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Background: Recurrent patellar instability can be treated nonoperatively or surgically, and surgical management may vary based
on the causative pathology in the structures surrounding the patella. Although isolated soft tissue reconstruction is among the most
common operative treatments, certain patient populations require bony realignment for adequate stabilization.

Purpose: To evaluate postoperative guidelines, including return to play and rehabilitation, after bony procedures involving the tibial
tubercle for patellar instability.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic review on return-to-play guidelines was conducted with studies published from 1997 to 2019 that detailed
procedures involving bony realignment by tibial tubercle osteotomies and tibial tubercle transfers with or without soft tissue
reconstruction. Exclusion criteria included animal or cadaveric studies, basic science articles, nonsurgical rehabilitation protocols,
and patients with mean age <18 years. Studies were assessed for return-to-play criteria, rehabilitation protocols, and bias.

Results: Included in the review were 39 studies with a total of 1477 patients and 1598 knees. Mean patient age ranged from 17.5 to
34.0 years, and mean follow-up ranged from 23 to 161 months. All 39 studies described postoperative rehabilitation; however, only 16
studies specifically outlined return-to-play criteria. The most commonly cited return-to-play criterion was quadriceps strength (62.5%).
Range of motion (50.0%), physical therapy protocols (18.8%), and radiographic evidence of healing (18.8%) were other cited objective
criteria for return-to-play. Four of 16 (25.0%) studies described subjective criteria for return to play, including pain, swelling, and patient
comfort and confidence. Of the 11 studies that described a timeline for return to play, the range was between 2 and 6 months.

Conclusion: The results revealed that 100% of papers evaluated lacked adequate return-to-play guidelines. Moreover, timelines
significantly varied among studies. More clearly defined return-to-play guidelines after tibial tubercle transfer for patellar instability
are required.
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Patellar instability is common among both athletes and
nonathletes, with some studies demonstrating an increas-
ing incidence of recurrent patellar instability due to partic-
ipation in higher intensity sports during the adolescent
years.28 There is an estimated incidence of primary patellar
dislocation of 5.8 per 100,000 individuals, and recurrent
patellar instability is a significant issue after primary dis-
location.55 Furthermore, in patients between 10 and 17
years of age, the incidence increases to 29 per 100,000 indi-
viduals.18,55 Although common among athletes of all ages,

sex, and type of sport participation, the incidence of patellar
instability is highest in female adolescent and young adult
athletes.6,12,18

The pathology of patellar instability is highly dependent
on the relative anatomy of the surrounding structures of
the patella as well as the bony alignment of the knee joint
and lower extremity. While management is typically non-
operative for patients with first-time dislocations, patellar
instability often requires operative treatment in cases of
recurrent dislocation and residual pain. Weber et al54 pro-
posed an algorithmic approach to the treatment of recur-
rent lateral patellar dislocation, where they highlighted the
indications for different surgical approaches. Medial patel-
lofemoral ligament (MPFL) reconstruction is safe and
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effective in both skeletally mature and immature patients
in the setting of an isolated MPFL injury. Distal realign-
ment procedures, however, are best utilized in patients
with recurrent instability who exhibit patella alta,
increased tibial tuberosity-to-trochlear groove distance, or
lateral and distal patellar chondrosis. Further, despite a
lack of supporting clinical data, a number of studies9,43,54

have supported the use of a trochleoplasty in select cases of
trochlear dysplasia in the setting of patellar instability. A
select subset of patients may require a combination of these
procedures. Given the variability in surgical treatments
available for recurrent patellar instability, postoperative
treatment protocols and timing of return to play should
be adjusted based on the procedure. In particular, return-
to-play protocols should factor biologic healing with respect
to the procedure performed.54 A previously published sys-
tematic review58 summarized return-to-play guidelines
after MPFL reconstruction and repair for patellar instabil-
ity. The current review, however, addresses return-to-play
guidelines for a patient population requiring bony realign-
ment surgery for the treatment of patellar instability.

In general, this population differs from those indicated
for isolated soft tissue procedures, where the aim is to
restore the integrity of the soft tissue structures. Previous
studies17 have shown abnormalities in bony morphology,
which predict recurrent instability. The purpose of this sys-
tematic review is to determine if there are standard post-
operative protocols in place for return to play after tibial
tubercle realignment procedures for patellar instability.
We hypothesized that return-to-play and rehabilitative
guidelines will be poorly defined for patients undergoing
tibial tubercle osteotomy for patellar instability.

METHODS

The literature on return-to-play guidelines after patellar
instability surgery was evaluated through an evidence-
based systematic review. The systematic review was
performed searching the Cochrane Library, PubMed, and
SCOPUS databases for several variations of the terms
“patellar instability,” “patellar dislocation,” “tibial tuberosity
osteotomy,” “tibial tubercle osteotomy,” “Elmslie-Trillat,”
“Fulkerson osteotomy,” “Roux-Goldthwait,” “osteotomy,”
“lateral release,” “outcome,” “return to play,” and
“rehabilitation” from January 1, 1997, to January 22, 2019.
Additionally, the reference sections of all selected articles
were reviewed to identify potential missed articles.

Inclusion Criteria

Studies were included in our analysis if they reported
outcomes on patients who received surgical treatment for
patellar instability that required some variation of tibial
tubercle osteotomy. Studies that had multiple patient
populations with varying stabilization procedures, but
the bony realignment procedures could be easily
extracted, were included. One study58 that reported on
MPFL surgery was included only if additional tibial
tubercle osteotomies or variations of tibial tubercle trans-
fers were performed concomitantly in their patients.
Studies with additional arthroscopic treatment for chon-
dral lesions, such as removal of loose bodies, debride-
ment, and microfracture, were included. The minimum
mean follow-up period for all studies was at least 1 year.

Exclusion Criteria

Review articles, animal or cadaveric studies, basic science
articles, nonsurgical rehabilitation protocols, technique
reports, and studies with level 5 evidence were excluded.
Studies reporting on isolated MPFL reconstruction or
repair were excluded from our search. Any study with a
mean patient population younger than 18 years of age was
excluded, and studies completed before 1997 were excluded
in an attempt to capture the most current literature.
Patient aged �17.5 years was rounded up to 18 years. Only
studies with skeletally mature patients were included since
a closed physis is typically a prerequisite for a bony proce-
dure. Studies not in English were excluded from our
analysis.

Article screening was completed by 2 independent
reviewers (R.C. and A.E.W.). If an article detailed follow-
up data from a previously published cohort, only the most
recent publication was included in our analysis. Quality of
assessment for each study was evaluated using the evi-
dence grading tool developed by the Centre for Evidence-
Based Medicine.1

PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) criteria were followed
throughout the systematic review process (Figure 1).

Data Extraction

From each study, the total number of patients, number of
knees operated on, sex, mean age at the time of surgery,
and mean time to follow-up were collected. In addition, the
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types of stabilization procedures performed in each study
were recorded as well as whether an MPFL reconstruction
was completed. In instances in which an MPFL reconstruc-
tion was performed, the type of graft used was documented.
Because of the various different outcome measures
reported across the studies, this review reports recurrent
instability rate, which was defined here as any instance of
recurrent dislocation.

Return-to-Play/Full-Activity Criteria

Each study was evaluated for any criteria that could be
used to determine unrestricted return-to-play. Return-to-
play criteria were defined as any 1 of the following: a reha-
bilitation protocol, a specific timeline for return to full
activity, and conditional criteria, either objective or

subjective, for patient return to full activity (i.e., “If patient
meets [criteria], then patient may return to preinjury level
of activity”). To stratify studies by their definition of return-
to-play criteria, each study was rated on a scale of 0-4,
where a study received 1 point if it included a rehabilitation
protocol, 1 point for mention of a return-to-play timeline, 1
point if it cited conditional measures (either objective or
subjective), and 1 point if it defined the specific measure-
ments in detail. Studies without any return-to-play criteria
earned a rating of 0. Objective measurements included
statements that required patients to achieve sufficient
quadriceps or muscular strength, range of motion, or patel-
lar stability or to successfully complete a functional assess-
ment test before return to full activity. Subjective
measurements included anything defined by the physician
but self-reported by the patient as a determinant of the

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram detailing the review of articles
from the search build.
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patient’s readiness for return to play. A rating of 4 indicated
that a study had well-defined return-to-play criteria. A rat-
ing of 3, 2, or 1 denoted poorly defined criteria, and a rating
of 0 indicated that no return-to-play criteria were defined.

Rehabilitation Protocol

Beyond screening for the presence of a rehabilitation pro-
tocol, postoperative physician priorities after patellar sta-
bilization surgery were summarized. Each study was
analyzed for mention of the following postoperative recom-
mendations: weightbearing guidelines, quadriceps-
strengthening exercises, referral to a professional and/or
formal physical therapy program, range of motion guide-
lines, bracing or immobilization protocol, and any indica-
tion of a structured activity progression before return to full
activity (light jogging, noncontact sporting activity, etc.).
Studies were also evaluated for subjective outcome mea-
sures that influenced rehabilitation protocols.

Quality of Literature Methodology

The same 2 reviewers assessed the quality of methodology
in each article using the Coleman Methodology Score
(CMS).13 The CMS was used for reporting outcomes of sur-
gery for patellar tendinopathy; therefore, analysis was eas-
ily applicable to patellar stabilization.12 However, 1 change
was made in the category of diagnostic certainty: physical
examination was added as an additional method of
establishing the diagnosis, since physical examination
techniques, in addition to patient history, are known to be
reliable for assessing patellar instability.

RESULTS

Quality Assessment

A total of 39 studies met our inclusion criteria and were
included in the analysis. The mean CMS was 74.26 ±
10.56, demonstrating minimal overall bias (Table 1). The
majority of the articles clearly explained their patient selec-
tion process, and only those patients with >12 months of
follow-up were considered in the studies.

The 39 published studies combined for a total of 1477
patients reporting on 1598 knees. Of the studies that
reported sex breakdown, there were 707 (62.6%) women
and 423 (37.4%) men. Five studies23,29,48,53,57 reporting on
a total of 347 (23.5%) patients did not provide a sex break-
down. The mean age was reported in 36 (95.1%) studies and
ranged from 17.5 to 34.0 years at the time of surgery across
all the studies.{ Preinjury activity level was reported in 11
studies (28.2%).2,3,10,11,19,20,22,24,30,32,52 Activity level was
described by a number of factors including type of sport,
number of days per week involved in competition, activities
that provoked patellofemoral pain, and confidence in skill
set. The studies that did not directly report preinjury

activity level nevertheless assessed preinjury functional
scores with some form of questionnaire. Postoperative
recurrent instability rate was provided in 37 (94.9%) stud-
ies and ranged from 0.0% to 13.3%. The mean follow-up
time across studies ranged from 23 to 161 months after
surgery. There were 2 studies that were level 1 evidence
(5.2%), 6 studies that were level 2 evidence (15.4%), 10
studies that were level 3 evidence (25.6%), and 21 studies
that were level 4 evidence (53.8%). The technique and pro-
tocol for each surgery was described effectively as demon-
strated by full CMS criteria for each study in the surgical
procedure section (Figure 2).

Return-to-Play Criteria

All 39 studies discussed some form of rehabilitation proto-
col after the operation. Rehabilitation guidelines included
protocols on bracing, weightbearing, quadriceps strength-
ening, and range of motion. These guidelines were set with
the goal of eventually returning to sport; however, they
were not clearly identified requirements for return to sport.
Overall, 27 (69.2%) studies discussed weightbearing guide-
lines in their rehabilitation protocols and 20 (51.3%) dis-
cussed some form of quadriceps strengthening. In
addition, 7 (18.0%) studies implemented a formal physical
therapy program, 28 (71.8%) used some form of a brace or
immobilization, and 11 (38.2%) implemented the use of
crutches or a cane. A subjective outcome measure of either
International Knee Documentation Committee (IKDC),
Knee injury and Osteoarthritis Outcome Score (KOOS),
Lysholm score, Kujala score, or Tegner score was used in
35 (89.7%) studies.

Although rehabilitation guidelines were outlined in each
study, only 16 studies (41.0%) explicitly identified objective
and subjective criteria for return to play. Furthermore, 11
(28.2%) studies# outlined a specific timeline for return to
sport. Of the timelines reported, the range was between 2
and 6 months (Table 2). Of the 16 published studies that
listed criteria for return-to-play, 10 (62.5%) studies** stated
that quadriceps muscle strength was a necessary measure.
Quadriceps strength was usually measured by comparing
strength with contralateral limb, assessing subjective con-
fidence in comparing postoperative quadriceps strength to
prior strength, and occasionally using Cybex isokinetic
testing. Additionally, 8 (50.0%) of these stud-
ies5,8,32,36,47,50,52,53 necessitated assessment for range of
motion. A specified physical therapy protocol was discussed
in 3 of the 16 (18.8%) studies.10,15,53 Further, 3 of the 16
(18.8%) studies8,33,50 considered radiographic evidence an
important measure of healing. The majority of studies that
discussed objective criteria for return to play did not specify
reproducible measurements for criteria such as range of
motion and quadriceps strength. Subjective criteria were
noted in 4 of the 16 (25.0%) studies,14,21-23 which included
patient pain and swelling as well as comfort and confidence.

{References 1–3, 5, 8, 10, 11, 14–16, 19-24, 29-33, 36–42, 44, 46, 47,
49–53.

#References 5, 8, 14, 30, 32, 36, 37, 39, 47, 52, 53.
**References 5, 8, 10, 14, 30, 32, 47, 50, 52, 53.
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As discussed in the Methods section, studies were ranked
by return-to-play criteria on a 0-4 scale. None of the studies
received a score of 4, whereas 4 of the 39 (10.3%) arti-
cles19,40,42,48 received a 0 out of 4 for their return-to-play
criteria, illustrating that they did not define any form of
return-to-play criteria. All 39 studies in our analysis
received a score of �3 in their definition of return-to-play
criteria, indicating that none of the studies adequately
defined return-to-play guidelines by our standards. The
results of the scoring criteria are shown in Table 3.

DISCUSSION

This study adds to the current literature on return to play
after patellar instability by providing a specific analysis of
the existing guidelines after tibial tubercle osteotomy.58 A
previous systematic review58 on return to play after MPFL
reconstruction demonstrated that a majority of studies
used time-based criteria for return to play with only
18.9% of studies listing objective or subjective criteria for
return to play. The goal of the current review was to

TABLE 1
Coleman Methodology Scores

Coleman Methodology Scoring Criteria (Points Possible)

Lead Author
Item 1

(10)
Item 2

(5)
Item 3

(10)
Item 4

(15)
Item 5

(5)
Item 6

(5)
Item 7

(10)
Item 8

(10)
Item 9

(15)
Item 10

(15)
Total
(100)

Äärimaa1 7 5 0 0 5 5 10 10 12 15 69
Ahmad2 0 5 10 10 5 5 10 10 15 15 85
Akgün3 0 5 10 0 5 5 10 10 15 10 70
Allen5 4 5 10 0 5 5 10 10 11 15 75
Barber8 4 5 10 10 5 5 10 10 15 10 84
Bellemans10 4 5 10 10 5 5 10 10 11 15 85
Belmont11 7 5 10 0 5 5 10 10 10 15 77
Cossey14 4 2 7 0 5 5 10 10 11 15 69
Damasena15 10 5 7 15 5 5 10 10 15 15 97
Dantas16 4 5 10 0 5 5 10 8 3 15 65
Ding19 4 5 7 0 5 5 0 10 11 15 62
Endres20 0 5 10 0 5 5 10 10 6 13 64
Feller21 7 5 0 0 5 5 10 4 15 13 64
Franciozi22 7 5 10 10 5 5 10 10 11 15 88
Franciozi23 7 5 10 10 5 5 10 10 11 15 88
Garth24 4 5 10 0 5 5 10 10 15 15 79
Koeter29 10 2 10 10 5 5 10 10 11 15 88
Kokdani30 10 5 10 10 5 5 10 10 8 5 78
Koskinen31 0 5 0 15 5 5 10 10 8 5 63
Krych32 4 5 7 10 5 5 10 10 15 15 86
Kumar33 4 5 10 0 5 5 10 10 11 8 68
Marcacci36 0 5 0 0 5 5 10 10 15 10 60
Mayer37 4 5 10 0 5 5 10 10 6 15 70
Mellecker38 4 5 0 0 5 5 10 10 10 15 64
Mulliez39 10 5 10 10 5 5 10 10 11 10 86
Nakagawa40 10 5 10 0 5 5 10 10 5 10 70
Naveed41 4 5 10 0 5 5 10 10 6 15 70
Neri42 10 5 0 0 5 5 0 10 10 15 60
Pemmaraju44 4 5 10 0 5 5 10 10 11 15 75
Pritsch45 10 5 10 0 5 5 10 10 10 15 80
Rillmann46 7 5 10 0 5 5 10 8 15 15 80
Schöttle47 0 5 0 0 5 5 10 10 10 15 60
Servien48 10 5 7 0 5 5 0 10 6 15 63
Sillanpää49 7 5 7 0 5 5 10 10 11 8 68
Tecklenburg50 7 5 0 0 5 5 10 10 11 8 61
Tigchelaar51 10 5 10 10 5 5 10 4 11 15 85
Tjoumakaris52 7 5 10 0 5 5 10 10 15 10 77
Watanabe53 7 5 0 0 5 5 10 10 10 15 67
Xie57 10 5 10 15 5 5 10 10 11 15 96
Mean 5.69 4.85 7.23 3.72 5.00 5.00 9.23 9.59 10.87 13.08 74.26
SD 3.38 0.67 4.15 5.47 0.00 0.00 2.70 1.39 3.18 3.08 10.56

Item definitions: 1 ¼ study size; 2 ¼ mean follow-up; 3 ¼ number of different treatment procedures included; 4 ¼ type of study; 5 ¼
diagnostic certainty; 6¼ description of surgical procedure; 7¼ description of postoperative rehabilitation; 8¼ outcome criteria; 9¼ procedures
for assessing clinical outcomes; 10 ¼ description of patient selection process.
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capture the entire breadth of literature on bony realign-
ment in the form of tibial tubercle osteotomy for patellar
instability to evaluate for return-to-play criteria and reha-
bilitation protocols. Only 11 (37.9%) studies described a
timeline for return to activity, which ranged anywhere
from 2 to 6 months. In addition to having a minority of
studies describing a timeline for returning to activity, the
range of time varied with no general consensus. However, it
is important to consider that only 1 of the 11 studies36 sug-
gested a timeline that was <12 weeks. Objective, reproduc-
ible criteria for return to activity were cited in only 13
(33.3%) studies.††

Complications related to the bony work involved in a
tibial tubercle transfer procedure include delayed union,
nonunion, and tibial fracture, with delayed union being
more common than nonunion and tibial fracture.26,34

Although insufficient bone union is rare, the complication

can result in reoperation in up to 6.6% of patients.34 This
highlights the importance of confirming radiographic heal-
ing before return to play. Of the 19 studies that described
postoperative complications other than recurrent disloca-
tion in this review, 6 of 19 studies2,10,16,37,45,48 (31.6%)
reported inadequate union or fracture. Despite a number
of studies reporting bone healing complications, only 3 of 39
studies8,33,50 (18.8%) in this review reported proper radio-
graphic healing as objective criteria for return to play.

Of all the studies reviewed in this review, 35 (89.7%)
studies described some form of rehabilitation protocol, each
to varying degrees of specificity. Rehabilitation protocols
were analyzed separately from return-to-play guidelines
across each study, as they could influence return to play
but not directly serve as criteria for return to play.
Rehabilitation included weightbearing guidelines, quadri-
ceps-strengthening exercises, range-of-motion goals, imple-
mentation of a brace, and formal physical therapy
programs. Weightbearing guidelines were by far the most
important consideration, with 27 (69.2%) studies placing
some form of restriction on bearing weight postoperatively.
Bracing or immobilization and range of motion were not far
behind, appearing in 28 (71.8%) studies and 24 (61.5%)
studies, respectively. Since they are often considered a
barometer for determining patient readiness for return to
play, previously validated patient-reported outcome mea-
sures (PROMs) were identified in this study. These PROMs
included but were not limited to the IKDC score, Kujala
score, KOOS, and the Lysholm score. Thirty-five of 39
(89.7%) studies in our systematic review incorporated some
form of PROM.

A previous review58 of isolated MPFL reconstruction
revealed that only a minority of studies included some form
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Figure 2. Tibial tubercle osteotomy procedures performed for patellar instability in the studies reviewed. MPFLr, medial patello-
femoral ligament reconstruction.

TABLE 2
Summary of Timelines for Return to Play

Timeline Studies, n (%)

None 28 (71.8)
8-12 weeks 1 (2.56)
3 months 1 (2.56)
4 months 2 (5.13)
4-5 months 2 (5.13)
4-6 months 1 (2.56)
6 months 4 (10.3)

††References 5, 8, 10, 14, 15, 30, 32, 33, 36, 47, 50, 52, 53.
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of return-to-play criteria, similar to studies involving bony
procedures in this systematic review. Return-to-play time-
lines were reported in 66.0% of studies involving isolated
MPFL reconstruction, as opposed to only 37.9% of studies
involving bony procedures discussed in this review. More-
over, timelines spanned a larger range (2-6 months) when
bony procedures are involved, as opposed to a range of 10
weeks to 6 months for isolated MPFL reconstruction.58

Therefore, it is evident that return-to-play timelines are
much less clearly defined when bony realignment proce-
dures are involved.

Over the past several years, the number of different sur-
gical techniques described for the treatment of patellar
instability have increased.4,7,25,27 The various procedures
present a challenge for surgeons hoping to define a

rehabilitation protocol based primarily on time from sur-
gery. The demands of each athlete can certainly further
complicate situations, as timelines and criteria for return
to play may differ by sport and procedure. Moreover, as
determined by our own return-to-play scoring criteria, no
study defined adequate return-to-play guidelines, demon-
strating either an uncertainty or disregard for the impor-
tance of reporting this element in a patient’s treatment
progression.

After evaluating the 39 studies, it is evident to the
authors that return-to-play criteria and rehabilitation
guidelines emphasize measures such as weightbearing
restrictions, quadriceps strength, range of motion, stabil-
ity, and confidence. The analysis suggests it is necessary to
focus on these measures when developing a standardized

TABLE 3
RTP Scoring Criteriaa

Lead Author Return-to-Play Timeline Conditional Criteria
Measurement for

Conditional Criteria Rehabilitation Protocol Total Score

Äärimaa1 0 0 N/A 1 1
Ahmad2 0 0 N/A 1 1
Akgün3 0 0 N/A 1 1
Allen5 1 1 0 1 3
Barber8 1 1 0 1 3
Bellemans10 0 1 1 1 3
Belmont11 0 0 N/A 1 1
Cossey14 1 1 0 1 3
Damasena15 0 1 0 1 2
Dantas16 0 0 N/A 1 1
Ding19 0 0 N/A 0 0
Endres20 0 0 N/A 1 1
Feller21 0 1 0 1 2
Franciozi22 0 0 N/A 1 1
Franciozi23 0 1 0 1 2
Garth24 0 1 1 1 3
Koeter29 0 0 N/A 1 1
Kokdani30 1 1 0 1 3
Koskinen31 0 0 N/A 1 1
Krych32 0 1 1 1 3
Kumar33 0 1 0 1 2
Marcacci36 1 1 0 1 3
Mayer37 1 0 N/A 1 2
Mellecker38 0 1 0 1 2
Mulliez39 1 0 N/A 1 2
Nakagawa40 0 0 N/A 0 0
Naveed41 0 0 N/A 1 1
Neri42 0 0 N/A 0 0
Pemmaraju44 0 0 N/A 1 1
Pritsch45 0 0 N/A 1 1
Rillmann46 0 0 N/A 1 1
Schöttle47 1 1 0 1 3
Servien48 0 0 N/A 0 0
Sillanpää49 0 0 N/A 1 1
Tecklenburg50 0 1 0 1 2
Tigchelaar51 0 0 N/A 1 1
Tjoumakaris52 1 1 0 1 3
Watanabe53 1 1 0 1 3
Xie57 0 0 N/A 1 1

aN/A, not available; RTP, return to play.
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protocol for return-to-play criteria after tibial tubercle
osteotomies for patellar instability. Additionally, given the
nature of bony work involved in the procedure, criteria
should require confirmation of radiographic union before
return to sport to ensure that patients are not at risk for
reinjury or complications. Because of the varying levels of
preinjury activity and skill level, criteria should include
athlete-specific activities to more accurately measure pro-
gression after surgery. As mentioned in previous studies
and checklists, this may include measurements such as
single-leg squats and activities involving change of direc-
tion.56,58 Focus should also be drawn toward developing a
consensus on the timeline for return to sport. Of the 11
studies that recommended timelines before return to play,
only 1 study36 reported a timeline <12 weeks, suggesting
that athletes should wait at least 12 weeks after surgery
before returning to full activity.

There are a number of limitations to this systematic
review. For example, an array of different bony procedures
involving the tibial tubercle was analyzed; however, each
bony procedure is inherently different, and the indications
for selecting each procedure vary. Despite this study’s focus
on tibial tubercle osteotomy, the differing provider-specific
surgical indications may limit the ability to standardize
return-to-play timelines and criteria for this entity. In the
initial study design, the pediatric population was excluded;
however, with the increased incidence of recurrent patellar
instability in adolescent athletes, it may be beneficial to
study this population to understand how return-to-play
guidelines and timelines are further influenced by age and
activity. Another limitation is that the review did not delin-
eate how preinjury activity influences return to play. While
preinjury activity level was directly reported in 28.2% of the
studies in this review, there was not a clear correlation with
how it might affect return-to-play timelines. For instance,
each sport has varying level of impact and speed, and a
cohort such as female soccer players may need more regi-
mented guidelines before returning to full activity.22,32,35Ad-
ditionally, the studies in this review ranged from level 1 to
level 4 evidence, and some outcomes reported were used in
both return-to-play and rehabilitation protocols.

CONCLUSION

Similar to the literature on isolated MPFL reconstruction,
the guidelines for return to play are highly variable and
poorly defined for a patient receiving bony realignment for
patellar instability. Standardizing guidelines for recovery
in alignment with the procedure performed could improve
the quality of recovery that athletes experience after patel-
lar stabilization surgery. Future considerations should
involve the creation of a checklist or other form of evalua-
tion to standardize the return-to-play guidelines after tibial
tubercle osteotomy for patellar instability.
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1. Äärimaa V, Ranne J, Mattila K, Rahi K, Virolainen P, Hiltunen A. Patel-

lar tendon shortening after treatment of patellar instability with a

patellar tendon medialization procedure. Scand J Med Sci Sports.

2008;18(4):442-446.

2. 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. J Knee Surg. 2017;30(1):

42-46.

3. Akgün U, Nuran R, Karahan M. Modified Fulkerson osteotomy in

recurrent patellofemoral dislocations. Acta Orthop Traumatol Turc.

2010;44(1):27-35.

4. Ali S, Bhatti A. Arthroscopic proximal realignment of the patella for

recurrent instability: report of a new surgical technique with 1 to 7

years of follow-up. Arthroscopy. 2007;23(3):305-311.

5. Allen MM, Krych AJ, Johnson NR, Mohan R, Stuart MJ, Dahm DL.

Combined tibial tubercle osteotomy and medial patellofemoral liga-

ment reconstruction for recurrent lateral patellar instability in patients

with multiple anatomic risk factors. Arthroscopy. 2018;34(8):

2420-2426.

6. Arshi A, Cohen J, Wang J, Hame S, McAllister D, Jones K. 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.

7. Banke I, Kohn L, Meidinger G, et al. Combined trochleoplasty and

MPFL reconstruction for treatment of chronic patellofemoral instabil-

ity: a prospective minimum 2-year follow-up study. Knee Surg Sports

Traumatol Arthrosc. 2014;22(11):2591-2598.

8. Barber F, McGarry J. Elmslie-Trillat procedure for the treatment of

recurrent patellar instability. Arthroscopy. 2008;24(1):77-81.

9. Beaufils P, Thaunat M, Pujol N, Scheffler S, Rossi R, Carmont M.

Trochleoplasty in major trochlear dysplasia: current concepts. BMC

Sports Sci Med Rehabil. 2012;4(1):7.

10. Bellemans J, Cauwenberghs F, Witvrouw E, Brys P, Victor J. Ante-

romedial tibial tubercle transfer in patients with chronic anterior knee

pain and a subluxation-type patellar malalignment. Am J Sports Med.

1997;25(3):375-381.

11. Belmont P, Fisher T, Bader J, Lanzi J, Owens B, Waterman B. Ante-

romedializing tibial tubercle osteotomy for patellofemoral instability:

occupational and functional outcomes in U.S. military service mem-

bers. J Knee Surg. 2018;31(04):306-313.

12. Bessette M, Saluan P. Patellofemoral pain and instability in adoles-

cent athletes. Sports Med Arthrosc Rev. 2016;24(4):144-149.

13. Coleman B, Khan K, Maffulli N, Cook J, Wark J. Studies of surgical

outcome after patellar tendinopathy: clinical significance of method-

ological deficiencies and guidelines for future studies. Scand J Med

Sci Sports. 2000;10:2-11.

14. Cossey A, Paterson R. A new technique for reconstructing the medial

patellofemoral ligament. Knee. 2005;12(2):93-98.

15. Damasena I, Blythe M, Wysocki D, Kelly D, Annear P. Medial patello-

femoral ligament reconstruction combined with distal realignment for

recurrent dislocations of the patella. Am J Sports Med. 2017;45(2):

369-376.

16. Dantas P, Nunes C, Moreira J, Amaral LB. Antero-medialisation of the

tibial tubercle for patellar instability. Int Orthop. 2005;29(6):390-391.

17. Dejour H, Walch G, Nove-Josserand L, Guier C. Factors of patellar

instability: an anatomic radiographic study. Knee Surg Sports Trau-

matol Arthrosc. 1994;2(1):19-26.

18. Diduch DR, Kandil A, Burrus MT. Lateral patellar instability in the

skeletally mature patient: evaluation and surgical management. J

Am Acad Orthop Surg. 2018;26(12):429-439.

19. Ding D, Kanevsky R, Strauss E, Jazrawi L. Anteromedialisation tibial

tubercle osteotomy for recurrent patellar instability in young active

patients: a retrospective case series. Injury. 2016;47(3):737-741.

20. Endres S, Wilke A. A 10 year follow-up study after Roux-Elmslie-Trillat

treatment for cases of patellar instability. BMC Musculoskelet Disord.

2011. doi: 10.1186/1471-2474-12-48.

21. Feller J, Richmond A, 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.

8 Chatterji et al The Orthopaedic Journal of Sports Medicine



22. Franciozi C, Ambra L, Albertoni L, et al. Increased femoral anteversion

influence over surgically treated recurrent patellar instability patients.

Arthroscopy. 2017;33(3):633-640.

23. Franciozi CE, Ambra LF, Albertoni LJB, et al. Anteromedial tibial

tubercle osteotomy improves results of medial patellofemoral liga-

ment reconstruction for recurrent patellar instability in patients with

tibial tuberosity–trochlear groove distance of 17 to 20 mm. Arthros-

copy. 2019;35(2):566-574.

24. Garth W Jr, DiChristina D, Holt G. Delayed proximal repair and distal

realignment after patellar dislocation. Clin Orthop Relat Res. 2000;

377:132-144.

25. Halbrecht J. Arthroscopic patella realignment: an all-inside technique.

Arthroscopy. 2001;17(9):940-945.

26. Johnson AA, Wolfe EL, Mintz DN, Demehri S, Shubin Stein BE, Cos-

garea AJ. Complications after tibial tuberosity osteotomy: association

with screw size and concomitant distalization. Orthop J Sports Med.

2018;6(10):2325967118803614.

27. Kang H, Wang F, Chen B, Zhang Y, Ma L. Non-surgical treatment for

acute patellar dislocation with special emphasis on the MPFL injury

patterns. Knee Surg Sports Traumatol Arthrosc. 2013;21(2):325-331.

28. Khormaee S, Kramer DE, Yen Y-M, Heyworth BE. Evaluation and

management of patellar instability in pediatric and adolescent ath-

letes. Sports Health. 2015;7(2):115-123.

29. Koeter S, Diks M, Anderson P, Wymenga A. A modified tibial tubercle

osteotomy for patellar maltracking: results at two years. J Bone Joint

Surg Br. 2007;89(2):180-185.

30. Kokdani P. “Basket weave technique” for medial patellofemoral liga-

ment reconstruction: clinical outcome of a prospective study. Indian J

Orthop. 2016;50(1):34-42.

31. Koskinen S, Rantanen J, Nelimarkka O, Kujala U. Effect of Elmslie-

Trillat and Roux-Goldthwait procedures on patellofemoral relation-

ships and symptoms in patients with patellar dislocations. Am J Knee

Surg. 1998;11(3):167-173.

32. 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 Trauma-

tol Arthrosc. 2018;26(3):711-718.

33. Kumar A, Jones S, Bickerstaff D, Smith T. Functional evaluation of the

modified Elmslie-Trillat procedure for patello-femoral dysfunction.

Knee. 2001;8(4):287-292.

34. Luhmann SJ, Fuhrhop S, O’Donnell JC, Gordon JE. Tibial fractures

after tibial tubercle osteotomies for patellar instability: a comparison

of three osteotomy configurations. J Child Orthop. 2011;5(1):19-26.

35. Magnussen R, Schmitt L, Arendt E. Return to soccer following acute

patellar dislocation. In: Musahl V, Karlsson J, Krutsch W, Mandel-

baum B, Espregueira-Mendes J, d’Hooghe P (eds). Return to Play

in Football. Springer Nature; 2018:649-660.

36. Marcacci M, Zaffagnini S, Lo Presti M, Vascellari A, Iacono F, Russo

A. Treatment of chronic patellar dislocation with a modified Elmslie-

Trillat procedure. Arch Orthop Trauma Surg. 2004;124(4):250-257.

37. Mayer C, Magnussen RA, Servien E, et al. Patellar tendon tenodesis in

association with tibial tubercle distalization for the treatment of epi-

sodic patellar dislocation with patella Alta. Am J Sports Med. 2012;

40(2):346-351.

38. Mellecker S, Ebinger T, Butler P, Albright J. Southwick-Fulkerson

osteotomy with intraoperative femoral nerve guidance. Iowa Orthop

J. 2013;33:90-96.

39. Mulliez A, Lambrecht D, Verbruggen D, Van Der Straeten C, Verdonk

P, Victor J. Clinical outcome in MPFL reconstruction with and without

tuberositas transposition. Knee Surg Sports Traumatol Arthrosc.

2017;25(9):2708-2714.

40. Nakagawa K, Wada Y, Minamide M, Tsuchiya A, Moriya H. Deterio-

ration of long-term clinical results after the Elmslie-Trillat procedure

for dislocation of the patella. J Bone Joint Surg Br. 2002;84(6):

861-864.

41. Naveed M, Ackroyd C, Porteous A. Long-term (ten- to 15-year) out-

come of arthroscopically assisted Elmslie-Trillat tibial tubercle osteot-

omy. Bone Joint J. 2013;95(4):478-485.

42. Neri T, Philippot R, Carnesecchi O, Boyer B, Farizon F. Medial patel-

lofemoral ligament reconstruction: clinical and radiographic results in

a series of 90 cases. Orthop Traumatol Surg Res. 2015;101(1):65-69.

43. Nolan JE, Schottel PC, Endres NK. Trochleoplasty: indications and

technique. Curr Rev Musculoskelet Med. 2018;11(2):231-240.

44. Pemmaraju G, Bassett J, Abbas R, Nagra G, Chugh S, Mughal E.

Outcomes of combined tibial tuberosity transfer and medial patello-

femoral ligament reconstruction for recurrent patellar instability. Acta

Orthop Belg. 2016;82(2):365-371.

45. Pritsch T, Haim A, Arbel R, Snir N, Shasha N, Dekel S. Tailored tibial

tubercle transfer for patellofemoral malalignment: analysis of clinical

outcomes. Knee Surg Sports Traumatol Arthr. 2007;15(8):994-1002.

46. Rillmann P, Dutly A, Kieser C, Berbig R. Modified Elmslie-Trillat pro-

cedure for instability of the patella. Knee Surg Sports Traumatol

Arthrosc. 1998;6(1):31-35.
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