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Abstract

Acute patellar dislocation is a common cause of traumatic hemarthrosis and is associated with multiple anatomical abnormalities
including patella alta, trochlea dysplasia, and malalignment of lower limbs. The medial patellofemoral ligament (MPFL) stabi-
lizes the patella in the early flexion or terminal extension and ruptures in most of first-time patellar dislocations. Thorough
radiological evaluations of the MPFL and predisposing anatomical properties are required for the planning of management of
recurrent instability. Conservative treatment is the mainstay management of first-time patellar dislocation and achieves good to
excellent outcome in most of the patients. Surgery is indicated for recurrent patellar dislocations and first-time patellar disloca-
tions complicated by osteochondral injuries or major MPFL injuries with high functional demand. Return to sports requires
painless full range of motion and symmetrical muscle strength in addition to focusing on sport-specific training. Home exercise
and behavior modifications in ADLs are important to decrease the reoccurrence of patellar dislocation/subluxation.
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Introduction

Acute patellar dislocation is a common knee injury typically
seen in active young individuals. It can cause anterior knee
pain, continued feeling of instability, and significant limita-
tions of physical activities even in the absence of further dis-
location [1]. In the long term, patellar dislocation is associated
with cartilage deterioration and a risk factor for the develop-
ment of patellofemoral osteoarthritis with an adjusted odds
ratio of 3.2 [2, 3]. The patella dislocates laterally in a vast
majority of cases. “Recurrent patellar dislocation” refers to
episodic dislocation triggered by traumatic event. In contrast,
habitual dislocation is a condition where the patella dislocates
at flexion and relocates spontaneously at extension. Habitual
dislocation presents in childhood after patients start to walk
and is not within the scope of this review article [4].
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Epidemiology

Acute traumatic patellar dislocation is the second most com-
mon cause of traumatic hemarthrosis of the knee, secondary to
anterior cruciate ligament tear [5, 6]. It accounts for approxi-
mately 3% of all knee injuries with the annual incidence of
first patellar dislocation being reported between 6 and 43 in
100,000 [7, 8]. Risk is highest among females 10 to 17 years
old [7]. The incidence is 104 in 100,000 in females and 29 in
100,000 persons aged between 10 and 17 years old [9, 10]. It
is reported that 69% of the patients with first-time patellar
dislocation are between the ages of 10 and 19 years [7].

The reported rate of recurrent patellofemoral dislocation
varies widely ranging from 15 to 80% [11]. The risk of further
patellofemoral injury increases greater than 50% if a second
dislocation occurs [7]. Other predisposing factors for recurrent
dislocation include younger age, skeletal immaturity, sports
related injury, general hypermobility, a positive family history,
and history of contralateral patellar dislocation [1, 7, 8, 12, 13].

Etiology

More than 70% of first patellar dislocation occur while
playing sports and occurs less frequently when performing
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activities of daily living or sustaining direct trauma [1]. The
patella is prone to dislocate when the knee is subjected to
valgus stress in terminal extension such as when the femur
rotates internally relative to the tibia with the foot planted on
the ground [10, 14]. Additionally, various anatomical struc-
tures involved in patellar stability, including femoral trochlea,
patella, ligaments, muscles, and lower limb alignment, have
been investigated and will be discussed in further detail below.

The patella articulates with the anterior surface of the troch-
lear groove and femoral condyles which improves the me-
chanical efficiency of the knee extensors. The stability of the
patellofemoral joint is a product of interaction among three
categories of components that prevent the patella from lateral
dislocation [6, 15]. Static bony constraints derived from
patellofemoral joint congruity [2], passive restraint from
noncontractile structures, and [3] active stabilizer by muscle
contraction.

Trochlea Dysplasia

The lateral aspect of the femoral trochlea extends more ante-
riorly than its medial aspect and this geometrical property
impedes the patella from lateral translation [16]. The bony
stabilization of the patella provided by the bony contact takes
place at knee flexion between 30° and 100°, when the patella
enters the boundaries of the trochlea [17]. Abnormal trochlear
morphological property can reduce the lateral stability by 70%
when the knee is flexed at 30° as reported in a cadaver study
[16]. Trochlear dysplasia is characterized by decreased depth,
a flat or even convex trochlear surface. It increases the risk of
recurrent instability by three times in patients of any age. In
addition, the risk of recurrent instability is 4.2 times of normal
individuals in the presence of concurrent patella alta and
trochlear dysplasia [8]. In children, it has the strongest associ-
ation with lateral patellar dislocation among all the anatomical
risk factors [18].

Patellar Position

The vertical position of the patella relative to the trochlear
groove is another determinant of patellar stability. A “high-
riding” patella, also known as “patella alta,” delays the en-
gagement of the patella into the trochlear groove and increases
the risk of dislocation at early knee flexion [19]. Patella alta
was reportedly present in 50 to 60% of primary patellar dislo-
cations [20].

Retinacular and Ligamentous Structures
In early knee flexion from 0 to 20° of terminal extension, the
patella is out of the confines of the femoral trochlea. As a

result, there is lack of bony stabilization and the medial and
lateral soft tissue structures are relied upon for this role [21,
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22]. The essential medial structures include the superficial
medial retinaculum and three ligaments, namely medial
patellofemoral ligament (MPFL), patellomeniscal ligament,
and patellotibial ligament. MPFL originates from Schottle
point, which is defined as the point between the femoral ad-
ductor tubercle and the medial epicondyle, and inserts into
two thirds of the medial margin of patella with connections
with joint capsule, medial retinaculum, medial collateral liga-
ment, and quadriceps [23, 24, 25, 26]. MPFL accounts for 50—
80% of the counteracting forces against lateral dislocation. It
sustains the greatest strain with the knee fully extended and
becomes lax as the patella enters the trochlear groove [27].
MPFL injury is complicated in over 90% of first-time patellar
dislocations and exerts a more prominent role in recurrent
instability than other predisposing anatomical morphological
properties; as a result, there is ongoing debate on what the
optimal treatment is after first-time patellar dislocation [13,
28, 29, 30].

The superficial and deep lateral retinaculum forms on the
lateral side of the knee. The superficial layer is composed of
fibrous expansion of the vastus lateralis (VL) anteriorly and
superficial oblique retinaculum posteriorly [31, 32]. The deep
layer consists of the epicondylopatellar ligament and
patellotibial band. Most of the lateral retinaculum, including
superficial oblique retinaculum and epicondylopatellar liga-
ment, is contributed by the iliotibial (IT) band [33]. Lateral
stabilization by the lateral retinaculum is mostly influenced by
the tightness of the IT band which is greatest at 20° of flexion
[16]. It was estimated that the restraint resulting from the IT
band account for 22% of the soft tissue restraint [22].

Vastus Medialis Obliquus

The vastus medialis obliquus (VMO) stabilizes the patella by
active contraction, passive muscle resistance, and its close
connection with the MPFL [15]. Owing to the orientation of
muscle fibers, the VMO contributes little to knee extension;
however, it enhances the mechanical efficiency of the knee
extensor by controlling the patella within the trochlear groove
[34]. As the orientation of VMO fibers varies with the degree
of knee flexion, the VMO achieves the most efficient pull of
the patella medially at deep knee flexion [35]. Delayed acti-
vation of VMO in comparison to VL in patellofemoral syn-
drome was found in previous EMG study [36].

Lower Limb Alignment

Malalignment associated with patellar instability include fem-
oral anteversion, external tibial rotation, genu recurvatum,
genu valgum, and subtalar pronation [30, 37]. Flat foot is
found to be associated with increased Q angle and the risk
of patellar instability [38].
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Diagnosis and Prognosis

More than 90% of patellar dislocation occurs after sustaining
flexion and valgus strain at the knee without direct contact.
However, direct tangential forces can dislocate the patella un-
der rare circumstances [9]. At the time of dislocation, patients
may feel a sensation of “slippage” of the patella, severe knee
pain, and joint swelling secondary to hemarthrosis. Acute pa-
tellar dislocation can be complicated by MPFL injury and
osteochondral fracture which can cause mechanical locking
or catching in addition to anterior knee pain [9]. Chronically,
patients may report recurrent unease sensation, persistent knee
pain, impaired functional status, and loss of confidence in
resuming previous physical activities. Activities involving
cutting or pivoting of the knee tend to be limited. Careful
history taking should include injury mechanism, number of
previous subluxations/dislocations of the bilateral knees, pres-
ence of general ligamentous laxity, and family history of
patellofemoral instability [1].

Acute patellar dislocation often causes bloody joint effu-
sion with crepitus. The presence of medial retinacular tender-
ness is an indicator of MPFL injuries [15]. Physical examina-
tion should include evaluation of general joint hypermobility
and overall rotational and angular alignment of the lower
limbs. Femoral anteversion can be estimated by examining
hip rotation. Dynamic evaluation of alignment can be per-
formed by asking the patient to perform a single-leg squat.
The Q angle, formed by the vectors of quadriceps and patellar
tendon, is an indicator of the orientation of pull on the patella
exerted by quadriceps [39]. Increased Q angle, denoting later-
al displacement force, can be caused by excessive femoral
anteversion and increased tibial external rotation. The flexed
Q angle renders greater reliability than extension Q angle re-
garding the relationship between trochlear groove and tibia
because the latter can be falsely low given the laxity of the
medial retinacular structure [40]. Increased Q angle is often
accompanied by an inward-facing patella and/or tibia vara
[16]. Abnormal patellar tracking is indicated by a positive J
sign which is a lateral deviation of patella in the terminal
extension [41]. The high position of the patella in patella alta
can be visualized when the knee flexed to more than 70°.
Asymmetry may also be noted in this case [15]. The appre-
hension test, in which the examiner induces lateral displace-
ment of patella and monitors the patient’s expression of un-
easiness, is commonly used to test instability with possible
MPFL injuries [42].

Imaging
Radiological studies help to identify concurrent knee injuries,

osteoarthritis, and the anatomical risk factors of patellar insta-
bility stated above [43].

Osteochondral Lesions

MRI can reveal essential information on osteochondral lesions
which might be important in decision-making. The skeletal
pathologies include bone contusion/edema and osteochondral
fracture affecting the medial patellar facet and/or anterolateral
aspect of lateral femoral condyle [6]. Intraarticular loose bod-
ies occur in 15% of lateral patellar dislocations [44]. A con-
cave deformity of the inferomedial patella articular surface
secondary to impaction is characteristic of lateral patellar dis-
location [6].

MPFL Injury

The location of MPFL injury is categorized into femoral,
midsubstance, and patella with incidence of each varying
substantially among different studies [45]. MPFL injuries
in the first-time patellar dislocation more commonly occur
at femoral origin among adults and patellar insertion in
children [28, 46]. Up to 48% of MPFL injuries occur at
multiple sites [44]. Due to the > 90% pretest probability of
MPFL tear in patients with prior lateral patellar disloca-
tion, the value of MRI assessment of MPFL remains ques-
tionable [1]. It was reported that the MPFL tear at the
femoral attachment tends to lead to more patellar instabil-
ity and less possibility of regaining pre-injury activity level
than injuries at other locations following nonsurgical treat-
ment [45]. Similarly, the MPFL tear at VMO-MPFL over-
lapping region showed lower rate of instability and better
subjective knee function in response to nonsurgical treat-
ment [28]. Therefore, imaging evaluation of MPFL injury
could be involved in treatment planning. MRI achieves
accuracy of about 92% for both complete and partial
MPFL tears; in comparison, high-frequency ultrasound
yields approximately 94% of accuracy for both conditions.
Interobserver agreement was ranked good for MRI and
very good for high-frequency ultrasound [47].

Patellar Height

Patella alta is an identified risk factor for patellar instabil-
ity. Information on patellar height can be obtained from
lateral radiographs and sagittal views of CT or MRI. On
these images, numerous measurements to define the height
of patella were reported including Insall-Salvati ratio,
Grelsamer-Meadows ratio, Caton-Deschamps ratio,
Blackburne-Peel ratio, and Biedert-Albrecht’s indexes
(Table 1) [43, 48, 49]. Insall-Salvati ratio, Caton-Deschamps
ratio, and Blackburne-Peel ratio all have excellent interobserv-
er reliability [32, 50]. Caton-Deschamps ratio is becoming the
preferred standard and that it renders reliable measurements at
various degrees of knee flexion and in immature skeleton
although the identification of patellar and tibial articular
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margin can be difficult [43, 51]. Nevertheless, Caton-
Deschamps index is correlated with age because the patellar
ossification begins at the proximal part of the patella; also, its
measurement is limited by the ambiguous identification of the
patellar and tibial articular margin [51].

Trochlear Dysplasia

Trochlear dysplasia can be classified into four types (Fig. 1)
[43, 37]. The abnormal trochlear structures cause several ra-
diographic signs on perfect lateral view of knee film that in-
clude crossing sign, supratrochlear spur, and double contour.
These radiological signs associated with the Dejour classifica-
tion (Table 2). Of note, it is crucial to obtain a true lateral
radiograph to guarantee high diagnostic accuracy of trochlear
dysplasia and superimposition of the posterior femoral con-
dyles was a good quality criterion for the true lateral radio-
graph [52].

Tuberosity to Trochlear Groove Distance

Tuberosity to trochlear groove distance (TTTG distance)
quantifies the lateralization of the tibial tuberosity in rela-
tion to the trochlear groove and is measured by
superimposing two cross-sectional CT or MRI images,
one from the center of patellar tendon at its insertion at
tibial tuberosity and one from the floor of the trochlear
groove [6]. Increased TTTG is another risk factor under-
lying patellar instability with cutoff value greater than
20 mm being strongly associated with patellar instability
[37]. The TTTG distance varies with the degree of flexion
and increases with extension. TTTG distance measure-
ments on CT or MRI showed excellent interobserver,
intraobserver, and inter-method reliability [53, 54].

In younger children, the tibial tuberosity is more
medialized compared to adults and the TTTG distance in-
creases with age as a natural logarithm and plateaus at 16 years
[55]. In addition, pediatric population has shallower trochlea,
greater sulcus angle, and smaller patellar height ratio than
adults [56].

Patellar Tilt

Patellar tilt angle is formed by the long axis of the patella
and the posterior bicondylar plane which is measured by
superimposing two transverse CT images, one slicing the
long axis of patella and the other going along tangential
line to the posterior femoral condyles. Patellar tilt is a
product of multiple anatomical properties, including ex-
tensor insufficiency, trochlear dysplasia, patella alta, in-
sufficient MPFL, and increased TTTG distance [43].
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Patellar instability is associated with a greater patellar tilt
angle and a more prominent net increase of the lateral title
by quadriceps contraction. A cutoff value of 20° for lat-
eral patellar title at knee extension is suggested by previ-
ous authors [43].

Patellar tilt can also be assessed by axial radiograph
taken when the knee flexed between 20° and 30°. In this
method, lateral patellar tilt angle is formed by a line tan-
gential to anterior femoral condyles and a line connecting
the margins of the lateral facet of the patella [57]. Patellar
instability is characterized by an angle open medially or
parallel lines [57].

Rotational Deformity

CT and MRI are reliable imaging modalities to investigate
torsional limb alignment and patients with patellar dislocation
are characterized by higher mean values of femoral
anteversion, knee rotation, and genu valgum with no signifi-
cant difference in tibial torsion in comparison to normal con-
trols [58, 59].

Management
Nonsurgical Treatment

Nonoperative treatment entails initial immobilization, acute
pain management, rehabilitation, and application of modal-
ities (Appendix). The precise protocol of conservative treat-
ment has yet to be studied extensively [6]. Immediately fol-
lowing first-time patellar dislocation, patients should have
the affected knee immobilized at knee flexion of up to 20°
for 3—6 weeks with restricted weight-bearing with or with-
out crutches so that the ruptured ends of MPFL are approx-
imated facilitating the healing of the MPFL. There are very
few studies comparing the means of immobilization (cylin-
der cast, posterior splint, and removable knee brace) and
immobilization duration [60]. Some evidence supports the
application of posterior splint as means of immobilization
because it causes lower incidence of re-dislocation than
knee brace while less loss of ROM than a cylindrical cast
[61]. There are several modern patellofemoral braces
with varying success in stabilization. However, no high-
quality clinical trial has been conducted to evaluate their
effectiveness [16]. Shorter duration of immobilization
could possibly increase the risk of recurrent dislocation;
conversely, longer duration of immobilization tends to lead
to quadriceps muscle wasting, loss of range of motion, and
cartilage degeneration [60, 61]. Progressive weight-bearing
and early mobilization should be initiated as tolerated.
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Table 1 Cutoff values of radiographic measurements for abnormal patella height [48, 49, 50]
Description Patella alta Patella baja

Insall-Salvati * Length of the patellar tendon/longest diagonal distance between the lower >1.20 <0.80
and the upper end of the patella

Grelsamer-Meadows Distance between the patellar tendon insertion and the lower end of the articular >2.00 NA
surface of the patella/length of articular surface of patella

Caton-Deschamps Distance between the peak of the anterosuperior angle of the tibial plateau >1.30 <0.60
and lower end of the articular surface of the patella/length of the articular
surface of the patella

Blackburne-Peel * Vertical distance between the horizontal line projected along the tibial plateau >1.00 <0.54
and the lower end of the articular surface of the patella/length of the articular
surface of patella

Biedert-Albrecht’s Maximal length of patella on the sagittal section with the thickest articular <12.5% >50%

cartilage/length of trochlea that overlaps the patella

*The values of Insall-Salvati measured on CT and MRI should be modified by adding 0.10 and 0.13 respectively

~The MRI measurement of Blackburne-Peel ratio is adjusted by adding 0.09

Rehabilitation focuses on restoration of normal range of
motion, reinforcement of muscle strength, and promoting
proprioception. The prerequisite for effective rehabilitation
is sufficient control of pain and swelling. Cryotherapy can
be effective in relieving pain and swelling within 48 h to 3—
4 weeks post-injury [1, 16]. Soft tissue massage, ultra-
sound, and electrotherapy (e.g., muscle stimulation and
interferential therapy) are useful for decreasing swelling

e

Fig. 1 Classification of dysplasia of femoral trochlea. Type A is shown
on lateral view (al) as crossing sign (arrow, intersecting of the anterior
femoral condyle by Blumensaat trochlear groove line which normally
intersects the anterior femoral cortex) and on cross-sectional view (a2)
as shallow trochlea with preserved morphology. Type B is shown on
lateral view (bl) as crossing sign and supratrochlear spur (arrow, a bony
spur above the trochlea secondary to trochlear pre-eminence) and on
cross-sectional view (b2) as flat or convex trochlea. Type C is shown

[16]. Electrical muscle stimulation in combination with iso-
metric contraction of the quadriceps and gluteal muscles
showed superior prevention of muscle atrophy [62]. ROM
can be enhanced by proprioceptive neuromuscular facilita-
tion (PNF) hold/relax technique and exercise bike [6, 16].
As tightness of anterior hip structure is often seen in this
group of patients, stretching of the anterior hip can be done
by “figure-of-four” position in prone [16].

b1 b2

di d2

on lateral view (cl) as crossing sign and double contour sign (arrow, a
projection of hypoplastic medial trochlear facet representing asymmetry
of the height of the medial and lateral condyles) and on cross-sectional
view (c2) as convex lateral facet with a hypoplastic medial facet. Type D
is shown on lateral view (d1) as crossing sign, supratrochlear spur, and
double contour sign and on cross-sectional view (d2) as asymmetry of the
height of medial and lateral trochlear facets with cliff pattern
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Table 2  Radiographic manifestations of trochlear dysplasia
Crossing sign  Supratrochlear spur ~ Double contour sign
Type A + - -
TypeB + +
TypeC + -
TypeD + +

Closed-chain exercise or weight-bearing is a superior
strategy for muscle strengthening compared to open-chain
exercise in that the former causes more balanced muscle
activation than the latter [63, 64, 65]. Strength training
can be complemented by muscle stimulation or biofeed-
back to enhance the efficiency of specific muscles control.
Strengthening exercises should involve gluteal muscles,
quadriceps, hamstring, and lateral trunk muscles. The
quadriceps, particularly VMO, exerts medially directing
force stabilizing patella dynamically while gluteal mus-
cles rotate femur externally decreasing Q angle [16, 66].
The essence of quadriceps exercise is to promote the
timing and intensity of VMO contraction in comparison
to VL; however, it is unclear what exercise recruit VMO
effectively [67]. Of note, specific VM exercise was not
shown to yield clinically superior outcome than the gen-
eral quadriceps exercise [68]. Taping can be used to con-
trol the patellar motion during rehabilitation by shortening
the retinacular structure and providing extra restraint [69].
The additional mechanism by which taping technique im-
proves the outcome of rehabilitation is its efficacy in ac-
tivation of VMO and gluteal muscles or inhabitation of
VL [69, 70, 71].

Patients with patellar dislocation often walk with the
knee flexed to help stabilize the patella and thus lose the
normal heel/toe gait pattern [16]. Gait training should be
incorporated in the early phase of therapy program.
Patients need to practice stepping, squatting, hopping,
and lunging exercise [72]. Patient education after inaugu-
ral patellar dislocation should not be overlooked. Patients
are to be taught the importance of whole limb stability,
home exercise, and behavior modifications to incorporate
in daily life to decrease the risk of patellar dislocation.
Home exercise aims at muscle strengthening to improve
dynamic stability [73]. Patient should stand with the front
leg slightly externally rotated, get up from chair with tibia
directly underneath the femur, and turn the whole body
with both feet facing the same direction [16]. Lastly, the
patient is advised to extend the leg in case recurrent dis-
location occurs to reduce discomfort and avoid unneces-
sary emergency room Visits.
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Surgical Treatment

Surgery is often indicated for recurrent patellar instability and
aims at addressing the underlying soft tissue and bony deficits.
Thorough radiological evaluation, as discussed above, is re-
quired for surgical planning. Surgical techniques are beyond
the scope of this article.

Comparison of Nonsurgical vs. Surgical Treatment

Surgery and conservative treatments for first-time patellar
dislocation have been compared in numerous studies but
there exist only few randomized or quasi-randomized pro-
spective studies on this topic [74-76]. In a study by
Smith, initial surgical fixation led to lower recurrence rate
compared to that of nonsurgical treatment at 2 to 5 years
of follow-up (RR 0.53 favoring surgery, 95% CI 0.33 to
0.87); however, the evidence for the benefit of surgery
was weaker at 6 to 9 years of follow-up (RR 0.67 favor-
ing surgery, 95% CI 0.42 to 1.08) [76]. Of note, no dif-
ference was found in the subjective rating and functional
scores (Tegner activity scale, KOOS, Lysholm and
Hughston visual analogue scale) between these two treat-
ment groups with 47 to 75% of patients treated
nonoperatively reporting good or excellent subjective
scores [10, 28, 76]. Similar findings were reported in pe-
diatric patients, which did not favor routine surgical repair
in children [13, 77]. The operative treatment was associ-
ated with surgical complications as well as higher inci-
dence of patellofemoral osteoarthritis [76, 78].
Therefore, nonoperative treatment is often favored for
management of first-time traumatic patellar dislocation
despite the minor short-term benefit of surgery [76].
However, 15 to 70% of patients may still report symptoms
of instability or subluxation without frank dislocation af-
ter nonsurgical management. Furthermore, 29 to 82% may
continue to have a positive apprehension test [72].
Surgery is generally indicated for recurrent patellar dislo-
cation as well as certain first-time patellar dislocation that
meets the criterion below [1, 6, 10, 30, 32].

* Loose body formation or cartilage/osteochondral fracture
affecting more than 10% of the patellar joint surface or
weight-bearing surface of the lateral femoral condyle [6]

» Failed conservative treatment with continued apprehen-
sion that limits function

*  Major injury to the medial patellar stabilizing structures
with signs of patellar subluxation or risk factors for recur-
rence, particularly in the patients with high level of athletic
participation
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Return to Sports

Reportedly up to two thirds of the patients are able to
return to sports at the previous level regardless of conser-
vative or surgical treatment [73]. High-quality sport-spe-
cific rehabilitation programs and comprehensive test pro-
tocols should precede safe RTS. Sport-specific rehabilita-
tion aims to facilitate transition to sports, but insufficient
data is available from randomized clinical trials. In addi-
tion to strengthening, sport-specific training consists of
various strategies relevant to sport activities to maximize
dynamic stability and neuromuscular proprioception, such
as cutting, pivoting, plyometrics, landing, one-leg stabili-
ty, side ability et al. [73]. Sport-specific exercise programs
for ACL reconstruction as reported before can serve as
references for patellar dislocation [73].

The commonly used tools to evaluate the outcomes,
including Kujala, Lysholm, Tegner, and Fulkerson, pro-
vided little insight in the patients’ capacities in sports
participation [79]. No definite criterion is available to de-
cide RTS in patellar dislocation, but similar evaluations
used for ACL reconstruction can be referred. The basic
criteria for RTS include no pain, no effusion, no subjec-
tive or dynamic instability, full range of motion, and near-
ly normal muscle strength. Limb symmetry index (LSI)
can be used for strength evaluation with the value greater
>90% used to clear for RTS [80]. Assessment of core
strength by prone plank, side plank, and single-limb ex-
ercises was reported [81]. Dynamic limb stability can be
assessed in several special tests, such as single-leg squat,
side hop test, drop and jump test, and Star Excursion
Balance Test (SEBT) in which the patient stands on one
foot and reaches the maximum distance around with the
other leg [73]. Additional attention should be paid to the
performance of the movement patterns related to specific
sports, such as cutting, turning, sudden stops/starts, et al.
[79]. Patients’ performance during these tests should be
recorded and analyzed by video so that modifications of
rehabilitation program are made to correct residual defi-
cits. Finally, it is required to assess athletes’ confidence
and mental readiness to RTS. There is no defined timeline
for RTS; instead, it is a decision that is based on the
fulfillment of the requirements of clinical evaluations
and functional tests.

Future Directions

The available clinical studies are weakened by the pa-
tients’ heterogeneity regarding the underlying anatomical
abnormalities. More randomized controlled trials with

stratification on the relevant anatomical characteristics
are needed to conclude the optimal treatment based on
individual’s anatomopathological profile. Although con-
servative treatment is the mainstay for primary patellar
dislocation, current literature provides very vague infor-
mation on the options of nonoperative approach, which
includes but not limit to temporary immobilization, reha-
bilitation exercise, modalities and behavior modifications.
The duration of immobilization needs to be evaluated fur-
ther in randomized controlled trials for different modern
immobilization apparatus. Detailed documentation of re-
habilitation therapy in terms of types, duration, and fre-
quency and comprehensive assessments at pre- and post-
treatment are required in future clinical trials to investi-
gate optimal conservative strategies. The absence of pain
and swelling, subjective knee scores as mentioned above,
and symmetrical quadriceps strength do not translate to
intact potential for RTS. To develop novel assessment
tools for RTS, sport-specific maneuvers or activities are
to be incorporated to ensure safety of RTS.

Conclusion

Acute patellar dislocation often occurs as a result of trau-
ma. Several anatomical properties were identified to pre-
dispose to patellar instability, including patella alta, dys-
plasia of femoral trochlear, and malalignment of lower
limb. The diagnosis is often straightforward given a trauma
history, acute knee pain, swelling, sensation of patella pop-
ping out, and positive apprehension test. Conservative
treatment is mainstay for first-time patellar dislocation
while surgery is indicated for recurrent dislocation and
those who failed in conservative treatment or are compli-
cated by osteochondral injury. Comprehensive radiological
assessment is required for surgical planning and useful in
prognosis. RTS requires resolution of pain and swelling,
full ROM, and near symmetrical muscle strength as well as
competence in fulfilling sports-related activities of same
movement patterns and intensity.
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Appendix
Table3  standard rehabilitation protocol following a patellar dislocation

used at Vanderbilt.

General rehab guidelines:
Control pain and edema
Normal ROM, proprioception, strength
Return to normal ADLs/sports
Phase I:
Goals:
Full ROM
Control pain
Decrease edema
Instruct in HEP
Suggested exercises:
Quad sets
Straight leg raises
Heel slides
Hip exercises for flexion, extension, abduction, and adduction
Stretches: quadriceps, hamstrings, glutes, abductors, adductors, IT Band,
and piriformis
Modalities as needed
Phase 11
Goals:
Increase strength
Increase proprioception
Increase flexibility
Decrease pain
Maintain ROM
Suggested exercises:

Closed-chain strengthening: leg press, TKEs, step-ups, wall sits, and
hamstring curls

Abductor and adductor machines
Proprioceptive exercises
Continue with cardiovascular
Lower extremity stretches
Continue with modalities as needed
Phase 111
Goals:
Return to normal ADLs and/or sports without pain or limitation
Maintain flexibility
Independence in HEP
Suggested exercises:
Continue to increase strength and flexibility
Sport-specific exercises where indicated
Cardio progression where indicated
Independence demonstrated in HEP

@ Springer
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