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only osteoconductivity but also osteoinductivity, has attracted 
much interests in the field of bone tissue engineering but not 
only. Indeed, the typical silicate bioactive glasses demonstrated to 
bond to bone more efficiently than any other synthetic materials 
[1]. However, it was rapidly found that the highly disrupted 
silica network of bioactive glasses inhibits proper sintering 
at temperature below its crystallization [2]. Crystallization of 
bioactive glasses was found to decrease the rate of formation of 
the hydroxyapatite layer but does not completely suppress it [3]. 
Peitl et al. [4] demonstrated that even reduced, the bioactivity 
of a fully crystallized 45S5 bioactive glass remains higher than 
for pure A/W glass-ceramics [4]. Nonetheless, bioactive glasses 
were claimed to have great potential due to its ability to release 
ions beneficial for, but not limited to, wound healing, bone 
formation, and antimicrobial properties [5]. However, it is note 
that individual ion leaching is less predictable in fully or partially 
crystallized glasses as the ion release will depend on the crystal 
phase, content, dimensionality and more importantly to the 
composition of the remaining amorphous phase. Furthermore, 
the dissolution mechanism of the typical bioactive glasses, widely 
studied by Hench et al. [6] for the glass 45S5 and Andersson et 
al. [7] for the glass S53P4, is reported to be non-congruent. Such 
dissolution, leading to the formation of a thick SiO2-rich layer, 
was found to lead to glass being left behind, unreacted, at the 
surgical site even 14-years post-surgery [8]. While silica-bioactive 
glasses products are having great success, such as BonAlive®, 
Bioglass®, Vitryxx®, just to cite a few, and in a wide range of 
clinical application ranging from cosmetics to bone regeneration, 
some of the drawbacks of the existing bioactive glasses should be 
overcome. 

Recently much effort focused on new types of glasses such 
as bioactive phosphate, borophosphate and borosilicate glasses. 
These glasses are promising biomaterials and were found to be 
hot formed without significant crystallization. Work has been 
performed by Ahmed et al. [9] to demonstrate the potential of 

phosphate glasses as biodegradable and bioactive materials 
as well as their ability to be drawn into fibers for scaffolding 
materials [9,10]. Silver-phosphate, Iron-phosphate, titanium-
phosphate and strontium-phosphate glasses, taken as example, 
demonstrated to show antimicrobial properties [11], cell 
attachment and proliferation as well as myotubes formation 
when using cell derived from H-2Kb-tsA58 immortomouse 
[12], similar gene transcription than Thermanox use as control 
[13] and similar gingival cell attachment and proliferation than 
typical bioactive glasses [14], respectively. An extensive review 
by Rahaman et al. [15] shows that borosilicate glasses have great 
potential in tissue engineering pertaining to their fast and more 
complete conversion into hydroxyl apatite than typical silica-
based bioactive glass [15]. The main concern of borate containing 
glasses was the assume toxicity. This concern was alienated by 
studies on small animals [15].

Regardless of the bioactive glass composition studied various 
techniques have been employed to obtained scaffolds with large 
porosity, large pore size and mechanical properties for application 
in non-load bearing and load bearing applications. Many scaffolds 
have been developed that meet the requirements for non-load 
bearing application. Jones et al. for example developed scaffold 
with more than 80% of porosity and pore size from 100 to 500 
µm using a sol-gel glass [16]. Scaffold obtained from polymer 
foam replication of various silica based bioactive glasses was 
successfully achieved by various authors [17-20]. Finally, solid free-
form fabrication performed by Fu et al. [19] also show promising 
results [21]. Typically, thermal bonding of particles or fibers led 
to scaffolds with porosity lower than 70% [22-24]. As per load-
bearing applications, no successful material was developed so far. 
The scaffolds developed by Baino et al. [25] as well as Huang et 
al. [26] taken as example, despite having mechanical properties 
similar to the cortical bone, possess porosity < 50% limiting their 
clinical potential [25,26]. However, it should be mentioned that 
in order to obtained a solid scaffold in all techniques tested, a 
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Introduction
The quest for synthetic materials to be used in Tissue 

Engineering and especially in Bone Tissue Engineering, as 
expanded at a tremendous rate in the previous years. However, 
the challenging requirements to obtained scaffolds have led to 
difficulties in obtaining clinically relevant constructs. An optimum 
scaffold should be: 1) biodegradable, 2) osteoconductive or 
preferably osteoinductive, 3) porous (pore size >100 µm and 
porosity >70%), 4) manufactured in a reproducible manner 
and 5) mechanically stable. The great challenge in bone tissue 
engineering is to develop a material that will have a highly porous 
structure (with large pores) while having mechanical properties 
similar to the bone being restored. Since the discovery of the 
bioactive glass by L.L. Hench, this material, which exhibit not 
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firing and sintering step is necessary. In most cases the sintering 
leads to scaffolds partially to fully crystallized. Furthermore, the 
use of bioactive glass and glass ceramics are also limited by their 
difficulties in handling due to their brittle nature.

Therefore, one of the challenge in tissue engineering is to 
develop bioactive glass scaffolds that can be processed with 
a controlled degradation and with a full conversion into a 
calcium phosphate reactive layer that will enable cell adhesion, 
proliferation and differentiation. The scaffold should have 
mechanical properties close to the tissue to be replaced while 
having porosity adequate for cell migration and angiogenesis. 
It is unlikely that one material alone will solve this engineering 
challenge. It is thus of paramount importance to develop new 
bioactive materials, that can fulfill the need for biodegradability, 
osteoconductivity, controlled degradation, and combine them 
with natural or synthetic polymers that will provide easier 
handling of the composite a well as elasticity and potential for 
drug delivery.

Acknowledgement 
The author would like to acknowledge the funding from 

Academy of Finland (Academy Research Fellow and Initial 
Research Funding Cost) as well as the Jane and Aatos Erkko 
Foundation (AGATE).

References  
1.	 Hench LL (2006) The story of Bioglass. J Mater Sci Mater Med 

17(11): 967-978.

2.	 Massera J, Fagerlund S, Hupa L, Hupa M (2012) crystallization 
mechanism of bioactive glasses 45S5 and S53P4. Journal of the 
American Ceramic Society 95(2): 607-613.

3.	 Fagerlund S, Massera J, Moritz N, Hupa L, Hupa M (2012) Phase 
composition and in vitro bioactivity of porous implants made of 
bioactive glass S53P4. Acta Biomater 8(6): 2331-2339.

4.	 PeitlFilho O, LaTorre GP, Hench LL (1996) Effect of crystallization 
on apatite-layer formation of bioactive glass 45S5. J Biomed Mater 
Res 30(4): 509-514.

5.	 Hoppe A, Güldal NS, Boccaccini AR (2011) A review of the biological 
response to ionic dissolution products from bioactive glasses and 
glass-ceramics. Biomaterials 32(11): 2757-2774.

6.	 Hench LL, Andersson ÖH (1993) Bioactive Glasses. In: June Wilson 
(Ed.), An Introduction to Bioceramics. 

7.	 Andersson ÖH, Karlsson KH (1990) Advance in Biomaterials No 8, 
Elsevier, Amsterdam, Netherlands. 

8.	 Lindfors NC, Koski I, Heikkilä JT, Mattila K, Aho AJ (2010) A 
prospective randomized 14-year follow-up study of bioactive glass 
and autogenous bone as bone graft substitutes in benign bone 
tumors. J Biomed Mater Res B Appl Biomater 94(1): 157-164.

9.	 Ahmed I, Lewis M, Olsen I, Knowles JC (2004) Phosphate glasses 
for tissue engineering: Part 1. Processing and characterisation of 
a ternary-based P2O5-CaO-Na2O glass system. Biomaterials 25(3): 
491-499.

10.	 Ahmed I, Lewis M, Olsen I, Knowles JC (2004) Phosphate glasses 

for tissue engineering: Part 2. Processing and characterisation of 
a ternary-based P2O5-CaO-Na2O glass fibre system. Biomaterials 
25(3): 501-507.

11.	  Ahmed I, Ready D, Wilson M, Knowles JC (2006) Antimicrobial 
effect of silver doped phosphate based glasses. J Biomed Mater Res 
A 79(3): 618-626.

12.	 Ahmed I, Collins CA, Lewis MP, Olsen I, Knowles JC (2004) Processing, 
characterisation and biocompatibility of iron-phosphate glass 
fibres for tissue engineering. Biomaterials 25(16): 3223-3232.

13.	  Abou Neel EA, Mizoguchi T, Ito M, Bitar M, Salih V, et al. (2007) In 
vitro bioactivity and gene expression by cells cultured on titanium 
dioxide doped phosphate-based glasses. Biomaterials 28(19): 
2967-2977.

14.	 Massera J, Kokkari A, Närhi T, Hupa L (2015) The influence of SrO 
and CaO in silicate and phosphate bioactive glasses on human 
gingival fibroblasts. J Mater Sci Mater Med 26(6): 196.

15.	 Rahaman MN, Day DE, Sonny Bal B, Fu Q, Jung SB, et al. (2011) 
Bioactive glass in tissue engineering. Acta Biomater 7(6): 2355-
2373.

16.	 Jones JR, Ehrenfried LM, Hench LL (2006) Optimising bioactive 
glass scaffolds for bone tissue engineering. Biomaterials 27(7): 
964-973.

17.	 Chen QZZ, Thompson ID, Boccaccini AR (2006) 45S5 Bioglass 
derived glass ceramic scaffolds for bone tissue engineering. 
Biomaterials 27(11): 2414-2425. 

18.	 Chen QZ, Efthymiou A, Salih V, Boccaccini AR (2008) Bioglass 
derived glass ceramic scaffolds: study of cell proliferation and 
scaffold degradation in vitro. J Biomed Mater Res A 84(4): 1049-
1060.

19.	 Fu Q, Rahaman MN, Bal BS, Brown RF, Day DE (2008) Mechanical 
and in vitro performance of 13-93 bioactive glass scaffolds prepared 
by a polymer foam replication technique. Acta Biomater 4(6): 1854-
1864.

20.	 Xia W, Chang J (2010) Bioactive glass scaffold with similar structure 
and mechanical properties of cancellous bone. J Biomed Mater Res 
B Appl Biomater 95(2): 449-455.

21.	  Fu Q, Saiz E, Tomsia AP (2011) Bioinspired Strong and Highly 
Porous Glass Scaffolds. Adv Funct Mater 21(6): 1058-1063.

22.	  Vitale Brovarone C, Di Nunzio S, Bretcanu O, Verne E (2004) 
Macroporous glass ceramic materials with bioactive properties. J 
Mater Sci Mater Med M 15(3): 209-217.

23.	 Fu Q, Rahaman MN, Bal BS, Huang W, Day DE (2007) Preparation 
and bioactive characteristics of a porous 13-93 glass, and fabrication 
into the articulating surface of a proximal tibia. J Biomed Mater Res 
A 82(1): 222-229.

24.	  Zhang H, Ye XJ, Li JS (2009) Preparation and biocompatibility 
evaluation of apatite wollastonite derived porous bioactive glass 
ceramic scaffolds. Biomed Mater 49(4): 045007. 

25.	 Baino F, Verne E, Vitale Brovarone C (2009) Mater. Sci. Eng. C Mater. 
Biol. Appl. 29: 2055-2062.

26.	  Huang TS, Rahaman MN, Doiphode ND, Leu MC, Bal BS, et al. (2011) 
Materials Science and Engineering 31: 1482-1489.

http://dx.doi.org/10.15406/atroa.2016.01.00002
http://www.ncbi.nlm.nih.gov/pubmed/17122907
http://www.ncbi.nlm.nih.gov/pubmed/17122907
http://onlinelibrary.wiley.com/doi/10.1111/j.1551-2916.2011.05012.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1551-2916.2011.05012.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1551-2916.2011.05012.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/22409875
http://www.ncbi.nlm.nih.gov/pubmed/22409875
http://www.ncbi.nlm.nih.gov/pubmed/22409875
http://www.ncbi.nlm.nih.gov/pubmed/8847359
http://www.ncbi.nlm.nih.gov/pubmed/8847359
http://www.ncbi.nlm.nih.gov/pubmed/8847359
http://www.ncbi.nlm.nih.gov/pubmed/21292319
http://www.ncbi.nlm.nih.gov/pubmed/21292319
http://www.ncbi.nlm.nih.gov/pubmed/21292319
http://www.ncbi.nlm.nih.gov/pubmed/20524190
http://www.ncbi.nlm.nih.gov/pubmed/20524190
http://www.ncbi.nlm.nih.gov/pubmed/20524190
http://www.ncbi.nlm.nih.gov/pubmed/20524190
http://www.ncbi.nlm.nih.gov/pubmed/14585698
http://www.ncbi.nlm.nih.gov/pubmed/14585698
http://www.ncbi.nlm.nih.gov/pubmed/14585698
http://www.ncbi.nlm.nih.gov/pubmed/14585698
http://www.ncbi.nlm.nih.gov/pubmed/14585699
http://www.ncbi.nlm.nih.gov/pubmed/14585699
http://www.ncbi.nlm.nih.gov/pubmed/14585699
http://www.ncbi.nlm.nih.gov/pubmed/14585699
http://www.ncbi.nlm.nih.gov/pubmed/16826601
http://www.ncbi.nlm.nih.gov/pubmed/16826601
http://www.ncbi.nlm.nih.gov/pubmed/16826601
http://www.ncbi.nlm.nih.gov/pubmed/14980417
http://www.ncbi.nlm.nih.gov/pubmed/14980417
http://www.ncbi.nlm.nih.gov/pubmed/14980417
http://www.ncbi.nlm.nih.gov/pubmed/17412416
http://www.ncbi.nlm.nih.gov/pubmed/17412416
http://www.ncbi.nlm.nih.gov/pubmed/17412416
http://www.ncbi.nlm.nih.gov/pubmed/17412416
http://www.ncbi.nlm.nih.gov/pubmed/26099346
http://www.ncbi.nlm.nih.gov/pubmed/26099346
http://www.ncbi.nlm.nih.gov/pubmed/26099346
http://www.ncbi.nlm.nih.gov/pubmed/21421084
http://www.ncbi.nlm.nih.gov/pubmed/21421084
http://www.ncbi.nlm.nih.gov/pubmed/21421084
http://www.ncbi.nlm.nih.gov/pubmed/16102812
http://www.ncbi.nlm.nih.gov/pubmed/16102812
http://www.ncbi.nlm.nih.gov/pubmed/16102812
http://www.ncbi.nlm.nih.gov/pubmed/16336997
http://www.ncbi.nlm.nih.gov/pubmed/16336997
http://www.ncbi.nlm.nih.gov/pubmed/16336997
http://www.ncbi.nlm.nih.gov/pubmed/17685403
http://www.ncbi.nlm.nih.gov/pubmed/17685403
http://www.ncbi.nlm.nih.gov/pubmed/17685403
http://www.ncbi.nlm.nih.gov/pubmed/17685403
http://www.ncbi.nlm.nih.gov/pubmed/18519173
http://www.ncbi.nlm.nih.gov/pubmed/18519173
http://www.ncbi.nlm.nih.gov/pubmed/18519173
http://www.ncbi.nlm.nih.gov/pubmed/18519173
http://www.ncbi.nlm.nih.gov/pubmed/20862767
http://www.ncbi.nlm.nih.gov/pubmed/20862767
http://www.ncbi.nlm.nih.gov/pubmed/20862767
http://www.ncbi.nlm.nih.gov/pubmed/21544222
http://www.ncbi.nlm.nih.gov/pubmed/21544222
http://www.ncbi.nlm.nih.gov/pubmed/15334992
http://www.ncbi.nlm.nih.gov/pubmed/15334992
http://www.ncbi.nlm.nih.gov/pubmed/15334992
http://www.ncbi.nlm.nih.gov/pubmed/17266021
http://www.ncbi.nlm.nih.gov/pubmed/17266021
http://www.ncbi.nlm.nih.gov/pubmed/17266021
http://www.ncbi.nlm.nih.gov/pubmed/17266021
http://www.ncbi.nlm.nih.gov/pubmed/19605959
http://www.ncbi.nlm.nih.gov/pubmed/19605959
http://www.ncbi.nlm.nih.gov/pubmed/19605959

	Title
	Introduction
	Acknowledgement
	References

