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Resumo
Introdução: Os vidros bioativos (BGs) são materiais altamente ativos capazes de induzir a regulação positiva 
da proliferação e diferenciação de osteoblastos, promovendo a formação de uma camada biologicamente 
ativa semelhante ao osso, denominada hidroxicarbonato apatita (HCA). A formação dessa camada 
está diretamente relacionada à ligação óssea e à neoformação óssea. Objetivo: Apresentar e discutir as 
propriedades biológicas dos vidros bioativos e suas principais aplicações na Implantodontia e na prática 
odontológica. Material e método: Trata-se de uma revisão da literatura baseada em estudos in vivo, modelos 
animais, ensaios clínicos e evidências acumuladas ao longo de mais de 35 anos de aplicação clínica dos 
vidros bioativos na Odontologia. Resultado: Os estudos demonstram que os BGs apresentam propriedades 
de bioatividade, biocompatibilidade, remodelação óssea e ação antimicrobiana. Na Implantodontia, os BGs 
comerciais têm sido amplamente utilizados em enxertos e aumentos ósseos, com resultados positivos na 
formação óssea. Além disso, o uso de BGs como revestimento de implantes dentários de titânio ou zircônia 
mostrou melhora na osteointegração, com respostas favoráveis de células osteoblásticas e fibroblásticas. Os 
BGs também demonstraram capacidade de interferir na adesão e no crescimento do biofilme bacteriano. 
Conclusão: Com base nas evidências disponíveis, os vidros bioativos apresentam elevado potencial para 
aplicações odontológicas, especialmente na Implantodontia, devido às suas propriedades osteogênicas e 
antimicrobianas, sendo considerados materiais promissores para a prática clínica atual e futura.
Descritores: Materiais biocompativeis; regeneração óssea; osseointegração; implantes dentários.

Abstract
Introduction: Bioactive glasses (BGs) are highly active materials capable of inducing positive regulation of 
osteoblast proliferation and differentiation, promoting the formation of a biologically active layer similar 
to bone, called hydroxycarbonate apatite (HCA). The formation of this layer is directly related to bone 
bonding and bone neoformation. Objective: To present and discuss the biological properties of bioactive 
glasses and their main applications in implant dentistry and dental practice. Material and method: This 
is a literature review based on in vivo studies, animal models, clinical trials, and evidence accumulated 
over more than 35 years of clinical application of bioactive glasses in dentistry. Result: Studies show that 
BGs have properties of bioactivity, biocompatibility, bone remodeling, and antimicrobial action. In implant 
dentistry, commercial BGs have been widely used in bone grafts and augmentations, with positive results 
in bone formation. In addition, the use of BGs as a coating for titanium or zirconia dental implants has 
shown improvement in osseointegration, with favorable responses from osteoblastic and fibroblastic cells. 
BGs have also demonstrated the ability to interfere with the adhesion and growth of bacterial biofilm. 
Conclusion: Based on the available evidence, bioactive glasses show high potential for dental applications, 
especially in implant dentistry, due to their osteogenic and antimicrobial properties, and are considered 
promising materials for current and future clinical practice.
Descriptors: Biocompatible materials; bone regeneration; osseointegration; dental implants.
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INTRODUCTION

Bone substitutes can be applied, such as xenografts and synthetic grafts. Nowadays xenografts 
are widely used, however, due to religious limitations and the manufacturers’ inability to prove that 
inorganic xenografts are absent of prions, synthetic biomaterials have increased in clinical use1. Besides 
being capable of filling bone defects, synthetic materials have been in recent years, optimized not only 
to be biocompatible and safe but also to present a regenerative potential and to provide structural 
support2. Nowadays, a wide range of manufactured synthetic grafts are available on the market, as well 
as the literature is abundant with numerous pre-clinical and clinical studies. This was mostly driven by 
the fact that xenografts generally demonstrate deficient bone quality formation, which makes research 
and the use of synthetic grafts increasingly attractive and relevant3,4.

Synthetic grafts can present different compositions but are normally made of calcium phosphates, 
glass or glass ceramics, or polymers, or even a combination of these materials. The most known 
substitutes are composed of hydroxyapatite (HA), beta-tricalcium phosphate (β-TCP), biphasic 
calcium phosphate (BCP), polymers, calcium sulfate, glass-ceramics, and bioactive glass (BG)3,4.

In terms of regenerative properties, the bone induction potential of synthetic grafts can be 
determined by cell differentiation and ectopic bone formation, when compared to the autogenous 
graft which has the advantages of cell recruitment, proliferation, and differentiation, in addition to 
the ectopic bone formation5.

For bone regeneration, the literature indicates that HA is the ideal scaffold for bone repair, but 
not for all applications of alveolar bone augmentation6. Bioceramics was introduced to be used 
in determined implant applications. The concept of bioactivity was first defined as a bioactive 
material eliciting a specific biological response at the interface of the material, forming a bond 
between the tissues and the material7,8.

Bone graft resorption is one of the important issues to be considered, it is reported that 
HA takes a while to be replaced by native bone, while β-TCP is known to resorb quickly9, and 
when reabsorbed, with the osteoclastic activity of natural bone, constituent ions are released 
that stimulate bone formation. Likewise, bioactive glasses belong to the third generation of 
biomaterials and are highly active biomaterials that can induce the upregulation of genes for the 
adhesion, proliferation, and differentiation of cells, and also release several ions to the medium 
that results in the formation of a biological active bone-like apatite layer on their surface10.

BG are absorbable and their dissolution leaches to the medium ions, such as silicon and 
calcium, that have been described to up-regulate seven families of genes in osteoblasts11.

When BG is in contact with body fluids, the process of hydrolysis begins, and a cascade of reactions 
takes place. For didactical reasons, these reactions are divided into five stages. In stage I, alkali and 
alkali earth ions are released into the medium and are replaced in the glass structure by H+ or H3O+ 
ions from the fluid, this reaction will cause an increase in the local pH resulting in a rupture of Si-O-Si 
bonds. In stage II the silicon is released into the fluid in the form of silanol (Si(OH)4). Later in stage III, 
the, Si(OH)4 groups condense, forming a polymerized silica gel layer on the surface of the glass. The 
open structure of silica gel allows the continuity of ionic exchange between the glass and the body fluid. 
Calcium and phosphate ions diffuse from the glass and in conjunction with the calcium and phosphate 
ions from the fluid, form an amorphous calcium phosphate layer over the silica gel (stage IV). After the 
period, the thickness of these layers increases, and carbonate species are incorporated in the latter 
and begin to crystallize into the hydroxycarbonate apatite layer (HCA). The HCA is chemically and 
structurally like the mineral apatite phase found in our bone tissue (Figure 1)12,13.

Figure 1. Mechanism of formation of hydroxyapatite layer into bioglass surface when in contact with body fluid.
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After the formation of HCA, a chemical bond between the material and bone is established12,13. 
Then, the stages linked to material-cell interaction begin, firstly with the biochemical adsorption 
of growth factors on the HCA layer, later with macrophage action, attachment and differentiation 
of stem cells, matrix generation, and crystallization, and finally growth and bone proliferation 
(Figure 2)12,13 . Bioglass 45S5 is still considered the gold standard of bioactive materials12, due to 
its high bioactivity. However, 45S5 presented shortcomings related to its high alkali content, fast 
dissolution, and rates of resorption14, the glass transition temperature (Tg ~550°C), the onset of 
crystallization (Tc ~ 610°C)1, and high pH value created by the high doses of sodium leached to the 
culture medium may demonstrate cytotoxic effects in vitro15.

Figure 2. The bioactive glass surface reaction stages in hard tissue healing.

Therefore, modifications to the 45S5 formulation have been long studied so different 
properties and improvements are achieved, such as processability and antimicrobial activity. 
For this reason, BG has a wide range of applications, for example for toothpastes, demineralizing 
agents, hypersensitivity treatment, bone grafting, scaffolds, drug delivery, soft tissue engineering, 
and biomaterial coating.

Given the importance of providing safe, predictable, and successful dental implant treatment 
for patients, the use of bioactive glass surface treatment can be employed. Some studies in animals 
have shown that titanium implants coated with bioactive glass have demonstrated more favorable 
osseointegration results compared to implants without bioactive glass treatment.

Despite the good qualities of the BG, the need to overcome autogenous graft in bone regeneration 
is highly expected among researchers, BG can chemically bond to hard and soft tissue and is a 
promising alternative to bone regeneration and coating of implants. In this context, the present 
study reviewed and contextualized some applications of BG focused on the oral surgeries field for 
bone augmentation and for coating dental implants to improve osseointegration.

1	 *Mas-Moruno C. Surface functionalization of biomaterials for bone tissue regeneration and repair. In: Barbosa 
MA, Martins MCL, editors. Peptides and proteins as biomaterials for tissue regeneration and repair. Duxford: 
Woodhead Publishing; 2018. p. 73-100. https://doi.org/10.1016/B978-0-08-100803-4.00003-6.

https://doi.org/10.1016/B978-0-08-100803-4.00003-6
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METHOD

The articles were selected through a comprehensive search utilizing the PubMed database. 
The search encompassed a period from articles 1990 to 2023. The key terms, medical subject 
headings (MeSH) terms, and boolean operators (“AND” and “OR”) were used across each database 
to refine the search. Search terms included “bioactive glass”, “bioglass”, “bone regeneration”, “bone 
augmentation”, “osseointegration” and “dental implants”. The search strategy was collectively 
reviewed by members (IFB and MTS) to execute using the Peer Review of Electronic Search 
Strategies (PRESS) checklist. Inclusion criteria for this review encompassed full-text, peer-
reviewed research articles that reported primary data on the application of bioactive glass for 
bone augmentation or coating into dental implants. Studies were included if they involved in vivo, 
animal, or clinical studies. Exclusion criteria were non-peer-reviewed articles and studies not 
reporting specific outcomes related to the application of bioglass for oral surgeries and implant 
dentistry, for example, for the use of medical applications for the orthopedics field. Commentaries, 
editorials, and reviews without original data were also excluded.

RESULT

A total of 18 articles were selected for this narrative review. The division was composed of a 
total of 12 articles that were included for the bone regeneration part of this review. A total of 6 
articles were included for osseointegration of dental implants, 3 articles were pre-clinical studies, 
and only 3 were clinical studies. Figure 3 illustrates the BG findings according to the application 
in particle shape for oral surgeries approach for bone augmentation and coating BG into dental 
implants to improve cell response and osseointegration.

Figure 3. Applications of bioactive glass as regenerative surgical treatment in oral surgery and coating of 
dental implants for improved osseointegration.
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Bone Augmentation Applications Focused on Oral Surgery Proposals

Clinical Studies

Table  1 summarizes all relevant clinical studies on bioactive glass application for bone 
augmentation in oral surgeries.

In 1993, a clinical trial enrolled several patients for different applications using Biogran®. 
Biogran® ranged from 300 to 360 µm narrow size. Several indications were selected for treatment, 
such as apical resection areas, cystic defects, extraction sites, and defects of the alveolar ridge 
caused by surgery or resorption. A total of 87 patients with 106 application sites were enrolled for 
this study. For apical resections, the results were very satisfactory, as the glass particles integrated 
into the repaired bone defects, on the other hand, in some cases infection reoccurred and the glass 
particles became fibrously encapsulated. For extraction sites, the follow-up ranged from 6 to 35 
months and demonstrated that healing was uneventful in most cases and prevented the collapse 
of the alveolar ridge. The correction of the alveolar ridge using Biogran® demonstrated after 3 
months of the application that sites appeared to have stabilized, and for cystic defects, 16 defects 
were filled with Biogran®, and only in two cases was the cystic area reinfected16.

Three cases of maxillary sinus floor augmentation using the bone-added osseous sinus floor 
elevation by osteotomy technique procedure with Biogran® biomaterial, and then dental implant 
placement. For case two, an implant was removed, and immediate grafting with Biogran®. These 
surgical procedures in these three cases were demonstrated to provide good outcomes after bone 
augmentation and dental implant placement18.

A randomized clinical study evaluated patients who submitted to extraction sites for the repair 
of dentoalveolar defects and ridge maintenance at the site of extraction sockets with PerioGlas® 
or Biogran® before dental implant placement (6 or 7 months). At 6 months bone biopsies were 
collected to evaluate tissue response by histological analysis and grafts demonstrated the glass to 
be intimately related to an adherent connective tissue, there was no evidence of an inflammatory 
infiltrate in specimens harvested with BG, indicating a biocompatible material. However, at 
7 months, some biopsies demonstrated that bone appeared to lie close to the surface of glass 
particles, suggesting growth by apposition. The characteristic fissuring of the glass particles was 
routinely seen, in close apposition with the amorphous silica gel layer. Implants survived up to 3 
years of follow-up in sites grafted with BG, even when such grafts appeared to only slowly conduct 
new bone growth19.

In case reports enrolled with 7 patients, teeth were extracted, and the alveolar socket was 
filled with BioGran®, after 6 months biopsies were collected. The histological findings showed 
fibro-osseous fragments prevailing, there was a dense conjunctive pattern in the cervical half, and 
trabeculated bone in the apical portion, demonstrating multiple growth sites, rapidly filling the 
bone defect. In general, the central areas demonstrated an invagination of the adjacent conjunctive 
surrounded by a halo of homogeneous mineralized conjunctive tissue with regions in the process 
of ossification and retention of osteocytes and osteoblasts on the surface23.

Bone augmentation for alveolar preservation before dental implants was performed in three 
case reports using Perioglas® particles or Perioglas® mixed with AB or blood clot. After 6 months 
dental implants were placed, and biopsies collected. The two case reports that use Perioglas®+AB, 
demonstrated minimal inflammatory reaction, that the cellular reaction around the particles was 
characterized by normal connective tissue with little infiltrate, demonstrating the compatibility 
of bioactive glass particles in contact with the soft tissues and intimately connected to the newly 
formed bone. The third case that used Perioglas®+blood clot, demonstrated less bone formation, 
although the particle reactivity appeared to be comparable to the other cases, thus, the early 
evidence of lower bone formation in the biopsy did not seem to have an adverse effect on the 
clinical result21.
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Biogran® was used compared with autogenous bone (AB) from iliac crest bone for sinus floor 
elevation in 3 female patients with severe maxillary atrophy indicated for maxillary sinus floor 
augmentation. An 80% Biogran® particle was mixed with 20% AB compared to 100% AB on 
the other control side. The histological assessment demonstrated a lesser percentage of total 
bone volume at 4 months for Biogran® when compared to AB (26.9%±1.7% and 39.3%±0.5%, 
respectively), the Biogran® particles at this period were surrounded by bone as well as by a 
cell-rich stroma of loose connective tissue. At 6 months, the bone had increased in quantitated 
inside the Biogran® particles as well as around them, bone was found all over the transformed 
glass particles, however, Biogran® continued with the lower percentage when compared to AB 
(35.6%±1.5% and 40.8%±0.6%, respectively). At 15 months of healing, mature lamellar bone is 
indicated by the absence of empty lacunae and normally appearing mature bone marrow. Bone 
formation continued as evidenced by osteoid layers lining the excavated center as well as the 
periphery of the former particles while osteoblasts were bordering the osteoid layers. At 15 months 
Biogran® showed 38.8%±2.1% when compared to AB (41.7%±1.2%)20.

In cases of maxillary sinus floor augmentation, Perioglas® was used to compare bone formation 
after 6 months with other synthetic biomaterials and AB. The histomorphometry of the percentage 
of newly formed bone demonstrated higher values for AB (40.1%±3.2%) when compared to 
synthetic biomaterials, such as Perioglas® (31%±1.9%), and HA (32%±2.5%), however, the 
analyze of residual graft material demonstrate similar values for AB and Perioglas® (18%±2.3% 
and 18%±2.4%, respectively) when compared to HA (34%±1.6%). The descriptive histological 
assessment showed that Perioglas® has the potential to promote bone regeneration because the 
particles were surrounded by newly formed bone, no gaps or fibrous tissues were present at the 
bone-biomaterial interface, and graft particles were connected by newly formed bone22.

The clinical approach of trans alveolar sinus augmentation filling with BioGran® mixed with 
AB was assessed in 31 patients. After 4 months, biopsies were collected representing the new 
tissues formed inside the sinus, and the transalveolar osteotomy and the dental implants were 
placed. Sinus augmentation grafted with BioGran® mixed with AB, was demonstrated to be 
biocompatible with the bone formation that, is a short distance from the sinus floor. Inside the 
transalveolar osteotomy, new bone fraction was almost twice as much as in the sinus cavity, and 
the residual biomaterial occupied a much smaller fraction than that inside the sinus24.

A prospective clinical study approached using Biogran®+AB to analyze in comparison with 
AB alone in maxillary sinus elevation surgery. After 6 months of healing biopsies were collected 
for histomorphometry and immunohistochemical analysis. The results demonstrated that bone 
formation was greater in the amount of bone percentage at the apical region for both groups, 
Biogran®+AB (45.8%±13.8) and AB alone (42.0%±16.6), in the intermediate region Biogran® +AB 
(33.2%±13.3) and AB alone (35.0%±13.9), and pristine bone greater percentage for Biogran®+AB 
(36.6%±12.9) and AB alone (34.4%±14.4). The bone resorption was smaller for Biogran®+AB 
when compared to AB alone. According to immunohistochemistry to detect TRAP gene response, 
a low level of osteoclast-specific staining presented in both groups, indicating that both groups 
were in a remodeling phase25. In sequence, the same authors published the volumetric changes 
and trabecular microarchitecture of the same study. The cone beam computed tomography (CBCT) 
demonstrated a greater percentage of bone graft resorption for AB (45.7%±18.5), and Biogran® 
(44.0%±16.0) the association of Biogran®+AB resulted in a lesser percentage (37.9%±18.9) with 
no statistically significant difference. %BV/TV resulted in similar values for all groups Biogran® 
(52.06%), Biogran®+AB (57.04%), and AB (57.19%). These results of volumetric changes 
indicated that BG+AB and AB alone have similar resorption26.

Maxillary sinus floor augmentation using BG (S53P4®) alone or with the association of 
autogenous cortical cancellous bone in maxillary sinus floor augmentation, after 21-34 weeks 
and 49-62 weeks biopsies were collected, and the results demonstrated a few small chronic 
inflammatory cells in some specimens in the BG-AB group. For all groups, mature trabecular 
bone with Harversian systems, osteoid, and mature bone marrow with hematopoietic cells were 
observed at both time points. These grafted areas demonstrated resorption as well as new bone 
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formation on the old trabeculae as a sign of bone remodeling. The bone area evaluated through 
histomorphometry analysis demonstrated that the association of the BG-AB group demonstrated 
at 25.7%±7.4 for 21-34 weeks and 28.8%±17.1 for 49-62 weeks, however, for the AB group alone 
the values were 25.1%±7.2 and 25.1%±6.3, respectively17.

Biogran® was associated with AB through maxillary sinus floor augmentation in 40 patients, 
and they were divided into five groups, 1) AB; 2) Biogran®; 3) Biogran®+AB; 4) BioOss® and 5) 
BioOss®+AB. After 6 months of bone repair, bone biopsies were collected and demonstrated the new 
bone formed for an intermediate area with greater values for the autogenous group (38.1%±21.4) 
and the xenograft group demonstrated a lesser value (32.5%±10.8) however no statistical 
difference. The association of Biogran®+AB demonstrated a value of 34.8%±14.5, however, group 
AB demonstrated a high level of osteocalcin protein presence, which points to a mature bone that 
can receive dental implants for groups Biogran®+AB; BioOss® alone or BioOss®+AB27.

Table 1. Summary of relevant clinical studies on bioactive glass application for bone augmentation in oral surgeries

Study Study Design
Bioglass (BG) 

composition and 
trademark

Clinical Application Outcomes

Schepers et al.16 (1993)
Clinical trial 

(87 patients with 
106 application sites)

Biogran® (FBFC 
International Dessel, 

Belgium) (45 wt% SiO2, 
24.5 wt% CaO, 24.5 

wt% Na2O, and 6 wt% 
P2O5)- narrow particle 

size range

Apical resections 
(28 patients); Extraction 

sites (26 patients); 
Correction of the 

alveolar ridge 
(19 patients) and cystic 

defects (14 patients)

BG was effective in the 
treatment of oral bone 

defects for different 
application sites. 

Complications observed 
during the study were 

not related to the 
biocompatibility of the 

glass particles

Turunen et al. 17 (1997) Clinical trial 
(17 patients)

S53P4 (Abmin 
Technologies, Turku, 

Finland) (53 wt% SiO2, 
20 wt% CaO, 23 wt% 

Na2O, and 4 wt% P2O5)

Maxillary sinus floor 
augmentation

BG granules can be 
associated with AB chips 
and results in the same 

quantity of bone as when 
AB chips alone.

Leonetti et al.18 (2000) Three case reports

Biogran® (Orthovita 
Inc, Malvern, PA, USA) 

(45 wt% SiO2, 24.5 wt% 
CaO, 24.5 wt% Na2O, 

and 6 wt% P2O5)

Maxillary sinus floor 
augmentation

BG has shown to 
be osteoconductive 
and allows for good 

integration and 
regeneration of 

surrounding bony 
tissue, as well as it’s a 
predictable method of 

bone formation without 
the need for additional 
donor site morbidity

Norton, Wilson19 (2002) Randomized clinical 
trial (17 patients)

Biogran® (3i, Implant 
Innovations, Palm 

Beach Gardens, FL) 
(45 wt% SiO2, 24.5 wt% 

CaO, 24.5 wt% Na2O, 
and 6 wt% P2O5)- 

narrow particle size 
range PerioGlas® 
(US Biomaterials, 

Alachua, FL) (45 wt% 
SiO2, 24.5 wt% CaO, 24.5 

wt% Na2O, and 6 wt% 
P2O5)- wider size range

Repair of dentoavolar 
defects, and/or ridge 

maintenance at the site 
of extraction sockets 

before dental implants 
placement.

The use of both BGs 
allowed slow incorporation 

of new bone into 
the grafted site after 

6-7 months follow-up. 
It can be considered that 
impractical from a time 

perspective to wait for bone 
regeneration before dental 

implants placement. In a 
clinical perspective, earlier 
placement of implants into 
the graft/tissue mass does 
not negatively impact upon 
the clinical outcome with 

respect to implant success. 
Implants survived up to 

3 years of follow-up in sites 
with BG
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Study Study Design
Bioglass (BG) 

composition and 
trademark

Clinical Application Outcomes

Tadjoedin et al.20 (2002) Three split mouth 
clinical cases

Biogran® (Orthovita 
Inc, Malvern, PA, USA) 

(45 wt% SiO2, 24.5 wt% 
CaO, 24.5 wt% Na2O, 

and 6 wt% P2O5)

Maxillary sinus floor 
augmentation

BG particles used 
alone is capable of 

osteotransduction of 
new bone formation 

in the severely 
atrophic maxilla at 4, 
6 and 15 months of 

healing. However, bone 
formation occurred at 

a slower rate than used 
autogenous bone alone

Gatti et al.21 ( 2006) Three case reports

PerioGlas® (US 
Biomaterials, Alachua, 
FL (45 wt% SiO2, 24.5 
wt% CaO, 24.5 wt% 

Na2O, and 6 wt% P2O5)- 
particles of 90-710 µm

Bone augmentation for 
alveolar preservation 

before dental implants 
placement

All three cases showed 
biodegradation of the 

glass after 6 months. BG 
mixed with autogenous 
bone resulted in more 
bone formation when 

compared to association 
with blood clot. After 

2 year of follow-up 
all the implants were 

loaded and appeared to 
be clinically stable

Scarano et al.22 (2006) Randomized clinical 
trial (94 patients)

Bioglass® (US 
Biomaterials, 

Alachua, FL) (45 wt% 
SiO2, 24.5 wt% CaO, 
24.5 wt% Na2O, and 

6 wt% P2O5)

Maxillary sinus floor 
augmentation

Bioglass® has the 
potential to promote 
bone regeneration, 
however areas of 
resorption were 

present at the surface 
of some graft particles 
when investigated by 
histological process

Margonar et al.23 (2012) Serie cases (7 patients)

Biogran® (3i Implant 
Innovations, Inc, Palm 

Beach Gardens, FL) 
(45 wt% SiO2, 24.5 wt% 

CaO, 24.5 wt% Na2O, 
and 6 wt% P2O5)

Alveolar ridge 
augmentation

According to histological 
findings BioGran® 
demonstrated to be 

able to maintain bone 
architecture of the 
alveolar bone and 

repaired satisfactory 
after 6 months of healing

Stavropoulos et al.24 
(2012)

Randomized Controlled 
Clinical Trial 
(31 patients)

Biogran® (Orthovita, 
Malvern, PA, USA) 

(45 wt% SiO2, 24.5 wt% 
CaO, 24.5 wt% Na2O, 

and 6 wt% P2O5)

Transalveolar maxillary 
sinus augmentation

BG particles associated 
with autogenous 

bone after 4 months 
of healing in 

maxillary sinus areas 
demonstrated new 

bone fraction inside 
the transalveolar 

osteotomy was almost 
twice as much as in the 

sinus cavity

Menezes et al.25 (2018)
Prospective 

clinical study 
(27 sinus surgeries)

Biogran® (Biomet, 
Warsaw, IN, USA) 

(45 wt% SiO2, 24.5 wt% 
CaO, 24.5 wt% Na2O, 

and 6 wt% P2O5)

Maxillary sinus floor 
augmentation

BG mixed with 
autogenous bone 

presents similar new 
bone formation and 

osteoclastic activity when 
compared to autogenous 

bone graft only after 6 
months of healing

Table 1. Continued...



Bioactive glass for bone reconstruction and…

Rev Odontol UNESP. 2026;55:e20250046. DOI: https://doi.org/10.1590/1807-2577.20250046� 9/16

Study Study Design
Bioglass (BG) 

composition and 
trademark

Clinical Application Outcomes

Pereira et al.26 (2018)

Prospective and 
Randomized 
Clinical Trial 

(27 sinus surgeries)

Biogran® (Biomet, 
Warsaw, IN, USA) 

(45 wt% SiO2, 24.5 wt% 
CaO, 24.5 wt% Na2O, 

and 6 wt% P2O5)

Maxillary sinus floor 
augmentation

Volumetric changes 
and trabecular 

microarchitecture were 
analyzed and indicated 

that BG when associated 
with autogenous bone, 
and autogenous bone 

used alone have similar 
resorption after 6 

months of follow-up

Pereira et al.27 (2020)
Randomized clinical 
study (40 patients)

Biogran® (Biomet, 
Warsaw, IN, USA) 

(45 wt% SiO2, 24.5 wt% 
CaO, 24.5 wt% Na2O, 

and 6 wt% P2O5)

Maxillary sinus floor 
augmentation

Immunohistochemistry 
analysis demonstrated 

that osteocalcin 
outcomes showed that 

all bone substitutes 
evaluated were calcified 

and able to receive dental 
implants. A formation of 
a suitable lamellar bone 

was observed for all 
grafted areas

Dental Implant Surface Treatment Applications

Pre-Clinical Studies

The tibia and femur of rabbits were analyzed for osseointegration of implants with Titanium 
(cpTi), HA, and BG surfaces. Screw-shaped with a diameter of 4.1 mm was prepared with cpTi 
surface and the preparation with HA and BG. After 12 weeks, removal torque was performed, 
and biopsies were collected for histomorphometry. The results demonstrated surface roughness 
(Sa) with higher values for HA (0.76±0.17), BG (0.70±0.16), and Titanium (0.64±0.41). Peak 
removal torque (N/cm) resulted in the femur’s highest value for HA when compared to BG 
(81±17 and 53±7, respectively). Furthermore, for the tibia, HA showed (73±22) and BG (61±29). 
In the histomorphometry (BIC) analysis for tibia bone, Ti showed the lowest percentage (17%±7) 
when compared to HA (29%±7) and BG (24%±13) at 12 weeks28.

The analysis of bioactive fiber-reinforced composite implant (FRC) with BG was applied in 
the tibias of pigs to analyze histomorphometry of the values of BIC after 4 and 12 weeks. The 
samples were divided into groups, such as threaded FRC implant, threaded BG containing FRC 
implant, and threaded custom-made titanium implant (Ti). At 4 weeks, BIC values demonstrated 
a higher value for FRC/BG (33.1%±11.1) when compared to FRC and Ti (27.5%±5.1 and 
19.3%±6.9, respectively). At 12 weeks, all values increased demonstrating the greatest value for 
FRC/BG (46.9%±9.0) and similar values for FRC and Ti implants (40.2%±15.3 and 41.8%±12.3, 
respectively). Newly formed bone tissue was visible for all groups, but woven bone appeared 
to be in direct contact with both FRC and FRC/BG surfaces, additionally, adding BG particles 
improves the bone response29.

Table 1. Continued...
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In maxillary areas, dental implants were installed with BG coating by air air-abrasion or in 
zinc oxide (ZnO) surfaces in comparison with implants with inert glass surfaces. After 8 weeks of 
healing, biopsies were collected. ZnO demonstrated greater values of BIC (70.49%±12.74) when 
compared to BG (57.91%±24.10) and inert implants (16.20%±25.53), the same for a percentage 
of the bone volume within the defect (73.81%±15.06 and 62.50%±20.51, respectively), inert 
demonstrated the lesser values (5.03%±0.92). these findings demonstrated that the presence of 
BG or ZnO by air abrasion results in better osseointegration and bone regeneration compared to 
inert glass air-abrasion treatment surfaces30.

Clinical Studies

Table 2 summarizes all relevant clinical studies on bioactive glass (BG) application for coating 
into dental implants

A study investigated an indigenous HA-coated and BG-coated titanium dental implant system. 
Implants with the composition of Ti-6Al-4V were coated through the air plasma spray technique 
to the HA surface and the vitreous enameling technique to the BG surface. After in vitro analysis 
of different surfaces to identify their biocompatible, and also demonstrating no cytotoxicity34 the 
prospective clinical study which involved 14 patients was submitted to install the implants in 
the maxilla and mandible with 6 months of prosthetic loading. Marginal bone loss, HA-coated 
implants demonstrated in maxilla greater bone loss at 6 months when compared to baseline 
(1.85±0.08 and 1.13±0.17, respectively), the same for mandible (1.69±0.08 and 1.09±0.12, 
respectively). For BG-coated implants installed in the maxilla at 6 months when compared 
to baseline (1.78±0.11 and 1.12±0.17, respectively), the same for mandible (1.55±0.09 and 
1.06±0.12, respectively), all values showed no differences between groups. Suppuration, 
resorption of entire areas of HA coating, and abnormal mobility with vertical pressure were 
observed with only one HA implant in the lower jaw31.

In addition, the same group of researchers investigated the same surfaces (HA and BG) in 
another short-term, prospective clinical study that enrolled 31 patients with 12 months of 
prosthetic loading. A total of 28 implants were placed in the anterior maxilla and 34 implants 
were placed in the anterior mandible. No inflammation was found after 6 and 12 months of 
follow-up. For marginal bone loss, both surfaces within both periods increased values when 
compared to baseline.

For marginal bone loss, the HA group for maxilla at 12 months demonstrated higher 
value when compared to baseline (1.92 ±0.10 and 1.13, respectively), the same for mandible 
(1.73±0.09 and 1.09±0.12, respectively). The same for the BG group when installed in maxilla 
at 12 months follow-up demonstrated higher value when compared to baseline (1.81±0.15 and 
1.12±0.17, respectively), for mandible the same increased values for 12 months (1.60±0.09 and 
1.06±0.12, respectively). The number of implant failures was one for the HA group when installed 
in the maxilla and two when installed in the mandible, for the BG group only one in the maxilla 
and one for the mandible32.

In the third study by the same research group33, a total of 62 patients were enrolled in 
126 dental implant placements, comparing three groups, (45 for HA, 41 for BG, and 40 for 
titanium) in anterior maxillary. The outcomes of 12 months after prosthetic rehabilitation 
through clinical and radiological parameters, demonstrated that both surfaces were nontoxic 
and biocompatible, marginal bone loss in the radiograph, and less interfacial gaps were 
observed in computed tomography with bioactive glass at the anterior maxilla. All groups 
showed marginal bone loss after 12 months in the maxilla and mandible when compared to 
baseline33.
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Table 2. Summary of relevant clinical studies on bioactive glass (BG) application for coating into dental implants

Study Study Design BG composition
Surface 
coating 
process

Implant 
surface and 
dimensions

Clinical 
applications Outcomes

Mistry et al.31 
(2011)

Short term 
Prospective 

Clinical Study 
(14 patients)

HA: Calcium nitrate 
tetrahydrate, and di-
ammonium hydrogen 
ortho-phosphate were 
used as raw materials.

HA: Air plasma 
spray technique 

(particles 
estimated to be 
of 0.1-10 µm)

Titanium alloy 
(Ti6Al4V) with 

internal-hex, 
cylindrical, 
threaded, 

two-staged 
dental implant 

system 
(4mm diameter 
x13 mm length) 
was fabricated. 

Acid etching, 
grit-blasting

Patients with 
partially 

edentulous and 
in the anterior 

sextant of 
both maxilla 

and mandible 
After 6 months 
marginal bone 

loss was analyzed 
according to 
radiographic 

assay

Marginal 
bone loss was 
found around 
0.6 mm after 
6 months for 

HA coated 
implants and 

0.7 mm for 
BG coated 
implants

BG: Glass melting 
technique. 

SiO2=43-44 wt %, 
Na2B4O7.10H2O=6-7 
wt %, Na2CO3=11-12 
wt%, CaCO3=29-30 

wt%, (NH4)2HPO4=8-9 
wt %, TiO2=1-2 wt %

BG: Vitreous 
enameling 
technique 
(particles 

estimated to be 
of 0.2-20 µm)

Mistry et al.32 
(2011)

Short term, 
bi-center, 

prospective 
clinical study 
(31 patients)

HA: Calcium nitrate 
tetrahydrate, and di-
ammonium hydrogen 
ortho-phosphate were 
used as raw materials.

HA: Air plasma 
spray technique 

(particles 
estimated to be 
of 0.1-10 µm)

Titanium alloy 
(Ti6Al4V) with 

internal-hex, 
cylindrical, 
threaded, 

two-staged 
dental implant 
system (4mm 
diameter x13 
mm length) 

was fabricated. 
Acid etching, 
grit-blasting

Patients were 
submitted to 

dental implants 
in anterior 
maxilla and 

mandible. After 
6 months and 

12 months 
clinical and 
radiological 
parameters 

were analyzed

BG and HA 
coated dental 

implants 
demonstrated 

increased 
values for 

marginal bone 
loss after 12 

months

BG: Vitreous 
enameling 
technique 
(particles 

estimated to be 
of 0.2-20 µm)

BG: Glass melting 
technique. 

SiO2=43-44 wt %, 
Na2B4O7.10H2O=6-7 
wt %, Na2CO3=11-12 
wt%, CaCO3=29-30 

wt%, (NH4)2HPO4=8-9 
wt %, TiO2=1-2 wt %

Mistry et al.33 
(2016)

Short term, 
bi-center, 

prospective 
clinical study 
(62 patients)

HA: Calcium nitrate 
tetrahydrate, and di-
ammonium hydrogen 
ortho-phosphate were 
used as raw materials.

HA: Air plasma 
spray technique 

(particles 
estimated to be 
of 0.1-10 µm)

Titanium alloy 
(Ti6Al4V) with 

internal-hex, 
cylindrical, 

threaded, two-
staged dental 

implant system 
(4mm diameter 
x13 mm length) 
was fabricated. 

Acid etching, 
grit-blasting

Patients were 
enrolled to 

dental implants 
in anterior 

mandible and 
maxilla. After 

12 months 
clinical and 
radiological 
parameters 

were assessed

Marginal 
bone loss was 

found after 
12 months of 

dental implants 
placement. 

However, its 
demonstrates 

that BG can be a 
promising and 
biocompatible 

alternative 
coating for 
implants

BG: Vitreous 
enameling 
technique 
(particles 

estimated to be 
of 0.2-20 µm)

BG: Glass melting 
technique. 

SiO2=43-44 wt %, 
Na2B4O7.10H2O=6-7 
wt %, Na2CO3=11-12 

wt%, CaCO3=29-
30 wt%, 

(NH4)2HPO4=8-9 wt 
%, TiO2=1-2 wt %

DISCUSSION

The clinical studies included in the topic “Bone Augmentation Applications focused on Oral 
surgery proposals” show considerable heterogeneity in terms of design, sample size, clinical 
application, and evaluation methods. The designs ranged from case reports and case series to 
randomized controlled clinical trials, reflecting different levels of scientific evidence.

Clinical trials, such as those conducted by Norton, Wilson19 (2002), Turunen et al.17 (1997), 
Scarano et al.22 (2006), Stavropoulos et al.24 (2012), and Pereira et al.26,27 (2018, 2020), included a 
larger number of patients and provided more robust data on the performance of bioactive glass. 
In contrast, case reports and case series, for example, Leonetti et al.18 (2000); Gatti et al.21 (2006); 
Margonar et al.23 (2012), presented more limited evidence due to the smaller number of patients 
included in the study, focusing on descriptive clinical outcomes.
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Regarding the composition of biomaterials, most studies evaluated Biogran® or similar 
formulations. Some variations were observed, such as S53P4 and PerioGlas®, which differ slightly 
in composition and particle size. Despite these differences, the reported biological behavior was 
relatively consistent among the studies. Clinical applications were predominantly related to 
maxillary sinus elevation17,18,20,22,24-27 and alveolar ridge augmentation16,19,21,23.

Overall, bioactive glass demonstrated consistent osteoconductive properties and the ability to 
promote bone formation18,20,26,27. Several studies reported sufficient bone regeneration for dental 
implant placement, especially in maxillary sinus elevation procedures26,27.

However, differences were observed in the use of bioactive glass alone or in combination 
with autogenous bone. Some studies20 indicated that isolated bioactive glass can promote bone 
formation, even in severe atrophy conditions. On the other hand, other studies such as Gatti et al.21 
(2006); Menezes  et  al.25 (2018); Pereira  et  al.26 (2018) reported better results when bioactive 
glass was combined with autogenous bone, including greater bone volume and better repair 
characteristics. Long-term outcomes were also addressed in some studies. Norton, Wilson19 
(2002) reported implant survival for up to 3 years.

Despite promising results, direct comparison between studies is limited by various factors: 
Heterogeneity of study designs; variability in sample sizes; variations in biomaterial composition 
and particle size; different evaluation methods (clinical, radiographic, and histological); varied 
follow-up periods.

The preclinical experimental studies included in the topic “Dental Implant Surface Treatment 
Applications” show variations in terms of animal models, composition of bioactive glass, surface 
modification techniques, and experimental design.

Regarding animal models, rabbits28, pigs29, and rats30 were used, which implies important 
biological differences in bone response and repair processes. Evaluation periods also varied 
between 4 and 12 weeks, which can directly impact the interpretation of osseointegration results.

In terms of bioactive glass composition, there are variations among studies. Ramires  et  al.28 
(2003) used a particle-based coating containing 65% SiO2, while Ballo  et  al.29 (2009) employed 
bioactive glass fibers with different oxide proportions. Abushahba et al.30 (2023) compared different 
compositions, including 45S5 bioactive glass and formulations containing zinc oxide (ZnO).

Ballo et al.29 (2009) demonstrated that implants reinforced with bioactive glass fibers showed 
adequate biocompatibility and promoted increased peri-implant osteogenesis and bone maturation 
compared to conventional titanium. Abushahba et al.30 (2023) found that surfaces treated with 
abrasive blasting, especially those containing ZnO, resulted in improved osseointegration and 
bone regeneration. These results suggest that modifications in bioactive glass composition can 
enhance its biological effects.

As these are preclinical studies, caution should be exercised when extrapolating the results to 
clinical practice in humans.

The clinical studies included in the topic “Dental Implant Surface Treatment Applications” 
analyzed titanium implants with surfaces modified by hydroxyapatite and bioactive glass coatings, 
allowing direct comparisons between these biomaterials. The implants used had standardized 
characteristics, being titanium with a cylindrical shape, internal hexagonal connection, and surface 
previously treated by acid etching and blasting.

The clinical outcomes evaluated mainly focused on marginal bone loss around the implants over 
time. Mistry et al.31 (2011) observed lower marginal bone loss in hydroxyapatite-coated implants 
(0 mm) compared to bioactive glass-coated implants (0.7 mm) after 6 months, suggesting superior 
initial performance of hydroxyapatite. However, in a subsequent study (Mistry et al.32, 2011), both 
hydroxyapatite-coated and bioactive glass-coated implants showed an increase in marginal bone 
loss after 12 months, indicating that both materials may undergo changes over time.
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In the study by Mistry et al.33 (2016), the results after 12 months demonstrated that, despite 
marginal bone loss, bioactive glass showed satisfactory clinical performance, being considered a 
promising and biocompatible alternative for implant coating.

Overall, the studies indicate that both hydroxyapatite and bioactive glass can promote 
osseointegration, although hydroxyapatite may have initial advantages in terms of marginal bone 
preservation. On the other hand, bioactive glass shows consistent performance and relevant 
clinical potential.

Comparing the studies has some important limitations such as relatively short follow-up 
periods (6 to 12 months) and variability in sample sizes.

CONCLUSION

This review provides a literature overview of different applications of some of the most common 
bioactive glass compositions (in particular, 45S5 commercially as BioGran® or PerioGlas®), and 
their clinical outcomes in vivo approaches for bone augmentation demonstrating to be safe, well-
tolerated for oral surgeries.

Equivalent findings for coating titanium and zirconia dental implants, due to chemical bonding 
and application in pre-clinical studies demonstrated the cytocompatibility and formation of bone 
around BG surface.

Future perspectives including analyzing the novel compositions and protocols of BG coating 
in different applications and procedures are more intensively explored through clinical trials and 
are still necessary.
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