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ABSTRACT

Researchers around the world use histological analy­
sis to provide the most detailed morphological informa­
tion of articular cartilage repair and it predominantly 
relies on the use of histological scoring systems which 
are important tools for valid evaluations. Due to hyaline 
cartilage complex structure and avascular nature, dam­
aged cartilage does not heal spontaneously and it is still 
a challenge to regenerate and restore its tissue function. 
The aim of this study was to investigate the quality of re­
generated cartilage by using three different histological 
scoring systems; O’Driscoll, Pineda and Wakitani which 
are all classic scores described for such animal studies. 
We used an in vivo ovine model in which a full thickness 
chondral defect was created and then implanted with

the biomaterial (polyhydroxybutyrate/chitosan; PHB/ 
CHIT). The results of this histological analysis demon­
strated that the cartilage repaired tissues received scores 
indicating that the majority of the regenerated tissue 
resembled hyaline-like cartilage. After six months of re­
pair the regenerated cartilage showed characteristics like 
good surface continuity, uniformed stained extracellular 
matrix, clearly visible zones and cellular proliferation. 
In conclusion, this study may be used to investigate and 
improve the regenerative capacity of hyaline cartilage in 
preclinical models and it also sheds further light on both 
the evaluation and methods used for the regeneration of 
damaged cartilage.

Key words: animal model; articular cartilage; carti­
lage repair; histology; regeneration; scoring system
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INTRODUCTION

Cartilage is a flexible, sustainable form of tissue com­

posed of cells called chondrocytes and a highly specialized 

extracellular matrix. The extracellular matrix has unique 

biomechanical properties and is composed of ground sub­

stance and fibers. The matrix contains high concentrations 

of glycosaminoglycans (GAG) and proteoglycans (PG) 

and these can interact with elastic and collagen fibres. The 

composition of the matrix components and cells can cre­

ate variations and produce three different kinds of cartilage 

adapted to local biochemical needs [10]. Hyaline cartilage 

can be commonly found in the ribs, nose, larynx, and tra­

chea. Hyaline cartilage on the articular surfaces of bones 

(the surfaces in joints) is called articular cartilage (AC). 

Healthy AC provides a smooth, cushioning and low fric­

tion surface for joints [20], and is composed of four layers 

based on the structure of the extracellular matrix and cell 

morphology: a) superficial zone, b) intermediate zone, c) 

radial zone, and d) calcified cartilage zone [14]. It is known 

that AC can tolerate considerable intense and repetitive 

stress but it has a limited ability of repair. This inability to 

heal is attributable to a few factors, such as the chondro­

cytes immobility, limited ability of mature chondrocytes to 

proliferate and the avascularity of cartilage. Degradation 

of AC result in osteoarthritis, even minor injuries of AC 

might lead to progressive damage and osteoarthritic joint 

degeneration. It is one of the global leading causes of sig­

nificant pain, disability and immobility [12, 13]. Globally, 

osteoarthritis affects around 3.3 % to 3.6 % of the world 

population. It is the 11th most debilitating disease around 

the world since it causes moderate to severe disability in 

43 million people [3, 4]. In attempts to regenerate or repair 

AC many methods has been developed by researchers and 

surgeons whose goal is to create and restore the function of 

hyaline cartilage.

Nowadays tissue engineering is able to create live tissue 

and is used to replace or improve biological function; it can 

be done by the usage of combinations of cells, biomateri­

als, biochemical and physio-chemical factors. The methods 

used for cartilage repair and regeneration do not perfectly 

restore cartilage but there are very promising results seen in 

repairing cartilage from traumatic injuries or cartilaginous 

diseases.

At this time, there are several different clinical methods 

available for cartilage repair which includes: autologous

chondrocyte implantation (ACI), bone marrow stimula­

tion, osteoarticular transfer system or mosaicplasty, os­

teochondral plug transplantation, penetration of the sub­

chondral bone, matrix-induced autologous chondrocyte 

implantation, microfracture and most recently the next 

generation of ACI which involve scaffolds or cell-seeded 

scaffolds. There has recently been a significant expansion 

in biomaterial technologies, cell sources, scaffolds, molecu­

lar and genetic manipulations for the creation of functional 

tissue replacements to treat damaged cartilage [13]. It has 

been shown that implantation of acellular biomaterials sig­

nificantly enhances the regeneration of cartilage compared 

to natural healing. Some advantages that acellular biomate­

rials offer includes: no costs for cell cultures, lack of donor- 

site morbidity, not as many regulatory issues, and one-stage 

surgical procedures.

Natural biomaterials used in vivo includes chitosan, 

collagen, hyaluronic acid and alginate. Also, synthetic 

biomaterials exists such as polyvinyl alcohol, poly(lactic- 

co-glycolic acid) and polycaprolactone. Multi-layered bio­

materials are made to combine the beneficial properties of 

these materials, for example β-tricalcium phosphate-hy- 

droxyapatite/hyaluronateatelocollagen and type 1 collagen- 

hyaluronic acid-fibrinogen hydrogel. These biologics are 

natural factors which induce proliferation and differentia­

tion of cells [19]. The goal of cartilage repair techniques is 

to restore the function to the injured tissue as well as reduce 

pain.

To evaluate the success and outcome of cartilage regen­

eration one of the most important measures is the histo­

logical quality of the cartilaginous tissue. Nowadays a vari­

ety of histological scoring systems are used to evaluate and 

describe the quality of in vivo repaired tissues. Histological 

analysis is an excellent tool for a valid and objective evalu­

ation of repair tissue dependent on the use of established 

scoring systems such as: O’Driscoll, Pineda and Waki- 

tani. These systems are among the most commonly used 

for experimental cartilage repair and histological analysis 

is considered the gold standard method for evaluation of 

cartilaginous repair. The O’Driscoll score was the first his­

tological grading system for articular cartilage defects and 

it was used to assess the effects of periosteal grafts in rab­

bits in the treatment of full thickness chondral defects [16]. 

This scoring system includes parameters such as: cellular 

morphology, safranin-O staining of the matrix, surface 

regularity, structural integrity, thickness, bonding to the
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adjacent cartilage, freedom from cellular changes of de­
generation (hypocellularity), chondrocyte clustering, and 
freedom from degenerative changes in adjacent cartilage 
[17]. When using the O’Driscoll score it is one of a few sys­
tems that allows for the assessment of the integration of the 
repaired tissue with its surroundings. Nevertheless, these 
extra added points do not significantly affect the final score 
and the scoring system is often used in modified versions 
[21]. The score value in this complex system ranges from 
0-24 points where 0 is no signs of cartilage repair and 24 is 
complete regeneration, the maximum points value for one 
parameter range between 2—4 [17].

Stephen P i n e d a and co-workers introduced a semi­
quantitative scale for histologic grading, composed of four 
parameters in order to evaluate the natural healing pro­
cess of articular cartilage repair. A rabbit model was used 
by drilling defects into the articular cartilage of the knee 
and the samples stained with Safranin-O staining [18]. The 
simple Pineda scoring system scale contains four param­
eters; filling of the defect in percentage, reconstitution of 
the osteochondral junction, staining of the matrix, and cell 
morphology. The score value in the Pineda system ranges 
from 0—14 points, where 0 is complete regeneration and 
14 is no repair, the maximum point values for one param­
eter range between 2—4. It means that the system is the 
inverse in which a low score value represents a good repair 
response [17].

The Wakitani system is an elementary scoring system 
developed by Shigeyuki W a k i t a n i and co-workers in 
1994. The system was used for histological evaluation of to- 
luidine stained samples from a study where the authors in­
vestigated the effect of periosteum or bone marrow derived 
mesenchymal cells for the repair of large, full-thickness de­
fects of articular cartilage. Rabbits were used as the animal 
models in which a chondral defect was created in the medi­
al femoral condyle [24]. The Wakitani scoring system scale 
contains five parameters: cell morphology, matrix staining, 
surface regularity, thickness of cartilage, and integration 
of donor with host cartilage. The score values range from 
0—14 points where 0 is complete regeneration and 14 is no 
repair, the maximum point values for one parameter range 
between 2—4, similar to the Pineda score [17].

The aim of this study was to evaluate cartilage repair 
after the creation of a full thickness defect and implantation 
of biomaterial in the sheep stifle joint by using different 
established histological scoring systems (O'D r i s c o l l,

P i n e d a, W a k i t a n i). These scoring systems histo­
logically investigate the regenerated articular cartilage after 
implantation with a polyhydroxybutyrate/chitosan (PHB/ 
CHIT) scaffold.

MATERIALS AND METHODS

Preparation of polyhydroxybutyrate/chitosan implants
The scaffold polyhydroxybutyrate/chitosan (PHB/ 

CHIT) composite was prepared according to [9]. PHB 
(GoodFellow), dissolved in propylene carbonate were mu­
tually mixed with chitosan (Sigma Aldrich) dissolved in 1 % 
acetic acid at a ratio equal to 1 : 1. For precipitation the same 
volumes of differently concentrated biopolymer solutions 
were used. The mixing was accomplished by using a mag­
netic stirrer at 400 rpm for 10 minutes, thereafter acetone 
was added to the suspension for the complete precipita­
tion of the biopolymers. The final product was filtered and 
washed with distilled water. Subsequently it was moulded 
into cylindrical forms that were 10 mm in diameter and 
10 mm in height and lyophilized (Ilshin) for 6 hours. Steril­
ization of the implants were done at 121 °C in an autoclave. 
Observation of the polyhydroxybutyrate/chitosan mixture 
appearance demonstrated a macroporous microstructure of 
the spongy-like biopolymer composite implanted with high 
fractions of irregularly shaped macropores with sizes up to 
100 pm and micropores < 20 pm (Fig. 1) [23].

Fig. 1. Polyhydroxybutyrate/chitosan biomaterial
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Sheep cartilage sample collection
Animals
Five clinically healthy ewes of the crossbreed Me­

rino and Valachian were used. The age of the sheep 
ranged from 1.5—2 years with an average body weight of
50.7 kg ± 1.9 kg. They were housed at the Clinic for Ru­
minants at the University of Veterinary Medicine and 
Pharmacy in Kosice where they were kept in free stalls. 
Water was freely available and they were fed hay and con­
centrates. The animals got 14 days to acclimatize to their 
new environment before the scheduled surgery. They also 
underwent a standard preoperative clinical examination 
before being included in the study. The health status of 
the sheep were evaluated daily after the surgical interven­
tion and the animals were sacrificed six months after the 
surgical procedure. The experimental animals from the 
farm PD Agro Michalovce (Slovak Republic) and the ex­
perimental protocol were approved and obtained from the 
State Veterinary and Food Administration of the Slovak 
Republic No. 3508/17-221.

Anaesthesia and postoperative care
Prior to the surgery, the sheep had been fasted, e. g. 

food and water were withheld for 12 hours. The sheep were 
premedicated with buthorphanol (0.1 mg.kg-1 IM, Buto- 
midor, Richter Pharma, Wels, Austria) and medetomidine
0.02 mg.kg-1 IM (Cepetor, CP-Pharma Handelsgesellschaft, 
GmbH, Burgdorf, Germany) for induction and for main­
tenance of anaesthesia ketamine 8 mg.kg-1 IV (Ketamidor,

Richter Pharma, Wels, Austria) was used. Post surgically all 
sheep were given NSAID flunixin meglumine (2.2 mg.kg-1 
IM, Flunixin a. u. v., Norbrook, Newry, UK) 1x daily for 
7 days and broad spectrum antibiotic oxytetracyclinum di- 
hydricum (20 mg.kg-1 IM, Alamycin LA a. u. v., Norbrook, 
Newry, UK) 1x every second day.

Surgical process
To induce the traumatic defect in the articular cartilage 

of the left stifle joint, a skin incision was placed over the left 
lateral side from the medial patellar ligament distal to the 
tibial tuberosity. After incising subcutaneous tissue and the 
superficial fascia, the medial femoral condyle was exposed. 
The joint was flexed and partially luxated to allow for the 
creation of a full thickness defect in the articular cartilage 
by using a drill machine. The full thickness defect was cre­
ated at an exact location in the distal epiphysis of the femur 
(trochlea femoris sinister) with a diameter of 6 mm and 
a depth of 2 mm. At the site of the defect, drilling Kirschner 
wires were used to reach the space of the bone marrow 
area and after that, the defect was filled with a biopolymer 
implant (Fig. 2). The sheep were sacrificed 6 months after 
implantation and the cartilage samples were obtained from 
biopsies (diameter 8 mm and a depth of 10 mm) harvested 
from the healing defect by using an Osteochondral Auto­
graft Transfer System (OATS, Arthrex, USA). Also, biopsy 
removal was performed in the same way to get control sam­
ples from the original healthy cartilage but taken from the 
opposite side of the trochlea.

Fig. 2. Surgical procedure

a) Inducing of articular full thickness cartilage defect; (b) Inserting of scaffold into prepared articular defect; 
(c) Articular defect with implanted scaffold
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Histological preparation
Hematoxylin-Eosin staining
Immediately after the animals were sacrificed the carti­

lage samples were dissected. Straightaway after harvesting 

the samples they were fixed in 10 % neutral formalin and 

decalcified with chelaton; after that dehydration was per­

formed in a 70—100 % ethanol series and the next step was 

paraffin embedding. When embedded in paraffin, the carti­

lage samples were cut into 7 pm thick pieces. These sections 

were stained for routine histological study with haematoxy- 

lin and eosin (H&E) for the histological evaluation under 

the light microscope (Olympus CX23). By using this stain­

ing technique, it is possible to evaluate the overall structure 

including the tissue repair, cell morphology, bone cartilage 

interference, abnormal calcification and tidemark [5].

Alcian blue staining
The deparaffinized and hydrated sections were sub­

merged in 3 % acetic acid solution for 3 minutes and then 

washed in tap water. Sections were stained with Alcian blue 

solution (Sigma Aldrich, USA, 1 % solution in 3 % of acetic 

acid, pH 2.5) and counterstained with Nuclear Fast Red so­

lution (Merck Millipore, USA) for staining of the chondro­

cyte’s nucleus. Afterwards the sections were washed in tap 

water, dehydrated, cleared and mounted in medium (Entel- 

lan, Merck Millipore, USA). This staining was used for the 

evaluation of the glycosaminoglycans in the matrix of the 

cartilage, it also displayed the cellular morphology and col­

lagen deposition.

Evaluation of cartilage samples
The histological grading and observations were carried 

out on 50 articular cartilage samples, five sheep from which 

five slides with two sections on each slide were available for 

the study, meaning that 10 samples from each animal were 

used. These samples were acquired from a cartilage repair 

investigation and taken from regions across the trochlea in 

which full thickness chondral defects were created using 

an in vivo ovine model. These were then given scores, e. g. 

graded with the Pineda, O’Driscoll and Wakitani systems 

[16, 18, 24]. The Pineda system on a scale from 0 (complete 

regeneration) to 14 (no repair), the O’Driscoll system on 

a scale from 0 (no signs of cartilage repair) to 24 (complete 

regeneration), and the Wakitani system on a scale from 0 

(complete regeneration) to 14 (no repair). These evalua­

tions were done on all cartilage samples from the trochlea

under light-microscopy and the data were obtained, the 

samples were scored with individual scores from each sys­

tem according the three different scoring systems. Before 

starting with the evaluation of the experimental cartilage 

samples it was important to become familiar by means of 

self-education by studying the appearance of physiological 

articular cartilage, fibrocartilage and degenerated cartilage. 

The samples were not presented to the observer in a blind­

ed order.

Statistical analysis of the data were performed using the 

programme GraphPad Prism 6.0. One-way and two-way 

ANOVA tests were used for analysis. Values of P < 0.05 

were deemed statistically significant.

RESULTS

Histological scoring of cartilage repair
The examination of the histological sections from the 

trochlea with its full thickness chondral defects showed 

that articular cartilage regeneration was observed in some 

animals. The experimental group displayed evidence of 

newly formed repaired tissue with clearly visible zones in 

the defect site and hyaline-like cartilage formation demon­

strated by Alcian blue and H&E staining. These histologi­

cal observations of the repaired tissues were also reflected

Table 1. Results of the histologic evaluation of cartilage repaired tis­
sue for the complex O'Driscoll together with simple P i n e d a and 

W a k i t a n i semi-quantitative scoring systems

Score Sheep Mean Range
Median 

total score

P i n e d a 1 2.2 2—3 3.06

2 3.8 2—4

3 5.8 5—7

4 2.3 1—3

5 1.2 1—2

W a k i t a n i 1 3.4 2—4 3.36

2 2.8 2—4

3 5.9 5—7

4 2.5 1—3

5 2.2 2—3

O'D r i s c o l l 1 14.3 14—16 14.28

2 15.0 15

3 9.3 7—11

4 14.8 14—16

5 18.0 18

Results are expressed as the mean value for each sheep
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Graph 1. The mean score for each evaluated parameter scored with O’Driscoll

Graph 3. The mean score for each evaluated parameter scored with Graph 4. Results of the evaluation according the different histological 
scoring systems
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in terms of the histological scoring. The trochlear sections 
that were graded with the Pineda and Wakitani scoring 
systems showed low scores, however the result from the 
O’Driscoll system revealed a higher score (Tab. 1; Graph 4). 
Since the samples only consisted of the defect and not adja­
cent cartilage, a modified O’Driscoll score was used and the 
parameters, bonding to the adjacent cartilage and freedom 
from degenerative changes in adjacent cartilage was not 
used in this evaluation. The trochlear defect graded with 
a modified O’Driscoll system on a scale from 0 (no signs of 
cartilage repair) to 19 points (complete regeneration) got 
a total mean score of 14.28 points and suggested a satisfac­
tory result with hyaline-like tissue (Graph 1).

When the trochlear defect was graded with the Pine­
da system on a scale from 0 (complete regeneration) to 
14 points (no repair) got a total mean score of 3.06 points, 
this low value represented a good repaired response. When 
scoring with the Wakitani system the parameter, integra­
tion of donor with host adjacent cartilage was evaluated 
on macroslides. Grading with the Wakitani system showed 
a total mean score of 3.36 points; the system was similar to 
the Pineda and graded on a scale from 0 (complete regener­
ation) to 14 points (no repair). The result of 3.36 points cor­
related with the Pineda score results and reflected a good 
repair (Graphs 2 and 3).

Assessing the data obtained by scoring with the differ­
ent systems, the individual score per sheep varies when 
using the same system. Once the five sheep were scored 
with the Pineda system, the individual scores for the sheep 
ranged between 1.2—5.8 points. The scores for the sheep 
when graded with Wakitani system ranged between 2.2— 
5.9 points and for the O’Driscoll system, the scores ranged 
between 9.3—18.0 points (Tab. 1).

In the control samples harvested from healthy articu­
lar cartilage all zones were clearly visible. The superficial 
or tangential zone had the lowest content of PGs, since the 
chondrocytes synthesize high concentrations of collagen 
and only low concentrations of proteoglycan, thus making 
it the zone with the highest water content and the Alcian 
blue was less intense in these area. The superficial zone of 
the trochlea showed chondrocytes lying parallel to the joint 
surface with an oval shape instead of the flat elongated ap­
pearance that were usually seen. In the transitional, inter­
mediate or middle layers round and slightly larger chon­
drocytes surrounded by extracellular matrix were seen. 
The collagen fibres were thick and arranged randomly,

the layers were also more intensively stained with Alcian 
blue which indicated a higher proteoglycan content. It is 
viewable that the cell density in this zone was lower and 
they were embedded in an abundant extracellular matrix. 
The cell density in the transitional zone was lower which 
indicated mature cartilage with predominantly spheroid­
shaped cells embedded in an abundant extracellular ma­
trix. The deep or radial zone consisted of large chondro­
cytes most of them were grouped in radial columns and the 
arrangement was perpendicular to the surface. Noticeable 
was that this zone contained the highest content of proteo­
glycans and had the lowest water content. The layer of cal­
cified cartilage was a calcified zone that should have been 
clearly separated from the zone by a tidemark; in this case 
the tidemark was not visible. The collagen fibrils were ar­
ranged perpendicular to the articular surface and they pen­
etrated from the deep zone through the calcified cartilage 
into the subchondral bone. As can be seen, the mineralized 
zone only contained a small volume of cells embedded in 
the calcified matrix; this part showed a very low metabolic 
activity (Fig. 3).

Microscopic evaluation of the repaired tissue 
within the defect site of the trochlea

The histological findings of the regenerated cartilage fol­
lowing the implantation of PHB/CHIT in the experimental 
group showed an overall good result of the newly formed re­
paired tissue. After six months of repair some of the sections 
from trochlear repaired tissue showed that the defect was 
repaired completely by hyaline cartilage. In these regions 
the microscopic appearance of the cartilage was normal 
cartilage, e.g. hyaline cartilage in which all the zones could 
be clearly identified. The regenerated cartilage displayed 
a good surface continuity showing a smooth intact articu­
lar surface. In some regions though, the surface was uneven 
and several layers even separated from the cartilage sur­
face. Probably these layers represented parts of the synovial 
membrane. At higher magnifications, the chondrocytes in 
the superficial zone had a flat and elongated appearance and 
could be seen parallel to the surface. The result was intact, 
homogenous cartilage which exhibited a uniform stained 
extracellular matrix. There were no signs of hypocellularity 
and the cartilage were arranged into all the zones that was 
clearly visible and unaffected. In the deep zone the chondro­
cytes were arranged in vertical columns separated by a thin 
layer of extracellular matrix (Fig. 4).
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Fig. 3. Histological section of articular cartilage, control group, 
stained with Alcian blue to demonstrate GAGs content

In another sample from the trochlea, the zonal arrange­

ment could not be clearly observed, the surface showed 

good continuity but in the superficial layer the cells was 

small, elongated and the appearance of chondrocytes were 

lost. In the transitional layer cell proliferation was present; 

it was composed of large round chondrocytes that could 

be seen either singly or in pairs. In the deep part of the re­

generated tissue the cells were more disorganised and they 

were not grouped into discrete columns (Fig. 5).

In one of the five animals, the trochlear sections showed 

that the cells were more disorganised and the zones could 

not be clearly observed (Graph 4). There were also cluster­

ing cells in the cartilage and the chondrocytes were not ar­

ranged into four zones; instead they formed these clusters 

that could be seen throughout the cartilage. Surface fibrilla­

tions were observed; this superficial fibrillation of the artic­

ular cartilage resulted in the loss of smoothness and it also 

showed signs of degeneration. Fissures that extended into 

both the superficial and transitional zones of the cartilage 

were observed. The affected cartilage demonstrated loss of 

Alcian blue staining reaching from the superficial zone into 

the transitional zone in which it was more manifested due 

to the proteoglycan loss. Changes could be observed in the 

superficial zone either as oblique splits or horizontal sepa­

ration of the collagen bundles. This repaired tissue was of 

lower quality and differentiated from hyaline cartilage by 

its coarser fibrillary nature (Fig. 6).

Fig. 4. Microphotograph of articular cartilage, experimental group

a) Microscopic appearance of the cartilage was normal and all zones clearly visible; b) + c) in some regions 
the surface was uneven and several layers were separated from the cartilage surface (arrows)
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Fig. 5. Microphotograph of articular cartilage, experimental group

a) The defect was repaired with hyaline cartilage, which showed good surface continuity (arrow); b) cell proliferation was present (arrows), 
but zones were not clearly visible; c) chondrocytes were not grouped into a columnar organization

Fig. 6. Microphotograph of articular cartilage, experimental group

a) the defect was repaired incomplete, under the level of adjacent cartilage, in this zone cells were more disorganised; b) in some regions the cartilage 
showed decreased and uneven staining of proteoglycans (arrow); c) surface fibrillation; d) arrangement of chondrocytes in small clusters (arrow)

DISCUSSION

Histological analysis significantly contributes to both the 
assessment of cartilage damaged and the success of cartilage 
regeneration when evaluating cartilage repaired tissues and

its quality. R u t g e r s et al. reported that using more than 
one scoring system will give more information about the 
histological characteristics of the regenerated tissue [21].

A correlation can be seen between each three of these 
systems (O’Driscoll, Pineda, Wakitani) when it comes to
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the cartilaginous repaired tissue and it suggests an over­

all good morphology for the regenerated cartilage. It was 

concluded by M o o j e n et al. that both O’D r i s c o l l 

and P i n e d a scores were reliable semi-quantitative car­

tilage scoring systems with good correlation [11]. The val­

ues from all of the three scoring systems showed similar re­

sults even though the parameters and values were different; 

attention-getting differences between these three scores 

were the number of single criteria included. Pineda and 

Wakitani scores were classified as elementary systems since 

these systems only consists of 4 or 5 single criteria for eval­

uation, while the O’Driscoll score belonged to a complex 

system with 9 single criteria for evaluation. O r t h and 

D a d r y showed in a study which included the same three 

systems used in our work, that no significant disparity in 

reproducibility and reliability could be detected between 

the complex and elementary scores. Due to this study the 

authors suggested that these histological scoring systems 

represent a relatively potent tool for the evaluation of ar­

ticular cartilage repair. However, it is important to note that 

the complex scoring systems will provide more descriptive 

information when it comes to the nature or character of the 

regenerated tissue, particularly about cellular and structur­

al properties or the presence of degenerative changes [17]. 

Meaning that, for example O’D r i s c o l l and P i n e d a, 

are validated scores which may increase the comparabil­

ity of information and therefore stimulate consistency be­

tween the two studies.

During the histological analysis, there were a few char­

acteristics of this repaired tissue noted, such as cluster for­

mation, loss of matrix staining and some zones were not 

clearly visible; therefore it resulted in a lower score in com­

parison to the others.

Cartilage of lower quality, e. g. fibrocartilaginous re­

paired tissue may degenerate after a few years and does not 

tolerate mechanical loads over time, and it is connected 

with the risk of developing secondary osteoarthritis [2]. It 

is also important to note that hyaline cartilage repaired may 

still fail if mechanical irritation persists due to malalign­

ment, poor defect fill or if the surface is disintegrated. Many 

characteristics are just as vital as the extracellular matrix 

composition when determining the quality of the repaired 

tissue. Examples of important characteristics are: cell organ­

isations, viable cells with zonal specific arrangements, den­

sity of cells, surface integrity, cartilage-bone integration, and 

the orientation and organisation of the collagen fibrils [15].

The evaluation of the histologically stained sections 

provided a method to determine how closely the morphol­

ogy and organisation of t"4he repaired cartilaginous tissue 

resembles normal physiological articular cartilage and it is 

considered the gold standard for this purpose. For preclini­

cal and clinical repair of cartilage, histological scoring pro­

vides a crucial outcome measure [5, 17].

Animal models in cartilage repair studies have been of 

a major importance for the development of effective treat­

ments of cartilage injuries. For the introduction of new 

treatments and the use of them in clinical practice, in vivo 
animal studies are necessary for closing the gap between 

in vitro experiments and human clinical studies [6]. In the 

literature, it can be found that numerous large animal mod­

els may be used in cartilage repair studies. The ovine stifle 

joint defect model is widely accepted as an adequate model 

and are commonly used for the assessment of the efficacy 

of strategies for cartilage regeneration because of the ana­

tomical similarity between their stifle joint and the human 

knee joint. Another advantage is the possibility to use ar­

throscopy for a “second look” which is considered benefi­

cial. There are also limitations with the ovine model; the 

thickness of the articular cartilage in sheep is variable and 

can range between 0.4-1.6 mm [22]. This could lead to vari­

able results within a study since this variability makes the 

volume of the defect created in the cartilage and subchon­

dral bone likely to be different between individual animals. 

In other studies, the volume of cartilage and subchondral 

bone involvement has varied significantly and therefore the 

standard deviation between published studies are promi­

nent. Smaller animals such as rodents or rabbits are gener­

ally accepted and used as a small animal model in initial 

lines of investigation. Nevertheless, in the final preclinical 

evaluation of a reconstruction technique for articular carti­

lage, often it requires a confirmation in large animal models 

[12]. At the moment, no perfect preclinical animal model 

exists but the authors concluded that the ovine is a read­

ily accessible model for cartilage repair studies despite the 

previous mentioned limitations [1].

The terminal goal of all cartilage repair methods is to 

regenerate a repaired tissue with corresponding structure, 

biochemical and biomechanical characteristics of normal 

physiological hyaline cartilage. Studies have indicated that 

scientific advances in the area of tissue engineering have 

made important steps towards the development of normal 

articular cartilage repair. Especially, research has demon­
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strated the potentiality of biomaterials physico-chemical 
character significantly influencing the differentiation, pro­
liferation and matrix deposition by progenitor cells [8].

By filling an osteochondral defect with biomaterial, it 
may act as a template for the regeneration of new hyaline 
cartilage tissue. The idea is to use marrow stimulating tech­
nique such as subchondral drilling and implant biomaterial 
to guide and stimulate regeneration of the articular carti­
lage. In a review, P o t et al. concluded that on the whole, 
clinical studies showed improved cartilage regeneration 
when using biomaterials for implantation after bone mar­
row stimulation in animal models, but the authors also con­
cluded that there is still room for enhancement regarding 
the clinical outcome and tissue quality [19]. Their conclu­
sion is in line with this study in which we observed overall 
satisfactory results but also less satisfactory results in some 
aspects. Ideally, biomaterial should achieve regeneration by 
stimulating the recruitment of cells from the bone marrow 
and provide the biochemical and physical guidance that di­
rect the cells to regenerate and built up the zones of articu­
lar cartilage to exhibit normal morphology [7].

A weakness of this study was the small number of ani­
mals making the number of samples available for scoring 
and evaluation limited. Also, not all parameters in the 
O’Driscoll score were used for grading in this study. The 
parameters bonding to the adjacent cartilage and freedom 
from degenerative changes in adjacent cartilage was not 
used in this evaluation since the samples only consisted 
of the defect. This might lead to an overestimation of the 
quality of the repaired tissue. To reach high objectivity in 
a study using histological scoring systems H o e m a n n 
et al. stated that two to three independent blinded read­
ers is advisable to perform the evaluations [5]. To translate 
results from animal studies to human studies are always 
delicate matters; the cartilage in sheep is thinner compared 
to human cartilage and the created defects are only pos­
sible to make in the lower range of what is judged clinically 
significant for humans. For research purposes and further 
assessment of cartilage repaired tissues alternatives to his­
tological scoring and analysis should be considered to get 
more information about the cartilage quality. Noticeable 
is also that translational values of animal models to clini­
cal trials will depend on the comparability to the clinical 
situation, which in this case was the short follow up time. 
Many studies (also this one) investigated cartilage repaired 
tissues up to six months and this is a limiting factor for the

translational value since clinical improvements in humans 
often observed up to one and a half year after surgery [19].

Histological analysis of repaired tissues from large ani­
mal models can also be supplemented with analyses of the 
regenerated tissue biochemistry [5].

The overall results presented by histological scoring in­
dicated that hyaline-like tissue was formed in most of the 
sheep. In one sheep out of five less satisfactory results were 
observed. The results suggest that a total score can indicate 
a level of regeneration and quality of the repaired tissues. 
Histological analysis remains the best method for scoring 
and describing the properties of the structure and morpho­
logical health of hyaline cartilage. Both complex scoring 
systems such as O’Driscoll and the elementary inverse sys­
tems of Pineda and Wakitani are well suited to describe the 
complex structures of animal cartilage repair.

CONCLUSIONS

In conclusion, the results of this animal study suggests 
that the scoring and histological findings demonstrated an 
overall successful in vivo repair and regeneration of articu­
lar cartilage. The discovered results provide further knowl­
edge that could help improve the field of cartilage tissue 
engineering and regeneration associated with cartilage 
damage in an ovine animal model.
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