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To evaluate in normoglycemic and hyperglycemic rabbits the
biomechanical and histological analysis of implants with 

nanohydroxyapatite surface or biofunctionalized with bioactive glass 

Aim

Introduction
Bioactive glasses are highly active
materials that can induce the
upregulation of osteoblasts
proliferation and differentiation
resulting in a biologically active
bone on their surface.

SiO2-CaO-Na2O-MgO-K2O-P2O5.  system
OSSEOINTEGRATION:
• implant design 
• physicochemical properties of the surface
• bone quality
• surgical techniques
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Biofuncionalization with bioactive glass F18 into surfaces

Dental implants
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A new bioglass (BSF18) protected by
patent (2014; 003817-5, Brazil), was
developed to improve the osseointegration
response.
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BSF18

Open question (?)
diabetic patients
poor quality of bone

Biofuncionalization

Bioactive glass (F18)



Methods 

G1: hyperglycemic rabbits with Nano-Ha

G2: hyperglycemic rabbits with BSF18

G3: normoglycemic rabbits with Nano-Ha

G4: normoglycemic rabbits with BSF18

Animal Ethics Committee 
(n. 11/2021, UNESP)
16 albino rabbit
Iliiac bone bilaterally

Center for Research Technology 
and Education in Vitreous Materials, CeRTEV, Brazil

Physical-chemical properties of the surface:
Scanning electron microscopy
Energy dispersive x-ray
Wettability
Bioactivity 
Roughness (AFM)

Biofuncionalization

Nano
hydroxyapatite
(Nano-Ha)

Surfaces

Biofuncionalization 
with bioactive 
glass (BSF18)

Induction of 
Diabetes Mellitus

Baseline
Day -3

Euthanasia
Day 0 Day 7

5 mm length
4 mm diameter

Surgery

Insertion torque & Implant stability quotient (ISQ)

G1 and G2 (hyperglycemic): 
Intravenous injection of Alloxan (105 mg/kg) 
- Fasting 12 hours 
- 5% glucose solution
- Criteria: >300 mg/dL

G3 and G4 (normoglycemic): 
Saline Solution
- Criteria: 75 mg/dL to 155 mg/dL
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Blood samples were collected: 
Serum glucose
HbA1c 
Biochemistry parameters
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Implants Removed:
• EDS (X-ray)
• Tissue decalcified with EDTA 

7%: for descriptive histology 
(slides stained with H&E)

Blood collection Experimental design

Smartpeg

Removal torque 

torque wrench

Blood collection

Osstell®



Results
Physical-chemical properties of the surface

Scanning 
electron 
microscopy

Energy dispersive x-ray 

Wettability 

Bioactivity Assay 

Roughness
AFM

Nano-Ha BSF18

Biochemistry analysis 
Systemic conditions

Implant stability quotient

Insertion torque and removal torque

Hemoglobin A1C, HbA1c (%)
Quo-Lab® analyzer  

Hyperglycemic rabbit: 5,7 ± 0.8%

Normoglycemic rabbit:  > 3.8%

Comparable values 
between groups:

Cholesterol
Triglycerides
Creatinine
Urea
Alkaline Phosphatase

Weight (kg)

Glucose Levels (mg/dL)

Nano-Ha BSF18

Nano-Ha BSF18

N
an

o-
H

a
B

SF
18

N
or

m
o

H
ip

er

Impact of 
glycemic 
condition

*Significant differences (p<0.05).
Kruskal-Wallis p<0.0219

Formation of 
HCA layer

0 – 24 h

* p<0.05; One-way; ANOVA; 
post-hoc Tukey

p>0.05; One-way; 
ANOVA; post-hoc Tukey

p>0.05; One-way; 
ANOVA; post-hoc Tukey



• Clinical Implications (bone quality and systemic condition). 

• The removal force required to disrupt osseointegration is surface-dependent and that hyperglycemic conditions could influence the mechanical retention of implants. 

• Nanohydroxyapatite and bioactive glass biofunctionalized into nanohydroxyapatite implants can present promising biomechanical results and could be relevant to compensate 
for impaired bone healing in diabetic and healthy conditions. 

Conclusions

Results 
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SIN Implants, Sao Paulo, Brazil 

G1

G2

G3

G4

Carbon: 76.69 %
Oxygen: 22.42%
Calcium: 2.88%

Carbon: 63.36%
Oxygen: 26.98%
Calcium: 2.15%

Carbon: 75.75%
Oxygen: 22.59%
Calcium: 4.86%

Carbon: 65.25%
Oxygen: 18.32%
Calcium: 2.98%

Descriptive histological analysis 

G1

G2

G3

G4

Energy dispersive x-ray / Residual Bone into threads

H&E
100x H&E

100x

H&E
100x

H&E
100x

Formation of new bone
-
Trabecular aspect: osteocytes,
immature mineralized matrix without
organization in the form of concentric
lamellae and active osteoblasts.
-
Organization of the formation of
Harvesian channels and presence of
medullary tissue.
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DIASTAR optical microscope (Leica) 


