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Background: Patellofemoral instability is a common knee problem that is difficult to manage owing to its multifactorial etiology as
well as the fact that predisposing pathoanatomic features vary from individual to individual. There is limited knowledge regarding
the demographic and pathoanatomic risk factors or the relationship between these risk factors and the redislocation rate after
surgical stabilization for this challenging condition.

Purpose: To analyze the postoperative redislocation rates and the prevalence of demographic and pathoanatomic risk factors for
patients undergoing a patellofemoral stabilization.

Study Design: Case series; Level of evidence, 4.

Methods: Patients with symptomatic recurrent patellofemoral instability underwent a soft tissue patellofemoral stabilization
procedure. A total of 342 patellofemoral stabilization procedures (reconstruction, n ¼ 256; imbrication, n ¼ 86) were assessed at a
mean follow-up of 24.3 months. Concomitant procedures were performed in accordance with the à la carte concept of addressing
significant anatomic or biomechanical characteristics. Two surgical cohorts were analyzed separately for reconstruction or
imbrication to address laxity of the medial patellofemoral ligament (MPFL). Failure of the patellofemoral stabilization procedure was
defined as postoperative redislocation of the patella. Prevalence of demographic and pathoanatomic risk factors was determined
for all patients. Disease-specific patient-reported outcomes were assessed with the Banff Patella Instability Instrument (BPII).

Results: A redislocation rate of 5.1% was identified for MPFL reconstruction and 20.9% for MPFL imbrication. For both MPFL
procedures, age at time of surgery was significantly younger for the failed group as compared with the intact group. Postoperative
BPII scores were significantly lower for patients who subsequently experienced a surgical failure as compared with intact surgery
for both MPFL reconstruction (P ¼ .048) and MPFL imbrication (P ¼ .003).

Conclusion: Patellofemoral stabilization with an à la carte approach to surgical selection demonstrated a low postoperative
redislocation rate and good clinical results. Younger age at time of surgery was associated with surgical failure. This information
may be used to guide surgical decision making and patient education.

Keywords: patellofemoral instability; medial patellofemoral ligament; MPFL reconstruction; MPFL imbrication; patellofemoral
dislocation; redislocation

Patellofemoral instability is a common knee problem that is
frequently associated with pain, decreased activity,
reduced quality of life, and long-term osteoarthri-
tis.11,17,28,30 A complex combination of bony structures as
well as active and passive soft tissue restraints works
together to stabilize the patella as the knee moves from
extension to flexion. The medial patellofemoral ligament
(MPFL) is the most influential soft tissue stabilizer, provid-
ing passive lateral restraint to the patella. It accounts for
up to 60% of the stabilizing forces on the patella.6,8,14,38

Addressing the torn or lax MPFL with an MPFL recon-
struction (MPFL-R) or MPFL imbrication (MPFL-I) has
become widely recognized as a safe and reliable means of
reestablishing lateral stability in patients with recurrent
lateral patellofemoral instability.40,47 Procedures such as
tibial tubercle osteotomy (TTO), lateral release or length-
ening, trochleoplasty, or derotation osteotomy are utilized
concomitantly to correct significant anatomic or biome-
chanical abnormalities.3,32,46 In patients with recurrent
patellofemoral instability, an MPFL-R with or without
concomitant procedures has been shown to effectively
and consistently improve function and quality-of-life out-
comes.10,21,26,34,37,40,45 Although a few large case series
have been published, the information on surgical failure
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rates following MPFL-R has largely been described in sys-
tematic reviews. These reviews report a redislocation rate
of 1% to 5%.34,37,40,42,43 For MPFL-I procedures, the failure
rate has been reported as 20% to 25%.1,35

Patellofemoral instability is difficult to manage owing to
its multifactorial etiology, as well as the fact that predis-
posing pathoanatomic features vary from individual to
individual. The heterogeneous nature of the risk factors for
patellofemoral instability makes reporting on a truly homo-
geneous patient population extremely difficult. Given this
challenge, there is value in analyzing large cohorts of
patients who present with recurrent patellofemoral insta-
bility and are treated in a systematic manner.

The primary purpose of this study was to determine the
postoperative redislocation rate following patellofemoral
stabilization for recurrent lateral patellofemoral instabil-
ity. The secondary purpose was to characterize and analyze
the demographic and pathoanatomic risk factors of the
patients with intact and failed surgical procedures.

METHODS

Patient Population

This study received ethics approval from the University of
Calgary. Between May 2007 and April 2015, a total of 391
knees were diagnosed with recurrent symptomatic patello-
femoral instability and underwent a patellofemoral stabili-
zation. Of these, 17 cases had a previous or concurrent
cruciate or collateral ligament reconstruction and were
excluded from the study. Of the remaining 374 knees that
underwent patellofemoral stabilization, 279 received an
MPFL-R, and 95 received an MPFL-I.

Patients were evalulated at postoperative 2 years. Any
history of redislocation was noted and confirmed by physi-
cal examination. Patients who were unable to attend in
person for the 2-year follow-up were contacted by telephone
and email to determine if they had suffered a redislocation
episode. All patients who reported a postoperative disloca-
tion were seen in person to confirm the surgical failure.
Banff Patella Instability Instrument (BPII) questionnaires
were completed at the clinic visit or online at postoperative
1 and 2 years.

Patients were included for analysis if they had been con-
tacted, in person or by telephone or email, to determine if
there had been any postoperative dislocations of the
patella. Twenty patients (23 knees) following an MPFL-R

and 9 patients (9 knees) following an MPFL-I could not be
contacted for follow-up and were excluded. Therefore, 256
MPFL-R (92% follow-up) and 86 MPFL-I (91% follow-up)
procedures were analyzed. The follow-up duration was
24.3 months (range, 20 months–5 years).

Of the included procedures, 112 index knees had under-
gone previous surgery (Table 1). Concomitant procedures to
correct anatomy and alignment of the extensor mechanism
were performed in combination with the soft tissue stabili-
zation in 169 cases (Table 2). Simple procedures included
minor interventions, such as knee arthroscopy, removal of a
loose body, removal of hardware, or meniscal surgery, in
which no alteration of the extensor mechanism was under-
taken. Procedures that involved structural changes to the
anatomy or biomechanics of the extensor mechanism
included medial reefing, repair or imbrication of the MPFL,
lateral release, repair of a previous lateral release, TTO,
trochleoplasty, tibial or femoral osteotomy, and/or patellar
tendon shortening.

A single fellowship-trained sports medicine and arthro-
scopic knee surgeon (L.A.H.) performed all procedures. The
clinical indication for surgery was symptomatic recurrent
lateral patellofemoral instability. Recurrent lateral insta-
bility was diagnosed per detailed patient history and phys-
ical examination. All patients reported more than 1
patellofemoral instability episode of dislocation and/or sub-
luxation and had ongoing symptoms of instability that did
not respond to standard nonoperative management, includ-
ing physical therapy and bracing. Patients with corroborat-
ing physical evidence of patellar laxity, including but not
limited to increased lateral translation of the patella and
apprehension to lateral translation, were offered a

TABLE 1
Cases With Previous Surgery on the Index Kneea

MPFL Procedure, n (%)

Previous Procedure

Reconstruction
(n ¼ 256
Knees)

Imbrication
(n ¼ 86
Knees)

Simple procedure 40 (15.6) 16 (18.6)
Structural change to the extensor

mechanism
48 (18.8) 8 (9.3)

Total 88 (34.4) 24 (27.9)

aMPFL, medial patellofemoral ligament.
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stabilization procedure. All patients received soft tissue
stabilization, either an MPFL-R or MPFL-I. The decision
to perform an MPFL-R or MPFL-I was based on the clinical
judgment of the surgeon after thorough assessment of the
patient. The majority of patients were offered an MPFL-R;
however, those with minimal anatomic risk factors, fewer
patellofemoral instability events, and less MPFL laxity were
offered an MPFL-I. The premise was that a stretched MPFL
with some inherent tissue quality could be successfully
shortened by an imbrication, whereas an MPFL with poor
tissue quality or substantial laxity would benefit from the
more substantial reconstruction procedure. Concomitant
procedures were included per the clinical and radiological
presentation of the patient. A TTO was considered when the
tibial tubercle–trochlear groove (TT-TG) distance was >20
mm and/or there was patella alta with a Caton-Deschamps
ratio >1.2. Trochleoplasty was considered when there was
Dejour type D trochlear dysplasia.

Surgical Procedures

The MPFL-R procedures were performed with a hamstring
tendon autograft as previously described by Hiemstra
et al.18 A free hamstring graft was attached to the superior
half of the medial border of the patella with suture anchors.
A triangular graft was produced, which was attached at the
anatomic insertion point on the femur with an interference
screw (Figure 1). Intraoperative assessment of the biome-
chanics of the graft position was performed to ensure that
the structures did not tighten in flexion and that the patella
was centered in the trochlear groove through the full range
of motion of the knee.

The MPFL-I procedures were performed either via the
arthroscopic technique described by Halbrecht13 or through
an open procedure with a pants-over-vest method (Figure 2).
The open method involved a 2-cm incision through which the
MPFL was incised down 1 cm medial to the patellar border.
This allowed the placement of 2 imbrication sutures (No. 1
Vicryl), in a pants-over-vest fashion with a modified Mayo

stitch, while leaving the joint capsule intact. Each procedure
was adjusted for the tissue quality and degree of laxity
present. The loose MPFL was appropriately tightened to
regain lateral stability of the patella, comparable with the
contralateral limb.

All patients received the same standardized rehabilita-
tion protocol. This phase-based program emphasized early
range of motion and muscle activation, hip and core
strength, balance, and proprioception. Immediate postop-
erative rehabilitation included early weightbearing as

TABLE 2
Concomitant Proceduresa

MPFL Procedure, n (%)

Concomitant Procedure

Reconstruction
(n ¼ 256
Knees)

Imbrication
(n ¼ 86
Knees)

Simple procedure 9 (3.5) 4 (4.7)
Structural change to the extensor

mechanism
130 (50.8) 26 (30.2)

Isolated lateral release with MPFL 62 (24.2) 23 (26.7)
Total 139 (54.4) 30 (34.9)

aMPFL, medial patellofemoral ligament.

Figure 1. Medial patellofemoral ligament reconstruction tech-
nique (reproduced with permission from ConMed Linvatec).

Figure 2. Open medial patellofemoral ligament imbrication
technique with pants-over-vest method and secured with
modified Mayo stitches.
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tolerated, with crutches used to facilitate a normal gait
pattern. A short period of immobilization in a range-of-
motion knee brace (up to 48 hours postoperatively) was
followed by unrestricted range of motion of the knee. The
rehabilitation protocol progressed to emphasize quadriceps
activation, including the use of electrical muscle stimula-
tion, functional exercises, core strengthening, and gait
retraining. Return-to-sport training was generally com-
menced at postoperative 4.5 months.

Patient demographics and predisposing patellofemoral
pathoanatomic risk factors were collected at the initial con-
sultation. Demographic risk factors included age at first
dislocation, sex, bilaterality of symptoms, body mass index
(BMI), affected limb, and previous surgical procedures.
Anatomic risk factors included trochlear dysplasia, patella
alta, TT-TG distance, generalized ligamentous laxity, lower
limb alignment, knee hyperextension, and rotational
abnormalities of the tibia and femur. True lateral radio-
graphs were taken at a minimum of 6 months postopera-
tively to assess the accuracy of the femoral tunnel position
following MPFL-R. All patients completed the BPII16,17,23

preoperatively and at their 1- and 2-year follow-up visits to
assess disease-specific quality of life.20

Trochlear dysplasia was determined with true lateral
radiographs and axial imaging. It was categorized as either
low grade (Dejour type A) or high grade (Dejour type B, C,
or D). Patella alta was measured with the Caton-
Deschamps ratio.5 The TT-TG was measured as the dis-
tance between the tibial tubercle and the deepest part of
the trochlear groove on axial imaging according to the
method described by Dejour.4,7 Patellar tilt was measured
on axial imaging as the angle formed between the posterior
femoral condylar line of the femur and the transverse axis
of the patella.33 Generalized ligamentous laxity, as deter-
mined with the Beighton score, was collected for each
patient and recorded as a value out of 9.2 The presence of
knee hyperextension was recorded when it exceeded 10� of
recurvatum as measured with a goniometer. Femoral ante-
version was considered positive on clinical examination if
there was internal rotation of the hip >70� and 30� greater
than external rotation as measured in the supine position
with the hip and knee bent to 90� to relax the muscles and
avoid tilt and rotation of the pelvis.44 Tibial external rota-
tion was considered positive if the thigh-transmalleolar
angle was >45� of external rotation as measured in the
prone position.39

MPFL-R femoral tunnel position accuracy was deter-
mined on postoperative true lateral radiographs, taken at
a minimum of 6 months postoperatively, by measuring the
distance between the center of the femoral tunnel insertion
and the center of the Schöttle point.27,36 A single experi-
enced patellofemoral surgeon (L.A.H.) performed all radio-
graphic measurements at a time independent from the
patient encounter. Interrater reliability of this measure-
ment technique has been previously established.15,19

Statistical Analysis

The MPFL-R and MPFL-I cases were analyzed as 2 cohorts.
Cases with successful surgical stabilization and those with

a postoperative redislocation were separated within their
cohort for comparative analysis. Redislocation rates were
calculated by a simple percentage relative to the total num-
ber of knees included in the study group.

A Mann-Whitney U test was employed to compare the
postoperative BPII scores of patients with successful patel-
lofemoral stabilization relative to the prefailure BPII scores
of patients who experienced redislocation. This analysis
was completed separately for the MPFL-R and MPFL-I
cohorts.

Demographic and pathoanatomic data were assessed
descriptively for successful MPFL-R and MPFL-I surgical
stabilizations as compared with failed surgical stabiliza-
tions. Demographic and pathoanatomic data were also ana-
lyzed with a Mann-Whitney U test (continuous variables)
or Fisher exact test (binary variables) to assess for differ-
ences between knees with successful surgical stabilization
and knees that sustained postoperative dislocation, for both
soft tissue surgical techniques. Accuracy of MPFL-R fem-
oral tunnel position was defined a priori as ideal (0-6 mm),
good (>6-12 mm), or poor (>12 mm) in terms of distance
from the Schöttle point, to assess for any evidence of an
association between technical error and surgical failure.

A priori 95% CIs were set as the minimum level of sig-
nificance. The 95% CIs were calculated for any statistically
significant correlation. Statistical analyses were completed
with SPSS (v 24.0, IBM).

RESULTS

Postoperative Redislocation Rate

In the MPFL-R cohort, 13 knees suffered a postoperative
dislocation, resulting in a failure rate of 5.1%. In the MPFL-
I cohort, there were 18 knees that suffered a postoperative
dislocation for a failure rate of 20.9%. In the MPFL-R redis-
location group, 4 knees had undergone a previous MPFL-I,
and 1 knee had a previous TTO. Concomitant surgical pro-
cedures in the MPFL-R redislocation group included 2
cases of TTO and 1 repair of a previous lateral release. In
the MPFL-I redislocation group, none of the knees that
sustained a redislocation had previous stabilization sur-
gery. Concomitant surgical procedures in this group
included 3 TTOs and 1 repair of a previous lateral release.

BPII Scores and Postoperative Redislocation

Comparison of postoperative BPII scores for MPFL-R cases
with successful patellofemoral stabilization with the
prefailure BPII scores of those patients who had a postop-
erative redislocation revealed a statistically significant dif-
ference (P ¼ .048). The effect size was 0.16 and was thus
classified as small. Comparison of the postoperative BPII
scores for MPFL-I cases with successful patellofemoral sta-
bilization with the prefailure BPII scores of those patients
with postoperative redislocation also revealed a statisti-
cally significant difference (P ¼ .003). The effect size was
0.25 and was thus classified as between small and medium.
Comparison of the postoperative prefailure BPII scores of
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the MPFL-R cases (n ¼ 13) with the MPFL-I cases (n ¼ 18)
revealed no significant differences between these postoper-
ative redislocation groups (P ¼ .91)

Demographic Risk Factors
and Postoperative Redislocation

Demographic comparison of the entire cohort separated by
procedure is presented in Table 3. The Mann-Whitney U
test revealed a statistically significant difference for age at
the time of surgery between the knees with a successful
stabilization and the surgical failure knees (MPFL-R, P ¼
.02; MPFL-I, P¼ .04). For the MPFL-R group, the mean age
at the time of surgery was 25.0 ± 8.7 years for knees with a
successful stabilization and 19.2 ± 5.8 years for the postop-
erative redislocations. For the MPFL-I group, the mean age
at the time of surgery was 25.1 ± 9.0 years for knees with a
successful stabilization and 17.9 ± 4.7 years for the surgical
failures (Table 3). There was no statistically significant dif-
ference between groups for age at the time of the first dis-
location, sex, or BMI for either MPFL-R or MPFL-I.

Pathoanatomic Risk Factors
and Postoperative Redislocation

Descriptive preoperative pathoanatomic risk factors for the
MPFL-R cohort are detailed in Table 4. Comparison of the
pathoanatomic risk factors between the knees with a suc-
cessful patellofemoral stabilization including an MPFL-R
and those with a postoperative redislocation demonstrated
no statistically significant differences between the groups.
Femoral tunnel position was assessed relative to the Schöt-
tle point for the MPFL-R cohort. In the intact stabilization
cohort, the femoral tunnel was placed a mean 5.6 ± 4.1 mm
from the center of the Schöttle point. Eighteen tunnels
(6.6%) were rated as poor owing to a measurement
>12 mm from the center of the Schöttle point. The positions
of the remainder of the femoral tunnels were rated as good
or ideal. In the MPFL-R failure group, the mean distance

from the femoral tunnel to the Schöttle point was 5.3 ± 2.8
mm, with all the femoral tunnels rated as good or ideal.15,19

Descriptive preoperative pathoanatomic risk factors for
the MPFL-I cohort are detailed in Table 5. In keeping with
surgical selection, the knees that underwent patellofemoral
stabilization with an imbrication demonstrated fewer
pathoanatomic risk factors when compared with the cohort
that underwent stabilization with a reconstruction. Com-
parison of the pathoanatomic risk factors between the
knees with a successful patellofemoral stabilization includ-
ing an MPFL-I and those that had a postoperative disloca-
tion demonstrated no statistically significant differences
between the groups.

DISCUSSION

Using postoperative recurrent dislocation as the definition
of failure, this study determined a failure rate for patello-
femoral stabilization of 5.1% when an MPFL-R was used
as the soft tissue stabilization procedure and 20.1% when
an MPFL-I was the stabilizing procedure, at a mean 24.3
months postoperatively. These findings are similar to
those reported in systematic reviews.34,37,40,42,43 The cur-
rent research adds to the literature regarding outcomes
and failure expectations following patellofemoral stabili-
zation surgery, within a large sample of patients undergo-
ing surgery for recurrent patellofemoral instability.

Analysis of the disease-specific quality-of-life scores
revealed a significant difference between the successful sta-
bilization and surgical failure groups, with lower mean
BPII scores recorded in the cohort of cases that proceeded
to surgical failure. The effect sizes of the BPII score differ-
ences were calculated as small to medium, and the evidence
of this between-group difference merits further study. Fur-
ther analysis of the predictive validity of the BPII score will
be important to explore, but there were insufficient cases to
calculate the likelihood of failure on an individual basis.

The risk factors of the successful reconstruction and
imbrication stabilization procedures as compared with the

TABLE 3
Demographic Comparison of the MPFL Reconstruction and Imbrication Cohortsa

MPFL Reconstruction MPFL Imbrication

Total Intact Failure Total Intact Failure

Size of cohort 256 knees 243 (94.9) 13 (5.1) 86 knees 68 (79.1) 18 (20.9)
Age, y

At first dislocation 14.7 ± 4.7 14.7 ± 4.7 13.8 ± 4.3 16.4 ± 6.3 17.1 ± 6.8 13.7 ± 2.8
At time of surgery 24.7 ± 8.7 25.0 ± 8.7 19.2 ± 5.8 23.6 ± 8.8 25.1 ± 9.0 17.9 ± 4.7

BMI, kg/m2 23.9 ± 3.8 24.0 ± 3.8 23.3 ± 3.6 23.7 ± 3.4 23.8 ± 3.1 23.2 ± 4.5
Knee

Left 155 (60.6) 145 (59.7) 10 (76.9) 45 (52.3) 36 (52.9) 9 (50.0)
Right 101 (39.5) 98 (40.3) 3 (23.1) 41 (47.7) 32 (47.1) 9 (50.0)

Bilateral instability 112 (44.1) 105 (43.6) 7 (53.9) 21 (24.4) 15 (22.1) 6 (33.3)
Sex

Female 184 (71.9) 172 (70.8) 12 (92.3) 73 (84.9) 58 (85.3) 15 (83.3)
Male 72 (28.1) 71 (29.2) 1 (7.7) 13 (15.1) 10 (14.7) 3 (16.7)

aValues are presented as n (%) or mean ± SD. BMI, body mass index; MPFL, medial patellofemoral ligament.
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surgical failures demonstrated statistically significant dif-
ferences between the groups, with a younger age at the
time of surgery for the surgical failures. This result may
be reflective of a higher risk of recurrence when patello-
femoral instability occurs at a younger age, a finding that
is consistent with the literature.22,24,25 Descriptively, the
MPFL-R failure group had a higher percentage of cases
with pathoanatomic risk factors, including high-grade dys-
plasia, patella alta, patellar tilt, femoral anteversion, and
positive Beighton scores, but none of these differences
reached statistical significance. Similarly, the pathoana-
tomic risk factors of the MPFL-I cases with a successful
stabilization as compared with those with surgical failure
demonstrated some descriptive but not statistically signif-
icant differences. As a whole and in keeping with the sur-
gical selection criteria, the imbrication cases demonstrated
a lower incidence of pathoanatomic risk factors compared
with the reconstruction stabilization group.

Patients with patellofemoral instability present with
a varying number and degree of predisposing demo-
graphic and pathoanatomic features. The à la carte con-
cept for the treatment of patellofemoral instability
introduced by the Lyon group recommends that signifi-
cant predisposing anatomic or biomechanical factors be
addressed simultaneously with patellofemoral stabiliza-
tion surgery.7 Despite the use of these clinical

guidelines, there remains a lack of substantive evidence
to guide surgical decision making for most pathoana-
tomic features associated with patellofemoral instabil-
ity. Consequently, the thresholds for addressing these
risk factors are unclear. Studies that examine the out-
comes of patellofemoral stabilization procedures suffer
from the inability to access a truly homogeneous patient
population. The surgical correction of significant pathoa-
natomies with the à la carte concept attempts to
improve homogeneity in this complex population by cor-
recting significant anatomic or biomechanical patholo-
gies. In this large study cohort that underwent
correction of significant anatomic and biomechanical
deviations in conjunction with a soft tissue stabilization,
examination of the pathoanatomic and demographic risk
factors associated with failure of patellofemoral stabili-
zation procedures has provided further information
about risk factors and surgical outcomes.

Several studies have reported that up to 50% of MPFL
soft tissue stabilization procedure failures are the result of
technical error.9,29,31,41 In this series of MPFL-R proce-
dures, tunnel position was not a contributing factor to fail-
ure, as all of the femoral tunnels in the failure group were
classified as ideal or good when compared with the refer-
ence standard. Therefore, analysis of causes of failure in
this study was solely focused on nontechnical causes.

TABLE 4
Pathoanatomic Risk Factors of the MPFL Reconstruction Cohorta

MPFL Reconstruction, % or Mean ± SD (Range)

Risk Factor Intact (n ¼ 243 Knees) Failure (n ¼ 13 Knees) P Value

High-grade trochlear dysplasia 52.7 61.5 .62
TT-TG distance, mm 16.6 ± 5.3 (5.0-31.0) 15.2 ± 3.3 (9.6-20) .45
Patella alta, Caton-Deschamps ratio 1.06 ± 0.13 (0.74-1.53) 1.11 ± 0.13 (0.92-1.35) .29
Patellar tilt, deg 22.9 ± 12.6 (3.8-58.3) 27.9 ± 4.3 (19.2-31.9) .31
Femoral anteversion 21.8 30.8 .48
Beighton score 3.8 ± 2.8 (0-9) 4.5 ± 3.3 .37

Cases with score �4 50.9 61.5 —
Knee hyperextension >10� 38.6 46.2 .71

aMPFL, medial patellofemoral ligament; TT-TG, tibial tubercle–trochlear groove.

TABLE 5
Pathoanatomic Risk Factors of the MPFL Imbrication Cohorta

MPFL Imbrication, % or Mean ± SD (Range)

Risk Factor Intact (n ¼ 68 Knees) Failure (n ¼ 18 Knees) P Value

High-grade trochlear dysplasia 31.8 38.9 .58
TT-TG distance, mm 13.3 ± 3.9 (8.2-21.1) 14.1 ± 6.0 (2.3-24.1) .59
Patella alta, Caton-Deschamps ratio 1.07 ± 0.15 (0.78-1.46) 1.10 ± 0.17 (0.74-1.50) .35
Patellar tilt, deg 15.1 ± 9.0 (3.0-37.0) 17.3 ± 10.2 (2.3-36.1) .39
Femoral anteversion 17.8 12.5 �.99
Beighton score 3.3 ± 2.4 (0-9) 4.3 ± 3.3 (0-9) .26

Cases with score �4 52.9 55.6 —
Knee hyperextension >10� 40.0 44.4 .79

aMPFL, medial patellofemoral ligament; TT-TG, tibial tubercle–trochlear groove.
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One of the benefits of including the MPFL-I group in this
study and analyzing the anatomic risk factors within the
patient cohort was to be able to make clinical recommenda-
tions regarding which patients may be suitable for the less
invasive imbrication procedure. A 21% failure rate could
also be seen as a 79% success rate and is in keeping with
other stabilization procedures, such as arthroscopic shoul-
der stabilization.12 Given that imbrication is a relatively
simple procedure with a quick recovery and does not inter-
fere with further surgical treatment options, improvements
in patient selection may make this a more attractive option
for the right patient.

In terms of study limitations, this research was intended
to be a primarily descriptive study analyzing redislocation
rates following patellofemoral stabilization. Further long-
term follow-up of the patients in this study will be required,
as additional surgical failures are likely to occur in subse-
quent years. This study cohort represents a complex and
symptomatic patient cohort assessed at a tertiary referral
center for patellofemoral instability and may not be an
accurate reflection of the full spectrum of patients seen
with this condition. Given the very low failure rate for the
MPFL-R group and the low failure rate of the MPFL-I
group, statistical comparison of the pathoanatomic risk fac-
tors between the intact surgery and redislocation groups
was challenging. Therefore, it was difficult to draw clini-
cally meaningful conclusions regarding the associations
between anatomic risk factors and postoperative recurrent
dislocation, and further studies will be required to elucidate
these relationships. One other limitation was that, given
the timing of the publication of the BPII, there were too few
preoperative BPII scores to run a comparative analysis
between pre- and postoperative scores.

Further to this study and in light of the small sample
sizes with failures herein, a case-control design would be
beneficial to better establish the impact of pathoanatomic
risk factors such as trochlear dysplasia, TT-TG distance,
and patella alta on patellofemoral stabilization outcomes,
including failure rate.

CONCLUSION

This study has reported postoperative redislocation rates
and the prevalence of demographic and pathoanatomic risk
factors in a large cohort of patients with patellofemoral
instability who underwent patellofemoral stabilization sur-
gery. Patellofemoral stabilization with either an MPFL-R
or MPFL-I concurrent with other necessary concomitant
procedures to improve the biomechanics of the patellofem-
oral joint can provide good clinical results with very low and
low rates of redislocation, respectively. Younger age at the
time of surgery was associated with surgical failure for both
soft tissue stabilization procedures.
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36. Schöttle PB, Schmeling A, Rosenstiel N, Weiler A. Radiographic land-

marks for femoral tunnel placement in medial patellofemoral ligament

reconstruction. Am J Sports Med. 2007;35(5):801-804.

37. Shah JN, Howard JS, Flanigan DC, Brophy RH, Carey JL, Lattermann

C. A systematic review of complications and failures associated with

medial patellofemoral ligament reconstruction for recurrent patellar

dislocation. Am J Sports Med. 2012;40(8):1916-1923.

38. Stephen JM, Kittl C, Williams A, et al. Effect of medial patellofemoral

ligament reconstruction method on patellofemoral contact pressures

and kinematics. Am J Sports Med. 2016;44(5):1186-1194.

39. Stuberg W, Temme J, Kaplan P, Clarke A, Fuchs R. Measurement of

tibial torsion and thigh-foot angle using goniometry and computed

tomography. Clin Orthop Relat Res. 1991;272:208-212.

40. Stupay KL, Swart E, Shubin Stein BE. Widespread implementation of

medial patellofemoral ligament reconstruction for recurrent patellar

instability maintains functional outcomes at midterm to long-term

follow-up while decreasing complication rates: a systematic review.

Arthroscopy. 2015;31(7):1372-1380.

41. Tanaka MJ, Bollier MJ, Andrish JT, Fulkerson JP, Cosgarea AJ. Com-

plications of medial patellofemoral ligament reconstruction: common

technical errors and factors for success. AAOS exhibit selection.

J Bone Joint Surg. 2012;94(12):e87.

42. Testa EA, Camathias C, Amsler F, Henle P, Friederich NF, Hirsch-

mann MT. Surgical treatment of patellofemoral instability using tro-

chleoplasty or MPFL reconstruction: a systematic review. Knee Surg

Sports Traumatol Arthrosc. 2017;25(8):2309-2320.

43. Tompkins MA, Arendt EA. Patellar instability factors in isolated medial

patellofemoral ligament reconstructions—what does the literature tell

us? A systematic review. Am J Sports Med. 2015;43(9):2318-2327.

44. Tonnis D, Heinecke A. Acetabular and femoral anteversion: relation-

ship with osteoarthritis of the hip. J Bone Joint Surg Am. 1999;81(12):

1747-1770.

45. Wagner D, Pfalzer F, Hingelbaum S, Huth J, Mauch F, Bauer G. The

influence of risk factors on clinical outcomes following anatomical

medial patellofemoral ligament (MPFL) reconstruction using the gra-

cilis tendon. Knee Surg Sports Traumatol Arthrosc. 2013;21(2):

318-324.

46. Weber AE, Nathani A, Dines JS, et al. An algorithmic approach to the

management of recurrent lateral patellar dislocation. J Bone Joint

Surg Am. 2016;98(5):417-427.

47. Yeung M, Leblanc MC, Ayeni OR, et al. Indications for medial patel-

lofemoral ligament reconstruction: a systematic review. J Knee Surg.

2016;29:543-554.

8 Hiemstra et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


