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aBstraCt

The loss of bone mass is a very common condition that is affecting people of various ages and causing a decline 
in quality of life of these people. Currently there is the possibility of using bone grafts to replace this bone loss, which 
can be autogenously, halogen or heterogeneous, with autogenously those get better results, but with disadvantage 
of providing two surgical sites in patients. In this sense, and also for other reasons related to properties of materials, 
authors are seeking to mimic natural bone for the production of ceramic biocompatible materials that can retain 
the structure and properties of natural bone tissue. Such material should present structure dense/porous structure 
similar to the cortical and cancellous bone. With this, these materials can have good future applications, including the 
replacement of lost bone tissue, and then becoming one more option to improve the quality of life of these patients. 
Thus, the objective of this study was a literature review of the ceramics that mimic the bone tissue, which are then 
considered bio inspired materials.
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INTRODUCTION

Among the various diseases that affect the bone 
structure, the loss of bone mass has been studied due 
to reduced quality of life. Mainly occurs in patients with 
advanced age, but also reaches young, mainly due to 
some kind of accident. Authors have reported that the 
magnitude of these health problems among the population 
has led researchers looking for materials that can replace 
appropriately these damaged bones (Kawachi et al., 2000).

The materials used to replace bone fall into a class 
called biomaterials and must show biological and physical 
properties compatible with tissues of the host, to stimulate 
an appropriate response (Kawachi et al., 2000).

The usual bone grafts goal is to provide enough bone to 
allow the insertion of endosseous implants in compromised 
maxillary or remedy the and aesthetic and / or prosthetic 
patient’s needs (Misch, 2000). The even better method to 

achieve these grafts derived from autogenously bone grafts, 
which are made by removing a bone grafting and put in 
the local region that is missing from the same host bone, 
an example is the removal of bone from the chin area and 
grafting this bone in maxilla. The main disadvantage of 
this procedure is to perform two surgical sites in patient. 
There is the possibility of performing heterogeneous bone 
grafts (bone bank) and the use of allograft bone (lyophilized 
bovine bone), but the both do not have the same quality 
as autogenously bone grafts have (Lee, 2006; Thorwarth et 
al., 2005). Thus, it is still a challenge for clinicians which kind 
of bone grafts should be used in terms to be more suitable 
and less damaging to the patient.

Various systems and materials used can be considered 
inspired materials by the observation of natural systems. 
A great selection for survival and adaptation that some 
living organisms have shown great potential to be used as 
inspiration for making new materials, which have been called 

Revista Perio Março 2015 - 27-04-15 66pags.indd   28 27/04/2015   14:49:24



Braz J Periodontol - Março 2015 - volume 25 - issue 01 - 25(1):28-31

29An official publication of the Brazilian Society of Periodontology ISSN-0103-9393

bio inspired materials (Trask, Willians, Bond, 2007; Ortiz, Boyce, 
2008; Zhou, 2000;  Sanchez, Arribart, Guille, 2005). Concern 
to implant dentistry, which is a specialty of dentistry that has 
been growing in recent years, bio inspired materials also can 
be very helpful especially those related to bio ceramic materials 
that can mimic bone properties (Zhang et al.,2007), and assist 
surgical procedures for placement with bone implants.

In this sense, due to bio inspired materials in bone tissue 
may have excellent applications in the near future, it is timely 
to review the literature related to these materials, relating 
their characteristics, properties and possible applications, 
thus seeking a greater understanding of this very promising 
biomaterial.

REVIEW OF LITERATURE

Recently a study on the adhesiveness found in the gecko’s 
legs was published; this adhesiveness feature can be mimicked 
by making bio inspired materials which can be used for many 
applications (Lee, Lee, Messersmith, 2007). Biomimetic and/
or bio inspiration for use in materials is considered one of the 
most promising scientific and technological challenges of the 
coming years, authors looking to gain the understanding of 
the structure of materials, phase separation, containment, 
possibilities for relations with external stimuli and use for 
making genetics proteins (Sanchez, Arribart, Guille, 2005). 
Due to biological systems and biological half-sytems the 
development of fully synthetic or artificial materials capable 
of mimicking the movement performed by direct biological 
systems has been now studied (Kelly, 2003; Collin et al., 2001; 
Pease et al., 2001; Balzani et al., 2000).

The bio ceramic beta-tricalcium phosphate (β-TCP) are 
being extensively explored for use as bone graft, being 
seen as a bio inspired material due to its biocompatibility 
and biodegradability. The bio ceramic porous structure 
which mimic the morphology of the medullary bone being 
used due to greater osteoconductive and porous structure 
that is capable for promoting adhesion, proliferation, and 
differentiation, thus establishing ways for bio fluids transport 
and allowing tissue growth (Zhang et al., 2007).

The natural bone has been used as a source of inspiration 
for new biomaterials due to its structural feature and excellent 
biomechanical properties. Bone tissue is considered a complex 
system with a hieraquical biomineralized microstructure 
formed by a deposition of mineral hydroxyapatite in a collagen 
matrix. Macroscopically, the bone is divided into medullary 
bone (internal structure) and cortical bone (external structure) 
these structures keep excellent biomechanical characteristics 
(Zhang et al., 2007; Bretcanu et al., 2004).

The vast majority of previous studies of the bones as bio 
inspired materials, devoted mainly to obtain microstructural 
information and tissue components such as hydroxyapatite 
and collagen matrix, however the study of biomimetic 
bone macrostructure, as the relationship between cortical/
cancellous bone, has received little attention. Thus, the 
authors have aimed in their studies mimic the structure 
of natural bone to troubleshoot application of porous bio 
ceramic β-TCP as in places that must withstand loads and 
/ or be subjected to some kind of force, and thus improve 
mechanical properties of these materials. 

After confection of bio ceramic material, it is important 
to note that the internal or pore structure mimics the bone 
marrow and external structure or dense capsule resembles 
cortical bone tissue (Zhang et al., 2007).

The interface between the porous and dense parts of 
the bio ceramic material is compact and sturdy, which is very 
important to determine the dense/porous properties of bio 
inspired components. Comparing this characteristic to natural 
bone it is also seen that the interface between cortical/
cancellous bone presents itself firmly. 

Importantly the porous structure of bio inspired ceramics 
is different from the “pores” observed in normal bone tissue, 
but the size, interconnectivity and pore diameter of these 
materials can be planned and modulated (Zhang et al., 2007).

An ideal structure for bone engineering must meet a 
number of criteria: 1 biocompatibility to allow adhesion, cell 
differentiation and proliferation, 2 osteoconductive capacity 
of bone neoformation, 3 biodegradability in the average 
adequacy rate of tissue formation, 4 mechanical competence; 
structural strength must be sufficient to provide mechanical 
stability at the loads site before regeneration of new tissue, 
5 porous structure with a porosity > 90% and pore size of 
between 300 and 500 microns for tissue cell penetrating, bone 
growth and vascularization (Bretcanu et al., 2004;  Agrawal, 
Ray, 2001; Yang et al., 2001).

DISCUSSION

Biomaterials constantly derive inspiration from materials 
scientists and engineers. Most biological materials are made 
from proteins or protein assembly with inorganic minerals. 
Researches on nanomaterials in the current stage of bio 
inspired materials include mimic some biological biomaterials 
for making new aspects, emphasizing the structural 
complexity that has a biological material, for example we 
can cite DNA. Even with the difficulties to mimic and develop 
methods for producing these new “bionanomaterials”, the 
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authors conclude that biology will always be the greatest 
source of inspiration for researchers of advanced materials 
(Lu, Liu, 2007).

These materials are sophisticated and require a long 
period of study and observation, yet they are characterized 
by their complexity of confection, mainly due to the difficulty 
in mimicking their micromechanics, and micro/nanostructure 
related to a particular organ system. 

The materials found in nature combine several inspirational 
properties such as sophistication, miniaturization, hierarchical 
organizations, hybridization, resistance and adaptive 
properties. Bio inspired materials reproduce principles and 
structures found in animals or plants, which can actually 
offer clinical applications and interactions with cellular matrix 
(Sanchez, Arribart, Guille, 2005).

Thus, Zhang et al., 2007 set out to evaluate porous 
materials for normal bone tissue could have a satisfactory 
growth. In fact, these materials should be dense/porous 
to reduce the brittleness of the material and increase 
biomechanical properties, by this reason the researchers seek 
inspiration in natural bone which has the cortical (dense) and 
cancellous (porous) regions.

An important field of tissue engineering involves the use 
of engineering materials with high porosity, scaffold materials, 
which should act as temporary templates for adhesion, 
proliferation and cell migration, thus resulting in a tissue 
formation (Bretcanu et al., 2004).

The materials that more closely resemble the tissue that 
will be replaced will have priority in choosing. This is particularly 
found in bone tissue engineering, in which the structural 
architecture, competence and ability to sustain mechanical 
loads are essentials (Zhang et al., 2007; Bretcanu et al., 2004). 

It is noteworthy that a low porosity and a decrease in pore 
size can increased the mechanical properties of material, but 
this feature may decrease the capacity for growth inherent in 
the bone (Zhang et al., 2007). Porous structures with regular 
shapes pores show a higher mechanical strength compared 
to the structures which present irregulars pores (Wang et al., 
2006; Bose et al., 2003).

The findings of the study by Zhang et al. 2007 also relate 
microstructural manipulation of bio inspired materials; it was 
observed that the mechanism of the increase in mechanical 
properties is mainly due to the incorporation of a dense outer 
layer with the porous center.

In general, porous materials have not very good 
mechanical properties. Applications of porous calcium 
phosphate have limited use due to low resistance. Numerous 
techniques have been evaluated as bio activation properties 
in order to obtain better mechanical properties to these 

materials, but these techniques are restricted to the use of 
porous calcium phosphate in loaded areas (Zhang et al., 
2007; Prashant et al., 2005; Ramay, Zhang, 2004; Zhang, 
Zhang, 2002).

Thus, the bio ceramic model was fully inspired in macro 
structural components of natural bone; this bio inspired 
macrostructure is considered simple, however an effective 
way to improve the mechanical properties of porous materials, 
and in this way to solve the problem of brittleness inherent 
to porous materials.

FINAL REMARKS

The use of bio ceramic materials to replace the “damaged” 
bone tissue which has been missed for various reasons such 
as age or trauma, will show an improvement in the field of 
oral surgery regarding to bone grafting procedures, materials 
engineering and bio inspired materials. This can be seen due 
to such bio inspired ceramics materials have the potential to 
mimic the natural bone tissue, which retain characteristics 
and mechanical properties, and can then be used as option 
for bone regeneration.

Revista Perio Março 2015 - 27-04-15 66pags.indd   30 27/04/2015   14:49:24



Braz J Periodontol - Março 2015 - volume 25 - issue 01 - 25(1):28-31

31An official publication of the Brazilian Society of Periodontology ISSN-0103-9393

REFERENCES

1- Kawachi EY, Bertran CA, Reis RR, Alves OL. Bioceramicas: tendências e 

perspectivas de uma área interdisciplinar. Química Nova 2000; 23: 518.

2- Misch CE.  In Implantes dentários contemporâneos. Ed. Santos, 2000.

3- Lee CYS. Immediate load protocol for anterior maxilla with cortical 

bone from mandibular ramus. Imp Dent 2006; 15: 153.

4- Thorwarth M, Srour S, Felszeghy E, Kessler P. Stability of autogenous 

bone grafts after sinus lift procedures: a comparative study between 

anterior and posterior aspects of the iliac crest and an intraoral donor 

site. Oral Surg Oral Med Oral Pathol Oral Radiol Oral Endod. 2005; 

100: 278.

5- Trask RS, Willians GJ, Bond IP. Bioinspired self-healing of advanced 

composite structures using hollow glass fibres. J R Soc Interface 

2007; 4: 363.

6- Ortiz C, Boyce MC. Materials science. Bioinspired structural materials. 

Mater Sci 2008; 319: 1053.

7- Zhou BL. Bio-inspired study of structural materials. Mater Sci Engineer 

C 2000; 11: 13.

8- Sanchez C, Arribart H, Guille MMG. Biomimetism and bioinspiration 

as tools for the design of innovative materials and systems. Nat Mater 

2005; 4: 277.

9- Zhang F, Chang J, Lu J, Lin K, Ning C. Bioinspired structure of 

bioceramics for bone regeneration in load-bearing sites. Acta Biomater 

2007; 3: 896.

10- Lee H, Lee BP, Messersmith PB. A reversible wet/dry adhesive inspired 

by mussels and geckos. Nature 2007; 448: 338.

11- Kelly TR. Molecular Devices and Machines: A Journey into the 

Nanoworld; Eds.; Wiley-VCH: Weinheim, 2003.

12- Collin JP, Dietrich-Buchecker C, Gavina P, Jimenez-Molero MC, Sauvage 

JP. Shuttles and muscles: linear molecular machines based on transition 

metals. Acc Chem Res 2001; 34: 477.

13- Pease AR, Jeppesen JO, Stoddart JF, Luo Y, Collier CP. Heath Switching 

devices based on interlocked molecules. Acc Chem Res 2001; 34: 433.

14- Balzani V, Credi A, Raymo FM, Stoddart JF. Artificial Molecular 

Machines. Angew Chem Int Ed 2000; 39: 3348.

15- Bretcanu O, Verné E, Borello L, Boccaccini AR. Bioactivity of degradable 

polymer sutures coated with bioactive glass. J Mater Sci Mater Med 

2004; 15: 893-9.

16- Agrawal CM, Ray RB. Biodegradable polymeric scaffolds for 

musculoskeletal tissue engineering. J Biomed Mater Res 2001; 55: 141.

17- Yang S, Leong K, Du Z, Chua C. The design of scaffolds for use in 

tissue engineering. Part I. Traditional factors.Tissue Eng 2001; 7: 679.

18- Lu Y, Liu J. Smart nanomaterials inspired by biology dynamic assembly 

of error-free nanomaterials in response to multiple chemical and 

biological stimuli. Acc Chem Res 2007; 40: 315.

19- Wang XL, Fan HS, Xiao YM, Zhang XD. “Fabrication and characterization 

of porous hydroxy apatite/â-tricalcium phosphate ceramics by 

microwave sintering”.  Mater Lett 2006; 60: 455-458.

20- Bose S, Darsell J, Kintner M, Hosick H, Bandyopadhyay A. Pore Size 

and Pore Volume Effects on Calcium Phosphate Based Ceramics. Mater 

Sci Enginee C 2003; 23: 479.

21- Prashant NK, Charles S, Lee DH, Dana O, Daiwon C.  Nanostructured 

calcium phosphates for biomedical applications: novel synthesis and 

characterization. Acta Biomaterial. 2005; 1: 65.

22- Ramay HR, Zhang, M. Biphasic calcium phosphate nanocomposite 

porous scaffolds for load-bearing bone tissue engineering. Biomaterials 

2004. 25: 5171.

23- Zhang Y, Zhang MJ. Three-dimensional macroporous calcium 

phosphate bioceramics with nested chitosan sponges for load-bearing 

bone implants. Biomed Mater Res 2002; 61: 1.

Author correspondence

Luis Felipe das Chagas e Silva de Carvalho

Camden Row St., Dublin 2 

Dublin - Irlanda

e-mail: luisfelipecarvalho@hotmail.com

Telefones: (+353) 087 664 9375

Revista Perio Março 2015 - 27-04-15 66pags.indd   31 27/04/2015   14:49:25


