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Abstract   Some of the beneficial biocompatible properties of hydroxyapatite [Ca10(PO4)6(OH)2]; the major component 
and an essential ingredient of normal bone and teeth, are that it is rapidly integrated into the human body and will bond 
to bone forming indistinguishable unions. But, before new materials are approved for medical use, mutagenesis 
systems to exclude cytotoxic, mutagenic or carcinogenic properties are applied worldwide. This study aimed to detect 
any chromosomal aberrations induced by the synthetic hydroxyapatite granules [Manufactured by Universiti Sains 
Malaysia, (USM) Penang, Malaysia] in the bone marrow cells of mice. The mitotic indices of the groups treated with 
synthetic hydroxyapatite granules did not show any significant difference as compared to the negative control group 
treated with distilled water. Also the groups of mice treated with synthetic hydroxyapatite granules and distilled water 
did not induce significant change in chromosome aberrations as compared to the positive control group treated with 
Mitomycin C. The mitotic indices and chromosomal analyses indicate that under the present test conditions, synthetic 
hydroxyapatite granules (manufactured by USM) are non cytotoxic and do not induce chromosome aberrations in the 
bone marrow cells of mice. 
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Introduction 

Hydroxyapatite [Ca10(PO4)6(OH)2] is the 
major component and an essential 
ingredient, of normal bone and teeth. It is 
hydroxyapatite that makes up bone mineral 
and the matrix of teeth. There is a necessity 
for replacing bone substance, which has 
been lost due to traumatic or non-traumatic 
events. The lost bone can be replaced by 
endogenous or exogenous bone tissues. 
The use of endogenous bone (autogenous 
bone) has remained the golden standard in 
restoring bone defects but it involves 
additional surgery (Wojciech and Masahiro, 
1998). Moreover, the endogenous bone is 
available only in limited quantities. The major 

disadvantage of exogenous bone (allograft 
bone) is the risk of viral or bacterial 
transmission and the human body may reject 
them.  When implanted into the body, the 
synthetic hydroxyapatite is accepted by the 
body and because of its porous nature, 
allows normal tissue integration to take 
place. Hydroxyapatite has excellent 
biocompatibility and when placed in contact 
with viable bone result in osseoconduction 
and osseointegration. Hydroxyapatite does 
not cause inflammatory response, toxic 
reactions or foreign body giant cell reactions 
(Costantino et al., 1991). Due to these 
reasons, there is a growing need for 
fabrication of artificial hard tissue 
replacement implants (Wojciech and 
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Masahiro, 1998). Biomaterials may provide a 
solution for these problems. An ideal bone 
substitute should be biocompatible, which 
means acceptance of the implant to the 
tissue surface (Costantino et al., 1991). Solid 
hydroxyapatite can be carved and trimmed 
to the requirements of the correction. 
Because bone and soft tissue growth into 
the pores of the implant occurs quickly after 
implantation, the implant is securely held in 
place. Over time the implant is partially 
resorbed and replaced by natural bone. 
Moreover, when a bone substitute with some 
mechanical strength is needed, 
hydroxyapatite seems most appropriate as it 
represents the natural mineral in human 
bone and approximates the structure of 
cancellous bone (Cooke, 1992). However, 
synthetic hydroxyapatite is relatively a new 
biomaterial and before new materials is 
approved for medical use, mutagenesis 
systems to exclude cytotoxic, mutagenic or 
carcinogenic properties are applied 
worldwide (Katzer et al., 2002). This study 
aims to find whether synthetic 
hydroxyapatite granules (Manufactured by 
USM, Penang) produce any chromosome 
aberrations in the bone marrow cells of mice. 

Materials and methods 
Ethical approval 
Approval to carry out this research was 
obtained from the Animal Ethics Committee 
of Universiti Sains Malaysia, Health Campus 
as per the reference PPSG/07 (A)/044 dated 
28th May 2003. The experimental procedures 
including handling of the animals were strictly 
adhered to as per the guidelines. 

Experimental animals 
Adult healthy Swiss albino strain of mice aged 
10 to 12 weeks was chosen as our 
experimental animal. Each group of animals 
comprised of 5 females and 5 males. The 
animals were reared in cages and 
commercial pellet diet (Gold Coin Feedmills 
Sdn. Bhd., Malaysia) and distilled water were 
given ad libitum.  
 
Experimental groups 

Negative control: The animals in this group 
were injected with 0.5 ml of distilled water 
intra peritoneally and were sacrificed after 24 
hours. 

Positive control: The animals in the 
positive group were injected with a positive 
control chemical, Mitomycin C at the dose 
rate of 1.5 mg/kg body weight. They were 
sacrificed 24 hours after treatment. 

Treatment group: The mice in the 
treatment group were divided into 3 and were 
injected with synthetic hydroxyapatite 
granules (Manufactured by USM, Penang)  
dispersed in 0.5 ml of distilled water at the 
dose level of 2000 mg / kg body weight and 
the mice were sacrificed at different intervals. 
The experimental protocol is presented in 
Table 1. 

Table 1   Experimental protocol 

Group 

Number of  
animals 

Time of 
harvesting 
bone 
marrow 
following 
treatment 

Males Females 

Distilled water 
(Negative control) 

5 5 24 hours 

Mitomycin C 
(Positive control) 

5 5 24 hours 

Treatment 
(Synthetic 
hydroxyapatite 
granules) 

5 5 6 hours  

5 5 24 hours  

5 5 48 hours  

 
Biomaterial 

The biomaterial used in this study is a porous 
form of synthetic hydroxyapatite granules, 
manufactured by the School of Materials and 
Mineral Resources Engineering, Universiti 
Sains Malaysia, Penang, Malaysia. The 
granules ranged from 100 to 200 microns in 
size. 

Experiment 

All the animal experiments were conducted in 
the Animal Research and Service Centre and 
the culture work in the Human Genome 
Centre of Universiti Sains Malaysia, Health 
Campus. The animals were subjected to the 
treatment protocol as per their respective 
group shown in Table 1. After appropriate 
time of treatment, the animals were injected 
intra peritoneally with colchicine (4 mg/kg) 90 
minutes prior to sacrifice. The animals were 
then sacrificed by cervical dislocation.  The 
bone marrow cells were collected from both 
the femurs by flushing in warm (37°C) 
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potassium chloride solution in centrifuge 
tubes and the volume was adjusted to 15 ml 
following which they were incubated at 37°C 
for 20 minutes. This was followed by fixation 
using 3:1 Methanol:Acetic acid. The slides 
were prepared as per the procedure 
described elsewhere (Henegariu et al., 2001). 
The slides were stained with 10 per cent 
Leishman’s stain in phosphate buffer saline 
(pH 6.8) for 5 minutes, rinsed in distilled water 
and air dried. 

Mitotic Index and screening for 
chromosome aberrations 

The mitotic index was calculated to determine 
the cytotoxicity as follows: 
 
Mitotic Index = Number of cells in metaphase x 100 
                          Total number of cells counted   

A total of 1000 cells were counted per culture 
to determine the mitotic index values 
whereas, a total of 100 cells per animal were 
scored for the detection of chromosomal 
aberrations, both numerical and structural. 
The slides were screened under oil objective 
(100x) of Leica CTR MIC Image Analyzer and 
pictures were taken using Leica Chantal 
software (Leica Microsystems, Germany). 
The statistical analyses was carried out using 
SPSS 12.0.1 (Release: July 2004) to 
calculate the mean and standard error and 
Duncan’s multiple range test was carried out 
to detect significance of differences, if any, 
among the different experimental groups.  
 

Results 

The biomaterial used in the present study to 
evaluate the mutagenicity was porous form of 
synthetic hydroxyapatite granules 
manufactured by School of Materials and 
Mineral Resources Engineering, USM, 
Penang, Malaysia. The colchicine injected at 
a concentration of 4 mg/kg body weight 90 
minutes prior to harvesting, hypotonic 
treatment using 0.075 M KCl (0.56 per cent) 
at 37°C for 20 minutes and fixation using 3:1 
Methanol:Acetic acid all yielded consistent 
results with regard to chromosome 
preparation and good number of analyzable 
cells at metaphase. More evenly controlled 
chromosome spreading was obtained by 
following the protocol as described 
(Henegariu et al., 2001). The mean mitotic 
index values for the different treatment 
groups are shown in Table 2.  

Chromosomal analyses  

No statistically significant chromosome 
aberrations were observed, either numerical 
or structural in the chromosomes of mice 
treated with distilled water and those treated 
with synthetic hydroxyapatite granules (Fig. 
1a). However, mice injected with Mitomycin C 
showed several fold increase in chromosome 
aberration levels, validating the experimental 
conditions used (Fig. 1b). The aberrations 
included breaks, deletions and gaps. The 
details are presented in Table 3. 
 

 

Fig. 1 Metaphase spread of mice a: treated with hydroxyapatite (normal chromosomes without any 
numerical and structural aberrations) b: treated with positive control (Mitomycin C); arrows indicate 
the chromosome aberrations. 
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Table 2  Mean mitotic indices observed in bone marrow cells of mice exposed to different treatments 

Treatment Dose 
Time of harvesting bone 

marrow cells of mice  
(in hours) 

Mitotic Index (%) 
 

  Mean ± SE    SEV 

Mitomycin C  
(Positive control) 

1.5 mg / Kg 
body weight 

24        1.34 ± 0.11      a 

Distilled water 
(Negative control) 

0.5 ml 24        3.29 ± 0.06      b 

Synthetic hydroxyapatite 
granules 

2 g / kg body 
weight 

6        3.07 ± 0.05      b 

Synthetic hydroxyapatite 
granules 

2 g / kg body 
weight 

24        3.16 ± 0.10      b 

Synthetic hydroxyapatite 
granules 

2 g / kg body 
weight 

48        3.05 ± 0.08      b 

1000 cells were scored per each sample. Each value is the mean of 10 samples. SE is the standard 
error of the mean; SEV is the statistical evaluation obtained following ANOVA test and subsequent 
comparing with Duncan’s new multiple range test. Values in vertical column (Mean ± SE) with the 
same alphabet (b,b) are not significantly different at 5% level whereas values with different alphabets 
(a,b) are significant at 5% level.   

 

Table 3  Chromosome aberrations observed in bone marrow cells of mice exposed to different 
treatments 
 

Treatment Dose 

Time of 
harvesting bone 
marrow cells of 

mice  
(in hours) 

Chromosome 
aberrations 

Chromosome 
aberrations per cell 

 
 Mean ± SE     SEV 

Mitomycin C (Positive 
control) 

1.5 mg/ kg 
body weight 

24 84  0.084 ± 0.011      b 

Distilled water 
(Negative control) 

0.5 ml 24 5  0.005 ± 0.002      a 

Synthetic 
hydroxyapatite 
granules  

2 g / kg body 
weight 

6 7  0.007 ± 0.004      a 

Synthetic 
hydroxyapatite 
granules 

2 g / kg body 
weight 

24 3  0.003 ± 0.002      a 

Synthetic 
hydroxyapatite 
granules 

2 g / kg body 
weight 

48 5  0.005 ± 0.002      a 

 

100 metaphase spreads were scored per each sample. Each value is the mean of 10 samples. SE is 
the standard error of the mean; SEV is the statistical evaluation obtained following ANOVA test and 
subsequent comparing with Duncan’s new multiple range test. Values in vertical column (Mean ± SE) 
with the same alphabet (a,a) are not significantly different at 5% level whereas values with different 
alphabets (a,b) are significant at 5% level. 
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Discussion 

The chromosome aberration test using 
cultured mammalian cells is one of the 
sensitive methods to predict environmental 
mutagens and or carcinogens (Ishidate et 
al., 1998). The mammalian in vivo 
chromosome aberration test is used for the 
detection of structural chromosome 
aberrations induced by test compounds in 
the bone marrow cells of animals, usually 
rodents (Adler, 1984; Preston et al., 1987; 
Richold et al., 1990; Hayashi et al., 1994). 
Bone marrow is a highly vascularized tissue 
and it contains a population of rapidly cycling 
cells that can be readily isolated and 
processed (Environmental Protection 
Agency, 1998). This chromosome aberration 
test is especially relevant to assessing 
mutagenic hazard in that it allows 
consideration of factors of in vivo 
metabolism, pharmacokinetics, and DNA-
repair processes although these may vary 
among species and among tissues. One of 
the factors that that contribute to the inter-
individual differences in drug-metabolizing 
enzymes (DMEs) expression and drug 
metabolism include the male and female 
subjects (Cotreau et al., 2005; Kennedy, 
2008). Studies carried out in rats and mice 
have established that sex-based differences 
in liver function also characterize many 
phase II DMEs, including sulfotransferases 
(Klaassen et al., 1998; Clodfelter et al., 
2007; Kocarek et al., 2008), glutathione 
transferases (Srivastava and Waxman, 
1993; Clodfelter et al., 2007; Knight et al., 
2007), and UDP-glucuronosyltransferases 
(Takeuchi et al., 2004; Clodfelter et al., 2007; 
Buckley and Klaassen, 2007). Moreover, the 
Health Effects Test Guidelines (EPA, 1998) 
recommends the use of at least five female 
and five male animals per experimental and 
control group for this purpose.  

Colchicine 

Colchicine or its synthetic analog; 
colcemid, is a spindle fiber poison. It 
disrupts the microtubules or spindle fibers 
and prevents the cells in metaphase of 
mitosis from proceeding to anaphase. The 
animals were injected with colchicine at a 
dose of 4 mg per kg body weight 1½ hours 
prior to sacrifice, which is in accordance 
with the reports of the earlier workers (Das 

et al., 1996; Choudhury et al., 1997; 
Poddar et al., 2000; Giri et al., 2002). 
Then, the mice were sampled at an 
appropriate interval thereafter. The 
injection of colchicine 1½ hours prior to 
sacrifice yielded quite a number of 
metaphase spreads for analyses.  

Harvesting of bone marrow 

Two things are very important in hypotonic 
treatment: the right strength of solution and 
the length of time in solution. This 
hypotonic treatment causes the cells and 
nuclei to swell so that the chromosomes 
will be separated more widely. Hypotonic 
treatment using 0.075 M KCl (0.56 per 
cent) at 37°C for 20 minutes yielded good 
number of swollen cells in the present 
study as per the protocol of Henegariu et 
al, (2001). More evenly controlled 
chromosome spreading was obtained by 
following the method of Octavian 
Henegariu et al. (2001), who opined that 
just 1 to 1.5 ml of fixative is sufficient for 
fixation of the cells followed by micro 
centrifugation at 6000 to 7000 rpm for 1-2 
minutes. In the present study, however, the 
conventional method was followed.  

Positive control chemical 

Positive controls should employ a known 
clastogen at exposure levels expected to 
give a reproducible and detectable 
increase over background, which 
demonstrate the sensitivity of the test 
system. Positive control concentrations 
should be chosen so that the effects are 
clear (EPA, 1998). Mitomycin C that was 
used as the positive control chemical in the 
present study produced chromosomal 
aberrations in the bone marrow cells of 
mice. 

Mitotic Index  

The values of mitotic index are an 
indication of the degree of cytotoxicity.  A 
reduction greater than 50 per cent in the 
mitotic index value when compared to the 
control indicates the cytotoxic nature of the 
test substance. In the present study there 
was no significant difference (p < 0.05) in 
the mitotic index values between the 
treatment group with synthetic 
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hydroxyapatite granules (3.07 ± 0.05 for 6 
hours; 3.16 ± 0.10 for 24 hours and 3.05 ± 
0.08 for 48 hours) and the negative control 
group treated with distilled water (3.29 ± 
0.06 for 24 hours). However, the positive 
control group treated with Mitomycin C, 
showed significant difference (1.34 ± 0.11 
for 24 hours) as compared to the negative 
control. This indicates that the biomaterial 
in the present study, synthetic 
hydroxyapatite granules are non cytotoxic 
to the bone marrow cells of mice. Only in 
the case of positive control group treated 
with Mitomycin C, significant difference 
was observed in the mitotic indices when 
compared to the negative control group. 
This could be attributed to the cytotoxic 
nature of the positive control chemical.  

Chromosomal analysis 

Three different treatment timings were 
followed in this study, namely, 6, 24 and 48 
hours. In the case of rodents, the central 
sampling time is 24 hours (EPA, 1998). 
Since the cell cycle kinetics can be 
influenced by the test substance, Health 
Effects Test Guidelines (EPA, 1998) 
recommends one earlier and one later 
sampling interval adequately spaced within 
the range of 6 to 48 hours. Except the 
positive control, which was treated with 
Mitomycin C, all the other groups did not 
show any significant numerical or structural 
chromosomal aberrations. The groups of 
mice treated with synthetic hydroxyapatite 
granules and distilled water did not induce 
significant change (p < 0.05) in 
chromosome aberrations as compared to 
the group treated with Mitomycin C. Their 
respective values of chromosome 
aberration per cell are 0.007 ± 0.004 for 6 
hours; 0.003 ± 0.002 for 24 hours and 0.005 
± 0.022 for 48 hours for hydroxyapatite 
treated groups, 0.005 ± 0.002 for distilled 
water treated group and 0.084 ± 0.011 for 
Mitomycin C treated group. The production 
of chromosome aberration is a complex 
cellular process and the mechanism of 
chromosome breakage and rejoining is not 
yet completely understood (Palitti, 1998; 
Savage et al., 1988). All the cells that were 
scored, both in the negative control and 
treatment groups (with hydroxyapatite) had 
a normal complement of 2n=40 without any 

significant chromosomal aberrations. An 
increase in polyploidy may indicate that the 
test substance has the potential to induce 
numerical chromosome aberrations. An 
increase in endoreduplication may indicate 
that the test substance has the potential to 
inhibit cell-cycle progression (Lücke-Huhle, 
1983; Huang et al., 1983). This indicates 
that the result is negative and the test 
substance, synthetic hydroxyapatite 
granules (porous form) does not induce any 
chromosome aberrations in cultured 
mammalian cells (EPA, 1998). 

Conclusions 

The value of the mitotic indices and the 
absence of chromosome aberrations 
indicate that the biomaterial, synthetic 
hydroxyapatite granules (Manufactured by 
School of Materials and Mineral Resources 
Engineering, USM) is non cytotoxic and 
does not induce both numerical and 
structural chromosomal aberrations under 
the present test conditions in the bone 
marrow cells of mice. 

Acknowledgements 

The authors would like to thank the School 
of Materials and Mineral Resources 
Engineering, USM for providing the 
biomaterial and the staff of Human 
Genome Centre and Animal Research and 
Service Centre for their help rendered 
during the course of this study. Thanks are 
also attributed to the financial support 
provided through USM Short Term Grant 
(No. 304/PPSG/6131299) in carrying out 
this project.  

References 

Adler ID (1984). Cytogenetic tests in mammals. 
In: Venitt S, Parry JM (eds.). Mutagenicity 
Testing: a Practical Approach. Oxford; 
Washington D.C.: IRL Press, pp. 275-306. 

Buckley DB, Klaassen CD (2007). Tissue- and 
gender-specific mRNA expression of UDP-
glucuronosyltransferases (UGTs) in mice. 
Drug Metab Dispos, 35(1): 121-127. 

Choudhury AR, Das T, Sharma A, Talukder G 
(1997). Inhibition of clastogenic effects of 
arsenic through continued oral administration 
of garlic extract in mice in vivo. Mutat Res, 
392(3): 237-242. 



Kannan et al. / Genotoxic evaluation of synthetic hydroxyapatite using chromosome aberration test 

16 
 

Clodfelter KH, Miles GD, Wauthier V, Holloway 
MG, Zhang X, Hodor P et al. (2007). Role of 
STAT5a in regulation of sex-specific gene 
expression in female but not male mouse liver 
revealed by microarray analysis. Physiol 
Genomics, 31(1): 63-74. 

Cooke FW (1992). Ceramics in orthopedic surgery. 
Clin Orthop Relat Res, (276): 135-146. 

Costantino PD, Friedman CD, Jones K, Chow LC, 
Pelzer HJ, Sisson GA Sr (1991). 
Hydroxyapatite cement. I. Basic chemistry and 
histologic properties. Arch Otolaryngol Head 
Neck Surg, 117(4): 379-384. 

Cotreau MM, von Moltke LL, Greenblatt DJ 
(2005). The influence of age and sex on the 
clearance of cytochrome P450 3A substrates. 
Clin Pharmacokinet, 44(1): 33-60. 

Das T, Roy Choudhury AR, Sharma A, Talukder G 
(1996). Effects of crude garlic extract on 
mouse chromosomes in vivo. Food Chem 
Toxicol, 34(1): 43-47.  

Environmental Protection Agency (USA) (1998). 
Health Effects Test Guidelines OPPTS 
870.5385 Mammalian Bone Marrow 
Chromosome Aberration Test. pp. 1-9. 

Giri S, Sharma GD, Giri A, Prasad SB (2002). 
Fenvalerate-induced chromosome aberrations 
and sister chromatid exchanges in the bone 
marrow cells of mice in vivo. Mutat Res, 
520(1-2): 125-132. 

Hayashi M, Tice RR, MacGregor JT, Anderson D, 
Blakey DH, Kirsh-Volders M et al. (1994). In 
vivo rodent erythrocyte micronucleus assay. 
Mutat Res, 312(3): 293-304. 

Henegariu O, Heerema NA, Lowe Wright L, Bray-
Ward P, Ward DC, Vance GH (2001). 
Improvements in cytogenetic slide 
preparation: controlled chromosome 
spreading, chemical aging and gradual 
denaturing. Cytometry, 43(2): 101-109. 

Huang Y, Chang CC, Trosko JE (1983). 
Aphidicolin-induced endoreduplication in 
Chinese hamster cells. Cancer Res, 43: 1361-
1364. 

Ishidate M Jr, Miura KF, Sofuni T (1998). 
Chromosome aberration assays in genetic 
toxicology testing in vitro. Mutat Res, 404(1-2): 
167-172. 

Katzer A, Marquardt H, Westendorf J, Wening JV, 
von Foerster G (2002). Polyetheretherketone: 
cytotoxicity and mutagenicity in vitro. 
Biomaterials, 23(8): 1749-1759. 

Kennedy M (2008). Hormonal regulation of hepatic 
drug-metabolizing enzyme activity during 
adolescence. Clin Pharmacol Ther, 84(6): 
662–673. 

Klaassen CD, Liu L, Dunn RT 2nd (1998). 
Regulation of sulfotransferase mRNA 

expression in male and female rats of various 
ages. Chem Biol Interact, 109(1-3): 299-313. 

Knight TR, Choudhuri S, Klaassen CD (2007) 
Constitutive mRNA expression of various 
glutathione S-transferase isoforms in 
different tissues of mice. Toxicol Sci, 100(2): 
513-524. 

Kocarek TA, Duanmu Z, Fang HL, Runge-Morris 
M (2008) Age- and sex-dependent expression 
of multiple murine hepatic hydroxysteroid 
sulfotransferase (SULT2A) genes. Biochem 
Pharmacol, 76(8): 1036-1046. 

Lücke-Huhle C (1983). Endoreduplication in 
Chinese hamster cells during alpha-
radiation induced G2 arrest. Mutat Res, 
119(3): 407-413. 

Palitti F (1998). Mechanisms of the origin of 
chromosomal aberrations. Mutat Res, 
404(1-2): 133-137.  

Poddar S, Mukherjee P, Talukder G, Sharma A 
(2000). Dietary protection by iron against 
clastogenic effects of short-term exposure to 
arsenic in mice in vivo. Food Chem Toxicol, 
38(8): 735-737. 

Preston RJ, Dean BJ, Galloway S, Holden H, 
McFee AF, Shelby M (1987). Mammalian in 
vivo cytogenetic assays. Analysis of 
chromosome aberrations in bone marrow 
cells. Mutat Res, 189(2): 157-165. 

Richold M, Chandley A, Ashby J, Gatehouse 
DG, Bootman J, Henderson L (1990). In 
vivo cytogenetic assays. In: Kirkland DJ 
(ed.). Basic Mutagenicity Tests: UKEMS 
Recommended Procedures (UKEMS Sub-
Committee on Guidelines for Mutagenicity 
Testing. Report. Part I Revised. New York: 
University of Cambridge. pp. 115-141. 

Savage EP, Keefe TJ, Mounce LM, Heaton RK, 
Lewis JA, Burcar PJ (1988). Chronic 
neurological sequelae of acute 
organophosphate pesticide poisoning. Arch 
Environ Health, 43(1): 38-45. 

Srivastava PK, Waxman DJ (1993). Sex-
dependent expression and growth hormone 
regulation of class alpha and class mu 
glutathione S-transferase mRNAs in adult 
rat liver. Biochem J, 294(Pt 1): 159-165. 

Takeuchi T, Tsutsumi O, Nakamura N, Ikezuki 
Y, Takai Y, Yano T et al. (2004). Gender 
difference in serum bisphenol A levels may 
be caused by liver UDP-
glucuronosyltransferase activity in rats. 
Biochem Biophys Res Commun, 325(2): 
549-554. 

Wojciech S, Masahiro Y (1998). Processing and 
properties of hydroxyapatite-based 
biomaterials for use as hard tissue 
replacement implants. J Mater Res, 13(1): 
94-117.


