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Abstract

Purpose: The purpose of this study is to search for the biomechanical behavior of the Medial Patellofemoral Ligament (MPFL)
after the patellar and femoral insertions were artificially equalized to the same width.

Methods: Thirty-eight knees were obtained from 19 male cadavers. After careful dissection of the MPFL, the medial third of
the patella was sawn off longitudinally, as well as the ligament’s femoral insertion, creating a bone—ligament—bone unit. Then, a
transverse cut was made in the patellar ligament insertion until its patellar width matched that of the femoral insertion. This cut
was made proximal in the right knee and distal in the left. Each unit was then submitted to a traction test using the same protocol
and method.

Results: Prior to the test, the ligament was measured, and three zones were established: proximal, from the patellar insertion up to
33% of the total length; medial, 37-66%; and distal, 67-100%. Of the 38 ligaments submitted to the traction test, five ruptured in
the proximal segment (13.1%), eight (21%) ruptured in the distal segment, and 25 (65%) ruptured in the medial portion, with the
proximal transverse cut having no statistical influence on the ligament rupture pattern.

Conclusion: The wider patellar than femoral insertion of the MPFL has little to do with its strength and probably much more to
do with the vastus medialis expansion.
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Introduction

Over a thousand papers related to the Medial Patellofemoral
Ligament (MPFL) have been written since the first report
proposing MPFL reconstruction for patellar instability [1].
This ligament is now well known as an important ligament for
stabilising the patella in the femoral groove [2-5]. It is described
as a flat triangular shaped structure with a large insertion on the
medial patellar facet and a smaller insertion on the medial femoral
epicondyle, forming an inverted triangular structure. In spite of
this well-known configuration, there are no papers in the medical
literature that have tried to correlate this shape to the strength
of the ligament, even though some authors explain this shape
as an expansion of the vastus medialis and vastus intermedius
muscles that extend its patellar medial insertion up to the medial
patellofemoral ligament [6-11]. Since all biomechanics studies
about the MPFL were done respecting the triangular shape of this
ligament, it should be no surprise that the ruptures usually occur
in its thinner segment below its midsection from the upper patellar
and the lower femoral insertion. Based on what has been reported
in the existing literature, the purpose of this paper was to search
for the MPFL biomechanical behavior under traction tests after the
femoral and patellar insertions were artificially equalized to the
same width.

Material and Methods

Between April 2016 and July 2017, a consecutive series of 19
specimens of fresh whole human cadavers were selected, making
up a total of 38 knee samples, number calculated by the statistic
to support results with evidence. The corpses were obtained from
the legal medical department, following the approval protocol of
the ethics committee. The inclusion criteria were healthy uninjured
joint structures with no degenerative changes, no prior surgery, no
evidence of ligament, chondral or meniscal lesions and a minimum
range of motion of 0°130°. In each knee, a longitudinal anterior
approach was performed and the MPFL was dissected and left
fixed in its original insertion site so that it was the only soft-tissue
structure capable of preventing lateral dislocation of the patella
(Figures 1 and 2). Every MPFL presented a triangular shape at
its patella insertion and a tape-like shape at the femoral insertion.
With the aid of an oscillating saw we cut the medial patellar facet
longitudinally, preserving the MPFL insertion, and also cut a bone
block from its femoral insertion (2 ~ 2 ¢cm? area, 1 cm thick). In
every knee we measured the size of the patella MPFL insertion.
Since there were no data to be use as a guide, it was decided that
on the right knees a transversal cut was made on, the distal part
of this insertion, meanwhile on the left knees the cut was made
on the proximal part until the patellar insertion attained the same

width as the femoral insertion, turning the MPFL into a rectangular
structure (Figure 3).

Figure 1: The vastus medialis separated from its insertion on the
patella

Figure 2: Pulling of the vastus medialis exposes the vastus
intermedius expansion to the MPFL.

Figure 3: Right and left MPFL with proximal and distal transverse
patellar insertion cut to equalise the ligament width in both femoral
and patellar insertions.
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Following this, we selected two samples from each cadaver
consisting of bone-ligament-bone, one corresponding to the
right knee and another corresponding to the left knee. In the
samples from the right knees, a suture was inserted at the patellar
periosteum in order to identify the side being analyzed during the
laboratory experimentation. The two samples were placed inside a
plastic bag marked with the number of the corresponding cadaver.
These were wrapped with surgical gauze soaked in physiological
solution (isotonic solution of sodium chloride and distilled water)
and then placed in a thermal box with ice. Finally, the samples were
transported to the Applied Mechanical Engineering Department of
our institution, where the laboratory experimentation took place.
Uniaxial traction tests were performed on samples of the MPFL.
Sampling was performed in an attempt to reproduce the natural
ligament condition, as suggested by various authors [12]. For this
purpose, the samples were extracted with cuts of the bone part
lying flat in order to maintain alignment. However, it should be
noted that this alignment may have changed during testing of
some samples due to possible slippage. The test procedures were
performed according to the literature and equipment availability.
Samples of the MPFL were received on different days, therefore
the samples were frozen and stored in a freezer.

Preparation for the Test

The experimentation was performed on each sample
individually. The samples were placed on EMIC testing equipment
(Instron Brasil Equipamentos Cientificos Ltda, Sdo José¢ dos
Pinhais, PR, Brazil) and fixed with a pair of compression clamps.
The load cell used was 10 kgf and the traction force was applied
until the ligament was completely torn. A preload of 2 N was
applied for 5 min, according to the literature [12]. After preloading,
seven cycles of preconditioning were performed, varying from 0
mm to 2 mm at a speed of 10 mm/min. After this preconditioning
and before the final loading, measurement of the minimum width
of each specimen was performed. Finally, the sample was loaded
until breaking, at a speed of 10 mm/min.

Statistical Analysis

Quantitative variables were expressed as mean (standard
deviation) and minimum and maximum values. Categorical
variables were expressed as absolute and relative frequencies. An
adjusted chi-square test was used to compare the rupture sites. Data
were analyzed in SPSS, version 21.0, and the level of significance
was set at 5% (P<0.05).

Results

The mean age of the donors was 28.42 years (range: 18-47)
and all were males. The specimens were fresh (within 18 hours
of death) and none had been previously frozen. The MPFL was
identified in all individuals. From the 38 ligaments submitted to
the traction test, five presented a proximal rupture (13.1%), eight

(21%) ruptured in the distal segment and 25 (65%) ruptured in the
medial portion. The comparative analysis showed that the proximal
transverse cut had no statistical influence on the ligament rupture
pattern (P<0.001). The average traction force applied until tearing
of the MPFL was 188.88 N, with a standard deviation of 48.82
N. Patellar MPFL insertions were an average of 21.68 mm and
femoral insertions were 9.8 mm on average. The average length of
the MPFL was 60.8 mm.

Discussion

When this study began, it was expected that after the
proximal patellar insertion of the MPFL was cut to ensure that both
patellar and femoral insertions achieved the same width, turning
the MPFL into a functional rectangular rather than triangular
structure, a random pattern of ruptures would be obtained when
the bone-ligament—bone unit was submitted to the traction test.
the cut was made on the proximal part until the patellar insertion
attained the same width as the femoral insertion, turning the MPFL
into a rectangular structure However, this was not the case. There
was a general pattern of ruptures in the midpoint of the ligament,
in spite of the proximal cuts performed in the patellar ligament
insertion. These probably occur because even being reduced to
the same width of the femoral insertion, the patellar insertion was
still more thick then the lower two-thirds of the ligament. These
results show that the larger insertion of the MPFL, which would
be responsible for its triangular shape, was not in fact the ligament
alone but the result of mixed fibres of the vastus medialis and
vastus intermedium tendons. These findings corroborate previous
reports that the vastus medialis extends its patellar insertion up
to the MPFL, becoming a mixed-fibre structure at this point.
Developed to be an intermediate alternative [1] between the less
effective lateral releases alone and the effective but also aggressive
proximal or distal realignment, the MPFL reconstruction became
such a widespread procedure to deal with patella instability that
problems started to occur [3,13,14].

These failures may be due to over-recommendation of
a procedure unable alone to overcome a variety of causes and
severities of patellofemoral instability, but also can be the result
of an underestimation of the importance of the medial capsular
and muscular interaction. Our findings suggest us that either a
double-bundle [14,15] or a single-bundle reconstruction can better
reproduce the anatomy if somehow connected with the vastus
medialis muscle fibres, as was proposed by some authors [6-
11]. Since the normal MPFL is not a real isometric structure, the
muscle insertion to the ligament probably acts as reins whenever
the muscle contracts by pulling and tensioning the ligament. In
doing so, it turns the ligament into a more functionally effective
structure. Our findings are not intended as a new technique but
rather as an attempt to better understand the way the MPFL
interacts with the surrounding structures. The concept of MPFL
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reconstruction has nothing to do with the type of graft chosen by
surgeons, this being merely a matter of personal preference and
skill [16-20]. However, even a strong graft would benefit from a
muscular connection because the normal undisrupted MPFL is not
a very strong ligament alone and the idea that bigger is always
better is not supported by nature. To accomplish an interaction
between the reconstructed MPFL and the muscular distal portion
of the vastus medialis, a wider dissection would not be necessary,
and it can remain a minimally invasive procedure (Figures 4,5).

Figure 4: Single-bundle reconstruction of the MPFL.

Figure 5: The vastus medialis being attached to the reconstructed
MPFL.

Conclusion

This is certainly not a definitive study on the MPFL, and we
have no intention of proceeding as such, but it became clear to us
that the MPFL’s close connection with the vastus medialis should

be considered in order to further improve the results of an already
well-accepted procedure by reproducing an anatomic interaction
that have been undervalued up today in spite of the alert of some
papers.
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