
46

  

 

 

 

 

 

 
 

 

 
 
 
 

To cite: Hanish Anand, 

Gandikota ChandraSekhar, 

Ranjit Kumar Manne, Nemani 

Shivaram, Syed Shadab 

Husain
 

 

Extraction of Hydroxyapatite 

Obtained From Human 

Premolar Teeth Using Smart 

Dentine Grinder and 

Calcination Process for 

Biomedical Application- An 

Invitro Study 

 

J Contemp Orthod 2020;4(1): 

46-52. 

Received on: 

25-01-2020 

Accepted on: 

20-02-2020 

Source of Support: Nil 

Conflict of Interest: None 

Extraction of Hydroxyapatite Obtained From Human Premolar 

Teeth Using Smart Dentine Grinder and Calcination Process for 

Biomedical Application-  An In vitro Study
 

1Hanish Anand, 2Gandikota ChandraSekhar, 3Ranjit Kumar Manne, 
4Nemani Shivaram, 5Syed Shadab Husain 

1Assistant Professor, 2Professor & Head, 3Professor, 4Assistant Professor, 5Post Graduate Student 
1,2,3,4,5 Department of Orthodontics & Dentofacial Orthopedics, Panineeya Institute of Dental Sciences & Research 

Centre Hyderabad, Telangana.  

ABSTRACT 

Background: The present study is conducted with an aim to characterize Hydroxyapatite (HA) 
produced from therapeutically extracted premolar teeth using two different procedures. 
Hydroxyapatite was produced from premolar teeth using the process of calcination at 8500c and 
using Smart Dentine Grinder. The process of sample preparation influences its properties, the 
crystal structure and thermal stability of the produced powder was investigated using X-ray 
diffraction analysis (XRD) and Fourier transform infrared spectroscopic (FTIR) analysis. The 
former confirmed the successful production of HA crystals, while the latter confirmed the 
presence of hydroxyl (OH-) and phosphate (PO4-3) functional groups.  

Results: The FTIR and XRD analysis graphs obtained for the samples from the two procedures 
were compared with graphs of Hydroxyapatite samples from previous studies.  

Conclusion: FTIR and XRD analysis used to characterize the samples obtained from two 
procedures namely calcinations & using Smart Dentin Grinder confirmed the presence of 
Hydroxyapatite crystals. The procedure used has an effect on the crystalline properties of the 
Hydroxyapatite. 

Keywords: Hydroxyapatite; Fourier transform infrared spectroscopic analysis; X-ray diffraction 
analysis (XRD); Calcination; Smart Dentine Grinder.

 

 

INTRODUCTION 

The white spot lesion (WSL), has been defined as 

“subsurface enamel porosity from carious demineralization” 

that presents itself as “a milky white opacity, when located 

on smooth surfaces” [1]. In most cases, white spot lesions and 

enamel  demineralization  commonly  tends to occur during 

orthodontic  treatment  and sometimes  even after course  of 

treatment [2]. This phenomenon became a clinical problem in 

fixed orthodontic  therapy  since directly  bonded  orthodontic 

brackets  were introduced [3].This process  of decalcification 

of enamel surface adjacent to the orthodontic appliances is an 

important  and  prevalent  iatrogenic  effect  of  orthodontic 

therapy [4]. Bonding of appliances  to teeth increases plaque 

retention  sites , since  pH of plaque  is low, it interferes  with
 

process  of  remineralization  and  thereby  resulting  in 

decalcification  of enamel [5]. And as enamel  translucency  is 

directly  related  to the degree  of mineralization , the initial 

demineralization  of enamel due to low pH of plaque usually 

manifests  clinically
 

as “white  spot  lesion  (WSL )” [1]. The 

prevalence of such WSLs is reported to vary from 4.9% to 84

% of tooth surfaces [6,7].  

Mitchell,from his longitudinal study found overall prevalence of 

18.5% of tooth surfaces , with average accuracy of 1.6% tooth 

surface

 

area affected [8]. In study by Mizrahi E, there is increase in  

prevalence  of WSLs  i.e., from  72.3% to 84% was  observed 

following  completion  of  orthodontic  treatment  and  he 

concluded  that  treatment  with  multibanded  appliances 

contributed  to  development  of  new  areas  of  enamel 

demineralization [7]. Further  is it imperative  to  differentiate 

between carious and non-carious WSLs and in order to do that a 

clinician  must  gently  evaluate  the consistency  and texture  of 

the  tooth  surface  with  a periodontal  probe . Commonly , 

carious  WSLs  are  typically  found  on the  buccal  surfaces  of 

beneath  a thick  accumulation  of  plaque  and  around  the 

perimeter  of  orthodontic  brackets  where  performing  oral 

hygiene practice is difficult. Whereas, non-carious WSLs due 

to fluorosis, developmental enamel hypomineralization, enamel 

hypoplasia can have genetic and environmental  bases [9]. Since, 

clearly  it is the  responsibility  of  orthodontists ’ to be  aware 

about the risk from decalcification, precautions must be taken to 

avoid or limit their development. Therefore, it is important to 

prevent formation  of  WSLs,  because  once  they  are  established.  
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 It  is  extremely  difficult  or  even  impossible  to  achieve 

complete  remineralization . And if they left untreated , they 

may  lead  to  carious  cavitation  for  which  restorative 

treatment is necessary. Thus, treatment of WSLs is crucial to 

prevent  tooth  decay  and thereby  restoring  the aesthetics  of 

smile . Hence  it is important  to adapt  measures  in order  to 

manage such lesions. 

Management of WSLs is a multifactorial approach, it begins 

with a good oral hygiene regime and associated with use of 

fluoride products such as mouthwashes, gels, toothpastes, 

varnishes, fluoride in bonding agents and fluoride in 

elastomers. Derks et al. demonstrated that use of higher 

concentration fluoride toothpastes and gels twice a day 

exhibited demineralization inhibiting tendency during 

orthodontic treatment [10]. Even though fluorides proved to be 

reliable adjuvants for remineralization, it is advised against 

their  usage  in  higher  concentrations  as  it  can  arrest  the 

process  of remineralization  and  lead  to staining . On other 

side , remineralization  potential  of  low  fluoride 

concentrations  has  not  been  proved  in any  prospective 

randomized  studies . Apart from  fluoridation  techniques , 

external  bleaching  might  be a treatment  of option  to help 

camouflage  WSLs  and thereby  obtaining  better  aesthetic 

results [11]. But the application of this therapy is restricted to 

Patients with perfect oral hygiene and oral health, as the process 

of  bleaching  makes  the  tooth  susceptible  to  formation  of  caries  

like  lesions [12 ].  In  severe  cases ,  acid  microabrasion  is  

recommended ,  which  is  a  minimally  invasive  technique  based  

on  reactivation  of  enamel  by  elimination  of  the  

hypermineralized  external  layer  through  microabrasion , 

followed by daily application of casein phosphopeptide-  

amorphous  calcium  phosphate  complexes  (CCP-  ACP ) [13].

However, the usefulness of this technique in treatment of WSLs 

is  mainly  based  on  clinical  case  reports  and  hence , 

randomized  clinical  studies  are necessary  to support  these 

results . In addition  to both methods , last treatment  of option if 

the patient  is still in need for further  aesthetic  improvement  is 

aggressive  restorative  treatment  such as a direct  or indirect 

restorative  veneer , which  is destructive  approach  of tooth 

surface. 

As the structure of enamel is too complex and remodelling of it 

is a big challenge due to the fact that basic enamel building 

blocks are generally hydroxyapatite nanocrystals that are 20- 40 

nm [14]. This hydroxyapatite  (HA) is mainly responsible  for the 

mechanical  behaviour  of the dental  tissues . Unlike  bone, in 

enamel  and dentin, when HA is dissolved , spontaneously  it 

cannot remineralize  due to the fact that enamel contain no cells 

and moreover dentine apposition occurs towards the pulp 

 

Figure 1: A typical XRD pattern (A) of hydroxyapatite powders prepared by calcination method at 850°C and XRD pattern (B) of 

hydroxyapatite powders prepared using smart dentine grinder. 
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tissues . Therefore , the reconstruction  of both  enamel  and 

dentine is more of a process of prosthetic restoration through  

application of  alloplastic  materials  
[15

].  Hydroxyapatite  is  

known  as  one  of  vital  materials  and  common  use  in  biomedical

 field ,  concentrated  in  clinical  area  and  has  been  widely

 subjected  to  experiment  as  bone  filler  and  prosthetic  coating

 

due

 to  its  biocompatibility  and  osteoconductivity ,  bioactivity ,

 direct  bonding  to  bone ,  etc  [16 ].  The  development

 

of

 

HA

 

powder

 becomes  an  attractive  area  in  line

 

of

 

research

 

because

 

of

 simplicity  in  its  production .  Liu  et  al.

 

presented

 

a

 

simple

 

and

 efficient  method  for  the  preparation

 

of

 

HA

 

powder

 

using

 

heating

 powders  of     Ca( OH )2,

 

Ca(H2PO 4)2.H2O,

 

distilled

 

water

 

and

 synthesized  HA

 

through

 

this

 

method

 

has

 

good

 

crystallinity ,

 good  sinterability

 

and

 

also

 

possesses

 

high

 

surface

 

area

 

[17].

 Hilmi  and

 

co-workers

 

presented

 

a

 

method

 

of

 

obtaining

 

HA

 

from

 bovine

 

bones

 

and

 

HA

 

produced

 

are

 

highly

 

crystalline

 

with

 irregular

 

form

 

of

 

particles .

 

They

 

further

 

concluded

 

that

 processes

 

of

 

defatting

 

and

 

deproteinase

 

using

 

boiling

 

method

 can

 

be

 

used

 

to

 

extract

 

HA

 

[18].

 

Despite

 

of

 

its

 

advantage

 

as

 

main

 

synthetic

 

biomaterial

 

as

 

bone

 

filler ,

 

its

 

ability

 

to

 

remineralize

 

enamel

 

and

 

dentine ,

 

HA

 

is

 

still

 

too

 

expensive

 

to

 

be

 

used

 

in

 

toothpastes

 

and

 

mouth

 

washes .

 

Lately

 

advanced

 

developments

 

such

 

as

 

nanotechnologies

 

opened

 

new opportunities in

 

 obtaining cheap HA micro-nano particles by   the

 

“bottom-

up”  methods  
[19].   

 

The aim of the present study is to apply FTIR and XRD 

techniques in the assessment of HA powders obtained using two 

different techniques i.e., HA powder obtained through method 

of calcination at a temperature of 8500c and other method is 

through smart dentine grinder.  

MATERIALS AND METHODS  

Raw material Preparation: To synthesize hydroxyapatite, a 

total of 20 freshly extracted premolar teeth for therapeutic 

reasons were collected. Crown portion of teeth were separated 

from root and the crown portions were then cleaned and boiled 

in distilled water for certain amount of time to allow easier 

removal of organic substances and debris. Following boiling, 

the teeth were sun- dried for 3 days in order to avoid soot 

formation in the material during the process of heating [20].Raw 

teeth  impurities  found  stuck  to the teeth  were  shaved  and 

removed , and then  irrigated  with  a brush  in running  water , 

followed  by boiling  in distilled  water  for 30 minutes . This 

process  was repeated  till it yielded  white  and clean  teeth . The 

HA powders were then synthesized by two different techniques. 

The sample was divided into two sets of ten teeth in each.  

Calcination: The first set of ten teeth were subjected to the 

process of calcination in muffle at a temperature of 8500c for 

one hour. It was observed that at 4500c, huge amount of vapours 

evolved from the sample. To avoid any dehydration in the 

furnace, the sample was sintered again to 11500c for one hour 

[21].The sintering process ensures that the organics are 

 

Figure 2: X-Ray diffraction patterns of (a) HA reference (JCPDS#:9-432), (b) pure HA, (c) HA from calcination at 8500c.  
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completely removed and the material is safe, to avoid any 

microbial contamination[22, 23]. To ensure HA purification, the 

process  was  repeated  till  the  pH of the  sample  in water  is 

equal to the water pH [24].  

Smart dentine grinder: The clean and dry tooth, mostly 

dentin, is grinded using a specially designed 'Smart Dentin 

Grinder'. It is capable to grind the tooth structure in 3 seconds 

and then by vibrating movement of the grinding chamber, the 

particles sieve to another chamber. The dentin particulate of 

300-1200 μm is sieved through a special sorting system. The 

sorted particulate dentin is immersed in basic alcohol 

cleanser in a sterile container to dissolve all organic debris 

and bacteria. Then, the particulate is washed by sterile saline. 

Then this bacteria-free particulate dentin is ready for further 

utilization [25].  

Characterization: The followed tests were performed on the 

sintered HA powdered particles of size less than 45 μm. The 

X-ray diffraction (XRD) pattern of the powders from two 

methods were obtained with a diffractometer with a 

monochromated CuKα radiation. XRD is a 

rapid analytical technique primarily used for phase 

identification of a crystalline material and can provide 

information on unit cell dimensions. The average bulk 

composition of the material which is finely ground and 

homogenized, is determined. Using XRD pattern, one can 

determine what crystalline phases are in a mixture and how 

much of each crystalline phase is in the mixture. The 

diffraction intensity as a function of the angle 2- theta was 

measured between 20 and 800, with a 2-theta step of 0.00540. A 

CCD solid- state detector in scan mode was used and this mode 

allows to make a single scan in 16 minutes averaging 10.8 

seconds per point. The powder X-ray diffraction patterns were 

measured with a diffractometer using the Bragg-Brentano 0 - 0 

geometry with Ni-filtered CuKα radiation and a 1-dimensional 

position  sensitive  silicon  strip  detector [26]. The  diffraction 

intensity  as a function  of the angle  2-theta  was  measured 

between 20 and 79.990, with a 2-theta step of 0.00540, for 13.6s 

per point.  

Fourier- transform infrared spectroscope (FTIR) was used to 

determine the chemical function by the wavelength range up to 

4000 cm-1 versus transmittance, the KBr is used as a reference 

to prevent  fluctuations  in the  output  [27]. FTIR  is a very 

sensitive  technique  for determining  phase  composition  and is 

comparatively  quick  and  easy . It provides  information  about 

location  of peaks , their  intensity , width  and  shape  in the 

required wave number range. 
 

RESULTS & DISCUSSION 

Enamel is the hardest mineral structure in human body and its 

structure can resist various environmental insults, mechanical 

injuries, abrasion, chemical attacks etc. However, unlike other 

mineralized tissues, it lacks proteins as the matrix proteins of 

enamel are cleaved by proteinases during tooth formation[28]. As 

oral  hygiene  is  difficult  to  maintain  in  patients  with  fixed 

orthodontic appliances, decalcification of enamel surface occurs 

adjacent  to them and are manifested  as white  spot lesions , 

which in turn progress to carious cavitations and rises aesthetic 

 

Figure 3: A typical FTIR pattern (A) of hydroxyapatite powders prepared by calcination method at 850°C and FTIR pattern (B) 

of hydroxyapatite powders prepared using smart dentine grinder.  
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problems [4]. The crystal phase and molecular structure of the 

typical sample  were  characterized  by  XRD  and  FTIR.

(
 

Figure

 

1) showed that the HA produced from calcinations at 

8500c

 

is

 

only found in high crystalline phase product. The 

XRD pattern of HA powder through (A) calcination and (B) 

smart dentine grinder were shown and compared, within the 

2-theta range from 200 to 900. The Bragg peaks at 11, 17, 19, 

22, 23, 26, 28, 29, 32, 33, 34, 35, 40, 45, 47, 48, 49, 50, 51, 

52, 54, 60, 62, 63, 65 up to 790 observed for HA powder 

produced from calcination at 8500c. For smart dentine 

grinder, Bragg peaks were observed at 11, 22, 23, 26, 29, 31, 

32, 33, 35, 40, 47, 48, 49, 50, 51, 52, 53, 56, 62, up to 780 

respectively. XRD analysis also indicated the absence of 

secondary phases, such as TCP or calcium oxide (CaO). The 

peaks evident from the diffraction patterns of calcinations at 

8500c resulted in high crystallinity than HA from smart 

dentine grinder, indicated that the material from former 

method is pure HA. The XRD pattern of the HA powder 

from calcination process, showed more number of peaks than 

HA powder from smart dentine grinder. Moreover, the lower 

intensity in the latter indicates a poor crystalline HA phase or 

reduced crystallite dimension.  

The XRD pattern of the HA powder from calcination is then 

compared with X-ray diffraction patterns of HA reference 

(JCPDS #:9-432) and pure HA ( Figure 2). showed the XRD 

patterns of reference patterns and pattern from HA through 

calcination process.  It  was  clearly  observed  that  all  the  samples

 had  specific  peaks  of  HA  when  compared  with  HA  reference

 pattern .  Xiaoying  et  al .  conducted  a  study  to  find  out

 

the

 effective  method  to  prepare  natural  HA  from  different  sources

 like  pig  bones ,  pig  teeth  and  natural  human  teeth .  From

 

the

 spectrum  of  the  prepared  material ,  obtained  by  means

 

of

 

XRD

 produced  consistent  results  with  JCPDS  index  of

 

HA

 

and

 confirmed  that  material  prepared  is  HA  indeed.  Moreover,

 

they

 also  concluded  that  the  natural  HA  obtained  by

 

calcining

 

at

 8500 c  showed  desired  results  [29].  The   findings

 

in

 

our

 

study

 further  confirms  that  calcination  at  8500 c

 

is

 

a

 

suitable

 preparing  temperature  for  the  production  of

 

natural

 

HA.

 
 The

 

spectrum

 

of

 

FTIR

 

of

 

calcined

 

product

 

shows

 
characteristic

 

peaks

 

of

 

HA

 

that

 

generally

 

indicates

 

the

 
existence

 

of

 

phosphate

 

(PO4
-3)

 

ions,

 

hydroxyl

 

(OH-)

 

and

 
carbonate

 

(CO3
-2)

 

ions

 

[30].

 

(Figure

 

3

 

showed

 

the

 

IR

 

spectrum

 of

 

the

 

samples

 

produced

 

by

 

calcination

 

as

 

well

 

as

 

smart

 dentine

 

grinder.

 

The

 

FTIR

 

spectrum

 

of

 

standard

 

HA

 

shows

 peaks

 

for

 

OH-

 
ions

 

(3570cm-1

 

and

 

634cm-1),

 

peaks

 

for

 

PO4
-3

 

(1090cm-1, 1040cm-1, 960cm-1, 603cm-1, 568cm-1) 

respectively [29].The bands in the FTIR spectra from 

calcining at 8500c showed absorption peaks at 3447cm-1 and 

3567cm-1 can be due to the presence of OH-
 

ions. These 

spectra also indicated the presence of phosphate and calcium 

ions in heated premolar teeth. The observed low intensity bands 

within 1463cm-1 and 471cm-1 are associated with the stretching 

vibration of CO3
-2 of premolar teeth. In human premolar teeth 

HA, the hydroxyl bond is both shown in 602.58cm-1 and 

3447.77cm-1, which is similar to that of HA- 200 i.e., 

3425.58cm-1. Almost similar condition of FTIR spectrum was 

observed for HA obtained from smart dentine grinder. The 

vibrating band at about 3447.59cm-1 shows the presence of 

hydroxyl group (Figure 3). The highest intensity of phosphate 

group indicated by the vibration bending and stretching of P-O 

at 1035.22cm-1. The absence of peaks at 1450 dan 1700cm-1 

shows that Ca-O impurities in HA are not found in this material 

obtained from calcining at 8500c and from smart dentine 

grinder. Hence, 8500c can be chosen as reliable calcining 

temperature and the material produced can be used in future 

investigations such as treatment of WSLs. Further investigations 

are needed to improve the mechanical properties of obtained 

HA. 

CONCLUSION 

The present investigation demonstrated that the calcining 

method with high temperatures up to 8500c is an easy, cost 

effective and reproducible method for the production of HA 

from human premolar teeth. The results of FTIR and XRD 

showed that the chemical components of the prepared materials 

are hydroxyapatite, the process of calcination with high 

temperature is effective, and shows better characteristics as 

compared to HA produced by Smart Dentine Grinder. 

REFERENCES 

1. Summitt JB, Robbins JW, Schwartz RS. Fundamentals of 

Operative Dentistry: A Contemporary Approach: Quintessence 

Publishing Company; 2001. 

2. O'Reilly MM, Featherstone JD. Demineralization and 

remineralization around orthodontic appliances: an in vivo 

study. American journal of orthodontics and dentofacial 

orthopedics : official publication of the American Association 

of Orthodontists, its constituent societies, and the American 

Board of Orthodontics. 1987;92(1):33-40. 

3. Zachrisson BJ. A posttreatment evaluation of direct bonding 

in orthodontics. Am J Orthod. 1977;71(2):173-89. 

4. Bishara SE, Ostby AW. White Spot Lesions: Formation, 

Prevention, and Treatment. Seminars in Orthodontics. 

2008;14(3):174-82. 

5. Ogaard B, Larsson E, Henriksson T, Birkhed D, Bishara SE. 

Effects of combined application of antimicrobial and fluoride 

varnishes in orthodontic patients. American journal of 

orthodontics and dentofacial orthopedics : official publication of 



51 Journal of Contemporary Orthodontics, Jan-March 2020;4(1):46-52 

 

 

the American Association of Orthodontists, its constituent 

societies, and the American Board of Orthodontics. 

2001;120(1):28-35. 

6. Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white 

spot formation after bonding and banding. Am J Orthod. 

1982;81(2):93-8. 

7. Mizrahi E. Enamel demineralization following orthodontic 

treatment. Am J Orthod. 1982;82(1):62-7. 

8. Mitchell L. An investigation into the effect of a fluoride 

releasing adhesive on the prevalence of enamel surface 

changes associated with directly bonded orthodontic 

attachments. British journal of orthodontics. 1992;19(3):207-

14. 

9. Fejerskov O, Kidd E. Dental Caries: The Disease and Its 

Clinical Management: Wiley; 2008. 

10. Derks A, Katsaros C, Frencken JE, van't Hof MA, 

Kuijpers-Jagtman AM. Caries-inhibiting effect of preventive 

measures during orthodontic treatment with fixed appliances. 

A systematic review. Caries research. 2004;38(5):413-20. 

11. Knosel M, Attin R, Becker K, Attin T. External bleaching 

effect on the color and luminosity of inactive white-spot 

lesions after fixed orthodontic appliances. The Angle 

orthodontist. 2007;77(4):646-52. 

12. Flaitz CM, Hicks MJ. Effects of carbamide peroxide 

whitening agents on enamel surfaces and caries-like lesion 

formation: an SEM and polarized light microscopic in vitro 

study. ASDC journal of dentistry for children. 

1996;63(4):249-56. 

13. Ardu S, Castioni NV, Benbachir N, Krejci I. Minimally 

invasive treatment of white spot enamel lesions. 

Quintessence international (Berlin, Germany : 1985). 

2007;38(8):633-6. 

14. Swarup JS, Rao A. Enamel surface remineralization: 

Using synthetic nanohydroxyapatite. Contemporary clinical 

dentistry. 2012;3(4):433-6. 

15. Roveri N, Battistella E, Bianchi CL, Foltran I, Foresti E, 

Iafisco M, et al. Surface Enamel Remineralization: 

Biomimetic Apatite Nanocrystals and Fluoride Ions Different 

Effects. Journal of Nanomaterials. 2009;2009:9. 

16. Roveri NP, B. Hydroxyapatite nanocrystals as bone tissue 

substitute. In: Kumar CSSR, editor. Nanotechnologies for the 

Life Sciences. Weinheim, Germany: Wiley- VCH; 2006. p. 

283-307. 

17. Liu HS, Chin TS, Lai LS, Chiu SY, Chung KH, Chang 

CS, et al. Hydroxyapatite synthesized by a simplified 

hydrothermal method. Ceramics International. 

1997;23(1):19-25. 

18. Hilmi IR, M; Herliansyah, M.K. . Synthesis of 

Hydroxyapatite from Local Bovine Bones for Biomedical 

Application.  2011  International Conference on 

Instrumentation, Communication, Information Technology and 

Biomedical Engineering; Bandung, Indonesi: IEEE; 2011. p. 

13-6. 

19. Roveri NF, E; Lelli, M; Lesci, I.G. . Recent advancements 

in Preventing teeth health hazard: The Daily Use of 

Hydroxyapatite Instead of Fluoride. Recent Patents on 

Biomedical Engineering 2009;2:197-215. 

20. Deepak KPD, P; Sujal, U.R.C; Parasod, et al. Synthesis and 

evaluation of hydroxyapatite ceramics. Trends biomater Artif 

Organs. 2005;18(2):87-92. 

21. Karacayli U, Gunduz O, Salman S, Ozyegin LS, 

Agathopoulos S, Oktar FN, editors. Effect of Sintering 

Temperature on Mechanical Properties and Microstructure of 

Sheep-bone Derived Hydroxyapatite (SHA)2009; Berlin, 

Heidelberg: Springer Berlin Heidelberg. 

22. Tang Y, Tang Y, Lv C, Zhou Z. Preparation of uniform 

porous hydroxyapatite biomaterials by a new method. Applied 

Surface Science. 2008;254(17):5359-62. 

23. Toque JA, Herliansyah MK, Hamdi M, Ide-Ektessabi A, 

Wildan MW, editors. The effect of sample preparation and 

calcination temperature on the production of hydroxyapatite 

from bovine bone powders2007; Berlin, Heidelberg: Springer 

Berlin Heidelberg. 

24. Goller G, Oktar FN, Agathopoulos S, Tulyaganov DU, 

Ferreira JMF, Kayali ES, et al. Effect of sintering temperature 

on mechanical and microstructural properties of bovine 

hydroxyapatite (BHA). Journal of Sol-Gel Science and 

Technology. 2006;37(2):111-5. 

25. Itzhak BH, G; Nardy, C; Yaffe, A; Sapoznikov, L. A Novel 

Procedure to Process Extracted Teeth for Immediate Grafting of 

Autogenous Dentin. J Interdiscipl Med Dent Sci. 2014;2(6):1-5. 

26. Gasga JRK, O; Becerra, R.H; Escobosa, A. XRD 

Characterization of Crystallinity of Human Tooth Enamel under 

Influence of Mechanical Grinding. Materials Sciences and 

Applications. 2015;6:464-72. 

27. Ellkayar AE, Y; Assaad, M. Properties of Hydroxyapatite 

from Bovine Teeth. Bone and Tissue Regeneration Insights. 

2009;2:31-6. 

28. Simmer JP, Fincham AG. Molecular mechanisms of dental 

enamel formation. Critical reviews in oral biology and medicine 

: an official publication of the American Association of Oral 

Biologists. 1995;6(2):84-108. 



Hanish Anand et al 

52 

 

 

29. Lü XY, F; Dachun, G; Wei, C. . Preparation and 

Characterization of Natural Hydroxyapatite from Animal 

Hard Tissues. key Engineering Materials 2007;342-343:213-

6. 

30. Sobczak A, Kowalski Z, Wzorek Z. Preparation of 

hydroxyapatite from animal bones. Acta of bioengineering 

and biomechanics. 2009;11(4):23-8. 

LIST OF ABBREVIATIONS 
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4. FTIR: Fourier transform infrared spectroscopic 
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