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Abstract

The treatment of osteoarthritis is a constant challenge in veterinary and human medicine.
It is a disabling disease of widespread occurrence, whose primary purpose of treatment
has been the relief of pain and improvement or maintenance of joint function. New thera‐
peutic alternatives are continuously researched around the world. Among the alterna‐
tives is the use of autologous platelet concentrate (APC) or platelet rich plasma (PRP)
intra-articular. CAP may have an important role in modifying therapy of osteoarthritis. It
is easy to use and relatively low cost, which has led to research interest and to a wide
clinical application. Clinical use has shown positive results, but standardized scientific
studies and continued evaluation of the treatment are lacking. Many questions remain
unanswered. Arthroscopy is a diagnostic and therapeutic method that can help to under‐
stand the action of this therapy. Experimental studies show marked reduction of synovi‐
tis, which explains the improvement observed in clinical cases.

Keywords: Arthroscopy, cellular therapy, regenerative medicine, cranial cruciate liga‐
ment, osteoarthritis, rabbit

1. Introduction

Osteoarthritis (OA) is a progressive disease that is painful and disabling. The available
treatments for OA are unsatisfactory. The early diagnosis and monitoring of OA progression
and treatment persist as challenges. Joint injuries represent a large percentage of cases in the
treatment routines of veterinary hospitals. Such injuries may be due to trauma or diseases such
as hip or elbow dysplasia, or they may have an immune-mediated origin. All species may be
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affected, but due to their greater contact with humans, dogs and cats are the animals most
often referred for treatment. However, treatment is often given late, which reduces the chances
of effectively controlling the problem and makes these animals candidates for prosthesis or
even euthanasia.

One of the most common causes of lameness in dogs is the complete or partial rupture of the
cranial cruciate ligament (CCLr[1–3]), whereby joint instability induces inflammatory and
cellular changes causing synovitis, osteoarthritis, meniscal injury, and joint dysfunction.[2]
OA results from a complex interaction between biochemical and biomechanical factors and
possible changes involving all tissues such as the articular capsule and the subchondral bone
and ligaments, resulting in the destruction of articular cartilage.[4–7] Changes in the articular
surface are the most well documented histologically and biochemically.[8]

Although it is a constant topic of constant studies, OA research remains challenging. The
primary goal of treatment has been pain relief to maintain or improve joint function[9] using,
among others, polysulfated glycosaminoglycan, chondroitin sulfate, and intra-articular
hyaluronic acid, which can reduce pain and inflammation and restore the articular environ‐
ment.[2] Although these substances are employed frequently in treatment routines, they do
not always have the desired effect and they do not satisfactorily control the development of
the injury. NSAIDs are also used in an attempt to decrease inflammation and pain, but these
drugs usually offer little benefit in the control of the disease and may have deleterious effects
on joints and other body systems.[10–12]

In the absence of effective control of the degenerative process, new alternative therapies have
been proposed based on the intra-articular application of different types of autologous cells
obtained from different sources, whose action is the improvement of the recovery of damaged
tissues. These cells contain growth factors that have the ability to proliferate and differentiate
into different cell types that can modulate tissue recovery. These new therapies are known as
regenerative therapy and tissue engineering.[13–15]

One type of cell therapy is autologous platelet concentrate (APC) or platelet-rich plasma
(PRP). The literature[16–20] reports the benefit of its use in the repair and healing of sick or
injured tissues. According to Everts et al.[21] autologous platelet concentrate is employed in
different clinical situations, but scientific evidence supporting its action is lacking. The correct
management technique of blood samples and the proper preparation of the APC are required
to avoid inconsistent results. Factors such as blood collection, the quality of APC, the platelet
count, the platelet activation, the methodology, and whether it is autologous or homolo‐
gous may influence the results. Despite the lack of the standardization of the techniques
employed, the literature reports promising clinical results in humans[22–24], horses[25–27],
and dogs.[13,16,28,29]

Clinical studies have shown early recovery and pain relief, as observed in the evaluation of
dogs after receiving treatment for a rupture of the cranial cruciate ligament[13,29] and the
fragmented coronoid process.[13,28,29] Because APC stimulates the healing of tissue, it has
been used to treat different joint injuries, such as osteoarthritis, osteochondrosis, hip and elbow
dysplasia, chondral defects, tendinitis, bursitis, menisci injuries, muscle injuries, wounds, and
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fractures, and it has been used as an adjunct in the treatment of the rupture of the cruciate
ligament.[22,16,28,29,25,30,18,31,32] The results may vary depending on the severity of the
case[33] and the method for obtaining the APC.

Different in vitro and in vivo studies show the potential effect of the APC when associated
with cartilage-repair techniques or the conservative treatment of OA. Autologous platelet
concentrate increases chondrocyte synthesis  capabilities  including the regulation of  gene
expression, proteoglycan production, and the deposition of collagen type II.[34–37] When
associated with chondrocyte transplantation, it induces repair tissue proliferation similar to
hyaline  tissue  with  increased  proteoglycan  and  the  deposition  of  collagen  type  II  by
chondrocytes.[38,39] In experimental osteochondral defects in rabbits, Sun et al.[36] report‐
ed increased regeneration of cartilage and increased production of glycosaminoglycans in
the  extracellular  matrix  in  the  rabbits  that  received intra-articular  APC.  Kwon et  al.[33]
showed that  APC intra-articular  injection  influenced  the  regeneration  of  cartilage  in  all
degrees of severity of OA in rabbits’ knees but that the regenerative power was higher in
moderate  than in mild injuries.  The use of  intra-articular  APC represents  an alternative
treatment that seems effective, easy to use, and relatively inexpensive, which has aroused
the interest of researchers for clinical use.[40]

2. Autologous Platelet Concentrate (APC)

APC or platelet-rich plasma (PRP) is defined as a substrate that contains a platelet concentra‐
tion above basal levels. Platelets are a source of important growth factors and other molecules
that affect chemotaxis, differentiation, proliferation, and cell synthesis activity, thus regulating
physiological remodeling and tissue repair.[41–44] The properties of APC are based on the
production and release of multiple growth factors and cell differentiation. After platelet
activation occurs, these growth factors are released, including a growth factor beta transformer
(TGF-β), a growth factor derived from platelets (PDGF), a fibroblast growth factor (FGF), a
vascular endothelial growth factor (VEGF), a growth factor for connective tissue (CTGF), and
a hepatocyte growth factor (HGF).[40,13,42] These growth factors have various functions and
operate in conjunction with other types of cells and pro-inflammatory substances to regenerate
tissues. Studies have shown that PDGF promotes collagen synthesis and TGF-β stimulates
chondrogenesis.[46,47] Based on this assumption, the autologous platelet concentrate has been
employed in different clinical situations with satisfactory results.

In dogs, the APC is prepared from the whole blood of the patient, 8.5 mL of which is collected
via  venipuncture  and placed  into  tubes  containing  1.5  mL of  sodium citrate.  It  is  then
subjected to centrifugation.[13] There are different ways to obtain APC.[48–50] It  can be
prepared by automated methods, semi-automated methods, or the simplest way, that is, the
tube method with single[13,29,51] or double centrifugation.[42] The most important meth‐
od to prepare platelet concentrate is to ensure that in addition to concentrating a high number
of platelets, it allows for obtaining live and inactivated platelets.[25,52] The basic principle
of the APC action is to mimic the natural way of healing by organizing the elements that
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influence healing and taking the place of injured molecules, thereby facilitating the function‐
al recovery of tissues.[53]

3. Platelet activation

The substances most commonly used to activate platelets in APC for clinical purposes are
thrombin and calcium salts.[22,54,55] In a study by Silva et al.[16, 56, 57] and Silva,[13] there
was no difference between the concentrations of growth factors in APC supernatants activated
with gluconate, calcium chloride, thrombin, or batroxobin, suggesting that the APC can be
activated with any of these substances in dogs and cats. Considering the cost–benefit ratio,
calcium gluconate is the best option. Platelet activation is performed with 10% calcium
gluconate or chloride at a ratio of 1 mL of concentrate to 0.1 mL of activating substance.[16,25]

Although experimental studies have shown the positive effect of APC employment on the
return of functioning after ligament injuries, traumatic injuries to the articular cartilage, and
fractures, controversy remains regarding its action on articular tissues.[58,30,48] The objective
of this study was to evaluate, through video-arthroscopy, the effect of APC in experimental
OA in rabbits.

4. Materials and methods

The project was approved by the Ethics Committee on Animal Use (ECAU) of the Federal
University of Minas Gerais under No. 63/2014. The study used 14 rabbits of the New Zealand
breed. The rabbits were young adult males with a mean body weight of 3.0 kg. The inclusion
criteria were an overall healthy state and no changes in the locomotor system. The animals
were kept in individual 60 cm x 60 cm x 37 cm cages with access to water ad libitum and food
twice daily, according to specific nutritional needs. The rabbits were subjected to a cranial
cruciate ligament section guided by video-arthroscopy, and after 21 days, all rabbits under‐
went an intra-articular joint stabilization that was also guided by video-arthroscopy. Imme‐
diately after the stabilization, they were injected with APC or lactated Ringer solution in the
joint. The animals were divided into two groups: the control group (I), which received 0.5 mL
of lactated Ringer solution, and the treated group (II), which received 0.5 mL of APC activated
with 10% calcium gluconate. The arthroscopic evaluation was performed at the time of the
ligament section, 21 days and 15 days after stabilization and the intra-articular injection of
lactated Ringer solution or APC. Postoperative analgesia was made with tramadol (Teuto-
Cristalpharma, Brazil), at a dose of 1 mg/kg subcutaneously every 12 hours for three days, and
anti-inflammatory therapy, with meloxicam (Ourofino, Brazil) at a dose of 0.2 mg/kg intra‐
muscularly every 24 hours for three days after the section. The same treatment was made after
joint stabilization at 21 days. Prophylactic therapy with cephalexin (Aspen-Pharma, Brazil)
was given before joint stabilization.

During surgery, anesthesia consisted of pre-medicating the rabbits with midazolam (Cristália,
Brazil) and methadone (Cristália, Brazil) at a dose of 1 mg/kg intramuscularly, 15 mg/kg
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ketamine, and an anesthetic blockade of the sciatic and femoral nerves with lidocaine (Cristália,
Brazil) without vasoconstrictor at a dose of 5 mg/kg, maintained with isoflurane anesthesia.
The heart rate, respiratory rate, blood pressure, and blood gases were monitored. The arthro‐
scopic procedure was carried out in accordance with Beale et al.[59] After the suprapatellar
recess was punctured and synovial fluid was harvested, the joint cavity was distended with 3
mL of lactated Ringer solution. A medial parapatellar stab skin incision was made, and the
joint capsule was penetrated using a number 11 scalpel blade. Then, a blunt trocar locked in
the arthroscopic sleeve penetrated the joint capsule. The blunt obturator was replaced by a 1.9
mm arthroscope (Storz, Germany) following the examination of the entire joint, including the
evaluation of medial and lateral compartments, the intercondylar notch, cruciate ligaments,
the synovial membrane, and the suprapatellar pouch. The same procedure was performed
immediately using a 2.7 mm arthroscope (Storz, Germany).

Joint stabilization was carried out as described by Schawalder & Gitterle[60] after the arthro‐
scopic evaluation at 21 days.

5. Collecting blood samples and APC preparation

We used the single-tube method of centrifugation, in accordance with Silva.[13] We modified
the centrifugation time to 7 minutes to obtain a higher concentration of platelets in the rabbits.
Plasma fractions with platelet concentrations between 1.5 and 2.5 times the baseline of the
whole blood were considered APC. To perform the APC, 7 mL of blood was collected from
the jugular vein of the rabbits in Group II and deposited in 8.5 mL tubes that contained ACD-
A as an anticoagulant solution (trisodium citrate 22 g/L; citric acid 8 g/L; and dextrose 24.5 g/
L). The samples were processed immediately after harvesting. CBC was performed to assess
the baseline levels of the platelets in whole blood. The blood in ACD-A tubes was centrifuged
at 191 g for 7 minutes at room temperature (Centribio- 80-2B, China). Using catheter number
22 and a 3 mL syringe, the first approximately 100 µL of the red fraction below the blood-
plasma interface and the first 900 µL of plasma above the same interface were collected. The
autologous preparations obtained were analyzed by automated blood count volumetric
impedance. Each sample was analyzed three times, and the average was taken as a measure‐
ment sample. Additionally, 2 mL of whole blood in EDTA tubes was collected for CBC and
biochemistry. In the prepared platelet and whole blood, the number of platelets; the hematocrit
concentration; white blood cells; the absolute and relative values of lymphocytes, monocytes,
granulocytes; the mean platelet volume; and the platelet distribution index were assessed. Just
before the APC injection, it was activated with 10% calcium gluconate at a ratio of 0.1 mL to
1.0 mL of APC.

6. Results and discussion

Among the joint injuries observed in our clinical routine, the rupture of the cranial cruciate
ligament is the most common, followed by elbow and hip dysplasia. The inevitable conse‐
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quence of these changes is that OA, as reported in the literature,[2,11,12] is commonly treated
continuously with so-called chondroprotective agents and analgesics. The emotional effect on
the owner is considerable, and the financial costs are significant. Considering the actions of
growth factors on tissues,[41,45,46,42,43] the purpose of using the APC is to promote joint
recovery, heal tissues, and facilitate a painless functional recovery. Positive outcomes of APC
use could be a sharp reduction in, or even the elimination of, the use of anti-inflammatory
drugs, which have serious side effects. However, standardized studies on its action on tissues
and the evolution of treatment are lacking. One of the great difficulties in the treatment of OA
is the sequenced monitoring of their effects.

Although many studies on the degenerative process have been conducted, little is known about
the molecular mechanisms that can be affected and modified by some type of therapy. Adding
to this, the difficulty is the need for an early diagnosis and the evaluation of treatment.[61]

The changes associated with the degenerative process have a strong effect on patients by
reducing their ability to use their joints due to pain. Unfortunately, when these changes are
severe enough to be recognized clinically, they are irreversible with the treatments available
today.

Joint changes can be monitored with minimally invasive surgery via arthroscopy.[62,63]
Arthroscopy allows for a detailed evaluation of joint structures, for the identification of
morphological changes, and, as a minimally invasive technique, for serial interventions.[64,65]
It is therefore a way to track in vivo evolution of articular processes and their treatment. The
limitations in second arthroscopic evaluation in clinical practice and the diversity of clinical
situations[13,16,28,29] indicate the need for research that continuously assesses the process
and treatment, as was performed in the first stage of this study. One of the difficulties
encountered in this experimental model was the minimum quantity of synovial fluid in healthy
joints, that is, 0.1 to 0.2 mL, which prevented the evaluation of the parameters. However, in
the 21-day allotted time to start the evaluation of the degenerative process, joint effusion was
observed in all animals with an average harvest of 0.55 mL. In the group treated with APC,
effusion was reduced at 15 days after the intra-articular injection of APC, with an average
harvest of 0.35 mL. In the control group, despite the joint stabilization, outpouring continued,
with an average harvest of 0.62 mL.

Protein levels also showed a decrease after the intra-articular injection of APC. After 21 days,
the average levels of protein were 3.7 g/dL (normal <2.5), and at 15 days after treatment, an
average of 3.0 g/dL was observed. In the same observation period, the protein levels in the
synovial fluid of the control group were 3.9 g/dL on average.

The protocol that was proposed by Silva[13] and modified in this research (1 minute was added
in the centrifugation time) was effective in concentrating the platelets of rabbits. The concen‐
tration of platelets in the APC ranged from 1.5 to 2.5 times the baseline levels in whole blood
with an average of 1.8 times (Tab.1).

However, the concentration proposed in the literature, that is, three to five times, was not
reached.[66–68] A second spin could possibly elevate this concentration to the levels proposed
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in the literature, but the purpose of this study was to evaluate the action of this concentrate
obtained simply and economically through monitoring by video-arthroscopy.

Baseline means values in total blood

WBC RBC HGB PLT MPV %LYM %MO %GR

Average 6,16 5,28 9,48 169,85 5,85 43,97 5,94 50,1

Baseline means values in APC

WBC RBC HGB PLT MPV %LYM %MO %GR

Average 0,39 0,03 0,11 312,85 5,88 *** *** ***

WBC: leukocytes; RBC: erythrocytes; HGB: hemoglobin; PLT: platelets; MPV: mean platelet volume; LYM: lymphocytes;
MO: monocytes; GR: granulocytes; ***= Value not detected by the device.

Table 1. Baseline total cell count in blood and APC in rabbits with femorotibiopatellar OA induced at 21 days after the
rupture of CCLr

The role of leukocytes in APC is also a subject that requires further research, but their presence
in a low concentration is considered favorable.[25] Clinical outcomes at 15 days after injection
of the APC were also favorable in the experimental model, confirming owners’ reports of
clinical improvement in dogs after the first application of the APC. It is necessary, however,
to conduct an assessment to track their in vivo effect, with the least possible morbidity.

Arthroscopy is a diagnostic tool that allows for tracking the evolution of an articular injury
and the effect of treatment, but its clinical use for this purpose has limited application, leading
to evaluation in an experimental model. The arthroscopic evaluation was initiated with a 1.9
mm arthroscope, but the 2.7 arthroscope enables a more detailed visualization of structures.
Manipulation, however, was harder because of the instrument's size in relation to the rabbit’s
joints.

The arthroscopic evaluation showed different aspects between the groups, with a reduction
of synovitis, a smooth synovial capsule, a lower degree of bleeding, less hypertrophy in the
villi, smooth cartilage, and less evidence of fibrillation in the treated group than in the control
group (Figs. 1, 2, 3, 4).

The results of the clinical evaluation showed that joint manipulation was painless during
ambulation in the treated group. The arthroscopic evaluation showed the explanation for this
result. A clinical response was observed in our routine in different situations, such as the relief
of pain and the early recovery of limb function after rupture, CCLr treatment and functional
limb return in cases of hip dysplasia, and joint pain of an unknown cause. Favorable results
were also obtained in five cases of severe hip dysplasia, in which one joint was treated by triple
pelvic osteotomy, and the other was subjected to treatment with three injections of APC at
intervals of 15 days. The dogs recovered functional activity of the nonoperated limb, and it
lasted one year. The owners reported improvement after the first injection.
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It is important to consider how to obtain the APC and make sure that the concentrate has the
required amount of platelets and that it is viable. The method used was the same standard as
used in previous studies.[13,29]

The early diagnosis of joint injury is undoubtedly an important factor in controlling subsequent
degenerative lesions, but this is not the clinical reality. Therefore, other forms of controlling
or even inhibiting the degenerative process should be investigated. The monitoring of disease
progression and the response to treatment requires knowledge about the disease to guide the
conduct of treatment with more effective results.

Other studies on the use of autologous APC, APC banks, the influence of platelets concentra‐
tion in the resolution of lesions, the range of applications, the need for repetition in the protocol,
and APC’s effect on fracture healing are future prospects of this research group.
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Figure 1. Arthroscopic aspects of the femorotibiopatellar joint of rabbits just before CCLr. a, b, c - the lateral compart‐
ment: smooth lateral synovial membrane, pink, with a slight vascularization and an absence of villi; d, e, f - medial
compartment: smooth medial synovial membrane, pink, with slight vascularization and absence of villi; g, h, i - supra‐
patellar pouch: insertion of the patellar tendon (blue arrows), villus in the insertion of the patellar tendon (red arrow),
presence of tissue in suprapatellar pouch (long arrow); j, k, l - patellofemoral joint: patella (blue arrow), trochlear sur‐
face (red arrow), villi in the insertion of the patellar tendon (thin black arrow); m, n, o - cranial cruciate ligament (black
arrow), bright, without vascularization; m, n, o - cruciate caudal ligament (blue arrows) bright (m), with discrete vas‐
cularization (n, o), medial condyle (red dotted arrow); p - long extensor digital tendon (black arrow); lateral femoral
condyle (red arrow); q - long extensor digital tendon - tibial insertion (black arrow); r- intercondylar notch, smooth and
open (blue arrow).
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Figure 2. Arthroscopic aspects of the femorotibiopatellar joint of rabbits 21 days after the rupture of the cranial cruciate
ligament. a, b, c - medial compartment: a - synovium, b- synovial membrane hyperemia (blue arrow), insertion of artic‐
ular capsule - tissue formation (black arrow), c - villi, needle for drainage (dotted green arrow); d - suprapatellar
pouch, clot presence, villus (black arrow); e - proximal medial condyle - villi and vascularization (black arrow); f - sur‐
face erosion of the proximal medial condyle (black arrow), insertion of the patellar tendon (yellow arrow); g - lateral
compartment: hyperemic synovial membrane; h - proximal lateral condyle - tissue formation (black arrow), neovascu‐
larization in the patellar tendon insertion (green arrow); i, j - neovascularization in the patella (blue arrow); k, l - villi in
the patellar insertion of the patellar tendon (black arrows); m - proximal medial condyle – vascularization (black ar‐
row), patella (blue dotted arrow); n, o - suprapatellar pouch - neovascularization, patella (blue arrows); p, q - insertion
of the long extensor digital tendon - neovascularization (black arrows); r, s, t - irregular intercondylar notch, fibrillation
(red arrows).
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Figure 3. Arthroscopic aspects of femorotibiopatellar joint of rabbits 15 days after joint injection of autologous platelet
concentrate. a, b, c, d, e, f - lateral compartment: synovial membrane (black arrows), lateral condyle, slight increase in
the capsule insertion (blue arrows), neovascularization in the condyle (yellow arrow); d, e, f - lateral synovium (black
arrows), lateral condyle, slight increase in the insertion of the capsule (blue arrow); g, h, i - medial compartment: g -
slight irregularity in the medial condylar edge, h - capsule insertion (blue arrow), i - fibrillation in the proximal medial
condyle; j, k, l - different aspects of the insertion of the capsule, fibrillation (blue arrow); m, n, o - different aspects of
the medial synovial membrane; p - suprapatellar pouch; q, r, s, t - patellar neovascularization - different aspects; u -
patellofemoral joint - smooth cartilage without change; v, x - neovascularization in the insertion of the long extensor
digital tendon(blue arrow); x1, x2, x3 - long extensor digital tendon, middle-proximal third, bright (black arrows); x4 -
long extensor digital tendon opaque (black arrow); x5 - smooth medial condyle (blue arrow), tissue formation, inter‐
condylar notch (black arrow); x6 - partial projection of the medial horn meniscus (blue arrow).
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				Figure 4. Arthroscopic aspects of femorotibiopatellar joint of rabbits 15 days after articular injection of lactated Ringer

solution (control). a, b, c, d - lateral compartment: synovial membrane (blue arrows), lateral condyle - capsule insertion
(yellow arrow), neovascularization, tissue formation; b - lateral femoral condyle, capsule insertion; c - osteophytes
(black arrow); d - hyperemia of the synovial membrane; e, f - villi in the insertion of the patellar tendon (blue arrows);
g - suprapatellar pouch – hyperemia (blue arrow); h, i, j, k, l, m - medial compartment: h, i - villi in the insertion of the
patellar tendon (blue arrows); j, k, l, m - neovascularization in the capsule insertion (black arrows), tissue formation at
the edge of the medial condyle (yellow arrow); n, o - intercondylar notch: fascia lata autograft (blue arrows), fibrilla‐
tion in the intercondylar notch (black arrow).
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