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THE LEVEL OF EVIDENCE

Type of Evidence Level of Evidence
Data derived from meta-analyses or systematic reviews of randomized studies 
or multiple randomized trials. L1a

Data derived from at least one well-designed randomized trial. L1b

Data derived from at least one well-designed non-randomized trial (e.g. cohort 
studies, case-control studies) or from at least one low-quality randomized trial.

L2

Data derived from case reports or low-quality non-randomized trials. L3

Data derived from expert opinions without explicit clinical appraisal. L4

The Level of Clinical Evidence provides a guide to describe the strength of 
the results measured in a clinical trial or research study. It is developed from 
USPSTF and Oxford (UK) CEBM Levels of Evidence.[1]

[1]	 Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their role in evidence-based medicine. 
	 Plast reconstr surg. 2011;128(1):305-10.
[2]	 Review article
[3]	 Publications are from the same clinical study
[4]	 Publications are from the same clinical study
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L1a Level of Evidence Clinical Studies

•	 Clinical applications of Bioactive glass S53P4 in bone infections: a systematic review. 
	 Bigoni M, Turati M, Zanchi N, Lombardo AS, Graci J, Omeljaniuk RJ, Zatti G, Gaddi D. Eur Rev Med Pharmacol Sci. 

2019;23(2 Suppl):240-51.[2] [Open access] 

•	 Clinical application of antimicrobial bone graft substitute in osteomyelitis treatment: A systematic review of different bone 
graft substitutes available in clinical treatment of osteomyelitis.
van Vugt T, Geurts J, Arts J. Biomed Res Int. 2016;2016:6984656.[2] [Open access] 

L1b Level of Evidence Clinical Studies

•	 The effect of bioactive glasses on spinal fusion: A cross-disciplinary systematic review and meta-analysis of the 
preclinical and clinical data. 
Cottrill E., Pennington Z., Lankipalle N., Ehresman J., Valencia C., Schilling A., Feghali J., Perdomo-Pantoja A., 
Theodore N., Sciubba D., Witham T. Journal of Clinical Neuroscience 2020;78:34-46. [2]

•	 Bioactive glass granules: a suitable bone substitute material in the operative treatment of depressed lateral tibial 
plateau fractures: a prospective, randomized 1 year follow-up study.

	 Heikkilä JT, Kukkonen J, Aho AJ, Moisander S, Kyyrönen T, Mattila K. J Mater Sci: Mater Med. 2011;22(4):1073-80.[3]

•	 Bioactive glass S53P4 and autograft bone in treatment of depressed tibial plateau fractures. A prospective randomized 
11-year follow-up.

	 Pernaa K, Koski I, Mattila K, Gullichsen E, Heikkilä J, Aho A, Lindfors N. J Long Term Eff Med Impl. 2011;21(2):139-48.[3]

•	 A prospective randomized 14-year follow-up study of bioactive glass and autogenous bone as bone graft substitutes in 
benign bone tumours.  
Lindfors NC, Koski I, Heikkilä JT, Mattila K, Aho A. J Biomed Mater Res. 2010(a);94B(1):157-64. [4]

•	 Bioactive glass and autogenous bone as bone graft substitutes in benign bone tumors.
	 Lindfors NC, Heikkilä JT, Koski I, Mattila K, Aho A. J Biomed Mater Res. 2009;90(1):131-6. [4]

•	 Long-term evaluation of blood silicon and ostecalcin in operatively treated patients with benign bone tumors using 
bioactive glass and autogenous bone.  
Lindfors NC, Heikkilä JT, Aho A. J Biomed Mater Res 2008;87(1):73-6. [4]

L2 Level of Evidence Clinical Studies

•	 Efficacy and safety of bioactive glass S53P4 as a treatment for diabetic foot ostemyelitis. 
De Giglio R., Di Vieste G., Mondello T., Balduzzi G., Masserini B., Formenti I., Lodigiani S., Pallavicini D., Pintaudi B., 
Mazzone A. The Journal of Foot and Ankle Surgery. 2020. Doi: https://doi.org/10.1053/j.jfas.2020.06.029.

•	 The role of bioactive glass in the management of chronic osteomyelitis: a systematic review of literature and current 
evidence.  
Tanwar Y, Ferreira N. Infect Dis (Lond). 2020 Apr;52(4):219-26.[2]

•	 Mastoid obliteration with synthetic materials: a review of the literature. 
Skoulakis C, Koltsidopoulos P, Iyer A, Kontorinis G. The Journal of International Advanced Otology. 2019;15(3):400-4.[2]

•	 Treatment of cavitary bone defects in chronic osteomyelitis: Bioactive glass S53P4 vs. calcium sulphate antibiotic beads.
	 Ferrando A, Part J, Baeza J. J. Bone Jt. Infect. 2017;2(4):194-201.

https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.b.31263
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.b.31263
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.b.31070
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.b.31070
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.b.31070
https://www.sciencedirect.com/science/article/pii/S1067251620303409
https://www.sciencedirect.com/science/article/pii/S1067251620303409
https://www.sciencedirect.com/science/article/pii/S1067251620303409
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•	 Bioactive glass obliteration of the mastoid significantly improves surgical outcome in non-cholesteatomatous chronic 
otitis media patients.

	 Vos J, de Vey Mestdagh P, Colnot D, Borggreven P, Orelio C, Quak J. Eur Arch Otorhinolaryngol. 2017;274(12):4121-6.

•	 Bioactive glass for long bone infection: a systematic review.
Aurégan JC, Bégué T. Injury, Int. J. Care Injured. 2015;46(8):3-7.[2]

•	 Clinical applications of S53P4 bioactive glass in bone healing and osteomyelitic treatment: 
A literature review.
van Gestel NA, Geurts J, Hulsen DJ, van Rietbergen B, Hofmann S, Arts JJ. Biomed Res Int. 2015;2015: 684826.[2] 
[Open access] 

•	 A comparative study of the use of bioactive glass S53P4 and antibiotic-loaded calcium based bone substitutes in the 
treatment of chronic osteomyelitis: a retrospective comparative study.

	 Romano CL, Logoluso N, Meani E, Romano D, De Vecchi E, Vassena C, Drago L. 
The British Editorial Society of Bone Joint J. 2014;96B(5):845-50.
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IN-VITRO STUDIES

Primary stability of a press-fit cup in combination with impaction grafting in an acetabular defect model.
Schierjott R, Hettich G, Baxmann M, Morosato F, Cristofolini L, Grupp T. J Orthop Res. 2020;1–12. 

Bioactive glass S53P4 eradicates staphylococcus aureus in biofilm/planktonic states in vitro. 
Grønseth T, Vestby L, Nesse L, von Unge M, Silvola J. Upsala journal of medical sciences. 2020;152(3):217-225

Imaging studies of bacterial biofilms on cochlear implants - Bioactive glass (BAG) inhibits mature biofilm. 
Kirchhoff L, Arweiler-Harbeck D,  Arnolds J, Hussain T, Hansen S, Bertram R, Buer J, Lang S, Steinmann J, Höing B. 
PLoS ONE 2020;15(2):e0229198.

Antimicrobial activity of bioactive glass S53P4 against representative microorganisms causing osteomyelitis  
– real-time assessment by isothermal microcalorimetry. 
Moreno M, Butini M, Maiolo E, Sessa L, Trampuz A. Colloids and Surfaces B: Biointerfaces. 2020;189:110853.

The implantation of bioactive glass granules can contribute the load-bearing capacity of bones weakened by 
large cortical defects. 
van Gestel N.,  Gabriels F., Geurts J., Hulsen D., Wyers C.,  van de Bergh J., Ito K., Hofmann S., Arts J., van Rietbergen 
B. Materials. 2019;12:3481

Resorption of the calcium phosphate layer on S53P4 bioactive glass by osteoclasts. 
van Gestel N, Schuiringa G, Hennissen J, Delsing A, Ito K, Rietbergen B, Arts J, Hofmann S. J Mater Sci Mater Med. 
2019;30:94.

S53P4 bioactive glass inorganic ions for vascularized bone tissue engineering by dental pulp pluripotent-Like 
stem cell cocultures. 
Núñez-Toldrà R, Montori S, Bosch B, Hupa L, Atari M, Miettinen S. Tissue Eng Part A. 2019 Feb 27.

Antibiotic-loaded; Polymethylmethacrylate beads and spacers in treatment of orthopedic infections and role of 
biofilm formation.
van Vugt T, Arts J, Geurts J.	J. Front Microbiol. 2019;10:1626.

Bioactive glass granules inhibit mature bacterial biofilms on the surfaces of cochlear implants.  
Höing B, Kirchhoff L, Arnolds J, Hussain T, Buer J, Lang S, Arweiler-Harbeck D, Steinmann J. Otol Neurotol. 
2018;39(10):e985-91.

In vitro antibacterial activity of bioactive glass S53P4 on multiresistant pathogens causing osteomyelitis and 
prosthetic joint infection. 
Cunha TM. Murça MA. Nigro S. Klautau GB. Salles MJC. BMC Infectious Diseases. 2018;18:157.

Repair of critical size defects using bioactive glass seeded with adipose-derived mesenchymal stem cells. 
Sacak B., Certel F., Akdeniz Z., Karademir B., Ercan F., Özkan N., Aknipar I., Celebiler Ö. J Biomed Mater Res B Appl 
Biomater. 2017;105(5):1002-1008

Influence of bioactive glass S53P4 granules and putty on osteomyelitis associated bacteria in vitro. 
Stoor P, Frantzen F. Biomedical Glasses 2017;3(1).

Mechanical behaviour of bioactive glass granules and morselized cancellous bone allograft in load bearing defects.
Hulsen DJW, Geurts J, van Gestel NAP, van Rietbergen B, Arts JJ. J Biomech. 2016;49:1121-7.

Compression properties and dissolution of bioactive glass S53P4 and n-butyl-2 cyanoacrylate tissue adhesive-
composite.
Sarin J, Hiltunen M, Hupa L, Pulkkinen J, Vallittu PK. Biomed Mater Eng. 2016;27:425-36.

Bioactive glass combined with bisphosphonate provides protection against biofilms formed by the periodontal 
pathogen Aggregatibacter actinomycetemcomitans. 
Hiltunen AK, Skogman ME, Rosenqvist K, Juvone H, Ihalaine P, Peltonen J, Juppo A, Fallarero A.  Int J Pharmaceutics 
2016;501:211-20.	

https://onlinelibrary.wiley.com/doi/full/10.1002/jor.24810 
https://onlinelibrary.wiley.com/doi/full/10.1002/jor.24810 
https://www.tandfonline.com/doi/full/10.1080/03009734.2020.1765908
https://www.tandfonline.com/doi/full/10.1080/03009734.2020.1765908
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229198
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229198
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0229198
https://www.sciencedirect.com/science/article/abs/pii/S0927776520300837?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927776520300837?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0927776520300837?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31652996/
https://pubmed.ncbi.nlm.nih.gov/31652996/
https://pubmed.ncbi.nlm.nih.gov/31652996/
https://pubmed.ncbi.nlm.nih.gov/31652996/
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://www.liebertpub.com/doi/10.1089/ten.tea.2018.0256
https://pubmed.ncbi.nlm.nih.gov/31402901/
https://pubmed.ncbi.nlm.nih.gov/31402901/
https://pubmed.ncbi.nlm.nih.gov/31402901/
http://https://www.ncbi.nlm.nih.gov/pubmed/30334871
http://https://www.ncbi.nlm.nih.gov/pubmed/30334871
http://https://www.ncbi.nlm.nih.gov/pubmed/30334871
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3069-x
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3069-x
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-018-3069-x
https://pubmed.ncbi.nlm.nih.gov/26888652/
https://pubmed.ncbi.nlm.nih.gov/26888652/
https://www.degruyter.com/view/j/bglass.2017.3.issue-1/bglass-2017-0007/bglass-2017-0007.xml
https://www.degruyter.com/view/j/bglass.2017.3.issue-1/bglass-2017-0007/bglass-2017-0007.xml
https://www.ncbi.nlm.nih.gov/pubmed/26972764
https://content.iospress.com/articles/bio-medical-materials-and-engineering/bme1596
https://content.iospress.com/articles/bio-medical-materials-and-engineering/bme1596
https://content.iospress.com/articles/bio-medical-materials-and-engineering/bme1596
https://www.sciencedirect.com/science/article/pii/S0378517316300916?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378517316300916?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378517316300916?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378517316300916?via%3Dihub


8

The anti-bacterial activity of bioactive glass. 
Trishala A, Jacob C. Int J Adv Res. 2016;4(6):1070-7.

The effect of fibrin sealant on bioactive glass S53P4 particles - pH impact and dissolution characteristics in vitro. 
Sarin J, Björkvik L, Hiltunen M, Hupa L, Pulkkinen J, Vallittu PK.  J Sci: Adv Mater Dev. 2016;482-7.

Antibiofilm agents against MDR bacterial strains: is bioactive glass BAG-S53P4 also effective?
Bortolin M, De Vecchi E, Romanò CL Toscano M, Mattina R, Drago L. J Antimicrob Chemother. 2016;71(1):123-7.

BAG-S53P4 as an additive to bone allografts: a laboratory study using an uniaxial compression test.
Putzer D, Fuchs J, Coraca-Huber D, Christoph A, Liebensteiner M, Nogler M. J Orthop Res. 2015;33(12):1875-9.

Antimicrobial activity and resistance selection of different bioglass S53P4 formulations against multidrug 
resistant strains. 
Drago L, De Vecchi E, Bortolin M, Toscano M, Mattina R, Romanò CL. Future Microbiol. 2015;10(8):1293-9. 

The in vitro antibacterial effect of S53P4 bioactive glass and gentamicin impregnated polymethylmethacrylate beads. 
Gergely I, Zazgyva A, Man A, Zuh SG, Pop TS. Acta Microbiologica et Immunologica Hungarica. 2014;61(2):145-60.

In vitro antibiofilm activity of bioactive glass S53P4. 
Drago L, Vassena C, Fenu S, De Vecchi E. Future Microbiol. 2014;9(5):593-601.

Increase in VEGF secretion from human fibroblast cells by bioactive glass S53P4 to stimulate angiogenesis in bone. 
Detsch R, Stoor P, Grünewald A, Roether JA, Lindfors NC, Boccaccini AR. J Biomed Mater Res. 2014;102(11):4055-61.

Efficacy of antibacterial bioactive glass S53P4 against S. aureus biofilms grown on titanium discs in vitro. 
Coraça-Huber D, Fille M, Hausdorfer J, Putzer D, Nogler M. J Orthop Res. 2014;32(1):175-7.

Enhanced osteogenicity of bioactive composites with biomimetic treatment. 
Meretoja V, Tirri T, Malin M, Seppälä J, Närhi T. BioMed Res Int. 2014(21):207676.

Interaction of bioactive glass with clodronate.
Rosenqvist K, Airaksinen S, Fraser S, Gordon K, Juppo AM. Int J Pharm. 2013;452:102-7.

Dissolution patterns of biocompatible glasses in 2-amino-2-hydroxymethyl-propane-1,3-diol (Tris) buffer. 
Fagerlund S, Hupa L, Hupa M. Acta Biomater. 2013;9:5400-10.

Review of bioactive glass: From Hench to hybrids.
Jones J. Acta Biomater. 2013;9(1):4457-86.

Surface reactions of bioactive glasses in buffered solutions.
Varila L, Fagerlund S, Lehtonen T, Tuominen J, Hupa L. J Europ Cer Soc. 2012;32:2757-63.

Effects of bioactive glass S53P4 or beta-tricalcium phosphate and bone morphogenetic protein-2 and bone 
morphogenetic protein-7 on osteogenic differentiation of human adipose stem cells.
Waselau M, Patrikoski M, Juntunen M, Kujala K, Kääriäinen M, Kuokkanen H, Sándor G, Vapaavuori O, Suuronen R, 
Mannerström B, von Rechenberg B, Miettinen S. J Tissue Eng. 2012;3(1):1-14.

Crystallization mechanism of the Bioactive Glasses, 45S5 and S53P4. 
Massera J, Fagerlund S, Hupa L, Hupa M. J Am Ceram Soc. 2012;95(2):607-13.

Antibacterial effects and dissolution behavior of six bioactive glasses. 
Zhang D, Leppäranta O, Munukka E, Ylänen H, Viljanen M, Eerola E, Hupa M, Hupa L. J Biomed Mater Res. 
2010;93A(2):475-83. 

In situ pH within particle beds of bioactive glasses. 
Zhang D, Hupa M, Hupa L. Acta Biomaterialia. 2008;4(5):1498-505.

https://www.journalijar.com/article/10049/the-anti-bacterial-activity-of-bioactive-glass/
https://www.journalijar.com/article/10049/the-anti-bacterial-activity-of-bioactive-glass/
https://www.sciencedirect.com/science/article/pii/S2468217916301277?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2468217916301277?via%3Dihub
https://academic.oup.com/jac/article/71/1/123/2364354
https://academic.oup.com/jac/article/71/1/123/2364354
https://onlinelibrary.wiley.com/doi/full/10.1002/jor.22953
https://onlinelibrary.wiley.com/doi/full/10.1002/jor.22953
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://ceramics.onlinelibrary.wiley.com/doi/abs/10.1111/j.1551-2916.2011.05012.x
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.a.32564
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.a.32564
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.a.32564
https://www.sciencedirect.com/science/article/pii/S1742706108001153?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1742706108001153?via%3Dihub
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Bioactive glass induced in vitro apatite formation on composite GBR membranes. 
Tirri T, Rich J, Wolke J, Seppälä J, Yli-Urpo A, Närhi T. J Mater Sci Mater Med. 2008;19:2919-23.

Osteoblast response to continuous phase macroporous scaffolds under static and dynamic culture conditions.
Meretoja V, Malin M, Seppälä J, Närhi T. J Biomed Mater Res. 2008(A):317-25.

Antibacterial effect of bioactive glasses on clinically important anaerobic bacteria in vitro. 
Leppäranta O, Vaahtio M, Peltola T, Zhang D, Hupa L, Hupa M, Ylänen H, Salonen J, Viljanen M, Eerola E. J Mater Sci 
Mater Med. 2008;19(2):547-51. 

Bactericidal effects of bioactive glasses on clinically important aerobic bacteria.
Munukka E, Leppäranta O, Korkeamäki M, Vaahtio M, Peltola T, Zhang D. et al. J Mater Sci: Mater Med. 2008;19:27-32.

Bioaktiivinen lasi - suomalaista tutkimusta ja tuotekehitystä.
Peltola M. Erikoislääkäri. 2007;5:211-4.

Load bearing capacity of bone anchored fiber-reinforced composite device.
Ballo AM, Lassila L, Vallittu P, Närhi T. J Mater Sci: Mater Med. 2007;18: 2025-31. 

Effect of ion release on antibacterial activity of melt-derived and sol-gel-derived reactive ceramics. 
Vaahtio M, Munukka E, Leppäranta O, Zhang D, Eerola E, Ylänen H, Peltola T.  Key Eng Mat. 2006;309-311:349-52.

Comparison of antibacterial effect on three bioactive glasses.
Zhang D, Munukka E, Leppäranta O, Hupa L, Ylänen H, Salonen J, et al.  Key Eng Mat. 2006;309-311:345-8.

Factors controlling antibacterial properties of bioactive glasses. 
Zhang D, Munukka E, Hupa L, Ylänen H, Viljanen M, Hupa M. Key Eng Mat. 2007;330-2:173-6.

A comparative study on the disinfection potentials of bioactive glass S53P4 and calcium hydroxide in contra-lateral 
human premolars ex vivo.
Zehnder M, Luder H, Schätzle M, Kerosuo E, Waltimo T. International Endodontic J. 2006;39(12):952-8.

Surface porous fibre-reinforced composite bulk bone substitute - In vitro studies and in vivo evaluation in 
segment defect. 
Aho A, Hautamäki M, Mattila R, Alander P, Strandberg N, Rekola J, Gunn J, Lassila L, Vallitu P.  Cell Tissue Bank. 
2004;5:213-21.

Osteoblast differentiation on bone marrow stromal cells cultured on silica gel and sol-gel-derived titania. 
Dieudonné SC, van den Dolder J, de Ruijter JE, Paldan H, Peltola T, van ‘t Hof MA, Happonen R-P, Jansen J. 
Biomaterials. 2002;23:3041-51.

Clinical follow-up method for frontal sinus obliteration with bioactive glass S53P4. 
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In the late 1960s an associate professor called Larry Hench travelled to an Army Materials Conference 
in Sagamore, New York, and seated himself next to a Vietnam veteran. Their discussions lead into the 
topic of bone recovery and methods of replacing bone with a man-made material that the body would 
not reject. The 45S5 Hench glass was soon born. The glass had tissue regenerative properties and 
bonded tightly to bone while being slowly biodegraded in the body.



A couple of decades after, in the 1980’s, the story of the Hench glass and its composition was still 
puzzling university researchers in this field at Turku, Finland. What would happen if the composition were 
different, would it bring the same advantages or even new ones? Soon many different new bioactive 
glass compositions were developed and among them was the formulation S53P4 bioactive glass.

Today the story continues – the S53P4 bioactive glass is manufactured and provided worldwide by 
Bonalive Biomaterials Ltd in Turku Finland, the birth city of the technology.
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