis in association with tibial tubercle
distalization for the treatment of episodic
patellar dislocation with patella alta. Am J
Sports Med. 2012;40(2):346-51.

106.AllenMM, Krych AJ, JohnsonNR,Mohan R,
Stuart MJ, Dahm DL. Combined tibial tubercle
osteotomy andmedial patellofemoral ligament
reconstruction for recurrent lateral patellar
instability in patients with multiple anatomic
risk factors. Arthroscopy. 2018;34(8):2420-6.e3.

107.AmisAA,OguzC, Bull AMJ, SenavongseW,
Dejour D. The effect of trochleoplasty on
patellar stability and kinematics: a
biomechanical study in vitro. J Bone Joint Surg
Br. 2008;90(7):864-9.

108. LaidlawMS, Feeley SM, Ruland JR, Diduch
DR. Sulcus-deepening trochleoplasty and
medial patellofemoral ligament reconstruction
for recurrent patellar instability. Arthrosc Tech.
2018;7(2):e113-23.

109. Van Haver A, De Roo K, De Beule M, Labey
L, De Baets P, Dejour D, Claessens T, Verdonk P.
The effect of trochlear dysplasia on
patellofemoral biomechanics: a cadaveric
study with simulated trochlear deformities. Am
J Sports Med. 2015;43(6):1354-61.

110. Lattermann C, Toth J, Bach BR Jr. The role of
lateral retinacular release in the treatment of
patellar instability. Sports Med Arthrosc Rev. 2007;
15(2).

111. Arshi A, Cohen JR, Wang JC, Hame SL,
McAllisterDR, JonesKJ.Operativemanagementof
patellar instability in the United States: an
evaluation of national practice patterns, surgical
trends, and complications. Orthop J Sports Med.
2016;4(8):2325967116662873.

112. Insall J, BulloughPG,BursteinAH. Proximal
“tube” realignment of the patella for
chondromalacia patellae. ClinOrthopRelat Res.
1979(144):63-9.

113.Waaler PAS, Jellestad T, Hysing-Dahl T,
Elvehøy E, Inderhaug E. Insall proximal
realignment with/without tibial tubercle oste-
otomy for recurrent patellar instability yields
acceptable medium- to long-term results but
risk of osteoarthritis progression is consider-
able. J Exp Orthop. 2022;9(1):64.

114.DuchmanKR, BollierMJ. The roleofmedial
patellofemoral ligament repair and imbrication.
Am J Orthop. 2017;46(2):87-91.

115. Cox JS. An evaluation of the Elmslie-Trillat
procedure for management of patellar dislo-
cations and subluxations: a preliminary report.
Am J Sports Med. 1976;4(2):72-7.
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