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Abstract

The patellofemoral syndrome is characterized by morpho-functional alterations, mainly caused by a misalignment or dysplasia of the patella and/or femoral
trochlea. The treatment of this chondropathy is mostly conservative. Furthermore, clinical practice seeks to use “chondroprotective” drugs and supplements, capable of
counteracting degenerative processes, favoring the normalization of articular cartilage and synovial fluid. However, to date there are no effective and lasting treatments

aimed at restoring joint function.

Objective: The aim of the study is to evaluate the efficacy and tolerability of the medical device “Bioart”, based on equine collagen, in patients suffering from

patellofemoral chondropathy.

Results: All patients enrolled in the study (N = 23) showed a consistent improvement in the algic component and functional limitation related to the chondro-arthrosic

process within 12 weeks.

Conclusion: The data showed that Bioart is able to improve the clinical-functional picture of treated patients. Furthermore, the absence of side effects and cost

reduction improved adherence to therapy.

Abbreviations

MSM: Methylsulfonylmethane; WOMAC: Western Ontario
and McMaster Universities Osteoarthritis Index

Introduction

The patella is a sesamoid bone, roughly triangular in
shape, placed inside the quadriceps muscle tendon. This
bone, articulating with the trochlear groove of the femur,
mechanically constitutes the fulcrum of extensor mechanisms
of the lower limb. Both the articular surfaces of the patella
itself and those of the trochlear sulcus are covered by an
articular cartilage that is on average 4 to 6 mm thick [1,2].
The normal sliding mechanisms of the patellofemoral joint are
controlled by static factors, i.e. non-contractile and dynamic,
i.e. contractile. Static factors are represented by the patella

size, femoral condyles and their size, the shape/angle of the
trochlear sulcus and the alignment of the lower limb [3-6].

The patellofemoral syndrome is characterized by a set of
morpho-functional alterations that determine the onset of an
anterior knee. These functional alterations of the anatomical
structures above and below, such as axial or rotational changes of
the lower limb, or the morpho-functional alterations of the foot,
can negatively influence the mechanics of the patellofemoral
joint [6-12]. From an etiopathological point of view, the basis
of the patellofemoral syndrome are alterations essentially
attributable to a malalignment, or to a dysplasia of the patella
and/or femoral trochlea [6-16]. In the field of patellofemoral
syndrome, joint biomechanics plays a fundamental role. In
fact, an abnormality of shape and/or position of the patella
itself, has a direct relapse on its functionality, determining an
altered sliding in the trochlear groove. A bad patellar sliding
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can lead to a cartilaginous alteration commonly referred to
as “chondrosis” or “arthrosis”, whose etiology is due to the
action of compressive forces not adequately distributed over the
entire surface of the patellofemoral joint itself. In particular,
an increase in the amplitude of the flexion movements of the
knee, which is found in many recreational-sports activities,
increases the extent of compression forces at the patellofemoral
level, and can cause an alteration of the articular surface,
which can be found also in young individuals [15-19]. In
1964, Outerbridge had classified the articular cartilage lesions
according to four different degrees: I degree characterized
by softening and swelling less than 12 inch (1.27 cm), II
degree with fragmentation and fissuring minor than 1/2inch,
IIT degree with fragmentation and fissure greater than 12 inch
1.5 cm, IV, the most serious, III degree with erosion of the
cartilage in the direction of the subchondral bone.

From a clinical point of view, the patellofemoral syndrome
is characterized by constant pain in the anterior part of the knee
joint. Sometimes an antalgic pseudo-articular block may occur,
but the amplitude of movement is however in most reduced. An
important hypotonotrophy of the quadriceps muscle is often
associated to this syndrome. In the process of chronicity, soft
joint structures (such as the patellar tendon, the suprapatellar,
prepatellar and anserine bag, the medial and lateral retinacula,
the medial, lateral and superior folds, the saphenous nerve at
the tubercle) can be involved of the adductors or tendon of the
goose leg. At a clinical examination, pain is evoked requiring an
isometric contraction, against resistance, in a range between
0 and 20 ° of flexion. Conventional radiography, carried out in
different angles of knee flexion and especially MRI, confirm
the clinical diagnosis [6-18].

The treatment of patellofemoral condropathy is mostly
conservative. In addition to careful functional re-education,
the use of chondroprotectors may be useful. Under this
term medicines and supplements are grouped as substances
able to counteract the degenerative processes, favoring the
normalization of the articular cartilage and the synovial fluid
in which it is immersed and from which it draws nourishment
and protection. More specifically, chondroprotectors are
compounds capable of expressing one or more of the following
characteristics: stimulating chondrocytes in the production
of new cartilaginous matrix, stimulating synoviocytes
in the synthesis of hyaluronic acid, inhibiting cartilage
degradation by chondrolytic enzymes and preventing fibrin
formation in the subchondral and synovial vasculature [19].
Among the most studied and used chondroprotectors are
listed hyaluronic acid, glucosamine, chondroitin sulfate
(galactosaminglucuronoglycan sulfate), hydrolyzed collagen,
methylsulfonylmethane (MSM). In particular, the infiltrations
of hyaluronic acid are used in the conservative treatment of
patellofemoral chondropathies. This technique, tested for the
first time in the early 1970s, involves intra-articular injection
of sodium hyaluronate. Since then, international studies and
extensive case studies have confirmed the effectiveness of
infiltration of hyaluronic acid, especially in the treatment of
condrophaty. Intra-articular injection of hyaluronic acid is also
known as viscos-supplementation, referring to the viscos-
elastic properties of this substance. Not all the studies agree

on the efficacy of hyaluronic acid infiltration in conservative
treatment: some meta-analyses have even shown efficacy
only slightly higher than with placebo. Other studies have
established that the infiltration of hyaluronic acid produces a
pain reduction comparable to that of intra-articular injections
of cortisone [20].

These finding s highlight the need of further investigations
to treat the patellofemoral chondropathies.

The aim of the study is to evaluate the efficacy and tolerability
of the medical device “Bioart” in patients with gonarthrosis.
Bioart is a native equine collagen-based device designed
to improve the viscos-elasticity of the synovial fluid of the
osteoarthritic knee and the consequent functional limitation,
associated with degenerative phenomena of the joints caused
by age, bad posture, traumas or concomitant chronic diseases.
It is indicated in the treatment of osteoarthritis, in acute or
chronic inflammation of the synovial membrane, acting mainly
with a lubricating action and as mechanical protection on the
synoviocytes of the articular cartilage, preventing damage
to mechanical stressed cells (http://www.euroresearch.biz/
bioart/).

Materials and methods
Study population

Twenty-five patients (18 males and 7 females, with a mean
age of 50.7+8.4 years) with 1%, 27 and 3 grade chondropathy,
according to the Kellgren-Lawrence Scale (see next paragraph),
were recruited to receive an intra-articular infiltration of Bioart
(200 mg in 2-4 ml of sterile saline solution) every 7 days, for
a total of three infiltrations (http://www.euroresearch.biz/
bioart/).

The procedures followed have been approved by an Ethics
committee (in accordance with ethical standards on human
experimentation and with the Helsinki Declaration of 1975, as
revised in 1983).

All patients were informed of the study’s purposes and
procedures and were asked to give their written informed
consent. Patients were informed of their right to leave the study
at any time. Standard procedures were implemented in order to
fully guarantee patient privacy. Patients’ personal data were
used and stored in compliance with the principles of privacy
protection set forth in former Legislative Decree no. 196 of
30 June 2003, subsequent Law 675/1996 and other applicable
regulations. This information sheet concerned the personal
data sent by patients at recruitment and those obtained
during medical history procedures, physical examination and
clinical tests. The data were disclosed in compliance with the
provisions set forth in Ministerial Circular no. 6 of 2 September
2002 concerning the activities of ethics committees established
pursuant to Ministerial Decree of 18 March 1998 (Official
Gazette no. 214 of 12 September 2002).

Upon inclusion in the study, all the patients responded to
2 questionnaires intended to define their grade of inability
caused by the chondropathy. The WOMAC (Western Ontario
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and McMaster Universities Osteoarthritis Index) score for
lower limb pain, stiffness and physical function (Table 1)
and the Lequesne Index for functional limitations were used.
WOMAC is probably the most commonly used test utilised
to assess the results of treatment for knee conditions. Each
WOMAC item has 5 potential responses (from “none” to “very
great”). The Lequesne Index assigns a score to each answer up
to a total that is recorded and represents the reference value for
the subsequent assessment. These evaluations are performed
before the start of treatment and at 12 weeks.

Table 1: Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
score.

Pain Walking on a flat surface
Walking up and down stairs
Sleeping
Sitting or lying
Standing
Joint stiffness At first waking
Later in the day
Physical function Going down stairs
Going up stairs
Rising from sitting

Standing

Walking on a flat surface
Getting into/out of the car
Going shopping
Putting on socks or tights
Taking off socks or tights
Getting out of bed
Lying in bed
Getting into/out of the bath
Sitting
Getting onto/off the toilet

0
0
0
0
0
0
0
0
0
0
0
Bending down 0 1

0
0
0
0
0
0
0
0
0
0
Doing heavy domestic duties 0
0

-
NN N NN NN DN NN DN NN DN NN DNDDNDDNDDNDDND NN
W W W W W W W WWWWWWWWwWW W W W W W W W W
R R R T T R R R R =T T A T N R N - R

Doing light domestic duties

All patients underwent a physical examination to establish
whether they met the criteria for patellofemoral chondropathy,
according to the Kellgren-Lawrence Scale. At inclusion, each
patient presented recent radiographic images of the affected
joint/s.This material was graded using the Kellgren and
Lawrence system.

This system considers 4 stages of osteoarthritis: Stage
I: initial, non-determinable joint space narrowing with
the possible presence of bone spurs; Stage II: bone spurs
and potential joint space narrowing; Stage III: moderate
osteophytosis, clearly-defined joint space narrowing,
subchondral sclerosis and potential subchondral bone
deformation; Stage IV: severe osteoarthritis. The study included
patients with clinically- and radiographically-confirmed Stage
I, II, III patellofemoral chondropathy (according to Kellgren-

Lawrence). No proprioception tests investigating the articular
function were performed on patients before or after the
treatment.

Patients treatment

The patients enrolled in the study did not report any
previous knee surgery or previous or current documented
rheumatic or autoimmune diseases.

Before the start of treatment, all patients underwent
an orthopedic examination. Post-treatment joint status (3
months) was assessed by ultrasound and magnetic resonance
imaging. Moreover, during the treatment, patients did not
undergo any rehabilitation protocols.

Having arranged the patient in a supine position, with
the knee involved slightly flexed using a popliteal pillow and
after thorough disinfection of the skin (alcohol or iodine-
based antiseptic), 200 mg of Bioart mixed with physiological
solution were injected into the affected joint. In patients with
I degree chondropathy, the intraarticular injection of Bioart
was repeated twice a week. In patients with II and III degree
chondropathy, the intra-articular injection was repeated three
times a week apart.

Statistical analysis

The sample size was calculated on the basis of the 95%
Confidence Interval (CI) precision of the primary outcome.
More specifically, 20 patients were required to obtain an
estimate precision of 0.11 of the estimated standard deviation,
considering the absence of information on the outcome. The
results are expressed as mean + Standard Deviation (SD). Data
were tested for normality using the Kolmogorov-Smirnov
test. Differences between before and after treatment for the
whole population were evaluated using the paired t-test. When
the assumptions for parametric test were not met, Wilcoxon
signed-rank test was used. Differences are considered
significant at a p value of <0.05.

Results

Twenty-three patients out of 25 completed the planned
treatment period. None of the subjects had an adverse reaction
to Bioart. All of them showed excellent tolerance of the
treatment.

The patients’ clinical characteristics are shown in Table 2.
Of the 23 patients studied, 7 had grade I chondropathy (30%),
13 grade II (57%) and 3 grade III (13%).

As mentioned above, the WOMAC pain rating scale at
baseline revealed a higher score in patients with grade II
(44.4%9.7) and grade III (52.3+9.1) chondropathy, compared to
those with grade I chondropathy (29.4+5.7, p<0.001). At the end
of the cycle of infiltrations, all patients showed a significant
reduction in WOMAC score (Figure 1), regardless of their age,
gender and initial chondropathy grade. The average pre-
treatment score was 44.4+9.8 (min 22, max 60) and the average
post-treatment score was 25.7+9.0 (min 12, max 47) (Figure
2). The difference between before and after the infiltration

Citation: Franzoni F, Fusi J, Ceccarelli M, Petrocchi A, Vitale M, et al. (2020) Treatment of patellofemoral chondropathy with BIOART. Arch Sports Med Physiother

5(1): 001-006. DOI: http://dx.doi.org/10.17352/asmp.000012



@ PeertechzPublications ‘ https://www.peertechz.com/journals/archives-of-sports-medicine-and-physiotherapy ‘ a

Table 2: Clinical and pathophysiological characteristics of subjects recruited in the study.

Pre-treat. Post-treat.
mm Date Of blrth m CIaSSIﬁca“on WOMAN WOMAC

17/08/1958 F 2" grade chondropathy Fragm. and fissuring Right

2 P.B. 06/06/1958 M 1t grade chondropathy Oedema and softening Left 22 20
3 M.S. 26/02/1947 M 1t grade chondropathy Oedema Right 24 14
4 F.M. 22/10/1979 M 2" grade chondropathy Non-ext. multiple fissures Right 34 27
5 M.G. 21/01/1971 F 2" grade chondropathy Fragm. and fissuring Left 44 10
6 G.R. 01/05/1960 M 1t grade chondropathy Oedema Left 32 22
7 P.D. 21/02/1950 M 1t grade chondropathy Oedema Right 27 13
8 M.A. 19/11/1971 M 1t grade chondropathy Oedema and softening Right 36 19
9 G.P. 06/05/1957 M 2" grade chondropathy Fissuring Left 51 40
10 TS. 08/02/1975 M 2" grade chondropathy Fragmentation Left 42 24
11 T.S. 11/07/1972 F 3 grade chondropathy Erosion Right 48 29
12 M.L. 18/03/1980 M 2" grade chondropathy Fragm. and fissuring Left 37 32
13 D.A. 24/11/1968 M 2" grade chondropathy Multiple fissures Left 64 47
14 M.A. 01/11/1970 M 1t grade chondropathy Oedema Right 35 16
15 M.A. 05/03/1956 M 2" grade chondropathy Fragm. and a few fissures Right 34 18
16 1.G. 30/06/1963 M 2" grade chondropathy Fissuring Right 58 34
17 V.E. 16/11/1958 F 1t grade chondropathy Oedema Left 30 24
18 T.V. 15/04/1964 F 3 grade chondropathy Erosion Right 48 29
19 P.P. 19/11/1953 M 3 grade chondropathy Erosion Left 61 35
20 F.F. 29/10/1965 M 2" grade chondropathy Fissuring Right 36 12
21 E.F. 14/02/1971 F 2" grade chondropathy Fissuring Right 29 25
22 AM. 19/11/1951 F 2" grade chondropathy Fissuring Left 34 12
23 G.F. 11/06/1975 M 2" grade chondropathy Fissuring Right 55 27

treatment is statistically significant (p<0.001). Considering the 70

initial clinical severity, all grades of chondropathy showed a o

similar improvement; more specifically, subjects with grade o

I chondropathy showed a post-treatment improvement in éoo) 1

WOMAC score from 29.4+5.7 t0 18.2+5.0 (-61%, p<0.001), those i

with grade II chondropathy from 44.4+9.7 to 24,8+7.3 (-55%, g 30 1

p<0.001), those with grade III chondropathy from 52.3+9.1 to (O

31.0+4.2 (-59%, p<0.001) (Figure 3). =

10 7

As regards the Lequesne pain and dysfunction index, no e

significant difference was observed between the different post

grades of chondropathy at baseline (grade I 17.4+2.0, grade II

18.5+1.1, grade I11 19.2+.0.8, p=ns). After treatment, all patients
showed a score improvement, regardless of their gender, age

or chondropathy grade. On average patients went from 18.0+1.1 60

to 10+1.2 points (p<0.001) (Figure 4). Already at follow-up
after 12 weeks, 7 patients (30%) showed a partial regression *
of chondropathy on MRI. A representative image of MRI before o *
and after treatment is shown in Figure 5.
. . 30
Discussion
20
The conservative treatment of patellofemoral condropathy
has a well-documented background in the scientific literature 10

of the last fifty years. The use of NSAIDs, cortisone drugs and
chondroprotectors is common in conventional medicine.

WOMAC Score

post
The mechanism of action of corticosteroids is well " =p<0.001
established: inhibition of prostaglandin synthesis, reduction Figure 2: WOMAC Score pre- and post-BioArt treatment (average mean+SD).

004
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Figure 3: WOMAC Score pre- (left bars) and post (right bars)-BioArt treatment
in relation to condrophathy severity (average meantSD). *P<0.001 versus pre-
treatment.

Lequesne Score
=
o

Pre Post

Figure 4: Lequesne Score pre- and post-BioArt treatment (average meantSD).
*P<0.001 versus pre-treatment.

Figure 5: Axial image of knee obtained by magnetic resonance imaging before (A)
and after (B) treatment with Bioart.

of collagen and reduction in the production of IL-1, TNF and
various proteases that attack cartilage. Fans and corticosteroids
act only on pain symptoms. The use of chondroprotectors must
be considered as a natural process, improving the protective,
lubricating and “cushioning” effect of synovial fluid [22-23].

Recent studies have instead seen the use of platelet-rich
plasma [24], which occurred effectively in the treatment of the
syndrome.

The aim of our study was to verify the efficacy of Bioart, a
device based on native equine collagen. The introduction of an
articular equine collagen level aims to overcome, strengthen and
protect the structures of cartilage, tendons, ligaments and joint
capsule, improving the alignment of collagen fibers. It could

be argued that the number of patients was limited to consider
our results as relevant. Despite this, we have to highlight that
in our study, all 23 patients showed a consistent improvement
of the algic component and of the functional limitation strictly
to the gonartrosic system during the considerate 12 weeks. The
recorded data that are able to improve the clinical-functional
picture of the treated patients with only 3. All patients are in
fact recorded in a version of the medium-medium WOMAC 12
weeks after joint treatment, stiffness and functionality.

The use of a painless and very easy therapy (only one
treatment / week) has expired.
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