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Abstract
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Medial patellofemoral ligament reconstruction is a standard treatment option for patients with patellar
instability. The main purpose of this study was to determine whether isolated anatomic medial
patellofemoral ligament reconstruction using double folded, four-strand plantaris tendon autograft restores
patellar stability in adolescent patients. Plantaris tendon autografts were harvested through proximal
approach and used in four adolescent patients. A four-strand autograft was prepared in a double-limbed
configuration and fixed on the patella and the femur with suture anchors and interference screws,
respectively. The mean Kujala score improved significantly from 44 + 24 SD (range, 19 to 69) points
preoperatively to 94 + 10 SD (range, 78 to 100) points postoperatively (P< 0.001). All patients reported
excellent subjective outcomes and returned to their pre-injury level of sporting activities. The use of a
four-strand plantaris tendon autograft in isolated anatomic medial patellofemoral ligament reconstruction

can restore patellar stability in adolescents.

Level of evidence: IV
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Introduction

I he medial patellofemoral ligament (MPFL) has a
crucial role in patellofemoral stability. Therefore, a
clinical and scientific interest in MPFL
reconstruction procedures has been noted.!# Different
anatomic and nonanatomic MPFL reconstruction
techniques have been employed in adolescent patients
with patellar instability, along with distinct graft options
and fixation methods.>¢ However, there is no agreement on
the ideal graft type for this surgery.® Hamstring and
quadriceps tendons are the most frequently used
autografts, both with excellent clinical results.358
Increasing number of primary MPFL reconstructions will
invariable lead to more frequent revision procedures in the
future.? Index surgeries utilizing autograft harvest leads to
more limited choice of autograft harvest sites for the
revision surgery.® Therefore, novel autografts should be
considered. The plantaris muscle has minimal influence on
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knee biomechanics.1011 Since it has the longest tendon in
human body and minimal donor site morbidity, its tendon
has been broadly used for various ligament reconstructive
procedures.'213  However, MPFL reconstruction with
plantaris tendon autograft (PLT) has never been reported.

The purpose of this study was to evaluate short-term
clinical and subjective outcomes after isolated anatomic
MPFL reconstruction using a four-strand PLT autograft in
adolescent patients with patellar instability.

Surgical Technique
Patient inclusion

This study was approved by the independent Ethics
Committee of the Children’s Hospital Zagreb as a continuous
research of doctoral thesis on PLT biomechanical properties
already accepted by the Ethics Committee at the University
of Zagreb, School of Medicine. More specifically, this study
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investigates PLT autograft clinical application for MPFL
reconstruction. All patients underwent isolated anatomic
MPFL reconstruction using PLT autograft at a tertiary care
orthopaedic facility from March 2019 to January 2021. The
procedure was discussed in detail with patients’ parents and
informed consent was obtained. Clinical and radiographic
data of four adolescent patients (three males and one
female) were retrospectively analysed.

Despite exhaustive non-surgical management, all patients
had persistent symptoms of patellar instability for at least
one year prior to surgery and could not perform usual
recreational activities. On physical examination, patellar
apprehension test was positive during the first 302 of knee
flexion, suggesting for MPFL insufficiency. Two radiologists
independently evaluated other contributing factors of
patellar instability on preoperative magnetic resonance
imaging (MRI) scans. In all patients, patellar height and
trochlear dysplasia were assessed.!415 Radiologists also
confirmed the presence of a plantaris muscle. Therefore,
patient history, clinical examination, and described
radiographic findings were used as indications for isolated
MPFL reconstruction.

Patient outcome scores (Kujala Score and Single
Assessment Numeric Evaluation - SANE question) were
collected preoperatively and at the most recent follow-
up.1617 A successful outcome was rated as a negative patellar
apprehension test, improvement in the Kajula score, and the
patient’s return to pre-injury level of sporting activities. The
analysed data were collected from the medical records. The
medical history obtained from the both the patients and
their parents. The parents of all four patients provided
written informed consent for inclusion in the study.

Surgical technique

First, a diagnostic arthroscopy was performed to exclude
any intra-articular pathology. Additional pathology
encountered in two patients was addressed prior to MPFL
reconstruction. One patient had an unstable posterior horn
of the lateral meniscus which was stabilized with all-inside
suture (Meniscal Cinch™ II, Arthrex, Naples, FL, USA). The
second patient had a symptomatic medial parapatellar plica
which was excised with a shaver. After completion of the
arthroscopic portion of the procedure, attention was turned
to the PLT harvest. The PLT was harvested using a standard
proximal approach through a small vertical skin incision
located 1 cm posterior to the medial border of the tibia, at
the junction of the proximal and the middle one-third of the
lower leg. After incising the fascia, the PLT was identified
using blunt dissection as the only longitudinal tight structure
between the soleus and the medial head of the
gastrocnemius muscle. The distal myotendinous junction
was identified and transected, allowing tendon dissection
and harvest with a full-radius tendon stripper distally.13
Harvested PLT length was measured. A PLT length of 32 cm
or longer was required to create a proper double-looped
PLT autograft, [Figure 1]. Previous biomechanical studies
showed that a single strand PLT has a limited mean maximal
force between 161.5 N and 197.0 N, while mean maximal
force of 220.3 N + 108.1 SD of a two-strand PLT construct
was recently reported.8-20 Therefore, a four-strand PLT
graft should always exceed previously reported maximal
force of the native MPFL of 208 N + 90 SD.! If the harvested
PLT was less than 32 cm in length, it was considered to too
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short to obtain a sufficiently long double-looped PLT graft. In
such cases a gracilis tendon (GT) autograft, to provide
adequate graft size, was harvested in a standard fashion via
separate skin incision. On a separate table, folded in half PLT
graft free ends were whip-stitched with absorbable suture
each, [Figure 1]. Following autograft preparation, a 3 cm
incision along the medial margin of patella was made. For
the patellar-sided fixation of the MPFL graft, two 20 mm
sockets were created with a 4.5 mm drill over a 1.4 mm
guidewire inserted in the groove (sulcus) in the proximal
half of the medial patellar margin?! Two 4.75 mm
resorbable knotless anchors (SwiveLock ®, Arthrex, Naples,
FL, USA) were used to fix both ends of the double-looped PLT
graft inside the sockets, [Figure 2].

P4 : 1
Figure 1. Intraoperative images. a) proximal approach for plantaris
tendon harvest; b) plantaris tendon harvesting using a tendon
stripper; c) harvested plantaris tendon length compared with a lower
leg length; d) 17 cm long double-folded plantaris tendon graft

AN

Figure 2. Intraoperative images. a) two 4.5 mm diameter holes are
drilled at the proximal one-third of the medial margin of the patella; b)
double-strand, plantaris tendon autograft ends are fixed inside the
holes with 4.75 mm resorbable knotless anchors (SwiveLock ®,
Arthrex, Naples, FL, USA)

The anatomic femoral insertion point of the MPFL was
identified through a skin incision between the medial
femoral epicondyle and the adductor tubercle, according to
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the technique described by Schottle et al, with lateral images
obtained under fluoroscopy.2? The femoral tunnel was
drilled with a 6.5 mm cannulated drill. The PLT graft was
then shuttled between the second and the third layer of the
medial knee. The graft was fixed in the femur at 30° of knee
flexion using a 6 mm resorbable Interference Screw
(BioComposite Interference Screw, Arthrex, Naples FL, USA)
allowing lateral patellar translation of one quadrant. This
produced a four-strand PLT autograft reconstruction of the
native MPFL, [Figure 3].

Figure 3. Intraoperative images. a) plantaris tendon autograft shuttled
between the second and the third layers of the medial side of the knee
and pulled into the femoral tunnel; b) a 6 mm resorbable Interference
Screw (BioComposite Interference Screw, Arthrex, Naples, FL, USA)
was used to fix the plantaris tendon autograft inside the femur.

Rehabilitation

An extension splint was applied postoperatively for two
weeks allowing full weight-bearing. Subsequently, the
patient was transitioned to a hinged brace with a weekly
increase of 30° of progressive flexion (30° to 60° to 90° to
120°) until complete range of motion (ROM) restoration.
Patients were referred for extensive physical therapy and
encouraged to ride a stationary bicycle while being restricted
from pivoting sports activities. Complete sporting activity,
depending on the type of activity and rehabilitation results,
was allowed after four to six months.

Clinical Outcome Measures

At final follow-up (18 to 40 months after surgery), the
patellar apprehension test was performed as well as
functional evaluation of the knee using the Kujala score.
Preoperative and postoperative Kujala scores were then
compared. Patient satisfaction with the operated knee was
also assessed using the SANE question.1617

Statistical Analysis

Statistical analysis was performed by the statistical package
Statistica (TIBCO Software, Inc., Palo Alto, CA, USA). Statistics
of descriptive data were calculated by standard formulae
(median, range, minimum, and maximum). A paired-samples
t-test was performed to compare preoperative and
postoperative Kujala scores. A P-value < 0.05 was regarded
as statistically significant.

Discussion
A total of four patients, (three males and one female) with
a mean age of 17 years (range: 16 to 18 years) at the time of
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surgery were included in the study. Clinical data is listed in

[Table 1]. Utilizing the modified Insall-Salvati ratio obtained
from the MRI scans,!* patellar height ratios were measured
less than 1.5 for all patients. Classification of all trochlea on
MRI noted all patients to be Dejour type A or type B.1> No
intraoperative complications were reported. All patients had
negative patellar apprehension test and returned to pre-
injury level of sporting activities with six months
postoperatively. One patient had slight discomfort at the PLT
donor site that resolved spontaneously five months after
surgery. The mean Kujala score improved significantly from
44 + 24 SD (range, 19 to 69) points preoperatively to 94 + 10
SD (range, 78 to 100) points postoperatively (P< 0.001).
Results of subjective patient questionnaires are presented in
[Table 2].

This study concludes that utilization of four-strand PLT
autograft in anatomic MPFL reconstruction can adequately
restore patellar stability in adolescents. Therefore, PLT
autograft may be a valuable choice for MPFL reconstruction.

Although PLT autografts have proven to be a reliable tool for
various reconstructive procedures in orthopaedics, PLT
autograft for MPFL reconstruction has never been
reported.l222 However, a recent biomechanical study
supports PLT usefulness as a graft for the MPFL
reconstruction.? In MPFL reconstruction, several
advantages can be considered for PLT autograft. First, the
plantaris muscle has no significant influence on knee
biomechanics.1%11 Second, its tendon is long, relatively
feasible to harvest, and has minimal donor site morbidity.1213
However, potential drawbacks exist regarding plantaris
muscle variability and inconstancy and as well as
unpredictable PLT harvest length. Therefore, preoperative
knee MRI assessment by a trained radiologist is
recommended to identify the presence of the plantaris. Also,
preoperative lower leg length measurements should be
obtained as it positively correlates with PLT length.12 If
harvesting PLT results with a tendon length less than 32 cm,
other graft sources should be utilized. The minimum of 32 cm
PLT length was set as a cut off value due to the mean MPFL
length of 5.7 cm, as reported in a systematic review on MPFL
anatomy.2* Previous biomechanical studies showed maximal
force of the native MPFL of 208 N + 90 SD and maximal force
of a two-strand PLT construct 220.3 N + 108.1 SD, to
guarantee sufficient graft strength we used four-strand PLT
autograft.120 Therefore, PLT atleast 32 cm long, used as four-
strand autograft, would have enough purchase after being
fixed with screws inside all three bone tunnels during MPFL
reconstruction in adolescents. It is debatable whether all
two-folded PLT grafts for MPFL reconstruction should have
enough resistance to ensure patellar stability, without the
risk of medial overconstraint of the patellofemoral joint with
subsequent risk of early patellofemoral osteoarthritis.
However, if a four-strand PLT graft is fixed in a way to allow
patella translation of at least one quadrant laterally, the risk
of excessive stiffness is reasonably reduced. Still, these
questions should be answered based on further comparative
clinical studies.
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Table 1. Details of four patients included in this study

Case Age (years) Gender Side
1 17 Male Left 27
2 17 Female Right 15
3 18 Male Right 20
4 16 Male Right 12
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Patellar instability symptoms before surgery (months)

Additional procedures Current follow-up (months)

None 40
Lateral meniscus 33
posterior horn
stabilization
None 30
Medial plica excision 18

Table 2. Patients’ outcome scores up to latest follow-up. SANE indicates Single Assessment Numeric Evaluation

Case
Pre-op
1 19
2 60
3 69
4 27
Median (range, x to y) points 43 (19 to 69)

Kujala score

SANE Question
Current Current
78 100
99 93
100 85
98 95
98 (78 to 100) 94 (85 to 100)

The ideal surgical technique and graft source for
adolescent MPFL reconstruction are yet to be
established>625. Due to a variety of surgical techniques and
fixation methods, focus on optimal graft choice has been
investigated3. Due to advantages of autograft use, including
ease of graft access, absence of rejection, and faster healing,
autograft tendon is considered a preferred graft source for
MPFL reconstruction?s. Anatomic reconstruction utilizing a
double-limbed graft configuration has also been deemed
preferable2s. Therefore, double-limbed autograft
configuration is our institutional preferred choice when
performing MPFL reconstruction in adolescents.

In our study, all patients were treated with the same
surgical technique for double-limbed anatomic MPFL
reconstruction as described by Schéttle et al, with the
substitution of a PLT autograft instead of a GT autograft?!.
After a mean follow-up of 30 months, significant
improvement in the postoperative Kujala score compared
with the preoperative Kujala score was recorded, with a
mean increase of 50 points (P< 0.001)6. When assessing
patient satisfaction, the SANE outcome question rated
excellent for all patients'’. It is encouraging that no poor
results were recorded using the four-strand PLT autograft.

Still, hamstring and quadriceps tendons are the most used
autografts in adolescent MPFL reconstruction3569. Using
those grafts in various surgical techniques have presented
favourable results in terms of restoring patellar stability>8°.
However, hamstring autografts are much stronger and
stiffer than the native MPFL2627, In addition, knee flexion
weakness can still be noted one year after GT harvesting?8. It
also has been noted that harvesting a superficial 10 mm
wide portion of quadriceps tendon led to significant
reduction of tendon’s residual tensile strength??.Therefore,
careful consideration of autograft sources in adolescent
MPFL reconstruction is needed. Importantly, the hamstrings

and quadriceps play significant roles in knee kinematics,
therefore utilization of the associated tendons should be
employed with caution. Secondly, with the inevitable
increase of MPFL reconstruction revisions, alternative
autograft sites need to be considered.

There are several limitations of this study. Due to this
being a pilot study, there was a small patien cohort. While
the average follow up of 30 months only provides medium-
term results, all were back to full pre-injury activities. Longer
follow up can further elucidate long-term graft viability,
failure rates, and development of postoperative
patellofemoral arthrosis. Also, the outcomes presented were
through subjective tests and without radiological
postoperative assessment of patellofemoral joint. Therefore,
we cannot give definitive remarks regarding the safety and
efficacy of this procedure. Other limitations include the
absence of Lysholm and Tegner questionnaires as well as
lack of ROM measurements to determine objective
functional outcomes. Other limitations are plantaris muscle
inconstancy and uncertainty to obtain sufficient PLT length
for a proper four-strand PLT autograft. Finally, a
biomechanical evaluation of this technique is not given.
Instead, data from other PLT biomechanical studies are used
and inferred. However, this study sets proof of concept for a
new autograft in adolescent anatomic MPFL reconstruction.

An anatomic isolated MPFL reconstruction in adolescents
using a four-strand PLT autograft restored patellar stability.
Therefore, PLT autograft can be acknowledged as a viable
option for anatomic MPFL reconstruction. However, further
long-term comparative studies are needed to validate the
broad application of such an approach and to document its
outcome superiority over currently used strategies.
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