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ABSTRACT
PURPOSE: Articular Cartilage has limited potential for self-repair and tissue engineering approaches attempt to repair articular
cartilage by scaffolds. We hypothesized that the combined hydroxyapatite and zirconia stabilized yttria would enhance the quality of
cartilage healing.
METHODS: In ten New Zealand white rabbits bilateral full-thickness osteochondral defect, 4 mm in diameter and 3 mm depth, was
created on the articular cartilage of the patellar groove of the distal femur. In group I the scaffold was implanted into the right stifle and
the same defect was created in the left stifle without any transplant (group II). Specimens were harvested at 12 weeks after implantation,
examined histologically for morphologic features, and stained immunohistochemically for type-II collagen.
RESULTS: In group I the defect was filled with a white translucent cartilage tissue In contrast, the defects in the group II remained
almost empty. In the group I, the defects were mostly filled with hyaline-like cartilage evidenced but defects in group II were filled with
fibrous tissue with surface irregularities. Positive immunohistochemical staining of type-II collagen was observed in group I and it was
absent in the control group.
CONCLUSION: The hydroxyapatite/yttria stabilized zirconia scaffold would be an effective scaffold for cartilage tissue engineering.
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Introduction
Healing of cartilage injuries of the joints remains a
difficult problem in orthopedic surgery. Because of its avascular
tissue with a low level of mitotic cellular activity, articular cartilage
defects have a poor capacity for repair1.
Cartilage injuries of the joints leading to osteochondral
defects are exceedingly common2.
Several clinical methods have been used to repair
cartilage lesions, including microfracture, mosaicplasty, and
cell-based therapies3. However, these methods have not always
provided satisfactory results4,5. Tissue engineering presents a
potentially effective method of treating cartilage damage6.
Matrix-based tissue-engineering approaches aim to
use structural implants and/or materials to replace the defects7,8.
Scaffolds can act as a three-dimensional structure for tissue
regeneration that might mimic the native tissue properties as well as
accelerate restoration of tissue function9. Various types of scaffolds
made of nondegradable or biodegradable, synthetic and natural
polymers have been found to provide a favorable environment
for cartilage lesions10-12. Hydroxyapatite (Ca10 (PO4)6(OH) 2) is
one of the implants materials with medical applications due to its
higher biocompatibility13,14. It seems to be the most appropriate
ceramic material for cartilage tissue engineering. However, the
low strength and fracture toughness of the material have reduced
the field of possible applications15,16.
The hydroxyapatite found complete utilization after
proper preparation of composite. Zirconium dioxide of (ZrO2) is
used in reinforcing phases based on its good toughness17. When
zirconia’s is use to reinforce hydroxyapatite composite, the
properties of both materials are combined advantageously18,19.
A combination of material properties (i.e., the bioactivity
of hydroxyapatite and the high strength of zirconia) should yield
bioactive implant materials with improved mechanical properties20.
Therefore, in this study, we hypothesized that the
combined delivery of hydroxyapatite and zirconia stabilized yttria
(HZY) would enhance the quality of new cartilage formation in a
rabbit osteochondral defect model.
Methods
Surgical procedures
All animal experiments were conducted according to
the guidelines provided by the animal committee of the Kahnooj
University and was carried out in accordance with Guidelines for

the care and use of Laboratory Animals. Ten skeletally mature
male New Zealand white rabbits weighing 2.7–3.5 kg were used.
The animals were anesthetized by intramuscular administration
of medetomidine hydrochloride (0.5 mg/kg) and ketamine
hydrochloride (25 mg/kg).
Under sterile conditions a medial parapatellar skin
incision, the patella was dislocated laterally. Bilateral fullthickness cylindrical osteochondral defect, 4 mm in diameter and
3 mm depth, was created on the articular cartilage of the patellar
groove of the distal femur using a drill-bit with continuous saline
irrigation (Figure 1A). After all debris was removed by flushing
with saline, the implants were transplanted (Figure 1B).

FIGURE 1 - Surgical procedures: (A) Macroscopic observation of an
osteochondral defect in the patellar groove of the distal femur; (B) HZY
scaffold was placed at the defect.

The nanostructured HZY were prepared by a sol–gel
method according to a previous report by Salehi et al.21. In group I
the HZY scaffold was implanted into the right stifle. As the negative
control, the same defect was created in the left stifle without any
transplant (group II). The joint capsule, the fascial layer, and the
skin were closed. After the operation, the animals were returned to
their cages after surgery and allowed to move freely. Animals were
sacrificed with an overdose of sodium pentobarbital at 12 weeks
after the operation.
Gross examination
Distal femurs were harvested at 12 weeks. The knee was
assessed for adhesions, osteoarthritic changes, and synovitis. The
appearance of the restored cartilage in terms of color, integrity,
and smoothness was examined. The distal femurs were resected
and photographed then were fixed in 10% buffered formalin (pH
7.4) for one week.
Histological examination
The

specimens

were

decalcified

in

20%
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ethylenediaminetetraacetic acid solution (Decal Corporation,
Congers, NY, and USA) for two weeks, dehydrated through a
graded series of ethanol, and then embedded in paraffin. Sections
of 5 mm thickness were cut sagittally through the center of the
defect site and were stained with hematoxylin and eosin or else
were used for immunohistochemical examination.
For analysis of the repaired tissue, histological sections
were scored blindly by an expert observer according to a modified
version of the histological grading scale, as described by Wakitani
et al.22.
Immunohistochemical examination
Sections were deparaffinized using xylene and then
dehydrated through graded alcohols and rinsed three times with
PBS. For antigen retrieval, the sections were pretreated with
1% bovine serum albumin for 30 min to block any non-specific
reaction. Type-II collagen was immunolocalized with a mouse
antibody to mouse anti-human type-II collagen (1:100; Daiichi
Fine Chemical). After incubation overnight with the primary
antibody at 48°C, sections were rinsed five times in PBS and then
incubated with biotinylated anti-mouse Ig for secondary antibody.
They were rinsed three times with PBS, and treated for 60 min with
streptavidin solution (Dako). Visualization was performed with
diaminobenzidine and counterstaining with Mayer’s hematoxylin.
For negative controls, the primary antibody was omitted according
to the immunohistochemical protocol.
Statistical analysis

FIGURE 2 - SEM micrographs HZY structure.

Macroscopic observation
All animals exhibited normal movement during the 12
week period. No gross signs of infection, osteoarthritic change, or
obvious synovitis were found in any rabbits.
In group I the defect was filled with a white translucent
cartilage tissue However, The regenerative areas were clearly
distinguishable from the normal cartilage. As well, a slightly
rough surface remained at the center of grafted area (Figure 3A).
In contrast, the defects in the control group remained
almost empty, and the bottoms of the defects were covered with
reddish granulated tissue. Irregular tissue with depression was
noted and the margin of the defect was clearly differentiated from
surrounding normal cartilage (Figure 3B).

The data were analyzed using SPSS (Ver. 16). We used
the Mann–Whitney U-test for comparing mean scores in two
groups.
Results
Figure 2 depicts a SEM micrograph of HZY powder,
whose morphology is characterized by agglomerated nanoparticles
with sizes smaller than 100nm.

FIGURE 3 - Macroscopic evaluation of defects on the patellar groove
of the distal femur 12 weeks after surgery. (A) In group I, defect site has
more than a 90% filled with smooth translucent cartilage tissue which
appeared differentiable from the surrounding normal cartilage. (B) In
group II, The regenerated area showed incomplete defect repair with
newly formed fibrous tissue.

Histological observations
In the group I, the defects were mostly filled with hyalinelike cartilage evidenced by an intense H&E staining as shown in
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Figure 4A. The subchondral areas of the defects were regenerated
with new bone. Notably, most of the implants persisted. In the
subchondral region, although remaining HZY was still observed
in some sections.
Newly formed cartilage tissue on the surface had an
appearance of hyaline cartilage that was not well-integrated with
the native cartilage and an observer could still distinguish the
repaired tissue from surrounding normal cartilage.
The defects in the control group were filled with fibrous
tissue with surface irregularities; the cartilaginous extracellular
matrix was very poorly developed (Figure 4B).

Immunohistochemical analysis
In group I, positive immunohistochemical staining of
type-II collagen was observed and it was mainly localized in the
matrix around the lacunae in the regenerated cartilage. There was
no immunoreactivity detected in fibrous reparative tissue formed
in the control group (Figure 5).

FIGURE 5 - Immunohistochemical staining for type II collagen.
Collagen type II staining was positive in group I (A), but was absent in
control group (B).
FIGURE 4 - Histology of the defect site at 12 weeks after surgery. (A) In
group I, The subchondral areas of the defects were regenerated with new
bone; however, the borderline was still recognizable. (B) In the control
group fibrous tissue was filled the defect site with surface irregularities.
N: Normal cartilage; SCB: subchondral bone (H&E stain, Scale bar =
10.0μm.).

Detailed results
summarized in Table 1.

of

microscopic

evaluations

are

TABLE 1 - Cartilage repair histological scores
Group

I

II

Characteristic
(maximum score)

Mean N (n=10) SD

Mean N (n=10) SD

Cell morphology (4)

2.1

10

0.4

1.5

10

0.5

Metachromasia of
matrix (3)

2.1

10

0.2

0.8

10

0.3

Surface
characteristics (3)

1.1

10

0.4

0.8

10

0.5

Cartilage thickness
(2)

1

10

0

0.7

10

0.3

Binding to articular
cartilage (2)

1.9

10

0.3

1.1

10

0.1

Reconstruction of
subchondral layer (4)

3.3

10

0.1

1.7

10

0.3

Total (18)

11.5*

10

1.4

7.9

10

2

*group I is significantly different from group II, p<0.05.

Discussion
Articular Cartilage has limited potential for self-repair
and cartilage repair remains a problem in tissue engineering23,24.
Tissue engineering approaches attempt to repair articular
cartilage by scaffolds. Scaffolds represent the basic structure
of the engineered tissue and establish an environment for neoextracellular matrix synthesis. They can be associated to signals to
modulate cell activity25. Scaffolds are central components of many
tissue engineering strategies. Various scaffold materials have been
tested, including both naturally derived and synthetic materials22.
The hydroxyapatite is used as implant material in
medicine. It is well known that probability law governs ceramics
mechanical properties and the mathematical strength should be
assumed as a random variable13.
Many techniques have been suggested for the
manufacture of hydroxyapatite hybrid scaffold that lead to prepare
various types of hydroxyapatite scaffolds, such as collagen sponge
incorporating a hydroxyapatite/ chondroitinsulfate, hydroxyapatite
forsterite bioglass26, porous poly (lactide-co-glycolide)/nanohydroxyapatite27. Nano-hydroxyapatite reinforced poly (vinyl
alcohol) gel28 and Poly-l-Lactic Acid/Hydroxyapatite Electrospun
Nanocomposites29.
Nano hydroxyapatite-zirconia showed a good
histocompatibility. It has a broad prospect as a biomaterial
scaffold for tissue engineering30. The addition of ZrO2 particles
to the hydroxyapatite coating has received considerable attention
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because ZrO2 particles increase the bonding strength between
hydroxyapatite coating and substrate31. In this study, nanostructured
hydroxyapatite/yttria stabilized zirconia coatings were prepared
by a sol–gel method.
Previous reports suggested that cartilage fibrillation
would proceed when immature surface cartilage lost sufficient
mechanical support during the degradation of the scaffold1.
Subchondral bone formation may have resulted from subchondral
bone repair induced by the osteoconductive property of HZY. The
results of the present study showed that the HZY scaffold provides
a favorable environment for formation of hyaline-appearing repair
tissues sustained over 12 weeks. The implants were well tolerated
by surrounding tissues, and reabsorbed with no side-effects upon
the remodeling.
HZY were found to be partially degraded and newly
formed tissue filling was observed within defects. Although
scaffold degradation rate slightly varied among the animals,
no signs of prolonged inflammatory response, osteoarthritis or
cartilage destruction were observed, which demonstrated the
biocompatibility of HZY and their degradation products1. As shown
in figure 4 hyaline cartilage with well-organized chondrocytes
were seen to fill the chondral portion of the defect at 12 weeks.
Ito et al.32 evaluated the porous calcium hydroxyapatite
ceramics to treat osteochondral defects and they reported the
defects were repaired with cartilage-like tissue with good
subchondral bone formation histologically. In this study the
smoother articular surface observed in the HZY group may be
due to the faster subchondral bone formation in this group which
provided sufficient mechanical support for the articular surface.
The capacity of the hydroxyapatite with biodegradable
polymer (poly-d,l-lactic acid/polyethylene glycol) were evaluated
to induce the regeneration of articular cartilage. It promotes the
repair of full-thickness articular cartilage defects within as short
a period as three weeks in the rabbit model23. Depending on the
results of these studies, it may be possible to develop acellular
treatments for cartilage articular defects by using the HZY as a
scaffold.
In some researches hydroxyapatite combined with
Collagen, poly-d, l-lactic acid/polyethylene glycol23, poly
(lactide-co-glycolide) and polyglycolic acid for cartilage tissue
engineering and all results showed facilitation of articular cartilage
regeneration33. This was confirmed by the results of the present
study. Further studies, including evaluation of the mechanical
properties of regenerated cartilage and the responses of different
animals are necessary.
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Conclusion
The hydroxyapatite/yttria stabilized zirconia scaffold
would be an effective scaffold for cartilage tissue engineering.
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