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Reconstruction of the Medial Patellofemoral Ligament (MPFL) has become the procedure of choice in patients with
patellar instability. The type of graft used for reconstruction is controversial. The purpose of this study was to analyze
and describe the clinical and radiological results achieved with a MPFL reconstruction performed using an extensor
hallucis longus allograft.

This work is a retrospective study of 41 patients (45 knees) who underwent MPFL reconstruction using an extensor
hallucis longus allograft. The patellar apprehension test, Kujala scale, and EQ-5D European quality of life scale were
evaluated preoperatively and postoperatively at 24 months. Complications, recurrence rate, time to return to sports, and
satisfaction with the procedure were also assessed.

Statistically significant differences were observed between pre- and postoperative variables on the Kujala scale (p <.001)
and the EQ-5D (p <.001). The isolated MPFL presented an increase on the Kujala scale of 41.9 + 13.4, in contrast to the
reconstruction with tibial tubercle osteotomy with an increase of 29.4 + 16.6 (p = 0.031).

MPFL reconstruction with an extensor hallucis longus allograft is a suitable alternative in patients with patellofemoral
instability because it offers clinically and radiologically satisfactory results. MPFL reconstruction combined with a tibial
tubercle osteotomy can offer inferior functional outcomes to the isolated reconstruction.

Keywords: Patellofemoral joint, patellar dislocation, medial patellofemoral ligament reconstruction, allografts, extensor hallucis

longus.

INTRODUCTION

Patellofemoral instability is more common among
young patients and is multifactorial in origin. Advances
in knowledge of anatomy and physiopathology have
allowed for refining treatment techniques, which are
evolving towards the use of soft tissue procedures
such as medial patellofemoral ligament reconstruction
(MPFL). The MPFL, considered the principle medial
stabilizer of the patella, originates distally from the
adductor tubercle and posteriorly from the medial
epicondyle. It inserts into the superior and medial
border of the patella'.

Since 2005, a progressive increase in the number of
MPFL reconstructions in patients with patellofemoral
instability has been observed. In 2014, it accounted for
75% of patellar stabilization surgeries performed, and it
has now become the procedure of choice. Although it is
not free of complications, it leads to better results than

those seen in other patellar stabilization procedures and
with conservative management?.

The type of graft used for reconstruction is the
subject of controversy. Autografts have been widely
used in MPFL reconstruction with optimal results’.
Richter et al.%” proposed MPFL reconstruction with an
autologous internal gracilis tendon, in contrast to Wang
et al.’, who suggested the use of a monofascicular
peroneus longus hemitendon allograft. Peter et al.'
obtained satisfactory results after two years of follow-
up with an autograft from the quadriceps tendon.

Though the use of an autograft offers multiple
advantages, it also has some disadvantages, notably
donor site morbidity and a longer surgical time. In
light of these possible pitfalls, MPFL reconstruction
with an allograft is a suitable option as it offers results
that are comparable to an autograft while avoiding
the aforementioned disadvantages!'''*. Among the
advantages of using an allograft are a reduction in

acta orthopaedica belgica 701212024 195



J. Gémez-Palomo, I. Rodriguez-Delourme, J. Garcia-Vera, S. Irizar-Jiménez, P. Huertas-Segador, E. Montanez-Heredia

surgical time. Hendawi et al.' noted that use of an
autograft could increase surgical time by 32.7 minutes
compared to reconstruction with an allograft, given
that it entails extraction of the autologous tendon.

The purpose of this study is to evaluate the clinical and
radiological results achieved with MPFL reconstruction
with an allograft from the extensor hallucis longus of
the foot in patients with patellofemoral instability, with
a minimum follow-up time of 24 months.

MATERIALS AND METHODS

All patients provided their consent to participate in this
study. This work has been approved by the local ethics
committee.

This work is a retrospective study that includes 41
patients with patellofemoral instability who under-
went MPFL reconstruction with an allograft of the
extensor hallucis longus (four patients required
bilateral reconstruction and thus there were a total of
45 procedures) in the Virgen de la Victoria University
Hospital in Malaga, Spain, between January 2014
and December 2017. Of the 41 patients included in
the study, three of those who underwent a unilateral
reconstruction did not complete the minimum follow-
up time of 24 months because they moved to another
autonomous community. Therefore, the final analysis
included 38 patients (42 knees).

Eligibility criteria

The inclusion criteria were the following:

— Having presented with at least two episodes of
patellar dislocation.

— Having had a first episode of patellar dislocation
with persistence of instability and a positive appre-
hension test.

The exclusion criteria were the following:

— Not providing consent for participation in the
study.

— Patients with patellar dislocation with traumatic
origin.

— Patients with minor patellar instability — that
is, patients who have not had any episodes of frank
dislocation — who have presented with a sensation of
instability and a positive apprehension test.

— Being younger than 14 years of age, as our hospital
does not treat pediatric patients.

— In order to reduce the heterogeneity of the results,
we excluded patients who, as an additional procedure,
required cartilage treatment motivated by a chondral or
osteochondral lesion or trochleoplasty, due to trochlear
dysplasia was the main factor of instability.
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— Having undergone a previous surgery in the
affected or contralateral knee.

— Patients who present with hypermobility of
congenital origin (Marfan syndrome, Down syndrome,
etc.).

Surgical technique

All procedures were performed by an attending
physician who belongs to our hospital’s knee unit.
Reconstruction was carried out on its own or combined
with a tibial tubercle osteotomy, when necessary.

In all cases, general anesthesia was given, an
ischemia cuff was used, and a prophylactic antibiotic
was administered one hour before beginning surgery,
as per our hospital’s established protocol.

MPFL reconstruction was performed with a fresh-
frozen allograft from the extensor hallucis longus
tendon of the foot that had a minimum length of
21 centimeters. The allograft came from donors in
cardiorespiratory arrest who are less than 55 years old,
without the presence of an active infection, with the
prior consent of the family. At the time of extraction,
which was performed under strict aseptic conditions,
samples were collected for microbiological study
(aerobic and anaerobic bacteria and fungi). The graft
was stored in a freezer at - 80 degrees for a period of
less than 5 years.

Regarding the surgical approach, a 3-cm incision
was made to expose the superior and medial border of
the patella. Then, a 4.5-mm V-shaped double tunnel
was drilled with the vertex in the anterior cortical
bone of the patella. The femoral insertion point of the
MPFL was located through palpation of the described
anatomical reference points (medial epicondyle and
adductor tubercle) with fluoroscopic guidance using
the references proposed by Schéttle et al.'>. A 2-cm
incision was made at this location and then a blind-
ended transosseous tunnel that had a mean diameter of
7 mm, as determined by the thickness of the tendon,
was drilled. The tendon was slid through the double
tunnel in the patella, with the two ends passing between
the synovial and muscular plane, until it reached the
blind-ended tunnel made in the patellar area. In this
location, considered an isometric point, an interference
screw measuring 1 mm thicker than the tunnel made in
the femur was fixed with knee flexion of 60 degrees.
The described surgical technique can be observed in
Figure 1.

In patients with a Caton-Deschamps index greater
than 1.2, an osteotomy was also performed, with a
subsequent reduction in the ATT. Likewise, when a
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Figure 1. — MPFL reconstruction with an extensor hallucis
longus allograft. A) Incision in the superior and medial border
of the patella. B) Drilling of a double tunnel in the patella. C)
Measurement of tendon graft thickness. D) Passage of the tendon
graft through the double tunnel in the patella. E) Sliding of the
tendon graft between the synovial and muscular plane towards the
femoral tunnel. F) Image of the double fascicle after finishing the
reconstruction.

TT-TG distance greater than 20 mm was observed,
medialization was carried out. The ATT osteotomy
was fixed with two 4-mm cortical screws with
interfragmentary compression.

Postoperative rehabilitation

Patients began to walk with crutches and partial
loading from the first day following surgery, with
passive and active mobilization of between 0 and 90
degrees of the knee that was operated on. All patients
performed isometric exercises from the beginning. At
four weeks following surgery, they were allowed to
walk with full loading on the limb that was operated
on, progressively ceasing to use the crutches. Likewise,
from that moment, passive and active mobilization was
performed without restriction of knee flexion.

Clinical evaluation

All patients were evaluated pre- and postoperatively
(24 months) using the patellar apprehension test

(subjective patellar instability)'®, the Kujala scale'’, and
the EQ-5D European quality of life scale's. The surgical
time necessary for isolated MPFL reconstruction was
also recorded, not including the time spent on tibial
tubercle osteotomy in cases where it was necessary.

During the postoperative period, major and minor
complications related to the procedure, recurrence rate,
time to return to sports, and degree of satisfaction with
the procedure were assessed.

Radiographic evaluation

In the pre- and postoperative periods, all patients
had an anteroposterior, lateral, and axial x-ray of
both patellas at 30 degrees of flexion. Likewise,
before the surgery, all patients had a CT scan. All
radiological measurements were carried out by two
expert radiologists with a Picture Archiving and
Communication System (PACS).

Preoperatively, the following radiological variables
were gathered: patellar height (Caton-Deschamps
index)'**, TT-TG distance***! (evaluated via a pre-
operative CT scan), sulcus angle?*, congruence angle
(CA)*?, lateral patellar displacement (LPD)**%,
lateral patellofemoral angle (patellar tilt angle)®*?,
presence of trochlear dysplasia (Dejour classification)®
and patellar shape according to Wiberg classification?.

In the postoperative period, the following variables
were evaluated: patellar height (Caton-Deschamps
index), CA, LPD, and patellar tilt angle.

Statistical analysis

The data collected were entered into an Excel
database and analyzed with Statistical Package
for Social Scientists (SPSS 23.0, IBM) software.
In the descriptive analysis, quantitative variables
are expressed with measures of central tendency
(arithmetic mean, median, and mode) and through
measures of dispersion (range and standard deviation).
Qualitative variables are expressed in percentages. The
data are shown graphically in order to facilitate reading
and interpreting the analyzed variables.

Considering the sample size, the normality of
variables was evaluated using the Shapiro-Wilk
test. A contrast of the hypothesis was carried out for
related samples using the Wilcoxon signed-rank
test for quantitative variables and McNemar’s test
for dichotomous qualitative variables. Furthermore,
Student’s t-test was used for independent samples in
order to conduct an analysis according to subgroups of
the main outcome variable (dependent variable) based
on various normally distributed independent variables.
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RESULTS

MPFL reconstruction with an allograft was performed
in 41 patients (45 knees). Three patients did not
complete the minimum follow-up time, established at
24 months. Therefore, the final analysis included 38
patients (42 knees). The mean follow-up time was 57
(24-72) months. Patients’ demographic characteristics
are shown in Table I.

On the preoperative examination, the patellar
apprehension test was positive in 39 cases (93%)
versus 0 on the postoperative examination (p <.001). In
regard to the Kujala scale, a preoperative value of 49.6
+ 8.6 (30-65) and a postoperative value, at 24 months,
0of 86.6 = 13.7 (55-100) were found: an increase of 36.9
+ 14.7 (10-70). These differences observed between
pre- and postoperative Kujala scale values were
statistically significant (p < 0.001). The increase on the
Kujala scale, considered the main outcome value, was
analyzed according to patient subgroups based on the
variables of age at surgery, sex, BMI, affected side, TT-

Table I. — Demographic data

TG distance, SA, patellar shape, patellar height, patellar
tilt angle and isolated MPFL versus reconstruction with
tibial tubercle osteotomy. No statistically significant
differences were observed for most of the variables (p
> 0.05), except for concurrent procedures. The isolated
MPFL presented an increase on the Kujala scale of
41.9 £+ 13.4, in contrast to the reconstruction with tibial
tubercle osteotomy with an increase of 29.4 +16.6 (p =
0.031) (Table II).

The pre- and postoperative EQ-5D values were
also collected and analyzed (Table III); statistically
significant differences were found (p < 0.001). The
mean time to return to regular sports activity was 5.2 +
4.5 (0-24) months.

The increase in VAS EQ-5D (difference between
postoperative and preoperative VAS EQ-5D) for the
overall sample was 57.2 +/- 20.5. Thus, the increase
in VAS EQ-5D was higher among patients treated
with isolated MPFL versus reconstruction with tibial
tubercle osteotomy (63.1 +/- 15.4 vs. 50.4 +/- 23.9),
however, this difference was not statistically significant

Sex Female 22 (52.4%)
Male 20 (47.6%)
Affected side Left knee 22 (52.4%)
Right knee 20 (47.6%)

Age at surgery

28.7 £9.2 (range 15-44) years

Weight 70.6 £+ 11.6 (range 43-101) kilograms

Height 166.4 + 8.2 (range 157-189) centimeters

Body mass index (BMI) | 26 + 5 (range 17 - 35)

Table II. — Analysis by subgroups of the variable increase on the Kujala scale (comparison of means

using Student’s t-test for independent samples)
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Variables Subgroups Significance
(p value)
Age at surgery <30 years, > 30 years 0.854
Sex Male, female 0.267
BMI <25 kg/m?, > 25 kg/m? 0.586
Affected side Left, Right 0.228
TT-TG distance <20 mm, >20 mm 0.688
SA < 145 degrees, > 145 degrees 0.915
Patellar shape (Wiberg classification) | Type 2 patella, type 3 patella 0.551
Patellar height (Caton-Deschamps) <12,>12 0.850
Patellar tilt angle <4 degrees, > 4 degrees 0.671
Concurrent procedures Isolated MPFL, reconstruction with 0.031
tibial tubercle osteotomy
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Table III. — Pre- and postoperative values on the EQ-5D scale

Preoperative Postoperative
(24 months)
Visual Analog Scale (VAS, | 33.3 + 14.4 (10-60) 88.5 + 9.8 (70-100)
Health status today, 0-100)
No problem | Some problems | No problem Some problems
Mobility 5(11.9%) 37 (88.1%) 42 (100%) 0 (0%)
Personal care 7 (16.7%) 35 (83.3%) 42 (100%) 0 (0%)
Daily activity 1 (2.4%) 41 (97.6%) 38 (90.5%) | 4(9.5%)
Pain/discomfort 3(7.1%) 39 (92.9%) 35 (83.3%) 7 (16.7%)
Anxiety/depression 19 (45.2%) | 23 (54.8%) 41(97.6%) | 1(2.4%)
Table IV. — Concurrent procedures In the preoperative period, a mean TT-TG distance
of 17.6 £ 4.5 (8-31) mm was observed. Fourteen cases
Procedure Frequency | Percent (33.3%) presented with values greater than 20 mm and
Isolated MPFL 21 50% as such, ATT medialization was considered necessary.
MPFL + Tibial tubercle osteotomy , o700 In th.e preoperatlve p.erlod', the degree of trochlear
with only distalization 170 dysplasia (Dejour classification) was recorded along
. . . n i
MPFL + Tibial tubercle osteotomy ) o with Fhe ridge angle, which was 151.5+7.4 (138 .1 68).
with distalization and medialization 3% No signs of trochlear dysplasia were observed in 13

Table V. — Pre- and postoperative values of CA, LPD, and patellar
tilt angle

Preoperative Postoperative
(24 months)
CA 13.6 + 8.8 (-18-43) 3.5+5.9(-18-16)
LPD 5.6 3.7 (0-20) 2.3+2.7(0-16)
Patellar tilt angle | 4.7 +3.8 (-10-15) 10.1 + 2.8 (4-18)

(p = 0.110). Regarding the different dimensions of
the EQ-5D scale, the group treated with an isolated
MPFL showed a higher percentage of patients with no
problems in their activities of daily living (16 [100%]
vs. 10 [71.4%], p = 0.037), however, no statistically
significant differences were found for mobility,
personal care, pain/discomfort and anxiety/depression
(p>0.05).

Preoperatively, a mean patellar height (Caton-
Deschamps index) of 1.22 + 0.18 (0.78-1.5) was
observed. The Caton-Deschamps index was greater
than 1.2 in 21 cases (50%) and therefore a reduction
in ATT was performed. In the postoperative period,
a mean Caton-Deschamps index of 1.01 £ 0.16 (0.7-
1.39) was found. The difference between the pre-
and postoperative patellar height was statistically
significant (p < 0.001).

cases (31%), type A dysplasia was observed in 11 cases
(26.2%), type B dysplasia in 8 cases (19%), type C
dysplasia in 10 cases (23.8%).

The additional procedures described are shown in
Table I'V.

Patella type (Wiberg classification) was also recorded
in the preoperative period. Type 2 patella was observed
in 26 cases (61.9%) and type 3 patellain 16 (38.1%). In
this regard, no differences were observed between the
pre- and postoperative period, given that patellar shape
was not altered during the surgical procedure.

The pre- and postoperative values of CA, LPD, and
patellar tilt angle were measured and are shown in
Table V. Statistically significant differences were found
in all three radiological measurements (p < 0.001).

The mean surgical time for an isolated MPFL
reconstruction, not including the time needed for
addition procedures, was 45 + 7 (35-71) minutes. In
regard to procedure-related complications, 34 cases
(80.1%) did not present with any complications,
six cases (14.3%) had minor complications such as
occasional discomfort in the anterior face of the knee
or keloid scars, and two cases (4.8%) presented with
major complications: a patellar fracture and a tear in
the tendon graft. The tendon graft tear took place at
five months and required another reconstruction due
to recurrence of instability. The patellar fracture was
treated with an open reduction and cerclage wiring
fixation. No cases of infection or joint stiffness were
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observed. Of the 42 cases, 39 (92.9%) reported they
were satisfied with the procedure versus three (7.1%)
who were not.

DISCUSSION

The main finding of our work was the excellent
clinical and radiological outcomes achieved with
MPFL reconstruction with an extensor hallucis longus
allograft. Our results are similar to those described
in the scientific literature on reconstruction with
autografts, but without some of their disadvantages.

Different authors recommend the use of an allograft
is an appropriate alternative for MPFL reconstruction
precisely because it avoids donor site morbidity and
reduces surgical time?’. In this regard, in our study,
the mean surgical time was 45 minutes. Van et al.”®
described the advantages of reconstruction with an
allograft from the Achilles tendon with a bone plug.
Similarly, Marcheggiani et al.* observed optimal
results following reconstruction with a fascia lata
tendon allograft. In our case series, the reconstruction
was performed with fresh-frozen allograft from the
extensor hallucis longus tendon of the foot, which
offers the advantages of an allograft and, in addition,
has a smaller diameter than other types of allografts.
This fact allows smaller diameter tunnels to be made in
the patella, which reduces the risk of fracture.

The use of an allograft has also been linked to certain
disadvantages, such as greater risk of infection or
increased costs. In our study, no cases of infection were
found. In regard to the possible increase in the cost of
the procedure, our hospital belongs to the same public
healthcare network as the tissue bank and thus, use of
an allograft does not entail an additional cost. In our
region, for private centers which request an allograft
from the extensor halluces longus tendon of the foot,
the price has been set by the healthcare authorities
at €486.10°°, however, the price in other regions and
countries may be different. Depending on the costs of
allografts, if we take into consideration the costs arising
from increased surgical time and the possible morbidity
at the donor site, use of an allograft could be more cost-
effective than reconstruction with an autograft.

In accordance with what is described in the literature’,
in our series, statistically significant differences were
noted between the pre- and postoperative Kujala scale
values (p < 0.001), with a mean increase of 36.9 &+ 14.7
(10-70). In this regard, an analysis of the Kujala scale
increase conducted according to patient subgroups
found no statistically significant differences, except
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for the subgroup of patients where a tibial tubercle
osteotomy was performed as an additional procedure,
which presented a smaller increase in the Kujala scale
versus isolated reconstruction.

Bouras et al.'® reported that MPFL reconstruction
can improve quality of life of patients with recurring
patellar displacement and they recommend using
quality of life scales for evaluating postoperative
outcomes. In our work, quality of life was evaluated
before and after surgery by means of the EQ-5D scale.
Statistically significant differences were found on all of
its dimensions (mobility, personal care, daily activities,
pain/discomfort, and anxiety/depression) and on the
visual analog scale (health status today).

Despite the excellent results of MPFL reconstruction,
various authors, such as Biesert et al.®!, affirm that
many patients may not achieve normal function in
the operated knee, a possibility that patients must be
warned of before the procedure. It has been observed
that around 88.5% of patients operated on can do
regular sports activity, but only 69.6% of those reached
their previous level of activity®>. In our series, 92.9%
returned to sports in 5.2 + 4.5 month. The other 7.1%
could not return to sports and thus they reported
dissatisfaction with the procedure.

Graft fixation, especially in the patella, is the subject
of controversy. Various works, such as that by Yoon
et al.¥, report that both anchoring with sutures and
the use of transosseous tunnels in the patella lead to
optimal results*. In this work, patella fixation in all
patients was carried out with a double transosseous
tunnel, 4.5-mm in diameter, as it allows for more
precisely restoring the native MPFL anatomy and has a
complication rate that is lower than is what is described
in a single tunnel reconstruction®. Nevertheless, it is
not free of complications, including patella fractures,
which in some studies occurred in up to 11% of
patients®. In this regard, in our series, only one patella
fracture was recorded (2.4%), which was treated with
cerclage wiring fixation. The use of extensor hallucis
longus allograft, with a lower thickness than other
grafts, allows reducing the diameter of the tunnels in
the patella, which could reduce the incidence of patella
fractures.

Regarding the association between tunnel diameter
and risk of patellar fracture, in the present study it could
not be proved, because in all patients tunnels were made
with the same diameter (4.5 mm). Nevertheless, in the
scientific literature we find authors, such as Deasey
et al.’”, who suggest the use of smaller diameter (3.2-
mm), short, oblique tunnels for patellar fixation could
reduce the risk of fracture, with an incidence of patellar
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fracture similar to suture anchor techniques but at a
lower cost.

In this study, graft fixation was carried out with
60-degree flexion, in line with what is suggested in the
scientific literature®®. Lorbach et al.’? affirm that graft
fixation must be done with 60-degree flexion because
this angle allows for more precisely reproducing
patellofemoral contact with the native knee. Another
aspect analyzed in the literature is graft tension.

In our case, we decided to perform a double fascicle
reconstruction as we considered that it reproduced
the native patella fingerprint with greater precision
than monofascicular reconstruction and offers greater
resistance to having another episode of dislocation®.

The complication rate described in our series is
in line with what has been observed in previous
publications. In the study conducted by Schiphouwer
et al.*!, complications were reported in 39 patients
(20.3%) out of a series of 179 patients (192 knees)
who underwent MPFL reconstruction surgery with
a double patellar tunnel. In 27 cases (14.7%), they
were minor complications versus seven cases (3.6%)
of patellar fracture without a traumatic antecedent,
which was more frequent in males. We also recorded
one case of patella fracture (2.4%), which occurred in a
male patient after a fall on a patella that was probably
weakened by the transosseous tunnel. In regard to the
recurrence rate, the aforementioned authors described
ten cases (5.1%) that presented with another episode
of dislocation with positive apprehension sign versus
one case (2.4%) in our series, already reported in the
results, which was caused by a tendon graft tear.

Among the limitations of our work are its small
sample size, which is justified in our opinion due
to the low prevalence of major patellar instability.
Other limitations are the lack of a comparator group
that could be of interest for comparing results; the
loss of three patients to follow-up; and conducting
additional procedures when necessary, as this hinders
the interpretation of results achieved with an isolated
MPFL reconstruction. A randomized, double-blind
clinical trial that would allow for drawing conclusions
based on higher quality evidence is required.

CONCLUSION

MPFL reconstruction with an extensor hallucis longus
allograft is a suitable alternative in patients with
patellofemoral instability because it provides clinically
and radiologically satisfactory results. The isolated
reconstruction of the LPFM offers superior functional

outcomes than the reconstruction combined with a
tibial tubercle osteotomy.
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