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Abstract 
Background: There are a large number of different types of bone-grafting materials that are used for the regeneration of 

atrophied alveolar ridges in order to make dental implantation possible. However, available surgical techniques and materials for bone 
augmentation do not contribute to the achievement of the desired reliable results and require a search for new solutions to an existing 
problem. A group of synthetic osteoplastic materials based on bioactive glass (BAG) may become a matter of choice in bone tissue 
regeneration because of special osteogenic properties. The aim of this study was to visually and histologically evaluate the behavior 
of an experimental BAG in rabbit tibia bone samples, which were collected from the animal 6 weeks after filling the bone defects.

Methods and Results: The observation was carried out on one outbred rabbit whose tibia bone defects were filled with 
an experimental osteoplastic material based on the BAG. The chemical composition of the experimental osteoplastic material 
included SiO2 (41%), Na2O (21%), CaO (28.5%), P2O5 (6%), CaF2 (1.5%), MgO (1%), Al2O3 (1%). For histological analysis, H&E 
staining of paraffin-embedded tissues was performed according to the standard technique. Light microscopy of tissue samples was 
performed using a Leitz HM-LUX microscope (Germany).

Six weeks after filling the bone defects, a strong bond between the augmented hard tissue and rabbit tibia was recognized. 
Also, a dense fusion of adjacent soft tissues with a newly formed bone without signs of chronic inflammation or graft particles 
in granular tissue was noted. Microscopic examination of the stained sections showed the presence of mature viable BT with a 
uniform distribution of osteocytes. Also, residual fragments of the degraded biomaterial surrounded by the fibers of a woven bone 
were revealed in several slices.

Conclusion: In accordance with the results of this experiment, it can be concluded that the usage of BAG related to the 
system SiO2(41%)-Na2O(21%)-CaO(28.5%)-P2O5(6%)-CaF2(1.5%)-MgO(1%)-Al2O3(1%) may increase the volume of bone 
without application of barrier membrane. However, further research involving more animals needs to be done to estimate the 
scientific significance of the obtained data and to evaluate the mechanical properties of augmented bone.(International Journal 
of Biomedicine. 2021;11(3):308-314.)

Key Words: bioactive glass • bone tissue • vertical guided bone regeneration • osteogenesis

For citation: Melkumyan TV, Kamilov NKh, Daurova FYu, Dadamova AD. Evaluation of Vertical Guided Bone Regeneration 
Using a Particulate Form of Experimental Bioactive Glass in a Rabbit: A Case Report with Literature Review. International 
Journal of Biomedicine. 2021;11(3):308-314. doi:10.21103/Article11(3)_CR2

Abbreviations
BAG, bioactive glass; BT, bone tissue; GBR, guided bone regeneration; DO, distraction osteogenesis; VGBR, vertical GBR

Introduction
For the last few decades, mouth rehabilitation of patients 

with dental implants has become a widespread treatment 
modality in general practice. Such a rapid growth in this direction 

is caused by several factors, of which the most important and 
defining of the general tendency are the understanding and 
positive perception of patients who are considering dental 
implants as an effective and reliable treatment alternative for 
prosthetic replacement of missing teeth.(1,2) 
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In addition to patient comprehension, the growing 
number of field specialists also plays an important role in the 
development of dental implantology, because the outcome 
of implant therapy is highly dependent on correct digital 
treatment planning and effective cooperation of oral surgery 
and prosthodontics. Also, there are many other reasons 
related to the development and application of new materials, 
equipment, and technologies.(3,6)

However, despite the many positive aspects that promote 
the growth of dental rehabilitation through implants, the main 
obstacle to its spread is a deficiency of hard and soft tissues. 
In accordance with many studies, a sufficient amount of bone 
and attached gingiva around implants are the key prerequisites 
for their long service.(7,8)

In these particular cases, surgery for guided bone 
regeneration (GBR) is considered to be a viable opportunity 
for the patient and for the dental practitioner to place dental 
implants in an atrophied alveolar ridge. Data indicating the 
application of GBR first began to appear in the late 1980s. At 
that time, along with experimental studies in this direction, the 
usage of barrier membranes in clinical practice was going to 
be widespread.(9-11)

One of the most studied methods of surgical 
reconstruction of the alveolar ridge with barrier membranes 
is a two-stage surgery of horizontal augmentation. Data on the 
results of using this method has been published periodically 
for more than 30 years. For this period of time, every step 
of surgery had been optimized with consideration of possible 
complications, and successful outcomes of dental implant 
therapy were achieved.(12-14)

However, taking into account cosmetic aspects of patient 
rehabilitation with dental implants, the need for VGBR in esthetic 
zones also takes precedence. But unlike horizontal augmentation 
of buccal resorption of the alveolar ridge, reconstructing its 
vertical dimensions is the most difficult task.(15-17)

A systematic review of the main database and relevant 
articles from refereed journals for the period from 1980 to 
2005 revealed that VGBR of a severely resorbed alveolar ridge 
is a sensitive surgical procedure. Also, it was noted that the 
normal functioning of dental implants placed in augmented 
regions is less dependent on the amount of regenerated bone 
and more related to the quantity and quality of residual hard 
tissues, which are responsible for the primary and secondary 
stability of a fixture.(18) 

In some clinical cases, existing methods of vertical 
augmentation with different types of materials make it 
possible to obtain positive outcomes of reconstructive surgery. 
However, every chosen treatment protocol is characterized 
by insufficient reproducibility and a high probability of 
postoperative complications.(19,20)

The most commonly used method for vertical 
augmentation of the atrophied alveolar ridge, as well as with its 
horizontal reconstruction, remains GBR with the application 
of barrier membranes and particulate bone. However, as a 
dental practice has shown, to achieve satisfactory outcomes 
by using this technique, it is mandatory to use different types 
of titanium meshes or reinforced polytetrafluoroetylene 
membranes, but this can be a reason for wound dehiscence with 

subsequent infection, loss of graft material, and subsequent 
clinical failure.(21-23) 

Using autogenous bone blocks for VGBR is not a 
widespread treatment modality because of a lot of shortcomings, 
such as an extended operative time, donor site morbidity and 
swelling, insufficient amount of graft and adjustment challenges, 
graft resorption, or absence of gradual vascular ingrowth.(24-27) 
As opposed to the surgery of autogenous bone harvesting, the 
practice of allogeneic bone blocks for the vertical reconstruction 
of the resorbed alveolar ridge is less invasive and might be 
promising, but still, they cause issues of disease transmission 
and immune rejection.(28-31)

A relatively new method for 3-dimensional augmentation 
of the resorbed alveolar ridge is the bone ring technique. This 
type of one-stage VGBR surgery involves placing a dental 
implant through preliminary adjusted autogenous or allogeneic 
bone block graft of the corresponding shape. However, in 
accordance with the results of several studies, the efficacy of 
this approach may be more significant in the reconstruction of 
a single vertical bone deficiency, but further observations are 
yet to be done.(32)

Alternative surgery of DO is associated with mounting a 
special device on the alveolar ridge, which helps to gradually 
distract a transport bone segment for new bone formation 
in the traction zone. Even though using this kind of VGBR 
allows achieving a maximum possible natural bone growth 
with simultaneous expansion of the soft tissues, the method 
of DO can be characterized as less predictable with a high 
probability of postoperative complications.(33,34)

Considering these methods, it is quite clear that available 
VGBR techniques and materials for bone augmentation do not 
contribute to achieving the desired reliable results and require 
the search for new solutions to an existing problem.

In order to assess the potential of new materials that 
could be applied with confidence for regeneration of BT, 
preliminary in vitro and in vivo studies with the application of 
clinically relevant models are of prime concern.(35)

It is well known that autogenous bone has 
osteoconductive, osteoinductive, and osteogenic properties. 
However, the harvesting of autograft is the reason for 
additional trauma, and the bone itself is subject to rapid 
resorption. Widely used bone substitute materials based on 
hydroxyapatite and tricalcium phosphate have no property 
to biologically bond with soft tissues and require the use of 
collagen membranes.(36,37)  

In contrast, there is a new group of synthetic osteoplastic 
materials based on BAG, which possesses all the properties 
of an autogenous bone and can become a reliable alternative 
when planning a three-dimensional reconstruction of an 
atrophied alveolar ridge.(38)

The first melt-derived BAG was created thanks to the 
discovery of Larry Hench, who developed «Bioglass» based 
on oxides of silicon, sodium, calcium, and phosphorus. This 
material had the ability not only to mimic living BT, but also 
to induce the growth of a new bone.(39-42)

It should also be noted that over the years since the 
appearance of Bioglass 45S5, attempts are still being made 
to change its basic composition by adding some elements 
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to modulate the necessary properties and to improve its 
biocompatibility.(43-46)

Therefore, the aim of this study was to visually and 
histologically evaluate the behavior of an experimental BAG 
in rabbit tibia bone samples, which were collected from the 
animal 6 weeks after filling the bone defects.

Material and Methods
In the present study, an observation was carried out on 

one outbred rabbit aged from 1.5 to 2 years and weighing 
3.1kg, that was a participant in a parallel study, the purpose 
of which was the evaluation of osseointegration of hollow 
cylindrical zirconia implants placed in the rabbit tibia bones 
(Fig. 1 [a, b]). Because the animal was not sacrificed by the end 
of the time established for implant osseointegration, the bone 
defects (Fig. 2 [a, b]) caused by the removal of the implants 
were filled with an experimental osteoplastic material based 
on the BAG to assist the healing of bone (Fig. 2 [c,d]).

The experimental DAG was made traditionally by means 
of the melt-quenched method in a high-temperature furnace 
with silit rods at a maximum temperature of 1450 °C and hold-
time for 1 hour, after which the molten mass was quenched 
into water. Formed granules of different sizes were ground in 
a ball mill and sieved in order to achieve particles with a size 
of 0.5-1 mm. The chemical composition of the experimental 
osteoplastic material included SiO2 (41%), Na2O (21%), CaO 
(28.5%), P2O5 (6%), CaF2 (1.5%), MgO (1%), Al2O3 (1%).

The surgery was performed under general intravenous 
anesthesia using 1% sodium ethaminal solution in a dosage 
of 3ml/kg body weight, which was combined with local 
infiltration anesthesia with 2-4 ml of 2% lidocaine solution. 
Hair was removed in the areas of the planned intervention (area 
of the knee joints of both limbs) using scissors and a razor. 
After manipulation, the skin was treated with ethanol solution. 
The incision was made over the protruding part of the implant, 
which could be palpated under the skin. The length of the 
incision in each limb was about 4 centimeters. After elevation 
of the full-thickness flaps, the protruding part of the implant and 
part of the adjacent cortical bone were exposed (Fig. 1 [a, b]), 
and the implant was removed using a special instrument. Bone 
defects (Fig. 2 [a, b]) were filled in excess without the use of 
barrier membranes (Fig. 2 [c, d]). The amount of BAG material 
used in each site was around 1.5cm3. The wound was closed 
with a single layer of sutures (Vicryl 5/0) (Fig. 3), after which 
the suture knots and surrounding skin were treated with a 5% 
alcohol solution of iodine.

Reentry surgery was performed 6 weeks later. The 
operations were carried out according to a similar principle. 
Newly formed BT was collected using a trephine drill with an 
outer diameter of 5 mm at a speed of 1200 rpm under constant 
saline cooling (Fig. 4 [a,b]).

                         (a)                                           (b)
Fig.1. (a, b) Integrated hollow cylindrical zirconia 
implants (experimental) 6 weeks after implantation in 
rabbit tibia.

                         (a)                                           (b)

Fig.2.  (a, b)  Bone defects formed after removal of hollow cylindrical 
zirconia implants; (c, d) Bone defects filled with particulate BAG

                        (c)                                           (d)

Fig.3. Simple interrupted sutures.

                       (a)                                           (b)
Fig.4. (a)  A sample of a newly formed bone
(b)  Osteotomy after bone sampling with a trephine drill
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Collected BT samples were fixed in a 10% neutral 
buffered formalin solution, after which they were decalcified, 
washed, dried, and embedded in paraffin. Ready paraffin 
blocks were subjected to sectioning, and slices of a 4-6μm 
thickness were obtained and stained with hematoxylin and 
eosin. Light microscopy of tissue samples was performed 
using a Leitz HM-LUX microscope (Germany).

All experiments were performed in accordance with 
the Guide for the Care and Use of Laboratory Animals (The 
Institute of Laboratory Animal Resources, 1996). The study 
protocol was reviewed and approved by the Ethics Committee 
of Tashkent State Dental Institute.

Results 
Before the surgery in the area of bone augmentation, the 

purpose of which was to identify the physiological response 
of soft and hard tissues to the implanted material, the health 
condition of the animal was assessed as normal. Visual 
examination of the limb skin showed normal healing without 
signs of purulent inflammation.

On palpation, regional lymph nodes were not enlarged. 
Also, in each limb, dense and immobile subcutaneous 
formations were present.

After making a longitudinal incision of the skin and 
periosteum over the protruding formations and elevating full-
thickness flaps on the cortical surface of each tibia bone, an 
overgrowth of irregular size and shape was revealed, which 
differed from the natural bone in color and resembled a vitreous 
mass (Fig. 5 [a, b]). Also, when flaps were pushed away from 
the bone, a dense fusion of adjacent soft tissues with a newly 
formed bone without signs of chronic inflammation or graft 
particles in granular tissue was noted.

During the bone sampling, a strong bond between the 
augmented hard tissue and rabbit tibia was recognized. Also, 
there was no separation of augmented hard tissue from the 
host or occurrence of cracking lines along the visible interface, 
which could be the cause of a drilling vibration.

Microscopic examination of the stained sections showed 
the presence of mature viable BT with a uniform distribution 
of osteocytes (Fig. 6 [a, b]). Also, residual fragments of the 

degraded biomaterial surrounded by the fibers of a woven 
bone were revealed in several slices (Fig. 6 [c, d]).

Discussion
3D reconstruction of an atrophied alveolar ridge is not 

a fully resolved issue in dental implantology because existing 
methods of vertical bone augmentation are not without 
drawbacks. 

Considering the priority of development and 
implementation of new bone grafts for bone regeneration, 
the experimental animal research with the application of a 
clinically relevant model is one of the first steps in evaluating 
their safety and efficacy.

The rabbit tibia model is a widely used one because it 
allows analyzing the biological response on bone graft material 
and dental implant. This circumstance had served as the basis 
for choosing this experimental model in this study.(47-49)

To date, there is a large amount of data indicating a 
high efficiency of bone-grafting materials based on bioactive 
glass, which is successfully used in filling bone defects after 

                      (a)                                           (b)
Fig.5. (a, b) Overgrowths of a newly formed bone in places of 
bone graft implantation.

                    (a)                                       (b)

                    (c)                                       (d)
Fig.6. (a) Histological section of a bone collected from 
grafted site (H&E, ×20) – newly formed bone with uniformly 
distributed osteocytes; (b) Histological section of a bone 
collected from a grafted site (H&E, ×40) – non-mineralized 
osteoid matrix and newly formed bone; (c) Histological 
section of a bone collected from a grafted site (H&E, 
×20) – woven bone surrounds residual fragments of BAG; 
(d) Histological section of a bone collected from a grafted 
site (H&E, ×40) – non-mineralized osteoid matrix at the 
interface with BAG
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removing benign neoplasms. Also, there are sources of data 
that confirm the positive behavior of this group of materials in 
the presence of pathogenic microflora.(50-54)

In the present experimental case study, a pronounced 
adhesion of a newly formed bone to the bone of the host was 
noted. Similar behavior of BAG bone grafts was observed in 
other studies, which confirmed the existence of its bonding 
ability to living tissues after the consolidation of the graft.(55-58)

Also, it should be noted that consolidation of the 
particulate bone graft and maturation of new BT occurred 
without using barrier membranes. This observation confirmed 
the ability of materials based on BAG to form a strong 
biological connection with soft tissues as well.(59)

Similar observations were made by other researchers, 
who did not find a significant difference between the usual 
grafting of bone defects using a BAG material and its 
application with a barrier membrane.(60)

Thus, in accordance with the results of this experiment, it 
can be concluded that the usage of BAG related to the system 
SiO2(41%)-Na2O(21%)-CaO(28.5%)-P2O5(6%)-CaF2(1.5%)-
MgO(1%)-Al2O3(1%) may increase the volume of bone 
without application of barrier membrane. However, further 
research involving more animals needs to be done to estimate 
the scientific significance of the obtained data and to evaluate 
the mechanical properties of augmented bone.
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