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Combined Medial Patellofemoral Ligament
Reconstruction and Tibial Tubercle Osteotomy Has a

Lower Risk of Recurrent Instability Requiring
Revision Stabilization at 2 Years Than Either

Procedure Alone

Alexander R. Markes, M.D., Ramesh B. Ghanta, M.D., Alan L. Zhang, M.D.,
C. Benjamin Ma, M.D., Brian T. Feeley, M.D., and Drew A. Lansdown, M.D.
Purpose: To use a large nationwide administrative database to directly compare usage, complications, and need for
revision stabilization surgery after medial patellofemoral ligament reconstruction (MPLFR), tibial tubercle osteotomy
(TTO), and combined MPFLR and TTO (MPFLRTTO). Methods: The PearlDiver Mariner database was queried for all
reported cases of MPLFR, TTO, and combined MPFLRTTO performed between 2010 and 2020 using Current Procedural
Terminology codes. Subsets from those cohorts with laterality-specific International Classification of Diseases, Tenth Revision,
codes for patellar instability were used to evaluate 2-year incidence of infection, stiffness, fracture, and revision stabili-
zation with MPFLR and/or TTO. Multiple linear regression and c2 analysis were used to analyze incidence trends and to
compare complication rates. Results: A total of 70,070 patients were identified. MPFLR was found to be the most
common procedure (73.1%), followed by TTO (19.2%) and then MPFLRTTO (7.6%). MPLFR was observed to have the
lowest overall complication rate (5.4%), whereas both TTO (7.5%) and MPFLRTTO (7.1%) had greater complication rates
(P < .001). MPFLR had the greatest rate of revision stabilization surgery at 3.7% compared with TTO at 2.7% and
MPFLRTTO, which carried the lowest risk for revision at 2.4% (P < .001). Conclusions: Isolated MPFLR is the most
common modality used for patellar instability, with increasing prevalence and the lowest 2-year complication rate. Iso-
lated TTO was unchanged in its use and had the greatest overall complication rate. Combined MPFLRTTO increased the
overall complication rate but had a lower 2-year rate of recurrent instability requiring revision than MPFLR alone. Level
of Evidence: Level III, retrospective cohort study.
atellofemoral instability is a common condition
Pthat predominantly affects young and active pa-
tients, leading to considerable limitations in physical
activity, an increased risk of recurrent instability/dislo-
cation, and early-onset patellofemoral arthritis.1-5 The
etiology of patellar instability can be multifactorial,
ranging from an isolated tear of the medial patellofe-
moral (MPFL) ligament or as a result of several
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additional anatomic variables, including trochlear
dysplasia, elevated tibial tubercle-trochlear groove dis-
tance (TT-TG), patella alta, or excessive femoral ante-
version.6,7 Although first-time patellar dislocations are
generally treated conservatively, there is a high risk of
recurrent dislocation and instability, with operative
intervention often the best management option for
cases of chronic instability.8,9

Given this complex and multifactorial etiology of
patellar instability, several procedures are performed to
restore stability to the patellofemoral joint, including
medial patellofemoral reconstruction (MPFLR), distal
realignment of the extensor mechanism with a tibial tu-
bercle osteotomy (TTO), or a combination of both pro-
cedures (MPFLRTTO). Procedures to alter the shapeof the
trochlear, such as trochleoplasty, also can be performed.
As our understanding of the role of soft-tissue tensioning
and bony anatomyerelated patellofemoral instability has
n, Vol 6, No 6 (December), 2024: 100994 1
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Table 1. Current Procedural Terminology (CPT) Codes of Primary Patellar Stabilization Surgeries, Reoperations, and
Complications

Medial patellofemoral ligament reconstruction 27420 e Reconstruction of dislocating patella (e.g., Hauser-type procedure)
27422 e Reconstruction of dislocating patella with extensor realignment and/or muscle

advancement or release
27427 e Ligamentous reconstruction (augmentation), knee; extra-articular

Tibial tubercle osteotomy 27418 e Anterior tibial tubercleplasty
Infection 27301 e Incision and drainage, deep abscess, bursa, or hematoma, thigh or knee region

27303 e Incision, deep, with opening of bone cortex,
femur or knee (e.g., osteomyelitis or bone abscess)

27310 e Arthrotomy, knee, with exploration, drainage,
or removal of foreign body (e.g., infection)

29871 e Arthroscopy, knee, surgical; for infection, lavage, and drainage
Stiffness 27570 e Manipulation of knee joint under general anesthesia

29884 e Arthroscopy, knee, surgical; with lysis of adhesions,
with or without manipulation

Fracture 27520 e Closed treatment of patellar fracture, without manipulation
27524 e Open treatment of patellar fracture, with internal fixation and/or partial or

complete patellectomy and soft tissue repair
27792 e Fracture and/or dislocation procedures on the leg (tibia and fibula)

and ankle joint
27530 e Closed treatment of tibial fracture proximal (plateau); without manipulation
27540 e Open treatment of intercondylar spine(s) and/or tuberosity fracture(s) of the

knee with or without internal or external fixation
Other 29874 e Arthroscopy, knee, surgical; for removal of loose body or foreign body

29877 e Arthroscopy, knee, surgical; debridement/shaving of articular cartilage
(chondroplasty)

29879 e Arthroscopy knee, surgical; abrasion arthroplasty (includes chondroplasty
where necessary) or multiple drilling or microfracture
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improved, MPFLR with or without TTO has become a
reliable surgical option to manage this pathology.
Several clinical studies have demonstrated the ability

of MPFLR, TTO, or combined procedures to reduce
rates of patellar instability and improve knee func-
tion.10-15 Increasing interest in combined ligamentous
and bony procedures has been spurred by concerns that
bony anatomic considerations affect the success of iso-
lated ligamentous procedure. In contrast, there are
numerous studies demonstrating that isolated MPFL
can be adequate in treating patellar instability regard-
less of bony anatomy. In their meta-analysis, Guevel
et al.16 demonstrated no significant differences in
redislocation rates between isolated MPFLR and com-
bined MPFL and TTO in patients with TT-TG >20.
Similarly, Vivekanantha et al.17 demonstrated similar
redislocation rates in patients with an elevated TT-TG
after isolated MPLFR compared with concomitant
MPFLR and TTO. Erickson et al.18 demonstrated no
self-reported patellofemoral instability with an 88% 2-
year return to sport rate in 99 consecutive patients
with patellofemoral instability treated with isolated
MPFLR regardless of TT-TG distance, Caton-Deschamps
index, and trochlear dysplasia. In addition, a survey of
the International Patellofemoral Study Group in 2018
did not come to a consensus regarding indications for
bony procedures to augment MPFLR.19 Despite isolated
MPFLR being an option for treatment of patellar
instability even in the setting of altered bony anatomy,
an update is needed regarding management and risk for
revision surgery to assist in preoperative decision
making.
The goal of this study is to use a large nationwide

administrative database to directly compare use, com-
plications, and need for revision stabilization surgery
after isolated MPFLR, isolated TTO, or combined
MPFLR and TTO. We hypothesized that despite isolated
MPFLR being the most common procedure, we would
expect increasing use of combined MPFLR and TTO for
patellar instability and that combined MPFLR and TTO
would have a greater overall complication rate
although the lowest rate of recurrent instability
compared with isolated MPFLR or TTO.

Methods
This analysis was performed using the PearlDiver

Mariner All-Payer Claims Database (Colorado Springs,
CO), a retrospective nationwide insurance billing
database that provides deidentified and patient-specific
claims.20 The subset used for this analysis was a random
subset including 157 million patients. The PearlDiver
database includes claims from patients of all age groups
across the United States that are enrolled with various
private payer commercial insurances or Medicare
advantage plans from 2010 through 2020. Although
deidentified and compliant with the Health Insurance
Portability and Accountability Act, this dataset is also
capable of longitudinal research on the basis of unique



Table 2. Patient Demographics for Stabilization Procedures

MPFL (n ¼ 51,238) TTO (n ¼ 13,483) MPFL þ TTO (n ¼ 5,349) P

Age group, yr e
10-19 41% 35% 47%
20-29 22% 26% 28%
30-39 15% 22% 17%
40-49 9% 13% 7%
50-59 6% 4% 2%
60-69 5% 1% 1%
70þ 4% 1% 0.2%

CCI (SD) 0.69 (1.3) 0.62 (1.1) 0.53 (0.9) e

Female 64% 77% 75% <.01*
Obesity 34% 36% 33% <.01*
Diabetes 15% 14% 9% <.01*
Tobacco use 26% 27% 23% <.01*

CCI, Charlson Comorbidity Index; MPFL, medial patellofemoral ligament reconstruction; MPFL þ TTO, concomitant medial patellofemoral
ligament reconstruction and tibial tubercle osteotomy; TTO, tibial tubercle osteotomy.
*Denotes P < .05 for c2 analysis between all patellar stabilization procedures and demographic variable of respective row of table.
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patient identifier codes. This database allows for
searching of patients with any International Classification
of Diseases, Tenth Revision (ICD-10), or Current Proce-
dural Terminology (CPT) code.21-23 It has been used in
previous population-scale analyses both in patellar
instability analysis and other orthopaedic surgery pro-
cedures.21,24 This work is institutional review board
exempt, given this was a retrospective review with no
identifying patient data accessed.

Inclusion Criteria
All reported cases of MPFLR, TTO, or combined

MPFLRTTO performed between 2010 and 2020 were
queried from the database using CPT codes (Table 1).
The CPT codes 27420 (Reconstruction of dislocating
patella), 27422 (Reconstruction of dislocating patella
with extensor realignment and/or muscle advancement
or release), and 27427 (Ligamentous reconstruction
(augmentation), knee; extra-articular) were used to
query the database for MPFLR. The code 27418
(Anterior tibial tubercleplasty) was used to query the
database for TTO. The MPFLR and TTO cohort was
defined as patients who had CPT codes for any of the 3
MPFLR procedures and the CPT code for TTO on the
same day. Patients who underwent previous MPFLR
were excluded from analysis. Demographics recorded
to describe our cohort included year of surgery, sex,
Charlson Comorbidity Index, obesity, patient-reported
tobacco use, diabetes, and patient age at the time of
primary patellar stabilization procedure.

Revision Analysis
For the 2-year revision surgery analysis, only patients

with laterality-specific ICD-10 codes (Appendix Table 1,
available at www.arthroscopyjournal.org) for patellar
instability linked to the same day as the CPT procedure
code for either MPFLR, TTO, or combined MPFLRTTO
were analyzed. This subset of patients then was tracked
for 2-year incidence of repeat surgery for infection,
stiffness, fracture, and revision stabilization with iso-
lated MPFLR or revision stabilization with isolated TTO
using CPT codes listed in Table 1 linked to a laterality
specific ICD-10 code for infection, fracture, stiffness, or
patellar instability (Appendix Table 1). ICD-10 coding
allows for laterality-specific tracking to ensure that
revision procedures were performed on the ipsilateral
side as the index procedure. PearlDiver allows for
“active” tracking of patients, which confirms they
maintained insurance enrollment and follow-up with a
provider during a specified time period. This function
was used as a proxy for ensuring patients were not lost
to follow-up during the 2-year postoperative window of
analysis.

Statistical Analysis
All graphing and statistical analyses were performed

using Microsoft Excel, version 16.46 (Microsoft Excel
XLSTAT, New York, NY). The change in annual patellar
stabilization procedures performed from 2010 to 2020
was analyzed using multiple linear regression. Overall
fit of the model was evaluated through F-statistic, de-
grees of freedom, and its significance (P < .05). c2

analysis was used to compare incidence of 2-year
complications among primary patellar stabilization
procedures. Significance was defined as P < .05.

Results
A total of 70,070 patients undergoing patellar stabi-

lization procedures from 2010 to 2020 and who met the
aforementioned inclusion criteria were identified. Of
these patients, 51,238 (73.1%) underwent isolated
MPFLR, 13,483 underwent isolated TTO (19.2%), and
5,349 (7.6%) underwent combined MPFL and TTO.
There was an increased incidence of all 3 procedures in
younger age demographics, with the greatest incidence
in those aged 10 to 19 years. All 3 procedures were

http://www.arthroscopyjournal.org


Fig 1. Annual incidence of patellar stabilization procedures. P < .05 is in reference to P value generated from the multiple linear
regression model analyzing change in annual patellar stabilization procedure performed. (MPFL, medial patellofemoral ligament
reconstruction; MPFL þ TTO, concomitant medial patellofemoral ligament reconstruction and tibial tubercle osteotomy; TTO,
tibial tubercle osteotomy.)
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more predominant in female patients, with differences
in obesity, diabetes, and tobacco use noted in Table 2.
The multiple linear regression model evaluating change
in annual patellar stabilization procedures was signifi-
cant (F[3,7] ¼ 47.6, adjusted R2 ¼ 0.97, P < .001) with
a significant increase in MPFLRTTO procedures per year
(b ¼ 0.51, P ¼ .023). Although MPFL procedures per-
formed increased from 3,485 to 5,047 (b ¼ e0.02, P ¼
.396) and TTO procedures increased from 1,097 to 1169
(b ¼ e0.09, P ¼ .231) over the study period, these
changes were not significant in the multiple linear
regression model (Fig 1).
We identified a subset of 19,627 patients (Table 3)

who underwent patellar stabilization surgery with a
same-day laterality specific ICD-10 code for patellar
instability linked to the CPT code for the patellar
Table 3. Two-Year Complications and Revisions Performed Per I

Indication for Reoperation MPFL (n¼14,436)

All complications 5.4%
Infection 0.9%
Stiffness 2.8%
Fracture 0.3%
Instability requiring isolated MFPL 3.4%
Instability requiring isolated TTO 0.9%
Instability requiring MPFL or TTO 3.7%

MPFL, medial patellofemoral ligament reconstruction; MPFL þ TTO, c
tubercle osteotomy; TTO, tibial tubercle osteotomy.
*Denotes P < .05 for c2 analysis between all patellar stabilization proce
stabilization for our revision analysis. Of those patients,
the index patellar stabilization procedure was MPFLR
for 14,436, TTO for 3,425, and combined MPFLRTTO
for 1,766. MPFLR was observed to have the lowest
overall complication rate (5.4%), whereas both TTO
(7.5%) and MPFLRTTO (7.1%) had greater complica-
tion rates (P < .001). With respect to revision surgery
for recurrent instability, MPFLR was noted to have the
greatest rate at 3.7% compared with TTO which was
2.7% and combined MPFLRTTO, which carried the
lowest risk for revision at 2.4% (P < .001). Overall rates
of fracture and infection rate were low (<1%), with
MPFLR having the greatest rate of infection but the
lowest risk of fracture. There was no significant differ-
ence in rates of revision surgery for stiffness between
groups.
ndex Operation

TTO (n¼3,425) MPFL þ TTO (n¼1,766) P

7.5% 7.1% <.01*
0.4% 0.6% .01*
3.2% 3.6% .13
0.7% 0.7% .01*
1.8% 2.2% <.01*
1.4% 1.0% .03*
2.7% 2.4% <.01*

oncomitant medial patellofemoral ligament reconstruction and tibial

dures and complication or revision of respective row of table.
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Discussion
MPFLR was observed to be the most common surgical

option for treating patellar instability in this population-
wide database study of patients. The lowest rates of
recurrent instability were observed in combined
MPFLRTTO, whereas this cohort also had the greatest
rates of postoperative complications. The use of all-
patellar stabilization procedures has increased over the
past 10 years with the increase in combined MPFLR and
TTO increasing most linearly per year.
The treatment of patellar instability has evolved in

recent years, as there is continued recognition of the
appropriate procedures needed to address this complex
pathology. Previously, a study on this topic included
6,190 patients between 2007 and 2014 and noted a
significant increase in annual number of patellar insta-
bility procedures performed using similar CPT codes to
our study. However, they did not break up annual use of
their concomitant procedures.24 In our study, we
observed an increased incidence of both isolated MPFLR
and combined MPFLRTTO. This observation may reflect
improved surgeon familiarity with the techniques of
MPFL reconstruction and increased understanding of
reliable success of reconstruction with or without TTO to
be further discussed in this work.24

With respect to complications, our data showed a low
overall complication rate for each of the 3 procedures,
with isolated soft-tissue reconstruction associated with
a lower overall complication rate than isolated or
concomitant bony procedures in this patient cohort.
Specifically, for MPFLR, complication rates within the
literature vary widely. Howells et al.25 looked at 219
MPFLR procedures and demonstrated a complication
rate of 3.3%, whereas a larger systematic review of 629
procedures conducted by Shah et al.12 in 2013 reported
a complication rate of 26.1%. Jackson et al.26 reported
a wide range of complications of MPFLR in their sys-
tematic analysis with rates of overall complications
ranging from 0 to 32.3%. When examining isolated or
concomitant TTO complication rates, our data also
appear to be similar to those reported in recent studies.
In a systematic review of 787 isolated TTO procedures
conducted by Payne et al.,11 the authors found an
overall complication rate of 4.6%. In a retrospective
review of 59 concomitant MPFLR/TTO procedures,
Markus et al.27 found a complication rate of 10.1%. The
discrepancy in complication rates within our large na-
tional database and across the literature can likely be
attributed to significant variations in inclusion criteria
for complications. For example, in our study, with an
MPLFR complication rate of 5.4%, we chose to focus
only on complications requiring repeat operation
compared with the meta-analysis by Shah et al.12

(MPFLR complication rate of 26.1%) in which com-
plications included a broader range of issues such as
“patellar apprehension,” “persistent pain,” and “mild
patellar hypermobility.” Subjective symptomatic com-
plaints like these cannot be discerned with the current
database design, although the 5.4% observed compli-
cation rate can be useful for surgeons when counseling
patients regarding more significant complications that
may require additional treatment.
Using a national administrative database, we were

able to analyze the incidence of revision surgery after
each of the 3 primary procedures in a large patient
cohort. The potential risk of revision surgery should be
balanced against the risk of recurrent instability, and
the results of this study provide important information
that surgeons may use when making treatment rec-
ommendations. With our ability to specify laterality of
procedure, which allows for reliable connection be-
tween primary and subsequent procedures, our results
show that patients undergoing primary MPFLR expe-
rienced a 3.7% rate of revision with either MPFL or
TTO whereas those undergoing TTO or concomitant
procedures had revision rates of 2.7% and 2.4%,
respectively. These rates are fairly consistent with the
literature, which show rates of instability of 0.9% to
10% after MPFLR,12,28,29 0 to 7.4% after TTO,30 and
0 to 5.6% after combined MPFLTTO.10,27,29,31-33 Pre-
vious work by Arshi et al.24 has demonstrated rates of
infection, knee stiffness, and infection after primary
patellar stabilization surgery, but given limitations in
their database, were unable to identify the rate of
revision for any specific procedure. The data from the
current study may provide better insight to specific risks
of further surgical intervention.
Instability requiring revision surgery is a complication

with a likely multifactorial etiology, comprising both
anatomic factors such as patella alta or trochlear
dysplasia as well as surgical factors such as graft healing
and/or tunnel placement.6,7,12 Previous studies have
linked a tibial tubercle to trochlear groove (TT-TG)
distance of greater than 20 mm with the need for
TTO to properly address instability.6,15 Franciozi et al.15

in a prospective review of isolated MPFLR versus
combined MPFLRTTO in patients with TT-TG 17-20
found improved functional outcome scores and clini-
cally tested patellar kinematics at a mean 40 months
postoperatively. However, this observation is tempered
by conflicting studies that even in the setting bony ab-
normalities such as an elevated TT-TG distance isolated
MPFLR can lead to equivalent outcomes compared with
combined procedures.18 A systematic review by Vive-
kanantha et al.17 of more than 1,400 patients with
patella instability and TT-TG indices of greater than 15
mm showed isolated MPLFR had similar redislocation
rates (3.1% vs 3.2%), similar Kujala anterior knee pain
scores (85.0 vs 83.7), but lower return to sport (82% vs
92%) compared with combined MPFLR and TTO. Our
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analysis showed a significant difference between revi-
sion instability for MPFL, TTO, and MPFLRTTO,
although the rate of revision for instability for MPFL
(3.7%) and MPFLRTTO (2.4%) is similar to the rate of
redislocation reported by Vivekanantha et al.17 These
differences in what is viewed as significant despite
having similar rates are likely the result of the larger
sample size of our study, which can be more sensitive
for small differences in outcomes, although whether
these differences are clinically significant to our patients
is still unknown.
Despite MPFLRTTO having the lowest revision rate,

which patients would benefit most from isolated
MPFLR and which may benefit more from the addition
of a concomitant procedure is still undefined. The use of
radiographic measurements such as the TT-TG or the
tibial tubercle-posterior cruciate ligament have been
used to assess the amount of lateralization of the tibial
tubercle though cutoffs used by surgeons vary, and, as
stated previously, isolated MPFLR still is a viable option
for good outcomes.17-19 Other factors that have been
theorized to place patients at risk for recurrent insta-
bility include patellar height, trochlear dysplasia, and
patellar type. Kita et al.34 analyzed these and other
factors in their 42 patients who underwent isolated
MPFLR for patellar instability regardless of bony or
alignment abnormalities. At 2-year follow-up, they
noted trochlear dysplasia was the only variable inde-
pendently associated with postoperative patellofemoral
instability and that TT-TG distance exerted a significant
effect on the outcomes of MPFL reconstruction,
particularly in patients with type D trochlea. Additional
stabilization procedures such as a TTO or trochleoplasty
may play a role in these patients. However, it is
important to note the study had 11 of 42 patients with
Dejour D trochlear dysplasia, although only 2 of 42
patients experienced redislocation meaning even a
subset of their patients with Dejour D trochlea had an
acceptable outcome with isolated MPFLR.34

Our data illustrated a low infection rate for all pro-
cedures, with incidence below 1% for all 3 subsets.
Several studies analyzing both short-term 30 day
infection rates as well as longer follow-up studies for
these cohorts have consistently found the incidence of
infection to range from 0% to 5%, which is in line with
our data.14,29,32,33,35 With respect to fracture, the risk
for all three procedures is less than 1%, which is similar
to reports seen in the literature with Vivekantha et al.17

reporting a prevalence 0.6% after isolated MPFLR and a
0.4% after combine MPFLR and TTO. Jackson et al.26

reported an incidence of patellar fracture ranging
from 0 to 8.3%, primarily in patients treated with full-
length transverse tunnel or 2-tunnel techniques. Given
the limitations of our database, we are unable to assess
the exact surgical technique for patellar fixation of the
graft. With respect to stiffness, patients undergoing
isolated soft-tissue procedure appeared to have lower
rates of stiffness than those undergoing bony proced-
ures. Jackson et al.26 reported in their meta-analysis of
studies looking at complications after MPLFR that 20 of
the 28 studies had a 0% rate of postoperative stiffness
requiring manipulation after MPFLR.26 It is likely that
delayed return to weight-bearing and full-knee range of
motion required after more extensive combined liga-
mentous and bony stabilizations procedures would
contribute to increased risk of requiring secondary
procedures to address residual stiffness.

Limitations
This study has limitations. There is limited granularity

within a publicly available database and as such we
were unable to evaluate patient-level factors such as
trochlear dysplasia for recurrent patellar instability
which may point toward different indications for per-
forming certain stabilization procedures. We did not
extract data of all possible concomitant procedures at
time of initial patellar stabilization surgery as such there
could be unknown variables leading to increased risks
of some of the complications evaluated. The selection of
a TTO may be primarily done based on the presence of a
lateralized tubercle with an elevated TT-TG. We are
unable to control or account for the TT-TG, amongst
other anatomic factors, which for some surgeons
certainly play a role in determining a specific surgical
plan. These differences may contribute to differences in
revision rates, although as discussed previously, there is
evidence that isolated soft tissue procedures even with
bony abnormalities have been shown to be a viable
option.17 In addition, although our selection of CPT
codes was intended to be as comprehensive for com-
plications and reoperations as possible, there is a pos-
sibility that procedures were billed under separate codes
and thus not captured in our dataset. Another limita-
tion inherent to the use of a large administrative data-
base is the inability to confirm procedure aside from
CPT procedure codes thus relying on accurate coding of
procedures performed at the physician level. With
respect to complications, our study only analyzed those
which required subsequent surgery, thus not account-
ing for all complications nor functional clinical out-
comes of these procedures.
Conclusions
Isolated MPFLR is the most common modality used

for patellar instability, with increasing prevalence and
the lowest 2-year complication rate. Isolated tibial tu-
bercle osteotomy was unchanged in its utilization and
had the highest overall complication rate. Combined
MPFLR and TTO increased the overall complication rate
but had a lower 2-year rate of recurrent instability
requiring revision than MPFLR alone.
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