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Context: The rising popularity and intensity of youth sports has increased the incidence of patellar dislocation. These
sports-related injuries may be associated with significant morbidity in the pediatric population. Treatment requires
understanding and attention to the unique challenges in the skeletally immature patient.

Evidence Acquisition: PubMed searches spanning 1970-2013
Study Design: Clinical review.

Level of Evidence: Level 5.

Results: Although nonoperative approaches are most often suitable for first-time patellar dislocations, surgical treatment
is recommended for acute fixation of displaced osteochondral fractures sustained during primary instability and for
patellar realignment in the setting of recurrent instability. While a variety of procedures can prevent recurrence, the risk of

complications is not minimal.

Conclusion: Patellar stabilization and realignment procedures

in skeletally immature patients with recurrent patellar

dislocation can effectively treat patellar instability without untoward effects on growth if careful surgical planning
incorporates protection of growth parameters in the skeletally immature athlete.
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Datellar instability is characterized by dislocation or
subluxation of the patella relative to the femoral trochlea,
almost always in the lateral direction.”**’ Medial
instability has been described, but almost exclusively in
association with iatrogenic causes after treatment of lateral
instability. ®* Lateral patellar dislocation generally reflects
either subtle congenital or trauma-induced anatomic
abnormalities that can interfere with normal patellofemoral
biomechanics, tracking, and knee function. With the continuing
rise in participation and intensity of youth sports, more
traumatic primary patellar dislocations are being seen in the
pediatric and adolescent populations.36‘49'9l After a sentinel
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dislocation, anywhere from 7% to 71% of patients have
instability symptoms or events.** %727 The associated injuries
may evolve into a chronic pathologic condition, with recurrent
dislocations with minor trauma or attempted sports
pzlrticipation.?’6 Patients may also experience disconcerting
anterior knee pain and apprehension of instability events, which
may significantly interfere with activities of daily life.

To address this challenge, investigators have focused on
enhancing the understanding of patellofemoral joint
biomechanics through advanced imaging, modeling, and
cadaveric investigations, with the goal of elucidating the critical
factors of patellar stability. Building on emerging findings, a

Boston, Massachusetts, and *Division of Sports Medicine, Department of Orthopaedic

*Address correspondence to Benton E. Heyworth, MD, Boston Children’s Hospital, Harvard Medical School, 300 Longwood Avenue, Hunnewell 2, Boston, MA 02115 (e-mail:

benton.heyworth@childrens.harvard.edu).

The authors report the following potential conflicts of interest: Sariah Khormaee, MD, PhD, was supported by National Institute of Neurological Disorders and Stroke, National

Institutes of Health (5F30NS06468).
DOI: 10.1177/1941738114543073
© 2014 The Author(s)

15



16

Khormaee et al

Mar e Apr 2015

wide range of operative techniques have been proposed to
prevent chronic or recurrent patellar instability. This diversity of
treatment options underscores the continued controversy in the
field regarding the optimal surgical approach. This is further
complicated in the skeletally immature individual, in which case
careful consideration of physeal and apophyseal anatomy is
required.

EPIDEMIOLOGY

A recent database study of American emergency departments
selected to represent the demographics of the US population
estimated the incidence of patellar dislocation at 2.29 per 100,000
person-years for all age groups.'” However, the rates of acute,
traumatic patellar dislocation peaked among adolescents 15 to 19
years old, with an incidence of 11.19 per 100,000 person-years.
These injuries among young patients most often occurred during
sporting activities, with approximately half of patients
experiencing patellar dislocation during athletics. The most
common sports involved were basketball, soccer, and footbal
Supporting evidence for increased incidence of patellar
dislocation in young, active patients is common, with increased
rates of patellar dislocation seen in subgroups such as active US
military personnel, in whom the incidence is at 69 per 100,000
person-years at risk.*? Service members <20 years old were 84%
more likely (95% CI, 1.61-2.10) to have patellar dislocation
compared with those at or above the age of 40 years."”

Some of the same studies have worked to identify sex and
racial differences in incidence of patellar dislocation. Originally,
many believed that chronic, atraumatic recurrent patellofemoral
instability occurred primarily in adolescent females in part
because of increased joint laxity and physiologic or pathologic
variations in lower joint alignment, such as genu valgum,
femoral anteversion, external tibial torsion, and elevated
Q-angles.‘%’q/z’64 However, recent data do not substantiate an
increased incidence in women.'” Nevertheless, patellar
dislocation occurs more frequently in children with connective
soft tissue disorders or hypermobility syndromes, such as
Ehlers-Danlos syndrome and Down syndrome.” There is also
some evidence that Caucasians and African-Americans may have
increased rates of patellar dislocation, when compared with
other races. '™

Potential differences in rates of patellar dislocation by race
and sex may also suggest an underlying genetic component to
patellar instability. To support this hypothesis, several studies
have questioned those presenting with patellar dislocation for a
family history of knee instability. Reports ranging from 9% to
greater than 50% have been found, depending on the source
population and the method of sampling and inclusion
criteria.**** Furthermore, reports of families with underlying
abnormal anatomical features in association with recurrent
patellar dislocations supports a genetic role for some proportion
of these events.”””® Most important, patients with prior
instability episodes are 7 times more likely to have a
recurrence,” reflecting the dual roles of both a likely congenital
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predisposition toward instability in some cases and the clear
destabilizing role of trauma in precipitating further instability in
others.*

ANATOMY

The normally concave trochlear groove and corresponding
convex patellar subchondral surface are the osseous structures
guiding patellar articulation. The groove has a complex
architecture with increasing height of the groove’s lateral facet
at the proximal aspect, providing a deeper “patellar track” in
knee extension. Midway between flexion and extension, as
increased forces are imposed by the patellar tendon and
quadriceps musculotendinous unit, the patella comes into
greatest contact with the femur’s articular surface. At 20° to 30°
flexion, the patellar articular surface is most constrained by the
walls of the trochlear groove.>*”'"! Failure of full bony
engagement of the patella into the trochlear groove can
manifest as patellar instability. Patients with patella alta may
have abnormal patellar engagement with the trochlear groove
during knee flexion and recurrent patellar dislocation, '+
The importance of this feature in patellar instability underscores
the importance of familiarity with one or more quantification
methods of anatomic patellar height, including the Insall-Salvati
ratio and the Blackburne-Peel modification.*’

Just as the steepness of the patellar facets and the depth of the
trochlear groove can prevent dislocation of the patella,”
conversely, trochlear dysplasia, or shallowness of the groove,
can predispose to patellar instability. For example, in 1 study,
up to 96% of patients with patellar dislocation had some degree
of trochlear dysplasia.”" This type of abnormal bony architecture
results in specific radiographic signs, including the Dejour
“crossing sign” (Figure 1).°"***' Imaging can also allow for
categorization of trochlea dysplasia into 4 types (A through D)
via the classification system of Dejour.” More recent work has
used magnetic resonance imaging (MRD) to further delineate
anatomical features of the trochlea that predispose patients to
patellar instzlbility?'w'76

Patellar dysplasia is another pathologic factor that may play a
role in patellar instability. Patellar shape can be classified via the
3 Wiberg classifications (type A to C)," which rely on medial
facet concavity and lateral to medial patellar facet area. A longer
lateral patellar facet has been shown to predispose patients to
patellar instability.*””

Soft tissue structures play a critical role in patellar stability. The
Q angle, between the 2 force vectors of the patellar tendon and
quadriceps tendon, increases with extension. As the knee
extends and the Q angle increases, the extensor mechanism
force pulls the patella laterally. Other lateralizing soft tissue
structures include 3 layers of the lateral retinaculum, which can
paradoxically also act as a lateral restraint against dislocation.
Most supetficially, the medial fascial extensions of the iliotibial
band connect with the patellar and quadriceps tendons. The
second layer of the lateral retinaculum consists of the lateral
patellofemoral band, and the third or deepest synovial layer is
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Figure 1. Crossing sign on a lateral radiograph is the
intersection of the trochelear floor and the most anterior
edge of the lateral femoral condyle. Reproduced with

permission from Dejour et al.*'
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Figure 2. Lateral soft tissue structures.

part of the knee capsule (Figure 2).” Combined with the
horizontal vector generated through the Q angle, these soft
tissue supports lateralize the patella. Of note, the Q angle is
often difficult to clinically determine. One imaging parameter
somewhat analogous to the Q angle is the tibial tubercle-
trochlear groove (TT-TG) distance, which may be measured
with advanced 3-dimensional imaging, such as computed
tomography (CT) scans or MRI. The TT-TG distance is
commonly used to determine one of the anatomic factors
causing instability (Figure 3).** In adults, 9 to 11 mm is generally
considered normal; a pathological TT-TG distance is >20 mm or
>15 mm, depending on the population studied **” The TT-TG

“TT-TG Distance

Figure 3. The tibial tubercle—trochlear groove (TT-TG)
distance is determined by a line from the most anterior
point of the tibial tuberosity to the line running through the
trochlear groove (orange). Modified from Cooney et al® with
permission.

distances in skeletally immature athletes are significantly
different between those with and without patellar dislocation."
Specifically, the TT-TG distance was on average 4 mm larger in
patients with patellar dislocation. Of note, the association of
larger TT-TG distance with patellar dislocation did not change
with age. However, approximately 10% of patients without
patellar dislocation had a TT-TG distance >15 mm, emphasizing
that not all knees with increased TT-TG distance are unstable."
On the medial side of the knee, the medial patellofemoral
ligament (MPFL) represents the primary soft tissue constraint
that counteracts patellar lateralization and instability. The MPFL
is a fascial band extending from the medial border of the patella
to a site near the medial femoral epicondyle (Figure 2)."”
Despite the MPFL being relatively thin and, at times, difficult to
identify as a distinct anatomic structure, its mean tensile strength
is 208 N.* It is a widely accepted critical component of medial
patellar stability, and may account for approximately 50% of the
medial stabilizing force in the knee."** The medial
patellomeniscal ligament is a minor medializing force, providing
approximately 13% of the restraint to lateral dislocation. "%
One of the controversies surrounding MPFL anatomy is the
location of the insertion site relative to the medial distal femoral
physis (Figures 4 and 5). This is particularly important in
procedures involving skeletally immature athletes because MPFL
reconstruction must take care to avoid physeal disruption.
Based on imaging studies in children and adolescents, the MPFL
midpoint is 2 to 5 mm proximal to the medial femoral physis.*
However, other conflicting reports have emerged demonstrating
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Figure 4. Medial patellofermoral ligament (MPFL) insertion
site with the adductor tubercle and the medial femoral
epicondyle. Blue dot, adductor tubercle apex; white triangle,
medial femoral epicondyle; red area, MPFL insertion site.
Modified from Fujino et al*®® with permission.

a femoral insertion of the MPFL at an average of 5 mm distal to
the medial physis in children and adolescents. % The primary
limitation of fixation of any MPFL reconstruction construct
proximal to the physis in a growing child is the concern of
proximal migration of the graft with continued growth, thereby
altering the vector of the intended patellar checkrein. Currently,
no consensus on the pattern of MPFL insertion relative to the
medial femoral physis exists; the attachment site may migrate
proximally with age.” The insertion site is relatively close to the
physis; surgical techniques may be associated with a risk of
injury to the growth plate.

An additional soft tissue constraint against patellar lateralization
and instability is the medial quadriceps tendon—femoral ligament
(MQTFL). Although originally described as part of the MPFL, the
MQTFL has also been named and identified as a distinct structure
to aid the development of new surgical targets for stabilization of
patellar tracking**® Based on cadaveric dissection studies
performed by both Mochizuki et al* and Fulkerson and Edgar,”
this structure originates from the distal anterior adductor tubercle
and runs anteriorly to insert on the distal quadriceps tendon
underneath the medialis muscle.

Finally, muscular forces from the vastus medialis obliquus
(VMO) and vastus lateralis should provide balance in the
femoral anatomical axis. Asymmetry of these muscle forces may
play a role in lateral patellar dislocation.”

HISTORY AND PHYSICAL EXAMINATION

In the pediatric and adolescent population, patellar dislocation
usually occurs during sporting activities in which the leg
internally rotates relative to a fixed foot, often including
simultaneous quadriceps contraction. In 10% of cases, however,
dislocation may occur from direct trauma to the medial patellar

Figure 5. The medial patellofemoral ligament (MPFL).
Reproduced with permission from Amis et al.*

surface.” As the patella dislocates laterally, the medial soft
tissue supports, primarily the MPFL, are stretched or torn. Either
the initial dislocation or a subsequent reduction can result in
osteochondral fractures. Post-patellar dislocation MRI findings
often include MPFL injury at either or both of its attachment
sites, VMO edema, and/or osteochondral fractures.*

Physical examination findings consistent with patellar
instability include the “Bassett sign” (tenderness to palpation
over the medial femoral epicondyle at the MPFL attachment
site), tenderness over the medial facet of the patella and the
lateral aspect of the lateral femoral condyle, and a positive
lateral patellar apprehension test.">”” However, these tests have
variable sensitivity.* The moving patellar apprehension test for
lateral patellar instability has a sensitivity of 100% and specificity
of 88.4% (Figure 6).°

DIAGNOSTIC IMAGING

Standard workup for patellar instability includes anteroposterior,
lateral, and 1 of several patellofemoral views (sunrise/skyline
view at 20° of flexion or a Merchant view at a 30° downward
angle on a knee flexed at 45°).° Patients with an acute
dislocation may not tolerate these flexion views. A standing
alignment radiograph (hips-to-ankles) may be prudent to quantify
additional risk factors for patellar instability, such as genu valgum.
For patellar height, the Insall-Salvati ratio is the vertical length
of the patella over the length of the patellar tendon (from the
inferior pole of the patella to the tendon’s corresponding
insertion on the top of the tibial tubercle).”” Alternatively, the
Blackburn-Peel ratio is the length of the patellar articular
surface divided by the distance from the distal patella to a line
crossing through the lowest pole of the tibial plateau.”*
Trochlear dysplasia is evaluated on lateral radiographs by the
crossing sign (see Figure 1).””*' The Merchant view may also be
used to assess patellar tilt on the sulcus angle and patellar
subluxation by the congruence angle (Figures 7 and 8).
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Part 1

Part 2

Figure 6. The moving patellar apprehension test. The examiner moves the knee from full extension into flexion while
simultaneously translating the patella laterally as far as possible in the first part. In part 2, the examiner flexes the knee to 90° and
subsequently returns the knee to full extension while applying medial force of the patella. For a positive test, the patient expresses
apprehension and/or activates the quadriceps with flexion and lateral translation of the patella during the first part of the test, while
also experiencing no discomfort during the second part of the test. Reproduced with permission from Ahmad et al.?
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Figure 7. Sulcus angle (Gs) is the angle between 2
intersecting lines drawn between the highest point of the
medial femoral condyle (A), lowest point of the intercondylar
sulcus (C), and the highest point of the lateral femoral
condyle (B).
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Figure 8. The congruence angle (ec) is determined by
measuring the angle formed between a line bisecting the
sulcus angle (es), labeled “bisector line” in the figure, and a
line from the lowest point of the intercondylar sulcus (C) and
the lowest point on the articular ridge of the patella (D).

MR STIR (short tau inversion recovery) sequence more precisely
identifies MPLF disruption."’

In mixed adult/pediatric patient populations, the MPFL’s
femoral attachment is the most likely the site of ir1jury.67‘83 The
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Table 1. Summary of published evidence regarding the rate of patellar dislocation after sentinel subluxation or dislocation

Recurrence rate of
patellar dislocation after

Study authors Age in years, range Number of sentinel subluxation or
((E1C)] Mean follow-up time (mean) participants dislocation (%)
Apostolovic Randomized prospective 12-16 (14.26) 23 7.14
etal (2011)° trial with mean follow-up
time of 6.1y
Palmu Randomized prospective 9-15(13) 28 71
et al (2008)" trial with mean follow-up
time of 14y
Lewallen Single institution 9-18 (14.9) 198 38.4 (If immature physis
et al (2013)% retrospective review with and trochlear dysplasia,
mean follow-up time of rate 69%)
31y
Sillanpéa et al Randomized prospective 19-21 (20) 21 29
(2009)®® trial with mean follow-up
timeof 7.0y
Nikku Randomized prospective Range not reported, 57 39
et al (2005)% trial with mean follow-up SD = 8 (20)
timeof 7.2y
Christiansen Randomized prospective 13-39 (20) 35 20
et al (2008)% trial with mean follow-up
of2y

NONOPERATIVE TREATMENT

Nonoperative treatment remains the gold standard of treatment
after primary patellar dislocation without osteochondral
fragments.>>” There is a lack of evidence supporting
improved outcomes after surgery for a single dislocation.
After primary patellar dislocation, nonoperative treatment can
be successful in the majority of patients with early initiation of
physical therapy and initial support with a knee immobilizer or
hinged knee brace locked in extension for ambulation.**"’
Lateral patellar stabilization braces often enhance the patient’s
sense of patellar stability.

OPERATIVE TREATMENT

In cases of primary patellar dislocation associated with large

(>5 mm) displaced osteochondral fractures or chondral shear
fragments, and/or complete avulsion of the VMO from the
patellar insertion site, surgery may be indicated. In skeletally
immature children, refixation of loose fragments, even those
that are chondral-only in nature (ie, no bone on the backside of
the fragment), should be considered, 2220816672829 1 grerg]
release, or division of the lateral retinacular tissue during
removal of the osteochondral fragment, is controversial."*">*

7,89,93

Skeletally immature patients often have recurrent patellar
dislocations after a sentinel dislocation.” Young age at the time
of primary dislocation is a risk factor for recurrence, with
redislocation rates ranging from 7.14% to 71% (Table 1).>°*"
Each additional dislocation can significantly increase the
chances of further recurrence,**™® which carry a substantial risk
of irreparable cartilage damage and future patellofemoral
arthritis.®*% Cartilage injuries, ranging from severe fissuring to
frank chondral defects, may occur in 95% of cases of patellar
dislocation.” Conservative treatments alone are therefore
generally not considered adequate treatment for chronic
instability. Unlike surgical treatments in adults, realignment and
reconstruction approaches in children are associated with
physeal injury and growth disturbance.®"’

A variety of bony realignment procedures have been proposed
to address patellar instability in adults but remain inapplicable
to children and adolescents with open growth plates. Tibial-
based bony realignment procedures are contraindicated in
children with an open tibial tubercle apophysis because of the
likelihood of an anterior tibial growth arrest and tibial
recurvatum deformity. However, adolescent patients with closed
growth plates can safely undergo tibial tubercle osteotomies or
other bony realignment procedures.



vol. 7 eno. 2

SPORTS HEALTH

As patients of increasingly younger age are presenting with
greater incidence of patellar instability, the emergence of soft
tissue-based procedures designed to respect physeal and
apophyseal integrity has advanced our ability to address this
spectrum of pathology in the skeletally immature athlete.”
Several soft tissue realignment techniques historically used in
children include the Galeazzi semitendinosus tenodesis,” the
Roux-Goldthwait procedure,i() and the “3-in-1” procedure.”!
However, a recent study with 70-month mean follow-up on 34
knees with the Galeazzi technique demonstrated that 41% of
cases were associated with International Knee Documentation
Committee (IKDC) scores <70 at final follow up, with 35% of
patients being symptomatic enough to warrant repeat
surgeries.” " Of note, surgeons must avoid excessive lateral
release of the retinaculum, which can lead to continued lateral
instability, medial subluxation or dislocation, persistent
anterolateral knee pain, or apprehension.” In addition, the site
of MPFL insertion must be carefully considered.’

Because of tempered enthusiasm for the previously mentioned
traditional procedures, a variety of MPFL reconstruction
procedures have been proposed with promising short-term
results.” Although long-term data are currently lacking, this
technique is advantageous in that it works toward preserving
the original MPFL anatomy.63 In children aged 15 and 16 years,
a semitendinosus tendon autograft was attached near the
proximal medial collateral ligament attachment on the femur, as
a proxy for the femoral MPFL insertion site. After a mean
follow-up time of 7.4 years, Kujala scores were higher than 89
with no recurrent dislocations.”

Controversy regarding the proper attachment site of the MPFL
insertion relative to the open physis has confounded selection
of the optimal technique, as incorrect positioning can result in
postsurgical complications in both skeletally mature and
immature patients.

While any of this array of procedures may provide adequate
short-term stabilization of the patellofemoral joint, the long-term
sequelae of these interventions in young, growing patients has
not been elucidated. Cadaveric studies have shown that even
minimal proximal malpositioning of grafts on the femoral MPFL
insertion site can alter contact forces between the medial
patellar facet and trochlea, potentially predisposing patients to
early onset osteoarthritis.** Overtightening of grafts >10 N in
cadaveric knees contributes to increased medial patellar facet
loading." A clinical series of complications associated with graft
malpositioning during MPFL reconstruction, some of which are
described in skeletally immature patients, has been reported.””*
While not specifically focused on the outcomes in skeletally
immature patients, a systematic review highlighted the high rate
(26%) of complications associated with MPFL reconstruction,
which include patellar fracture, postoperative instability, flexion
loss, and pain.*” Reconstruction of the MQTFL has been
proposed as an alternative intervention to MPFL reconstruction
that avoids the risk of patellar fracture while still providing an
additional restraint to lateralization of the patella. In this
approach, Fulkerson and Edgar” describe use of either a

semitendinosus autograft or posterior tibial tendon allograft to
reconstruct the MQTFL through femoral attachment to the

anterior adductor tubercle and central attachment to the distal
quad tendon, thereby precluding the need for patellar drilling.

CONCLUSION

Conservative measures represent the gold standard of treatment
for first-time dislocators. Evidence suggests that the majority of
skeletally immature patients who have a patellar dislocation will
go on to develop recurrent or chronic instability. Surgical
techniques for recurrent patellar instability in children require
specialized understanding of principles unique to the skeletally
immature athlete.
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