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Abstract

Purpose of Review The purpose of this scoping literature review was to summarize the current evidence on techniques and
outcomes following MPFL reconstruction including sources of evidence, key concepts, and gaps in the literature.

Recent Findings A thorough electronic database search included studies published from 2016 to April 26, 2021, identified a total
of 144 peer reviewed articles. Of the 144 identified clinical papers, 80 (56%) were of level IV evidence, 49 (34%) were of level I11
evidence, 11 (8%) were level II evidence, and 4 (3%) were level I evidence. Overall, 10,710 patients (11,466 knees) were
included with 6871 (64%) female. The mean age of patients included in these studies was 23.5 years (range=5 to 59).
Summary In recent years, there has been a substantial quantity of evidence published on MPFL reconstruction from a variety of
different countries and journals and of variable methodological design. Isolated MPFL reconstruction results in a decrease in
patellar height postoperatively. Indications for isolated MPFL reconstruction versus concomitant procedures to address bony
morphology is still incompletely defined. When failure does occur after MPFL reconstruction, femoral tunnel malposition is the
most commonly cited cause. Despite several recent studies focused on optimal MPFL reconstruction techniques, there is
currently no consensus on optimal graft type (most common being hamstring autografts, allografts, and recently synthetic grafts)
or femoral fixation strategies, with similar results reported with each technique. Future studies should focus on optimal tech-
niques for each patient population as well as specific indications for additional concomitant realignment procedures.

Keywords MPFL - Medial patellar femoral ligament - Ligament reconstruction

Introduction

Patellar instability is a common problem affecting adolescents
and young adults. Population-based studies have estimated that
patellar dislocations occur with an incidence of 23 per 100,000
person-years, with the most common ages of dislocation being
those between 14 and 18 years [1]. Although the standard of
care for most first-time patellar dislocations involves non-
operative management with rest and rehabilitation [2, 3],
patellar dislocations can result in articular cartilage injuries,
osteochondral fractures, and recurrent instability [4, 5].
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Success after nonoperative treatment of first-time disloca-
tion varies with recurrence rates between 15% and 80%
previously reported [4, 6]. The medial patellofemoral liga-
ment (MPFL) is the most commonly injured soft tissue
structure following lateral patellar dislocations, having
shown to occur in more than 90% of individuals having
acute patellar dislocations [7].

Indications for surgical intervention include recurrent
patellar instability with failure to improve after a trial of
nonoperative management, as well as the presence of un-
stable osteochondral fractures or loose bodies [2, 3].
Surgical management includes medial patellofemoral liga-
ment (MPFL) reconstruction alone or in combination with
other procedures such as a lateral retinacular release, tibial
tubercle osteotomy (TTO), or trochleoplasty [8]. Recent
literature has aimed to determine the optimal surgical man-
agement for patients with and without concurrent osseous
anatomical risk factors such as patella alta, abnormal tibial
tubercle—trochlear groove (TT-TG) distance, trochlear dys-
plasia, and patellar tilt [9—11]. Furthermore, several debates
in the recent literature pertain to the optimal tunnel location,
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graft fixation angle, and graft tension in order to optimize
outcomes and prevent graft failure [12].

The purpose of this scoping literature review was to sum-
marize the current evidence on techniques and outcomes fol-
lowing MPFL reconstruction including sources of evidence,
key concepts, and gaps in the literature.

Anatomy and Biomechanics

The patella is most prone to dislocation in 0-30° of knee
flexion, prior to engagement within the femoral trochlear
groove, where the MPFL functions as the primary restraint
to lateral patellar subluxation [13]. In order to preserve
the native biomechanics of the patellofemoral joint, it
has been suggested that after MPFL reconstruction, the
graft should be tightest in extension to prevent recurrent
dislocation, and isometric from 0 to 30° of knee flexion
[14]. The origin of the MPFL is on the femur between
the adductor tubercle and the medial epicondyle and
inserts at the proximal third of the medial patella [15].
Schottle et al. first described the radiographic landmarks
for anatomic femoral tunnel placement (now commonly
referred to as Schoéttle’s point). On a true lateral radio-
graph, the point is located one millimeter anterior to a
tangent line to the posterior femoral cortex, proximal to
the most posterior part of Blumensaat’s line, and
2.5 mm distal to the posterior origin of the medial

Fig. 1 Lateral radiograph depicting the anatomic femoral tunnel
placement site as per Schottle et al. (blue circle). The blue lines
represent the tangent line to the posterior femoral cortex, as well as two
perpendicular lines at the most posterior part of Blumensaat’s line, and at
the posterior origin of the medial femoral condyle, respectively
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femoral condyle (Fig. 1). However, this anatomic fem-
oral insertion site is not identical in every individual
and can vary by as much as 5Smm [16].

The importance of anatomical graft placement has been
reported in several studies, as non-anatomic placement on
the femoral side can cause recurrent instability or in-
creased medial patellofemoral contact pressures and
overloading the medial cartilage leading to premature de-
generative changes [15, 17]. Malpositioning of the femoral
tunnel has been reported to be the most common indica-
tion for MPFL reconstruction failure requiring revision
surgery, occurring up to 40% of the time [18]. A femoral
tunnel that is malpositioned too anterior, in particular, has
been shown to lead to overloading of the medial
patellofemoral cartilage [17]. A femoral tunnel that is
malpositioned too proximally leads to a graft that is too
lax in extension, and too tight in flexion. Conversely, a
femoral tunnel that is too distal leads to an overtight graft
in extension, and an excessively lax graft in flexion, lead-
ing to a clinical extension lag [19].

State of the Current Evidence

A thorough search of 3 electronic databases (MEDLINE,
Embase, and PubMed) identified all studies published over
the past 5 years (2016 to April 26, 2021) on techniques and
outcomes following MPFL reconstruction. A total of 144 peer
reviewed articles were identified. Of these studies, 26 (18%)
were conducted in China, 24 (17%) in the USA, 15 (10%) in
Germany, 12 (8%) in Japan, and 8 (6%) in each of Canada, the
UK, and Brazil. The most common journals of publication
were Knee Surgery, Sports Traumatology, Arthroscopy
(KSSTA) (41 studies, 28%), Orthopaedic Journal of Sports
Medicine (OJSM) (15 studies, 10%), The American Journal of
Sports Medicine (AJSM) (13 studies, 9%), and Arthroscopy (9
studies, 6%).

Of the 144 clinical studies, 80 (56%) were of level IV
evidence, 49 (34%) were of level III evidence, 11 (8%)
were level II evidence, and 4 (3%) were level I evidence
(high quality RCT with >80% follow-up) (Fig. 2). Ninety
percent (129 studies) employed methodology using a retro-
spective design, 6% (9 studies) used a prospective, non-
randomized design, while 4% (6 studies) were randomized
controlled trials (RCTs). Overall, 10,710 patients (11,466
knees) were included with 6871 (64%) female. The mean
age of patients included in these studies was 23.5 years
(range, 5 to 59 years) and the mean follow-up across the
studies was 35.6 months. An isolated MPFL reconstruction
was performed in 83 studies (58%), MPFL reconstruction
combined with a tibial tubercle osteotomy (TTO) in 20
studies (14%), and in combination with trochleoplasty in
13 studies (9%).
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Luceri et al. assessed 89 patients who had undergone isolated
MPFL reconstruction using hamstring autografts and found
that patellar height was significantly reduced after surgery
from a mean Caton-Deschamps (CD) ratio of 1.19 to a mean
post-operative CD ratio of 0.99 (mean reduction of CD of
0.19, P<0.0001). Of 35.8% of cases that had patella alta pre-
operatively, 79.4% of these patients had a reduction of patellar
height 18-months post-operatively to within normal limits
[20].

Similar findings were reported by Hiemstra et al. after
isolated MPFL reconstruction in 283 patients, where the
Caton-Deschamps (CD) ratio was significantly reduced
(CD reduction of 0.03, p<0.001) across the entire cohort
postoperatively, with a larger effect size (CD reduction of
0.10, p<0.001) in those who had preoperative patellar alta
(CD>1.2) [21].

Impact of Patellar Height and Trochlear Dysplasia

A study of 90 patients undergoing isolated MPFL reconstruc-
tion regardless of concomitant bony pathology such as TT-TG
distance, patellar height, and trochlear depth, reported strong
clinical and functional outcomes at 2 years with 0 failures,
88% rate of return to sport, and significantly improved Knee
injury and Osteoarthritis Outcome Score—Quality of Life (32.7
to 72.0, P < .001) [11]. Similarly, Blake et al. retrospectively
assessed 52 patients who had undergone isolated MPFL re-
construction regardless of concomitant bony pathology and
reported strong functional outcomes. There was no significant
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correlation between the functional outcome scores (Lysholm
and Tegner) and the anatomic risk factors [22].

In contrast, a retrospective analysis of 211 isolated
MPFL reconstructions at a mean follow-up of 5.8 years
found that pre-operative patella alta (CDI >1.3) was asso-
ciated with a higher risk of failure postoperatively (odds
ratio, 4.9; P = .02) [23]. However, another study assessing
121 patients without significantly elevated TT-TG dis-
tances or significant patella alta found that isolated MPFL
reconstruction, even in patients with trochlear dysplasia,
resulted in significant improvements in Kujala score (55.0
preoperatively to 90.0, P < .001), with most patients
(94.5%) able to return to sports at 1 year [24].

Impact of Femoral Version

Zhang et al. retrospectively assessed 66 patients who had un-
dergone MPFL reconstruction with a concomitant TTO for the
prognosticative impact of femoral version on postoperative
outcomes. The study found that patients with femoral
anteversion > 30 degrees (mean +/- SD age 19.4 +/- 4.4 years)
had significantly worse Kujala (75 = 8 vs. 84 + 8, P = 0.003),
Lysholm (81 £9 vs. 87+ 7, P=0.021), and IKDC scores (78
+6vs.85+7, P=0.001) compared to patients (mean +/- SD
age 19.8 +/- 6.2 years) with femoral anteversion < 20 degrees
[25].

The same group subsequently reported on 126 patients
with increased femoral anteversion undergoing either MPFL
reconstruction with or without a derotational distal femoral
osteotomy. The derotational distal femoral osteotomy group
had significantly higher Kujala (82.3 vs 76.7; P = .001) and
Lysholm (83.7 vs 77.7; P = .034) scores post-operatively
[26¢].
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Additional Soft Tissue Procedures

An RCT of 43 patients by Malatray et al. compared isolated
MPFL reconstruction with MPFL reconstruction in addition
to arthroscopic lateral retinacular release. The study found no
significant difference in mean +/- SD post-operative subjec-
tive IKDC scores (82 +/- 15 vs. 86 +/-20, P=0.45) or patellar
tilt at 24 months post-operative between groups [27e¢].

Predictors of Outcomes

Hiemstra et al. assessed 224 patients who had undergone iso-
lated MPFL reconstruction for risk factors that predict lower
patient reported outcomes using a multivariable regression
model. The study found that bilateral symptoms (P = .004),
older age at first dislocation (P = .024), and femoral tunnel
position malposition (P = .042) were significant predictors of
lower Banff Patellofemoral Instability Instrument (BPII)
scores [28¢].

Another study by Neri et al. assessed 107 patients under-
going isolated MPFL reconstruction and found that only
malpositioning of the femoral tunnel (p=0.002), and a larger
(>20 degrees) residual patellar tilt (P=0.009), were associated
with lower functional outcomes [29].

Zhang et al. similarly reported that in 312 patients under-
going MPFL reconstruction, only a high-grade preoperative J-
sign (odds ratio, 11.9 [95% CI, 1.7-82.8]; P = 0.012) and
femoral tunnel malposition (odds ratio, 8.2 [95% CI, 1.2—
58.0]; P = 0.036) were independently predictive of residual
graft laxity postoperatively [30].

Graft Type

Kumar et al. evaluated fifty-nine adolescents under age 18
in a retrospective study following MPFL reconstruction
with either hamstring autograft or hamstring allografts.
No significant differences were noted in rates of return to
sport or rates of failure (3 of 36 in allograft group vs. 6 of
23 in autograft group, p=0.064) between the two groups
[31]. Flanigan et al. similarly retrospectively assessed 115
patients undergoing MPFL reconstruction with either ham-
string autografts or allografts. The study found no signif-
icant difference in the rate of recurrent dislocation (3.3%
vs. 3.5%) or patient reported outcomes between groups
[32-].

Another prospective study of 50 patients undergoing
MPFL reconstruction compared the use of gracilis tendon au-
tograft to a synthetic graft of modern ultra-high molecular
weight polyethylene with a braided jacket of polyester tape.
They reported significant improvements in knee function
scores in both groups, with no significant difference in knee
functional outcomes (Kujala, Bartlett, Tegner, Lysholm
scores) between the two groups [33].
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Graft Fixation

Lind et al. assessed 60 patients in a prospective RCT compar-
ing two femoral fixation strategies. The bone femoral fixation
technique used an interference screw in the femur, while the
soft-tissue fixation technique looped the graft around the ad-
ductor magnus tendon. The study found no difference in out-
comes between the two groups, with similar postoperative
Kujala scores (89 vs. 88, P=0.73), fixation site morbidity
(12% vs. 13%) and re-dislocation rates (0%) [34e].

MPFL Reconstruction in Adolescents

Malecki et al. assessed 65 patients with a median age of 14
years and compared two surgical techniques for recurrent
patellar dislocation. The first technique involved MPFL
reconstruction using the adductor magnus tendon, whereby
the distal insertion on the femur is left intact, and the har-
vested tendon is attached to its anatomic footprint on the
patella The second technique utilized a retinacular plasty
including a lateral release, vastus medialis advancement,
as well as a Roux Goldthwait procedure involving a medial
transfer of the lateral patellar tendon. Although the rate of
recurrent dislocation, and functional outcomes (Lysholm
and Kujala scores) were similar between the two groups,
the proportion of patients with continued pain was signifi-
cantly higher in the soft tissue proximal and distal realign-
ment group (24/33, 73%), than in the MPFL reconstruction
group (13/32, 41%) (P<0.01) [35].

Another study by Nelitz et al. described a technique for
MPFL reconstruction in 25 skeletally immature patients
with a mean age of 12.8 years using a pedicled quadriceps
autograft. The technique keeps the patellar attachment of
the quadriceps graft intact, with the femoral attachment site
verified on anteroposterior and true lateral planes with fluo-
roscopy to ensure it is truly distal to the physis. The authors
have previously described that lateral radiographs can be
misleading on their own in determining the position of the
distal femoral physis in relation to the MPFL given the
curvature of the physis [36]. The authors also advocate
angling the guide wire 15-20 degrees distally and anteriorly
to minimize damage to the physis and cartilage. The graft
was secured to the femur with a bioresorbable interference
screw. Promising outcomes were reported at 2 years, with
no patients having recurrent instability, strong Kujala and
Tegner scores, and 21/25 (84%) returning to sport at their
previous level. There were no complications reported by
the authors [37].

Lafave et al. found that the Banff Patellofemoral
Instability Instrument 2.0 (BPII 2.0) was valid, reliable
and disease specific within the adolescent population for
lateral patellofemoral instability in a multicentered study
of 140 adolescent patients. Two other scores that have been
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previously validated in the adolescent population include
the Pediatric International Knee Documentation
Committee (Pedi-IKDC) [38], as well as the original BPII
[39, 40]. Other commonly used scores including the Kujala
score, and the Norwich Patellar Instability Score have not
been validated for use in the adolescent population [39].

Conclusion

In recent years, there has been a substantial quantity of
evidence published on MPFL reconstruction from a variety
of different countries and journals and of variable method-
ological design and levels of evidence. Although the clin-
ical implications are not fully understood, it has been dem-
onstrated that isolated MPFL reconstruction results in a
decrease in patellar height postoperatively. Overall, the
promising results reported after isolated MPFL reconstruc-
tion in recent years suggest that not all patients with bony
pathology require additional surgical correction beyond
isolated MPFL reconstruction. However, some studies
have shown that substantial patella alta or femoral
anteversion preoperatively is associated with a higher risk
of failure after isolated MPFL reconstruction. Patients with
significant femoral anteversion may benefit from consider-
ation of concomitant derotational femoral osteotomy.
When failure does occur after MPFL reconstruction, fem-
oral tunnel malposition is the most commonly cited cause.
Despite several recent studies focused on optimal MPFL
reconstruction techniques, there is currently no consensus
on optimal graft type or femoral fixation strategies, with
similar results reported with each technique. The most
commonly used graft types are hamstring autografts, ham-
string allografts, and, more recently, synthetic grafts. Our
recommendations based on the current literature are for
patients with recurrent patellar dislocations to have a thor-
ough clinical and radiographic assessment for the presence
of significant osseous pathology that may be contributing
as an underlying cause to patellar dislocations. In the ab-
sence of clear osseous pathology, or those with minor ab-
normalities, isolated MPFL reconstruction can be per-
formed with either autograft or allograft with particular
attention to ensure that the femoral tunnel is positioned
appropriately. Concomitant soft tissue procedures are rare-
ly required. In adolescents and those skeletally immature,
alternative procedures could be considered including the
use of adductor magnus or quadriceps autografts whereby
the attachment to the femur or patella are left intact. Given
the gaps identified within the literature thus far, future
studies should focus on specific indications for when ad-
ditional realignment procedures are needed concomitantly
with MPFL reconstruction. Furthermore, future prospec-
tive studies would be useful to clarify patient populations

(such as those who are young and active) that may benefit
from consideration of specific graft type or fixation tech-
niques for MPFL reconstruction.
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