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Background

Acute patellar dislocation is a common knee injury. The main injured structure is the
medial patellofemoral ligament (MPFL). This ligament is the main static stabilizer
against lateral patellar dislocation. Many surgical techniques have been described
for the management of MPFL tear. The gold standard graft used for reconstruction
is the hamstring. This study was done to compare the results of quadriceps tendon
sling with semitendinosus graft for MPFL reconstruction (MPFLR).

Patients and methods

A prospective comparative study was held on 62 patients in El-Hadra University
hospital between March 2018 and November 2019. Patients were divided into two
groups. Group A had quadriceps graft and group B had semitendinosus graft for
MPFLR. Patients were matched for age, sex, and body mass index. All cases were
assessed clinically and functionally over 12 months of follow-up.

Results

There was no statistically significant difference between the 2 groups regarding
Lysholm, Tegner, International Knee Documentation Committee, Visual Analog
Scale, and Kujala scores. However, there was a statistically significant difference

regarding the SCAR score.

Conclusion

Quadriceps tendon sling is a reliable alternative for MPFLR, especially in patients
with small patellae or previous anterior cruciate ligament reconstruction.
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Introduction

Acute dislocation of the patella is a common injury,
especially among adolescents and young adults, with
higher rates in females [1]. It can be triggered by
traumatic or nontraumatic events, the latter being
associated with important anatomical changes in the
distal femur and trochlear geometry along with the
knee extensor mechanism. Patella alta, genu valgum,
abnormal bony morphology, and vastus medialis
muscle hypoplasia may predispose to instability.
Patients with ‘first-time’ patellar dislocation most often
are prescribed a conservative treatment approach. On
the contrary, recurrent instability occurs in up to 44%
of patients possessing traumatic patellar dislocation,
with operative intervention reserved for cases where
nonoperative treatment has failed [2].

'The medial patellofemoral ligament (MPFL) has been
identified as a pivotal structure for patella stability. It is
the main static stabilizer during a knee flexion arc of
0 through 30degrees of flexion, providing up to 60%
of the total medial restraining force. Rupture of the
MPFL often occurs with lateral patella dislocations.

© 2022 The Egyptian Orthopaedic Journal | Published by Wolters Kluwer - Medknow

Frequent dislocations and recurrent instability demand
MPFL reconstruction (MPFLR), a surgery in which a
new grafted medial patellofemoral ligament is created
to steady the knee and restore stability. MPFLR for
the persistently unstable patient population is often
performed alone or in association with other bone
realignment procedures to restore stability. Most
MPFLRs have satisfying results with very low rate of
redislocation [3-7].

Several soft-tissue graft options are reported for medial
patellofemoral ligament reconstruction. Despite
satisfactory clinical results, hamstring autograft use has
been reported to have a cumulative complication rate
of 12.5%, including persistent postoperative patellar
instability, postoperative knee stiffness, and patellar
fracture [5].
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Recently, the use of the quadriceps tendon in primary
and revision knee cruciate ligament surgery has found
renewed research and clinical interest and is being met
with such enthusiasm that an International Quadriceps
Tendon Interest Group has been formulated to further
the understanding and application of this graft option
in sports medicine [8].

Yet, there is no consensus on the best graft option for
MPFLR [9]. MPFLR using a superficial ‘swingdown’
quadriceps tendon autograft may have some advantages
over current hamstring techniques, akin to recent
evidence in cruciate ligament surgery, including but
not limited to biomechanical advantages and reduced
risk profiles. A ‘swing-down’ graft refers to a pedicled
graft, attached at the patella and freed proximally.
Studies have shown that quadriceps tendon MPFLR
has promising clinical results and offers valuable
alternatives to hamstring tendon grafts for primary and
revision MPFLR [2,10-12].

Recently, numerous studies have investigated the
teasibility of the pedicled strip of quadriceps tendon
autograft as a MPFLR [13]. The story started in 1997
when Burks ez al. [14] described a novel MPFLR
technique using a free quadriceps tendon autograft
with a bone block. However, the bone block violated
the bone structure of the patella, reducing stability and
increasing the chances of fracture.

Eight years later, Steensen ez a/. [15] first described a
pedicled strip of quadriceps tendon as a graft source.
Their technique involved using only the proximal
ventral lamina of the quadriceps tendon, whereas
distally the tendon remained attached to its anatomic
insertion on the upper pole of the patella, thus avoiding
drilling or tunneling through the patella. Vavalle ez a/.
[16] described their technique as turning the graft
90degrees medially and then suturing it to the medial
retinaculum, thus restoring the isometric patellar site
of the MPFL. They then sutured the distal margin of
the vastus medialis to the graft, enhancing the stability
of graft and patella.

This prospective study was done to compare the results
of MPFLR in patients with recurrent dislocation of
the patella, using pedicled strip of quadriceps tendon
versus the gold standard semitendinosus hamstring
autograft.

Patients and methods
This is a prospective comparative study on 62 patients
with recurrent patellar dislocation. Patients were

admitted to El-Hadra University Hospital between
March 2018 and November 2019. All cases were
tollowed up for a maximum of one year postoperatively.
Only cases with traumatic recurrent patellar dislocation
were included in the study.

The exclusion criteria were as follows:

(1) First-time dislocations.

(2) TT-TG distance > 20 mm.

(3) Patella alta with CDI more than 1.3.

(4) Genu valgum with HKA more than 5degrees of
valgus.

(5) Trochlear dysplasia (Dejour [17] B-D).

(6) Avulsed MPFL from patellar or femoral sides.

Patients were classified randomly into 2 groups. The
first group (Group A) was treated with MPFLR
using quadriceps tendon strip (7=32). The other group
(Group B) was treated using semitendinosus autograft
(n=30). Both groups were matched for age, sex, and
times of dislocations.

Patients were assessed preoperatively using frontal
and lateral X-ray films and MRI films. A clinical
evaluation was done using range of motion (ROM)
and apprehension test. Functional evaluation was
done using the Kujala score [18], Lysholm score
[19], Tegner score [19], Visual Analog Scale score for
pain [20], and International Knee Documentation
Committee  score  [21]  preoperatively — and
postoperatively at 6 and 12 months. At the end of
follow-up, the SCAR (Scar Cosmesis Assessment
and Rating) [22] scale was used to assess patient
satisfaction for postoperative scar.

Statistical evaluation was done using SPSS version
25 (IBM SPSS Statistics for Windows, Version 25,
Armonk, NY: IBM Corp). The P-value was set at 0.05.
Independent #-test was used to compare between the
two groups, as the data were parametric and normally
distributed. * test was used for qualitative data. The
study was approved by the local ethical committee of
Alexandria University faculty of medicine. An informed
consent was taken from every patient subjected to

the study.

Surgical technique

All patients were operated supine under general
anesthesia with a high thigh tourniquet. A side
support was used, and patients were positioned to
allow free knee motion between 0° and 120°. The knee
was draped to allow fluoroscopy during the procedure

(Fig. 1).



First, knee arthroscopy was done to deal with any
intra-articular pathologies and to assess patellofemoral
tracking and patellar engagement.

First group (Group A): quadriceps tendon pedicled strip
technique

In 90° of knee flexion, an 8-cm transverse skin
incision was placed over the quadriceps tendon and
superomedial border of the patella. The prepatellar
bursa was incised longitudinally and the quadriceps
tendon was then carefully exposed. A long Langenbeck
retractor was introduced, and the quadriceps tendon

was subcutaneously exposed proximal to the patella
(Figs 2 and 3).

Figure 1

Patient positioning with side and foot support to allow 90 flexion.

Figure 2

Incision over medial side of quadriceps tendon.
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A no. 11 knife blade was used to strip the medial third
of the quadriceps tendon. Only superficial layer is
stripped from the tendon. The blade was introduced
starting over the middle of the superior patella border
and pushed up to a minimum of 8 cm. The thickness of
the graft should be not less than 3 mm, and the length
should not be less than 10 mm. Another cut was done
over the medial border of the tendon. A tissue forceps
was then pushed through the plane of the separation
from proximal to distal (Figs 4 and 5).

'The graft was left attached distally,and the free proximal
end was anchored with a resorbable suture whip stitch.

Figure 3

Exposed quadriceps tendon.

Figure 4

Stripping the superficial layer of quadriceps tendon.
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Figure 5

Figure 7

Separation of layers of quadriceps tendon.

Figure 6

Ensure adequate length of the quadriceps tendon before proximal
detachment.

Figure 8

A ripstop stitch at the medial border of the patella to prevent graft
detachment.

Cutting of quadriceps tendon proximally.

Distally, the longitudinal cuts were continued with a
surgical knife toward the patella and over the patellar
periosteum in the chosen width (10 or 12 mm), lateral
for 2 cm and medial for 1cm, on the anterior surface of

the patella (Fig. 6).

The quadriceps tendon strip was then subperiosteally
elevated from the surface of the patella. The proximal

1.5 cm of the medial patellar border was exposed. From
the medial patellar border, the prepatellar tissue was
elevated laterally creating a tunnel reaching the medial
edge of the graft. This was performed with a periosteal
elevator. (Fig. 7)

At the distal end of the tendon, ripstop sutures were
done to prevent graft stripping from anterior surface

of the patella (Figs 8 and 9).



Figure 9
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Figure 10
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An illustration showing the superficial sling take down of the
quadriceps tendon.

The second group (Group B): semitendinosus autograft
The semitendinosus graft was harvested in the usual
manner. The graft is then prepared and whip stitched
to tabularize the graft. A medial patellar incision was
done to expose the medial border of the patella. Two
parallel patellar tunnels were done under fluoroscopic
guidance using anterior cruciate ligament guides.
A 4.5-mm cannulated drill bit was used to widen the
tunnels for later graft passage.

Two shuttle sutures were used to shuttle the graft in
a C-shaped fashion inside the 2 patellar tunnels. The
graft was then passed between the second and third
layers of the medial retinaculum down to the insertion

point of the femur (Figs 10-14).

In both techniques

A vertical medial incision was made between medial
epicondyle and adductor tubercle. Under fluoroscopic
guidance, a 2.4-mm anterior cruciate ligament guide
pin was drilled into the insertion of the MPFL at the
Schottle point [23]. It was directed anterolaterally
to exit the femur on the lateral cortex well proximal
to the lateral epicondyle. The pin was overreamed
to thickness of the graft (about 7mm) to a depth of
30 mm.Then, a surgical clamp was introduced between
the second and third layers of medial retinaculum
from medial to lateral to shuttle the graft. The graft
was then introduced into the tunnel using a loop

An incision over medial border of the patella.

Figure 11

Drilling the patellar tunnels under fluoroscopic control.

suture. This loop was used to pull the graft toward
the femoral insertion. The knee was cycled five times
with moderate tension on the graft. Fixation was
performed with 8 x 28 mm bioabsorbable interference
screw at 30° of knee flexion with the lateral patellar
border flush with the lateral border of the trochlear
groove keeping low tension on the graft to allow
two-quadrant lateral translation of the patella in full
extension (Figs 15-20).

Postoperative treatment

A knee brace with ROM 0-90° was used for 6 weeks
during postoperative rehabilitation. The patients were
mobilized with 20-kg partial weight bearing for 3
weeks. Full weight bearing was started thereafter.
Passive ROM exercises to a maximum of 30degrees
were initiated immediately postoperatively till the
second week. The range was increased to 60 degrees in
the second 2 weeks, and then, 90 degrees till 6 weeks.
Stationary cycling was started 6 weeks postoperatively.
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Figure 12

Figure 14

Two parallel patellar tunnels at the superior part of the patella.

Figure 13

Passing the graft in a C-shaped manner into patellar tunnels.

Full return to pivoting sports and daily work was
allowed between 4 and 5 months after the operation.

Results

The study included 62 patients who were admitted to
El Hadra University Hospital with recurrent patellar
dislocation. Group A was subjected to MPFLR using
quadriceps tendon strip (7=32). Their mean age was
21.5+3.9 years. Group B was subjected to MPFLR
using the semitendinosus graft (»=30). Their mean
age was 23.3+6.4 years. The difference between the 2
groups was statistically insignificant, denoting adequate

matching of the groups. Patients’demographic data are
included in Table 1.

Regarding ROM, there was no statistically significant
difference between both groups (P>0.05). Regarding
the improvement of clinical patient scores, there was
no statistically significant difference in both groups
in all scores except in the SCAR score at the end of

Patellar
tunnels

An illustration showing the semitendinosus technique.

Figure 15

Making a tunnel from femoral to patellar insertion points between the
second and third layers of medial retinaculum.

the follow-up. This confirms our hypothesis that the
quadriceps pedicled strip can reach nearly the same
results of semitendinosus graft for medial patellofemoral
ligament reconstruction (Table 2, Fig. 21).

Regarding complications, one case of group A had
QT stripped out from patellar anterior surface. The
graft was sutures to medial border of the patella with
nonabsorbable sutures, and the patient had positive
apprehension for 6 m then improved. There were no
postoperative complications in group B. At final FU, all
cases had negative apprehension with no redislocations.
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Figure 18

A curved clamp is used to shuttle the graft from lateral to medial.

Figure 17

Graft shuttled to femoral insertion point.

Discussion

Anatomically, the MPFL is a flat band-like structure.
The gross morphological appearance of such a
quadriceps tendon strip more closely resembles the
natural MPFL than a hamstring construct. A human
cadaveric study investigated the biomechanical
characteristics of a 3-mm thick and 10-mm wide

Under fluoroscopic guidance, the Schottle point is chosen and drilled.

Figure 19

A 4.2 guide pin is drilled from the shuttle point and directed lateral
and proximal.

quadriceps tendon strip and found that they were
similar to the natural MPFL [24].

Several studies showed the biomechanical advantage
of the quadriceps tendon graft as a substitute for the
native medial patellofemoral ligament. The native
MPFL is a structurally thin fascial band with a load
to failure strength of 208N and stiffness of 12N/
mm. Reconstructed MPFL ligaments with quadriceps
tendon grafts were shown to have a load to failure of
205N and a stiffness of 33.6 N/mm. The average width
of the native MPFL halfway along its total length is
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10.5mm. Therefore, a quadriceps graft width of 10—
12 mm is appropriate to achieve anatomic similarity to
the native MPFL. These numbers may suggest that the
quadriceps tendon remains a good anatomic match to

the native MPFL [16,24,25].

Complications of hamstring tendon MPFLR were
reported in the literature in the form of patellar

Figure 20

The graft is then fixed using a bioabsorbable interference screw.

Table 1 Patients’ demographic data

fractures, persistent patellar instability, and flexion
deficits. Furthermore, hamstring strength has been
shown to decrease (3—27%) after semitendinosus or
gracilis autograft harvest [26-29].

'The quadriceps tendon has a trilaminar structure with
the anterior layer formed by the rectus femoris, the
intermediate layer formed by the vastus medialis and
vastus lateralis, and the deep layer by the tendon of the
vastus intermedius. The superficial slip is composed of
the anterior lamina of the quadriceps tendon and is also
a purely aponeurotic tendon matching the anatomic

profile of the MPFL [30].

The main advantages of quadriceps as a graft for
MPFLR are avoiding drilling or tunneling of the patella,
which violates its integrity, with an increased risk of
complications, such as secondary fracture. This is of
particular importance in children with smaller patellae
who are more prone to bone-related complications.
Other potential advantages of the pedicled strip of
quadriceps tendon autograft are simplicity of the surgical
procedure, the anatomic patellar attachment of the native
MPFL is close to the preserved insertion of the graft
on the patella, thus facilitating isometry, and avoiding
inadequate graft placement or fixation failure. All these
advantages of the pedicled strip of quadriceps tendon

Group A QT (32) Group B SemiT (30) Test of significance P value
Age (years) 21.5+3.9 23.3+6.4 t=0.09 0.96
Sex
Male 1 2 x?=0.516 0.472
Female 31 28
Side affected
Rt 14 12 x?=0.045 0.832
Lt 18 18
BMI 22.6+3.9 241+25 t=0.93 0.32
TT-TG 26.7+3.1 22.1+4.8 t=0.49 0.62
Patellar tilt angle 12.3+2.0 14.3+2.9 t=1.55 0.12
Trochlear dysplasia 3 Dejour A 1 Dejour A t=1.91 0.32
Caton—Deschamps index (CDI) 1.1+£0.9 1.3+0.8 t=1.45 0.22
Hyperlaxity
Knee hyperextension >10 deg 17 20 t=2.3 0.1
Operative time (min) 46+12.8 52+11.3 t=1.32 0.19
t: independent t test, y*: Chi-square test. BMI, body mass index.
Table 2 Patients’ clinical improvement
Group A QT (32) Group B Semi T (30) Test of significance P value
Lysholm score 89.4+2.3 92.1+3.4 t=0.3 0.78
Tegner score 4.9+21 4.8+1.9 t=0.4 0.99
IKDC score 93.2+3.1 94.7+4.4 t=1.30 0.19
VAS scale 0.9+12 1.0+£0.9 t=1.55 0.12
Kujala score 88.4+4.4 90.3+2.9 t=1.92 0.09
SCAR score 4.7+0.9 3.2+13 t=2.28 0.02*

t: independent t test, x?: Chi-square test. IKDC, International Knee Documentation Committee; SCAR, Scar Cosmesis Assessment and Rat-

ing; VAS, Visual Analog Scale. *P significant if less than 0.05.



Figure 21

Quadriceps T vs Semi T for MPFLR Waly et al. 107

100
w

>

>

lysholm tegner IKDC

Functional outcome

S0
80
-0
v
60
50
2
-
30
20
20
10
n

Kujala SCAR

Improvement of functional outcomes.

autograft may promote superior outcomes compared
with other traditional techniques, such as those involving
the use of gracilis or semitendinosus autografts [31-36].

'The quadriceps tendon can either be harvested as a full
or partial-thickness graft, with or without a patellar
bone plug, or may be left attached distally. Additionally,
the graft is compatible with any and all fixation devices.
Leaving the graft attached to the patella further reduces
the complication profile by mitigating complications
associated with drilling patellar bone tunnels. There
have been several documented cases of iatrogenic
patellar fractures that occurred because of drilling bone
tunnels, which accounts for 2.4% of complications
associated with MPFLR. Donor site morbidity as a
complication was not mentioned as a complication

with quadriceps tendon autograft [37-39].

Several studies had reported good to excellent clinical
outcomes after quadriceps pedicled strip use for
MPFLR. Peter e al. [40] used quadriceps tendon for
MPFLR in patients with recurrent dislocation with the
exclusion of patients with patella alta or elevated TT-
TG and included 8 patients with trochlear dysplasia
type A. At the final follow-up, no complications were
detected. Goyal er al. [12] used quadriceps tendon
in 32 cases with recurrent patellar dislocation. No
complications were detected at 38 months of follow-
up. Fink ez /. [11] and Lenschow ez al. [41] performed
a similar procedure in patients without signs of elevated
TT-TG. After 2 years of follow-up, they reported a
positive apprehension test in 11%; however, no further
complications were detected. Calapodopulos ez al. [42]
performed the same surgical procedures in patients
without patella alta, trochlear dysplasia, or elevated
TT-TG. At 30 months of follow-up, one patient

presented a positive apprehension test; otherwise, no
other complications were detected. Nelitz ez al. [35]
additionally fixed the quad tendon it to the adductor
magnus tendon. The study population of this study
was pediatric patients with mixed pathoanatomic risk
factors. However, no complications were found after
a minimum of 2 years of follow-up. All the patients
returned to the same preoperative level of sport,
whereas a third progressed to a higher level.

Migliorini e al. [13] performed a systematic review on
the quadriceps tendon strip for MPFLR. They reported
that the use of pedicled strip of quadriceps tendon as
graft for MPFLR may be encouraged in patients with
recurrent patellar instability, and it seems to be feasible
and reliable, with very low rates of complications
within approximately 28 months of follow-up.

Olotu ez al. [2] performed a recent systematic review on
quadriceps tendon sling down procedure. They found
that the quadriceps tendon produced improved clinical
outcomes with low rates of recurrent postoperative patellar
dislocation. They concluded that the quadriceps tendon
remains a suitable alternative for MPFLR and should
remain part of the arsenal of knee ligament surgeons.
Furthermore, the studies included in this systematic
review had an overall complication rate of 4.9% compared
with an overall complication rate of 12.5% reported for
MPFLR with hamstring tendon autografts.

Conclusion

MPFLR for recurrent patellar instability using a
pedicled swing down quadriceps tendon strip autograft
is a safe procedure with improved clinical outcomes
comparable to the gold standard semitendinosus graft.
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