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ABSTRACT
Objective: Acute patellar luxation is a complex disease that mainly affects young patients. Its physio-

pathology is little known and the understanding of it and its therapeutic conduct are controversial. The 
medial patellofemoral ligament (MPFL) is the main static stabilizer for preventing lateral displacement 
of the patella. In order to assess the stability of the patellofemoral joint, the authors radiographically 
assessed the presence, or absence of lateral displacement and inclination of the patella before and after 
the MPFL section in the knees of cadavers. Methods: Thirty knees of cadavers were radiographed on 
the axial incidence of the patella by means of the technique described by Merchant before and after 
MPFL section. The Merchant congruence angle and Laurin lateral patellofemoral angle were measured. 
Results: The medial patellofemoral ligament presented mean length of 4.8cm, and width of 1.6 cm. In 
six anatomical pieces there was no change in the Laurin lateral patellofemoral angle (20%), in three 
anatomical pieces the change was one degree (10%), in 20 (67%) two degrees and in one anatomical 
piece it was four degrees (3%). Changes occurred between zero and two degrees in 97% of the knees 
of cadavers. In six anatomical pieces there was no change in the Merchant congruence angle (17%); in 
six anatomical pieces the change was one degree (20%), in 17 (57%) two degrees, in one anatomical 
piece it was three degrees (3%) and in one it was six degrees (3%). These changes occurred between 
zero and two degrees in 93% of the knees of cadavers. Conclusion: Analysis of the results obtained in 
this study allowed us to conclude that the medial patellofemoral ligament is important in the lateral 
inclination and displacement of the patella with knee flexed at 45º.

Keywords: medial patellofemoral ligament, radiography, displacement, study in cadaver, patella.

LOCOMOTOR APPARATUS IN 
EXERCISE AND SPORTS 

Original article

INTRODUCTION 
The study of the disorders between the patella and femur is 

of great relevance not only for their high prevalence but also for 
the expressive number of cases of difficult solution, especially in 
athletes, this context becomes more complex(1,2)

The current literature has emphasized the importance of the in-
jury of the medial patellofemoral ligament (MPFL) in acute patellar 
luxation, since it is the main static stabilizer of the medial side of the 
patella and is the first structure injured in this condition(1-2,3,4) (figure 1).

Many authors use different imaging methods to refer to the 
MFPL injury as an essential factor in the patellar instability after an 
acute patellar luxation episode(5-7). 

In order to contribute to the study of the patellofemoral joint, 
the authors radiographically assess through the Merchant incidence 
the presence or absence of lateral dislocation and inclination of the 
patella, before and after MPFL section in knees of cadavers. Thus, 
it is tried to verify the importance of this structure in the patellar 
positioning in relation to the femoral trochlea.

METHOD
This study, number 042/03, was approved by the Ethics and 

Research Committee of the Santa Casa Congregation of São Paulo 
and is in accordance with the criteria established by this institution. 

30 fresh, adult, male knees of cadavers came from the Vital 
Health Record Service of the Capital of the University of São Paulo 

(SVO) are used in this study. The time between the cadaver arrival 
and the research performance ranged from one to three days with 
mean of 1.5 days, mean age was of 50 years and three months, 
ranging from 27 to 74 years. 

Inclusion criteria in this investigation are: anatomical piece with 
no macroscopic signs of decomposition, absence of previous surgi-
cal approaches, absence of degeneration signs of the patellofemoral 
joint or knee deformities.

Exclusion criteria in this investigation are: accidental injury of 
MPFL during dissection, injury of the extensor apparatus during 
manipulation, cadaveric stiffness, even after manipulation, which 
makes free patellar excursion impossible. 

Once selected, the knees of the cadavers are manipulated with 
the aim to decrease cadaveric stiffness, providing free patellar ex-
cursion. Subsequently, radiograph of the patellar axial incidence 
for each studied knee is performed, before and after MPFL section, 
through the technique described by Merchant, which consists in 
promoting knee flexion at 45º, with the X-ray beams placed on the 
cranial to caudal position, at 30º angle with the horizontal, with the 
chassis being below the knee. A portable 50KV single-phase X-ray 
equipment brand name G.E.with 24 x 30cm film was used. 

MPFL approach 

After initial radiography, a small way of longitudinal access is 
performed between the patellar medial border and the adductor 
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Measurement of the Merchant and Laurin angles

Subsequently, the radiographs were submitted to measurement of 
the Merchant congruence angle, before and after the ligament section, 
to determine the patellar dislocation and the Laurin lateral patellofe-
moral angle degrees in order to verify occasional patellar inclination.

STATISTICAL ANALYSIS
Previous descriptive statistics was performed and after its analy-

sis the Wilcoxon test was used to compare the alteration before and 
after the MPFL section. 

Significance level adopted was of 5%. The rounding was of two 
decimal digits. The significant values had an asterisk (*) added to 
facilitate their identification.

RESULTS
The medial patellofemoral ligament, located on the second me-

dial layer of the knee, was identified in all anatomical pieces and 
presented mean of 4.8cm of length and 1.6cm of width. 

The values obtained for the Laurin lateral patellofemoral and 
Merchant congruence angles, previous and after MPFL section are 
found in table 1.

The variation of these angles, termed “alteration”, was calculated 
and significant differences for these values were identified (table 2). 
Their maximum and minimum values are also found in table 2.

Tables 3 and 4 present the knee distribution by degree of alte-
ration in the Laurin lateral patellofemoral angle as well as by degree 
of alteration of the patellar lateral dislocation (Merchant congruence 
angle), after MPFL section, respectively, and through its frequency, 
percentage and accumulated percentage. 

In table 3 it can be observed that in six anatomical pieces alte-
ration in the Laurin lateral patellofemoral angle did not occur and 
in three anatomical pieces the alteration was of one degree; in 20 
anatomical pieces, two degrees and in one anatomical piece four 
degrees, with respective percentages of 20%, 10%, 67% and 3%; 
therefore, the greatest majority of alteration occurs between zero 
and two degrees, in 97% of the knees (table 3). 

Besides that, it can be observed in table 4 that in five ana-
tomical pieces no alteration in the Merchant congruence angle 
occurs; in six anatomical pieces the alteration was of one degree; 
in 17 anatomical pieces, two degrees; in one anatomical piece, 
three degrees; and, in one anatomical piece, six degrees, with res-
pective percentages of 17%, 20%, 57%, 3% and 3%; therefore, the 
greatest majority of the alteration of this angle occurred between 
zero and two degrees (93% of the knees of the cadavers) (table 4).

DISCUSSION
Acute patellar luxation corresponds to about 3 % of all knee 

injuries(8,9), occurring mainly to the young population during 
sports practice(9,10). Statistical studies demonstrate incidence 
of 5.8 per 100,000 inhabitants and this number increases to 
29 per 100,000 inhabitants between 10 years and 17 years of 
age(11,12). Hsiao et al(8) observed higher incidence of this injury in 
military privates, who attributed the intrinsic physical fitness of 
this group and the character of their activities, which make the 
risks of musculo-skeletal injuries increase, condition which we 
consider comparable to professional athletes. Despite the low 

Figure 1: Drawing representing the rupture of the patellar medial stabilizers.

tubercle, about 10cm long, with the purpose to dissect the MPFL, 
which is then measured in length and width and sectioned close 
to the adductor tubercle (figures 2 and 3).

Figure 2. Anatomical piece (knee) with MPFL dissection. The points mark to the left 
the patellar medial border and to the right the adductor tubercle.

Figure 3. Anatomical piece (knee) showing the MPFL section performed close to 
the adductor tubercle.
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incidence of this condition, many patients still complain about 
pain and instability symptoms after one episode of acute luxa-
tion(10,12-14). Atkin et al10, describe that after 06 months from an 
acute patellar luxation episode, more than half of the patients 
from his set presented limitation for extenuating physical acti-
vities. This high index of unsatisfactory results in the treatment 
of acute patellar luxation, many of which practitioners of sports 
activities, stimulated us to investigate the patellar biomechanical 
functioning through its main medial static stabilizer, the medial 
patellofemoral ligament(1,2).

The MPFL was initially described by Kaplan, in 1957(15), but 
he did not name it. Nevertheless, it was from the pioneer study 
by Warren and Marshal(16), in which the knee medial anatomy 
and the MPFL were described, that a new phase in the com-
prehension on the acute patellar luxation has begun. Later on, 
Feller et al.(17) confirmed that the MPFL is a distinct structure from 
the second knee medial layer, with no variations between sides 
in the same individual. Such fact was also verified in our study,  
in which the MPFL was present in all knees and presented size 
mean range of 1.6cm of width and 4.8cm of length, being these 
values close to the ones found by other authors, who have also 
demonstrated that, despite its small size, this ligament resists 
considerable tensile pressure l(18).

In the last decade, important biomechanical investigations 
have been carried out confirming the importance of this ligament, 
demonstrating that it is the most important medial static structure 
for prevention of the patellar lateral dislocation, contributing with 
over 50% of this strength(19-20,21).

An interesting biomechanical essay was performed by 
Sandmeieret al.(22), in which they promoted the MPFL reconstruction 

Knee of 
cadavers

Laurin lateral 
patellofemoral angles

Merchant congruence angles 

Before After Before After

1 D 22 24 42 40

1 E 22 24 26 24

2 D 21 22 14 15

2 E 20 20 22 21

3 D 20 22 48 50

3 E 20 22 24 26

4 D 22 24 20 22

4 E 24 22 23 24

5 D 10 12 0 0

5 E 16 18 0 0

6 D 25 27 24 26

6 E 14 14 0 0

7 D 16 12 26 28

7 E 9 7 0 0

8 D 26 28 38 40

8 E 26 28 34 36

9 D 22 24 30 30

9 E 24 26 40 42

10 D 14 16 13 11

10 E 18 20 16 19

11 D 24 24 45 43

11 E 20 22 30 28

12 D 21 20 38 40

12 E 20 22 18 16

13 D 24 24 21 20

13 E 29 30 46 44

14 D 25 27 14 12

14 E 36 38 15 14

15 D 34 34 15 14

15 E 34 35 16 15

Table 1. Measurements of Laurin lateral patellofemoral and Merchant congruence 
angles in 30 knees of cadavers, before and after MPFL section.

Difference 
in the 

obtained 
angulation

Number 
of knees 

of 
cadavers

Mean Standard 
deviation Median Minimum Maximum

Wilcoxon 
test

p

Patellar 
lateral 

inclination
30 1.6 0.9 2 0 4 p < 0.001

Patellar 
lateral 

dislocation
30 1.6 1.2 2 0 6 p < 0.001

Table 2. Summed measurements of the alteration of the patellar lateral inclination 
angle (Laurin lateral patellofemoral angle) and of the patellar lateral dislocation (Mer-
chant congruence angle) after MPFL section with descriptive level (p).

Alteration in the 
inclination angle Frequency Percentage Accumulated 

percentage

0 6 20 20

1 3 10 30

2 20 67 97

4 1 3 100

Total 30 100

Table 3. Frequency, percentage and accumulated percentage for the alteration in 
patellar lateral inclination (Laurin lateral patellofemoral angle), after MPFL section.

Alteration of the 
dislocation angle Frequency Percentage Accumulated 

percentage

0 5 17 17

1 6 20 37

2 17 57 93

3 1 3 97

6 1 3 100

Total 30 100

Table 4. Frequency, percentage and percentage for the alteration of the patellar 
lateral dislocation (Merchant congruence angle), after MPFL section.
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with the tendon of the gracilis muscle, observing reestablishment 
of normal patellofemoral exam after the ligament reconstruction. 

An important and little studied aspect of the MPFL is concer-
ned with the maintenance of its function in the different degrees 
of knee flexion. It is believed that this ligament plays a relevant 
role in the medial patellar stabilization, only in the initial degrees of 
knee flexion, where it would be clinically more vulnerable to suffer 
lateral dislocation. The radiographic incidence reported by Laurin, 
in which the patellar axial radiograph is performed with 20º of knee 
flexion, would be from this perspective, our first choice. However, 
according to the own author of the technique, the incidence with 
20º of knee flexion is difficult to be obtained and requires careful 
instructions to the individual who will perform knee positioning 
for the radiography(23). Moreover,  Vainionpää et al.(5), describe that 
even in this position the patellar stability cannot be estimated due 
to countless false-negative findings.

The radiographic incidence by Merchant(24), which is used in 
our study, is mentioned by Fulkerson(25) as widely accepted, repro-
ducible and clinically useful for the evaluation of the patellofemoral 
joint, is also used by other authors(26,27) for assessment of this joint. 

In this study, the MPFL incision is done close to the adductor 
tubercle, since it is in this site that great part of the authors find 
the injured ligament after an acute patellar luxation episode(5,28,29). 
Corroborating this fact, we observed that it is common greater 
sensitivity on the region of the adductor tubercle, after an acute 
patellar luxation episode, according to the classic sign described 
by Bassett(30). 

The use of cadavers in this study created some limitations, such 
as: lack of muscular action, ideal positioning of the axial radiogra-
phy, age and sex of the used cadavers. On the other hand, these 
same limitations are common in biomechanical assays involving 
the MPFL(18-21).

In order to evaluate the patellar dislocation, we used two cri-
teria: visibilization of the patellar swerve and quantitative method 
through measurement of the Merchant congruence angle, which 
expresses the patellar dislocation and of the Laurin lateral patello-
femoral angle, which measures patellar inclination. After the MPFL 
section, we have not visually observed important patellar disloca-
tion or inclination. Nonetheless, the evaluations of the radiographic 
measurements statistically present high significance level.

Our results suggest that the medial patellofemoral ligament, 
contrary to what the literature reports, can also play the role of 
stabilizing the patella medially, even with the knee at greater fle-
xion degrees, at which it would presumably be relaxed and the 
patella centered on the femoral trochlea, submitted to a ‘butto-
nhole’ effect. Our findings clash with the experiments performed 
by Nomura et al.(31) and Steensen et al.(32), who report that the me-
dial patellofemoral ligament is isometric up to 90º of knee flexion.

When the angle values of dislocation and inclination presented 
in tables 3 and 4 are carefully evaluated in increasing order, it can 
be observed that they are low. As far as we are concerned, this 
can make their clinical application difficult since they are vulne-
rable to measurement errors. Conversely, in this study no kind of 
traction to simulate the muscle action was performed, a current 
fact in the MPFL biomechanical assays, which could favor greater 
angle swerves.

Based on the data found in this work and in the literature 
suggesting the MPFL action both in knee flexion and extension, 
we are encouraged to think that it may play a role even more 
important in the cases which the trochlea is shallow, and there is 
no ‘butttonhole’ effect.

Although the aim of this investigation had not been to study 
surgical techniques, the MPFL is crucial to the understanding on 
different surgical positions which contemplate or not the approach 
of this ligament. 

It is of vital importance to better comprehend the stability of 
the patellofemoral joint in order to propose a surgical technique 
closer to the knee normal biomechanics. 

Due to massive controversy concerning this issue and the 
MPFL role, we believe further investigation on this topic should 
be carried out to better understand this entity. 

CONCLUSION
The analysis of the results obtained in this study permits to 

conclude that the medial patellofemoral ligament presents im-
portance in the patellar inclination and lateral dislocation with 
knee flexed at 45º. 

All authors have declared there is not any potential conflict of 
interests concerning this article.
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