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Background: There are few studies that have examined clinical and radiological outcomes at 5 years after isolated medial pa-
tellofemoral ligament (MPFL) reconstruction. To date, midterm outcomes after isolated double-bundle (DB) MPFL reconstruction
are not well known.

Hypothesis: Isolated DB MPFL reconstruction using a patellar suture anchor technique would lead to improved functional scores
and radiological findings, and these improvements would remain stable over the 5-year postoperative period.

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

Methods: Isolated MPFL reconstruction was performed in patients with recurrent patellar instability between March 2013 and
February 2017. Clinical and functional evaluations were performed via an interview using the Kujala, Lysholm, and Tegner scores
preoperatively and at 6, 12, 24, and 60 months postoperatively. Radiographs were taken preoperatively, immediately postoper-
atively, and at 24 and 60 months after surgery. Radiographic assessments included measuring the modified Insall-Salvati ratio,
congruence angle, and lateral patellofemoral angle.

Results: A total of 31 patients (31 knees) underwent isolated MPFL reconstruction; 4 patients did not complete 5-year follow-
up, and thus, 27 patients (27 knees) were enrolled in the study. The mean age at the time of surgery was 22.0 6 6.4 years
(range, 14-32 years). All clinical and functional scores significantly improved in the first 2 years (P\ .001), with the mean Kujala,
Lysholm, and Tegner scores improving from 52.7 to 90.7, 49.6 to 92.7, and 2.9 to 5.1, respectively. There was no significant
difference in scores between 2- and 5-year follow-up. All radiographic parameters significantly improved between preopera-
tively and immediately postoperatively (P \ .001), with mean values for the modified Insall-Salvati ratio, congruence angle,
and lateral patellofemoral angle improving from 1.7� to 1.6�, 5.7� to 26.6�, and 3.0� to 5.9�, respectively. No significant differ-
ences were observed in radiographic measurements between the postoperative time points. No patients experienced a patellar
redislocation or fracture.

Conclusion: The prospective analysis of isolated DB MPFL reconstruction at 5-year follow-up showed that clinical and radiolog-
ical outcomes significantly improved postoperatively and were maintained to 5 years. These midterm results suggest that isolated
DB MPFL reconstruction is an effective treatment option for patients with patellar instability.

Keywords: knee; ligament; patella; general sports trauma; clinical assessment/grading scale; patellar instability; medial patello-
femoral ligament reconstruction; suture anchor fixation

The medial patellofemoral ligament (MPFL) is known to be
the primary soft tissue restraint against lateralization of
the patella.5,39,41,46 It has been reported that the MPFL
is ruptured in the majority of acute patellar dislocations,
and insufficiency or slackening of the MPFL is an essential
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component of recurrent patellar dislocations.24,48 Accord-
ingly, it appears that surgical treatment is required to
restore stability of the MPFL in patients with symptomatic
recurrent patellar instability. Currently, MPFL recon-
struction is the primary treatment approach for recalci-
trant patellar instability.9,11,31

Over the past few decades, several surgical techniques
have been described for MPFL reconstruction. Various
methods, such as bone tunnels,13,20,33,38 suture
anchors,3,36,40 and small interference screws,16 have been
used to fix the graft to the patella. MPFL reconstruction
can be performed using either a single-bundle or double-
bundle (DB) technique, and various graft options are avail-
able, including autografts (eg, semitendinosus, gracilis,
quadriceps, and adductor magnus tendons) and allografts.
Despite the variety of techniques and graft options, no sin-
gle method has proven to be superior. A recent systematic
review found that isolated MPFL reconstruction for recur-
rent patellar dislocations led to satisfactory outcomes,
regardless of the surgical technique and graft type
used.30 Numerous studies have reported promising clinical
and functional outcomes in patients with patellar instability
after isolated MPFL reconstruction.1,4,6,15,21,44 A systematic
review and meta-analysis found that a high percentage of
young patients return to sports with favorable functional
results and a low incidence of recurrent instability and reop-
erations after isolated MPFL reconstruction.34 However, the
majority of studies on isolated MPFL reconstruction have
only reported short-term outcomes. Although a few retro-
spective studies have shown generally favorable midterm
clinical results,2,6 midterm to long-term outcomes after iso-
lated MPFL reconstruction are not well known. There is no
prospective study that has addressed the midterm clinical
outcomes of isolated DB MPFL reconstruction using the
patellar suture anchor technique.

The purpose of this study was to prospectively evaluate the
5-year clinical and radiological results of isolated DB MPFL
reconstruction using patellar suture anchor fixation with
a hamstring tendon autograft. We hypothesized that isolated
DB MPFL reconstruction using the patellar suture anchor
technique would lead to improved functional scores and radio-
logical findings, exceeding the threshold of the minimal clini-
cally important difference (MCID), and these improvements
would remain stable over the 5-year postoperative period.

METHODS

This study was approved by the institutional review board
at our institution, and all participants provided informed

consent. A prospective study was performed on patients
with recurrent patellar instability between March 2013
and February 2017. A CONSORT (Consolidated Standards
of Reporting Trials) flow diagram is shown in Figure 1.

Isolated MPFL reconstruction was indicated in symp-
tomatic patients who had experienced at least 2 episodes
of a patellar dislocation. A patellar dislocation was diag-
nosed by history taking, a physical examination, radiogra-
phy, and magnetic resonance imaging (MRI). The
contraindications for isolated MPFL reconstruction with-
out additional bony procedures were (1) severe anatomic
abnormalities, such as a high degree of trochlear dysplasia
(Dejour type D) and an atypical tibial tuberosity–trochlear
groove (TT-TG) distance (�20 mm), and (2) congenital or
habitual dislocations. Patients who were able to participate
throughout the 5-year follow-up period were included in
this study. The exclusion criteria were as follows: (1)
MPFL reconstruction combined with a bony realignment
procedure and (2) no acquisition of a regular series of
radiographs.

Clinical Assessments

Clinical and functional evaluations, composed of the
patient-reported outcome measures of the Kujala,22

Lysholm,26 and Tegner42 scores, were performed via an
interview preoperatively and at 6, 12, 24, and 60 months
after surgery. The physical examination consisted of the
apprehension test10 and range of motion testing. Redisloca-
tions and complications were also observed. All clinical
data were collected by interviews during the clinic visit
and not by mail or telephone.

Figure 1. Flowchart of patient inclusion. DB, double bundle;
MPFL, medial patellofemoral ligament.
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Radiological Assessments

Anteroposterior, lateral, and Merchant (axial) views of the
knee were taken preoperatively, immediately postopera-
tively, and at 24 and 60 months after surgery. In the lat-
eral view, the modified Insall-Salvati (MIS) ratio was
calculated to assess patellar height. The MIS ratio was cal-
culated by dividing the distance between the lowest point
of the articular surface of the patella and tibial tuberosity
by the length of the articular surface of the patella18 and
recorded to the nearest 0.01 mm. In the Merchant view,
the congruence angle and lateral patellofemoral angle
were measured to assess patellar tilt, and the type of fem-
oral trochlear dysplasia was classified in the lateral view
according to Dejour et al.8 The congruence angle was mea-
sured 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 lower point of the articular surface of
the patella.27 The lateral patellofemoral angle was formed
by one line connecting the superior points of the medial
and lateral trochlear facets and a second line tangent to
the lateral facet of the patella.23 These angular values
were recorded to the nearest 0.1�. The severity of patellofe-
moral osteoarthritis was evaluated preoperatively, imme-
diately postoperatively, and at 24 and 60 months after
surgery using the classification system of Iwano et al.19

Preoperative MRI was performed on all patients. The TT-
TG distance was measured using MRI as described by
Schoettle et al.35 Radiological measurements using a pic-
ture archiving and communication system were performed
twice, with an interval of 2 weeks, by 2 fellowship-trained
orthopaedic surgeons, who were blinded to the prior meas-
urements (H.B.L. and Y.J.S.). The intraobserver and inter-
observer agreements of each measurement were assessed
using the intraclass correlation coefficient (ICC).

Surgical Technique

All surgical procedures were performed by a single surgeon
(S.Y.S.). The surgical technique used was in accordance
with the method described by Song et al.40 Briefly, arthro-
scopic surgery was routinely performed to evaluate any
intra-articular lesions and patellar tracking throughout
knee motion. Arthroscopic lateral release was performed
for patients exhibiting tightness of the lateral structures,
as determined by examination under anesthesia. The sem-
itendinosus tendon was harvested. After a 2-cm medial
parapatellar incision was made along the proximal two-
thirds of the patella, the medial retinaculum was incised.
Using a small bur, a longitudinal bony sulcus with a depth
of approximately 5 mm was created at the insertion site of
the MPFL, and this depth was sufficient for embedding the
harvested graft. Then, 2 suture anchors (Corkscrew;
Arthrex) were fixed at the proximal and distal ends of
the sulcus. The femoral entry point described by Schöttle
et al37 was identified under C-arm guidance. A Beath pin
was placed at this point, and a 6-mm reamer was used to
drill a femoral tunnel over this pin to a depth of 40 mm.

Using curved blunt forceps, a soft tissue tunnel connecting
the medial parapatellar incision to the femoral incision
was created in the second layer, and the 2 limbs of the graft
were then passed through the soft tissue tunnel. Both free
ends of the graft were whip-stitched with No. 1 Vicryl
suture (Ethicon) for a length of 30 mm, and the whip-
stitched sutures and graft were pulled into the femoral
tunnel using a Beath pin. The knee was cycled several
times, from full flexion to full extension, with the graft
under tension. The proper tension applied to the graft
was assessed arthroscopically by observing patellar track-
ing under direct visualization via the superolateral portal.
The tendons were tensioned with the knee in extension,
and then, the patella was manually lateralized 10 mm.
Once proper tension was obtained, femoral fixation with
a bioabsorbable screw was performed at 20� of knee flexion.
Patellar stability and tracking were checked again
throughout range of motion, particularly in early knee
flexion.

Postoperative Rehabilitation

After surgery, the knee was immobilized for 1 week in an
extended position. Subsequently, gradual range of motion
was initiated with a hinged brace, and 90� of knee flexion
was achieved by 4 weeks postoperatively, which further
increased to 120� of knee flexion by 6 weeks postopera-
tively. At 6 weeks after surgery, the brace was removed.
Walking using crutches with partial weightbearing was
allowed for the first 3 weeks. At 3 weeks after surgery,
full weightbearing was allowed without crutches. Leg-
raising and quadriceps isometric strength exercises were
initiated immediately. At 6 weeks after surgery, the
patient returned to normal daily activities. Noncontact
sports were permitted at 3 months and contact sports at
6 months after surgery.

Statistical Analysis

Results are expressed as mean 6 standard deviation. The
differences in clinical scores and radiological measure-
ments between each follow-up time point were analyzed
using the Friedman rank-sum test, followed by post hoc
multiple pairwise comparisons with the Conover test.
The level of significance was set at P \ .05. Statistical
analysis was performed using R (Version 3.6.1; R Founda-
tion). Cohort-specific MCID analysis was conducted as part
of the statistical analysis for this study. Its methodology
involved the calculation of the standard deviation of
changes in the Kujala, Lysholm, and Tegner scores
between the preoperative and 5-year postoperative time
points. Subsequently, this value was divided by 2 to ascer-
tain the cohort-specific MCID. A post hoc power analysis
was performed for the Kujala score obtained preopera-
tively and at 5-year follow-up. With a given alpha level of
.05 and the calculated effect size, a statistical power of
88.6% was found.
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RESULTS

A total of 31 patients (31 knees) underwent isolated MPFL
reconstruction during the study period, but 4 patients did
not complete 5-year follow-up. As a result, 27 patients
(27 knees) were ultimately enrolled in this study. The
mean age at the time of surgery was 22.0 6 6.4 years
(range, 14-32 years). Patient characteristics are presented
in Table 1. Concomitant procedures included lateral
release in 7 patients and chondroplasty in 5 patients.
None of the patients underwent additional medial tibial
tuberosity transfer or trochleoplasty.

Clinical Outcomes

Clinical and functional scores are summarized in Table 2.
A significant improvement in all clinical and functional
scores was observed at each follow-up time point for 2
years postoperatively (P \ .001). There was no significant
difference in scores between 2- and 5-year follow-up (P .

.05). Additionally, the calculated MCID thresholds for the
Kujala, Lysholm, and Tegner scores were 2.26, 3.09, and
0.32, respectively. Patients’ rates of achieving the MCID
for the Kujala, Lysholm, and Tegner scores were 100.0%,
100.0%, and 63.0%, respectively. None of the patients expe-
rienced a patellar redislocation between surgery and 5
years after surgery. Preoperative apprehension was posi-
tive in all patients. At 5 years after surgery, the apprehen-
sion test result was positive in only 1 patient. All patients
achieved full range of knee motion at 6 months after sur-
gery and maintained it until 5-year follow-up. There
were no complications, such as patellar fractures, infec-
tions, or reoperations.

Radiological Outcomes

The ICCs for all radiographic measurements were .0.7.
All radiological data are presented in Table 3. Significant
improvements on all radiological parameters were

observed between preoperatively and immediately postop-
eratively (P \ .001). There was no significant difference
in radiographic measurements between all follow-up time
points after surgery (P . .05). There was no progression
in patellofemoral osteoarthritis observed during the 5-
year follow-up period. There were 4 patients who had
patella alta (MIS ratio of .2.0) preoperatively, whereas
no patient had patella alta at 5-year follow-up. According
to the Dejour classification system, 5 knees had no troch-
lear dysplasia, and 22 had trochlear dysplasia (Table 1).
The mean preoperative TT-TG distance was 15.5 6 4.2
mm; 13 patients had a TT-TG distance of \15 mm, and
14 patients had a TT-TG distance of 15 to 20 mm. None
of the patients had a TT-TG distance of .20 mm.

DISCUSSION

The most important finding of this study was that the
Kujala, Lysholm, and Tegner scores after isolated DB
MPFL reconstruction using patellar suture anchor
fixation with a hamstring tendon autograft significantly
improved for 2 years postoperatively. Furthermore, these
improvements persisted up to 5-year follow-up without
redislocations.

Many reports describing good short-term results after
isolated MPFL reconstruction have been published, which
has increased enthusiasm for this procedure.13,28,40,47 They
reported satisfactory short-term clinical results, irrespec-
tive of surgical techniques and graft types. Recently,
a few researchers have reported midterm results after
isolated MPFL reconstruction.4,17,33 A retrospective inves-
tigation of 89 knees undergoing isolated MPFL reconstruc-
tion found a significant improvement in clinical scores.4

The mean follow-up in that study was 69.8 months (range,
59-86 months), with improvements in the Kujala (from
68.8 to 88.2) and Lysholm (from 71.3 to 88.4) scores.
Another retrospective study of 80 knees, with a mean
follow-up of 66.1 months (range, 60-78 months), reported
that isolated MPFL reconstruction with the double patellar
tunnel technique resulted in significant clinical improve-
ments.17 In that study, the mean Kujala, Lysholm, and
Tegner scores improved from 69.4 to 96.1, 73.5 to 95.3,
and 3.1 to 5.9, respectively. The results of the present
study are similar to those of these other recent clinical
studies, demonstrating the procedure’s effectiveness in
enhancing clinical outcomes and avoiding instability at
midterm follow-up. Unlike many previous retrospective
studies,1,2,7,17,44 the current study was conducted prospec-
tively using on-site clinical evaluations. Additionally, this
study had a more consistent follow-up period of 60 months
compared to the inconsistent follow-up periods in previous
studies, which varied from one patient to another.

The radiological findings of this study revealed a statis-
tically significant difference between preoperative and
postoperative patellar tilt angles, such as the congruence
angle and lateral patellofemoral angle. However, there
was no significant difference in these values between post-
operatively and 2- and 5-year follow-up. Isolated MPFL

TABLE 1
Patient Characteristicsa

Value (n = 27)

Sex
Male 16
Female 11

Age, mean 6 SD (range), y 22.0 6 6.4 (14-32)
Side

Right 12
Left 15

Trochlear dysplasia
None 5
Dejour type A 11
Dejour type B 10
Dejour type C 1
Dejour type D 0

aData are presented as No. unless otherwise indicated.
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reconstruction has been shown to improve patellofemoral
joint alignment and reduce patellar tilt, and good clinical
results have been correlated with a significant correction
of patellar tilt according to recent studies.12,29 The present
study also found that isolated MPFL reconstruction led to
a sustained correction of patellar tilt up to 5 years
postoperatively.

An additional finding of this study was the statistically
significant difference between preoperative and postoper-
ative MIS ratios. The high preoperative MIS ratio was
significantly reduced postoperatively likely because
of the effect of isolated MPFL reconstruction, which
decreased patellar height. This decrease in patellar
height was maintained for 5 years after the procedure.
Similar results have been reported by Fabricant et al14

that isolated MPFL reconstruction significantly improved
patellar height according to measures such as the Insall-
Salvati ratio, MIS ratio, and Caton-Deschamps index and
these values fell within normal ranges postoperatively
(P\ .001). Because a high patella is a risk factor for patel-
lar dislocations, reducing patellar height through isolated
MPFL reconstruction may improve patellar stability and
patellofemoral kinematics. Studies have shown that iso-
lated MPFL reconstruction reduces patellar height and
restores trochlear groove tracking.14,25,45 Although the
exact reason for this alteration in patellar height could
not be determined from this study, it may be caused by
inferomedial patellar traction of the reconstructed
ligament.

Isolated MPFL reconstruction has a low rate of redislo-
cations, with \5% reported at short-term follow-up.40,43,47

A systematic review and meta-analysis found that the
pooled risk of recurrent instability after isolated MPFL
reconstruction was 1.2%.34 There are few midterm studies
on redislocation rates after isolated MPFL reconstruction
with a minimum follow-up of 5 years.4,17 A recent retro-
spective study reported that 5 (5.6%) of 89 knees undergo-
ing isolated MPFL reconstruction with patellar soft tissue
fixation had redislocations at a mean follow-up of 5.8 years
(range, 59-86 months).4 Another retrospective study of 80
knees that underwent isolated MPFL reconstruction using
the patellar bone tunnel technique showed a redislocation
rate of 2.5% at a mean follow-up of 66.1 months (range, 60-
78 months).17 The current prospective study showed that
27 knees undergoing isolated MPFL reconstruction using
the patellar suture anchor technique had no redislocations
at 5-year follow-up. Based on these studies, the low redis-
location rates observed in the short term seem to be main-
tained at midterm follow-up.

Our study, which used the patellar suture anchor tech-
nique, did not have any cases of patellar fractures during
the 5-year follow-up period. Despite surgical advance-
ments in bone tunnel formation, which have led to
a decrease in patellar fractures, the patellar bone tunnel
technique still has a risk of patellar fractures.32 In con-
trast, most previous studies using the patellar suture
anchor technique have reported no patellar fractures.
The suture anchor technique is thought to have an

TABLE 2
Clinical and Functional Scoresa

Preoperative 6 mo 12 mo 24 mo 60 mo

Kujala 52.7 6 11.7b 71.6 6 6.4b,c 83.2 6 4.8b-d 90.7 6 4.1b-e 91.1 6 4.8b-e

Lysholm 49.6 6 10.1b 75.7 6 4.9b,c 89.2 6 3.6b-d 92.7 6 3.3b-e 92.5 6 3.6b-e

Tegner 2.9 6 0.8b 3.6 6 0.7b,c 4.2 6 0.9b-d 5.1 6 1.0b-e 5.2 6 0.9b-e

aData are presented as mean 6 SD.
bEach paired letter indicates a statistically significant difference between values (P \ .001).
cEach paired letter indicates a statistically significant difference between values (P \ .001).
dEach paired letter indicates a statistically significant difference between values (P \ .001).
eEach paired letter indicates no statistically significant difference between values (P . .05).

TABLE 3
Radiological Measurementsa

Preoperative Immediately Postoperative 24 mo 60 mo

MIS ratio 1.71 6 0.17b 1.59 6 0.11b,c 1.60 6 0.13c,d 1.61 6 0.14c,d

Congruence angle, deg 5.7 6 13.9b –6.7 6 6.8b,c –6.8 6 6.7c,d –6.6 6 6.3c,d

Lateral patellofemoral angle, deg 3.0 6 7.5b 5.9 6 4.8b,c 5.9 6 4.9c,d 5.8 6 4.8c,d

Iwano osteoarthritis classification, grade 0/1/2/3/4, n 24/2/1/0/0 24/2/1/0/0 24/2/1/0/0 24/2/1/0/0

aData are presented as mean 6 SD unless otherwise indicated. MIS, modified Insall-Salvati.
bEach paired letter indicates a statistically significant difference between values (P \ .001).
cEach paired letter indicates no statistically significant difference between values (P . .05).
dEach paired letter indicates no statistically significant difference between values (P . .05).
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advantage over the bone tunnel technique in terms of the
risk of patellar fractures.

Limitations and Strengths

This study had several limitations. First, the sample size
was small, which may affect the generalizability of the
results. Second, this study was based on clinical scales
and physical examinations instead of more objective meas-
ures such as follow-up MRI. Postoperative MRI was not
used in this study, as it is not a standard practice in the
field, especially for patients who are considered clinically
stable. Third, this study did not investigate the long-term
results of the procedure; therefore, it is unclear if the ben-
efits seen in the short term and midterm will be sustained
over a longer period of time. Future studies with larger
sample sizes and long-term clinical and radiological out-
comes are required to validate these findings.

Despite these limitations, this study had the advan-
tages of a prospective study design and serial clinical
data collection, including face-to-face interviews with
patients at each follow-up visit, while also demonstrating
a lower rate of follow-up loss throughout the 5-year period.

CONCLUSION

This prospective analysis of isolated DB MPFL reconstruc-
tion with 5-year follow-up showed that clinical and radio-
logical outcomes significantly improved postoperatively
and were maintained without redislocations. These mid-
term results suggest that isolated DB MPFL reconstruc-
tion is an effective treatment option for patients with
patellar instability.
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