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INTRODUCTION 
 

Alveolar ridge resorption subsequent to the loss of tooth is a common phenomenon. 
Immediately after the extraction of a tooth, alveolar ridge width and height decrease rapidly, with 
a loss of about 40% to 60% of their values in the first three years after extraction. Then, this 
percentage drops by 0.25% to 0.5% per year. The concept of bone regeneration has emerged 
as a natural consequence of the need for oral rehabilitation using implant supported restorations 
in cases of partially or totally edentulous patients, who do not benefit from a sufficient supply of 
bone. Oral rehabilitation of partial or total edentulous patients with dental implants has become a 
routine treatment in recent decades, with long-term sustainable results. 

The use of laser therapy in the field of implantology has a wide applicability, due to the 
positive effect that laser radiation exerts on tissue repair processes. The role of 
photobiomodulation in the processes of healing, repair and bone regeneration was based on 
previous studies, which showed that fibroblasts irradiated by photobiomodulation produced a 
higher amount of collagen. On the same reasoning, it went further, considering that laser-
irradiated osteoblasts will be stimulated in order to form the osteoid matrix. Due to the positive 
effects on bone metabolism, observed especially in the case of fracture consolidation, the use of 
low energy therapeutic laser (hereinafter referred to as LLLT or photobiomodulation) has been 
encouraged in clinical practice. Effects related to biomodulation include increased vascularity, 
increased osteoblastic activity, organization of collagen fibers, and changes in mitochondrial and 
intracellular levels of adenosine triphosphate. It is a non-invasive method of stimulating 
osteogenesis and accelerating the healing of bone defects1-4. 

 
 
OBJECTIVES OF THE STUDY 
 

The first objective is to develop an experimental model that would allow the 
reproduction of the study on a sufficient number of subjects, so that the results could be 
evaluated statistically. The present study aims to analyze defects created in the calvarial bone of 
the studied animals, this being a versatile model, which allows the evaluation of biomaterials and 
bone tissue engineering in a reproducible orthopedic site, which is free of mechanical loads.  

The second objective refers to the knowledge of the role and benefits of laser therapy 
in bone augmentation and regeneration procedures. To achieve the desired effects, the operator 
must have a solid knowledge regarding the use of laser therapy, which includes: radiation doses, 
its application points, the specificity of the wavelength indicated in post-surgical treatments, as 
incorrect use of laser radiation can cause uncontrolled effects. The effects of biomodulation, in 
association with biomaterials in bone defect repair processes, need further study, as different 
responses from the host organism have been found. 

A third objective and particular aspect of this research is to stimulate collaboration with 
international centers specialized in this field, which are interested to make their contributions in 
these areas of medical interest. The publication of multicenter studies have a decisive role in the 
effective evaluation and implementation of these methods of treatment. Achieving this goal is 
intended to be done by integrating in this study several technologies with specificity and 
applicability in our field of interest, namely micro-CT using Synchorotron radiation, optical 
coherence tomography, cone beam computed tomography and the gold standard regarding the 
qualitative evaluation of bone repair - the histological analysis. In this way, we aim to evaluate 
the process of bone repair in its complexity, not only in terms of quantity or bone 
microarchitecture, but also in terms of quality, composition and degree of mineralization, to 
obtain an overview of the results obtained by the proposed technique. 

The first part of the thesis presents a series of data from the literature, which represents 
the current state of knowledge in the field of interest and follows several research directions: 
bone physiology and the biological mechanism of bone healing, prevention of alveolar resorption 
and the concept of guided bone regeneration, bone replacement materials and membranes 
used in guided bone regeneration techniques, methods for assessing the quantity and quality of 
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bone substrate, the mechanism, role and benefits of photobiomodulation in bone augmentation 
and regeneration procedures, general information on photobiomodulation in the field of dentistry, 
the dose of laser radiation, the mechanism of action of laser photobiomodulation, the effects of 
laser radiation on bone tissue. 

The second part presents in detail the materials, methods and results obtained through 
personal contribution to the research. 

 
 

SUMMARY OF PERSONAL CONTRIBUTIONS 
 

I. ESTABLISHING THE EXPERIMENTAL MODEL, THE SURGICAL PHASE AND 
PHOTOBIOMODULATION TREATMENT 

 
In the first part of the study, we decided to use the Wistar breed. We established the 

investigated region to be the calvary (parietal bone), due to the advantages previously 
exposed, and the size of the critical defect was set at 5 mm. The ethical approval for the 
preparation of bone samples was obtained from the International Animal Care and Use 
Committee on Ethics at the Experimental Research Institute of the Victor Babeş University of 
Medicine and Pharmacy of Timisoara, Romania and 24 Wistar rats with an average weight 
of 287 g (range 247-312 g) were randomly distributed into three study groups, each of them 
having 3 different time periods, during which the process of bone healing was observed, as 
follows: 

-  the negative control group (NC), in which 5 mm critical defects are created in the 
calvarial region, after which the animals are sutured and allowed to heal 
spontaneously, for a period of 14, 21 and 30 days, respectively 

-  the positive control group (PC) in which 5 mm critical defects are created in the 
calvaria region, the defects are filled with xenograft and covered with collagen 
membrane, after which the animals are sutured and allowed to heal for a period of 14 
, 21, respectively 30 days 

-  the study group (+ LLLT), in which 5 mm critical defects are created in the calvaria 
region, the addition of xenograft and collagen membrane defects are performed and 
photobiomodulation treatment is applied immediately postoperatively and 
subsequently, on alternate days, for a period of 14, 21 and 30 days, respectively. 
 
The study group is exposed to low-energy laser radiation using Gallium-Aluminum-

Arsenic equipment (IRRADIA Mid-Laser Stockholm, Sweden), with a working length of 808 
nm, following a protocol established by our research team: 2J / cm2 in the first, second and 
third day after surgery, then alternately (1 day irradiation, 1 day break) in the next 14, 21, 
and 30 days, respectively, depending on the study group to which the animal subject 
belongs. The photobiomodulation protocol involved the use of the plastic guide made 
intraoperatively, to replicate the same precise position in the 5 energy delivery points: one 
point centrally located, in the middle of the defect and four points located diametrically 
opposite, on the edges of the 5 mm defect. 

 
 

II. STUDY OF THE SAMPLES USING MASTER SLAVE OCT  
 
SCANNING OF HARVESTED SAMPLES 

In order to study the formation of new bone tissue inside the defect - with or without 
the grafting material - each of the four quadrants of the defects is imagined separately, using 
the internally developed CMS / SS OCT system. The interface with the edges of the defect, 
respectively with the native bone is of special interest, in order to study the process of bone 
neoformation, which, most often, is initiated from the periphery of the bone defect. 
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To use the CMS / SS OCT multimodal system in the quantitative assessment of bone 
healing, the different types of bone tissue must be perceived distinctly on each en-face 
image obtained during the imaging process. Brightness thresholds should therefore be 
allocated to each type of bone tissue, taking into account the differences in mineralization 
between them. For this, a software was developed to establish the brightness thresholds and 
to generate, based on them, the percentage volumes of the investigated tissue types. 

 
RESULTS AND DISCUSSIONS 

The CMS software used for 3D / volumetric reconstruction of the sample produces 600 
images over an axial range of 1.6 mm, for all four quadrants. The formation of new bone tissue 
is compared between the three groups, in three moments of time: (I) t1 = 14 days, (II) t2 = 21 
days and (III) t3 = 30 days. Thus, it results the display of 12 images obtained from the surface of 
2.8 × 2.8 mm2 of quadrant - for each of the samples considered. The investigations as well as 
the statistics on the data obtained included all four quadrants and thus the entire area of interest, 
including the periphery of the defect, as a way to reduce errors with respect to the entire 
curvature of the sample and the amount of native bone included in the sample, in certain 
images. 

The statistical analysis highlights the information obtained on the healing curve of 
bone tissue: by performing a comparison between the three study groups, the results 
showed significant differences in the healing process, depending on the time of healing and 
the treatment applied. Differences of statistical significance were found between the two 
control groups, positive B and negative A. The percentage of newly formed bone was higher 
for the healing period of 30 days than for 21 or 14 days, both for negative control, Group A 
and for positive control, Group B. The most important variation was found by making a 
comparison between groups B and C, thus evaluating the effect of photobiomodulation on 
the healing process of bone tissue, in case of application of guided tissue regeneration 
techniques. Significant differences were found during the statistical analysis for the 21-day 
healing period, where it was observed that photobiomodulation had the greatest effect, by 
inducing the formation of the largest amount of new bone. The results obtained with OCT 
were confirmed when performing histological examination of the samples. 

The results of the present study suggest that the positive effects of 
photobiomodulation on bone repair processes depend on time, having a greater impact 
during the early stages of healing. This conclusion is supported by the results of other 
research groups, which used methods of investigation other than OCT5-7. Qualitative 
histological analysis and histometric analysis showed that photobiomodulation can improve 
the bone formation process in bone defects filled or not with bovine bone graft, but without 
accelerating the resorption of particles of this material inside the bone defect8. 

 

CONCLUSIONS 
A quantitative analysis of the healing process of calvarial bone defects of Witsar rats 

was performed using optical coherence tomography. To the best of our knowledge, this is 
the first time when OCT has been used as a tool to evaluate the effects of laser 
photobiomodulation on bone regeneration. Despite the inherent limitations of the method, 
the results obtained and the statistics performed using OCT were in agreement with previous 
studies that addressed bone healing using other methods, including the gold standard of 
qualitative assessment of bone tissue, the histological examination. 

As such, I believe that this research represents a breakthrough in the en-face 
imaging as a method of assessing bone regeneration. The major advantage of the method is 
that it can be applied for in vivo evaluations, using hand held samples for laser scanning in 
the oral cavity9. 
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III. HISTOLOGICAL STUDY OF SAMPLES 
 
HISTOLOGICAL EXAMINATION OF THE SAMPLES  

Although invasive and sensitive as a working technique, the gold standard in terms of 
tissue healing processes remains the histological examination, which is why the 
experimental study conducted includes the realization and interpretation of histological 
sections. A number of biological parameters must be evaluated in the repair of bone defects, 
for example, the amount of newly formed bone, the remains of biomaterials, the cells 
present, the vascularity and porosity of the biomaterial, the inflammatory or foreign body 
reaction. 

In the present study, the samples obtained from the animal experiment were fixed in 
10% formalin solution, followed by a moderate descaling agent. The paraffin blocks resulting 
from the processing were used to make additional sections (4 μm thick, Thermo Scientific ™ 
HM 355S Automatic Microtome, USA), which were stained with hematoxylin and eosin (HE) 
and further examined at a Leica DM750 microscope (Leica Microsystems, Wetzlar, 
Germany). 

 

HISTOLOGICAL ANALYSIS RESULTS 
The histological examination revealed interesting aspects, different for the groups NC 

(negative control), PC (positive control) and + LLLT (study group, which underwent 
photobiomodulation treatment), depending on the healing period. 

On the examined fragments harvested on the 14th day, extensive areas of necrosis 
and blood extravasation were identified in the group subjected to spontaneous healing. The 
other two groups (PC and + LLLT) showed a homogeneous eosinophilic material, a "foreign 
body" with the formation of focal granuloma. The fragments of the + LLLT group showed 
well-represented fibrous connective tissue (young) and low inflammatory infiltrate, compared 
to the rest of the groups. 

 Fragments harvested 21 days after surgery showed a reduction in the inflammatory 
infiltrate and foreign body granulomas. They were located mainly at the periphery, the 
fibrous connective tissue comprising the eosinophilic material. The NC group revealed 
fibrotic connective tissue that included optically opaque areas and more inflammatory 
infiltrate. The + LLLT group presents newly formed bone tissue, with areas rich in 
osteoblasts. 

After 30 days of healing, it was shown that fibrous connective tissue incorporates the 
homogeneous eosinophilic material and newly formed bone lamellae, osteoblasts being in 
large numbers around the bone lamellae, and the inflammatory process was present, as 
evidenced by giant multinuclear cells. 

 

DISCUSSIONS AND CONCLUSIONS 
In our experimental animal study, histological examination revealed significant 

differences regarding the presence of the inflammatory infiltrate in different study 
groups: at 14 days, the small amount of inflammatory infiltrate in the + LLLT group 
allows the organization of young connective tissue, which acts as a precursor of newly 
formed bone tissue. When analyzing the healing period of 21 days, the reduction of the 
inflammatory process is more evident in the PC and + LLLT groups. At the same time, 
as the bone tissue is formed, the + LLLT group presents areas rich in osteoblasts. As 
the healing period increases, the differences between the analyzed groups in terms of 
inflammation are reduced, but giant multinuclear cells can still be detected. In a similar 
study, histological evaluation showed a statistically significant increase in bone 
formation in the +LLLT group compared to the control group (p <0.05). In addition, 
inflammation was significantly reduced in the +LLLT group compared to the control 
group10. 

In conclusion, it appears that the maximum effects of the photobiomodulation 
occur in the early stages of bone healing, when a smaller amount of inflammatory 
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infiltrate is associated with increased formation of young bone tissue. Although of 
significant importance, histological evaluation is invasive, which does not allow further 
examinations of the same samples. 

 
 

IV. STUDY OF THE SAMPLES USING SYNCHROTRON MICROTOMOGRAPHY 
 
SCANNING OF THE HARVESTED SAMPLES AND QUANTITATIVE  
EVALUATION OF THE NEWLY FORMED BONE 

X-ray microtomography (micro-CT) of the samples was performed at SYRMEP, 
within the ELETTRA synchrotron research base (Basovizza (TS), Italy). Complete 
tomographic reconstruction was performed using the open source software SYRMEP Tomo 
Project (STP)11. Subsequently, VG Studio MAX 1.2 software (Volume Graphics, Heidelberg, 
Germany) was used to generate 3D images, where the gray levels are proportional to the 

mass density . The Scatter HQ algorithm with an overlap factor of 5.0 was used to imagine 
2D sections and 3D reconstructions. Different peaks in the gray level scale represent 
different phases within the samples; the volume of each phase was obtained by multiplying 
the volume of a voxel (~730 µm3) by the number of voxels underlying the peak associated 
with the relevant phase. A manually set threshold was applied to the histograms to separate 
the bone under remodeling from the mature bone, and the mature bone from the scaffold 
phase.  

Moreover, the refractive index n signal, linearly proportional to the mass density, was 
exploited to compute the relative bone mass density distribution (MDDr) of each sample. As 
recently done in other studies12, the MDDr parameters were calculated with strict reference 
to the mineralized bone portion of the histograms, with the intensities normalized, for each 
sample, by the area under the curve. As the samples are comparable in size and 
composition, the relative differences in the density distribution between them can be 
evaluated. 

 

RESULTS AND DISCUSSIONS  
Two aspects are evident in the 3D reconstructions of the represented samples: first, 

the newly-formed bone mainly forms on the borders and not in the center of the defect, and 
this occurs not only in the NC group, but also in the PC and +LLLT groups (i.e., where the 
xenograft is present); secondly, with the exception of the +LLLT group, an increase in the 
volume of newly-formed bone is evident in the period between the 14th and the 21st day after 
surgery. Moreover, even if the massive presence of the biomaterial prevents a fully reliable 
evaluation, it appears that after 14 days from surgery, the thickness of newly-formed bone 
on the defect borders is higher in the +LLLT group than in the PC group. This event is not as 
evident for longer amounts of time. 

The first stage of the study focused on investigating bone microarchitecture and 
evaluating the volume percentages (vol.%) of different mineralized phases (remodeling bone 
tissue, mature bone tissue and biomaterial), in relation to the total mineralized bone volume. 
The percentages of bone tissue being remodeled relative to the amount of mature bone 
tissue increased over time. This trend was observed in all groups, except for the laser-
treated (+ LLLT), where it was found that 14 days after surgery, the newly formed bone 
tissue is already in greater quantity. 

The second step of study was focused on the investigation of the relative bone 
mineral density distribution (MDDr), i.e., on the evaluation of the calcium concentration and 
distribution (weight%) in the different groups of study. Thus, the same sub-volumes 
previously investigated for the calculation of volume percentages were also investigated for 
the MDDr mapping. In the NC and PC groups, the peak and the mean values followed a 
similar trend, which decreases over time. This was not the case for the +LLLT group, where 
a specific trend was not present. The opposite behavior was detected when considering the 
FWHM values: a specific trend in time was not present in the NC and PC groups, but in the 
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+LLLT group, where there was a clear decreasing trend over time, with special reference 
from 14 to 21 days after surgery. Finally, the high value decreased over time in all the 
groups. Interestingly, after 14 days, the opposite trend was detected considering the FWHM 
values, while the peak, the mean and the low values were at their maximum in the NC group 
and minimum in the +LLLT group. 

For longer time-points than 14 days (i.e., 21 and 30 days from surgery), when 
compared with the NC samples (in which the cavities were left empty for spontaneous 
healing), defects filled with xenografts, i.e., both the PC and the +LLLT samples, presented 
lower or similar volume percentages of bone under remodeling (i.e., less newly formed 
bone). The evidence that defects left for spontaneous healing presented already after three 
weeks of healing (21 days group) more newly-formed bone than cavities filled with xenograft 
could most likely be caused by a certain delay of the healing process in the presence of 
biomaterials. We observed this delay in several of our previous studies; specifically, we 
observed that regenerative kinetics in in vitro cultures on different biomaterials showed that 
the bioresorption of the scaffold is more accentuated up to the second week of culture, while 
bone regeneration is delayed in time, most likely because cells growing onto the scaffold 
took longer time to adhere and then to begin proliferating13-15. Moreover, in the present 
study, the biomaterial may have exerted a shielding action in respect to photobiomodulation 
effects on cells, inhibiting the same regenerative action of the laser treatment. 

However, in our study, the quantitative volumetric analysis of bone under remodeling 
at the three time-points (14, 21 and 30 days from surgery) showed better healing when 
photobiomodulation was applied on the grafted defect than in cases where the grafted defect 
did not receive laser treatment. This effect was particularly evident for the shortest 
considered period of time, i.e., 14 days after surgery. Thus, these observations obtained 
using our innovative protocol of analysis highlight the positive effects of laser therapy on 
bone regeneration process, which increase the quantity of newly formed bone. It also 
suggests possible interactions with the grafting materials that could influence our future 
experimental follow-ups. 

 
CONCLUSIONS 

In our demonstrative study16, micro-CT allowed us to achieve new and relevant 
information, although a limited number of rats was included in the study. The power of our 
protocol lies in the 3D nature of micro-CT analysis, based on the stacking of 1000 
successive 2D sections (each with a thickness of about 9 μm), mapping the entire sample. 
This is of paramount importance, allowing us to minimize the number of rat sacrifices, in full 
respect to ethical international rules. Our previous studies, using the same method of 
evaluation, also showed the capacity of micro-CT technique to play a fundamental role in the 
advanced characterization of laser-treated sites17. Moreover, good agreement between OCT 
and micro-CT analyses was found in our previous studies18,19. 

 
 

V. RETROSPECTIVE STUDY OF COMPUTED TOMOGRAPHY WITH CONE 
BEAM IN PATIENTS TREATED WITH PHOTOBIOMODULATION 

 
INTRODUCTION AND AIM OF THE STUDY 

Bone density therefore has an impact on the success of dental implants, a low 
bone density increasing the risk of failure. In addition, poor bone quality and quantity 
are reported as risk factors associated with excessive resorption and impairment of the 
healing process after implant placement20-23. In order to assess the qualitative and 
volumetric characteristics of the intraoral bone tissue, it was proposed to use cone 
beam computed tomography (CBCT). CBCT offers several advantages over MSCT, 
such as increased accessibility, lower costs, greater patient comfort, and lower 
irradiation. Numerous studies have shown a high correlation between CT and CBCT 
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values in terms of shades of gray; therefore, it is suggested that voxel values of CBCT 
may be used, within certain limits, to estimate bone mineral density24-28. 

The aim of the study is therefore to obtain a quantitative analysis of bone 
mineral density in patients who underwent photobiomodulation treatments, performing 
measurements which are specific to computed tomography with cone beam, before and 
after the application of laser treatment to each case. The objectives of the study 
include the analysis of the effects of photobiomodulation treatment on the human jaw 
bones and the evaluation of the applicability and accuracy of computed tomography 
with cone beam in assessing bone mineral density. 

 

MATERIAL AND METHOD 
The study included retrospective analysis of maxillary cone beam computed 

tomography of 14 patients, 8 women and 6 men, aged between 24 and 74 years, without 
associated pathology or  medication known to affect bone metabolism or its qualitative and 
quantitative properties. All patients followed the same laser treatment protocol after 
completion of the sugical procedure: immediately after performing the suture, the intraoral 
probe of the Gallium-Aluminum – Arsenide laser (GaAlAs) (MID-laser; Serial no 8110131-4) 
of 808nm, 450 mW was applied, in pulsed regime, administering an energy of 2 J in 3 points 
corresponding to each inserted dental implant: mesial, distal and apical, cumulating 6J / 
implant. The treatment sessions were performed immediately postoperatively and every 
alternative day, for 2 weeks (a total of 8 sessions), in compliance with all laser safety 
precautions (both the patient and the medical team wore appropriate goggles for the used 
wavelength). 

All images obtained were recorded using the digital imaging and medical 
communications (DICOM) format, using the same image acquisition parameters (voltage, 
current intensity, size voxel and visual field). Romexis 4.5.1.R software (Planmeca, Finland) 
was used to analyze the CT number, expressed in HU. For each patient, bone density was 
analyzed before and after the application of photobiomodulation treatment, in the same 
areas of interest, with the same area size for each patient. To locate the target sites and 
record the average CT number, as well as the standard deviation, we used the Romexis 
4.5.1.R software (Planmeca, Finland). Each voxel in this volume is characterized by a CT 
number, expressed in HU. The software displays the average value of the CT numbers, their 
standard deviation, as well as the range of HU values (the lowest and highest HU values 
encountered in the analyzed volume). 

All measurements were analyzed statistically, the results being presented in the 
dedicated section. 

 

RESULTS 
The comparative evolution of bone mineral density, quantified by HU, at the level of 

the maxillary cortical bone, as well as of the medullar bone, before and after 
photobiomodulation therapy, for all patients included in the study, are presented in detail. 
The statistical analysis applied to the measured values (ANOVA test) followed some 
comparisons: 

-  In both females and males, the differences between the averages of Hounsfield units 
measured at the level of the buccal cortical bone, before and after treatment, 
comparatively, show statistically significant differences (Anova test, Tukey test) 

-  the averages of the Hounsfield units measured at the level of the maxillary medullar 
bone marrow, before and after treatment, comparatively, show statistically significant 
differences, both for women and men (Anova test, Tukey test) 

-  the comparison of the anterior and posterior areas in terms of the averages of the 
Hounsfield units measured at the level of the cortical and medullary maxillary bone, 
respectively, does not show statistically significant differences. 
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-  regardless of the patient's sex, both in the buccal cortical bone and in the maxillary 
trabecular bone, there are statistically significant differences before and after 
treatment. 

 
DISCUSSIONS 

In the study presented in this thesis, the results obtained demonstrate that CBCT 
is a useful and appropriate tool for measuring bone mineral density in the human jaw 
bones. Moreover, in terms of the ability to detect statistically significant differences in 
patients undergoing laser photobiomodulation treatment after oral surgery, laser therapy 
was shown to increase bone density in both cortical and medullar bone, independent of 
the patient's sex. This positive effect was observed and quantified both in the anterior 
maxillary bone and in the posterior areas, the demarcation line between them being 
considered a tangent line to the distal face of the canines on each side. The 
quantification of the photobiomodulation effect on bone mineral density using cone beam 
computed tomography, allowed the formulation of clinical conclusions, in accordance 
with the experimental ones, obtained in the studies we performed previously.16,18 

 
CONCLUSION 

According to studies available to date, the indication of cone beam computed 
tomography as the examination of choice for the determination of bone tissue mineral 
density, especially when the values obtained are compared with the predetermined 
standard values, has long been discussed. The present study, based on a comparison 
between two different moments in time, of the same patients, aims to quantify changes in 
bone tissue depending on time and treatment, but subject to the same sources of error in 
the CBCT equipment used. In this way, the usefulness of cone beam computed 
tomography is obvious, proving to be a valuable predictive factor in assessing bone 
density. The study demonstrated results with statistical significance, in terms of 
improving bone mineral density in the case of patients undergoing laser 
photobiomodulation treatment. 

 
 

VI. FINAL CONCLUSIONS AND PERSONAL CONTRIBUTIONS  
 
Starting from the premises already known and investigated in the literature, the 

present research aimes at a qualitative and quantitative analysis of the bone healing process 
and of photobiomodulated bone regeneration, using optical coherence tomography, 
computerized microtomography, histological study of samples and, not least, the 
measurement of bone density using cone beam computed tomography. Such studies are 
essential to evaluate the effectiveness of different techniques that can be used in bone 
regeneration, taking into account in particular the complexity of the healing process and the 
large number of factors that influence it. 

Multimodal CMS / SS OCT was applied to render images and analyze different 
groups considered in the evaluation of the healing and bone regeneration process, the 
results obtained can be summarized as follows: the largest amount of newly formed bone 
tissue is found in the study group C, followed by group B and later by group A. Analyzing the 
evolution of the amount of newly formed bone over time, the most significant difference was 
highlighted after 21 days, so after about two thirds of the total time interval analyzed. After 
more time considered, the amounts of bone tend to approach, tending to fill the available 
defect. From current knowledge, this is the first time that OCT has been used as a tool to 
evaluate the effects of laser photobiomodulation on bone regeneration. The major advantage 
of OCT is that it can be applied for in vivo evaluations, using manual scanning samples, in 
the oral cavity9. Therefore, I consider that this paper represents a breakthrough in the en-
face imaging as a method of assessing bone regeneration. 
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Computed microtomography complemented the previously acquired knowledge, 
demonstrating that photobiomodulation therapy is effective in short periods of time; 
photobiomodulation doses given later than 2-3 weeks after surgery do not appear to be very 
effective. In the conducted study, quantitative volumetric analysis of the regenerated bone at 
three different time points showed better healing when photobiomodulation was applied to 
the grafted defect than in cases where the grafted defect did not receive laser treatment. 
This effect was particularly evident for the shortest period of time considered, i.e. 14 days 
after surgery.Thus, these observations obtained using the innovative analysis protocol 
presented above, highlight the positive effects of photobiomodulation on the process of bone 
regeneration, with the consequent increase in the amount of newly formed bone. It also 
suggests possible interactions with the biomaterials used, which could influence our future 
experimental studies. I hypothesized a possible xenograft shielding action in terms of laser 
action on cells and I intend to verify this assumption through future studies. This effect can 
be combined with a delay in bone regeneration in the presence of biomaterials, as already 
documented in previous studies. In the study presented in the thesis18, micro-CT led to 
obtaining new and relevant information about a limited number of animals, which were 
included in the study. Our previous studies using the same evaluation method have also 
shown the ability of the micro-CT technique to play a fundamental role in the advanced 
characterization of laser-treated sites17. Moreover, in previous studies, a concordance was 
found between OCT and micro-CT analyzes18,19, 29,30. 

According to the studies available to date, the indication of cone beam computed 
tomography as the examination of choice for the determination of bone tissue mineral 
density, especially when the values obtained are compared with the predetermined standard 
values, has been challenged. The present study, based on a comparison between two 
different moments in time, of the same patients, aims to quantify changes in bone tissue 
depending on the time and treatment performed, but subject to the same sources of error in 
terms of method limitations. Moreover, in terms of the ability to detect statistically significant 
differences in patients undergoing laser photobiomodulation treatment after oral surgery, 
laser therapy was shown to increase bone density in both cortical bone and medullary bone, 
independent of the patient's sex. This positive effect was observed and quantified both in the 
anterior maxillary bone and in the posterior areas. The quantification of the effect of 
photobiomodulation on the bone mineral density using cone beam computed tomography 
allowed the formulation of some clinical conclusions, in accordance with the experimental 
ones, obtained in the studies we performed previously16,18. In this way, the usefulness of 
cone beam computed tomography is obvious, proving to be a valuable predictive factor in 
assessing bone density. 

In general, the interaction between laser radiation and different tissue types in vivo 
remains a major concern when establishing clinical protocols. Although numerous studies on 
the effects of photobiomodulation have been performed, their comparison is difficult due to 
different biomaterials, variations in laser energy, dose and duration. I consider that the 
present study, correlating the experimental results with the retrospective clinical ones, brings 
valuable information in areas of current interest, such as bone regeneration and 
photobiomodulation in the field of dentistry, while clarifying the usefulness of various 
methods of scientific and paraclinical investigation of bone healing. 

 
  



 

13 

SELECTIVE REFERENCES 
 

1. Oliveira P, Sperandio E, Fernandes KR, Pastor FAC, Nonaka KO, Renno ACM. Comparison of the 
effects of low-level laser therapy and low-intensity pulsed ultrasound on the process of bone repair in 
the rat tibia. Rev Bras Fisioter 2011;15(3):200-5.  

2. Hamblin M, Sousa M, Arany P, Carroll J, Patthoff D. Low level laser (light) therapy and 
photobiomodulation: The path forward. Progress in Biomedical Optics and Imaging - Proceedings of 
SPIE 2015, 9309. 10.1117/12.2084049.  

3. Renno ACM, McDonnell PA, Parizotto NA, Laakso EL. The effects of laser irradiation on osteoblast and 
osteosarcoma cell proliferation and differentiation in vitro. Photomed Laser Surg 2007;25(4):275-80. 

4. Stein A, Benayahu D, Maltz L, Oron U. Low-level laser irradiation promotes proliferation and 
differentiation of human osteoblasts in vitro. Photomed Laser Surg 2005;23(2):161-6. 

5. Brugnera A Jr, dos Santos AECG, Bologna ED, Ladalardo TCCGP. Atlas of laser therapy applied to 
clinical dentistry, Prospects in the use of therapeutic laser, 2006, ISBN:978-85-87425-69-0, 
9788587425690. 

6. Pinheiro AL, Gerbi ME. Photoengineering of bone repair processes. Photomed Laser Surg 
2006;24:169-78. 

7. Vladimirov YA, Osipov AN, Klebanov GI. Photobiological principles of therapeutic applications of laser 
radiation. Biochemistry 2004;69:81-90. 

8. Bosco AF, Faleiros PL, Carmona LR, Garcia VG, Theodoro LH, de Araujo NJ, Nagata MJ, de Almeida 
JM. Effects of low-level laser therapy on bone healing of critical-size defects treated with bovine bone 
graft. J Photochem Photobiol B 2016;163:303-10. 

9. Monroy GL, Won J, Spillman DR, Dsouza R, Boppart SA. Clinical translation of handheld optical 
coherence tomography: Practical considerations and recent advancements. J. Biomed. Opt. 2017, 22, 
121715. 

10. Fekrazad R, Sadeghi Ghuchani M, Eslaminejad MB, Taghiyar L, Kalhori KAM, Pedram MS, Shayan 
AM, Aghdami N, Abrahamse H. The effects of combined low level laser therapy and mesenchymal stem 
cells on bone regeneration in rabbit calvarial defects. J Photochem Photobiol B 2015;151:180-5. 

11. Brun F, Massimi L, Fratini M et al. SYRMEP Tomo Project: a graphical user interface for customizing 
CT reconstruction workflows. Adv Struct Chem Imaging 2017, 3(1), 4 

12. Giuliani A, Iezzi G, Mozzati M, Gallesio G, Mazzoni S, Tromba G et al. Bisphosphonate-related 
Osteonecrosis of the Human Jaw: a combined 3D assessment of Bone Descriptors by Histology and 
Synchrotron Radiation-based Microtomography. Oral Oncology 2018, 82, 200-202. 
https://doi.org/10.1016/j.oraloncology.2018.04.026 

13. Manescu A, Giuliani A, Mazzoni S, Mohammadi S, Tromba G, Diomede F et al. Osteogenic potential of 
Dual-blocks cultured with periodontal ligament stem cells: in-vitro and synchrotron microtomography 
study. J Periodontal Res. 2016, 51(1), 112-24. 

14. Mazzoni S, Mohammadi S, Tromba G, Diomede F, Piattelli A, Trubiani O et al. Role of cortico-
cancellous heterologous bone in human periodontal ligament stem cell xeno-free culture studied by 
Synchrotron radiation phase-contrast microtomography. Int. J. Mol. Sci. 2017, 18(2), 364. 

15. Giuliani A, Moroncini F, Mazzoni S, Belicchi ML, Villa C, Erratico S, Colombo E, Calcaterra F, Brambilla 
L, Torrente Y, Albertini G, Della Bella S. Polyglycolic Acid–Polylactic Acid scaffold response to different 
progenitor cell in vitro cultures: A demonstrative and comparative X-Ray Synchrotron Radiation Phase-
Contrast Microtomography study. Tissue Eng. Part C: Methods 2014, 20, 308–316. doi: 
10.1089/ten.TEC.2013.0213.)  

16. Luca RE, Giuliani A, Mănescu A, Heredea R, Hoinoiu B, Constantin GD, Duma VF, Todea CD. 
Osteogenic Potential of Bovine Bone Graft in Combination with Laser Photobiomodulation: An Ex Vivo 



 

14 

Demonstrative Study in Wistar Rats by Cross-Linked Studies Based on Synchrotron Microtomography 
and Histology. Int. J. Mol. Sci. 2020, 21, 778. 

17. Manescu A, Oancea R, Todea C, Rusu LC, Mazzoni S, Negrutiu ML, Sinescu C, Giuliani A. On Long 
Term Effects of Low Power Laser Therapy on Bone Repair: A Demonstrative Study by Synchrotron 
Radiation-based Phase-Contrast Microtomography. Int. J. Radiol. Imaging Technol. 2016, 2, 010. 

18. Luca R, Todea CD, Duma VF, Bradu A, Podoleanu A. Quantitative assessment of rat bone regeneration 
using complex master–slave optical coherence tomography, Quant. Imaging Med. Surg. 2019, 9, 782–
798 

19. Rominu M, Manescu A, Sinescu C, Negrutiu ML, Topala F, Rominu RO, Bradu A, Jackson DA, Giuliani 
A, Podoleanu AG. Zirconia enriched dental adhesive: A solution for OCT contrast enhancement. 
Demonstrative study by synchrotron radiation microtomography. Dent. Mater. 2014, 30, 417–423. 

20. Friberg B, Jemt T, Lekholm U. Early failures in 4,641 consecutively placed Branemark dental implants: a 
study from stage 1 surgery to the connection of completed prostheses. Int J Oral Maxillofac Implants 
1991;6:142–146.  

21.  Jaffin RA, Berman CL. The excessive loss of Branemark fixtures in type IV bone: a 5-year analysis. J 
Periodontol 1991;62:2–4.  

22.  Tolstunov L. Dental implant success-failure analysis: a concept of implant vulnerability. Implant Dent 
2006;15:341–346. 

23. Linetskiy I, Demenko V, Linetska L, et al. Impact of annual bone loss and different bone quality on 
dental implant success—A finite element study. Comput Biol Med 2017;91:318–325. 

24. Aranyarachkul P, Caruso J, Gantes B, Schulz E, Riggs M, Dus I, et al. Bone density assessments of 
dental implant sites: 2. Quantitative cone-beam computerized tomography. Int J Oral Maxillofac 
Implants 2005; 20: 416-24.  

25. Naitoh M, Hirukawa A, Katsumata A, Ariji E. Evaluation of voxel values in mandibular cancellous bone: 
relationship between cone-beam computed tomography and multislice helical computed tomography. 
Clin Oral Implants Res 2009; 20: 503–6.  

26. Naitoh M, Hirukawa A, Katsumata A, Ariji E. Prospective study to estimate mandibular cancellous bone 
density using large-volume cone-beam computed tomography. Clin Oral Implants Res 2010; 21: 1309-
13. 

27. Nomura Y, Watanabe H, Honda E, Kurabayashi T. Reliability of voxel values from cone-beam computed 
tomography for dental use in evaluating bone mineral density. Clin Oral Implants Res 2010; 21: 558-62 

28. Lagravère MO, Fang Y, Carey J, Toogood RW, Packota GV, Major PW. Density conversion factor 
determined using a cone-beam computed tomography unit NewTom QR-DVT 9000. Dentomaxillofac 
Radiol 2006; 35: 407-9. 

29. Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, Chang W, Hee MR, Flotte T, Gregory K, 
Puliafito CA. Optical coherence tomography. Science 1991, 254, 1178–1181. 

30. Podoleanu AG, Bradu A. Master-slave interferometry for parallel spectral domain interferometry sensing 
and versatile 3D optical coherence tomography Opt Express 2013;21:19324-38. 


