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Introduction. Rehabilitation is an accepted method for the
initial treatment of pathologies intrinsic to the patellofemo-
ral joint, leading in many cases to an improvement of clini-
cal manifestations.

Purpose. The purpose of this study is to determine whether
rehabilitating therapy causes any variation in the radiologi-
cal indices that define a painful patellar syndrome or pate-
llofemoral instability.

Materials and methods. This is a prospective study of 50
subjects, divided up into 2 groups. The first group compri-
sed 25 individuals afflicted with a painful patellar syndrome
without signs of instability; the second group comprised
another 25 individuals with patellofemoral instability. All
the subjects were subjected to standardized x-ray study both
before and after undergoing a rehabilitation protocol.
Results and conclusions. Rehabilitation led to significant
changes in the patellofemoral index of subjects with a pain-
ful patellar syndrome and in both this index and the patello-
femoral congruence angle in patients with patellofemoral
instability.
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Variacion de los indicadores radiograficos
de la patologia patelofemoral intrinseca
con la rehabilitacion

Introduccion. La rehabilitacion es un método aceptado para
el tratamiento inicial de la patologia intrinseca de la articu-
lacion patelofemoral, obteniendo en muchos casos una im-
portante mejoria de las manifestaciones clinicas.

Objetivos. En el presente estudio se intenta comprobar si la
terapia rehabilitadora produce alguna variacién en los indi-
ces radiolégicos que definen un sindrome rotuliano doloro-
so 0 una inestabilidad femoropatelar.

Material y método. Hemos realizado un estudio prospecti-
vo, sobre 50 sujetos, divididos en dos grupos. Un primer
grupo se constituy6 con 25 individuos afectos de un sindro-
me rotuliano doloroso, sin signos de inestabilidad, y un se-
gundo grupo con otros 25 que presentaban una inestabilidad
femoropatelar. En todos ellos se realizé un estudio radiogra-
fico estandarizado previo y posterior a la aplicacién de un
protocolo de rehabilitacion.

Resultados y conclusiones. La rehabilitacion hizo variar el
indice fémoro-rotuliano de forma significativa en los indivi-
duos con un sindrome rotuliano doloroso, y este indice y el
dngulo de congruencia en los pacientes con una inestabili-
dad femoropatelar.

Palabras clave: patela, sindrome patelofemoral,
inestabilidad femoropatelar, rehabilitacion, evaluacion
radioldgica.
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In some of our prior work', as well as in that of several
other authors, it has been shown how plain films together
with knowledge of the patient’s medical history and clinical
examination make it possible to diagnose intrinsic patellar
pathology.

Thus we know that the patellofemoral index and the
congruence angle are significantly altered in patients with
this pathology. Alterations are also present, albeit to a lesser
extent, in the Caton index, which measures patellar height,
and the sulcus angle?.
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Kramer® described exercises that facilitate soft tissue
mobilization theregy decreasing lateral patella pressure
and enhancing cartilage metabolism. Bennett and Stauber*
suggested that the patellofemoral pain syndrome could re-
sult from a disrupted neuromuscular control of the quadri-
ceps, especially during the eccentric control phase.
Knight® described the rapid results obtained with the
DRAPE program (daily adjustable progressive resistive
exercise).

Even if it is widely known that a rehabilitation program
exerts a beneficial effect on the clinical manifestations of
the patellofemoral pain syndrome, in this paper we set about
finding out whether physical therapy can modify the radi-
ographic alterations found.

MATERIALS AND METHODS

This is a prospective study that reports data from 50 pa-
tients from the western area of the Almeria province (Spain)
collected between January 1999 and January 2001. The data
were analyzed and processed at the University of Granada.
There was a total of 7 men and 43 women, with a mean age
of 29.26 years (range: 14-50), with a standard deviation of
9,.8. All of them presented with knee pain, specifically lo-
cated in the patellofemoral joint.

To participate in the research project, patients were re-
quired to present with patellofemoral pain of more than 6
months’ duration attributable to an intrinsic patellofemoral
pathology, and to have expressed their desire to participate
in the study either orally or in writing.

Patients with one or more of the following characteris-
tics have been excluded: age over 14 years or under 50
years; pregnant women: any medical or surgical problem
that according to the researchers could interfere with partic-
ipating in the study or entail a significant risk for the pa-
tient; patients with mental or legal disability; drug abusers;
and patients that presented with obvious changes in their
patellofemoral joint.

Twenty-five patients were gathered of each of the
pathologies considered:

1. Group I was made up of the 25 patients affected by
the so-called patellofemoral pain syndrome (PFPS), i.e. a
clinical entity of diverse etiology, characterized by anterior
knee pain, with potential pseudolicking episodes and failure
but without dislocation or instability. A preliminary x-ray
study was used to confirm the belonging of individuals in
the group. Of them, 19 were women (76.0%) and 6 were
men (24%). Mean age was 28.04 years (range: 14-50), with
a standard deviation of 9.27. In thid group, the condition
was found to be bilateral in 80% of cases.

2. Group II was formed by 25 patients with signs of
patellar instability, 24 women (representing 96% of this
group) and one male, with a mean age of 30.48 years

(range: 16-50 years), with a standard deviation of 10.30. In
this group, bilaterality appeared in 40% of patients.

This individuals were initially asked about their previ-
ous medical history and subjected to a thorough physical
examination. Whenever the condition was found to be bilat-
eral, data for the clinically more highly symptomatic knee
were recorded.

The radiographic study was carried out systematically
by means of anteroposterior, lateral (at 30° knee flexion)
and axial (at 20 and 45° flexion) views. Anteroposterior x-
rays were used only in order to rule out concomitant alter-
ations. The lateral view was used to study patellar height
and inclination. Axial views were used to study the congru-
ence angle, the sulcus angle, the patellofemoral index and
the patellofemoral angle.

To be able to come up with reproducible axial views we
used an adjustable bucky, placing patients in the supine po-
sition with their knees at the end of the x-ray table, resting
the knees and the lower legs on the said device.

Patellar height was measures using the Caton method®
(fig. 1). Patellar inclination was assessed by means of the
method described by Maldague and Malghem’. The congru-
ence angle and the sulcus angle were measured in the axial
views taken at 45° flexion, according to Merchant’s classi-
cal description® (fig. 2), while the patellofemoral angle and
index were obtained at 20° flexion, using the technique first
described by Laurin’® (fig. 3).

Assessment of radiographic patellar inclination is based
on the fact that in the normal knee the posterior patellar pro-
file is represented by 2 lines. The most posterior one corre-
sponds to the middle crest, whereas the anterior one is the
lateral facet. If the patella is inclined outward either the 2
lines overlap or the lateral facet overhangs behind the crest
and the anteroposterior diameter of the bone increases.

The congruence angle measures the relationship be-
tween the patella and the intercondylar notch. To obtain this
measurement, the sulcus angle is bisected, a line that will
serve as a reference. A second line is drawn from the apex
of the sulcus angle to the lowest part of the patella’s articu-
lar crest. The angle formed by these 2 lines is the congru-
ence angle. If the angle is lateral to the reference line, it is
considered positive; if it is medial to the line it is deemed
negative.

The patellofemoral angle is obtained by drawing a line
tangential to the apex of the medial and lateral condyles in
Laurin’s projection and another following the lateral patel-
lar facet. In normal conditions, the patellofemoral angle
opens outward.

The patellofemoral index indicates the relationship be-
tween the width of the medial and lateral joint spaces: it is
considered normal if its value is under 1.6.

All patients included in the study were subjected to a 6-
month-long rehabilitation program, based on mobilizations,
lower limb elasticity exercises, neuromotor control and
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Figure 1. Caton index.
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Figure 2. Merchant technique and measurements®.
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Figure 3. Laurin technique and measurements’.

muscle strengthening techniques. Treatment, supervised by
the hospital’s rehabilitation unit, was tailored to the needs
of each patient. During the first two months, daily sessions
(5 times a week) were conducted in the hospital gym, and
during the last 4 months each patient performed exercises at
home, being subjected to monthly supervisions, always by
the same doctor.

Once rehabilitation was concluded, patients underwent
a new clinical examination and the same radiopgraphic
evaluation as before was carried out.

In order to comply with the goals of the present study we
carried out a statistical analysis with the observations avail-
able. For each of the 2 groups, we performed a descriptive
analysis for all the variables and a comparison between ob-
servations made before and after rehabilitation. The compari-
son between the 2 observations was made in 2 different ways,
depending on the variable being compared. If it was a quanti-
tative variable, we used the Wilcoxon test for paired samples;
if it was a qualitative one we used McNemar’s exact test.

In all cases, we used the SPSS 11.0 statistical software
with the exact test module as well as the LogXact 1.0 statis-
tical package.
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RESULTS

The rehabilitation program indicated does not produce
significant variations of patellar height (Caton index),
whose mean values are normal in patients with PFPS (group
I) and rises slightly above this level for patients with insta-
bility (group II). Values are shown in table 1.

The abnormal patellar inclination shown radiographi-
cally by 23 patients del group I (92%) and all 25 in group II
only improves following the therapy administered in one
case in group I, which is not statistically significant.

The congruence angle, which is much higher in group
II, improves significantly with rehabilitation, whereas it
changes moderately in group I (table 2).

The patellofemoral angle estd alterado (nulo o abierto
hacia adentro) en todos los casos, en both groups y no vira a
la normalidad en ningtin caso con la rehabilitacion.

The patellofemoral index is in excess of normal values
in both with more significantly higher values in patients
with patellar instability. The rehabilitation program is suc-
cessful in significantly decreasing this index, although nei-
ther group reaches normal mean values. Data are shown in
table 3.

DISCUSSION

The first step in the treatment of patellofemoral pathol-
ogy ought to be a good rehabilitation program.

There is evidence in the literature of the effectiveness
of physical therapy to address the patellofemoral pain syn-
drome as regards pain relief, although there is no clear evi-
dence as to functional development'®. There is strong evi-
dence of how open and closed kinetic chain exercises can
be equally effective.

The most important goal of rehabilitating treatment will
be the strengthening of the quadriceps, especially of the
vastus medialis oblique muscle, which acts as a barrier to
the lateralizing tendency of the patella during knee exten-
sion. The vastus medialis oblique muscle guarantees the
vertical, horizontal and rotational stability of the patella.
Nonetheless, the balance of the forces acting on the knee is

Table 1. Patellar height in both groups before and after rehabilitation,
expressed in terms of the index’s value

Caton index

. Following Statistical
Initial O S
rehabilitation significance
Group I (PFPS)  1.0940 £0.096 1.0968 + 0.089 p=1
Group II (PI) 1.2752 £0.067 1.2992 +0.122 p=1

PI: patellar instability; PFPS: patellofemoral pain syndrome.

Table 2. Congruence angle in both groups before
and after rehabilitation, expressed in terms of mean negrees
and standard deviation

Congruence angle

- Following Statistical
Initial S L
rehabilitation significance
Group I (PFPS) 248 =5.12 —2.64 £ 2.64 p=0.125
Group II (PT) 16.48 = 9.16 14.60 = 9.01 p=0.032

PI: patellar instability; PFPS: patellofemoral pain syndrome.

Table 3. Patellofemoral index in both groups before and after
rehabilitation, expressed in terms of the index’s value

Patellofemoral index

Initi Following Statistical
nitial e s
rehabilitation significance
Group I (PFPS)  1.9440 + 0.6669 1.8656 + 0.5986 p = 0.001
Group II (PI) 3.2972+0.9821 3.1984 +1.0091 p = 0.004

PI: patellar instability; PFPS: patellofemoral pain syndrome.

of vital importance, for which reason the hamstrings must
also be treated. Also stretching of the peripatellar muscula-
ture should be included so as to avoid a poor recentering of
the patella during knee flexion and extension.

We think it is logical for patellar height not to undergo
any changes during rehabilitation since it is a parameter that
depends on the length of the patellar tendon, which is vari-
able in every individual (the average is 4.6 cm, with a range
between 3.5 and 5.5 cm'!), but very difficult to modify dur-
ing rehabilitation; it determines the vertical position of the
patella, i.e. its height in relation with the joint line.

Although x-ray inclination is a parameter that given its
qualitative nature and the possibilities considered (inclined
or non-inclined patella) could be useful in differentiating
normal from pathological subjects, we believe that it is not
sensitive enough to changes, which means that the changes
that occur need to be extremely significant to be visible on
the x-ray.

As is the case with radiographic patellar inclination, the
opening of the patellofemoral angle, regarded as pathologi-
cal or not, could be useful to identify an abnormal patella,
but it will not be sensitive enough to distinguish the 2 types
of pathology studied or to show the evolution obtained fol-
lowing treatment.

We have see that the rehabilitation program exerts an
influence on the patellofemoral index, which improved in
both groups. We consider that, given its numerical charac-
ter, it is a much more sensitive parameter than the previous
one to assess patellar inclination. As we stated in our earlier
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work?, the patellofemoral index is the measurement with the
highest discriminating capacity between healthy and un-
healthy subjects, so that after establishing a cut-off point at
the 1.6 mark, we found in a previous study a sensitivity rate
of 0.92 and a specificity rate of 1.00.

We believe that the congruence angle is a good indica-
tor of lateral patellar displacement and can accurately dif-
ferentiate between patients with a simple PFPS and those
with patellar instability>. We have seen how physical thera-
py significantly improves the magnitudes in group II, i.e. it
helps center the patella in the femoral sulcus. However,
more studies are needed to ascertain as from what values
such improvement can be predicted.
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