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Medial patellofemoral ligament (MPFL) reconstruction is a surgical procedure to improve
the clinical outcomes for recurrent patellar dislocation. Current literature on MPFL
reconstruction lacks the details on rehabilitation protocols and the criteria for clearance
to sports participation. Additionally, research on biomechanical deficits after MPFL
reconstruction remains limited, and psychological factors influencing return to sport
(RTS) are often underemphasized. A comprehensive approach integrating clinical criteria,
biomechanical assessments, and psychological considerations may optimize
rehabilitation outcomes and RTS success. The purpose of this clinical commentary is to
provide a comprehensive review of current literature in MPFL reconstruction
rehabilitation and outcomes. This commentary will review published rehabilitation
protocols to outline phase-specific guidelines. Current literature related to
biomechanical characteristics, patient-reported outcomes, impairment and
performance-based outcomes and psychological measures will be summarized. Finally,
RTS guidelines with objective criteria will be provided.

Level of Evidence
Level 5

INTRODUCTION

Patellar dislocation is a common injury typically caused by
a knee flexion-rotation mechanism, resulting in a lateral
dislocation of the patella and subsequent medial
patellofemoral ligament (MPFL) deficiency or rupture.! Pri-
mary patellar dislocation is often managed with nonopera-
tive treatment which typically requires a period of immobi-
lization followed by physical therapy.2 In cases of recurrent
patellar dislocation and/or accompanying injuries, surgical
management is recommended to restore patellofemoral
joint stability, especially in patients who anticipate return-
ing to a high level of sports participation.3* Among surgical
management options, MPFL reconstruction is an effective
procedure with demonstrated improvements in clinical and
functional outcomes for those who experience recurrent
patellar dislocation.>® Achieving successful outcomes after

MPFL reconstruction requires adherence to post-operative
rehabilitation. However, current literature on MPFL recon-
struction lacks the necessary details for clinicians to fully
implement the rehabilitation protocols and varies greatly
among different surgical techniques. Therefore, proposing
phase-specific guidelines in MPFL reconstruction rehabili-
tation for clinicians to follow is important.

The goal of post-operative rehabilitation after MPFL re-
construction is to restore normal knee function and allow
full return to functional/sports activities. Many patient-
reported outcomes with high validity and reliability have
been developed to use in populations who have undergone
knee surgery.” Appropriate selection of patient-reported
outcomes can provide insight into the patient’s perception
on the recovery of knee function during the course of post-
operative rehabilitation. Beyond patient-reported out-
comes, biomechanical characteristics and performance dur-
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ing functional tasks offer objective assessments of knee
function and may help determine a patient’s readiness to
return to sport (RTS). However, standardized RTS criteria
following MPFL reconstruction remain undefined. In con-
trast to anterior cruciate ligament (ACL) reconstruction,
where limb symmetry benchmarks and hop test outcomes
serve as established RTS guidelines, no consensus exists for
MPFL reconstruction. Additionally, injury-related psycho-
logical distress could hinder a successful RTS post-opera-
tively. A retrospective review of patients who underwent
MPFL reconstruction indicated that 40% of patients were
unable to RTS due to fear of re-injury while 14% were un-
able due to lack of confidence.® Identifying patients with
elevated psychological distress and incorporating a psy-
chologically-informed approach into clinical practice may
maximize rehabilitation functional outcomes.

The purpose of this commentary is to provide a compre-
hensive review of current literature in MPFL reconstruction
rehabilitation and outcomes. The commentary will review
published rehabilitation protocols to outline phase-specific
guidelines, including the protection phase, strengthening
phase, advanced strengthening and functional phase, and
RTS phase. Current findings related to biomechanical char-
acteristics, patient-reported outcomes, impairment and
performance-based outcomes, and psychological measures
will be summarized. Finally, RTS guidelines with objective
criteria will be provided.

EVIDENCE ACQUISITION

A PubMed search was conducted for publications relating to
MPFL reconstruction from 1994 to 2023, using keywords in-
cluding “patellar dislocation”, “MPFL reconstruction”, “re-
habilitation”, “outcome” and “RTS”. Reference lists of re-
trieved articles were also searched for additionally relevant
articles. This review included peer-reviewed publications
focusing on rehabilitation protocols and RTS outcomes.
Case reports, expert opinions, non-peer-reviewed articles
and non-English studies were excluded to maintain quality

and consistency.

PATELLAR DISLOCATION

Patellar dislocation predominantly affects adolescents with
an annual incidence of 43 per 100,000,° with a peak inci-
dence occurring between 15 and 19 years of age.l0 Nearly
half (51.9%) of all patellar dislocation occurred during sport
participation.!0 The relationship between sex and inci-
dence of patellar dislocation remains inconsistent, with
some studies reporting a higher prevalence in females,?
while other studies indicate that incidence of patellar dis-
location does not significantly differ between males and fe-
males.1011 In terms of laterality, patellar dislocation as-
sociated with acute trauma is more commonly observed
unilaterally. Conversely, bilateral instability is more fre-
quently linked to structural and anatomic abnormalities,
such as trochlear dysplasia and patella alta.1213

MPFL RECONSTRUCTION AND CONCOMITANT
PROCEDURES

Patellar dislocation is a multifactorial condition influenced
by traumatic, anatomical, and biomechanical factors. Sur-
gical management for recurrent patellar dislocation is tai-
lored to the underlying failure mechanism to restore sta-
bility and prevent recurrence. The procedure may involve
MPFL reconstruction alone or in combination with other
procedures to improve patellar tracking and medial
patellofemoral stability. Soft tissue procedures, such as lat-
eral retinacular release (release tension of the lateral reti-
nacular) and vastus medialis advancement (reposition and
tighten the vastus medialis) can help improve dynamic
patellar control. In cases with bony abnormalities, tibial
tubercle osteotomy (realign/reposition the tibial tubercle)
and trochleoplasty (reshape the trochlear groove of the fe-
mur) are performed in conjunction with MPFL reconstruc-
tion to optimize joint congruency and stability.1%14 Chon-
droplasty (debridement or smoothing the surface of
damaged cartilage) may also be performed if patellofemoral
cartilage damage is present. For skeletally immature pa-
tients, the modified Roux-Goldthwait procedure can be uti-
lized to transfer the lateral half of the patellar tendon me-
dially, securing it to the tibia to enhance patellar stability
without disturbing open growth plates.>1516

Overall, isolated MPFL reconstruction with or without
additional stabilization procedures results in similar favor-
able clinical outcomes.17-18 Surgical techniques for MPFL
reconstruction vary, particularly in graft selection and fixa-
tion methods. Autografts may be harvested from the semi-
tendinosus, gracilis, adductor magnus, quadriceps, or
patellar tendons, while allografts are commonly from the
semitendinosus or gracilis tendons. The Schoéttle point on
the femur serves as the preferred fixation site, replicating
the anatomical origin of the native MPFL.! Common
femoral fixation techniques include endobutton, interfer-
ence screws, and suture anchors.2? Consensus on the opti-
mal graft type or femoral fixation technique has not been
established.!> Current evidence indicates that no signifi-
cant differences are observed in clinical outcomes, such as
pain level, self-reported function, knee strength and rates
of RTS, across different graft types.21-24 The overall rates
of recurrent patellar dislocation after isolated MPFL re-
construction across adult and adolescents patients are be-
low 2% regardless of graft (autograft [0%-20%], allograft,
synthetic graft [0%-3.3%]) selection.2> Commonly reported
complications after MPFL reconstruction include pain, per-
sistent apprehension without instability, patellar fracture,
joint stiffness and post-operative infection.>25-28

RANGE OF MOTION (ROM) AND WEIGHT-BEARING
RESTRICTIONS

To ensure graft protection, it is important to follow ROM
and weight-bearing restrictions after MPFL reconstruction.
While the variability in allowable ROM and weight-bearing
restrictions exists between surgeons, many prefer a period
of immobilization with gradual increases in flexion over
the first 4-6 weeks and restrict weight-bearing initially with
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the use of an assistive device then gradual progress to full
weight-bearing.2? The literature generally suggests aiming
for full knee flexion between 4 to 12 weeks post-operatively
and full weight-bearing from 0 to 8 weeks.®30-32Surgeons
often advise using a knee brace along with an assistive de-
vice during early ambulation. The duration for brace use
varies widely across different protocols, ranging from 0 to
12 weeks. 30,33

PHASE-SPECIFIC GUIDELINES

The overarching goal of MPFL reconstruction rehabilitation
is to address the impairments after MPFL reconstruction
and facilitate safe return to prior level of function and
sport. The proposed rehabilitation protocol is intended to
provide a guideline for clinicians to progress through
phases based on meeting clinical criteria. This rehabilita-
tion protocol includes four phases (1) the protection phase,
(2) the strengthening phase, (3) the advanced strengthen-
ing and functional phase, and (4) the RTS phase (Table 1).29

THE PROTECTION PHASE

The protection phase (week 0~6 post-surgery) should focus
on diminishing pain and swelling, gradually increasing
knee flexion ROM, restoring full knee extension, and im-
proving quadriceps control (straight leg raises without ex-
tension lag). The milestones of the protection phase are
knee flexion greater than 110°, full knee extension, straight
leg raise without extension lag, and walking without
crutches.29,31,34

As pain and swelling are known to inhibit quadriceps
muscle control, cryotherapy, elevation and compression
can be used to alleviate pain and reduce swelling.35-3¢ ROM
should be initiated within the first two weeks of surgery
and progressed per surgeons’ protocol. Typically, patients
start 0°-30° in the first or second week and progress by
20°- 30° per week. Knee extension deficit is a frequently
observed issue after knee surgery, which can contribute to
functional deficits and potentially increase the risk of os-
teoarthritis in the long term.3” Long duration stretching,
such as heel props and prone hangs, are effective exercises
to improve knee extension.38 The application of neuromus-
cular electrical stimulation (NMES) during ACL reconstruc-
tion rehabilitation has shown to improve quadriceps activa-
tion and strength.3% The use of NMES could be considered
during early stages after MPFL reconstruction to facilitate
quadriceps activation. Exercises including quadriceps set-
ting and straight leg raise should be started immediately af-
ter the surgery to improve quadriceps control. Lower body
strengthening exercises, such as bridges and clamshells,
can enhance hip abduction and external rotation strength,
supporting knee alignment in later rehabilitation phases.

As MPFL reconstruction is not affected by the axial load-
ing of the knee joint, weight-bearing following the surgery
is usually not limited.40 However, modifications to weight-
bearing status may be made if a concurrent procedure is
performed during the surgery, such as tibial tubercle os-
teotomy or chondral restoration procedures.24! Early
weight-bearing should be encouraged and gradually pro-

gressed to full weight-bearing. As patients progress in tol-
erance to weight-bearing tasks, weight shifting exercises
and double/single-leg balance tasks can be incorporated
into the treatment sessions. A hinged knee brace is com-
monly recommended post-operatively to protect the knee
from rotational stress,%0 which may compromise the graft
site fixation and maturation. However, recent research indi-
cates that accelerated rehabilitation without weight-bear-
ing restrictions or immobilization (no post-operative knee
brace) following isolated MPFL reconstruction may facili-
tate a more rapid recovery of quadriceps control42 without
increasing the risk of recurrence.43 These findings suggest
that patients undergoing isolated MPFL reconstruction
might safely begin early unrestricted weight-bearing, pro-
moting early strengthening of quadriceps.

THE STRENGTHENING PHASE

The strengthening phase (week 6~12 post-surgery) should
focus on restoring full knee flexion and improving knee
muscle strength. The milestones of the strengthening
phase are full knee ROM, quadriceps strength greater than
60% of non-surgical side, and normal gait pattern.2%-30

Full knee ROM should be achieved during this phase.
Consultation of the surgeon may be necessary to prevent
the development of complications, including arthrofibro-
sis.#4 While both open-chain and closed-chain exercises
are both effective to improve quadriceps strength,%> clin-
icians should consider the compression force at the
patellofemoral joint when selecting exercises. Closed-chain
exercises should be closely monitored to prevent femoral
internal rotation coupled with dynamic knee valgus,6
which can place abnormal loads on the healing graft. Main-
taining proper lower extremity alignment and symmetrical
loading of the surgical and non-surgical limbs should be
emphasized during all exercises. Quadriceps strength test-
ing using a hand-held dynamometer or isokinetic dy-
namometer should be initiated during this phase and
throughout the course of rehabilitation to identify strength
deficits and modify rehabilitation protocols accordingly.
Return to running may commence when the following cri-
teria has been met: full ROM or >95% of the non-injured
knee, no pain or pain <2/10 on visual analogue scale and
isometric quadriceps strength with limb symmetry index
>70% (calculated by dividing the surgical side score by the
non-surgical side score).47

Balance/proprioceptive training is increasingly inte-
grated into clinical practice for knee rehabilitation, and it
has been shown to improve dynamic joint and postural sta-
bility.#849 Exercises including wobble boards, ball tosses
and balance cushions can be incorporated during rehabil-
itation. Single-legged balance exercises with the inclusion
of perturbations can also be incorporated into rehabilita-
tion to reinforce multi-planar control if satisfactory prox-
imal limb control has been achieved. The application of
perturbations or distractions can help challenge single leg
stability required for the advanced strengthening and func-
tional phase.>0
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Table 1. Phases of Rehabilitation
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e Full knee extension

e Straight leg raise without
extension lag

e Walking without crutches

Normal gait pattern

Hop tests greater than 80% of the non-surgical
side

Phase Protection phase Strengthening phase Advanced strengthening and functional RTS phase
phase
Time period 0to 6 weeks 6-12 weeks 12-16 weeks >16 weeks
Milestones o Knee flexion greater than Full knee ROM Quadriceps strength greater than 80% of the Quadriceps strength greater
110° Quadriceps strength greater than 60% of the non-surgical side non-surgical side than 90% of the non-surgical

side

Hop tests greater than 90% of
the non-surgical side
Composite score on the Y-Bal-
ance test greater than 90%

Interventions o Heelslides, supine wall
slides, heel propping/
prone hangs

e Quadriceps sets, 3-way
straight leg raises

e Knee extensor/flexor:
isometric/concentric
(limited by ROM/weight-
bearing precautions)

e Conditioning: upper body
ergometer/assault bike

e UE resistance exercises in
sitting positions or un-
weighted positions

Progressive lower body exercises per patient tolerance with tar-
get RPE in 6-8/10

Begin balance and proprioceptive exercises

Single leg strengthening can begin and should be assessed criti-
cally as compensation can occur

Conditioning: continue upper body ergometer/ assault bike
May begin cycling with moderate/high resistance, rowing er-
gometer, or incline walking on treadmill

May begin return to running if the following criteria are met: full
ROM or >95% of the non-injured knee, no pain or pain <2/10 on
visual analogue scale and limb symmetry index of quadriceps
>70%

Continue lower body strengthening exercises:
leg press, squat/deadlift, lunge variations,
step-up/down, heel taps, split squat.

Consider incorporation of power-based train-
ing activities to promote rate of force develop-
ment: kettlebell swings, hang cleans, medicine
ball slams

Progress balance and proprioceptive exer-
cises, consider incorporation of dual task train-
ing modalities or neurocognitive elements dur-
ing training

Initiate agility tasks with basic change of direc-
tion drills

Initiate plyometrics training: double-leg box
jumps, double-leg squat jumps, bound and
stick

Progress agility tasks including
multi-task and reactive based
drills

Progress plyometrics to empha-
size single-leg and explosive
types of activities

Incorporate sports-specific drills
that initiate pivoting/cutting and
gradually return to sport- spe-
cific activities
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THE ADVANCED STRENGTHENING AND FUNCTIONAL
PHASE

The advanced strengthening and functional phase (week
12~16 post-surgery) should focus on continued restoration
of knee muscle strength. The milestones of the advanced
strengthening and functional phase are quadriceps
strength greater than 80% of the non-surgical side and hop
tests greater than 80% of the non-surgical side.4!

Advanced strengthening should include targeted devel-
opment of lower extremity power-based skills in anticipa-
tion of progressing into plyometric, change of direction,
and agility tasks in the RTS phase. Compound movements,
such as squats, deadlifts, cleans, with high loads greater
than 80% 1RM may be indicated with appropriate adjust-
ments in set and repetition schemes.>! Lower loads could
be integrated with unilateral lower extremity training to
elicit side specific adaptations in strength as well as initiate
focused effort on rate of force development with a variety
of tasks. Eccentric exercises should be incorporated into re-
habilitation as eccentric strengthening is beneficial in in-
creasing force production®2 and is needed to decelerate and
stabilize the knee joint during change of direction tasks.
Exercise selection should foster strength gains aiming for
bilateral limb symmetry and design individually based on
multiple factors including the patient’s goals, training his-
tory, and access to equipment.

Agility and plyometric activities should be initiated dur-
ing this phase. Currently, no evidence-based guidelines ex-
ist for initiating plyometric exercises in rehabilitation set-
tings after MPFL reconstruction. However, research
suggests that progression to plyometrics should be based
on strength and functional criteria, including a <20%
strength and endurance deficit between limbs, the ability
to maintain a 30-second single-leg stance with eyes open
and closed, and the absence of pain while demonstrating
proper movement patterns (balance and proper alignment)
during single-leg half squats, free weight squats, and lower-
level plyometric drills.53Agility drills involve dynamic and
sport-specific movements that allow patients to adjust to
sport-specific activities, such as accelerating and deceler-
ating.54 Plyometric training involves ballistic exercises and
explosive movements that allow patients to improve neu-
romuscular control and enhance performance in competi-
tive sports.>> Beginner-level drills prioritize neuromuscular
control and proper landing techniques. Initial tasks include
ladder drills (e.g., in-and-out footwork) to improve coordi-
nation, cone drills (e.g., T-drills, lateral shuffles) for basic
directional changes, and double-leg box jumps and pogo
hops to emphasize knee alignment and controlled landings,
minimizing dynamic knee valgus. As patients progress, ex-
ercises like 4-cone square drills, figure-8 runs, directional
box drops/jumps, and lateral skater jumps help enhance
dynamic stability and force production. In the advanced
phase, complex agility drills and high-intensity plyometrics
replicate sport-specific challenges. Movements like zig-zag
cuts, pivoting maneuvers, depth jumps, single-leg lateral
hops, and bounding help to develop multi-directional,
sharp cutting abilities and explosive power. Proper landing
mechanics, avoiding dynamic knee valgus, and monitoring

fatigue are key considerations for both injury prevention
and optimizing performance. Progression of agility and ply-
ometric activities can include advancing from bilateral to
unilateral or linear to multi-directional exercises. The rate
of speed or power can also be factors that help design the
exercises appropriately. Hop tests are a performance-based
measure that assesses dynamic knee stability during highly
demanding activities> and can be initiated to track reha-
bilitation progression if the patient demonstrates sufficient
neuromuscular control.

THE RTS PHASE

The RTS phase (>20 weeks) should focus on advanced plyo-
metrics, cutting, accelerating/deceleration training and in-
corporate sport-specific movements. The milestones of the
RTS phase are quadriceps strength greater than 90% of
non-surgical side, hop tests greater than 90% of non-surgi-
cal side, composite score on the Y-Balance Test greater than
90%.23

The training during this phase should be tailored to the
demands of the patient’s sport(s). Monitoring the number
of foot contacts within an exercise session can be a safe way
to progress plyometric exercises. For example, 80-100 foot
contacts per session is ideal for a novice patient whereas
120-140 foot contacts per session would be more appro-
priate for an advanced patient.>” Incorporate neurocogni-
tive elements to exercises has been employed in RTS phase
for performance enhancement and future injury preven-
tion.58:59 Neurocognitive elements are designed to inte-
grate cognitive challenges with physical movements, sim-
ulating the complex and unpredictable demands patients
encounter during sports participation. For example, a dual-
task exercise might involve performing a single-leg hop
while simultaneously answering math questions or recall-
ing a sequence of numbers. A reactionary drill could involve
mirroring the physical therapist’s movements, prompting
quick, unplanned changes in direction. An interference task
might include performing an agility ladder drill while the
physical therapist calls out random directions or numbers,
requiring the patient to adjust movements based on verbal
cues. Inclusion of multi-plane, reactive and multi-task
drills can assist in simulating competitive play and chal-
lenging neuromuscular control required for successful RTS.
Clinicians can provide real-time cues to maintain proper
lower limb alignment during drills. It is recommended to
possess good movement quality under sport-specific situ-
ations such as change of direction at an obstacle. If ap-
plicable, a patient can begin with lower-level and non-con-
tact practice followed by full-contact practice and gradually
build up to competition, while monitoring any pain/insta-
bility.60 While assessing readiness to RTS, patient-reported
outcomes such as The Kujala Anterior Knee Pain Scale,
The International Knee Documentation Committee (IKDC)
Subjective Evaluation Form and The Knee Injury and Os-
teoarthritis Outcome Score (KOOS), should be considered
to help with decision making.
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BIOMECHANICAL CHARACTERISTICS DURING
FUNCTIONAL TASKS

Few studies have examined biomechanical characteristics
after MPFL reconstruction. During a fatiguing step down
task, individuals at 15 months after MPFL reconstruction
showed lower levels of vastus medialis obliquus and gluteus
medius muscle activation compared to uninjured con-
trols.®! During the stance phase of walking, individuals at
three months after MPFL reconstruction demonstrated de-
creased knee flexion angle and knee extension moment on
the surgical leg compared to uninjured controls.62:63 Knee
flexion angle and knee extension moment on the surgi-
cal leg improve at one year after MPFL reconstruction and
become comparable to uninjured controls,5263 which sug-
gests that altered walking biomechanics is not restored un-
til one year after surgery. During landing in a drop vertical
jump task, individuals who have been cleared to RTS (tested
at 6-19 months after surgery) exhibited reduced knee flex-
ion and ankle dorsiflexion angle, as well as decreased knee
extension moment compared to uninjured controls.®* In
a single-legged drop landing task, individuals who have
been cleared to RTS continued to exhibit reduced ankle
dorsiflexion angle and decreased knee and ankle extension
moments compared to uninjured controls.®* Despite med-
ical clearance to RTS, individuals after MPFL reconstruction
may continue to exhibit biomechanical deficits in high-
demanding physical activities. While current studies pre-
dominantly focus on sagittal plane biomechanics, future
research should investigate frontal and transverse plane
abnormalities, such as hip internal rotation and adduction,
to identify faulty patterns that may predispose patients to
recurrent patellar instability after MPFL reconstruction.

PATIENT-REPORTED OUTCOMES

Patient-reported outcomes are a subjective measure that
allows clinicians to quantify the status of a patient’s health
condition from the patient’s perspective and effectively
track the improvements in the subjective outcomes during
rehabilitation. Serial assessments of patient-reported out-
come instruments can help monitor pain, function, and
knee-related quality of life throughout various rehabilita-
tion stages. Additionally, administering patient-reported
outcome instruments at different phases can identify pa-
tients with persistent pain or functional limitations, facil-
itating timely interventions and personalized adjustments
needed in their rehabilitation. Several patient-reported
outcome instruments are available to use in MPFL recon-
struction and patellar instability populations (Table 2). The
Kujala Anterior Knee Pain Scale evaluates subjective symp-
toms and functional limitations in patellofemoral disor-
ders,%5 and is recommended to use when taking a standard-
ized clinical history of a patient. In pediatric patients, the
mean Kujala score has been shown to improve from 61%
pre-operatively to 81% at one-year follow-up and 90.7% at
three-year follow-up.6667 In adult patients, the mean of
Kujala score improved from 56.1%-75.5% pre-operatively to
80% at one-year follow-up, 76%-88.3% at three-year fol-
low-up and 88.8% at six-year follow-up.67-7! The Banff

Patella Instability Instrument (BPII) and its revised version
BPII 2.0 is specifically developed for patients with
patellofemoral instability to evaluate symptoms/physical
complaints, work-related concerns, recreational activity
and sport participation/competition, lifestyle, and social/
emotional status.’2"74 In adult patients, the mean BPII
score improved from 26.1 points pre-operatively to 64.9
points at one-year post-operatively and up to 68.7 points
at two-years post-operatively.”>7¢ The mean BPII 2.0 score
improved from 26.1-46.5 points pre-operatively to 66.1
points at one-year post-operatively, 71.8 points at two-
years post-operatively and 80.4 points at three-years post-
operatively.””-79 The Norwich Patellar Instability (NPI) is
also specifically developed for patients with patellofemoral
instability to evaluate their perceived patellar instability
to activities that may produce patellofemoral instability.89
In adult patients, the mean NPI score improved from
33.3-40.1 points pre-operatively to 29.3 points at one-year
post-operatively and 3.7 points at three-years post-opera-
tively.81,82

IKDC evaluates symptoms, physical activity and function
for patients with a variety of knee disorders, including
patellofemoral dysfunction.83-85 The Pediatric IKDC Sub-
jective Evaluation Form (Pedi-IKDC) was developed for
children and adolescents (aged 10-18 years) to evaluate
symptoms, function, and sports activity.8¢ In pediatric pa-
tients, the mean IKDC score at one-year post-operatively
was reported at 89.1%.4 In adult patients, the mean IKDC
score was reported at 42.1%-55.5% pre-operatively, 50.1%
at six-weeks post-operatively, 56.6% at three-months post-
operatively, 75% at six-months post-operatively, 77%-85%
at one-year post-operatively, 80.2%-86% at two to approx-
imately two and a half years post-operatively.87-93 KOOS
and The Knee Injury and Osteoarthritis Outcome Score for
Children (KOOS-Child) evaluates pain, symptoms, activi-
ties of daily living, sport and recreation function, and knee-
related quality of life for patients with an acute knee injury
and early osteoarthritis.?4% The KOOS is recommended
for ages 16 and older while the KOOS-Child is used for
children ages 7-16.9¢ In pediatric patients at minimum six
months after MPFL reconstruction, the mean KOOS sub-
scale score has been reported as follows: ADL 95.52, Pain
89.02, Sports 73.64, Symptoms 80.64 and QoL 61.94.97 In
adult patients, the mean KOOS subscale scores pre-opera-
tively and five-years post-operatively has been reported as
follow: ADL 82.5 to 96.3, Pain 71.9 to 93.2, Sports 51.4 to
82.9, Symptoms 70.7 to 88.5 and QoL 45.5 to 80.7.%8 Clin-
icians should be aware of the differences between each of
these PRO measures in order to determine which score is
most relevant and practical to implement into daily clinical
practice.

IMPAIRMENT-BASED OUTCOMES

Quadriceps strength deficit is a commonly reported im-
pairment after MPFL reconstruction and can present long
term.99 An improvement in isometric knee extensor
strength has been shown from pre-surgery to six weeks
post-surgery.92 However, up to 20% deficits in isometric
and isokinetic knee extensor strength have been shown in
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Table 2. Overview of patient-reported outcomes

Helplessness

higher level of
catastrophizing

Questionnaire Key elements Score Minimal Minimal Clinically important
detectable difference
change
Kujala Anterior Knee Pain Scale Symptoms 0to 100 13 9.1
Functional limitations Higher scores indicate less
pain and disability
Banff Patella Instability Instrument (BPII) and its revised version BPII 2.0 Symptoms/physical Oto 100 6.2(BPII 6.2(BP112.0)
complaints Higher scores indicate 2.0)
Work-related concerns better quality of life
Recreational activity and
sport
participation/competition
Lifestyle
Social/emotional
Norwich Patellar Instability (NPI) Patient-reported activities 0to 100 Not Not reported
associated with instability Higher scores indicate reported
more perceived instability
International Knee Documentation Committee (IKDC) Subjective Evaluation Symptoms 0to 100 Not 9.9 (IKDC)
Form and Pediatric IKDC Subjective Evaluation Form (Pedi-IKDC) Physical and sports Higher scores indicate reported
activities higher level of function
Function
Knee Injury and Osteoarthritis Outcome Score (KOOS) and Knee Injury and Pain Oto 100 Not 9.0 (KOOS-Pain)
Osteoarthritis Outcome Score for Children (KOOS-Child) Symptoms Higher scores indicate less reported 10.8 (KOOS-Symptoms) 10.0
Activities of Daily Living knee problems (KOOS-Activities of Daily Living)
(ADL) 17.8 (KOOS-Sports and
Sport and recreation Recreation)
function 12.7 (KOOS-Quiality of Life)
Knee-related quality of life
Pain Catastrophizing Scale (PCS) Rumination Oto52 Not Not reported
Magnification Higher scores indicate reported

International Journal of Sports Physical Therapy




Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

the surgical leg compared to non-surgical leg and norma-
tive data at six months to five years after surgery.23,99-102
These research studies indicate that quadriceps strength
deficits can persist after being cleared to full participation
in sports.

Hamstring strength is also frequently assessed after
MPFL reconstruction. At 6-7 months after surgery, 5-17%
deficits in isometric and isokinetic knee flexor strength are
observed in the surgical leg compared to non-surgical
leg.23.101 At one year after surgery, isokinetic knee flexor
strength has been shown to be 90.7% of the non-surgical
leg and no significant difference was observed between the
patients with MPFL reconstruction and their age, gender
and activity level-matched controls.® The recovery in iso-
kinetic knee flexor strength continues and improves to less
than 5% deficits at five years after surgery.192 For hip mus-
cle strength, only one study has assessed isokinetic hip
abductor strength at one year after surgery and showed
above 100% symmetry and no significant differences when
compared with age, gender and activity level-matched con-
trols.64

Poor knee joint proprioception is another potential im-
pairment after MPFL reconstruction. Joint position sense
did not significantly change from pre-surgery to six weeks
post-surgery and to one year post-surgery,?? which indi-
cates that joint position sense may not be considerably al-
tered during the first year after MPFL reconstruction in the
young adult population.

PERFORMANCE-BASED OUTCOMES

Hop tests have been traditionally used as a performance
outcome in populations who have undergone knee surgery.
These tests provide objective measures to assess rehabil-
itation progression and readiness to RTS in clinical set-
tings. Although hop tests are primarily validated in patients
with ACL reconstruction,!03 they have been used in pa-
tients with recurrent patellar dislocation to evaluate asym-
metries that may predispose patients to patellar instabil-
ity,104 and to assess functional performance in patients
with MPFL reconstruction.!05 Four different single-legged
hop tests, including single hop for distance, triple hop for
distance, triple crossover hop for distance, and 6-meter
timed hop (Table 3), have been recommended to use start-
ing at 12-19 weeks after MPFL reconstruction.3! At seven
months to four years after surgery, limb symmetry index of
single hop for distance has been reported between 89.7%
to 97%.23:64,106 Limb symmetry index of triple hop for dis-
tance and triple crossover hop for distance has been re-
ported between 92.3% to 99% and between 92.5% to 98.1%,
respectively.2364106 [imb symmetry index of 6-meter
timed hop has been reported between 95.8% to 98%.23,106
Compared to age and sex-matched controls, patients at one
year after MPFL reconstruction took significantly longer to
complete the 6-m timed hop test (MPFL reconstruction:
2.93 seconds, controls: 2.51 seconds).

The lower quarter Y-Balance test (YBT-LQ), square jump
and step down test have also been used in patients after
MPFL reconstruction (Table 3). YBT-LQ is a widely accepted
tool for assessing dynamic balance and neuromuscular con-

trol deficits commonly observed in patients with MPFL re-
construction.195 At seven months after surgery, the mean
difference between limbs in anterior reach on the YBT-LQ
was 3.5 cm with a composite score of the surgical limb at
94.9% of leg length.23 Compared to uninjured controls, pa-
tients at 45 months after MPFL reconstruction completed
11.5 sets versus 21 sets in the square jump and 11.5 sets
versus 22 sets in the step-down test.197 The side hop test,
lateral step-down test and lateral leap and catch are addi-
tional tests that can be used to assess the quality of func-
tional tasks.4!

PSYCHOLOGICAL MEASURES

Poor psychological readiness is reported as one of the rea-
sons for not returning to sports following MPFL recon-
struction.8 Several self-report questionnaires are available
to quantify psychological distress. The Pain Catastrophiz-
ing Scale (PCS),198 Tampa Scale for Kinesiophobia (TSK)
and its shortened version (TSK-11), Fear-Avoidance Beliefs
Questionnaire (FABQ) have been used to measure psycho-
logical factors (pain catastrophizing and fear of re-injury)
in the fear-avoidance model (Table 4). Previous literature
on psychological distress in patients with MPFL reconstruc-
tion has been limited. For pain catastrophizing, a mean
score of 18.9 = 16.7 points on PCS was reported pre-opera-
tively and decreased to 15.7 * 15.4 points at one-year post-
operatively.199 For fear of re-injury, a mean score of 32.4
+ 5.0 points on TSK was reported at one-year post-oper-
atively.®* Another questionnaire that has items related to
fear of re-injury during sport activities is the MPFL-Return
to Sport after Injury (MPFL-RSI). A MPFL-RSI score > 56
points indicates a patient is psychologically ready to return
to play.8 Previous research identified mean scores of 44.2 +
21.8 points and 60 * 27 points at approximately three-year
and four years post-operatively, respectively.3:110

Self-efficacy, or confidence, is another psychological fac-
tor that is related to rehabilitation outcomes after knee
surgery/injury (Table 4).111-113 Questionnaires that can be
used to measure self-efficacy are the Self-Efficacy for Re-
habilitation Outcomes Scale (SER),!!4 Knee Self-Efficacy
Scale (K-SES)!15and Knee Activity Self-Efficacy (KASE).116
Although self-efficacy or level of confidence has not been
investigated in the MPFL reconstruction population, re-
search studies have reported lack of confidence as one of
the reasons for not returning to play and/or reduced activity
level following MPFL reconstruction.8117 Therefore, it may
be beneficial to measure psychological distress when a pa-
tient begins advanced rehabilitation or include it as part of
a battery of tests for RTS clearance.

RTS RATE AND CRITERIA

The average time to RTS is reported at 7-8 months after
surgery.118.119 Syuccessful RTS rates following MPFL recon-
struction have been reported at 53%-91%91,118-121 with
53%-68% of patients returning to the same or higher level
of participation prior to their injury. When establishing RTS
criteria following MPFL reconstruction, a multifactorial ap-
proach that includes time-based criteria, subjective and ob-
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Table 3. Overview of performance-based outcomes

Test Task Outcome measure

Single Single hop for distance: hops as far as possible on one leg Maximum distance
Itiitzop Triple hop for distance: hop three consecutive times on the same leg, Total distance

covering as much distance as possible

Triple crossover hop for distance: hop three consecutive times Total distance

laterally (side-to-side) on the same leg, covering as much distance as

possible

6-meter timed hop: hop forward on the same leg for the full 6-meter Total time

distance, covering the ground as quickly as possible
Lower Stand on one leg at the center of the Y grid and reach as far as possible Composite score: the sum of 3 reach
Quarter with the opposite leg along each of the three lines (anterior, directions divided by 3 times the leg
Y- posterolateral, and posteromedial) while maintaining balance length then multiplied by 100
Balance
test
Square Stand outside a 30x35 cm square and jump clockwise in and out for 30 Number of times the foot touches inside
jump seconds the square without touching the tape
Step Step forward and down from an 8-inch platform, allowing the heel of Number of repetitions performed in 30
down the down limb to touch the floor, then return to full knee extension seconds
Side Hop on one leg between two lines 40 cm apart in 30 seconds Number of repetitions performed in 30
hop seconds

Quality of change in direction and
endurance are also evaluated

Lateral Stand on one leg at the edge of a box, step down laterally to 60° knee Loss of balance, significant trunk lean or
step- flexion, tap the contralateral heel to the ground, and match an 80 bpm knee valgus, and inability to match the
down cadence for 3 minutes beat of the metronome are evaluated
Lateral Hop laterally from one leg to the other at 60% of the height, following Quality of the motion and the agility to
leap & a 40 bpm cadence for 60 seconds match the beat of the metronome are
catch evaluated

Table 4. Overview of psychological measures

Tampa Scale of Activity avoidance 17 to 68 Not Not
Kinesiophobia (TSK) and its Somatic focus Higher scores indicate greater reported reported
shortened version level of kinesiophobia
(TSK-11)
Fear-Avoidance Beliefs Physical activity Oto 96 Not Not
Questionnaire (FABQ) Work activity Higher scores indicate higher reported reported
fear-avoidance beliefs
MPFL-Return to Sport Psychological readiness to Oto 100 Not Not
after Injury (MPFL-RSI) RTS Higher scores indicate greater reported reported
psychological readiness and
confidence to RTS
Self-Efficacy for Belief about the ability to Oto 120 Not Not
Rehabilitation Outcomes perform behaviours typical of Higher scores indicate higher reported reported
Scale (SER) physical rehabilitation level of self-efficacy
Knee Self-Efficacy Scale (K- Daily activities 0-180 (present) Not Not
SES) Sports and leisure activities 0-40 (future) reported reported
Physical activities Higher scores indicate higher
Future knee function level of self-efficacy
Knee Activity Self-Efficacy Confidence in performing 0-100 Not Not
(KASE) functional activities Higher scores indicate greater reported reported
self-efficacy in knee-related
activity

jective criteria should be considered. Current literature re-
lated to RTS criteria following MPFL reconstruction mostly
use time-based criteria (66%) while only 10% of research
studies use subjective or objective criteria to determine RTS
readiness.122

RTS criteria following MPFL reconstruction have not
been well established. The RTS testing after MPFL recon-
struction typically utilizes similar criteria as in the ACL re-
construction, including limb symmetry index > 90% on sin-
gle-legged hop tests (single hop for distance, triple hop for
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distance, triple crossover hop for distance and timed hop), a
composite score of > 90% on each limb and side-to-side dif-
ference of < 4cm on the anterior reach of the Y-Balance Test
and limb symmetry index > 90% on isometric peak torque
for knee extension, knee flexion, and hip abduction.23.123

SUMMARY

MPFL reconstruction is a reliable treatment for recurrent
patellar dislocation. While no validated rehabilitation pro-
tocols are established following MPFL reconstruction, rec-
ommendations for rehabilitation guidelines can be made
for each phase. To protect the graft, initial knee bracing
with gradual progression to full weight-bearing is required
during the protection phase. Restoration of full knee ROM
and weight-bearing should be achieved at six weeks fol-
lowing the surgery. When progressing to the strengthening
phase, exercises should incorporate multi-joint movements
in both open and closed chain with consideration of the
compression force at the patellofemoral joint when select-
ing exercises. Objective knee strength assessment and
functional tests, including single-legged hop tests, should
be initiated during the advanced strengthening and func-
tional phase. Majority of patients with MPFL reconstruction
can return to the same or higher level of participation prior
to their injury. When determining RTS readiness, a mul-
tifactorial approach that includes time-based, subjective,
and objective criteria should be considered. Clinicians
should utilize patient-reported outcomes and psychological
measures to assess patients’ perceived knee function and

psychological readiness to RTS. Limb symmetry in knee
strength, single-legged hop tests, and the Y-Balance Test
should also be included for RTS decision-making. Future
research can fill knowledge gaps by investigating biome-
chanical characteristics during functional and sport tasks
as well as identifying biomechanical deficits that should be
addressed in rehabilitation that allow for safe RTS postop-
eratively.

CORRESPONDING AUTHOR

Chao-Jung Hsu, PT, PhD, OCS
Motion Analysis & Sports Performance Lab
Stanford Medicine Children’s Health
1195 W Fremont Ave
Sunnyvale, CA 94087
Email: chahsu@stanfordchildrens.org
Phone: 650-313-1808

CONFLICTS OF INTEREST

The authors declare no conflicts of interest

Submitted: October 17, 2024 CDT. Accepted: April 30, 2025

CDT. Published: July 01, 2025 CDT.
© The Author(s)

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy


mailto:chahsu@stanfordchildrens.org

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

REFERENCES

1. Arendt EA, Fithian DC, Cohen E. Current concepts
of lateral patella dislocation. Clin Sports Med.
2002;21(3):499-519. doi:10.1016/
s0278-5919(02)00031-5

2. Buchner M, Baudendistel B, Sabo D, Schmitt H.
Acute traumatic primary patellar dislocation: long-
term results comparing conservative and surgical
treatment. Clin J Sport Med. 2005;15(2):62-66.
doi:10.1097/01.jsm.0000157315.10756.14

3. Panni AS, Vasso M, Cerciello S. Acute patellar
dislocation. What to do? Knee Surg Sports Traumatol
Arthrosc. 2013;21(2):275-278. doi:10.1007/
s00167-012-2347-1

4. Stefancin JJ, Parker RD. First-time traumatic
patellar dislocation: a systematic review. Clin Orthop
Relat Res. 2007;455:93-101. doi:10.1097/
BLO.0b013e31802eb40a

5. Arshi A, Cohen JR, Wang JC, Hame SL, McAllister
DR, Jones K]J. Operative management of patellar
instability in the United States: an evaluation of
national practice patterns, surgical trends, and
complications. Orthop J Sports Med.
2016;4(8):2325967116662873. doi:10.1177/
2325967116662873

6. Fisher B, Nyland J, Brand E, Curtin B. Medial
patellofemoral ligament reconstruction for recurrent
patellar dislocation: a systematic review including
rehabilitation and return-to-sports efficacy.
Arthroscopy. 2010;26(10):1384-1394. doi:10.1016/
j.arthro.2010.04.005

7. Hiemstra LA, Webber S, MacDonald PB, Kriellaars
DJ. Knee strength deficits after hamstring tendon and
patellar tendon anterior cruciate ligament
reconstruction. Med Sci Sports Exerc.
2000;32(8):1472-1479. d0i:10.1097/
00005768-200008000-00016

8. Hurley ET, Markus DH, Mannino BJ, et al. Patients
unable to return to play following medial
patellofemoral ligament reconstructions demonstrate
poor psychological readiness. Knee Surg Sports
Traumatol Arthrosc. 2021;29(11):3834-3838.
doi:10.1007/s00167-021-06440-y

9. Fithian DC, Paxton EW, Stone ML, et al.
Epidemiology and natural history of acute patellar
dislocation. Am J Sports Med. 2004;32(5):1114-1121.
doi:10.1177/0363546503260788

10. Waterman B, Belmont P, Owens B. Patellar
dislocation in the United States: role of sex, age, race,
and athletic participation. J Knee Surg.
2012;25(01):051-058. doi:10.1055/s-0031-1286199

11. Ries Z, Bollier M. Patellofemoral instability in
active adolescents. | Knee Surg. 2015;28(4):265-277.
doi:10.1055/5-0035-1549017

12. Vivekanantha P, Cohen D, Peterson D, de SA D.
Patellofemoral instability in the pediatric population.
Curr Rev Musculoskelet Med. 2023;16(7):255-262.
doi:10.1007/s12178-023-09836-0

13. Parikh SN, Rajdev N. Patients with bilateral
patellar instability have multiple and symmetric risk
factors in each knee. Knee Surg Sports Traumatol
Arthrosc. 2023;31(12):5299-5305. doi:10.1007/
s00167-023-07569-8

14. Uimonen MM, Repo JP, Huttunen TT, Nurmi H,
Mattila VM, Paloneva J. Surgery for patellar
dislocation has evolved towards anatomical
reconstructions with assessment and treatment of
anatomical risk factors. Knee Surg Sports Traumatol
Arthrosc. 2021;29(6):1944-1951. doi:10.1007/
s00167-020-06277-x

15. Kay J, Memon M, Ayeni OR, Peterson D. Medial
patellofemoral ligament reconstruction techniques
and outcomes: a scoping review. Curr Rev
Musculoskelet Med. 2021;14(6):321-327. d0i:10.1007/
$12178-021-09719-2

16. Trivellas M, Arshi A, Beck J]. Roux-Goldthwait
and medial patellofemoral ligament reconstruction
for patella realignment in the skeletally immature
patient. Arthrosc Tech. 2019;8(12):e1479-e1483.
doi:10.1016/j.eats.2019.07.027

17. Feller JA, Richmond AK, Wasiak J. Medial
patellofemoral ligament reconstruction as an isolated
or combined procedure for recurrent patellar
instability. Knee Surg Sports Traumatol Arthrosc.
2014;22(10):2470-2476. doi:10.1007/
s00167-014-3132-0

18. Vivekanantha P, Kahlon H, Cohen D, de Sa D.
Isolated medial patellofemoral ligament
reconstruction results in similar postoperative
outcomes as medial patellofemoral ligament
reconstruction and tibial-tubercle osteotomy: a
systematic review and meta-analysis. Knee Surg
Sports Traumatol Arthrosc. 2023;31(6):2433-2445.
doi:10.1007/s00167-022-07186-x

International Journal of Sports Physical Therapy


https://doi.org/10.1016/s0278-5919(02)00031-5
https://doi.org/10.1016/s0278-5919(02)00031-5
https://doi.org/10.1097/01.jsm.0000157315.10756.14
https://doi.org/10.1007/s00167-012-2347-1
https://doi.org/10.1007/s00167-012-2347-1
https://doi.org/10.1097/BLO.0b013e31802eb40a
https://doi.org/10.1097/BLO.0b013e31802eb40a
https://doi.org/10.1177/2325967116662873
https://doi.org/10.1177/2325967116662873
https://doi.org/10.1016/j.arthro.2010.04.005
https://doi.org/10.1016/j.arthro.2010.04.005
https://doi.org/10.1097/00005768-200008000-00016
https://doi.org/10.1097/00005768-200008000-00016
https://doi.org/10.1007/s00167-021-06440-y
https://doi.org/10.1177/0363546503260788
https://doi.org/10.1055/s-0031-1286199
https://doi.org/10.1055/s-0035-1549017
https://doi.org/10.1007/s12178-023-09836-0
https://doi.org/10.1007/s00167-023-07569-8
https://doi.org/10.1007/s00167-023-07569-8
https://doi.org/10.1007/s00167-020-06277-x
https://doi.org/10.1007/s00167-020-06277-x
https://doi.org/10.1007/s12178-021-09719-2
https://doi.org/10.1007/s12178-021-09719-2
https://doi.org/10.1016/j.eats.2019.07.027
https://doi.org/10.1007/s00167-014-3132-0
https://doi.org/10.1007/s00167-014-3132-0
https://doi.org/10.1007/s00167-022-07186-x

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

19. Schottle PB, Schmeling A, Rosenstiel N, Weiler A.
Radiographic landmarks for femoral tunnel
placement in medial patellofemoral ligament
reconstruction. Am J Sports Med. 2007;35(5):801-804.
doi:10.1177/0363546506296415

20. Gould HP, Delaney NR, Parks BG, Melvani RT,
Hinton RY. Interference screw versus suture anchors
for femoral fixation in medial patellofemoral
ligament reconstruction: a biomechanical study.
Orthop ] Sports Med. 2021;9(3):2325967121989282.
doi:10.1177/2325967121989282

21. Aliberti GM, Kraeutler MJ, Miskimin C, Scillia AJ,
Belk JW, Mulcahey MK. Autograft versus allograft for
medial patellofemoral ligament reconstruction: a
systematic review. Orthop ] Sports Med.
2021;9(10):23259671211046639. d0i:10.1177/
23259671211046639

22. Kumar N, Bastrom TP, Dennis MM, Pennock AT,
Edmonds EW. Adolescent medial patellofemoral
ligament reconstruction: a comparison of the use of
autograft versus allograft hamstring. Orthop ] Sports
Med. 2018;6(5):2325967118774272. doi:10.1177/
2325967118774272

23. Saper MG, Fantozzi P, Bompadre V, Racicot M,
Schmale GA. Return-to-sport testing after medial
patellofemoral ligament reconstruction in adolescent
athletes. Orthop J Sports Med.
2019;7(3):2325967119828953. doi:10.1177/
2325967119828953

24. Shamrock AG, Day MA, Duchman KR, Glass N,
Westermann RW. Medial patellofemoral ligament
reconstruction in skeletally immature patients: a
systematic review and meta-analysis. Orthop J Sports
Med. 2019;7(7):2325967119855023. doi:10.1177/
2325967119855023

25. McNeilan R], 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 instability and patient-
reported outcomes for autograft, allograft, and
synthetic options. Arthroscopy.
2018;34(4):1340-1354. doi:10.1016/
j.arthro.2017.11.027

26. Clark D, Metcalfe A, Wogan C, Mandalia V,
Eldridge J. Adolescent patellar instability. Bone Joint
J. 2017;99-B(2):159-170. doi:10.1302/
0301-620X.99B2.B]]-2016-0256.R1

27. Kamalapathy P, K Rush ], Montgomery SR, Diduch
DR, Werner BC. A national perspective of patellar
instability in children and adolescents in the United
States: MPFL reconstruction is three times higher
than the incidence of isolated lateral release.
Arthroscopy. 2022;38(2):466-473.e1. doi:10.1016/
j.arthro.2021.05.061

28. Shah JN, Howard JS, Flanigan DC, Brophy RH,
Carey JL, Lattermann C. A systematic review of
complications and failures associated with medial
patellofemoral ligament reconstruction for recurrent
patellar dislocation. Am J Sports Med.
2012;40(8):1916-1923. doi:10.1177/
0363546512442330

29. McGee TG, Cosgarea AJ, McLaughlin K, Tanaka M,
Johnson K. Rehabilitation after medial patellofemoral
ligament reconstruction. Sports Med Arthrosc Rev.
2017;25(2):105-113. doi:10.1097/
JSA.0000000000000147

30. Coda RG, Cheema SG, Hermanns C, et al. Online
rehabilitation protocols for medial patellofemoral
ligament reconstruction with and without tibial
tubercle osteotomy are variable among institutions.
Arthrosc Sports Med Rehabil. 2021;3(2):e305-e313.
doi:10.1016/j.asmr.2020.09.018

31. Lieber AC, Steinhaus ME, Liu JN, Hurwit D, Chiaia
T, Strickland SM. Quality and variability of online
available physical therapy protocols from academic
orthopaedic surgery programs for medial
patellofemoral ligament reconstruction. Orthop |
Sports Med. 2019;7(7):2325967119855991.
doi:10.1177/2325967119855991

32. Watson R, Sullivan B, Stone AV, et al. Lateral
patellar dislocation: a critical review and update of
evidence-based rehabilitation practice guidelines and
expected outcomes. JBJS Rev. 2022;10(5).
doi:10.2106/]BJS.RVW.21.00159

33. Hilber F, Pfeifer C, Memmel C, et al. Early
functional rehabilitation after patellar dislocation-
what procedures are daily routine in orthopedic
surgery? Injury. 2019;50(3):752-757. doi:10.1016/
j.injury.2018.10.020

34. Irrgang J], Kelley Fitzgerald G. Rehabilitation of
the multiple-ligament-injured knee. Clin Sports Med.
2000;19(3):545-571. doi:10.1016/
S0278-5919(05)70223-4

35. Block JE. Cold and compression in the
management of musculoskeletal injuries and
orthopedic operative procedures: a narrative review.
Open Access ] Sports Med. 2010;1:105-113.
doi:10.2147/0AJSM.S11102. PMID:24198548

International Journal of Sports Physical Therapy


https://doi.org/10.1177/0363546506296415
https://doi.org/10.1177/2325967121989282
https://doi.org/10.1177/23259671211046639
https://doi.org/10.1177/23259671211046639
https://doi.org/10.1177/2325967118774272
https://doi.org/10.1177/2325967118774272
https://doi.org/10.1177/2325967119828953
https://doi.org/10.1177/2325967119828953
https://doi.org/10.1177/2325967119855023
https://doi.org/10.1177/2325967119855023
https://doi.org/10.1016/j.arthro.2017.11.027
https://doi.org/10.1016/j.arthro.2017.11.027
https://doi.org/10.1302/0301-620X.99B2.BJJ-2016-0256.R1
https://doi.org/10.1302/0301-620X.99B2.BJJ-2016-0256.R1
https://doi.org/10.1016/j.arthro.2021.05.061
https://doi.org/10.1016/j.arthro.2021.05.061
https://doi.org/10.1177/0363546512442330
https://doi.org/10.1177/0363546512442330
https://doi.org/10.1097/JSA.0000000000000147
https://doi.org/10.1097/JSA.0000000000000147
https://doi.org/10.1016/j.asmr.2020.09.018
https://doi.org/10.1177/2325967119855991
https://doi.org/10.2106/JBJS.RVW.21.00159
https://doi.org/10.1016/j.injury.2018.10.020
https://doi.org/10.1016/j.injury.2018.10.020
https://doi.org/10.1016/S0278-5919(05)70223-4
https://doi.org/10.1016/S0278-5919(05)70223-4
https://doi.org/10.2147/OAJSM.S11102

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

36. Schroder D, Passler HH. Combination of cold and
compression after knee surgery. A prospective
randomized study. Knee Surg Sports Traumatol
Arthrosc. 1994;2(3):158-165. doi:10.1007/BF01467918

37. Shelbourne KD, Urch SE, Gray T, Freeman H. Loss
of normal knee motion after anterior cruciate
ligament reconstruction is associated with
radiographic arthritic changes after surgery. Am J
Sports Med. 2012;40(1):108-113. doi:10.1177/
0363546511423639

38. Logerstedt D, Sennett BJ. Case series utilizing
drop-out casting for the treatment of knee joint
extension motion loss following anterior cruciate
ligament reconstruction. J Orthop Sports Phys Ther.
2007;37(7):404-411. doi:10.2519/jospt.2007.2466

39. Snyder-Mackler L, Delitto A, Stralka SW, Bailey
SL. Use of electrical stimulation to enhance recovery
of quadriceps femoris muscle force production in
patients following anterior cruciate ligament
reconstruction. Phys Ther. 1994;74(10):901-907.
doi:10.1093/ptj/74.10.901

40. Fithian DC, Powers CM, Khan N. Rehabilitation of
the knee after medial patellofemoral ligament
reconstruction. Clin Sports Med. 2010;29(2):283-290.
doi:10.1016/j.csm.2009.12.008

41. Lampros RE, Tanaka M]J. Return to play
considerations after patellar instability. Curr Rev
Musculoskelet Med. 2022;15(6):597-605. doi:10.1007/
s12178-022-09792-1

42. Schaver AL, Tranovich MA, O’Reilly OC, et al.
Postoperative bracing after medial patellofemoral
ligament reconstruction. J Knee Surg.
2024;37(9):631-637. doi:10.1055/a-2232-4856

43, Magnussen RA, Peters NJ, Long ], et al.
Accelerated rehabilitation program following medial
patellofemoral ligament reconstruction does not
increase risk of recurrent instability. Knee.
2022;38:178-183. doi:10.1016/j.knee.2021.08.006

44, Smith MK, Werner BC, Diduch DR. Avoiding
complications with MPFL reconstruction. Curr Rev
Musculoskelet Med. 2018;11(2):241-252. doi:10.1007/
$12178-018-9479-y

45. Jewiss D, Ostman C, Smart N. Open versus closed
kinetic chain exercises following an anterior cruciate
ligament reconstruction: a systematic review and
meta-analysis. ] Sports Med. 2017;2017:4721548.
doi:10.1155/2017/4721548

46. Powers CM, Ho KY, Chen Y], Souza RB, Farrokhi S.
Patellofemoral joint stress during weight-bearing and
non-weight-bearing quadriceps exercises. ] Orthop
Sports Phys Ther. 2014;44(5):320-327. doi:10.2519/

jospt.2014.4936

47. Rambaud AJM, Ardern CL, Thoreux P, Regnaux JP,
Edouard P. Criteria for return to running after
anterior cruciate ligament reconstruction: a scoping
review. Br J Sports Med. 2018;52(22):1437-1444.
doi:10.1136/bjsports-2017-098602

48. Risberg MA, Mgrk M, Jenssen HK, Holm I. Design
and implementation of a neuromuscular training
program following anterior cruciate ligament
reconstruction. J Orthop Sports Phys Ther.
2001;31(11):620-631. doi:10.2519/
jospt.2001.31.11.620

49. Paterno MV, Myer GD, Ford KR, Hewett TE.
Neuromuscular training improves single-limb
stability in young female athletes. J Orthop Sports
Phys Ther. 2004;34(6):305-316. doi:10.2519/
jospt.2004.34.6.305

50. Manske RC, Prohaska D. Rehabilitation following
medial patellofemoral ligament reconstruction for
patellar instability. Int J Sports Phys Ther.
2017;12(3):494-511.

51. Suchomel TJ, Nimphius S, Bellon CR, Stone MH.
The importance of muscular strength: training
considerations. Sports Med. 2018;48(4):765-785.
doi:10.1007/s40279-018-0862-z

52. Azevedo PHSM, Oliveira MGD, Schoenfeld BJ.
Effect of different eccentric tempos on hypertrophy
and strength of the lower limbs. Biol Sport.
2022;39(2):443-449. doi:10.5114/
biolsport.2022.105335

53. Davies G, Riemann BL, Manske R. Current
concepts of plyometric exercise. Int ] Sports Phys
Ther. 2015;10(6):760-786.

54. Makhlouf I, Chaouachi A, Chaouachi M, Ben
Othman A, Granacher U, Behm DG. Combination of
agility and plyometric training provides similar
training benefits as combined balance and plyometric
training in young soccer players. Front Physiol.
2018;9. d0i:10.3389/fphys.2018.01611

55. Markovic G, Mikulic P. Neuro-musculoskeletal
and performance adaptations to lower-extremity
plyometric training. Sports Med.
2010;40(10):859-895. doi:10.2165/
11318370-000000000-00000

International Journal of Sports Physical Therapy


https://doi.org/10.1007/BF01467918
https://doi.org/10.1177/0363546511423639
https://doi.org/10.1177/0363546511423639
https://doi.org/10.2519/jospt.2007.2466
https://doi.org/10.1093/ptj/74.10.901
https://doi.org/10.1016/j.csm.2009.12.008
https://doi.org/10.1007/s12178-022-09792-1
https://doi.org/10.1007/s12178-022-09792-1
https://doi.org/10.1055/a-2232-4856
https://doi.org/10.1016/j.knee.2021.08.006
https://doi.org/10.1007/s12178-018-9479-y
https://doi.org/10.1007/s12178-018-9479-y
https://doi.org/10.1155/2017/4721548
https://doi.org/10.2519/jospt.2014.4936
https://doi.org/10.2519/jospt.2014.4936
https://doi.org/10.1136/bjsports-2017-098602
https://doi.org/10.2519/jospt.2001.31.11.620
https://doi.org/10.2519/jospt.2001.31.11.620
https://doi.org/10.2519/jospt.2004.34.6.305
https://doi.org/10.2519/jospt.2004.34.6.305
https://doi.org/10.1007/s40279-018-0862-z
https://doi.org/10.5114/biolsport.2022.105335
https://doi.org/10.5114/biolsport.2022.105335
https://doi.org/10.3389/fphys.2018.01611
https://doi.org/10.2165/11318370-000000000-00000
https://doi.org/10.2165/11318370-000000000-00000

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

56. Fitzgerald GK, Lephart SM, Hwang JH, Wainner
MRS. Hop tests as predictors of dynamic knee
stability. J Orthop Sports Phys Ther.
2001;31(10):588-597. doi:10.2519/
jospt.2001.31.10.588

57. Chmielewski TL, Myer GD, Kauffman D, Tillman
SM. Plyometric exercise in the rehabilitation of
athletes: physiological responses and clinical
application. J Orthop Sports Phys Ther.
2006;36(5):308-319. doi:10.2519/jospt.2006.2013

58. Buckthorpe M. Optimising the late-stage
rehabilitation and return-to-sport training and
testing process after ACL reconstruction. Sports Med.
2019;49(7):1043-1058. do0i:10.1007/
s40279-019-01102-z

59. Walker JM, Brunst CL, Chaput M, Wohl TR,
Grooms DR. Integrating neurocognitive challenges
into injury prevention training: a clinical
commentary. Phys Ther Sport. 2021;51:8-16.
doi:10.1016/j.ptsp.2021.05.005

60. Adams D. Current concepts for anterior cruciate
ligament reconstruction: a criterion-based
rehabilitation progression. J Orthop Sports Phys Ther.
2012;42(7):601-614. doi:10.2519/jospt.2012.3871

61. Harput G, Ulusoy B, Akmese R, Ergun N.
Comparison of muscle activation levels and knee
valgus between individuals with medial
patellofemoral ligament reconstruction and healthy
individuals during fatiguing step down task. Clin
Biomech (Bristol, Avon). 2020;78:105067. doi:10.1016/
j.clinbiomech.2020.105067

62. Asaeda M, Deie M, Shimada N, et al. Gait analysis
after medial patellofemoral ligament reconstruction
for recurrent patellar dislocation. Physiotherapy.
2015;101:e89. doi:10.1016/j.physio.2015.03.220

63. Asaeda M, Deie M, Fujita N, et al. Knee
biomechanics during walking in recurrent lateral
patellar dislocation are normalized by 1 year after
medial patellofemoral ligament reconstruction. Knee
Surg Sports Traumatol Arthrosc.
2016;24(10):3254-3261. doi:10.1007/
s00167-016-4040-2

64. Shams K, DiCesare CA, Grawe BM, et al.
Biomechanical and functional outcomes after medial

patellofemoral ligament reconstruction: a pilot study.

Orthop J Sports Med. 2019;7(2):2325967119825854.
doi:10.1177/2325967119825854

65. Kujala UM, Jaakkola LH, Koskinen SK, Taimela S,
Hurme M, Nelimarkka O. Scoring of patellofemoral
disorders. Arthroscopy. 1993;9(2):159-163.
doi:10.1016/s0749-8063(05)80366-4

66. Fisher M, Singh S, Samora WP, Beran MC,
Klingele KE. Outcomes of MPFL reconstruction
utilizing a quadriceps turndown technique in the
adolescent/pediatric population. J Pediatr Orthop.
2021;41(7):e494-e498. doi:10.1097/
BP0.0000000000001836

67. Lind M, Enderlein D, Nielsen T, Christiansen SE,
Faung P. Clinical outcome after reconstruction of the
medial patellofemoral ligament in paediatric patients
with recurrent patella instability. Knee Surg Sports
Traumatol Arthrosc. 2016;24(3):666-671. doi:10.1007/
s00167-014-3439-x

68. Enderlein D, Nielsen T, Christiansen SE, Faung 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):2458-2464.
doi:10.1007/s00167-014-3164-5

69. Sappey-Marinier E, Sonnery-Cottet B, O’Loughlin
P, et al. Clinical outcomes and predictive factors for
failure with isolated MPFL reconstruction for
recurrent patellar instability: a series of 211
reconstructions with a minimum follow-up of 3 years.
Am ] Sports Med. 2019;47(6):1323-1330. doi:10.1177/
0363546519838405

70. Chatterton A, Nielsen TG, Sgrensen OG, Lind M.
Clinical outcomes after revision surgery for medial
patellofemoral ligament reconstruction. Knee Surg
Sports Traumatol Arthrosc. 2018;26(3):739-745.
doi:10.1007/s00167-017-4477-y

71. Migliorini F, Oliva F, Maffulli GD, et al. Isolated
medial patellofemoral ligament reconstruction for
recurrent patellofemoral instability: analysis of
outcomes and risk factors. J Orthop Surg Res.
2021;16(1):239. d0i:10.1186/s13018-021-02383-9

72. Hiemstra LA, Kerslake S, Lafave MR, Heard SM,
Buchko GML, Mohtadi NGH. Initial validity and
reliability of the Banff Patella Instability Instrument.
Am ] Sports Med. 2013;41(7):1629-1635. doi:10.1177/
0363546513487981

73. Lafave MR, Hiemstra L, Kerslake S. Factor analysis
and item reduction of the Banff Patella Instability
Instrument (BPII): introduction of BPII 2.0. Am |
Sports Med. 2016;44(8):2081-2086. doi:10.1177/
0363546516644605

74. Hiemstra LA, Page JL, Kerslake S. Patient-
reported outcome measures for patellofemoral
instability: a critical review. Curr Rev Musculoskelet
Med. 2019;12(2):124-137. d0i:10.1007/
$12178-019-09537-7

International Journal of Sports Physical Therapy


https://doi.org/10.2519/jospt.2001.31.10.588
https://doi.org/10.2519/jospt.2001.31.10.588
https://doi.org/10.2519/jospt.2006.2013
https://doi.org/10.1007/s40279-019-01102-z
https://doi.org/10.1007/s40279-019-01102-z
https://doi.org/10.1016/j.ptsp.2021.05.005
https://doi.org/10.2519/jospt.2012.3871
https://doi.org/10.1016/j.clinbiomech.2020.105067
https://doi.org/10.1016/j.clinbiomech.2020.105067
https://doi.org/10.1016/j.physio.2015.03.220
https://doi.org/10.1007/s00167-016-4040-2
https://doi.org/10.1007/s00167-016-4040-2
https://doi.org/10.1177/2325967119825854
https://doi.org/10.1016/s0749-8063(05)80366-4
https://doi.org/10.1097/BPO.0000000000001836
https://doi.org/10.1097/BPO.0000000000001836
https://doi.org/10.1007/s00167-014-3439-x
https://doi.org/10.1007/s00167-014-3439-x
https://doi.org/10.1007/s00167-014-3164-5
https://doi.org/10.1177/0363546519838405
https://doi.org/10.1177/0363546519838405
https://doi.org/10.1007/s00167-017-4477-y
https://doi.org/10.1186/s13018-021-02383-9
https://doi.org/10.1177/0363546513487981
https://doi.org/10.1177/0363546513487981
https://doi.org/10.1177/0363546516644605
https://doi.org/10.1177/0363546516644605
https://doi.org/10.1007/s12178-019-09537-7
https://doi.org/10.1007/s12178-019-09537-7

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

75. Hiemstra LA, Kerslake S, Lafave MR, Tucker A.
Patella alta is reduced following MPFL reconstruction
but has no effect on quality-of-life outcomes in
patients with patellofemoral instability. Knee Surg
Sports Traumatol Arthrosc. 2021;29(2):546-552.
doi:10.1007/s00167-020-05977-8

76. Hiemstra LA, Kerslake S, Lafave MR. Quality-of-
life outcomes of patients following patellofemoral
stabilization surgery: the influence of trochlear
dysplasia. ] Knee Surg. 2017;30(9):887-893.
doi:10.1055/s-0037-1598038

77. Zimmermann F, Milinkovic DD, Bortlein J,
Balcarek P. Revision surgery for failed medial
patellofemoral ligament reconstruction results in
better disease-specific outcome scores when
performed for recurrent instability than for
patellofemoral pain or limited range of motion. Knee
Surg Sports Traumatol Arthrosc.
2022;30(5):1718-1724. doi:10.1007/
s00167-021-06734-1

78. Holliday CL, Hiemstra LA, Kerslake S, Grant JA.
Relationship between anatomical risk factors,
articular cartilage lesions, and patient outcomes
following medial patellofemoral ligament
reconstruction. Cartilage.
2021;13(1_suppl):993S-1001S. doi:10.1177/
1947603519894728

79. Mengis N, Zimmermann F, Schemel L, Rippke JN,
Milinkovic DD, Balcarek P. Return to sports and
patients’ rehabilitation continuum after deepening
trochleoplasty and concomitant patellar-stabilizing
procedures: a case series of 111 patients at 2 to 4
years of follow-up. Am J Sports Med.
2022;50(3):674-680. doi:10.1177/03635465211063914

80. Smith TO, Donell ST, Clark A, et al. The
development, validation and internal consistency of
the Norwich Patellar Instability (NPI) score. Knee
Surg Sports Traumatol Arthrosc. 2014;22(2):324-335.
doi:10.1007/s00167-012-2359-x

81. Valkering KP, Rajeev A, Caplan N, Tuinebreijer
WE, Kader DF. An evaluation of the effectiveness of
medial patellofemoral ligament reconstruction using
an anatomical tunnel site. Knee Surg Sports Traumatol
Arthrosc. 2017;25(10):3206-3212. doi:10.1007/
s00167-016-4292-x

82. Smith TO, Choudhury A, Navratil R, Hing CB.
Psychometric properties of the Norwich Patellar
Instability Score in people with recurrent patellar
dislocation. The Knee. 2019;26(6):1192-1197.
doi:10.1016/j.knee.2019.10.021

83. Anderson AF, Irrgang J]J, Kocher MS, Mann BJ,
Harrast J], International Knee Documentation
Committee. The International Knee Documentation
Committee Subjective Knee Evaluation Form:
normative data. Am J Sports Med. 2006;34(1):128-135.
doi:10.1177/0363546505280214

84. Higgins LD, Taylor MK, Park D, et al. Reliability
and validity of the International Knee
Documentation Committee (IKDC) Subjective Knee
Form. Joint Bone Spine. 2007;74(6):594-599.
doi:10.1016/j.jbspin.2007.01.036

85. Qiao Y, Wu C, Wu X, et al. The value of minimal
clinically important difference, substantial clinical
benefit, and patient-acceptable symptomatic state for
commonly used patient-reported outcomes in
recurrent patellar instability patients after medial
patellofemoral ligament reconstruction and tibial
tubercle transfer. Arthroscopy. 2024;40(1):115-123.
doi:10.1016/j.arthro.2023.06.042

86. Kocher MS, Smith JT, Iversen MD, et al.
Reliability, validity, and responsiveness of a modified
International Knee Documentation Committee
Subjective Knee Form (Pedi-IKDC) in children with
knee disorders. Am J Sports Med. 2011;39(5):933-939.
doi:10.1177/0363546510383002

87. Ahmad CS, Brown GD, Stein BS. The docking
technique for medial patellofemoral ligament
reconstruction: surgical technique and clinical
outcome. Am J Sports Med. 2009;37(10):2021-2027.
doi:10.1177/0363546509336261

88. Malatray M, Magnussen R, Lustig S, Servien E.
Lateral retinacular release is not recommended in
association to MPFL reconstruction in recurrent
patellar dislocation. Knee Surg Sports Traumatol
Arthrosc. 2019;27(8):2659-2664. doi:10.1007/
s00167-018-5294-7

89. Kohn LM, Meidinger G, Beitzel K, et al. Isolated
and combined medial patellofemoral ligament
reconstruction in revision surgery for patellofemoral
instability: a prospective study. Am J Sports Med.
2013;41(9):2128-2135. do0i:10.1177/
0363546513498572

90. Banke IJ, Kohn LM, Meidinger G, et al. Combined
trochleoplasty and MPFL reconstruction for
treatment of chronic patellofemoral instability: a
prospective minimum 2-year follow-up study. Knee
Surg Sports Traumatol Arthrosc.
2014;22(11):2591-2598. doi:10.1007/
s00167-013-2603-z

International Journal of Sports Physical Therapy


https://doi.org/10.1007/s00167-020-05977-8
https://doi.org/10.1055/s-0037-1598038
https://doi.org/10.1007/s00167-021-06734-1
https://doi.org/10.1007/s00167-021-06734-1
https://doi.org/10.1177/1947603519894728
https://doi.org/10.1177/1947603519894728
https://doi.org/10.1177/03635465211063914
https://doi.org/10.1007/s00167-012-2359-x
https://doi.org/10.1007/s00167-016-4292-x
https://doi.org/10.1007/s00167-016-4292-x
https://doi.org/10.1016/j.knee.2019.10.021
https://doi.org/10.1177/0363546505280214
https://doi.org/10.1016/j.jbspin.2007.01.036
https://doi.org/10.1016/j.arthro.2023.06.042
https://doi.org/10.1177/0363546510383002
https://doi.org/10.1177/0363546509336261
https://doi.org/10.1007/s00167-018-5294-7
https://doi.org/10.1007/s00167-018-5294-7
https://doi.org/10.1177/0363546513498572
https://doi.org/10.1177/0363546513498572
https://doi.org/10.1007/s00167-013-2603-z
https://doi.org/10.1007/s00167-013-2603-z

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

91. Meynard P, Malatray M, Sappey-Marinier E, et al.
Medial patellofemoral ligament reconstruction for
recurrent patellar dislocation allows a good rate to
return to sport. Knee Surg Sports Traumatol Arthrosc.
2022;30(6):1865-1870. doi:10.1007/
s00167-021-06815-1

92. Smith TO, Mann CJV, Donell ST. Does knee joint
proprioception alter following medial patellofemoral
ligament reconstruction? Knee. 2014;21(1):21-27.
doi:10.1016/j.knee.2012.09.013

93. Ewald F, Klasan A, Putnis S, Farizon F, Philippot
R, Neri T. After MPFL reconstruction, femoral tunnel
widening and migration increase with poor tunnel
positioning and are related to poor clinical outcomes.
Knee Surg Sports Traumatol Arthrosc.
2023;31(6):2315-2322. doi:10.1007/
s00167-022-07277-9

94. Roos EM, Roos HP, Lohmander LS, Ekdahl C,
Beynnon BD. Knee Injury and Osteoarthritis Outcome
Score (KOOS)—development of a self-administered
outcome measure. J Orthop Sports Phys Ther.
1998;28(2):88-96. doi:10.2519/jospt.1998.28.2.88

95. Ortqvist M, Iversen MD, Janarv PM, Brostrom EW,
Roos EM. Psychometric properties of the Knee injury
and Osteoarthritis Outcome Score for Children
(KOOS-Child) in children with knee disorders. Br |
Sports Med. 2014;48(19):1437-1446. doi:10.1136/
bjsports-2013-093164

96. Ortqvist M, Roos EM, Brostrom EW, Janarv PM,
Iversen MD. Development of the Knee Injury and
Osteoarthritis Outcome Score for children (KOOS-
Child): comprehensibility and content validity. Acta
Orthop. 2012;83(6):666-673. doi:10.3109/
17453674.2012.747921

97. Sherman SL, Geeslin DW, Hogan DW, et al.
Comparison of MPFL repair versus MPFL
reconstruction for refractory patella instability in
patients under 18 years old. Orthop J Sports Med.
2020;8(4 suppl3):2325967120S00189. doi:10.1177/
2325967120S00189

98. Matsushita T, Oka S, Araki D, et al. Patient-based
outcomes after medial patellofemoral ligament
reconstruction. Int Orthop. 2017;41(6):1147-1153.
doi:10.1007/s00264-017-3433-2

99. Ronga M, Oliva F, Longo UG, Testa V, Capasso G,
Maffulli N. Isolated medial patellofemoral ligament
reconstruction for recurrent patellar dislocation. Am J
Sports Med. 2009;37(9):1735-1742. doi:10.1177/
0363546509333482

100. Matsushita T, Araki D, Matsumoto T, Niikura T,
Kuroda R. Changes in knee extensor strengths before
and after medial patellofemoral ligament
reconstruction. Phys Sportsmed. 2019;47(2):220-226.
doi:10.1080/00913847.2018.1547086

101. Krych AJ, O’Malley MP, Johnson NR, et al.
Functional testing and return to sport following
stabilization surgery for recurrent lateral patellar
instability in competitive athletes. Knee Surg Sports
Traumatol Arthrosc. 2018;26(3):711-718. doi:10.1007/
s00167-016-4409-2

102. Malecki K, Fabis ], Flont P, Lipczyk Z, Niedzielski
K. Preliminary results of two surgical techniques in
the treatment of recurrent patellar dislocation:
Medial patellofemoral ligament reconstruction versus
combined technique of vastus medialis advancement,
capsular plasty and Roux-Goldthwait procedure in
treatment of recurrent patellar dislocation. Int
Orthop. 2016;40(9). doi:10.1007/s00264-016-3119-1

103. Reid A, Birmingham TB, Stratford PW, Alcock
GK, Giffin JR. Hop testing provides a reliable and
valid outcome measure during rehabilitation after
anterior cruciate ligament reconstruction. Phys Ther.
2007;87(3):337-349. doi:10.2522/ptj.20060143

104. Nilsgard TL, @iestad BE, Randsborg PH, Argen
A, Straume-Nasheim TM. Association between single
leg hop tests and patient reported outcome measures
and patellar instability in patients with recurrent
patellar dislocations. BMJ Open Sport Exerc Med.
2023;9(4):e001760. doi:10.1136/
bmjsem-2023-001760

105. Hysing-Dahl T, Magnussen LH, Faleide AGH,
Inderhaug E. Feasibility of return to sports
assessment 6 months after patellar instability
surgery. BMC Musculoskelet Disord. 2023;24:662.
doi:10.1186/s12891-023-06767-2

106. Hiemstra LA, Kerslake S, Kupfer N, Lafave MR.
Generalized joint hypermobility does not influence
clinical outcomes following isolated MPFL
reconstruction for patellofemoral instability. Knee
Surg Sports Traumatol Arthrosc.
2019;27(11):3660-3667. doi:10.1007/
s00167-019-05489-0

107. Biesert M, Johansson A, Kostogiannis I, Roberts
D. Self-reported and performance-based outcomes
following medial patellofemoral ligament
reconstruction indicate successful improvements in
knee stability after surgery despite remaining
limitations in knee function. Knee Surg Sports
Traumatol Arthrosc. 2020;28(3):934-940. doi:10.1007/
s00167-019-05570-8

International Journal of Sports Physical Therapy


https://doi.org/10.1007/s00167-021-06815-1
https://doi.org/10.1007/s00167-021-06815-1
https://doi.org/10.1016/j.knee.2012.09.013
https://doi.org/10.1007/s00167-022-07277-9
https://doi.org/10.1007/s00167-022-07277-9
https://doi.org/10.2519/jospt.1998.28.2.88
https://doi.org/10.1136/bjsports-2013-093164
https://doi.org/10.1136/bjsports-2013-093164
https://doi.org/10.3109/17453674.2012.747921
https://doi.org/10.3109/17453674.2012.747921
https://doi.org/10.1177/2325967120S00189
https://doi.org/10.1177/2325967120S00189
https://doi.org/10.1007/s00264-017-3433-2
https://doi.org/10.1177/0363546509333482
https://doi.org/10.1177/0363546509333482
https://doi.org/10.1080/00913847.2018.1547086
https://doi.org/10.1007/s00167-016-4409-2
https://doi.org/10.1007/s00167-016-4409-2
https://doi.org/10.1007/s00264-016-3119-1
https://doi.org/10.2522/ptj.20060143
https://doi.org/10.1136/bmjsem-2023-001760
https://doi.org/10.1136/bmjsem-2023-001760
https://doi.org/10.1186/s12891-023-06767-2
https://doi.org/10.1007/s00167-019-05489-0
https://doi.org/10.1007/s00167-019-05489-0
https://doi.org/10.1007/s00167-019-05570-8
https://doi.org/10.1007/s00167-019-05570-8

Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return t...

108. Sullivan MJL, Bishop SR, Pivik J. The pain
catastrophizing scale: development and validation.
Psychol Assess. 1995;7(4):524-532. doi:10.1037/
1040-3590.7.4.524

109. Smith TO, Choudhury A, Fletcher J, et al.
Changes in pain catastrophization and neuropathic
pain following operative stabilisation for
patellofemoral instability: a prospective study with
twelve month follow-up. Int Orthop.
2021;45(7):1745-1750. doi:10.1007/
s00264-021-05046-w

110. Bi AS, Shankar DS, Vasavada KD, et al.
Increasing patient-reported allergies are not
associated with pain, functional outcomes, or
satisfaction following medial patellofemoral ligament
reconstruction: a retrospective comparative cohort
study. Knee Surg Relat Res. 2022;34(1):19.
doi:10.1186/s43019-022-00147-1

111. Chmielewski TL, George SZ. Fear avoidance and
self-efficacy at 4 weeks after ACL reconstruction are
associated with early impairment resolution and
readiness for advanced rehabilitation. Knee Surg
Sports Traumatol Arthrosc. 2019;27(2):397-404.
doi:10.1007/s00167-018-5048-6

112. Hsu CJ, George SZ, Chmielewski TL. Fear-
avoidance and self-efficacy psychosocial factors are
altered after partial meniscectomy and associated
with rehabilitation outcomes. Int J Sports Phys Ther.
2020;15(4):557-570. doi:10.26603/ijspt20200557

113. Piussi R, Beischer S, Thomeé R, Hamrin Senorski
E. Superior knee self-efficacy and quality of life
throughout the first year in patients who recover
symmetrical muscle function after ACL
reconstruction. Knee Surg Sports Traumatol Arthrosc.
2020;28(2):555-567. doi:10.1007/s00167-019-05703-z

114. Waldrop D, Lightsey OR Jr, Ethington CA,
Woemmel CA, Coke AL. Self-efficacy, optimism,
health competence, and recovery from orthopedic
surgery. J Couns Psychol. 2001;48(2):233-238.
doi:10.1037/0022-0167.48.2.233

115. Thomeé P, Wahrborg P, Borjesson M, Thomeé R,
Eriksson BI, Karlsson J. A new instrument for
measuring self-efficacy in patients with an anterior
cruciate ligament injury. Scand ] Med Sci Sports.
2006;16(3):181-187. doi:10.1111/
j-1600-0838.2005.00472.x

116. Hsu CJ, George SZ, Chmielewski TL. Association
of quadriceps strength and psychosocial factors with
single-leg hop performance in patients with
meniscectomy. Orthop ] Sports Med.
2016;4(12):2325967116676078. doi:10.1177/
2325967116676078

117. Ahmad R, Calciu M, Jayasekera N, Schranz P,
Mandalia V. Combined medial patellofemoral
ligament reconstruction and tibial tubercle transfer
results at a follow-up of 2 years. | Knee Surg.
2017;30(1):42-46. doi:10.1055/5-0036-1579665

118. Manjunath AK, Hurley ET, Jazrawi LM, Strauss
EJ. Return to play after medial patellofemoral
ligament reconstruction: a systematic review. Am J
Sports Med. 2021;49(4):1094-1100. doi:10.1177/
0363546520947044

119. Platt BN, Bowers LC, Magnuson JA, et al. Return
to sport after medial patellofemoral ligament
reconstruction: a systematic review and meta-
analysis. Am J Sports Med. 2022;50(1):282-291.
doi:10.1177/0363546521990004

120. Rueth MJ, Koehl P, Schuh A, Goyal T, Wagner D.
Return to sports and short-term follow-up of 101
cases of medial patellofemoral ligament
reconstruction using gracilis tendon autograft in
children and adolescents. Arch Orthop Trauma Surg.
2023;143(1):447-452. doi:10.1007/
s00402-022-04365-w

121. Matassi F, Innocenti M, Andrea CL, et al. Timing
for safe return to sport after medial patellofemoral
ligament reconstruction: the role of a functional test
battery. ] Knee Surg. 2021;34(4):363-371. doi:10.1055/
$-0039-1696647

122. Zaman S, White A, Shi W], Freedman KB,
Dodson CC. Return-to-play guidelines after medial
patellofemoral ligament surgery for recurrent patellar
instability: a systematic review. Am J Sports Med.
2018;46(10):2530-2539. doi:10.1177/
0363546517713663

123. Ménétrey ], Putman S, Gard S. Return to sport
after patellar dislocation or following surgery for
patellofemoral instability. Knee Surg Sports Traumatol
Arthrosc. 2014;22(10):2320-2326. doi:10.1007/
s00167-014-3172-5

International Journal of Sports Physical Therapy


https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1037/1040-3590.7.4.524
https://doi.org/10.1007/s00264-021-05046-w
https://doi.org/10.1007/s00264-021-05046-w
https://doi.org/10.1186/s43019-022-00147-1
https://doi.org/10.1007/s00167-018-5048-6
https://doi.org/10.26603/ijspt20200557
https://doi.org/10.1007/s00167-019-05703-z
https://doi.org/10.1037/0022-0167.48.2.233
https://doi.org/10.1111/j.1600-0838.2005.00472.x
https://doi.org/10.1111/j.1600-0838.2005.00472.x
https://doi.org/10.1177/2325967116676078
https://doi.org/10.1177/2325967116676078
https://doi.org/10.1055/s-0036-1579665
https://doi.org/10.1177/0363546520947044
https://doi.org/10.1177/0363546520947044
https://doi.org/10.1177/0363546521990004
https://doi.org/10.1007/s00402-022-04365-w
https://doi.org/10.1007/s00402-022-04365-w
https://doi.org/10.1055/s-0039-1696647
https://doi.org/10.1055/s-0039-1696647
https://doi.org/10.1177/0363546517713663
https://doi.org/10.1177/0363546517713663
https://doi.org/10.1007/s00167-014-3172-5
https://doi.org/10.1007/s00167-014-3172-5

	Current Concept Review: Medial Patellofemoral Ligament Reconstruction: From Rehabilitation to Return to Sport
	Level of Evidence
	INTRODUCTION
	Evidence Acquisition
	Patellar dislocation
	MPFL Reconstruction and Concomitant Procedures
	Range of Motion (ROM) and Weight-bearing Restrictions
	Phase-specific Guidelines
	The Protection Phase
	The Strengthening Phase
	The Advanced Strengthening and Functional Phase
	The RTS Phase
	Biomechanical Characteristics during Functional Tasks
	Patient-reported Outcomes
	Impairment-based Outcomes
	Performance-based Outcomes
	Psychological Measures
	RTS Rate and Criteria

	SUMMARY
	Corresponding Author
	Conflicts of Interest

	References


