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Morphology of Insertion Sites on Patellar Side of Medial Patellofemoral Ligament

ABSTRACT

Purpose: The purpose of this study was to clarify the insertion sites on the patellar side of the medial

patellofemoral ligament (MPFL).

Methods: A total of 35 non-paired human cadaveric knees were used in this study. After identification of

the MPFL, the insertion sites on the patellar side of the MPFL were marked. Three-dimensional images

were created, and the location and morphology of these insertion sites were analyzed.

Results: The morphology of the insertion sites on the patellar side of the MPFL was consistent.  The

proximal fibers of the MPFL were inserted to the deep fascia of the vastus medialis obliquus (VMO) and

medial margin of the vastus intermedius (V1). The distal fibers of the MPFL were inserted to the medial

margin of the patella directly. The insertion lengths of the VMO, VI, and patella were 26. 7 £5.0, 28.5 +

4.4, and 18.5 + 4.4 mm, respectively. The rate of the vertical distance from the superior pole of the patella

to the superior edge of the MPFL in relation to the total patellar height was 12 + 4.4%. At the distal edge,

the rate was 58 + 9.6%.

Conclusion: The insertion sites on the patellar side of the MPFL were consistent. The MPFL inserted into

the VMO and VI was significantly longer than into the patella. The clinical relevance of this study is to

improve understanding of the anatomy of the insertion sites on the patellar side of the MPFL and the

pathophysiology of patellar dislocation.
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Introduction

The medial patellofemoral ligament (MPFL) isa thin fascial band that is fan-shaped, and has been

considered to be the main medial static stabilizing structure of the patella [2, 6, 8, 9]. Several biomechanical

studies have reported that this ligament contributes to around 50-60% of the medial stabilizing strength of

the patella, and that it is the main medial soft tissue restraint preventing lateral patellar displacement.

Especially, the contribution of the MPFL to resisting patellar displacement is greatest with the knee fully

extended, and it falls rapidly up to 20° flexion [2, 5, 8, 9]. In cases of patellar dislocation causing pain and

functional impairment, there is an associated MPFL tear rate of 95 to 100% [15, 21, 22]. Although there

are various reports about the location of the tear of the MPFL, it has been reported that MPFL tears at or

near its femoral insertion site in many cases [1, 21, 29].

MPFL reconstruction has been used as a widespread technique for the restoration of patellofemoral stability

[23]. Numerous biomechanical studies of MPFL reconstruction have revealed the significance of

reproduction of the native ligament: the key point is its positioning in the femoral insertion that is going to

restore isometry [17, 23]. Therefore, numerous anatomical and biomechanical studies have focused on the

femoral insertion site of the MPFL [14, 17, 19, 25, 26].

It has been reported that double bundle reconstruction of the MPFL, an anatomical concept, with which one

tunnel on the femur and two tunnels on the patella form a fan-like shape, led to satisfactory clinical results

[10, 12, 23, 28]. According to several studies, both femoral and patellar attachments of the MPFL need to
1
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be reconstructed to restore the inherent anatomical and kinetic characteristics of the ligament [2, 23].

However, the insertion sites on the patellar side of the MPFL have remained unclear. It has been reported

that the MPFL is inserted not only to the patella but also to the deep fascia of the vastus medialis obliquus

(VMO) and/ or vastus intermedius (VI) tendon [2, 6, 9, 13, 18, 27]. Nevertheless, double bundle

reconstruction of the MPFL has been performed with only two tunnels to the patella, ignoring soft tissue

attachment.

The aim of this study was to accurately describe anatomical findings of the MPFL, especially regarding the

insertion sites on the patellar side. The hypothesis is that characteristic features of the insertion sites on the

patellar side of the MPFL can be identified, and that they are consistent.

Materials and Methods

Thirty-five non-paired human cadaveric knees (21 males and 14 females), with no severe macroscopic

degenerative or traumatic changes, were used in this study. All cadavers were donated to the Unit of Clinical

Anatomy, Iwate Medical University School of Medicine. The average age at the time of death was 81.8 +

9.9 years (range: 56 to 97 years). All cadavers were fixed in 10% formalin and preserved in 50% alcohol

for 6 months. These cadavers were donated to our institute for education and research purposes, and

informed consent for donation was obtained from each patient and their family prior to death. Preparation

began by removing the skin and soft subcutaneous tissue on the medial side of the knee, and the sartorius,

gracilis, and semitendinous muscles were also removed. After the removal of these tissues, the VMO and
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consecutive medial retinaculum were peeled off, and the femoral insertion site of the MPFL was identified.

The MPFL was released from the articular capsule at the femoral insertion site, in order to isolate the MPFL.

After that, using a lateral parapatellar approach, the patella tendon was cut in order to reflect the patella and

patella tendon medially, then the capsule was removed from the intra-articular side by careful dissection,

and the insertion sites on the patellar side of the MPFL were observed (Fig. 1).

The sites at which the MPFL was firmly inserted into the patella, fascia, and tendon or the termini at which

MPFL fibers can be macroscopically traced were defined as the patellar insertion sites of the MPFL. After

identification of the MPFL, gross observation of the MPFL and other related structures was performed.

All peripheral lines of the insertion sites on the patellar side of the MPFL were marked by soft stainless

wire with a diameter of 0.3 mm using an adhesive.

Three-dimensional measurements and visualization

The knees were scanned using a 16-row multislice computed tomography (CT) scanner (ECLOS, Hitachi

Medial Corporation, Japan). All digital imaging data were loaded in specific software (Mimics version 15.0

and MedCAD module, Materialise N.V., Belgium), and a 3-dimensional (3-D) image of the knee was also

created by combining the data extracted based on the CT values of each tissue using specific software

(ZIOSTATION Version 2. 5. 1. 2, Ziosoft Corporation, Japan).

The accurate length and rate of each insertion site on the patellar side of the MPFL on 3-D images were



calculated using specific software. The accuracy of length measurement was less than 0.1 mm. When

comparing the accuracy of 3D models generated from CT with the optical scan, the average error was 0.2

+ 0.31 mm or around one third of the pixel size [11].

In order to directly investigate the range of the insertion site of the patella, the rates of the vertical distance

from the superior pole of the patella to superior and distal edge of the MPFL in relation to the total patellar

height were calculated (Fig. 2).

The distribution of each variable was checked for normality using the Kolmogorov-Smirnov test. One-way

analysis of variance followed by Tukey’s multiple comparison test was performed to evaluate the insertion

length of the MPFL. It was assumed that there was a significant difference when p < 0.05. All statistical

data were calculated with the SPSS statistical software package (SPSS Version 20.0, IBM, USA).

Results

Macroscopic findings

The insertion sites on the patellar side of the MPFL from the intra-articular side could be observed, due to

loose attachment between the articular capsule and MPFL. The proximal side of the MPFL was firmly

inserted into the inferior margin of the deep fascia of the VMO, and the inserted medial margin of the VI

tendon vertically crossed the longitudinal fibers of the tendon. On the distal side, the MPFL adhered to the

deep layer of the medial retinaculum, and directly inserted into the medial margin of the patella (Fig. 3).



3-D analysis of the insertion sites on the patellar side of the MPFL

A 3-D image of the insertion sites on the patellar side of the MPFL was observed. The MPFL was inserted

into the VMO, VI, and patella (Fig.4). The length of the insertion site of the VMO was 26.7 + 5.0 mm

(range: 18.6 - 37.5 mm), that of the VI was 28.5 + 4.4 mm (range: 11.0 - 33.4 mm), and that of the patella

was 18.5 = 4.4 mm (range: 9.0 - 25.4 mm). Both the VMO and VI insertions were significantly longer than

the patellar insertion (p < 0.05). Also, the VI insertion was significantly longer than the VMO insertion (p

< 0.05).

The rate of the vertical distance from the superior pole of the patella to superior edge of the MPFL in

relation to the total patellar height was 12 + 4.4% (range: 5 - 19%). At the distal edge, the rate was 58 +

9.6% (range: 27 - 74%) (Fig. 2). These data are summarized in Tables 1 and 2.

Discussion

The most important findings of this study were the clarifications of the insertion sites on the patellar side

of the MPFL based on both macroscopic findings and 3-D images. The MPFL firmly inserted into the VMO,

VI, and patella, and both VMO and VI insertions were significantly longer than the patellar insertion. The

MPFL inserted to the proximal approximately 60% of the patella based on 3-D images.

In our results, the rate of the vertical distance from the superior pole of the patella to distal edge of the



MPFL in relation to the total patellar height was approximately 60%. This anatomic finding is generally in

agreement with those of previous anatomical studies [2, 4, 8, 14, 25, 27]. However, various attachments on

the patellar side of double bundle reconstruction of the MPFL have been reported [12, 17, 28]. Steensen et

al. described the portion of the MPFL extending from the inferior aspect of its patellar attachment to the

superior aspect of its femoral attachment as the most isometric, and recommended focusing on the inferior

aspect of its patellar insertion [26]. Our findings may be useful for the positioning of the graft during double

bundle reconstruction of the MPFL.

This study revealed that the MPFL firmly inserted into the inferior margin of the deep fascia of the VMO,

and inserted into the medial margin of the VI tendon, and medial margin of the patella directly. According

to previous anatomical studies, the MPFL was widely distributed to the proximal two-thirds of the patella

and to the undersurface of the VMO [2, 4, 8, 14, 25, 27]. However, Mochizuki et al. reported that the MPFL

was mainly attached to the medial margin of the VI tendon, and loosely attached to the distomedial area of

the VMO [13]. They also stated that these differences might be caused by different dissection methods. In

their method, the MPFL was observed from the intra-articular side; therefore, they could define the insertion

site of the VI tendon [13]. In our results, the proximal side of the MPFL was firmly inserted into the inferior

margin of the deep fascia of the VMO. The reason for this difference may be the definition of the insertion

site.

This study also revealed the accurate length of the insertion sites on the patellar side on 3-D images. Our



findings regarding the insertion length of the VMO are similar to the observations by Philippot et al., who

reported the length of the VMO as 25.7 = 6.0 mm using a millimetric compass [17]. Nomura et al. reported

an average of 20.3 + 6.1 mm [14]. However, they measured the linear distance on the center line of the

MPFL. Few studies have mentioned the insertion length of the VVI. Mochizuki et al., using a caliper, reported

that the linear distance of the VI averaged 24.3 = 2.1 mm [13]. Regarding the insertion lengths of the VMO

and VI, these results were shorter than our findings. These differences between the sizes that we recorded

and those reported in the literature might be due to the method of measurement. Regarding the insertion

length of the patella, Philippot et al. [17] and Viste et al. [3], using a scale ruler, reported an average of 24.4

+4.8and 27.0 £ 5.9 mm, respectively. These differences whereby their results were longer than our findings,

may be due to ethnicity, including the size of the patella. Our results indicate that the total average length

of the insertion sites on the patellar side of the MPFL was 73.7 mm. The femoral insertion site of the MPFL

has been reported to typically be 10 - 15 mm wide from proximal to distal [2]. Regarding the

pathophysiology of MPFL tear, it has been reported that 90 to 100% of MPFL tears occurred on the femoral

insertion side of the MPFL [1, 21]. From our results, the MPFL inserted at the patellar insertion much wider

than at the femoral insertion, and the characteristic features suggest that MPFL tears are rare on the patellar

insertion side because of dispersal of the tension force.

The insertion lengths of both the VMO and VI were identified as being significantly longer than that of the

patella. With regard to patellar stability, the quadriceps have been reported to provide a strong posterior



force vector during knee flexion, contributing to increased patellar stability with knee flexion as a dynamic

stabilizer [7]. Fibers of the MPFL that connect the femoral medial epicondyle to the medial edge of the

patella directly have been reported to be the most important static medial patellar stabilizer [2, 8, 9, 16].

Several studies have described an association between the MPFL and quadriceps. Amis et al. reported that

both the MPFL and VMO are often damaged together; therefore, repair should also include reattachment

of the VMO for patellar stability [2]. Philippot et al. described the VMO as providing marked medial

stabilization to the patella [17]. Mochizuki et al. described the VI as playing the main role in tensioning the

MPFL and stabilizing the patella during knee extension [13]. Therefore, it is suggested that the VMO and

VI are significant for patellar stability as dynamic stabilizers, and our results suggest that the MPFL controls

the direction of the patellar traction force and contributes to its stability, in coordination with the VMO and

VI. It has been reported that double bundle reconstruction of the MPFL, with one tunnel on the femur and

two tunnels on the patella, led to satisfactory clinical results [10, 12, 23, 28]. However, Shah et al. reported

a complication rate of 26.1% associated with reconstruction of the MPFL [24]. Rood et al. reported that

reconstruction of the MPFL with a graft fixed to the bone resulted in a 3 to 5 times higher patellofemoral

pressure than the native situation in the patellofemoral joint, which may cause patellofemoral osteoarthritis

[20]. Based on our findings, the reconstruction of the MPFL that connects bone to bone and  soft tissues,

has the possibility of facilitating more normal kinematics of the patellofemoral joint and more ideal MPFL

functioning.



This study had several limitations. Firstly, the cadavers that we dissected were mostly elderly. Consequently,

there is a possibility that degenerative change influenced our results. Secondly, although accurate 3-D

measurement was performed, the method depended on human dissection and decisions, which  might

introduce a bias. Thirdly, a comparatively small number of cadavers were investigated, and normal

anatomical variation cannot be ruled out.

The clinical relevance of this study is that our findings may improve understanding of the anatomy of the

patellar side of the MPFL and the pathophysiology of patellar dislocation.

Conclusion

The insertion sites on the patellar side of the MPFL were consistent, and the MPFL was firmly inserted into

the VMO, VI, and patella. Furthermore, MPFL insertions into both the VMO and VI were significantly

longer than into the patella, and inserted to the proximal approximately 60% of the patella.
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Figure

Fig. 1 The insertion sites on the patellar side of the MPFL were observed from the intra-articular side. Using

a lateral parapatellar approach, the patella tendon was cut in order to reflect the patella and patella tendon,

and then the capsule was removed
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Fig. 2 This figure shows the patella, observing from the intra-articular side. The rate of the vertical distance

from the superior pole of the patella to the superior and distal edge of the MPFL in relation to the total

patellar height was calculated, in order to investigate the range of the direct insertion of the patella. The

total patellar height was defined as the line drawn on the central ridge of the patella on a 3-D image. The

rate of the vertical distance from the superior pole of the patella to the superior edge of the MPFL in relation

to the total patellar height is b/ a, and that of the distal edge is ¢/ a.



Fig. 3 The MPFL firmly inserted into the deep fascia of the VMO (white arrow), directly inserted into the

medial margin of the VI on the proximal side (white triangle), and inserted into the medial margin of the

patella both firmly and directly on the distal side (black triangle).



Fig. 4 A 3-D image of the knee was created using specific software (ZIOSTATION Version 2. 5. 1. 2,

Ziosoft Corporation, Japan). All of the periphery of the insertion sites on the patellar side of the MPFL was

marked by soft stainless wire with a diameter of 0.3 mm using an adhesive (gray line). The MPFL was



inserted into the VMO, VI on the proximal side, and patella on the distal side. The length of the insertion

site of the VMO is a, that of the VI is b, and that of the patella is c. The accurate length of each insertion

site on the patellar side of the MPFL on 3-D images was calculated using specific software.



Table

Table 1 The insertion length on the patellar side of the MPFL on three-dimensional images

VMO VI Patella

Insertion length (mm) 26.7+5.0* (18.6-37.5) 28.5+4.4% ** (11.0-33.4)  18.5+4.4 (9.0-25.4)

Data are presented as the mean + SD, range.

*Significant difference compared with the length of the insertion site of the patella. **Significant difference

compared with the length of the insertion site of the VMO. (p < 0.05, Tukey’s multiple comparison test)



Table 2 The rate of the vertical distance from the superior pole of the patella to the superior and distal edge

of the MPFL in relation to the total patellar height

Superior edge (b/a) Distal edge (c/a)

The rate of the vertical distance (%) 12 £ 4.4 (5-19) 58 + 9.6 (27-74)

Data are presented as the mean + SD, range.
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