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Background: Recently, medial patellofemoral ligament (MPFL) reconstruction has become a common,
widely used procedure to treat patellar instability. However, few reports exist on the long-term outcome
after MPFL reconstruction. We elucidated the middle- to long-term outcome after MPFL reconstruction
with Insall’s proximal realignment. Methods: From 1999 to 2012, 42 knees of 32 patients who underwent
MPFL reconstruction with Insall’s proximal realignment were reviewed with a minimum follow-up of
five years. Patients who could visit our office and receive some designated examinations were included in
this study. The re-dislocation rate and patellar apprehension sign postoperatively were evaluated. The
Kujala score and Knee Injury and Osteoarthritis Outcome Score (KOOS) were calculated. We assessed the
images using plane x-ray and magnetic resonance imaging (MRI). The tilting angle (TA), congruence
angle (CA), and lateral shift ratio (LSR) on the plane x-ray were measured pre- and postoperatively and at
final follow-up. Using MRI, osteochondral lesions at the patellofemoral joint were evaluated.
Results: A total of 20 knees of 15 patients (two male, 13 female) who could visit our office were studied.
The follow-up rate was 47.6%. The mean age at operationwas 19.9 (11e41) years and mean follow-up was
123 (60e215) months. One knee (5.5%) had a history of postoperative subluxation, and five (25%) had a
positive apprehension sign. The mean Kujala score significantly improved from 65.5 to 86.1 points
(P < 0.05). The mean KOOS (symptom, pain, activities of daily living [ADL], sports, quality of life [QOL])
was 74.4, 92.4, 97.3, 84.1, and 73.2 points, respectively, at final follow-up. On the plane x-ray, patello-
femoral alignment was improved postoperatively, and this improvement was maintained at final follow-
up. On MRI, in five of 20 cases, the patellofemoral osteoarthritic change was observed at final follow-up.
However, in four of these five knees with severe osteochondral lesions, osteochondral fixation or
transplantation surgery had been performed. Only one of the remaining 15 knees had a patellofemoral
osteoarthritic change observed at final follow-up.
Conclusion: Middle- to long-term outcome after MPFL reconstruction with Insall’s proximal realignment
at our institution was evaluated, and good clinical results were observed. Most patients who did not have
a severe cartilage lesion preoperatively did not develop osteoarthritic change.
© 2019 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
Introduction

After the medial patellofemoral ligament (MPFL) was reported
to be the primary stabilizer against lateral patellar instability,1e3
izu).

Sports Medicine Society. Published
d/4.0/).
MPFL reconstruction became a common and widely used proced-
ure to treat patellar instability, including recurrent lateral disloca-
tion of the patella. Many different surgical techniques have been
reported for MPFL reconstruction, but graft choice, type of fixation,
graft positioning, and correct tension remain controversial. MPFL
reconstruction has been implemented on a large scale, alone and
combinedwith other procedures, to correct soft tissue imbalance or
bony malalignment. Many surgical procedures have been
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Fig. 1. A free semitendinosus tendon was transferred through the pulley of the pos-
terior one-third of the proximal medial collateral ligament. One side of the graft was
transferred through a 4.5 mm diameter patellar bone tunnel. Both sides of the graft
were sutured with periosteum onto the patella.
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performed, and good or excellent clinical outcomes have been
reported.4e6 However, few reports exist on the long-term outcome
after MPFL reconstruction. At our institution, MPFL reconstruction
with Insall’s proximal realignment7 has been performed in patients
who complained of patellar instability since 1999. Previous studies
showed that the MPFL contribution to resisting lateral patellar
dislocation is greatest during the first 30�of knee flexion.8,9 With
>30�of knee flexion, MPFL tension gradually decreased. Thus, in our
surgical procedure, advancement of the vastus medialis oblique
was performed in all cases because it stabilizes the lateral patella
shift at over 30�flexion angle.

Because relatively young patients experience recurrent patellar
instability after lateral patellar dislocation, the long-term clinical
outcome is important.When a long time passes, the recurrence rate
of patellar dislocation or the patellofemoral joint disorder may in-
crease. The purpose of this study is to elucidate the middle-to long-
term outcome after MPFL reconstruction with Insall’s proximal
realignment at our institution for patients with patellar instability.

Materials and methods

This retrospective case series was approved by the institutional
review board of our hospital (Approval No: OJH-201847).

Subjects

From 1999 to 2012, 42 knees of 32 patients who underwent
MPFL reconstruction with Insall’s proximal realignment to treat
patellar instability at our institution were reviewed with a mini-
mum follow-up of five years. The patients’ clinical records were
collected. After telephone contact, patients who could visit our
office and receive some designated examinations were included in
this study. Patients who could not be contacted or refused to visit
our office were excluded. Written informed consent was obtained
from all study patients.

Surgical procedure

All procedures were performed by one experienced senior
author (SY). Our surgical procedure was based on the method
developed by Ochi.10,11 First, we harvested the semitendinosus
tendon, as an MPFL graft, using an open tendon stripper. The
muscle tissue was removed from the harvested tendon. Then, we
performed arthroscopy to evaluate the cartilage lesions. For graft
fixation of the femoral side, a 2 cm incision was made over the
femoral attachment of the medial collateral ligament (MCL) to
expose its femoral attachment. A 1 cm slit was made in the poste-
rior one-third of the proximal MCL, and the harvested graft was
passed through it. A gently curved incision was made over the
patella from the proximal to distal poles. It was possible to expose
the lateral and medial sides of the patella with this incision. If the
patient had lateral retinacular tightness, we performed a lateral
retinacular release. However, if the patient had medial instability,
which was checked by the surgeon manually, we did not perform
lateral retinacular release because it might increase medial insta-
bility of the patella postoperatively. Additionally, in cases with a
massive osteochondral lesion, we fixated the osteochondral frag-
ment using bioabsorbable pins or osteochondral transplantation.
For graft fixation of the patella side, a bone tunnel wasmade using a
4.5mm cannulated drill after a 2.0mm guidewire was passed from
the medial to the lateral aspects. One side of the graft was passed
through a bone tunnel, and the other side was not passed on the
patella (Fig. 1). The transferred tendon was then sutured onto the
patella surface with the knee flexed at 30�. When the graft was
sutured, an assistant kept the patellar position manually as the
lateral edge of the patella and the lateral articular margin of the
femoral trochlea were congruent to avoid medial excessive tension.
In six patients who underwent osteochondral surgery because of a
massive osteochondral patellar lesion, it was difficult to make a
bone tunnel in the patella. In those cases, both sides of the graft
tendon were sutured on the patellar surface. Finally, we performed
vastus medialis advancement with the knee flexed at 40�. For
postoperative rehabilitation, the patients’ knees were immobilized
for 10 days with a soft knee brace. Ten days postoperatively, the
patients were allowed to start range of motion. Three weeks
postoperatively, they began partial weightbearing. After approxi-
mately six weeks, the patients could walk without crutches.

Assessment

The primary outcome was re-dislocation of the patella. The
secondary outcome included the patellar apprehension sign, Kujala
score,12 and the Knee Injury and Osteoarthritis Outcome Score
(KOOS)13 at final follow-up. Patellofemoral joint alignment was
evaluated using the skyline view of a plain x-ray at 30� and 60� of
flexion. The tilting angle (TA), congruence angle (CA), and lateral
shift ratio (LSR) were measured preoperatively, at three months
postoperatively, and at final follow-up (Fig. 2). The patellofemoral
joint cartilage was evaluated using magnetic resonance imaging
(MRI) at final follow-up. Proton density-weighted axial images
were evaluated by the first author. The integrity of the cartilage and
osteochondral lesion were evaluated.



Table 2
Clinical Outcome at final follow up.

Re-dislocation none (1 subluxation)
Apprehension sign 5 (25%)
Mean Kujala Score 86.7± 14.9
Mean KOOS
Symptom 75.5± 17.1
Pain 92.1± 12.1
ADL 97.3± 5.85
Sports 83.3± 17.9
QOL 73.5± 24.3

KOOS（The Knee Injury and Osteoarthritis Outcome Score）.

Fig. 2. These parameters are measured on an x-ray skyline view, at 30� and 60� knee
flexion, pre- and postoperatively and at final follow-up. (1) TA is formed between the
patellar transverse axis line and the line tangent to the anterior part of the medial and
lateral femoral condyle. (2) CA is measured by bisecting the sulcus angle to construct a
reference line and then projecting a second line from the apex of the sulcus angle to
the central ridge of the patella. (3) LSR is obtained by drawing three lines: 1) the
patellar transvers axis, 2) tangent to the anterior medial and lateral femoral condyle,
and 3) vertical to the first line from the anterior part of the lateral femoral condyle. The
LSR is calculated from the distance of BC divided by the distance of AB.
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Statistical analysis

Categorical variables are presented as frequencies and per-
centages. Continuous variables are presented as mean values and
standard deviation or range. A paired t-test was used to compare
the Kujala score preoperatively and at final follow-up. Repeated
analysis of variance was used for time series comparison of TA, CA,
and LSR measured from x-ray skyline views pre- and post-
operatively, and at final follow-up. All calculations and statistical
analyses were performed using SPSS 11.0 (SPSS, Inc., Chicago, IL,
USA). Statistical significance level was set at P< 0.05.

Results

Twenty knees of 15 patients (2 males, 13 females) who could
visit our office were evaluated as a final follow-up and included in
this study. Eight patients replied that they could not visit us
because they already had moved far from our hospital. We could
not contact the remaining nine patients. The follow-up rate was
47.6%, mean follow-up was 123 (60e215) months, and mean age at
operation was 19.9 (11e41) years. Six knees (30%) with severe
osteochondral patellar lesions were treated with osteochondral
fixation (three knees) and osteochondral transplantation (three
knees). The preoperative mean Kujala score was 65.5± 17.0 points.
The demographic data are shown in Table 1.

Clinical outcome

Re-dislocation was not observed in this series, but one patient
had a history of subluxation postoperatively, and five knees (25%)
had a positive apprehensive sign. Regarding the patient-reported
outcome at final follow-up, mean the Kujala score was 86.7± 14.9
points, which was significantly improved compared to the score
preoperatively (P< 0.05). The subscales of mean KOOS at final
follow-up were as follows: Symptom (75.5± 17.1), pain
Table 1
Demographic data.

Subjects 20 knees (15 patients)
Gender male 2 female 13
Rt Lt Rt 11 Lt 9
Mean age at operation (years) 19.9 (11-41)
Mean follow up (months) 123 (60-215)
Patella alta (Insall-salvati index>1.2) 7 (35%)
Sulcus angle 149.7± 11.2
Osteochondral lesion before surgery 6 (30%)
Preoperative Mean Kujala’s Score 65.5± 17.0
(92.1± 12.1), activities of daily living (ADL; 97.6± 5.85), sports
(73.5± 24.3), and quality of life (QOL, 73.5± 24.3). Regarding
postoperative complications, one knee had temporary joint stiff-
ness at two months postoperatively, but improved to full range of
motion after manipulation under anesthesia. Limited range of
motionwas not observed in all knees at final follow-up. The clinical
outcome is shown at Table 2.

Radiographic outcome of patellofemoral alignment

The graphic charts in Fig. 3 show the mean values of TA, CA, and
LSR on x-ray as time passes. Each value, at 30� and 60� of flexion,
significantly improved postoperatively, and these improvements
were maintained at final follow-up (P< 0.05).

Cartilage evaluation on MRI

In our case series, 15 knees had no evidence of cartilage and
subchondral lesion at the patellofemoral joint on MRI at final
follow-up. Of the remaining five knees, three had cartilage irregu-
larity, and all had subchondral bone changes that included high
intensity or a subchondral cyst. These five knees had been
considered cases of patellofemoral joint osteoarthritic change
postoperatively. Four of these five knees had a severe osteochon-
dral lesion preoperatively, and osteochondral fixation or osteo-
chondral transplantation surgery had been performed
simultaneously. Only one of 15 knees without a severe osteo-
chondral lesion preoperatively had osteoarthritic change at final
follow-up.

Discussion

The middle-to long-term clinical outcome of MPFL reconstruc-
tion with Insall’s proximal realignment was considered almost
acceptable. There was no incidence of re-dislocation and no major
complications with maintaining axial patellofemoral alignment
corrected by surgery. Patient-reported outcomes, including the
Kujala score and KOOS, were almost comparable to other
Fig. 3. This graphic chart shows the time course of each parameter measured from the
x-ray skyline view. The circle dot represents the parameters of the 30� knee flexion.
The square dot represents the parameters 60� of knee flexion. Repeated ANOVA was
performed, and significant difference was P < 0.05.
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previously reported outcomes. In a recent systematic review of
clinical outcomes afterMPFL reconstruction, Daniel et al.14 reported
a mean postoperative Kujala score of 85.8 (95% confidence interval
[Cl], 81.6e90.0) from 14 articles. Long-term follow-up studies have
been reported. Nomura et al.15 reported that 22 patients who un-
derwent MPFL reconstruction were reviewed at a mean follow-up
of 11.9 years, and the postoperative Kujala score was 94.2 points.
Deie et al.10 also reported the clinical outcome of 33 at a mean of
120 months follow-up after MPFL reconstruction. The Kujala score
and x-ray alignment were significantly improved postoperatively,
and those good results were maintained until final follow-up.

In our study, radiologic alignment using the skyline view was
improved postoperatively and maintained long-term post-
operatively at 30� and 60� of flexion. Five cases (25%) had positive
apprehension signs at final follow-up. The previously reported rate
of positive apprehension sign ranged from 0% to 20.8%.10,15e18 Kita
et al.18 reported the positive apprehension sign after MPFL recon-
struction was evident in eight of 44 knees (18.2%). They concluded
that the risk factor associated with patellar instability was severe
trochlea dysplasia concomitant with an increased tibial tuberosity-
trochlear groove (TT-TG) distance. Although we did not evaluate
those bony risk factors of patellar instability, three of the fivewith a
positive apprehension sign had severe osteochondral lesions pre-
operatively. These osteochondral lesions might affect the appear-
ance of a positive apprehension sign. During lateral stress to the
patellofemoral joint, an osteochondral lesion might cause
discomfort.

The important issue of this long-term follow-up was influence
on the patellofemoral cartilage after changing the patellofemoral
alignment with surgical treatment. Before MPFL reconstruction has
been performed widely, other kinds of realignment surgeries or
trochleaplasty were performed. Although good short-term clinical
results were reported after these surgeries, patellofemoral osteo-
arthritic change was commonly observed in the long-term. Naka-
gawa et al.19 reported that definite osteoarthritic changes were
detected on radiographs in 13 of 31 knees (42%) after the Elmslie-
Trillat procedure with a mean follow-up of 161 months. Knoch
et al.20 reported that degenerative changes of the patellofemoral
joint developed in 30% of the knees after trochleaplasty for recur-
rent patellar dislocation with a mean follow-up of 8.3 years.
Shllanp€a€a et al.21 reported that patellofemoral full-thickness carti-
lage lesions were observed on MRI images in 78% of patients after
traditional nonanatomic patellofemoral stabilizing surgery with a
minimum follow-up of 10 years. On the other hand, Nomura et al.13

reported that only two of 24 knees (8.3%) had a definite osteoar-
thritic change on radiographs after MPFL reconstruction with a
mean follow-up of 11.9 years. In our study, on plane x-ray evalua-
tion, three of 20 knees (15%) had an osteoarthritic change post-
operatively. This is one of the few studies evaluating osteochondral
change using MRI, and cartilage irregularity or an osteochondral
lesion was observed in five of 20 knees (25%). However, four of
these five knees had a severe osteochondral lesion preoperatively
and underwent osteochondral surgery simultaneously. Except for
these cases, cartilage deterioration was observed in only one of 15
knees (6.7%) on MRI. Thus, our MPFL reconstruction procedure had
less influence on the patellofemoral joint long-term post-
operatively than traditional methods. However, the cases with a
severe osteochondral lesion preoperatively have a risk of cartilage
degeneration long-term postoperatively.

The advantage of our surgical procedure was that the bone
tunnel and metal implant for femoral fixation were not used.
Therefore, our procedure could be performed for skeletally imma-
ture patients with no risk of damaging the femoral physeal plate.

Our study has several limitations. The follow-up rate was very
low because, after a long-term postoperatively, it was difficult to
contact the patients because they were relatively young students at
surgery and had already moved for employment or entrance into a
higher-grade school. The surgical procedure was not the same in all
knees because the lateral retinacular release was performed only in
case the surgeon manually checked for medial stability during
surgery. However, MPFL reconstruction and Insall’s vastus medialis
oblique advancement were performed in all cases, and the clinical
and radiographical results were satisfactory. The patellofemoral
cartilage was not deteriorated long-term postoperatively in cases
where there was no preoperative evidence of severe osteochondral
lesions.

MPFL reconstruction, including our surgical procedure, is rec-
ommended as a strategy for treating recurrent lateral patellar
dislocation, because the clinical outcomes were good and the
radiologic alignment improved for a long-term postoperatively.
However, if a severe osteochondral lesion is coexisted, cartilage
deterioration of patellofemoral joint was observed long-term after
MPFL reconstruction even with osteochondral repair surgery. To
avoid the degenerative change of patellofemoral joint, the better
osteochondral repair procedures including regenerative medicine
should be considered.

Conclusion

Middle-to long-term outcomes after MPFL reconstruction with
Insall’s proximal realignment at our institutionwere evaluated, and
good clinical results were observed. Degenerative change at the
patellofemoral joint did not occur in most patients without a severe
cartilage lesion preoperatively.
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