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Abstract
Purpose

To describe the anatomy of the medial patellofemoral ligament (MPFL) and its
relationship to the Adductor Magnus (AM) tendon as well as the behaviour
exhibited in length changes during knee flexion.
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Methods

Ten cadaveric knees were dissected. The length from the superior and inferior
patellar origin of the MPFL to its femoral insertion was measured at different
degrees of knee flexion (0°, 30°, 60°, 90° and 120°). The same measures were made
from both patellar origins of the MPFL up to the femoral insertion of the AM. The
distance between the insertion of the AM and the Hunter canal was also measured.
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Results

In general, isometry up to 90° was seen in all measures of the MPFL and those of
the AM. The most isometric behaviour was seen in 2 measures: the length of the
AM femoral insertion up to the inferior origin of the MPFL on the patella and the
length of the femoral insertion of the MPFL up to the inferior origin of the MPFL
on the patella. Similar behaviour was seen regardless of the anatomical or quasi-
anatomical femoral point of attachment (n.s.). The distance from the AM tendon to
the Hunter canal had a mean value of 78.6 mm (SD 9.4 mm).
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Conclusion

The behaviour exhibited during the changes in the length of the anatomical femoral
footprint of the MPFL and the AM is similar. Neurovascular structures were not
seen at risk. This is relevant in the daily clinical practice since the AM tendon
might be a suitable point of insertion for MPFL reconstruction.
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Introduction

The medial patellofemoral ligament (MPFL) is the main restrictor of lateral
dislocation of the patellofemoral joint [7, 14, 19, 22]. It is usually torn in cases of
objective patellofemoral instability, and therefore its reconstruction is crucial to the
treatment of the aforementioned pathology [4, 17].

Knowing the biomechanical performance of the MPFL is essential to carrying out a
correct surgical technique [1, 2, 5]. Several researchers have studied the anatomy of
the MPFL and its behaviour at different degrees of knee flexion [6, 18, 21].
Recently, a new non-anatomical technique in which the Adductor Magnus (AM)
tendon was used as a pulley instead of the classical femoral attachment for MPFL
reconstruction has been reported [9]. Although the authors reported excellent
outcomes in patients treated with that procedure, the anatomical relationships of
this type of MPFL reconstruction as well as its behaviour during knee motion have
not been thoroughly analysed.

The purpose of this study was to describe the anatomy of the MPFL and AM. First,
the functional length of the MPFL during knee flexion in cadaveric knees was
measured. Then, the functional distance between the AM femoral insertion and the
patellar insertion of the MPFL (as it is described in the aforementioned non-
anatomical reconstruction technique [9]) was also calculated. The behaviour of both
measures during flexion was then compared. The hypothesis was that the non-
anatomical AM attachment behaves, biomechanically speaking, similarly to the
anatomical femoral insertion of the MPFL. This might be of clinical interest to use
the AM tendon as a pulley in the reconstruction of the MPFL.

Materials and methods

Ten fresh-frozen cadaveric knees (whole leg specimen) from 7 cadavers were
dissected. Seven knees were from male cadavers and 3 were from female cadavers,
all of which corresponded to elderly people and the ages ranged from 59 to 74 years
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old. None of them had reported any history of rheumatic disease. Neither had the
included knees undergone any previous surgery.

The first part of this study consisted in defining the anatomy of the AM and the
MPFL. After the dissection and removal of the broad skin and soft tissue window of
the anteromedial aspect of the joint, a blunt dissection was made to identify the
triangular/trapezoidal shape of the MPFL. The AM was also dissected from its
attachment up to the Hunter canal. Three points were identified. They were the
MPFL femoral attachment (MPFL-F), its superior origin on the patella (MPFL-SP)
and its inferior origin on the patella (MPFL-IP). Subsequently, the femoral insertion
of the AM (AM-F) was also identified. All points were identified following the
LaPrade anatomical studies [7].

During the second part of the study, isometry was evaluated at 5 fixed angles of
knee flexion (0°, 30°, 60°, 90° and 120°). Four measures were taken at each degree
of motion (Fig. 1): the distance between MPFL-F and MPFL-SP, the distance
between MPFL-F and MPFL-IP, the distance between the AM-F and MPFL-SP and
the distance between AM-F and MPFL-IP. Some other measures such as the
distance between the insertion of the AM and the Hunter canal were included.

Fig. 1

Detail of one specimen that shows the anatomical landmarks. Arrow femoral insertion
of the medial patellofemoral ligament. Head arrow femoral insertion of the adductor
magnus. Solid ring superior patellar origin of the patellofemoral ligament. Outlined
ring inferior patellar origin of the patellofemoral ligament

Measures were made using a digital calliper (Digimatic Caliper, Mitutoyo, Japan;
0.01 accuracy) and a digital goniometer (Absolute Goniometer; Fabrication

Enterprises Inc., White Plains, NY, USA; 0.5° accuracy). All measurements were
obtained by the same individual so as to avoid interobserver error. The distances



between all the points were measured at least twice so as to minimize intraobserver
error and were then rounded to the nearest decimal of millimetre.
IRB approval

The study was approved by the local Ethics Committee (ICATME—Institut
Universitari Dexeus, 3/2014).
Statistical analysis

Continuous variables are expressed as mean and standard deviations (SD). When 2
related items of data were analysed, the Student’s t test was used. In all cases,

a p value of <0.05 was considered statistically significant. The statistical analysis
was done using the SPSS 18.0 (SPSS Inc., Chicago, IL, USA) statistical package.
No sample size analysis was made because of the descriptive aim of this study and
also because the specimens were limited in number.

Results

The distance from the AM tendon attachment to the Hunter canal had a mean value
of 78.6 mm (SD 9.4 mm).

The mean distance from the femoral attachment of the MPFL up to its superior
patellar origin was 57.8 mm (SD 6.4 mm), while the mean distance up to its inferior
patellar origin was 55.7 mm (SD 6.6 mm). The distances from the quasi-anatomical
attachment, which were described by Monllau et al. [9], up to the anatomical origin
of the MPFL were also measured. In that sense, the mean distance from the femoral
insertion of the AM up to the superior patellar origin of the MPFL was 60.7 mm
(SD 5.7 mm), while the mean distance up to the inferior patellar origin of the MPFL
was 59.5 mm (SD 6.1 mm).

According to Smirk and Morris [18], all MPFL measures and those from the AM
showed isometry up to 90°. The most isometric behaviour was seen in the measure
between the AM femoral insertion and femoral insertion of the MPFL up to the
inferior origin of the MPFL on the patella. Therefore, similar performance (n.s.)
might be expected of those two bundles, as can be seen in Fig. 2. The measures
from the superior origin of the MPFL showed a small decrease from 0° to 30° and a
bigger drop from 90° to 120°. However, similar behaviour (n.s.) was seen
regardless of the anatomical or quasi-anatomical femoral point, as can be seen in
Fig. 3.

Fig. 2

Length changes of superior bundles. Results are expressed as mean and standard
deviation (in parentheses)
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Fig. 3
Length changes of inferior bundles. Results are expressed as mean and standard

deviation (in parentheses)
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Discussion

The most important finding of the present study was that the non-anatomical AM
attachment has biomechanical behaviour similar to the anatomical femoral insertion
of the MPFL. In that sense, the hypothesis was confirmed. As secondary findings,
the isometry of the MPFL has been demonstrated to range from 0° to 90°, most
importantly in the fibres that originate in the inferior part of the patella.

There is substantive controversy with respect to the anatomy of the MPFL [25].
There are authors who have described it as a continuation of the vastus medialis
obliquus, while others see it as an independent structure [1, 2, 11, 14, 18, 21]. It has
also been described as both a single bundle ligament and as a complex ligament
with different attachments at the patella and femur [8, 15]. In terms of isometry,
there is also significant debate [3, 10, 12, 23]. Nonetheless, taking a difference of



less than 5 mm as an isometric ligament (as proposed by Smirk [18]), the present
results showed isometry between 0° and 90°. However, the superior fibres of the
ligament may exhibit biphasic behaviour from 0° to 30° and then from 30° to 90°.
The aforementioned anatomical studies have been used to suggest different surgical
techniques to treat MPFL tears. There are several authors who propose an
anatomical reconstruction of the MPFL [17, 20], even using minimally invasive
techniques [26]. They state that finding the femoral insertion of the MPFL is crucial
to achieving good outcomes. Although they report positive results using anatomical
techniques, there is no prospective randomized study that compares anatomical and
non-anatomical surgical techniques for MPFL reconstruction. However, there are in
vivo anatomical studies that report on the superior behaviour of a non-anatomical
reconstruction of the MPFL [13, 25]. Similarly, good results have been described
with non-anatomical (or quasi-anatomical) techniques [9, 16]. Monllau et al. [9]
recently reported an improvement in functional scores using their technique, with
no recurrence at a minimum 27 month follow-up. In that study, a quasi-anatomical
reconstruction of the MPFL was performed with the AM tendon as a pulley.
Although the anatomy of the AM insertion into the distal femur and its relationship
with the MPFL femoral insertion have been defined by LaPrade et al. [7, 24], their
biomechanics and the functional length during flexion haven not been well defined.
The results found in the present study show similar behaviour in the distances
between the patellar insertion of the MPFL and both its insertion in the femur and
the AM femoral insertion. Moreover, a mean distance from the AM insertion up to
the Hunter canal was found to be some 78 mm, enough to avoid damage to the
neurovascular structures.

Several limitations can be attributed to the present study. First, and most important,
the cadavers used were all elderly. Neither an arthrotomy nor radiographs were
performed to assess the presence of patellofemoral arthrosis. Additionally, there
was a lack of information about any previous patellofemoral instability. Second,
soft tissues of the cadavers can be damaged, but not those in young in vivo patients.
An additional limitation is the fact that linear measures were taken in the cadavers,
whereas the in vivo MPFL has a somewhat curved shape. The last limitation is the
small number of specimens used in the present study.

Conclusion

In conclusion, similar biomechanical behaviour has been found in the anatomy of
the MPFL and the quasi-anatomical reconstruction of the MPFL using the AM
femoral insertion. Both of them showed isometry from 0° to 90°, most importantly
the fibres that originate in the inferior part of the patella.
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