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Analysis of Crystal Structure of Bone Graft Material
Using Analyses of X-Ray Diffraction and Scanning
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Objective: The present study was to analyze the crystal structure of Bio-Oss, the representative bone graft material, through
X-ray diffraction (XRD) and scanning electron microscope (SEM) image analyses.
Methods: Xenogeneic bone (Bio-Oss; Geistlich Biomaterials, Wolhusen, Switzerland) for bone graft of which particle size
was in the range of 0.25-1.0 mm was used for the present study. Specimens were quickly frozen and then pulverized to conduct XRD analysis. A SEM was used to observe materials in forms of powder and monolith, respectively.
Results: The XRD pattern of the specimen showed components of bone and hydroxyapatite (HA). The broad peak appearing
in the vicinity of 12.6° was seen as organic material. In the SEM, pores were observed together with the coagulation of small
particles. Particles were concluded as those of small HA with sizes of around 50 nm.
Conclusion: Xenogeneic Bio-Oss consist of apatite of low crystallinity similar to the bony tissue of humans. Thus, consequences of bone graft employing Bio-Oss are expected to be different from those of bone graft using bone graft materials of
high crystallinity regarding the healing process.
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Introduction

generation are contained inside the autologous bone where the
structure can act as an excellent bone conductive material.
However, autologous bone imposes a burden of collecting part
of one’s own body. It is disadvantageous due to its easy absorption in the stage of healing after bone graft [1,2].
Allogenic or xenogeneic bones including substitute bones
have been developed and introduced into clinics to overcome
such disadvantages. However, materials having the capacity
of osteogenesis equal to autologous bone have not been developed yet.
Materials that are capable of substituting autologous bone,
such as bovine bone mineral, Bio-Oss (anorganic bovine
graft), demineralized bone matrix, Drilac (polylactic acid

An ideal material for the implant of artificial teeth would be
an autologous bone. Autologous bone graft would be the most
ideal one for implanting artificial teeth because osteoblasts
known to be in charge of osteogenesis and induce bone re-
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granules), hydroxyapatite (HA), poly(lactide-co-glycolide),
microparticles synthetic biodegradable polymer, and tricalcium phosphate (TCP) have been reported [3-5]. Recently,
Bio-Oss (Geistlich Biomaterials, Wolhusen, Switzerland), the
xenogeneic bone which is most similar to autologous bone,
and the -TCP, the synthetic bone, are used in clinics
frequently. Bio-Oss is a HA extracted from the matrix of bovine bone. It is used as the most representative xenogeneic
bone graft material for which the organic substance therein is
removed through specific treatment process. It is porous similar to human bone, thus enabling easy vascular generation. It
is also structurally stable and resistant against absorbance.
Therefore, it has been employed in clinics since 1980s as a material for bone graft [6-9].
It has exhibited comparatively favorable consequences in
clinics. Thus, it has been employed frequently. However, information on the material of bone graft is insufficient. Thus,
the objective of the present study was to analyze crystal structure of Bio-Oss, the representative bone graft material,
through X-ray diffraction (XRD) and scanning electron microscope (SEM) image analyses.

bone graft of which particle size was in the range of 0.25-1.0
mm was used for the present study. Specimens were quickly
frozen and then pulverized to conduct XRD analysis. These
pulverized specimens were placed on the holder of analysis
using an XRD analyzer (D8 Advance; Bruker AXS GmbH,
Karlsruhe, Germany) at 2θ range of 10° to 80°.
To examine the microstructure on the surface of specimen,
a SEM (S-4200; Hitachi, Tokyo, Japan) was used to observe
materials in forms of powder and monolith, respectively.

Materials and Methods
The commercially available xenogeneic bone (Bio-Oss) for

Figure 1. X-ray diffraction pattern of xenogenic bone.

Figure 2. Scanning electron microscope images of the specimen. (A-C) Monolith. (D-F) Powders.
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Results
The XRD pattern of specimen showed components of bone
and HA. The broad peak appearing in the vicinity of 12.6° was
seen as an organic material, the amorphous calcium phosphate
present in the bone (Figure 1).
The SEM image of the specimen of monolith rendered bony
tissue at lower level of magnification, whereas pores of the
level of submicron were observed together with coagulations
of small particles in the form of suspension of pulverized
powders.
Particles were concluded as those of small HA with sizes of
around 50 nm. They were commonly observed from the two
specimens (Figure 2).

Discussion
Upon damages to bone by trauma or by operation, or in the
case of artificial bone graft onto the part of such damages, the
generation or regeneration of bone due to interactions between osteoblasts and osteoclasts would occur.
Such healing process of bone is comprised of the following:
1) the stage of inflammation, wherein the reaction of inflammation arises in the part of bone graft or bone damages
within the first two weeks and results in re-vascularization; 2)
the stage of Phase 1 Bone Regeneration of following period of
the 3rd and 4th week, wherein the callus and woven bone are
generated through the process consists of osteoinduction, osteoconduction, and osteogenesis, and 3) the stage of Phase 2
Bone Regeneration, comprising the resorption of callus and
woven bone which were created in the stage of Phase 1 Bone
Regeneration, wherein the remodeling of bone occurs by replacement of callus and woven bone through resorption during the following period extending from 6 weeks to few
months [10].
The new bone generated by bone graft through the process
of Phase 1 Bone Regeneration becomes mineralized and hardened bone in the formation of lamella configuring matured haversian system that endures external pressure or functional
forces.
This is why bone graft onto parts of damages in bone is executed to secure safe and stable prognosis of the implant of artificial teeth in dentists’ clinics. Analysis of XRD is used for the
analysis of crystal structure of solids by examining patterns of
XRD of pulverized specimens.
Crystal structures of specimens of identical chemical formula could differ from each other. XRD analysis can be employed to determine the size and structure of crystals. For the
estimation of size of crystals, the Sherrer’s equation is used.

Values of 2-threta with regard to the peak appearing from each
form of HA and -TCP etc. are constant. The database called
Joint Committee on Powder Diffraction Standards holds locations and comparative sizes of each mineral. By referring to
the measurement of XRD of bone graft and locations in the database, we can determine the structure and mass of subject
material. Wider and narrower XRD peaks signify low and
high crystallinity of the subject material, respectively [11,12].
In the present study, the peak of Bio-Oss showed the aspect
spread over sideward comparing to the known XRD pattern of
HA. This signifies the low crystallinity and smaller sizes of the
domain of crystal [1].
The apatite present in bony tissue forms the shape of ceramic/polymer nanocomposite [13]. The apatite present in bony tissue of humans exhibits low crystallinity with particle
sizes distributing in the range of dozens of nanometers. On the
contrary, the HA manufactured through the process of sintering at high temperature exhibits high crystallinity wherein the
grain growth would result in dozens of the size of crystals
compared to apatite existing in bony tissue. In the case of the
degree of high crystallinity and bigger size of particles, in vivo
biodegradation by osteoclasts would be almost impossible
with very low capability of bone conduction. The low crystalline carbonic apatite exhibits the most excellent effect of bone
conduction [14]. In the present study, it was identified that the
Bio-Oss was composed of low crystalline apatite. This suggests the relevance to comparatively favorable clinical consequences of operations of bone graft with the material.
However, other studies have reported disadvantages of BioOss compared to other synthetic bone due to insolubility of
Bio-Oss. There are no direct evidences showing inhibition of
symphysis of implants by remaining bone graft materials despite significant amount of grafted materials unabsorbed from
the operation of the implant of artificial teeth upon completion
of bone graft. Rather, the survival rate of implant could increase due to significant increase in bone density [15-19].
In this study, we also performed energy dispersive spectrometry (EDS) and Fourier transform infrared spectrometer
(FT-IR) analyses, however, no significant results were
obtained. Because the sample volume was small, and the progress was not desired.
In the EDS study, as C was continuously observed at about
10wt%, it could be confirmed that there was a possibility that
organic matter was present in the sample or carbonate ion was
coordinated with calcium instead of phosphoric acid.
In the FT-IR analysis, a bending vibration equivalent to
2−
CO3 could be observed, confirming that only some carbonate ions could be present in the sample.
More careful experiments and comparative analysis with
www.ijcpd.org
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other graft materials will be needed in the future.
The formation of newly generated bone after grafting of
substitutional substances for bone follows processes of osteogenesis, osteoinduction, and osteoconduction. Osteogenesis
is a process activated by osteoblast and bone matrix inside the
bone graft material, whereas bone induction refers to the process of inducing differentiation of osteoblast by undifferentiated mesenchymal cell after chemotactic reaction by
bone graft material on host. Osteoconduction is a process of
deriving osteoblasts into adjacent bone graft material from the
surface of the bone of host wherein the bone graft material
plays the role of a scaffold [20].
Ideal materials to be substituted for bone should be biocompatible and can prevent immunoreaction of host. Bone
graft materials should be absorbed and replaced with newly
generated bone as time goes by. The grafted material should
have properties of osteoinduction and osteoconduction for the
formation of new bone [21]. Principles behind the formation
of new bone have been explained in the literature. However,
the action mechanism of bone regeneration at cell level and
the most feasible material for bone substitution to be employed in clinics are yet to be clarified.
Several factors can cause bone resorption around the implant [22]. To overcome this problem, the bone graft is
performed. In alveolar bone defects that are often seen in postmenopausal women, bone regeneration through membranes
and bone grafts is essential for an implant or periodontal treatment [23,24].
Ideally, this bone regeneration will help maintain healthy
periodontal tissue that can minimize future disease outbreaks.
Therefore, the search for ideal material for bone graft seems
necessary through further studies, although Bio-Oss has demonstrated comparatively favorable clinical consequences.

Conclusion
Bio-Oss consist of apatite of low crystallinity simillar to the
bony tissue of humans.
Thus consequences of bone graft employing Bio-Oss are
expected to be different from those of bone graft using bone
graft materials of high crystallinity regarding the healing
process.

Conflict of Interest
No potential conflict of interest relevant to this article was
reported.

218 Vol. 15, No. 4, December 2019

ORCID
Kiseok Hong: https://orcid.org/0000-0002-8308-585X

References
1. Tadic D, Epple M. A thorough physicochemical characterisation
of 14 calcium phosphate-based bone substitution materials in
comparison to natural bone. Biomaterials 2004;25:987-94.
2. van den Bergh JP, ten Bruggenkate CM, Krekeler G, Tuinzing
DB. Sinusfloor elevation and grafting with autogenous iliac
crest bone. Clin Oral Implants Res 1998;9:429-35.
3. Moskow BS, Lubarr A. Histological assessment of human periodontal defect after durapatite ceramic implant. Report of a case.
J Periodontol 1983;54:455-62.
4. Saffar JL, Colombier ML, Detienville R. Bone formation in tricalcium phosphate-filled periodontal intrabony lesions.
Histological observations in humans. J Periodontol 1990;61:
209-16.
5. Winn SR, Uludag H, Hollinger JO. Carrier systems for bone morphogenetic proteins. Clin Orthop Relat Res 1999;(367 Suppl):
S95-106.
6. Smiler DG, Johnson PW, Lozada JL, Misch C, Rosenlicht JL,
Tatum OH Jr, et al. Sinus lift grafts and endosseous implants.
Treatment of the atrophic posterior maxilla. Dent Clin North Am
1992;36:151-86; discussion 187-8.
7. Paul C, Schlickewei W, Kuner EH, Schenk RK. Bovines apatit
— wertigkeit beim knochenersatz. In: Pesch HJ, ed. Osteologie
aktuell. Berlin: Springer-Verlag; 1993:288-91.
8. Pittenger MF, Mackay AM, Beck SC. Characterization of xenogeneic bone material. Quintessence; 1997:87-100.
9. Boyne PJ, James RA. Grafting of the maxillary sinus floor with
autogenous marrow and bone. J Oral Surg 1980;38:613-6.
10. Dupoirieux L, Costes V, Jammet P, Souyris F. Experimental
study on demineralized bone matrix (DBM) and coral as bone
graft substitutes in maxillofacial surgery. Int J Oral Maxillofac
Surg 1994;23(6 Pt 2):395-8.
11. Kirik SD, Solovyov LA, Blokhin AI, Yakimov IS. Structures of.
Acta Crystallogr B 2000;56(Pt 3):419-25.
12. Balasundaram G, Sato M, Webster TJ. Using hydroxyapatite
nanoparticles and decreased crystallinity to promote osteoblast
adhesion similar to functionalizing with RGD. Biomaterials
2006;27:2798-805.
13. Glimcher MJ. Molecular biology of mineralized tissues with
particular reference to bone. Rev Mod Phys 1959;31:359-93.
14. Lee SH. Low crystalline hydroxyl carbonate apatite. J Korean
Dent Assoc 2006;44:524-33.
15. Froum SJ, Tarnow DP, Wallace SS, Jalbout Z, Cho SC, Rohrer
MD, et al. The use of a mineralized allograft for sinus augmentation: an interim histological case report from a prospective clinical study. Compend Contin Educ Dent 2005;26:259-60, 262-4,
266-8; quiz 270-1.
16. Wallace SS, Froum SJ. Effect of maxillary sinus augmentation
on the survival of endosseous dental implants. A systematic

Kiseok Hong：Xenograft in Guided Bone Regeneration

review. Ann Periodontol 2003;8:328-43.
17. Valentini P, Abensur DJ. Maxillary sinus grafting with anorganic
bovine bone: a clinical report of long-term results. Int J Oral
Maxillofac Implants 2003;18:556-60.
18. Yildirim M, Spiekermann H, Biesterfeld S, Edelhoff D.
Maxillary sinus augmentation using xenogenic bone substitute
material Bio-Oss in combination with venous blood. A histologic and histomorphometric study in humans. Clin Oral
Implants Res 2000;11:217-29.
19. Yildirim M, Spiekermann H, Handt S, Edelhoff D. Maxillary sinus augmentation with the xenograft Bio-Oss and autogenous
intraoral bone for qualitative improvement of the implant site:
a histologic and histomorphometric clinical study in humans. Int
J Oral Maxillofac Implants 2001;16:23-33.
20. Tadjoedin ES, de Lange GL, Bronckers AL, Lyaruu DM, Burger
EH. Deproteinized cancellous bovine bone (Bio-Oss) as bone

21.

22.

23.

24.

substitute for sinus floor elevation. A retrospective, histomorphometrical study of five cases. J Clin Periodontol 2003;30:
261-70.
Jensen SS, Aaboe M, Pinholt EM, Hjørting-Hansen E, Melsen
F, Ruyter IE. Tissue reaction and material characteristics of four
bone substitutes. Int J Oral Maxillofac Implants 1996;11:55-66.
Lee MY, Kong YM, Wang MS, Cho JW, Chung YB. A study on
the influencing factors for the bone loss of the dental implant.
Int J Clin Prev Dent 2008;4:13-27.
Indrasari M, Kusdhany LS, Koesmaningati H. Resorption level
of edentulous alveolar bone in normal, osteopenia and osteoporosis postmenopausal women. Int J Clin Prev Dent 2012;8:
141-6.
Cho E, Hong K. Comparative study of two different collagen
membranes in the treatment of periodontal defects: a randomized clinical trial. Int J Clin Prev Dent 2019;15:121-8.

www.ijcpd.org

219

