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Abstract 

The aim of this study was the evaluation of the osseointegration degree of two synthetic bone augmentation 

materials, a commercial product and an experimental one, using the optical coherence tomography. We made two study 

groups composed of 8 laboratory Whistar rats on which we created experimental cavities with a diameter of 3 mm at the 

level of the parietal bone and mandible. Samples were obtained from both calvaria and the mandible of the animals after 

two months for first study group and after four months for the other. Optical coherence tomography (OCT) was used for 

a non-destructive evaluation of the surface and subsurface of bone tissue. The results of our study showed in general a 

good integration of the inserted materials; in some cases the healing of the augmented cavities with the experimental 

material was faster, while the commercial material offered a more reproducible healing pattern. 
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1. Introduction 

Bone grafting is a surgical procedure 

that replaces missing bone tissue with a 

natural substitute or a synthetic material [1]. 

The most common use of bone grafting is in 

application of dental implants, where the 

initiation of osteogenesis and formation of 

young bone on the surface of the grafted bone 

areas are mandatory for the acceptance of the 

dental implants by host tissues [2]. Moreover, 

bone augmentation provides the optimal 

framework to reduce stress in the peri-implant 

region [3]. In addition, the development of 

biomaterials science has significantly 

improved the available treatment options also 

for periodontal tissue engineering [4]. 

Even the autologous bone is still 

considered the ―gold standard", a serie of 

drawbacks associated with harvesting bone 

from a donor site makes the use of synthetic 

materials more and more popular [5]. 

Synthetic bone substitutes can be fabricated 

from calcium phosphates, such as 

hydroxyapatite and tricalcium phosphate, 

calcium sulfate, bioactive glass, polymers, or 
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metals. They represent a large group of 

inorganic biomaterials with various structures, 

chemical composition, and physical 

properties, which serve as a 3-dimensional 

structural scaffold for cell in-growth and bone 

regeneration [6]. 

The optical coherence tomography 

(OCT) is an imaging technique characterized 

by high spatial resolution and non-invasive 

detection already used in dental research to 

observe hard and soft oral tissues [7,8]. OCT 

has the capability to monitor the bone healing 

process in vivo, non-invasively, in contrast to 

the gold standard of histopathology  and with 

higher resolution than radiography, even there 

is a  lower penetration depth and field-of-view  

[9]. 

This study is part of a complex research 

project that aims to evaluate the 

biocompatibility of two bone augmentation 

materials: a commercial product and an 

experimental one. This part of the project 

represented by this study aimed to evaluate 

the degree of osseointegration of these 

synthetic bone augmentation materials using 

the optical coherence tomography. 

2. Materials And Methods 

For this study we made two study 

groups composed of 8 laboratory Whistar rats.  

Experimental cavities with a diameter of 3 

mm at the level of the parietal bone and 

mandible were made on these animals. The 

surgeries were performed within the 

University of Medicine and Pharmacy 

Craiova Animals Facility, after a technique 

that was previously described [10] and the 

study protocol was approved by the Ethics 

Committee of our university. These 

interventions were performed under general 

anesthesia with ketamine and narcoxide using 

Ketamidor 100 mg / ml 20 IU (0.2 ml) and 

Xilazyn Bio 2% 0.3 ml. 

 

After the incision and detachment of the 

periosteum, both at the level of the calvaria 

and at the mandible, the bone cavities were 

made with the help of a micromotor cooled 

with physiological serum, with a spherical 

bone bur with a diameter of 3 mm. On the 

calvaria, two cavities were made on the 

parietal bone on either side of the sagittal 

suture. The cavity on the left side was filled 

with  Ossceram Nano (Bredent, Germany) a 

commercial synthetic material, composed of 

two phases of ceramic calcium phosphate 

with the proportions: 60% hydroxyapatite), 

40% β-tricalcium phosphate The cavity on the 

right side was filled with an experimental 

synthetic material based on synthetic zeolite, 

loaded with natural extracts and 

biopolymerically encapsulated made within  

the Faculty of Applied Chemistry and 

Materials Science, University Politehnica 

Bucharest (Fig.1). 

Figure 1. Calvaria cavities 

filled with the commercial synthetic 

material on the left side of the 

sagittal suture, and with the 

experimental material on the right 

side of it. 
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In the mandible, the cavities were made 

in the distal area of the incisor alveolar 

process at 3 mm below its cervical edge 

(Fig.2). Likewise, the cavity on the left side 

was filled with the commercial synthetic 

material, while the cavity on the right side 

was filled with the experimental one. 

After augmentation the wound was 

closed and sutured with non-absorbable 

threads 5.0. Laboratory animals were kept 

under observation and fed according to the 

standard diet. The animals in the first study 

group were euthanized after two months, and 

those in the second group after four months in 

order to evaluate the way in which the wound 

healing is performed. Euthanasia of 

laboratory animals was performed according 

to current standards by administering an 

anesthetic overdose. 

Samples were obtained from both 

calvaria and the mandible, samples that were 

sectioned using the micromotor to appropriate 

dimensions to include both areas of bone 

healing and adjacent normal bone tissue. The 

samples were then subjected to several 

examination methods according to a 

previously described protocol [8]. 

Optical coherence tomography (OCT) 

was used for a non-destructive evaluation of 

the surface and subsurface of bone tissue. We 

made the OCT study in the UMF Craiova 

facilities using an SSOCT device 

(THORLABS , OCS1300SS; Munich, 

Germany). The laser source is a swept laser 

(55 kHz), working on a central wavelength of 

1325 nm (average power ≈12 mW). The 

system allows 2D and 3D scans. Axial 

resolution is about 12 μm and lateral 

resolution is about 15 μm. Optical power on 

the sample is 5 mW. The setup imaging used 

was X-1024 pixels, width 10mm; Z- 512 

pixels, width 2 mm, 2.2 contrast and 159 

brightness. 

3.  Results 

 

                        
Figure 3 Clinical aspects of the internal face of calvaria and mandible samples obtained 2 

months after the bone augmentation materials insertion 

Figure 2. Mandibular bone 

cavity filled with the experimental 

augmentation material, placed in the 

distal area of the incisor alveolar 

process. 
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Figure 4 OCT aspect of  a calvaria sample 2 months after insertion of the commercial 

bone augmentation material 

 

 
Figure 5 OCT aspect of  a calvaria sample 2 months after insertion of the experimental 

bone augmentation material 
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Figure 6 OCT aspect of  a mandible sample 2 months after insertion of the commercial 

bone augmentation material 

 
Figure 7 OCT aspect of  a mandible sample 2 months after insertion of the experimental 

bone augmentation material 
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Figure 8 Clinical aspects of the calvaria and mandible samples obtained 4 months after the 

bone augmentation materials insertion 

 
Figure 9 OCT aspect of  a calvaria sample 4 months after insertion of the commercial 

bone augmentation material 

 

 
Figure 10 OCT aspect of  a calvaria sample 4 months after insertion of the experimental 

bone augmentation material 
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Figure 11 OCT aspect of  a mandible sample 4 months after insertion of the commercial 

bone augmentation material 

 

 
Figure 12 OCT aspect of a mandible sample 4 months after insertion of the experimental 

bone augmentation material 

 

4.  Discussions 

The results of our study showed in 

general a good integration of the inserted 

materials. The experimental model of two 

defects induced side by side in the same 

individual rat allow a self contained 

environment that gave both defects the same 

baseline healing conditions [11].  

After two months the defects were still 

clinically detectable, and the OCT 

examination showed the existence of cavities 

inside the newly formed bone. After four 

months, the clinical examination hardly 

revealed the place of intervention, both 
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materials facilitating the filling of the cavities 

created with a homogeneous bone tissue and 

with an increased density on the OCT images. 

The refractive index of the synthetic 

commercial material beeing higher than the 

adjacent bone structures index may allow 

some spectacular observations using optical 

coherence tomography [8]. 

Guided bone regeneration is used 

satisfactorily nowadays in dentistry especially 

in order to facilitate a prosthetically-driven 

implant placement [12]. A finite element 

study showed that virtually increasing bone 

mass and allowing for larger implants to be 

used, strain values decreased showing that 

bone augmentation may favorable to the long-

term survival of implant-supported 

restorations [13]. 

The choice of the bone graft is related to 

systemic status of patient, osteogenic 

potential of receptor site, the available growth 

time of new-born tissue [14]. However, there 

is currently no consensus on material choice  

related to case selection or the clinical 

technique. Generally, patients preferred 

nonautogenous bone sources as there were 

fewer hospital days, less pain, and better 

recovery time [15]. Bone substitute materials 

such as alloplastic grafts, or  xenografts seem 

to be good alternatives to autogenous bone 

and can be considered as grafting materials to 

avoid disadvantages [16]. In some statitical 

studies xenografts were the most used graft 

materials both in maxillary and implant sites, 

for molars and premolars [17], but new 

developments in material sciences offer a 

range of synthetic replacements for natural 

grafts to address the shortcoming of a second 

surgical site and relatively high resorption 

rates [18].  

The histological method  represents the 

classical evaluation of the bone graft materials 

biological integration [19], but since it is a 

distructive method, new ways of evaluation 

are constantly evolving. A number of imaging 

techniques such as intraoral and panoramic 

radiography, as well as three-dimensional  

cone beam computed tomography [20], have 

entered in the daily dental use, but they have 

the disadvantage of the exposure to X-ray 

radiation. 

OCT uses low-power IR laser radiation, 

it is entirely non-invasive, with the advantage 

of avoiding patients’ exposure to radiation—

in contrast to X-ray techniques. and image 

resolution in OCT is much better. However, 

bone-related investigations and periodontitis 

may demand data from higher-penetration 

depths than possible with the current level of 

OCT technology [9]. What is however 

important is that a quantitative analysis of the 

process of bone formation in rat calvaria may 

be achieved using OCT, which may allow the 

researchers to establish the efficiency of 

different techniques that can be used in bone 

regeneration, especially taking into 

consideration the complexity of the wound 

healing process and the large number of 

factors influencing it [21].  

 

5. Conclusions 

The results of our study showed in 

general a good integration of the inserted 

materials, however with great variability 

between samples from the same study group. 

In some cases the healing of the 

augmented cavities with the experimental 

material was faster, at 4 months the synthetic 

material being replaced almost entirely with 

new bone tissue. The commercial material 

offered a more reproducible healing pattern, 

and from the point of view of OCT 

examination its higher refractive index allows 

a better identification. 
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