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Abstract. – OBJECTIVE: To explore the application value of injectable bioactive glass in the
restoration of the oral bone defect.
PATIENTS AND METHODS: This study included 58 consecutive patients with oral bone defect
> 1 mm, these patients were randomly assigned
to a control group (n=26, Hydroxyapatite bioceramics) and an observation group (n=32, Injectable bioactive glass). The purpose of this study
was to assess the comparison of the healing of
oral bone defect.
RESULTS: X-ray examination was performed at
6-month and 12-month following treatment. The
bone healing in the observation group was significantly better than the control group (p <0.05),
the incidences of local rejection reactions were
not significantly different (p >0.05). Cone-beam
Computed Tomography (CBCT) was performed at
6-month and 12-month following treatment. The
mean bone thickness in the observation group
was significantly lower than the control group, p
<0.05. Both the levels of bone morphogenetic protein 2 (BMP-2) and transforming growth factor β
(TGF-β) in the observation group were significantly higher than the control group, p <0.05.
CONCLUSIONS: The effect of injectable bioactive glass in the restoration of the oral bone defect was better than hydroxyapatite bioceramics. Thus, injectable bioactive glass has great
application value.

the optimal graft material, but these materials had
some limitations2. The injectable bioactive glass had
good bioactivity and biocompatibility, ion exchange
that occurred between the bioactive glass and soft
tissue as well as bone may be directly involved in
the metabolism and restoration of human bone tissue. As a result, identical inorganic mineral, i.e., carbonated hydroxyapatite could form on the material
surface, inducing growth of new bone tissue3,4. Most
previous studies explored the application value of
bioactive glass through animal models5,6, while this
study would further confirm the value of bioactive
glass through clinical controlled trial in humans.

Patients and Methods

Introduction

Patients
This study included 58 consecutive patients who
underwent tooth extraction and denture implantation from September 2013 to September 2014. All
patients had oral bone defect >1 mm. With the approval from the Ethics Committee and informed
consent from patients or families, these patients
were assigned to a control group and an observation
group by a random number table. The control group
included 26 patients, 12 male and 14 female, aged
32.5±6.6 years (23-45 years), bone defect 2.2±0.4
mm (1.2-3.3 mm); the observation group included
32 patients, 14 male and 18 female, aged 33.4±7.2
years (21-46 years), bone defect 2.5±0.3 mm (1.33.2 mm). The differences in sex, age and the size of
the bone defect between observation group and control group were not significant (p >0.05).

Either delayed or immediate dental implantation
after tooth extraction may leave residual bone defects
of varying degrees, which would affect the healing
between implant and self bone tissues1. Currently
used dental filling materials included demineralized
freeze-dried bone, bioceramics, titanium and hydroxyapatite, autologous ilium and oral bone were

Materials
Hydroxyapatite bioceramic was used in the
control group (Beijing Yihua Kemao Co., Ltd.)
and injectable bioactive glass (Model 45S5) was
used in the observation group (NovaBone®, LLC,
Alachua, US). Surgical instruments included tooth
planter (Nouvag), ITI, Nobel and Anthogyr kit.
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Surgical Techniques
After local infiltration anesthesia, we performed
a sulcus incision and full-thickness periosteal flap
elevation, left interdental papilla tissue, debrided the
surface of the tooth root, flattened the surface with
an ultrasound device, and removed all granulation
tissue. According to the protocol for implantation
of biomaterials, we added 0.5 g bioactive glass in a
disinfected plate then we added 3 drops of patient’s
blood, mixed by gentle agitation. We implanted the
biomaterials gradually into the bone defect, pressed
with a spatula and wet gauze until the defect was
fully filled. We next restored the periosteal flap, sutured and fixed closely with 4-0 Gore-Tex suture,
and covered the surgical area with periodontal preparation. The filling of bioceramics was performed in
the same way. After surgery, the patient was advised
to take oral anti-inflammatory drugs for 5 days and
gargle with compound chlorhexidine mouthwash
(tid) to maintained oral health.
Observational Measurements
An X-ray examination was performed at 6-month
and 12-month follow-up to evaluate bone healing,
which could be classified as; complete healing, delayed healing and non-healing. Complete healing
referred to no significant difference in bone mineral
density (BMD) between implant site and normal
bone tissue, and significant boundary between the
cortical bone and cancellous bone; Delayed healing
referred to no significant boundary between implant
site and normal bone tissue, no significant boundary between cortical bone and cancellous bone;
Non-healing referred to clear boundary between
implant site and normal bone tissue. Local rejection
reactions included redness, exudation, infection, fever and allergy. CBCT was used to measure mean
bone thickness, which was the mean thickness of the
neck, body and root tip of the implant. The levels of
BMP-2 and TGF-β were measured by ELISA. The
BMP-2 kit was provided by Jinan Ohno Biological
Engineering Co., Ltd.; TGF-β kit was provided by
Shanghai Jimian Industrial Co., Ltd.

Statistical Analysis
Statistical analysis was performed by SPSS
20.0 software (SPSS Inc., Chicago, IL, USA).
Measurement data was represented by x– ± s, the
t-test was used for inter-group comparison; Categorical data was represented by percentage, the
chi-square test was used for inter-group comparison. p <0.05 indicated a significant difference.

Results
Bone Healing and Local Rejection
Reaction
As shown in Table I, X-ray examination was performed at the 6-month follow up, 17 patients (53.1%) in the
observation group and 7 patients (26.9%) in the control
group achieved complete healing. The rate of complete healing in the observation group was significantly
higher than the control group (χ2=4.060, p =0.044). At
the 12-month follow-up, bone healing in the observation
group was significantly better than the control group, p
<0.05; however, the difference in the incidence of local
rejection reactions was not significant, p >0.05.
Mean bone thickness by CBCT
As shown in Table II, CBCT was performed at
the 6-month and the 12-month follow-up, mean
bone thickness in the observation group was significantly lower than the control group, p<0.05.
The levels of BMP-2 and TGF-β
As shown in Table III, both the levels of BMP2 and TGF-β in the observation group were significantly higher than the control group, p <0.05.

Discussion
Injectable bioactive glass predominantly composed of SiO2, CaO, P2O3 and Na2O, is similar
to the human bone as a compound7. Therefore,
strong chemical bonds were formed between

Table I. Bone healing and local rejection reactions at 12-month follow up [n (%)].
		
Group
Number

Complete
healing

Delayed		
healing
Non-healing

Observation group
26
12 (46.2)
7 (26.9)
7 (26.9)
Control group
32
25 (78.1)
4 (12.5)
3 (9.4)
χ2		6.348			
p		0.012			
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Incidence of local
rejection reactions
3 (11.5)
2 (6.3)
0.059
0.808
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Table II. Mean bone thickness by CBCT (mm).
Group
Observation group
Control group
t
p

Postoperative

6 months

12 months

6.5±0.4
6.4±0.3
0.624
0.239

3.4±0.3
2.9±0.2
4.724
0.036

2.3±0.2
1.6±0.2
5.123
0.027

the injectable bioactive glass and human bone
tissues, the bond strength may produce a stable
interface between the implant and tissue, and the
conductivity was better than hydroxyapatite7. In
vitro experiment showed that mature osteocytes
could be found in HCA-collagen layer and fully
mineralized after the bioactive glass was implanted8. This experiment found the rate of complete
healing was 53.1% and 78.1% in the observation
group at 6th month and 12th month, respectively.
It was reported that subcutaneous implantation of
bioactive glass may not produce allergy or inflammatory reactions, and vascular growth could be seen
in surrounding region, which means that bioactive
glass is biocompatible9,10. This study demonstrated
that the prevalence of local rejection reactions was
only 6.3% in observation group at 12th month, and
the occurrences of local rejection reactions between
bioactive glass and human bone tissue were not significantly different. Also, the bioactive glass had
good biological, osteoconductive and osteoinductive activities, and could induce both intracellular and
extracellular responses between the bioactive glass
and the human bone tissue11. Yuan, et al12 made 45S5
bioactive glass into a porous cylinder and implanted
it into muscle pouches in dogs. After 3 months, the
histological examination found the formation of
bone tissue in the implant, demonstrating an osteoinductive activity of the bioactive glass. Kirk prepared biomaterial with gelatin and the combination
of bioactive glass powder and allogeneic bone powder; this biomaterial had a good osteoconductive and
osteoinductive activities13. The soluble ion released
from the surface of bioactive glass particles could
stimulate cellular autocrine activity, including the
secretion of osteoinductive molecules, such as BMP,

TGF, insulin-like growth factor, platelet-derived factor and fibroblast growth factor14,15. These molecules
could maintain in high levels and sustained release
not only locally but also in systemic circulation,
increase cellular activity, accelerate osteogenesis
and chondrogenesis, and increase successful rate of
implantation16,17. This study suggested that both the
levels of BMP-2 and TGF-β in observation group
were significantly higher than the control group at
12th month.
The bone defect could lead to approximately
50% loss of alveolar bone volume, the change of
bone volume could directly result in gingival recession and morphological change of soft tissue,
and affect the normal formation of cancellous bone
and cortical bone18,19. CBCT provided good imaging of bone tissue and low radiation dose; thus,
could be used for multiple oral examinations and
accurate measurement of bone volume20,21. This
work demonstrated that the mean bone thickness
in the observation group was significantly lower
than the control group at 6-month and 12-month
follow-up, indicating that the implant material in
the observation group had better absorption and
less bone volume decrease.
In comparison to human bone tissue, the bioactive glass had certain limitations, such as the
presence of silicon, which could not be degraded
in vivo22. The mechanism of silicon metabolism
hasn’t been clarified. Irrespective of the duration
of the implant, the bioactive glass could not be
transformed into the materials similar to human
bone tissue. The degradation rate of bioactive
glass may lead to decreased mechanical strength
in the short term this was not beneficial for the
restoration of the bone defect.

Table III. The levels of BMP-2 and TGF-β.
Group
Observation group
Control group
t
p

BMP-2 (pg/mL)

TGF-β (μg/L)

32.8±9.6
65.3±14.5
5.623
0.023

72.6±26.8
102.3±35.7
6.237
0.014
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Conclusions
The effect of injectable bioactive glass in the
restoration of the oral bone defect was better than
hydroxyapatite bioceramics. Thus, injectable bioactive glass has great application value.
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