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Background: There has been recent debate regarding the optimal surgical management strategy for recurrent patellofemoral
instability in the presence of an increased tibial tuberosity–trochlear groove (TT-TG) distance. In particular, performing a combined
tibial tuberosity osteotomy (TTO) and medial patellofemoral ligament reconstruction (MPFLR) for patients with a TT-TG .20 mm
has been questioned, with the hypothesis that an isolated MPFLR (iMPFLR) would be just as effective.

Purpose: To pool and compare outcomes after MPFLR 1 TTO versus iMPFLR in patients with a TT-TG .20 mm.

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

Methods: PubMed-MEDLINE, Embase, Web of Science, and Cochrane Central were searched, and a systematic review was per-
formed. Included were studies that reported postoperative redislocation rates and/or functional outcome scores for patients with
recurrent patellar instability and a TT-TG .20 mm who underwent either MPFLR 1 TTO or iMPFLR and had minimum 2-year
follow-up data. Methodologic quality was assessed using the modified Coleman Methodology Score (mCMS). A proportional
meta-analysis comparing redislocation, subjective instability, and total complication rates was performed, and mean postoper-
ative functional outcome scores were pooled using a random-effects model with a restricted maximum likelihood estimator.

Results: In total, 1548 studies were screened, from which 13 were included for analysis. Of the 386 included patients (406 knees),
276 underwent MPFLR 1 TTO and 110 underwent iMPFLR. The mean mCMS was 61.3 6 10.5 (range, 48-77). The pooled post-
operative redislocation rate was 1.22% (95% CI, 0.22%-7%), with no significant difference between the study groups (P = .9995).
The pooled complication rate was 10.17% (95% CI, 6.2%-16.3%) with no difference between groups (P = .9275), although the
MPFLR 1 TTO group had higher heterogeneity in complication rates (I2 = 79.4%) compared with iMPFLR (I2 = 0%). There was no
group difference in the pooled postoperative Lysholm scores (P = .5177), but patients who underwent iMPFLR had significantly
higher postoperative Kujala scores compared with those who underwent MPFLR 1 TTO (P = .0283).

Conclusion: Even in the presence of previously indicative anatomic factors (TT-TG .20 mm), TTO combined with MPFLR does
not seem to confer additional benefit compared with iMPFLR. This finding could be advantageous in minimizing the burden of
additional surgery with its associated risks. The study findings should, however, be interpreted with caution given the heteroge-
neity of the studies.
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Patellar dislocation is common, accounting for 3% of all
knee injuries,9 and is most prevalent among a young,
active population.10 It can have a substantial impact on
quality of life20 and is a significant risk factor for long-
term patellofemoral arthritis.31 The established initial
treatment for first-time patellar dislocation without chon-
dral injury is nonoperative management,28,39 but recur-
rence rates of 15% to 44% have been reported.13,46

Patients with recurrent dislocation have up to a 50%
chance of further dislocations9 and often require
surgery.23

There are a variety of surgical treatment options avail-
able, including isolated lateral release,42 tibial tuberosity
osteotomy (TTO),11 and trochleoplasty,5 but the most com-
mon and successful procedure has been medial patellofe-
moral ligament reconstruction (MPFLR).32 Radiologic
parameters are often relied on to help guide which surgical
strategy to take,45 and the tibial tubercle–trochlear groove
distance (TT-TG) is a well-known proxy measure to
describe patellofemoral alignment.24 Biomechanical stud-
ies have shown that in the presence of a TT-TG of �20
mm, the medial patellofemoral ligament (MPFL) isometry
is significantly altered, which could lead to increased graft
tension and potential failure.30 Clinical studies have
shown that the probability of patellofemoral dislocation
significantly increases in any patient with a TT-TG .20
mm,6,36 and biomechanical studies have suggested that
MPFLR with a TTO (MPFLR 1 TTO) could be advanta-
geous in this scenario.40

Despite the predominant consensus that a patient with
recurrent patellar dislocation and a TT-TG .20 mm
requires an MPFLR 1 TTO,18 recent evidence has shown
that an isolated MPFLR (iMPFLR) will produce similar
outcomes, with low rates of redislocation and without the
additional morbidity associated with TTO.8,15 A previous
systematic review investigated outcomes of iMPFLR ver-
sus MPFLR 1 TTO in patients with a TT-TG .15 mm,38

but the number of studies investigating this question in
patients with a TT-TG .20 mm remains sparse, with small
sample sizes.

The aim of this systematic review was therefore to pool
and compare the complication rates and functional out-
come scores of iMPFLR versus MPFLR 1 TTO, specifically
in patients with a TT-TG distance .20 mm. Our hypothe-
sis was that the postoperative redislocation and subjective
instability rates between patients would be similar, with
no difference in postoperative functional outcome scores
between the treatment types.

METHODS

Study Design and Search Strategy

The systematic review was registered with the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) in March 2022. It was conducted in accordance
with the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines. Databases
searched included PubMed-MEDLINE, Embase, Web of
Science, and Cochrane Central from database inception
to February 23, 2022. A search strategy for each database
was conducted and is reported in Appendix Table A1.

Study Selection

The results from the search strategy in each database were
uploaded into the Covidence software platform (Covidence,
Inc), and any duplicates were removed by Covidence and
reviewed by first author. Titles, abstracts, and full texts
were screened twice by 4 independent reviewers (B.G.,
A.N., A.R., and M.B.). Any discrepancies were resolved
by discussion among authors, including the senior author
(M.S.K.). The inclusion criteria were studies that reported
results of patients with the following: (1) recurrent patellar
dislocation, (2) TT-TG distance .20 mm, (3) surgical man-
agement with either MPFLR 1 TTO or iMPFLR, (4) mean
follow-up .2 years, and (5) postoperative redislocation rate
and/or functional outcome scores. If the overall study
cohort had a mean TT-TG of \20 mm but the authors
had reported separate postoperative redislocation rates
and/or functional outcomes for patients with a TT-TG
.20 mm (the cohort of interest for the current review),
then those specific patients were included. Case reports,
letters, technique papers, cadaveric/animal studies, revi-
sion surgery, studies not in English, unpublished studies
or abstracts, studies presenting other types of patellofe-
moral instability surgery, and studies with \5 eligible
patients were excluded. No restrictions were placed on
patient age.

Quality Assessment

The level of evidence of the included studies was assessed
according to the guidelines of the Centre for Evidence-
based Medicine. Methodological assessment was conducted
using the modified Coleman Methodology Score (mCMS),4
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in which 10 criteria are used to evaluate study quality,
each graded on a scale from 0 to 10 points: study size,
mean follow-up, surgical technique, type of study, diagnos-
tic certainty, description of surgical procedure given,
description of postoperative rehabilitation, outcome criteria,
procedure for assessing outcomes, and description of subject
selection process. As some of the included studies had indi-
vidual patients with a TT-TG \20 mm, these criteria were
applied only to the patients with a TT-TG .20 mm to pro-
vide a more accurate assessment of our study question. A
score of 85 to 100 is considered high quality (ie, void of con-
founding factors and bias), 70 to 84 is considered good, 55 to
69 is considered fair, and \55 is considered a poor-quality
study. Two independent reviewers (B.G. and A.H.) deter-
mined the mCMS for each study. Both reviewers have MD
and MPH qualifications and were trained in quality assess-
ment. Any discrepancies were discussed with the senior
author (M.S.K.) until a consensus was reached.

Data Extraction

Two authors (A.N. and A.R.) performed the data extraction
from the eligible studies into a predefined Microsoft Excel
spreadsheet; extracted data were also manually cross-
referenced by the first author. Discrepancies were resolved
through discussion and consensus. Sample size (overall
and cohort of interest [patients with TT-TG distance .20
mm]), body mass index, age, mean follow-up, TT-TG dis-
tance, and other radiologic parameters (Caton-Deschamps
index, congruence angle, Insall-Salvati ratio, and patellar
tilt angle) were recorded when available. Functional out-
come scores for the cohort of interest were recorded and
included pre- and postoperative Kujala, Lysholm, and
Tegner scores; International Knee Documentation Com-
mittee score; and Knee injury and Osteoarthritis Outcome
Score (KOOS). All complications, including postoperative
redislocations and/or postoperative subjective instability,
were recorded.

Data Analysis

Pooled redislocation, subjective instability, and complica-
tion proportions were calculated using a generalized linear
mixed-effects model and logit-transformed proportions.
Further subgroup analysis of studies using iMPFLR
versus MPFLR 1 TTO was conducted with a Q test using
a random-effects model with a Knapp-Hartung adjustment
and assuming different t1 estimates across subgroups. A
random-effects model with restricted likelihood estimator
was used to pool raw mean postoperative Kujala and
Lysholm scores. Analysis was conducted in R (R Foundation
for Statistical Computing) using the Metafor/Meta package.

RESULTS

Characteristics of the Included Studies

Our initial search yielded 1176 studies from PubMed, 766
from Embase, 1022 from Web of Science and 26 from

Cochrane Central, and 1443 duplicate studies were
removed, leaving 1547 titles and abstracts, of which 1423
were deemed irrelevant. Our inclusion and exclusion crite-
ria were then applied to 124 full texts, which led to our
final group of 13 studies|| (Figure 1).

One study was published in 2022,17 5 studies were pub-
lished in 2021,12,15,27,41,48 3 studies were published in
2020,2,37,47 2 studies were published in 2019,8,26 1 in
2017,22 and 1 in 201421; 7 studies were judged to be of level
3 evidence,2,12,15,21,27,37,47 and 6 studies had level 4 evi-
dence.8,17,22,26,41,48 The mean age of the overall cohort in
the 13 studies was 24.1 years, and the mean follow-up
was 3.8 years. Within the included studies, 386 patients
(406 knees) had a TT-TG .20 mm; of these patients, 276
had undergone MPFLR 1 TTO, and 110 had undergone
iMPFLR. Individual study characteristics are summarized
in Table 1.

Quality Assessment

The mean mCMS was 61.3 6 10.5, indicating an overall
quality assessment of ‘‘fair’’ for the included studies. There
were 4 studies rated as good, 5 studies as fair, and 4 stud-
ies as poor (Table 2).

Characteristics of Individual Studies

Indications. All studies had outcome scores for patients with
a TT-TG .20 mm. All studies included patients with recur-
rent patellofemoral instability; 8 studies8,12,15,17,26,37,41,48

||References 2, 8, 12, 15, 17, 21, 22, 26, 27, 37, 41, 47, 48.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram of study exclusion
and inclusion. TTO, tibial tuberosity osteotomy; TT-TG, tibial
tuberosity-trochlear groove.
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specified the number of patellar dislocations required for
inclusion. Of these, 3 studies17,26,41 required .1 dislocation
for inclusion, 4 studies15,37,44,48 required .2 episodes of dislo-
cation, and 1 study8 required .3 episodes of dislocation. Ten
studies{ did not exclude patients based on their level of troch-
lear dysplasia or patellar height. Kim et al15 excluded
patients with a Caton-Deschamps index .1.2, Neri et al26

only included patients with grade A trochlear dysplasia,
and in the study by Sisák et al,37 patients with a TT-TG
.20 mm had normal patellar height (Insall-Salvati ratio
\1.2) and grade A or B trochlear dysplasia.

Surgical Technique. All included studies used a hamstring
(semitendinosus or gracilis) tendon autograft for at least part
of their MPFLR strategy. Ten studies# used hamstring tendon
autograft as their sole graft of choice, 4 studies2,26,27,37 used
gracilis, 5 studies12,21,22,47,48 used semitendinosus and 1
study41 used either (Table 1). Kim et al15 used predominantly
semitendinosus or tibialis anterior allograft rather than auto-
graft for their MPFLR, Lee et al17 used either semitendinosus
autograft or tibialis anterior allograft interchangeably, and
Erickson et al8 had 59 semitendinosus autograft patients
and 13 semitendinosus allograft patients.

When specified, all included studies used double-bundle
graft with 2 drill holes in the patella secured with either
suture anchors or tendon sling. Fixation at the MPFL
insertion site in the medial femoral condyle was performed
with an interference screw or suspensory fixation. Six
studies2,15,26,27,47,48 specified locating the femoral tunnel
using the technique described by Schöttle et al.33

Hadley et al12 medialized the tibial tubercle to a TT-TG
of\13 mm in all patients, angling the osteotomy 30� in the

horizontal plane and fixing the osteotomy with two to three
4.5-mm cortical screws. Zhang et al47 performed an
Elmslie-Trillat medialization osteotomy TTO to 10 to 12
mm. For Kim et al,15 the TT-TG after TTO was \10 mm
and fixed with 2 or 3 fully threaded cannulated or cortical
screws.

Six studies2,12,15,21,22,41 mentioned performing a concom-
itant lateral release, but only Hadley et al12 performed
a lateral release in all patients. Kim et al15 performed a lat-
eral release in 14 patients in whom it was deemed neces-
sary. Matsushita et al22 in their 2017 study performed
a lateral release if patellar tilt was .15� in their 2014
study,21 a lateral release was performed on 22 knees show-
ing strong patellar tilt and lateral soft tissue tightness. Su
et al41 performed a lateral release if the patella moved one-
fourth of the patellar width medially, and Blanke et al2

performed a lateral release if there was a need to recenter
the patella before graft fixation.

Postoperative Rehabilitation. Postoperative rehabilita-
tion programs were reported in 7 studies.2,8,12,15,37,41,48

Blanke et al2 advised partial weightbearing for 2 weeks,
Hadley et al12 and Zhao et al48 extended this to 6 weeks
before full weightbearing, while Erickson et al8 and Kim
et al15 advised full weightbearing as tolerated immediately.
Only Sisák et al37 advised nonweightbearing for a period of
6 weeks. Where it was specified, studies recommended
a return to sport at 6 months. All studies advised the use
of a hinged knee brace postoperatively for a period of 6 to
8 weeks with a gradual increase in knee range of motion.

Functional Outcome Scores

There was no difference in the pooled postoperative
Lysholm scores, but iMPFLR patients had significantly

TABLE 1
Characteristics of the Included Studiesa

Lead Author

(Year) LOE

Surgical

Procedure

TTO Type

(Distalization,

Medialization,

or Both) MPFL Graft Type Age, y

Follow-up,

mo

No. of Patients (Knees)

With TT-TG

.20 mm

TT-TG Distance

for Cohort

of Interest, mmb

Matsushita (2014)21 3 MPFLR —c ST auto 22.1 44.0 (12-86) 19 (21) of 34 (39) 22.7 6 2.6

Matsushita (2017)22 4 MPFLR — ST auto 26.1 6 7.0 63.6 6 44 8 (8) of 46 (54) 20.2 6 4.4

Erickson (2019)8 4 MPFLR — ST auto or allo 19.4 (11-34) 26.0 14 of 72 patients �20

Neri (2019)26 4 MPFLR 1 TTO Both Gracilis auto 23.5 (16-39) 75.6 (49.2-123.6) 42 (44) of 126 (133) �20

Sisák (2020)37 3 MPFLR 1 TTO Both Gracilis auto 21.0 (15-40) 28.0 (12-44) 9 of 10 patients �20

Blanke (2020)2 3 MPFLR — Gracilis auto 26.0 24.0 (24-36) 5 of 52 patients �20

Lee (2022)17 4 MPFLR — ST auto or TA allo 25.0 (14-51) 41.1 (24-60) 12 of 21 knees �20

Zhang (2020)47 3 MPFLR 1 TTO Both ST auto 20.5 6 5.5 28.0 (24-32) 66 (70) of 66 (70) �20

Hadley (2021)12 3 MPFLR 1 TTO Medialization ST auto 25 (18-41) 44.0 (28-92) 23 (25) of 23 (25) �20

Kim (2021)15 3 MPFLR;

MPFLR 1 TTO

Medialization ST and TA auto

and allo

20.7 6 6.3;

23.3 6 9.1

28.2 6 13.6;

22.6 6 10.8

18 of 36 patients; 27

of 45 patients

20 � TT-TG � 25

Pakuts (2021)27 3 MPFLR 1 TTO Both Gracilis auto 22.8 (10-42) 30.4 (12-72) 11 of 34 patients 23.2 6 1.3

Su (2021)41 4 MPFLR 1 TTO Medialization HT auto 19.2 6 6.1 61.3 6 15.4 98 (108) of 98 (108) 22 6 3.0

Zhao (2021)48 4 MPFLR — ST auto 19.0 (13-45) 70.7 (36-108) 34 of 237 patients �20

aData for age, follow-up, and TT-TG distance are presented as mean, mean 6 SD, or mean (range). allo, allograft; auto, autograft; HT, hamstring tendon;

LOE, level of evidence; MPFL, medial patellofemoral ligament; MPFLR, medial patellofemoral ligament reconstruction; ST, semitendinosus; TA, tibialis ante-

rior; TT-TG, tibial tuberosity–trochlear groove; TTO, tibial tubercle osteotomy.
b‘‘Included patients’’ were those with a TT-TG distance .20 mm; if no mean TT-TG distance was provided for this cohort, a value �20 mm was added.
cDash indicates tibial tubercle osteotomy (TTO) was not performed.

{References 2, 8, 12, 17, 21, 22, 27, 41, 47, 48.
#References 2, 12, 21, 22, 26, 27, 37, 41, 47, 48.
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higher postoperative Kujala scores (91.45; 95% CI, 84.52-
98.38) compared with MPFLR 1 TTO patients (85.54;
95% CI, 77.15-93.94) (P = .0283). Kim et al15 found no sig-
nificant difference in KOOS values in any of the 5 tested
modalities between iMPFLR and MPFLR 1 TTO groups
for those with a TT-TG of 20 to 25 mm, in addition to no
difference between Tegner activity score, knee range of
motion, Kujala score, or functional instability at .2-year
follow-up. The functional outcomes scores for patients
with a TT-TG .20 mm in each included study are summa-
rized in Table 3.

Imaging Data

Table 4 summarizes the radiographic markers of patellar
instability in the included studies for patients with a TT-
TG distance .20 mm. Eleven studies** measured patellar
height and/or trochlear dysplasia, all of which used the
Dejour classification to measure trochlear dysplasia.
Most studies used the Caton-Deschamps index,yy with
the exception of Sisák et al37 and Matsushita et al,22 who
used the Insall-Salvati ratio. TT-TG was measured using
magnetic resonance imaging2,8,12,17,37 or computed tomog-
raphy15,21,22,26,27,41,47,48 axial superimposed images. The
studies used variations of the technique used by Matsush-
ita et al,22 who employed Photoshop software (Adobe, Inc)
to superimpose an image of a line going through the deep-
est point of the trochlear groove to an image of a line
though the center of the tibial tuberosity perpendicular
to the posterior condylar line and measured the distance
between the 2. Zhang et al47 marked the center of the tibial
tubercle as the center of the patellar tendon insertion.

Complications

There were zero postoperative redislocations noted for
iMPFLR in those patients with a TT-TG .20 mm, com-
pared with 7 (2%) postoperative redislocations in the
MPFLR 1 TTO group (P = .9995). The pooled postoperative
redislocation rate was 1.22% (95% CI, 0.22%-7%). The
pooled subjective instability rate for the MPFLR 1 TTO
group was 5.79% (95% CI, 1.72%-17.72%) compared with
4.14% (95% CI, 0.08%-69.01%) for the iMPFLR group,
with no significant difference between the 2 (P = .7895).

The pooled complication rate was 10.17% (95% CI, 6.2%-
16.3%), with no difference between groups (P = .9275),
although the MPFLR 1 TTO group had higher heterogene-
ity in complication rates (I2 = 79.4%) compared with
iMPFLR (I2 = 0%). The postoperative complications, includ-
ing comments on whether these complications applied to the
cohort of interest (TT-TG distance .20 mm), are summa-
rized in Appendix Table A2. In addition to the postoperative
redislocation and instability rates mentioned, knee stiffness
and removal of hardware were common complications.

DISCUSSION

In patients with a TT-TG .20 mm, iMPFLR seems to con-
fer similar outcomes to MPFLR 1 TTO, with no difference
in postoperative redislocation or subjective instability
rate and similar postoperative functional outcome scores,
confirming our hypothesis. This finding, while tempered
by a lack of control of other anatomic factors (eg, trochlear
dysplasia, malalignment) and the heterogeneity of the
studies synthesized, adds to the growing body of evidence
that an iMPFLR may be all that is required in the surgical
treatment of patellar instability in the presence of an
increased TT-TG distance.

TABLE 2
Quality Assessment of Included Studiesa

Lead Author (Year)

mCMS Criteria

Score Quality1 2 3 4 5 6 7 8 9 10

Matsushita (2014)21 4 5 10 0 5 5 0 8 5 10 52 Poor
Matsushita (2017)22 0 5 10 0 5 5 0 8 8 5 46 Poor
Erickson (2019)8 0 5 10 10 5 5 5 10 8 15 73 Good
Neri (2019)26 7 5 7 0 5 5 0 10 8 15 62 Fair
Sisák (2020)37 0 5 10 0 5 5 10 8 8 5 56 Fair
Blanke (2020)2 0 5 10 0 5 3 5 8 8 5 49 Poor
Lee (2022)17 4 5 10 0 5 5 0 10 12 5 56 Fair
Zhang (2020)47 10 5 10 0 5 3 0 8 8 15 64 Fair
Hadley (2021)12 4 5 10 0 5 5 10 10 8 10 67 Fair
Kim (2021)15 7 5 7 0 5 5 10 10 12 15 76 Good
Pakuts (2021)27 0 5 7 0 5 5 0 10 8 10 50 Poor
Su (2021)41 10 5 10 0 5 5 10 8 8 15 76 Good
Zhao (2021)48 4 5 10 0 5 5 10 8 8 15 70 Good

amCMS criteria: (1) study size, (2) mean follow-up, (3) type of surgical technique, (4) type of study, (5) diagnostic certainty, (6) description
of surgical procedure given, (7) description of postoperative rehabilitation, (8) outcome criteria, (9) procedure for assessing outcomes, and (10)
description of subject selection process. mCMS, modified Coleman Methodology Score.

**References 2, 8, 15, 17, 22, 26, 27, 37, 41, 47, 48.
yyReferences 2, 8, 15, 17, 26, 27, 41, 47, 48.
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TABLE 3
Functional Outcome Scores of Included Studies for Patients With TT-TG .20 mma

Lead Author (Year) Surgical Procedure Preoperative Postoperative Difference

Lysholm

Matsushita (2014)21 MPFLR 79.5 6 12.6 94.7 6 8.5 15.2 6 15.2
Blanke (2020)2 MPFLR 40.2 6 15 75 6 24.6 34.8 6 28.8
Lee (2022)17 MPFLR — 49.24 6 10.93 —
Zhang (2020)47 MPFLR 1 TTO 53 6 7 84 6 9 31 6 11.4
Hadley (2021)12 MPFLR 1 TTO — 76.72 6 18.9 —

KOOS

Matsushita (2017)22 MPFLR Pain: 90.4 6 16.4
Sx: 82.3 6 11.3
ADL: 94.6 6 7.6
Sports/Rec: 84.46 18.0
QoL: 53.3 6 37.3

Pain: 84.4 6 13.9
Sx: 70.5 6 21.9
ADL: 92.9 6 8.4
Sports/Rec: 78.1 6 23.9
QoL: 68.8 6 22.8

Pain: –6 6 21.5
Sx: –11.3 6 24.6
ADL: –1.7 6 11.3
Sports/Rec: –6.3 6 29.9
QoL: 15.5 6 43.7

Kim (2021)15 MPFLR; MPFLR 1 TTO MPFLR
� Pain: 55.8 6 19.6
� Sx: 59.5 6 9.1
� ADL: 65.7 6 14.8
� Sports/Rec: 45.0 6 15.0
� QoL: 47.1 6 11.7

MPFLR 1 TTO
� Pain: 55.2 615.5
� Sx: 59.5 6 8.9
� ADL: 70.2 6 12.4
� Sports/Rec: 48.8 6 19.8
� QoL: 46.4 6 12.8

MPFLR
� Pain: 88.5 6 6.7
� Sx: 88.1 6 5.9
� ADL: 84.4 6 9.2
� Sports/Rec: 76.4 6 13.6
� QoL: 77.3 6 9.2

MPFLR 1 TTO
� Pain: 86.8 6 12.2
� Sx: 85.9 6 13.0
� ADL: 90.9 6 8.5
� Sports/Rec: 73.8 6 18.7
� QoL: 76.4 6 15.3

MPFLR
� Pain: 32.7 6 20.7
� Sx: 28.6 6 10.9
� ADL: 18.7 6 17.4
� Sports/Rec: 31.4 6 20.3
� QoL: 30.2 6 14.9

MPFLR 1 TTO
� Pain: 31.6 6 19.7
� Sx: 26.4 6 15.8
� ADL: 20.7 6 15.0
� Sports/Rec: 25 6 27.2
� QoL: 30 6 20.0

IKDC

Lee (2022)17 MPFLR — 52.12 6 18.31 —
Zhang (2020)47 MPFLR 1 TTO 49 6 6 82 6 7 33 6 9.2
Su (2021)41 MPFLR 1 TTO — 72.7 6 12.1 —
Zhao (2021)48 MPFLR — — 31.65 6 4.63

Tegner

Matsushita (2017)22 MPFLR 67.8 6 25.7 79 6 11 11.2 6 28.0
Blanke (2020)2 MPFLR 3.2 6 1.9 4.6 6 2.5 1.4 6 3.1
Zhang (2020)47 MPFLR 1 TTO — 5 6 2.1 —
Kim (2021)15 MPFLR; MPFLR 1 TTO MPFLR: 3.7 6 2.5;

MPFLR 1 TTO: 3.9 6 1.7
MPFLR: 4.5 6 1.7;
MPFLR 1 TTO: 4.6 6 1.4

MPFLR: 0.8 6 3.0;
MPFLR 1 TTO: 0.7 6 2.2

Su (2021)41 MPFLR 1 TTO — 5.3 6 1.3 —

Kujala

Matsushita (2014)21 MPFLR 75.5 6 18.5 92.3 6 11.7 16.8 6 21.9
Sisák (2020)37 MPFLR 1 TTO 48.9 88.6 39.7
Zhang (2020)47 MPFLR 1 TTO 56 6 7 80.3 6 9 24.3 6 11.4
Hadley (2021)12 MPFLR 1 TTO — 81.56 6 14.7 —
Kim (2021)15 MPFLR; MPFLR 1 TTO MPFLR: 59.5 6 14.8;

MPFLR 1 TTO: 59.0 6 14.1
MPFLR: 91.1 6 7.3;
MPFLR 1 TTO: 89.3 6 8.7

MPFLR: 31.6 6 16.5;
MPFLR 1 TTO: 30.3 6 16.6

Su (2021)41 MPFLR 1 TTO — 90.5 6 15.5 —

aData are presented as mean or mean 6 SD. Dashes indicates data not available. Erickson et al (2019)9 and Neri et al (2019)27 did not have
functional outcome scores for the cohort of interest. ADL, activity in daily living subscale; IKDC, International Knee Documentation Com-
mittee; KOOS, Knee injury and Osteoarthritis Outcome Score; MPFLR, medial patellofemoral ligament reconstruction; QoL, knee-related
quality of life subscale; Sports/Rec, function in sport and recreation subscale; Sx, symptoms subscale; TTO, tibial tubercle osteotomy; TT-
TG, tibial tuberosity-trochlear groove.
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In previous systematic reviews investigating this ques-
tion, Song et al38 assimilated 9 studies and found that in
patients with a TT-TG .15 mm, outcomes were similar
between iMPFLR and MPFLR 1 TTO with no increase in
postoperative redislocation noted in the iMPFLR
group. Burnham et al3 noted that functional improvement
was similar in both iMPFLR and MPFLR 1 TTO, although
they included studies where iMPFLR was performed in
patients without an increased TT-TG. Historically, a TT-
TG .20 mm has been deemed truly pathologic,6 and while
no true consensus has been reached, often combined
MPFLR 1 TTO procedures are recommended primarily
for those with a TT-TG .20 mm.12,19,26,35,47 Our review
therefore directly addresses this area of uncertainty by
only including either studies with a mean TT-TG .20 mm
and/or studies with outcomes for patients with a TT-TG
.20 mm who have undergone iMPFLR or MPFLR 1 TTO.

Our pooled redislocation rate was low for both iMPFLR
and MPFLR 1 TTO, a finding supported by the litera-
ture.43 In a matched population-based analysis, Sanders
et al31 found that patients with a patellar dislocation or
recurrent patellar instability had a significantly higher
risk of developing patellofemoral arthritis compared with
control, highlighting the importance of patellofemoral

stability. Yet if, as noted in our review, the rate of patellar
instability is similar between iMPFLR and MPFLR 1 TTO,
it becomes more difficult to clinically justify the additional
surgical insult associated with a TTO. In addition to
increased surgical time and a more restrictive postopera-
tive rehabilitation program, TTO offers its own unique
complications such as nonunion of the osteotomy and
removal of metalwork.1 While our study noted a similar
overall complication rate between the 2 procedures, a sys-
tematic review of the complication rate of TTO noted that
hardware removal was required in 36.7% of patients.29

Mikashima et al25 randomized patients with recurrent
patellar instability to have either a TTO or
a MPFLR 1 TTO and found that in the TTO group, there
was an apprehension rate of 30% at 2 years, whereas in
the MPFLR 1 TTO group, the rate was zero, suggesting
MPFLR is the primary surgical factor in maintaining
patella stability when comparing the 2 procedures.

Findings from our review indicated similar postopera-
tive functional outcome scores between the 2 procedures,
which is corroborated in other studies.7 While the postop-
erative Kujala and Lysholm scores were high for both
groups, iMPFLR patients had higher postoperative Kujala
scores than those with MPFLR 1 TTO. This finding has to

TABLE 4
Imaging Data for Patients With a TT-TG .20 mm in Included Studiesa

Lead Author (Year) Surgical Procedure Preoperative Postoperative

Caton-Deschamps Index

Neri (2019)26 MPFLR 1 TTO(m);
MPFLR 1 TTO(m-d)

1.25 6 0.09;
1.44 6 0.02

1.10 6 0.06;
1.09 6 0.07

Blanke (2020)2 MPFLR 1.2 6 0.20 —
Lee (2022)17 MPFLR — 0.08 6 0.07
Su (2021)41 MPFLR 1 TTO 1.2 6 0.22 —

Congruence Angle, deg

Matsushita (2014)21 MPFLR 18.7 6 22.0 2.9 6 16.7
Matsushita (2017)22 MPFLR 19.2 6 29 –7 6 16.7
Lee (2022)17 MPFLR — 20�: 10.04 6 3.05

40�: 1.24 6 1.46
60�: 0.76 6 1.55

Patellar Tilt Angle, deg

Neri (2019)26 MPFLR 1 TTO(m);
MPFLR 1 TTO(m-d)

31 6 11;
31 6 14

17 6 4;
14 6 4

Lee (2022)17 MPFLR — 52.12 6 18.31

Insall-Salvati Ratio

Matsushita (2017)22 MPFLR 1.1 6 0.3 1 6 0.2

aData are presented as mean 6 SD. Dashes indicates data not available. Erickson et al (2019),8 Hadley et al (2021),12 Kim et al (2021),15

Pakuts et al (2021),27 Sisák et al (2020),37 Zhang et al (2020),47 and Zhao et al (2021)48 did not have imaging data for the cohort of interest.
MPFLR, medial patellofemoral ligament reconstruction; MPFLR 1 TTO(m), medial patellofemoral ligament reconstruction with tibial tuber-
cle osteotomy medialization; MPFLR 1 TTO(m-d), medial patellofemoral ligament reconstruction with tibial tubercle osteotomy medializa-
tion and distalization; TTO, tibial tubercle osteotomy; TT-TG, tibial tuberosity-trochlear groove.
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be tempered by that fact that only 2 of 13 studies reported
Kujala scores for patients with a TT-TG .20 mm and that
clearly the postoperative score is dependent on the preop-
erative functional state of the patients in question. Never-
theless, there have been studies to show the superior
functional benefit of the iMPFLR. Krych et al16 noted
that in young athletes with patellar instability undergoing
either iMPFLR or MPFLR 1 TTO, the MPFLR 1 TTO
group had a significantly slower return-to-sport rate and
had weaker 6-month isokinetic testing. This may be
related to the quicker surgical recovery and lower surgical
trauma associated with an iMPFLR.

Limitations

The main limitations of our review were the heterogeneity
of the studies assimilated and the lack of studies directly
designed to answer whether MPFLR 1 TTO is superior to
iMPFLR in those with a TT-TG .20 mm. This was
reflected in our low overall mCMS, and the results should
be interpreted with caution. While some studies controlled
for other factors associated with patellar instability such as
trochlear dysplasia and patella alta, others did not, and
this would also influence the results. There are also other
similar radiographic measurements, such as tibial
tubercle–posterior cruciate ligament distance34 or tibial
tubercle–midepicondyle distance,14 which we did not
explore. Our review reflected medium-term follow-up
with a mean of 3.8 years, but long-term follow-up of 5 to
10 years was lacking and would be important in determin-
ing the longevity of the low postoperative instability and
redislocation rates associated with the procedures.

CONCLUSION

This review adds to the increasing body of evidence that an
iMPFLR may be all that is required to treat patellar insta-
bility, without the need for a TTO, even in the presence of
an increased TT-TG. A randomized prospective long-term
study comparing iMPFLR to MPFLR 1 TTO in those with
a TT-TG .20 mm would be of great benefit in confirming
this finding.
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APPENDIX TABLE A1
Search Strategya

PubMed (MeSH terms)

(‘‘Osteotomy’’[mesh] OR tibial tubercle osteotom*[tiab] OR tibial tuberosity osteotom*[tiab] OR tto[tiab] OR Fulkerson[tiab] OR Elmslie[tiab]
OR Elmslie-trillat[tiab] OR tibial tubercle transfer[tiab] OR tibial tuberosity transfer[tiab] OR ((‘‘Patellar Dislocation/surgery’’[mesh] OR
‘‘Patellofemoral Joint/surgery’’[mesh]) AND (‘‘Ligaments, Articular’’[mesh] OR ‘‘Patellar Ligament’’[mesh])) OR medial patellofemoral
ligament reconstruction[tiab] OR mpfl[tiab])

AND
((‘‘Joint Instability’’[mesh] AND ‘‘Patellofemoral Joint’’[mesh]) OR ‘‘Patellar Dislocation’’[mesh] OR patellofemoral instabilit*[tiab] OR

patellofemoral joint instabilit*[tiab] OR patellar dislocation[tiab] OR patellar instabilit*[tiab])
Initial search: 1176 results

Embase
(1) ‘patellofemoral instability’/exp OR (‘joint instability’/exp AND ‘patellofemoral joint’/exp) OR ‘patella dislocation’/exp ((patellofemoral OR

patella*) NEAR/3 (instabil* OR dislocat*)):ab,kw,ti
(2) ‘tibial tubercle osteotomy’/exp OR ‘medial patellofemoral ligament reconstruction’/exp OR ‘tibia osteotomy’/exp OR ((‘patellofemoral joint’/

exp OR ‘patella dislocation’/exp) AND ‘ligament surgery’/exp) OR (tibia* NEAR/3 (osteotom* OR transfer*)):ab,kw,ti OR (tto OR Fulkerson
OR Elmslie OR ‘Elmslie-trillat’ OR ‘medial patellofemoral ligament reconstruction’ OR mpfl): ab,kw,ti

(3) 1 AND 2
Initial search: 766 results

Web of Science
[Tubercle OR tuberosity OR Fulkerson OR Elmslie OR Elmslie-trillat OR TTO OR Tibial Tuberosity Osteotomy OR Tibial Tubercle

Osteotomy OR Tibial Tubercle Transfer OR Tibial Tuberosity Transfer] AND [Medial patellofemoral ligament reconstruction OR MPFL]
Initial search: 1022 results

Cochrane Central
(1) Tubercle; (2) Tuberosity; (3) Fulkerson; (4) Elmslie; (5) Elmslie-Trilliat; (6) TTO; (7) Tibial Tuberosity Osteotomy; (8) Tibial Tubercle

Transfer; (9) Tibial Tuberosity Transfer
(10) 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9
(11) Medial Patellofemoral Ligament
(12) MPFL
(13) 11 OR 12
(14) 10 AND 13

Initial search: 26 results

aMeSH, Medical Subject Heading; MPFL, medial patellofemoral ligament; TTO, tibial tubercle osteotomy.
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APPENDIX TABLE A2
Postoperative Complicationsa

Lead Author (Year)

Subjective
Instability/

Redislocations/
Infections

Total
Reoperations

Total
Complications Commentsb

Matsushita (2014)21 4/0/— 0 — � Apprehension sign remained in 4 knees in 3 patients
with increased TT-TG distance and in 1 knee in the
control group.

� No other complications were reported.
Matsushita (2017)22 3/0/— 0 — � Apprehension remained in 3 knees but not specified if

in the cohort of interest.
� Total complications were not reported.

Erickson (2019)8 1/2/— 0 6 � There was 1 postoperative redislocation and 1
subluxation with decreased TT-TG distance group (not
cohort of interest).

� There was 1 medial collateral ligament sprain, 1 deep
venous thrombosis, and 2 cases of reaction to skin glue;
it is unknown if these occurred in the cohort of interest.

Neri (2019)26 —/4/— 19 33 � MPFLR 1 TTO(m): 1 patient had a recurrent patellar
dislocation due to high-energy posttraumatic event
with subsequent reconstruction.

� One patient who underwent TTO(m) reported tibial
fracture requiring iterative osteosynthesis.

� Ten patients with TTO had anterior knee pain that
required hardware removal.

� TTO(m): 3 patients with stiffness in flexion, 2 with
amyotrophic quadriceps at 12 mo postoperatively.

� TTO(m-d): 1 patient with stiffness in flexion, 1 with
amyotrophic quadriceps at 12 mo postoperatively.

� The remaining 7 reoperations and 14 total
complications occurred in the iMPFLR group (not the
cohort of interest).

Sisák (2020)37 0/0/— 0 — None of the patients had further episodes of subluxation or
dislocation.

Blanke (2020)2 6/1/— 1 — � Two of 5 patients with a TT-TG distance .20 mm
reported subjective instability.

� There was 1 case of postoperative dislocation and 1 case
of reoperation, but TT-TG group was not specified.

� Total complications were not reported.
Lee (2022)17 0/0/0 0 0 There were no surgery-related complications or cases of

redislocation or limitation in range of motion.
Zhang (2020)47 2/0/— — � Although no redislocation occurred, 2 knees

demonstrated postoperative MPFLR failure.
� Twelve patients had inwardly pointing patella, 20 with

patellar cartilage damage aggravation, 16 with
trochlear cartilage damage aggravation.

� Neither reoperations nor total complications were
reported.

Hadley (2021)12 0/1/0 9 10 � Additional complications included 2 patients with
wound complications requiring repeat surgery and 1
patient with stiffness requiring MUA.

� Six patients underwent subsequent surgical procedures
to the affected knee for removal of symptomatic
hardware.

(continued)
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APPENDIX TABLE A2
(continued)

Lead Author (Year)

Subjective
Instability/

Redislocations/
Infections

Total
Reoperations

Total
Complications Commentsb

Kim (2021)15 MPFLR: 2/0/0;
MPFLR 1 TTO: 2/1/0

MPFLR: 0;
MPFLR 1 TTO: 0

MPFLR: 4;
MPFLR 1 TTO: 7

� Within the cohort of interest (20 mm � TT-TG distance
� 25 mm), there was 1 case of instability in the
iMPFLR group, and the other was in the TT-TG
distance \20-mm group. There were 2 cases of
instability in the MPFL 1 TTO group within the cohort
of interest.

� Within the iMPFLR group, there was 1 case of patellar
fracture and 1 case of sensory nerve injury, although it
is not reported if these complications occurred in the
cohort of interest.

� Within the MPFLR 1 TTO group, there were 2 cases of
stiffness requiring MUA, 1 sensory nerve injury, and 1
case of screw irritation. It was not reported if these
complications occurred in the cohort of interest.

Pakuts (2021)27 2/0/0 0 2 � There were 2 cases of pain or subjective instability; it
was not specified if these cases were in the cohort of
interest.

� There were no cases of postoperative redislocation
during the survey and the clinical follow-up. No
revision surgery was recorded.

Su (2021)41 — — — � Out of the 6 knees with postoperative redislocations, 4
had medial subluxation, 4 had lateral subluxation, 4
had knee pain, 2 had incision disruption, 2 had fat
liquefaction.

� Neither reoperations nor total complications were
reported.

Zhao (2021)48 9/11/10 7 28 � Among the TT-TG .20-mm group, only 2 failure cases
were reported. The cause of failure within the group
was not specified. There were an additional 18 failure
cases in the \20-mm TT-TG group.

� The totals of reoperations, subjective instability, and
postoperative redislocations were reported but not by
TT-TG group.

� There were 8 cases of stiffness requiring joint loosening
under anesthesia but not specified by the TT-TG group.

� No major postoperative complications were reported.

aData are presented as number of cases. Dashes indicate data not available. iMPFLR, isolated medial patellofemoral ligament reconstruc-
tion; MPFLR, medial patellofemoral ligament reconstruction; MUA, manipulation under anesthesia; TTO, tibial tubercle osteotomy;
TTO(m), tibial tubercle osteotomy medialization; TTO(m-d), tibial tubercle osteotomy medialization and distalization; TT-TG, tibial tuber-
osity–trochlear groove.

bThe cohort of interest was patients with a TT-TG distance .20 mm.
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