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Characteristics and osteogenic effect of 
zirconia porous scaffold coated with β-TCP/HA 

Young-Gyun Song, In-Ho Cho*
Department of Prosthodontics, College of Dentistry, Dankook University, Cheonan, Republic of Korea

PURPOSE. The purpose of this study was to evaluate the properties of a porous zirconia scaffold coated with 
bioactive materials and compare the in vitro cellular behavior of MC3T3-E1 preosteoblastic cells to titanium and 
zirconia disks and porous zirconia scaffolds. MATERIALS AND METHODS. Titanium and zirconia disks were 
prepared. A porous zirconia scaffold was fabricated with an open cell polyurethane disk foam template. The 
porous zirconia scaffolds were coated with β-TCP, HA and a compound of β-TCP and HA (BCP). The 
characteristics of the specimens were evaluated using scanning electron microscopy (SEM), energy dispersive 
x-ray spectrometer (EDX), and x-ray diffractometry (XRD). The dissolution tests were analyzed by an inductively 
coupled plasma spectrometer (ICP). The osteogenic effect of MC3T3-E1 cells was assessed via cell counting and 
reverse transcriptase-polymerase chain reaction (RT-PCR). RESULTS. The EDX profiles showed the substrate of 
zirconia, which was surrounded by the Ca-P layer. In the dissolution test, dissolved Ca2+ ions were observed in 
the following decreasing order; β-TCP > BCP > HA (P<.05). In the cellular experiments, the cell proliferation on 
titanium disks appeared significantly lower in comparison to the other groups after 5 days (P<.05). The zirconia 
scaffolds had greater values than the zirconia disks (P<.05). The mRNA level of osteocalcin was highest on the 
non-coated zirconia scaffolds after 7 days. CONCLUSION. Zirconia had greater osteoblast cell activity than 
titanium. The interconnecting pores of the zirconia scaffolds showed enhanced proliferation and cell 
differentiation. The activity of osteoblast was more affected by microstructure than by coating materials. [ J Adv 
Prosthodont 2014;6:285-94]
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INTRODUCTION

Dental implants are used more widely for the restoration of  
edentulous patients in recent years. Many studies have been 
conducted on the long-term stability of  osseointegrated 
dental implants.1 As dental implants have gained popularity, 
the necessity for bone grafts has become more prevalent. 
In many cases, the quantity of  alveolar bone is often insuf-

ficient for the insertion of  dental implant, because in many 
cases the tooth loss due to periodontitis or trauma is 
accompanied with alveolar bone loss. In addition, bone loss 
can occur due to peri-implantitis after implantation. 
Therefore, bone grafting procedures are becoming increas-
ingly common.2,3

There are four classifications of  bone graft materials. 
These four types are known as autogenous bones, allogene-
ic bones, xenogeneic bones and alloplastic materials.4 
Among these materials, autogenous bones are the safest 
from immune rejection, but require additional surgical pro-
cedures for harvesting from donors. Allogeneic and xeno-
geneic bones require no additional procedures. However, 
there is a risk of  disease transmission and it is impossible to 
adjust rates of  biodegradation. On the other hands, for 
alloplastic materials, it is possible to regulate the rates of  
biodegradation and much easier to be sculpted into desired 
three dimensional forms.5,6 There have been several materi-
als used for alloplastic materials. Hydroxyapatite (HA), cal-
cium phosphate, corals and bioglass are popular alloplastic 
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bone graft materials.7 Tricalcium phosphate (TCP, Ca3(PO4)2), 
which has a Ca/P molar ratio of  1.5 has been used in clini-
cal trials. It has the crystal forms of  alpha and beta, and β 
state shows greater microporosity and degradation than 
hydroxyapatite.8 HA is the most widely used material. A 
molecular formula of  HA is Ca10(PO4)6(OH)2, and its Ca/P 
ratio of  1.67 is most similar to the human bone structure. 
The HA is an osteoconductive replacement material studied 
by numerous investigations, whether in vitro or in vivo. The 
results from clinical trials have showed that HA is widely 
used clinically.9,10 Biphasic calcium phosphate (BCP) is a 
mixture of  tricalcium phosphate and hydroxyapatite. 
Researches have reported that BCPs provide great biocom-
patibility and osteoconduction.11,12 In particular, mixtures 
of  40% β-tricalcium phosphate (β-TCP) and 60% hydroxy-
apatite produce better results than other compounds.13,14

Alloplastic materials can be made in the desired three 
dimensional forms, including a porous structure. The 
porous structure of  bone graft materials is advantageous 
for the formation of  new bone. However, mechanical 
strength is a limiting factor in porous structures. In order to 
overcome this mechanical defect, porous scaffolds have 
been made of  hard materials such as alumina or zirconia 
and coated with bioactive materials.15 Hard scaffolds serve 
to maintain the volume of  graft materials and therefore are 
useful in vertical bone augmentation.

Zirconium dioxide is commonly called zirconia. 
Zirconia adopts a tetragonal structure at high temperature 
and a monoclinic crystal at room temperature. The volume 
expansion caused by cooling from high temperature results 
in cracking. In order to stabilize the tetragonal phase, zirconia 
is blended with a metal oxide such as yttria (Y2O3). This is 
called tetragonal zirconia polycrystals (TZP). In particular, 
yttria stabilized TZP (Y-TZP) has superior biocompatibility 
and mechanical properties in comparison to other TZPs.16 
Accordingly, it has been used as a material in artificial joints 
for a long time.17-19 Some studies on the biocompatibility of  
zirconia showed better results at osseointegration than tita-
nium.20,21 Due to these properties of  zirconia, it is useful as 
a scaffold for bone graft material.

While osseointegration and the mechanical properties 
of  zirconia have been relatively much investigated, there are 
a few studies on the osteoblastic response of  porous zirconia.

In this study, the porous zirconia scaffolds coated with 
CaP ceramics were fabricated using the powder slurry 
method. The purpose of  this study was to assess whether 
the coating procedures were adequate and to evaluate the 
biochemical properties of  porous zirconia scaffolds coated 
with bioactive materials such as their dissolution behaviors. 
And another aim of  this study was to investigate the 
response of  osteoblast-like cells cultured on the titanium 
and zirconia disks and porous zirconia scaffold by observ-
ing cell attachment and proliferation, and gene expression 
of  the osteoblastic cell using Mus musculus (mouse) calvar-
ia derived osteoblast precursor cell (MC3T3-E1). 

MATERIALS AND METHODS

The titanium disks were fabricated from grade IV commer-
cially pure titanium (Dynamet, Carpenter Technology Co., 
Washington, PA, USA), 8 mm in diameter and 4 mm in 
thickness. Pre-sintered zirconia blocks (LAVATM Zirconia 
Block, 3M ESPE, Neuss, Germany) were designed and sin-
tered to be 8 mm in diameter and 4 mm in thickness. 

An open cell polyurethane disk foam template (Ø10 
mm × 5 mm, 60 ppi, Filtrocell, Eurofoam, Troisdorf, 
Germany) was used to fabricate a porous scaffold. The 
polyurethane foam was dipped in 2% NaOH solution for 
30 minutes and washed with distilled water and dried at 
room temperature for 24 hours. 100 g of  ZrO2 powder 
(TZ-3Y-E, TOSOH Co., Yamaguchi, Japan) calcined at 
600ºC for 2 hours and 6 g of  triethyl phosphate (TEP) 
were mixed in ethanol for 24 hours by a ball mill. The slur-
ry was completed by adding 6 g of  polyvinyl butyral (PVB). 
It was stirred for 24 hours. Pretreated polyurethane foams 
were dipped and compressed several times in the slurry. 
And residual slurry was removed by using at low speed by 
centrifuge. Coated foams were dried at 60ºC for 10 min-
utes. After this procedure was repeated two times, the coat-
ed foams were dried at room temperature for 24 hours. The 
coated foams were sintered at a heating ratio of  1ºC/min to 
600ºC, and then maintained at 600ºC for 2 hours in order 
for the polyurethane foams to be burnt out. After that, 
heat-treatment was performed at a heating ratio of  3ºC/
min to 1550ºC for sol id i f icat ion. β-TCP powders 
(β-tricalcium phosphate, Sigma-Aldrich Corp., St. Louis, 
MO, USA), HA powders (Hydroxyapatite, Sigma-Aldrich 
Corp., St. Louis, MO, USA), and a compound of  β-TCP 
and HA powders were mixed in the ratio of  40 to 60 were 
calcined at 600ºC for 2 hours. 25 g of  each powder and 4 g 
of  TEP were added to the powder mixture in ethanol for 
24 hours by a magnetic stirrer. The slurry was completed by 
adding 4 g of  PVB, and then stirring for 24 hours. The pre-
treated zirconia scaffolds were dipped in the slurry and 
residual slurry was removed by air gun. The coated scaf-
folds were dried at 60ºC for 10 minutes. After this proce-
dure was repeated twice, the coated scaffolds were dried at 
room temperature for 24 hours. The coated scaffolds were 
heat-treated at a heating ratio of  3ºC/min to 1200ºC. After 
sustaining a temperature of  1200ºC for 2 hours for the pur-
pose of  solidification, the coated zirconia scaffolds were 
slowly cooled. 

All samples were ultrasonically cleaned using an ethanol 
for 10 minutes, washed in running water and finally rinsed 
in distilled water and dried. All specimens were packed, 
sealed and sterilized by a gamma radiation (Fig. 1).

The titanium disks, zirconia disks and coated zirconia 
scaffolds were evaluated by using scanning electron micro-
scope (MIRA LMH, TESCAN, Brno, Czech Republic) and 
energy dispersive x-ray spectrometer (XFlash Detector 
5010, Brunker, Fitchburg, WI, USA).

The crystallography of  the specimens was analyzed by 
x-ray diffractometry (XRD) in an x-ray diffractometer 
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(Minifelx600, Rigaku, Tokyo, Japan). The range of  2θ was 
from 10° to 70° with a scanning rate of  1°/min.

The coated zirconia scaffolds were immersed in a 10 
mL 0.03 M tris-buffer solution (tris(hydroxyl)methyl-amino-
methane with hydrochloric acid, T&I Co., Gangwon, 
Korea) at pH 7.0. These buffer solutions were kept to 37ºC 
by placing them in a water bath (Wisebath, Daihan 
Scientific Co. Ltd., Seoul, Korea) for 4 weeks. The calcium 
and phosphorus ion concentration of  buffer solutions were 
measured by an inductively coupled plasma spectrometer 
(ICP) (iCAP6300, Thermo scientific, Waltham, MA, USA). 

MC3T3-E1 preosteoblastic cells (ATCC cell bank, 
Manassas, VA, USA) were cultured in normal media con-
taining Dulbecco’s modified eagle medium high glucose 
(DMEM)(Gibco, Grand Island, NJ, USA) supplemented 
with 10% heat-inactivated fetal bovine serum (FBS)
(CELLect GOLD, MP Biomedicals, Irvine, CA, USA), 100 
U/mL of  penicillin and 10 µg/mL of  streptomycin, and 
maintained at 37ºC in an atmosphere of  5% CO2. The cell 
culture media was replaced every other day. The attachment 
and proliferation of  MC3T3-E1 cells was determined tryp-
sinizing and cell counting by using a hemocytometer. The 
MC3T3-E1 cell was seeded onto the disk and scaffold at a 
density of  1 × 105 cells/mL and cultured for 4 hour and 5 
days. 

The osteoblastic differentiation of  MC3T3-E1 cell was 
evaluated by a reverse transcriptase-polymerase chain reac-
tion (RT-PCR) analysis of  type I collagen (Col1a1), osterix, 
osteocalcin(OCN), alkaline phosphatase (ALP), Runx2 and 
β-actin. The cells were plated at a density of  1 × 105 cells/
mL on disks and scaffolds. The cells were incubated for 1, 

2, 3 and 7 days. The total RNA was isolated from the cul-
tures using the TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. RT-PCR 
was performed using 1 µg of  the total RNA. The total 
RNA was used for cDNA synthesis by reverse transcriptase 
with cDNA synthesis kit (Gibco, Grand Island, NJ, USA). 
The primer sequences were listed on Table 1. Detection of  
the PCR amplicons was operated by size fractionation by 
1% (w/v) agarose gel electrophoresis.

Table 1.  Gene-specific primer sequences of MC3T3-E1 
cells used in RT-PCR

Primer

Type I collagen 5'-CCCCAACCCTGGAAACAGAC-3'

5'-GGTCACGTTCAGTTGGTCAAAGG-3'

Osterix 5'-TGAGGAAGAAGCCCATTCAC-3'

5'-ACTTCTTCTCCCGGGTGTG-3'

Osteocalcin 5'-CTCCTGAGAGTCTGACAAAGCCTT-3'

5'- CTGTGACATCCATTACTTGC-3'

Alkaline phosphatase 5'-GATCATTCCCACGTTTTCAC-3'

5'-TGCGGGCTTGTGGGACCTGC-3'

Runx2 5'-GAGGGCACAAGTTCTATCTG-3'

5'-CGCTCCGGCCCACAAATCTC-3'

β-actin 5'-TTCTTTGCAGCTCCTTCGTTGCCG-3'

5'-TGGATGGCTACGTACATGGCTGGG -3'

fig. 1.  Samples for cell culture. Machined titanium disk (A), zirconia disk (B), zirconia scaffold (C), zirconia scaffold 
with β-TCP coating (D), zirconia scaffold with HA coating (E) and zirconia scaffold with BCP coating (F).
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Surfaces were analyzed using scanning electron micro-
scope (SEM) to determine their cellular morphology. 
MC3T3-E1 cell suspension (3 × 104 cells/mL) was seeded 
to disks and scaffolds and samples were observed after 3 
and 7 days. 

After Levene’s test was performed to confirm equal 
variance assumption, an analysis of  variance (ANOVA) was 
conducted to assess the statistical significance of  the differ-
ences, followed by Scheffé’s multiple comparison test, 
which was done to assess the presence of  significant differ-
ences (IBM-SPSS Statistics 21, IBM-SPSS Inc., Chicago, IL, 
USA). P-values <.05 were considered to be significant.

RESULTS

SEM images of  titanium disk showed concentric micro-
groove patterns form machining, but there was no crystal-
line structure. Similarly, SEM images of  zirconia disk 
showed irregular micro-groove patterns from grinding 
before sintering. SEM images of  zirconia scaffold showed 
interconnected pores within the scaffold structure. The 
pore sizes of  scaffolds were approximately 200-500 µm. 
Coated zirconia scaffolds were partially obturated by coat-

ing materials. The crystalline structure of  coating material 
appeared at high magnification. The crystalline structure of  
HA appeared to have a smaller size than β-TCP (Fig. 2). 

Energy dispersive x-ray spectrometer (EDX) profiles 
were obtained. Titanium, oxygen and platinum were detect-
ed at titanium disk. Other elements were omitted because 
there were only trace elements in error range. Spectrum of  
zirconia disk and zirconia scaffold showed not only zirconi-
um but also yttrium. From the EDX profiles, coating mate-
rials were detected on the zirconia scaffold with coating. 
Ca/P ratio of  zirconia scaffold with β-TCP coating was 
1.53. And Ca/P ratio of  zirconia scaffold with HA was 
1.68. BCP had two types of  crystals. The results of  EDX 
confirmed that one was crystal of  β-TCP and the other was 
crystal of  HA (Table 2). 

XRD patterns of  zirconia scaffold with β-TCP, HA and 
BCP coating were obtained (Fig. 3). The diffraction peaks 
from the coating varied depending on coating materials. 
The peaks observed at 27.8°, 31° and 34.4° were attributed 
to the β-TCP cultured in static circumstance. The peaks at 
25.8°, 31.7°, 39.1° and 46.7° were caused by HA. The peaks 
of  zirconia were observed on all groups.

The amount of  dissolved Ca2+ ions in the solution was 

fig. 2.  Scanning electron micrographs. Titanium (A: × 100, B: × 2,000), zirconia (C: × 100, D: × 2,000), non-coated 
zirconia scaffold (E: × 100, F: × 2,000), zirconia scaffold with β-TCP coating (G: × 100, H: × 5,000), zirconia scaffold 
with HA coating (I: × 100, J: × 5,000), and zirconia scaffold with BCP coating (K: × 100, L: × 5,000).
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different depending on the coating materials. β-TCP coated 
zirconia scaffold possessed the largest amount of  dissolved 
Ca2+ ions. Also, more Ca2+ ion was observed on the BCP 
coated zirconia scaffold than on the HA coated zirconia 
scaffold. The differences were statistically significant 
(P<.05).The Ca/P ratio in the solution was different 
depending on the coating materials (Table 3). 

The attachment of  MC3T3-E1 cells was measured by 
using cell counting. After 4 hours of  cell seeding, there was 
no significant difference in all groups. MC3T3-E1 cell pro-
liferation was evaluated by using cell counting after 5 days 

Table 2.  Atomic percentage of the elements obtained by energy dispersive x-ray spectrometer

Analyzed composition (at.%)

Pt Ti Zr Y O Ca P

Titanium 1.05 91.67 - - 7.28 - -

Zirconia - - 37.25 3.80 58.25 - -

Zirconia scaffold - - 33.61 3.76 62.63 - -

β-TCP - - - - 61.03 23.57 15.40

HA - - - - 38.45 58.61 15.45

BCP (A) - - - - 59.05 25.94 15.01

BCP (B) - - - - 59.42 24.57 16.01
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fig. 3.  XRD patterns of different coating materials on zirconia scaffold. Zirconia scaffold with β-TCP coating (A), zirconia 
scaffold with HA coating (B) and zirconia scaffold with BCP coating (C).

Table 3.  Mean and standard deviation of Ca2+ ion 
concentration and Ca/P ratio in the solution according to 
coating materials 

Coating material
Ca2+ ion Ca/P ratio

Mean ± SD (ppm) Mean ± SD

β-TCP 22.04 ± 1.63* 1.52 ± 0.06

HA 8.22 ± 0.73* 1.68 ± 0.02

BCP 12.81 ± 0.63* 1.63 ± 0.02

* denotes difference significant at 0.05 value.

Characteristics and osteogenic effect of zirconia porous scaffold coated with β-TCP/HA
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in culture. Results indicated cell density increased substan-
tially. The cell proliferation of  titanium disk appeared sig-
nificantly lower in comparison with other groups (P<.05). 
The cell density on zirconia scaffolds with or without coat-
ing showed no significant difference, but was significantly 
higher than on the zirconia disk (P<.05)(Fig. 4).

After incubation of  osteoblastic cells for 1 day, the 
mRNA expression of  type I collagen, Runx2, osterix on all 
groups showed similar activity. The level of  ALP mRNA 
expression increased at 2 days on zirconia disk while it 
increased at 3 days on the titanium disk. mRNA expression 
of  ALP on zirconia scaffold based group were observed at 
1 day. The mRNA level of  osteocalcin was higher on non-
coated zirconia scaffold compared with the other groups at 
7 days (Fig. 5). 

After 3 days of  cell culture, the MC3T3-E1 cells on the 
titanium disks were observed flat. SEM images of  zirconia 
disk showed that cells were convex in comparison to these 
on the titanium disks. Cells on non-coated zirconia scaffold 
were larger than on other samples. Cells on coated zirconia 
scaffolds had spindle shape morphology when compared 
with other samples, but did not have well-developed filopo-

Titanium     Zirconia     Scaffold     β-TCP          HA          BCP

fig. 4.  Comparison of cell ccounts according to samples 
after 5 days of cell seeding. 
* denotes difference significant at 0.05 value.

22

20

18

16

14

12

10

N
um

be
r o

f c
el

ls
 (x

 1
04  c

el
l)

A            B           C             D           E            F

Col1a

Osterix

OC

ALP

Runx2

β-actin

1 Day

A            B           C             D           E            F

Col1a

Osterix

OC

ALP

Runx2

β-actin

2 Day

A            B           C             D           E            F

Col1a

Osterix

OC

ALP

Runx2

β-actin

3 Day

A            B           C             D           E            F

Col1a

Osterix

OC

ALP

Runx2

β-actin

7 Day

fig. 5.  RT-PCR analysis for gene expression of type I collagen, osterix, osteocalcin, alkaline phosphatase, Runx2 and     
β-actin. Titanium disk (A), zirconia disk (B), non-coated zirconia scaffold (C), zirconia scaffold with β-TCP coating (D), 
zirconia scaffold with HA coating (E) and zirconia scaffold with BCP coating (F).
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dias (Fig. 6). 
After 7 days of  cell culturing, a number of  cells on the 

titanium disk were showed flat and spread out. The cells on 
the zirconia disk were similar to these on the titanium disk, 

but the number of  cells was more than on titanium disk. 
The cells on non-coated zirconia scaffold were large and 
had long filopodias. MC3T3-E1 cells on coated zirconia 
scaffolds had several short filopodias (Fig. 7).

A B C

D E F

fig. 6.  Scanning electron micrographs of cultured MC3T3-E1 cells after 3 days (magnification × 1,000). Titanium disk 
(A), zirconia disk (B), non-coated zirconia scaffold (C), zirconia scaffold with β-TCP coating (D), zirconia scaffold with 
HA coating (E) and zirconia scaffold with BCP coating (F).

A B C

D E F

fig. 7.  Scanning electron micrographs of cultured MC3T3-E1 cells after 7 days (disks:magnification × 300, scaffolds: 
magnification × 1,000). Titanium disk (A), zirconia disk (B), non-coated zirconia scaffold (C), zirconia scaffold with         
β-TCP coating (D), zirconia scaffold with HA coating (E) and zirconia scaffold with BCP coating (F).
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DISCUSSION

Since crystalline bone screws were first made of  aluminum 
oxide in 1968, many ceramic implants have been commer-
cialized.22,23 Various kinds of  ceramics have been used for 
osseointegration of  implants but have some limitation due 
to their physical properties.24 On the other hand, yttrium-
oxide partially stabilized zirconia (Y-PSZ) or yttrium-tetrag-
onal zirconia polycrystals (Y-TZP) can be used as a bioma-
terial with good biocompatibility and high fracture strength. 
Recently, titanium has been used as a non-absorbable bone 
graft material.25 It is used for bone grafting during implant 
placement as well as recovering bone volume for the treat-
ment of  peri-implantitis, because it can maintain the stable 
volume of  bone.26

The advantage of  zirconia over titanium is that it is a 
bioinert material with a non-metallic color and good bio-
compatibility.27 As with titanium, zirconia performs better 
osseointegration in comparison to other materials, because 
it does not interfere with the growth of  osteoblasts.18 

In this study, cells cultured on the titanium disks 
showed similar initial adhesion properties to the zirconia 
disks. However, the zirconia disks had a significantly greater 
positive effect on the proliferation of  osteoblasts. Furthermore, 
the gene expression analysis of  the MC3T3-E1 cells 
showed that the differentiation potency of  the cells cul-
tured on the zirconia disks was better than that on the tita-
nium disks. Many studies had shown that zirconia was bet-
ter on osseointegration than titanium. Sollazzo et al.20 
observed that zirconia had specific biological effects in 
comparison to titanium. Langhoff  et al.28 reported that 
bone to implant contact of  zirconia was significantly great-
er than that of  titanium. 

The surface treatment of  titanium is relatively a simple 
process, which makes the material popular. But in the case 
of  zirconia, the surface treatment is rarely used because the 
surface treatment is difficult.

The sintering process is the most common method for 
fabricating porous scaffolds.21 For the growth of  osteoblast, 
porous surfaces is critical, because cells are attached to the 
pore and can spread through interconnected pore. 
Therefore, the activity of  osteoblast is better on porous 
surfaces than on simple rough surface. The pore size is also 
important and the optimal pore size for osteoblast activity 
is 100-400 µm.29 In this study, the SEM micrographs 
showed that the pore size of  the zirconia scaffolds was 200  
500 µm. The cell proliferation of  the zirconia disks was sig-
nificantly lower than that of  the zirconia scaffolds.

As one of  the methods for fabricating porous zirconia 
scaffolds, zirconia powders are mixed with the substances 
that vaporize relatively at low temperature. After compres-
sion molding of  mixture, sintering produces pore area with 
burning out. This method is very simple but it is impossible 
to make well-formed interconnecting pores.30 The method 
of  coating open cell sponge foams after sintering was diffi-
cult to perform due to sintering temperature and coating 
process. However, it could make great interconnecting pores. 

There are 2 steps in the process of  osseointegration at 
the cellular level. The first process is the attachment and 
spreading of  preosteoblastic cell. It is the process of  quan-
titative growth. The second process is a differentiation of  
cells, which is the process of  qualitative growth. During the 
initial stage of  cell attachment, the superficial dimension is 
an important factor. In this study, a porous scaffold was 
used to increase the superficial dimension. 

The SEM micrographs showed the different coating 
state according to the coating materials. The crystals of  
β-TCP were larger and looser than those of  HA. The crys-
talline of  HA was small but closely arranged. The surfaces 
were coated with small crystals of  HA, and then β-TCP in 
BCP coating. Ca2+ ions in the solution were dependent on 
the coating materials. The β-TCP coating had the largest 
amount of  dissolved Ca2+ ions due to its higher solubility 
than HA. The second largest amounts were found in the 
BCP and HA coatings. This was considered to be the 
microporosity of  the coating layer. The Ca/P ratio in the 
solution was different depending on the coating materials. 
Because the zirconia scaffold is an inert material, it showed 
the Ca/P ratio of  the coating materials. The Ca/P ratios of  
the zirconia scaffold in the solution of  β-TCP, HA and 
BCP coating were 1.52, 1.68 and 1.63 respectively, which 
were similar to those of  β-TCP, HA and BCP (1.5, 1.67 and 
1.608). An energy dispersive spectrograph also showed sim-
ilar results. According to EDX, the Ca/P ratios of  β-TCP 
and HA were 1.53 and 1.68, and consistent with those of  
ICP analysis. This means that the coating procedures were 
properly performed as planned. The Ca/P ratio in the solu-
tion of  BCP coating was not statistically significant. As in 
the SEM micrograph of  BCP coating, the crystal of  HA 
was greater than that of  β-TCP.

A MC3T3-E1 mouse pre-osteoblastic cell was used for 
this study due to its high level of  differentiation and its 
ability to confirm bone markers such as type I collagen, 
osterix, osteocalcin, ALP and Runx2, making it an excellent 
model for cell differentiation.31,32 Type I collagen is a major 
extracellular matrix of  fibroblasts.33 Osterix is an essential 
transcription factor for osteoblast differentiation. The func-
tion of  osterix is regulated by Runx2. Osteocalcin is an 
osteoblast-specific protein and is secreted by osteoblasts to 
play a role in the metabolic regulation of  calcium ion.34 
Runx2 is the best known as a key regulator of  osteoblast 
marker genes. Runx2 can also directly stimulate the tran-
scription of  osteoblast-related genes such as those encod-
ing osteocalcin (OCN), type I collagen, osteopontin 
(OPN).35 The mRNA levels of  β-actin, commonly called 
housekeeping gene, served as a control. Relative densito-
metric data were normalized to the corresponding β-actin 
mRNA levels.

This study investigated the osteogenic response to the 
coating material. The coating material was confirmed by 
SEM, EDX and XRD. The coated scaffold was partially 
obturated as compared to the non-coated zirconia scaffold 
in SEM micrographs. During the coating process, the clog-
ging interconnecting pore was avoided by using an air gun. 
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However, it was difficult to remove all of  the coating mate-
rials at the bottom. Because the solvent of  the slurry of  
coating materials was evaporated quickly by using an air 
gun, it was considered that coating materials remained 
interporous. There was no difference in cell proliferation 
between non-coated scaffolds and coated scaffolds. 
However, there was a significant difference in cell differen-
tiation. No difference in cell attachment and proliferation 
was observed despite partial obturation of  interconnecting 
pores, but the activity of  cell differentiation was greater in 
non-coated zirconia scaffolds with interconnecting pores. 
After 7 days in the cultures, the mRNA expression of  
osteocalcin was distinctly detected only in the non-coated 
zirconia scaffolds. Therefore, the differentiation of  osteo-
blast cells was influenced by microstructure rather than 
coating material.36

It is concluded that the activity of  osteoblast in zirconia 
was higher than in titanium. The non-coated zirconia scaf-
fold had clear inter-connecting pore. β-TCP coated scaffold 
was expected to be the best in terms of  osteogenic activity. 
The results of  this study showed that the non-coated zirco-
nia scaffold was superior. It was found from the results that 
the activity of  osteoblasts was more affected by microstruc-
ture than coating material. The limitation of  this study was 
that it was at the cellular level for a short term, and that the 
coating material obturated interconnecting pore partially.

For the commercialization of  a zirconia bone graft, a 
proper coating method should be used in order to ensure 
optimal osteogenic process while maintaining interconnect-
ing pores. In addition, there is a need for further in vivo 
studies to make improvement in material properties.

CONCLUSION

Based on the results of  this study, the osteoblast cell activi-
ty on zirconia was higher than on titanium. The intercon-
necting pores of  zirconia scaffolds showed enhanced pro-
liferation and cell differentiation. Further research is 
required to investigate the influence of  coating materials 
and microstructures such as interconnecting pore on differ-
entiation of  osteoblast in a tightly controlled environment.
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