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The aim of the study was to develop a novel treatment method of knee osteochondral defects consisting in injecting- platelet-rich
plasma and crushed hyaline cartilage under a collagen membrane, and assess the technique in experiment.

Materials and Methods. A prospective study was carried out on small cattle animals, 30 in number, aged 1.5-3 years weighing
20-30 kg. All subjects got a full-thickness defect to the subchondral bone, 4.5 mm in diameter. As a control, one of the joint defects was
not replaced. Due to a replacement method, all animals were divided into three groups. One group animals underwent the replacement
according to the developed technique: there were used an extracellular collagen matrix and the body resources (platelet-rich plasma and
crushed autologous cartilage).

Results. The results were assessed 1 month and 3 months after surgery analyzing the type and degree of defect filling. Best results
were found in the group, where a defect was covered by an extracellular collagen matrix with platelet-rich plasma and crushed autologous
cartilage. The results of the no replacement group were comparable with the findings of other researchers, according to which osteochondral

defects almost have no self-regeneration.

Conclusion. The suggested replacement technique for osteochondral defect using extracellular collagen matrix, autologous cartilage,
and platelet-rich plasma is less aggressive compared to autochondroplasty, and the obtained results are more stable compared to

microfracture or tunneling.

Key words: osteochondral defect; hyaline cartilage regeneration; extracellular collagen matrix; auto-cartilage; PRP; platelet-rich plasma.

Introduction

One of most common complaints of patients seeing an
orthopedist is joint pain [1, 2]. According to some reports,
60% of such patients are found to have chondromalacia
of hyaline cartilage of varying severity [3]. A range of
conservative therapy is wide; however, its efficiency is
still insufficient [4—6]. Against this background, surgical
techniques are being rapidly elaborated [7—10].

One of the easiest methods suggested as early as in
1960s is tunneling. Despite the fact that this method is
used now, long-term results are estimated as poor [11,
12]. Currently, the most popular surgical technique to
treat chondromalacia is microfracture. However, it should
be noted that the technique has some drawbacks,
such as instability of newly formed tissue to loads, and
progression of degenerative and dystrophic processes
[12,13].

The aim of the study was to develop a novel
treatment method of knee osteochondral defects

consisting in introducing platelet-rich plasma and
crushed hyaline cartilage under collagen membrane,
and assess the technique in experiment.

Materials and Methods

A prospective study was performed on small cattle
animals — sheep (n=30) aged 1.5-3 years, weighing
20-30 kg. The choice of experimental animals was due
to the similarity of human and sheep knee joints, and
therefore, the feasibility of creating an osteochondral
defect model identical to that of human. The animals
respond well to anesthesia and can be used as
experimental animals in Russia. The research was
performed in compliance with “Animal Cruelty Protection
Act” dated 01.12.1999.

Sheep were divided into three groups, 10 animals
in each group (20 knee joints) depending on the
osteochondral  defect replacement method. In
each group each animal underwent the joint defect
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Figure 1. Full-thickness defect of load-bearing
surface of sheep knee joint

replacement technique and had one unreplaced defect
(control). A defect, 4.5 mm in diameter, was formed up
to the subchondral bone, on the load-bearing surface of
femoral medial condyle. Group 1 involved the animals
with a knee defect replaced by a collagen membrane;
group 2 animals were injected platelet-rich plasma (PRP)
under a collagen membrane; and in group 3 animals,
additionally, crushed hyaline cartilage from a non-load-
bearing joint surface was used.

Rometar 2% solution, 0.5 ml, was used as
anesthetic. The procedures were performed on
animals in the lateral position. After trimming wool,
the intervention area was treated with antiseptic
solution thrice. The bent limb was immobilized. The
surgical approach was 4 cm lateral to the patellar
ligament. Then subcutaneous fat was cut providing
an access to the knee joint. An osteochondral defect,
4.5 mm in diameter, was formed by a drill for mosaic
autochondroplasty (Figure 1). After that the defect was
replaced using one of the above mentioned techniques.
A wound was sutured layer-by-layer leaving no
drainage in the postoperative wound.

All sheep were kept in the vivarium suitable for animal
management, in accordance with RF legislation. The
load on a limb was allowed immediately after surgery.

The obtained material was visually and
morphologically studied by light microscopy.

For morphological study the material was fixed in 10%
formaldehyde and dried out.

The paper presents the results obtained in the
animals with no defect replacement (control) and group
3 animals 3 months after the surgery.

Results

It should be noted that none group animals had any
inflammatory changes in the joint. The wounds healed
by primary intention.

Three months after the operation the animals with
no defect replacement had a “minus tissue” effect, the
osteochondral defect base being erosive, almost not
filled; the border between the defect area and the proper
hyaline cartilage was clearly observed (Figure 2).

The animals in the group with a defect replaced by
a collagen membrane, PRP and crushed auto-cartilage
also had “minus tissue” composing 2/3 of defect
thickness. Osteochondral defect margins were smooth,
no erosive surface being determined; while the boundary
between the newly formed tissue and the hyaline joint
cartilage was less clear (Figure 3).

Morphologically, 3 months later, the animals with
no defect replacement had a thin discontinuous layer
of a newly formed tissue. Along the defect periphery,
cartilaginous tissue was significantly thicker than in the
base, where the thickness was 1/3 of that of the newly
formed defect (Figure 4).

Group 3 animals 3 months after the surgery had a
more stable layer. Hyaline-like tissue along the defect
periphery was significantly thicker than that one deep
in the tissue, where its thickness was 2/3 of the defect
thickness. Trabeculas of the bone and the subchondral
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Figure 2. Macroscopic picture in
animals with no osteochondral
defect replacement 3 months later
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Figure 3. Macroscopic picture in
animals with osteochondral defect
replacement 3 months later
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Figure 4. Microscopic picture in the defect
area without tissue replacement

bone plate adjoining the defect were formed not along the
entire base. The plates were thickened, the intercellular
substance was found in large quantities, trabeculas of the
bone being located chaotically (Figure 5).

Discussion

There is growing recognition of the fact that
osteochondral defects of major joints require surgery
[14]. In most cases such defects are detected by MRI
that enables to choose an adequate replacement
technique. Currently, arthroscopic debridement of the
damaged hyaline cartilage area works well, with defect
microfracture being used additionally [15, 16]. However,
according to some authors, the method will fail to replace
the defect completely, and the resulting restoration rapidly
lyses [17, 18]. We believe that one of the most optimal
replacement techniques for such defects is mosaic
autochondroplasty. It enables to entirely replace a defect
in the load-bearing joint part, although a donor’s area can
cause pain syndrome and induce rapid progression of
degenerative and dystrophic joint diseases [19].

Currently, there are rapidly advancing methods of
cultured chondrocytes and their implantation in a defect
area on the matrix or under the material restraining
the defect area from the joint cavity. The methods
are autologous chondrocyte implantation (ACI) and
autologous matrix-induced chondrogenesis (AMIC).
Both techniques demonstrate good results, however,
ACI involves 2 operations to be performed, and AMIC is
costly [19, 20].

The methods using mesenchymal stem cells are
promising, however, they are not impeccable either
[21, 22].

The technique we suggest uses a collagen membrane
and body resources, namely: platelet-rich plasma and
crushed auto-cartilage. It is a one-step procedure in
contrast to ACI, and it is less aggressive compared
to mosaic autochondroplasty. The findings we got on
experimental animals with no defect replacement are
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Figure 5. Microscopic picture in the defect
area 3 months later, after defect replacement
using the suggested technique

comparable with those of other researchers. The animals
with an osteochondral defect replaced according to the
suggested technique had the most optimistic results:
the defect regenerated well and closed by 2/3, and
morphologically, we could trace the architectonics of
hyaline-like cartilaginous tissue that can suggest good
results.

Conclusion

Three months after using the method of replacing
an osteochondral defect by a collagen membrane with
adding platelet-rich plasma and crushed auto-cartilage
we can suggest good intermediate results. The technique
enabled to achieve nearly complete replacement of the
defect and recover a regenerate with the architectonics
typical for healthy hyaline cartilage.
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