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Introduction 
Periapical inflammatory lesion is one of the most prevalent 

diseases in general dental practices [1]. It is the local response of bone 
around the apex of a tooth that develops after the necrosis of the pulp 
tissue or extensive periodontal disease [2]. The periapical disease 
lesion can form a dentoalveolar abscess (acute inflammation) and an 
apical periodontal cyst apical granuloma (chronic inflammation) [3]. 
In this context, the development of effective treatments for periapical 
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disease-related problems, such as endondotic and paraendodontic 
treatments, is of great interest [4]. 

Also, guided tissue regeneration has been used to stimulate bone 
healing in periapical diseases, including the use of autogenous and 
autologous bone [5]. Furthermore, synthetic materials substitutes 
have been developed as a promising treatment [6].

Engineered bone substitutes are attractive due to their availability 
and adequate biological and handling properties [7-9]. Materials such 
calcium phosphate cements, hydroxyapatite (HA) and β-tricalcium 
phosphate (β-TCP) have been widely explored as alternative synthetic 
grafts for bone substitution in various types of bone surgery [10].

Additionally, studies have demonstrated the osteogenic properties 
of the bioactive glasses (BGs) [8]. BGs are a group of synthetic, silica-
based bioactive materials with the unique ability to bond to living 
bone by forming a biologically active bone-like apatite layer on 
their surface [8]. This layer acts as a template for calcium phosphate 
precipitation and directs new bone formation [8]. In addition, it has 
been suggested that BGs attract and stimulate osteoprogenitor cells, 
which differentiate into matrix-producing osteoblasts, subsequently 
increasing the rate of bone formation and bone ingrowth into BG-
based granular material [11,12]. However, the greatest disadvantages 
of are their reduced low mechanical strength and fracture toughness 
[13].

In order to overcome these limitations, our research group 
developed a fully crystallized glass-ceramic of the Na2O-CaO-
SiO2-P2O5 system, with additions of Li2O and K2O, with improved 
mechanical properties. Many studies have demonstrated the 
biocompatibility, lack of genotoxicity [14] and osteogenic properties 
of this material [15-17].

Many experimental studies showed that Biosilicate® produced 
an acceleration of bone healing in tibial bone defects in healthy and 
osteoporotic rats [15,16,18].

Also, the efficiency of Biosilicate® in treating dentine 
hypersensitivity (DH) was demonstrated by Tirapelli et al. [19]. In 
another study, Martins et al. [20] observed that Biosilicate® exhibits a 
wide spectrum of antimicrobial properties. 

There is a growing interest in the development of materials 
with improved biological properties to be used as filler materials 
for bone defects caused by periapical diseases. In view of this, it 
was hypothesized that Biosilicate® implantation would constitute 
a therapeutic approach, with high bioactivity rate and ability to 
accelerate tissue metabolism. The encouraging data from the previous 
experimental and clinical works formed the basis for the current 
case report study, which aimed to add knowledge to the existing 
literature about the effects of Biosilicate® in the treatment of bone 
defects. A literature survey reveals that there is no documentation of 
investigations about the effects of this material in the management of 
large inflammatory periapical lesions. 

Case Report 
The present study was performed within the guidelines of 

the World Medical Association Helsinki Declaration of 1975 for 
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samples were submitted to further treatment at about 100oC above 
the nucleation temperatures. The detailed compositions and thermal 
treatment schedules to obtain the Biosilicate® are described in the 
patent WO 2004/074199 [21]. Biosilicate® cylinders were crushed and 
the powders sieved to select particles in the 180-212 µm range. These 
were used to fill bone defect in this study.

For implantation, Biosilicate® was manually mixed in a 
sterile dappen flask with sterile isotonic solution containing 
0.9% NaCl (Sanobiol, Minas Gerais, Brazil) to form a consistent 
paste. Subsequently, the defect area was completely filled with the 
Biosilicate® clots. After this step, the mucoperiosteal flap was carefully 
repositioned and sutured with silk thread 3.0 (Ethicon Johnson, São 
Paulo, São Paulo, Brazil).

Histopathological analysis revealed extravascular mononuclear 
cells (chronic inflammation), rich in blood vessels, confirming the 
presence of periapical granuloma (Figure 3). In addition, the patient 

biomedical research involving human subjects, as revised in 2000. 
The present work was approved by the Ethics Committee of the 
Federal University of São Paulo (number 297022/2012).

A 53-year-old woman, presenting recurrent episodes of acute 
exacerbation of an inflammatory chronic process in the apex of the 
maxillary left lateral incisor (MLLI), with endodontic retreatment 
and intracanal pin was studied. Intraoral clinical examination 
revealed painless erythematous swelling of the oral mucosa, with 
bleeding points and a firm consistency (Figure 1). Tooth decay and 
periodontal pockets were absent.

In the anamneses, the patient reported the following clinical 
story: bariatric surgery, type 2 diabetes mellitus, breast cancer triple 
negative osteopenia and treatment with Risendronate Sodium 35 mg 
(Norwich Pharmaceuticals Inc., USA), for 3 years. Moreover, the 
patient informed the presence of lesion persisting after endodontic 
treatment. The presumptive diagnosis was periapical granuloma.

After medical history and clinical examination, periapical and 
panoramic radiographs were performed and showed a radiolucent 
periapical area in tooth 22, measuring approximately 10 mm x 6 
mm (Figure 2). 

Surgical Procedure
Written information about the surgical procedure and the 

necessary follow-up care was provided to the patient. The treatment 
protocol, including associated risks was discussed with the patient 
who then signed a consent form.

The surgical procedure was performed in two phases after the 
endodontic treatment: removal of the lesion area with subsequent 
curettage and insertion of the biomaterial in the injured area. 
Preoperatively, the patient received antibiotic prophylaxis with 
Azithromycin 500 mg (Novartis, São Paulo, Brazil), one hour 
before surgery and rinsed her mouth with an antiseptic mouthwash 
(chlorhexidinedigluconate 0.2% Enila, Rio de Janeiro, Brazil) to 
reduce the risk of contamination of the surgical field [21]. Using a 
standardized surgical protocol, the treatment was provided under 
local anesthesia with mepivacaine 2% with epinephrine (1:100.000 
- DLA Pharmaceutical Ltda, São Paulo, Brazil). A submarginal 
scalloped rectangular (Ochsenbein-Luebke) was the technique used 
to access the lesion area. The lesion was removed with sharp bone 
curettes and angled periodontal curettes. The curetted tissue was 
placed in 10% formalin solution for histologic diagnosis.

Subsequently, bone lesion area was filled with the biomaterial. 
Biosilicate® (fully-crystallized bioactive glass-ceramic of the 
quaternary Na2O-CaO-SiO2-P2O5 system) was provided by 
Vitreous Materials Laboratory (LaMaV), Department of Materials 
Engineering, Federal University of São Carlos, São Carlos, São Paulo, 
Brazil [21]. High purity silica, plus reagent grade calcium carbonate, 
sodium carbonate, and sodium phosphate were used to obtain 
Biosilicate®. Briefly, the chemicals were weighed and then mixed for 
30 minutes in a polyethylene bottle. Premixed batches were melted 
in platinum crucible at a temperature range of 1250 to 1380°C for 
3 hours in an electric furnace (Rapid Temp 1710 BL, CM Furnaces 
Inc., Bloomfield, NJ, USA). Samples were cast into a 10 mm x 30 
mm cylindrical graphite mold and annealed at 460°C for 5 hours. 
To obtain the fully-crystallized Biosilicate®, Biosilicate® parent glass 
cylinders underwent cycles of thermal treatment to promote their 
crystallization. The first thermal cycle was performed at a relatively 
low temperature, just above the glass transition temperature, to 
promote volumetric nucleation of crystals. Afterwards, the nucleated 

Figure 1: Mucosal lesion.

Figure 2: Periapical lesion.

Figure 3: Histopathological analysis.
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the defect. The main findings, demonstrated by the radiographic 
evaluation, showed that the material remained in the defect area after 
surgery. Notably, a decrease in the radiographic opacity was observed 
in the first experimental set point (1 month post-surgey) compared to 
the baseline values, followed by an increase in density 3 and 6 months 
after the surgery.

The use of bioactive material is a promising clinical approach 
to treat bone defects related to periapical disease, especially due to 
their high bioactivity rate [2,8,11]. In a clinical study of bone defects, 
Satyanarayana et al. [22] demonstrated a significant improvement in 
probing depth and bone defect depth due to aggressive periodontitis, 
when treated with bioglass. Moreover, Pandit et al. [23] showed a 
reduction in pocket depth and an acceleration of the periodontal 
osseous defect healing after the BG implantation in the defect [23]. 
These findings are in line with the results of the current case report, 
which suggests an increase in the deposition of newly formed bone in 
the area of the defect studied, as can be observed in the radiographic 
evaluation (reaching the highest value of opacity 6 months after the 
procedure). The radiological examination showed that the value of 
the opacity immediately after the material implantation was higher 
than the baseline radiographic analysis. This behavior may indicate 
that the material was successfully implanted and remained at the site 
of the injury after surgery.

Interestingly, the opacity value decreased one month after the 
surgery but increased again three and six months post-surgery. 
It could be suggested that there was a gradually resorption of the 
material after implantation, followed by its replacement by newly 
formed bone (demonstrated by the higher values of opacity in the 
later evaluations).

reported no edema or pain at all in the first postoperative week, and 
the soft tissue healing was satisfactory.

Follow Up
To follow up, periapical radiographs were taken at each 

scheduled clinical appointment (1, 3 and 6 months), using a long 
cone paralleling technique. At each clinical appointment, healing was 
evaluated according to conventional radiography, clinical criteria 
and radiographic examination of the bone density (Figure 4). Bone 
density was measured in pixels on a scale ranging from zero (black) 
to 256 (white) (pixels of 8-bit, 256 gray levels) using the histogram 
tool program UTHSCSA Image Tool, 3.0 (University of Texas Health 
Sciences Center, USA).

Clinically, patient recovery was considered successful, as evidenced 
by the complete restoration of the normal aspect of the mucosa.

Table 1 shows the values of the bone density at the site of the 
defect during the experimental periods. Immediately after surgery, 
the value was 118 pixels. Interestingly, one month later, the value of 
the intensity had decreased to 90 pixels. However, at 3 and 6 months, 
an increase of the pixel intensity was observed (97 and 140 pixels, 
respectively), which suggests the installation of the process of repair 
with neoformation based on gray scale (Table 1).

Discussion 
The purpose of the present study was to evaluate and to report 

the effects of Biosilicate® implantation in a 53-year-old patient, with 
a large periapical lesion. It was hypothesized that this glass-ceramic 
would have a positive effect on the formation of bone at the site of 

Figure 4: Radiographic bone density analysis.
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It is well known that resorption of the bone substitute material 
(e.g. biodegradation of the material) is required for formation of 
new bone tissue and tissue in growth in the defect area [24,25]. The 
radiographic results of the current study indicate that the degradation 
rate of the material may have substantially influenced the formation 
of bone, indicated by the higher values of opacity showed in the last 
period evaluated. This fact might be related to the ion dissolution 
from the Biosilicate®, which occurs immediately after the material 
comes into contact with body fluids [8,16].

Upon implantation, Biosilicate® ionic dissolution products of 
have been shown to beneficially affect osteogenesis by the formation 
of a silica-rich layer that acts as a template for calcium phosphate 
precipitation and directs new bone formation [12,13].

Furthermore, it has been reported that Biosilicate® has a 
stimulatory effect on neovascularisation by stimulating the secretion 
of angiogenic factors [17], which, together with the osteopromotive 
properties of Biosilicate® might further influence bone formation.

This case report suggests that Biosilicate® may favorably affect 
hard tissue healing after the surgical procedure, minimizing patients’ 
postoperative discomfort. Moreover, the outcome of the current study 
confirmed our initial hypothesis that Biosilicate® would improve bone 
metabolism, accelerating the healing process.

Consequently, Biosilicate® might be a promising material to 
be used as bone graft in compromised conditions. As this study 
was limited to a single case report and a relatively short-term 
evaluation of the ability of preset material to provide full control 
over the complete filling of the defect, information on the long-
term performance of the material, in a randomized clinical trial, 
remains to be provided.

Conclusion
In the patient studied, there was an increase in density in the 

radiographic examinations of Biosilicate®, which may indicate a 
stimulation of bone healing and an increase in bone formation in the 
defect area. Although this study is a case report, our data highlights 
the potential of Biosilicate® to be used as a promising treatment for 
bone regeneration applications. Further long-term studies should be 
carried out, involving a larger number of patients, to provide additional 
information about the bone regeneration induced by Biosilicate®.
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Experimental periods Mean SD
Initial lesion

Postoperative

1 month

3 months

6 months

105

118

90

97

140

34.94

15.15

11.60

15.33

20.71

Table 1: Means and SD of the number pixels.
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