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Positive experience of full-layer filling of articular cartilage defect using a degradable

implant with a bioactive surface in combination with platelet-rich blood plasma
(experimental study)

A.V. Popkov, D.A. Popkov, A.E. Kobyzev, E.N. Gorbach, N.A. Kononovich, E.S. Gorbach

Ilizarov National Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russian Federation

Defects of the cartilage surface are a frequent joint damage in orthopaedic practice. First of all, they arise as a result of high-
energy trauma or a consequence of chronic systemic diseases. In both cases, incongruence of the articular surfaces leads to
the development of osteoarthritis. Joint resistance to residual incongruence depends on the depth and area of the damage,
as well as on the thickness of the articular cartilage. The restoration of cartilage defects in the knee joint remains one of the
urgent problems of modern orthopedics and traumatology. Purpose Search for new methods for filling extensive defects of
the articular cartilage of joint surfaces with the possibility of restoring a typical joint structure. Materials and methods Using
clinical, microanatomical, and histological methods, a study was conducted to investigate the possibility of filling the defect
of the joint surface of the femoral condyles of adult mongrel dogs (n = 3) with a thin elastic polycaprolactone woven by
electrospinning, the threads of which are coated with hydroxyapatite nanoparticles, in combination with the introduction of
an enriched platelet blood autoplasma into the defect. Results After 60 days of the experiment, restoration of the congruence
of the articular surface along with mosaic-like replacement of the implanted material in the region of the cartilaginous layer
with portions of hyaline-like cartilage and in the subchondral bone zone with a new cancellous bone tissue was noted. In the
defect of the articular surface of the control animals, which was not filled with a bioactive implant, vascularized loose fibrous
connective tissue was formed after 60 days of the experiment. Conclusion The results obtained may be promising in terms
of the possibility of prolonging the functional ability of joints in patients with articular cartilage defects; after further longer
experimental and clinical observations) may offer a new universal method for filling articular defects of various etiologies to
restore their biomechanics and typical strudcture.

Keywords: articular cartilage defect, experiment, graft, polycaprolactone, hydroxyapatite, reparative regeneration,
transosseous osteosynthesis

INTRODUCTION

Defects of the cartilage surface are a frequent
joint damage in orthopaedic practice. First of all,
they arise as a result of high-energy trauma or a
consequence of chronic systemic diseases. In both
cases, incongruence of the articular surfaces leads to
the development of osteoarthritis. Joint resistance to
residual incongruence depends on the depth and area
of damage, as well as on the thickness of the articular
cartilage. The restoration of cartilage defects in the
knee joint remains one of the urgent problems of
modern orthopedics and traumatology. [1, 2, 3, 4].

The whole variety of surgical interventions in
order to manage the defects in the articular cartilage
can be divided into several directions:

a) Defect treatment to stimulate spontaneous
regeneration associated with tunneling, perforation, or
microfracturing of the subchondral bone plate [5, 6, 7];

b) Filling the defects with autologous material from
bone, periosteum, chondroid and stem mesenchymal
cells [8, 9, 10, 11];

c) Plasty of cartilage defects with artificial
implants [12, 13, 14].

The complexity of surgical treatment of articular
cartilage defects is associated with low reparative
ability due to the lack of direct blood supply to the
cartilage and its structural features [15]. The avascular
nature of the cartilage prevents the development of
the inflammatory phase and the migration of stem
cells into it, and the dense extracellular matrix forms a
physical barrier to migration of existing chondrocytes
into the defect [15, 16, 17, 18].

Techniques of abrasive plasty, tunneling, and
microfracturing of the defect bottom have been known.
They have various terms: “subchondral stimulation”,
“osteoperforation”, “bone marrow stimulation” [19, 20,
21]. The mechanism of action of these methods is based
on the exit for bone marrow mesenchymal stem cells
into the defect zone. The latter ensure the formation of
fibrous cartilage cells in the defect zone [22].

The fibrous cartilage that fills the defect is inferior to
hyaline cartilage in its mechanical properties. Moreover,
the defect is not always filled completely. The results
of the treatment of patients with cartilage defects by
microfracturing have been published a lot [6, 22, 23, 24].
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The analysis of these works indicates that, despite
the simplicity of the proposed approaches to the
application of this method, it is difficult to predict the
results of treatment [25]. There is still no answer to the
question about the defect area to obtain a guaranteed
positive outcome of such surgical treatment.

Among the second-line technologies, the technique
most often used in the clinic is the mosaic plasty of
cartilage defects. Developed about 20 years ago, it
offered promising prospects [26]. However, as it
turned out, its therapeutic range is not wide enough.
It is the area of the cartilage defect which can be
filled using this method under question. Clinical
observations have shown that the filling of the defects
in which four or more cylinders are transplanted is
very traumatic due to a large volume of the donor
zone. Most of the orthopaedic surgeons operating
with the method have come to the conclusion that
mosaic repair is most effective when a small amount
of cylinders is transplanted, maximum three and with
an average area not exceeding 1.5 cm [25, 26, 27, 28].
Large cartilage defects may be filled by autologous
chondrocyte transplantation. Autologous chondrocyte
transplantation is a two-stage operation, including
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arthroscopy with the extraction of a healthy cartilage
portion from which an autologous chondrocyte
culture is grown. At the second stage, this culture of
chondrocytes is implanted into a cartilage defect under
a patch from an autologous periosteum [29, 30]. The
main disadvantages of the technique are the high cost,
two-stages of the surgical intervention, and the need
for arthrotomy. In addition, studies on long-term results
of transplantation of autologous chondrocytes showed
that they do not always differ significantly from the
results of microfracturing, which was performed for
the same size of cartilage defects. Ossification of the
newly formed layer is also possible [31, 32].

The aim of this study was to search for new
methods of managing extensive defects in the articular
cartilage of articulating surfaces with the possibility
of restoring their typical structure.

Research objectives Using clinical, anatomical
and histological research methods, to study the
possibility of filling the joint surface defect of canine
femoral condyles with an elastic hydroxyapatite-
coated biodegradable polycaprolactone implant
combined with the introduction of a platelet-rich
blood plasma into the defect.

MATERIAL AND METHODS

This experimental study is based on the concept that
the advancement of implantation in modern conditions
for treatment of articular surface defects should be
based on the development of implants, taking into
account the anatomical features of the articulating
surfaces, regardless of the shape and size of the defect
formed. A thin (100-300 um), very flexible, degradable
implant, woven by polycaprolactone electrospinning,
the threads of which are coated with hydroxyapatite
nanoparticles (Fig. 1) is proposed.

a

Fig. 1 Photo (a) and electron pattern of a polycaprolactone

implant (b) woven by electrospinning (magnification

5000 x, threads coated with hydroxyapatite nanoparticles

are visible)

Dogs of both sexes (n = 3) aged from one year to
3 years with a body weight of 20 * 2.9 kg were used in

the experiment to study the biological characteristics
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of articular cartilage regeneration. Under general
anesthesia, a defect on the articular surface of the
femur was prepared down to the level of a viable
subchondral bone using a cylindrical cutter with a
diameter of 10 mm. At the edges of the defect, a thin
chisel was used to detach articular cartilage from the
subchondral bone to a depth of 1-2 mm. The edges of a
thin superelastic polycaprolactone implant were fixed
in this subchondral fissure. Blood plasma, enriched
with platelet-derived growth factors prepared before
surgery from the same animal (platelet-rich PRP) [33,
34, 35], was injected under the embedded implant.

Blood (8 ml) was taken from animal’s vein into
tubes for plasmolifting. Single centrifugation was
carried out for 5 minutes at 2.5 thousand revolutions
per minute. PRP contained at least one million
platelets per 1 ml of plasma (the platelet content in
PRP exceeded the physiological norm by 5 times).

After the surgery, the joint was fixed with an
external fixation device in a functional position for
one month and then the fixator was dismantled.

For comparison, the same defect of the articular
surface of the femur was formed, but implantation
and stimulation of chondrogenesis was not applied in
the control animals (n = 3).

After the intervention, cefazolin was administered
intramuscularly for 7 days (0.5 g. 2 times a day).
Wounds were monitored daily.
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Dogs were euthanized with an overdose of
barbiturates 30 days after removal of the fixator (on
the 60th day of the experiment).

The process of articular surface defect filling was
studied on anatomical preparations of the limb, and
chondrogenesis was checked with morphological
methods. After anatomical description, an area of a
full-layer defect of the articular surface filled with
tissue detritus was excised with the capture of intact
tissues. The sawn block was divided into two halves.
One was fixed in a 10 % solution of neutral formalin,
decalcified in solutions of hydrochloric and formic
acids, dehydrated in ascending alcohols, and embedded
in paraffin. Histological paraffin sections were prepared
using a sledge microtome (Riechard, Germany) and
stained with hematoxylin and eosin according to
Masson. The second half of the block was divided

into cylindrical fragments with a side of 2-3 mm and a
height equal to the depth of the defect formed, fixed in
a mixture of aldehyde fixers with picric acid and poured
into epoxy resins. Semi-thin sections with a thickness
of 1-2 ym were prepared from non-decalcified material
using the LKB Bromma Ultratome Nova ultratome and
diamond knives and stained with methylene blue with
preliminary setting of the PAS reaction. Descriptive light
microscopy study was performed using an AxioScope.
Al stereo microscope and an AxioCam ICc 5 digital
camera, complete with Zen blue software (Carl Zeiss
Microlmaging GmbH, Germany).

The experiments were carried out in accordance with
the requirements of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986) and
were approved by the local Ethics Committee.

RESULTS

In the early postoperative period, the condition of the
animals was satisfactory. They independently moved
with full support on the operated limb despite the external
fixator. No infectious complications were observed; and
all postoperative wounds healed by primary intention.
Animals had a good appetite and did not reduce body
weight. After joint fixation completed (dismantling
the external fixation apparatus) the range of active
and passive movements in the joint quickly restored.
Experimental studies showed that the use of implants did
not cause any immunomorphological hypersensitivity
of the immediate type. Remodelling resulted in joint
surface defect filling with bone and cartilage tissues.

Two months after filling the full-layer defect of the
articular surface with an elastic implant material from
polycaprolactone and introducing platelet-rich blood
plasma, an even shiny continuous layer of transparent
whitish cartilaginous tissue with a surface structure
similar to the edges of the intact articular cartilage was
observed on the defect surface at the macrolevel (Fig. 2).

The transparent surface formed enabled to clearly
visualize the subchondral bone and microvessels in its
structure, which did not penetrate into the similar to
cartilage outer covering of the defect, but even more
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transparent. The congruence of the articular surface
was restored. There were no signs of inflammation.
The synovial fluid was clear, similar to that in the
intact joint. Its volume was sufficient.

Histological studies showed that the organization
of the regenerate in the area of a full-layer defect on
the articular surface of the dog’s bone was different in
different parts of the forming matrix (Fig. 3).

In the projection of the subchondral bone, bone
matrix featuring trabeculae of both reticulofibrotic and
lamellar bone tissue was formed (Fig. 3 a), and closer
to the level of the articular surface, the formation of
extensive portions of a hyaline-like matrix in which
chondroblast-like cells surrounded by a homogeneous
intercellular matrix were found (Fig. 3 b).

During the study, fragments of biodegradable
implantation material were also found in the
regenerate zone, in the vicinity of which giant cells of
foreign bodies and cells of a monocytic-macrophage
type were observed.

In the control defect of the articular surface,
which was not filled with a bioactive implant, a
vascularized loose fibrous connective tissue was
formed (Fig. 3 c).

[ |

Fig. 2 Macrophoto of the defect in the experimental group two months after the defect has been filled (a - magnification 10 x;

b - magnification 20 x)
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Fig. 3 The histostructural organization of the regenerate in the area of the full-layer defect of the articular surface of the dog’s
bone two months after the operation: a - formation of the bone matrix in the projection of the subchondral bone; b - formation
of the portions of a hyaline-like matrix (white rounded formations are the remains of a degraded implant); ¢ - a control defect
of the articular surface is presented for comparison, which was not filled with a bioactive implant (a fragment of loose fibrous
connective tissue); staining with methylene blue with preliminary setting of the PAS reaction. Magnification, 400 x

DISCUSSION

This study has demonstrated that the potential for
regenerative restoration of hyaline cartilage is very
real. After two months, the implanted material was
mostly replaced by a tissue matrix. The histological
picture revealed indicates the prospect of further
biodegradation of the remaining fibers of the
implantation material and the possibility of acquiring
the organotypic structure of the newly formed portion
of the cartilage surface in the region of the defect.

‘In our opinion, the use of a bioactive mesh
implant from caprolactone with the inclusion of
hydroxyapatite promotes adhesion of progenitor
cells, osseointegration and chondrointegration of the
implant. A defect in the articular surface is quickly
filled by the formed matrix, and the articulating
surface does not impair the congruence of the joint.

The bone marrow in the subchondral space has
sufficient osteogenic and chondrogenic potential,
being a source of undifferentiated progenitor cells
of osteoblasts, osteoclasts, fibro- and chondroblasts
migrating to the defect area.

The mesh implant allows free circulation of
biological fluids penetrating into it both from the side
of the subchondral bone and from the side of the joint
cavity, which stimulate proliferation, differentiation,
and biosynthetic activity of cells both in the projection
of cartilage tissue regeneration and in the subchondral
bone area. This effect, in our opinion, is ensured by the
fact that the implant itself performs not only the role of
a matrix for the adhesion of poorly differentiated cells,
but also the role of a kind of boundary membrane with
the function of a biological sieve at the initial stages
of regeneration until biodegradation of the implant
material. It prevents the growth of vessels from the
subchondral bone and calcification of the forming
cartilage regenerate, but does not prevent the migration
of poorly differentiated cells. This is facilitated by the
size of the pores or interfiber spaces (not more than 12-
15 microns), which ensure the penetration of nutrient
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and biologically active liquids (additionally introduced
platelet-rich blood plasma) and poorly differentiated
cells, but not the ingrowth of microvessels. Then, the
gradual biodegradation of the implant increases the
interfiber spaces in its structure and does not prevent
the blood vessels from growing into it from the
periphery and the bone bottom of the defect, while a
dense tissue matrix is already formed on the side of the
cartilaginous defect, restricting their penetration into
the area of the forming cartilage lining.

Subchondral bone is formed round the capillaries,
represented by trabeculae of the reticulofibrotic structure,
over which the cells of hyaline cartilage differentiate. An
implant located in the cartilage defect fully integrates
with bone and cartilage and quickly degrades; the joint
surface becomes solid, smooth, shiny and functionally
identical to an anatomically healthy joint.

The cell effect is enhanced by the use of platelet-rich
plasma (PRP), which contains at least 1 million platelets
per milliliter. So, the platelet content in it exceeds the
physiological norm by five times. It is believed that such
a high concentration of platelets in the affected tissues
provides a stimulating effect by triggering cytokine
reactions and isolating many growth factors. These
cytokines are leading agents in the processes of cell
differentiation, proliferation and regeneration. Thus, in
the pathological focus there is an accelerated restoration
of damaged tissues, inflammatory processes are reduced,
and trophism in the lesion focus is improved directly.
This technique is safe (autogenous blood is used) and
physiological as it does not cause any toxic, allergic
reactions and is well tolerated by all animals [33].

In a number of works devoted to the treatment of
degenerative diseases of bones and joints, platelet-
rich plasma, containing various growth factors, is
considered to be an agent able to control the biological
potential of the body [34, 35, 36, 37, 38].

It is still difficult to say which element,
hydroxyapatite or PRP, plays a larger role in the
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process of differentiation of chondrogenic cells and
articular cartilage regeneration.

Further studies will answer questions about the
mechanical strength of the newly formed articular surface

and its possible “crushing” in the long term. The histological
features of the structure of the articular cartilage in the long-
term follow-up will allow solving many issues of improving
the technology of arthroplasty of the damaged joint.

CONCLUSION

Thus, the study showed that when an articular
surface defect in the canine femoral condyles was
filled with an elastic biodegradable hydroxyapatite-
coated polycaprolactone implant combined with
the introduction of platelet-rich autogenous plasma
into the defect, restoration of the articular surface
congruence and mosaic replacement of the implanted
area with hyaline-like cartilage were noted after two
months, while in the subchondral bone region a new

cancellous bone was formed.

The results obtained may be promising in terms of
the possibility of prolonging the functional ability of
joints in patients with articular cartilage defects, and
in the future (after longer experimental and clinical
observations) may offer a new universal method for
filling articular defects of various etiologies with the
possibility of their biomechanical and organotypical
restoration.
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