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Purpose: Numerous surgical techniques and ﬁxation methods have been described in medial patellofemoral ligament (MPFL) reconstruction such as choice of graft, graft ﬁxation method of patella/femur and initial tension.
We describe short term clinical results of MPFL reconstruction by using soft suture anchor and adjustable cortical
ﬁxation system.
Methods: Twenty-four patients who underwent isolated MPFL reconstruction by using soft suture anchor and
adjustable cortical ﬁxation system were included in this study. All patients were followed up for at least 2 years,
and pre-operative and 2 years post-operative Kujala score, IKDC score and Knee Injury and Osteoarthritis
Outcome Score were used to assess clinical outcome. Radiographic evaluation included the Q angle, congruence
angle and patellar tilt angle. Pre- and post-operative changes were evaluated by Mann–Whitney U test.
Results: There were no complications including re-dislocation, patella fracture, infection, and joint contracture.
The apprehension test was positive in 4.2% post-operatively. A statistically signiﬁcant improvement in clinical
scores and radiographic evaluation were evident after surgery.
Conclusions: Isolated MPFL Reconstruction using soft suture anchor and adjustable cortical ﬁxation system led
good restoration of patellar stability and signiﬁcant improvement of knee function in short-term results. This
surgical technique can reduce complications such as patella fractures, and can be done safely.
Clinical relevance: This technique may be a treatment option with little associated complications in the treatment
for patellar instability.
Level of Evidence: Case series, Level IV.

1. Introduction
The medial patellofemoral ligament (MPFL) is the main stabilizer of
the lateral patellar translation and is a structure that is frequently damaged by lateral patellar dislocation.1–3 Numerous surgical techniques
and ﬁxation methods have been described in MPFL reconstruction4–7
such as choice of graft, graft ﬁxation method of patella/femur and initial tension. Since non-anatomical restoration of footprint or overconstraint due to over-tensioned graft will result not only in recurrence
of patellar instability but also cartilage injury and osteoarthritis of the
patellofemoral joint, anatomical MPFL reconstruction is important.8–11
During the past few years, MPFL reconstruction using a soft tissue graft
has become a focus of interest and has shown good clinical results. The

MPFL is one of the main restrictor against dislocation of the patella. It
contributes 50%–60% of medial constraint.12–14 Multiple techniques for
ﬁxation of the graft at the patella are clinically applied. Some studies
are described by using suture anchors or interference screws for ﬁxation
of the graft at the patella, others are described by creating two bone
tunnels or a bone bridge on the medial margin of the patella holding the
graft.4–7 There are advantages and disadvantages to all surgical techniques of the graft ﬁxation. The bone tunnel across the patella is at risk
of patellar fracture.15–17 Moreover, the bone tunnels are created in a
non-anatomical position to avoid fracture. In the graft ﬁxation on the
femoral side, there are reports using cortical buttons, interference
screws, and suspension devices.4,5,7,15,18,19
The purpose of the present study is to prove good restoration of
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Table 1
Patient characteristics.
Number of patient
Age, mean
Sex (male/female)

24
25.4 ± 9.3
6/18

TT-TG distance
Caton-Deschamps index
Sulcus angle
Trochlear dysplasia DeJour
Type A
Type B
Type C
Type D

15.8 ± 3.6
1.1 ± 0.13
145.2 ± 2.9
4
2
0
0

patellar stability and signiﬁcant improvement of knee function compared to other surgical procedures of previous study without causing
patellar fracture by using soft suture anchor to ﬁx into the patella. The
hypothesis is that MPFL reconstruction by using soft suture anchor and
adjustable cortical ﬁxation system is good with short term results.
2. Materials and methods
Fig. 1. Demonstrates the modiﬁed baseball suture.

From 2014 to 2016, 25 patients underwent MPFL reconstruction
using gracilis tendon autograft to treat patellar dislocation. All surgeries
were performed by the senior author. All patients underwent X-ray and
CT or MRI preoperatively. Trochlear dysplasia, patellar height and tibial tubercle-trochlear groove (TT-TG) distance were measured as the
factors of instability (Table 1). Trochlear dysplasia was evaluated using
DeJour classiﬁcation20 and patellar height was evaluated using CatonDeschamps index.21
The inclusion criteria were as follows: (1) growth plate was closed;
(2) apprehension sign was positive; (3) ﬁrst time traumatic patellar
dislocation and recurrent dislocation; (4) lateral patellar instability
with MPFL injury. The exclusion criteria were as follows: (1) history of
previous knee surgery; (2) a tibial tuberosity-trochlear groove distance
of > 20 mm; (3) concomitant cruciate ligament or collateral ligament
injury. Based on these criteria, 24 patients were included in this study.
This study was approved by the Ethics Committee of Toho
University Ohashi medical Center (No.H17037).

Fig. 2. The gracilis tendon graft is sutured into bone tunnel of suture anchor.

then a socket-like bone tunnel is prepared by creating a through tunnel
to the outside with end button drill of a 4.5 mm diameter. The adjustable cortical ﬁxation system (TightRope®; Arthrex, Naples, FL) is
ﬂipped through the bone tunnel. The sutured gracilis tendon is guided
to the second layer on the outer side of the joint capsule and the gracilis
tendon is passed through the loop of the TightRope and again passed
through the second layer to the patella side. If the gracilis tendon is too
long, it is cut oﬀ at this stage and the other stump of the gracilis tendon
is sewn through the medial retinaculum of the medial upper edge of the
patella. This is because we thought that inserting another anchor at the
upper edge of patella increased the risk of patellar fracture. Moreover, it
is diﬃcult to insert the anchor into the anatomical position when trying
to insert the anchor in a place where it can be inserted. Tight rope is
pulled up from outside with tension applied to the graft with an elevation at 30° knee ﬂexion position. Because of the characteristics of
TightRope, it cannot be loosened, so arthroscopic view of PF joint,
extension and ﬂexion of the knee, and lateral shift of the patella must be
carefully observed. Since this technique cannot quantify tension on the
graft, it is necessary to conﬁrm that the patella does not dislocate by
applying lateral stress to the patella at 30°, 60° and 90°, and to not
excessively pull up TightRope by checking the tension of the graft. We
do not include lateral retinacular release in our standard procedure
(Figs. 3 and 4).

3. Surgical technique
The patient is placed in a supine position under general anesthesia.
We do not use the air tourniquet. The gracilis tendon is harvested
through 3 cm incision over the pes anserinus and released with a tendon
stripper. After trimming the graft, pre-tension is applied and the length
is measured. This technique is possible if the graft length is 20 cm or
more. Arthroscopy is performed next. Additional procedures perform
loose body removal and synovectomy and microfracture of osteochondral lesions, as well as repair or meniscectomy for meniscal
injury.
Then 3 cm longitudinal incision is made on the medial border of
patella and the upper half to two-thirds of the medial patellar facet is
exposed to surface of the joint capsule. A 1.7 mm suture anchor (SUTURFIX ULTRA®; Smith&Nephew, Andover, MA) is inserted horizontally
from center of patella. One of the anchor sutures is sutured to about
1.5 cm of the stump side with the periosteum of the gracilis tendon
using the modiﬁed baseball suture (Fig. 1). The graft is sutured drawing
the stump into the anchor hole of the patellar (Fig. 2).
A 2 cm incision is made on adductor tubercle of the medial femur.
The femoral bone tunnels are prepared with reference to the femoral
attachment according to the method reported by Nomura et al.22
2.4 mm passing pin is drilled throughout from the femoral attachment.
The diameter of the two-fold gracilis tendon is measured beforehand.
Using a drill of that diameter size, drill about 30 mm from the inside,
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dislocation, patella fracture and joint contracture.
6. Statistical analysis
All statistical analyses were performed using SPSS (version 24.0;
IBM Corp., Armonk, NY, USA). Pre- and post-operative changes were
evaluated by Mann–Whitney U test. A P value < 0.05 was considered
statistically signiﬁcant. A post hoc power analysis was performed to
determine whether the sample size had suﬃcient power to detect signiﬁcant diﬀerences. The power was between 0.81 and 0.95 for a sample
with 24 cases in each evaluation. The α-level was 0.05.
Fig. 3. Arthroscopic view of the right knee with post-MPFL reconstruction.

7. Result
The mean age at the time of surgery was 25.4 years ( ± 9.3 years).
Mean follow-up was 33.6 months ( ± 3.1 months). About the additional
procedures during operation, loose body removal was performed ﬁve
cases, microfracture of osteochondral lesions was performed four cases,
meniscal repair was performed two cases. At 2 years post-operation, no
complications including re-dislocation, patella fracture, infection, joint
contracture had occurred. Apprehension test was negative in 23
(95.8%) cases. The apprehension test was positive in 1 of the 24 (4.2%)
cases post-operation. A statistically signiﬁcant improvement in clinical
scores (Kujala score, IKDC score and KOOS) were evident after surgery.
Radiographic evaluation (Q angle, congruence angle and patellar tilt
angle) also showed clear improvement after surgery (Table 2).
8. Discussion
The most important ﬁndings of this study are that good restoration
of patellar stability and signiﬁcant improvement of knee function were
achieved by this technique of MPFLR. Also, there are no complications
that occurred including re-dislocation, patella fracture, infection, and
joint contracture. Our hypothesis that MPFL reconstruction by using
soft suture anchor and adjustable cortical ﬁxation system is good with
short term results. is conﬁrmed.
Positive rate of apprehension test was 4.2% postoperatively. In a
recent systematic review, recurrent instability rate was reported in
32.7% of patients who were treated with procedures including MPFL
reconstruction, MPFL repair and lateral retinacular release.23 However,
recurrent instability rate of isolated MPFL reconstruction was described
between 1.1% and 12.5%.18,24–27 This rate is signiﬁcantly lower than a
recent systematic review, and the rate of this study was within this
range. Lateral retinacular release is often performed concomitantly with
MPFL reconstruction, however, it can increase postoperative instability,
particularly the risk of medial patellar subluxations.13,28,29 On the other
hand, Niu et al. described that no statistically signiﬁcant diﬀerences
were noted between double-bundle anatomical MPFL reconstruction
combined with lateral retinaculum plasty and isolated MPFL

Fig. 4. Schematic drawing of isolated Medial Patellofemoral Ligament
Reconstruction by using Soft Suture Anchor and adjustable cortical ﬁxation
system.

4. Post-operative physiotherapy
A knee brace with 0° was used for ﬁrst week, with full weight
bearing on straight knee. From 1 week, range of motion of 0°–90° was
started. After 8 weeks, range of motion of full range was allowed.
Jogging after 4 months and contact sports after 6 months were allowed.

5. Clinical evaluation
All patients were followed up for at least 2 years, and clinical outcome assessments were performed using pre-operative and 2 years postoperative Kujala score, International Knee Documentation Committee
(IKDC) score and Knee Injury and Osteoarthritis Outcome Score
(KOOS). Radiographic evaluation included the Q angle (QA), congruence angle (CA) and patellar tilt angle (PTA) and patellar height. Q
angle was deﬁned as the angle created by two lines, both starting at the
anterior center of the patella using lower limbs full-length X ray. One
line extended to the anterior-superior iliac spine (ASIS) and the other
extended to the tibial tuberosity. Congruence angle was deﬁned as the
angle between the bisect of the femoral trochlea and a line from the
apex of the femoral trochlea through the apex of the patella. Patellar tilt
angle was deﬁned as follows: (1) Draw the ﬁrst line parallel to the
posterior femoral condyles. (2) Draw the second line parallel to the ﬁrst
at the patellar apex. (3) The angle between the lateral patellar facet and
trochlea. Moreover, complications were analyzed about infection, re-

Table 2
Clinical outcome of pre- and post-operatively.

Kujala score
IKDC score
KOOS
Symptom
Pain
ADL
Sports
QOL
Q angle
Congruence angle
Patellar tilt angle

Pre-operative

Post-operative

P value

50.9 ± 23.7
43.2 ± 8.4

93.7 ± 4.2
91.1 ± 2.9

0.001
0.001

66.0
75.7
80.8
59.0
47.9
12.9
15.9
10.4

93.5 ± 6.8
95.4 ± 2.9
97.7 ± 3.1
92.0 ± 4.6
91.5 ± 5.2
10.5 ± 1.6
−0.81 ± 6.4
3.5 ± 0.78

0.001
0.001
0.001
0.001
0.001
0.003
0.001
0.001

±
±
±
±
±
±
±
±

14.8
9.8
13.1
16.9
13.3
2.4
4.0
2.1

∗ IKDC: International Knee Documentation Committee.
∗ KOOS: Knee Injury and Osteoarthritis Outcome Score.
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reconstruction alone.19 In the previous studies, there are also reports
that medial patellar subluxations occur in 57–94% of cases after lateral
retinacular release. Lateral patellofemoral ligament or lateral retincular
lengthening has been increasingly considered for individuals with
combined MPFL reconstruction; however, the criterion for utilizing a
lengthening procedure is variable by provider. Therefore, we chose not
to do lateral retinacular release in this study. The most important
consideration is given to the location of femoral and patella tunnel. A
non-anatomical surgical reconstruction can lead to aberrant restraining
forces and patellofemoral contact pressures.30–32 In previous cadaveric
study, there are many reports that say the femoral insertion of MPFL
was between medial femoral epicondyle and adductor tubercle.33–35
The femoral tunnel was made with reference to these reports in this
study. Regarding patella insertion, there are many reports of proximal
half35–37 and proximal two thirds,22,33,38,39 and it is widely attached to
the inside of the patella. Some studies are described using suture anchors or interference screws and creating two bone tunnels or a bone
bridge for ﬁxation of the graft at the patella.4–7 Shah et al. have reported in two types of tunnel technique and suture technique tendon
ﬁxation of the patella side in Systematic Review.17 The complication
rate was lower in suture technique (21.6%) than in tunnel technique
(29.8%).17 The most serious complication is patella fracture, and it is
reported that it often occurs when creating transverse patella tunnels or
when using a thick drill such as 4.5 mm.4,17 It is considered that patella
fracture did not occur in this study due to the fact that a 1.7 mm suture
anchor was used and transverse patella tunnel was not created. Also,
the suture anchor was inserted at the middle part of medial patella, and
the upper part is sewn through the medial retinaculum without inserting suture anchor. Therefore, the attachment of graft can cover two
thirds of proximal patella and an anatomical reconstruction is possible.
The graft tension is determined on femoral side in this study. Stephen
et al. described that Patellofemoral joint contact pressure and patella
tracking restored when ﬁxed at knee ﬂexion 30° or 60° and tension of
2 N in anatomical MPFL reconstruction.40 Non-anatomical reconstruction and over-tensioning lead to increased contact pressure and osteoarthritis. In the technique used in this study, tightrope is pulled up at
once at knee ﬂexion 30 to determine tension. The characteristic of the
tightrope is such that once pulled, it cannot be returned to the previous
position, it is therefore most carefully pulled up. It also cannot quantify
how tightly it is ﬁxed with the graft tension. The technical aspect here is
to apply lateral pressure as we proceed to conﬁrm there are no dislocation or subluxation, at the same time ensuring that the graft is ﬁxed
with enough tension allowance without applying excessive tension to
the Tightrope.
The main limitation of this study is that it was conducted on a small
number of cases without a control group. A long term, comparative
studies with large number of patients is required to corroborate our
ﬁndings. Second, this method cannot quantify the ﬁxed tension of the
graft. However, recurrent dislocation of patella did not occur and the
results were relatively good. The clinical relevance of the present study
is that this technique may be a treatment option with little associated
complications for the treatment for patellar instability.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jor.2019.03.016.
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