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Abstract:
Background: One of the techniques suggested for the provision 
of adequate bone in the maxillary sinus area for placement of 
endosteal implants with a standard length is to use the sinus lift 
surgical technique along with autogenous bone graft or bone 
substitute materials. The aim of this study was an evaluation of the 
effect of low-level laser on graft materials used for augmentation of 
the maxillary sinus.
Materials and Methods: In the present randomized clinical 
trial with a split-mouth design, 19 patients aged 30-80 years were 
evaluated. All the subjects underwent a bimaxillary sinus lift surgical 
procedure. In the control group, freeze-dried bone allograft (FDBA) 
and platelet-rich fibrin (PRF) allograft materials were used; in the 
case group, in addition to the materials mentioned above, low-level 
980-nm diode laser beams were applied. Six months after surgery, 
the density of bone in the augmented area was determined with the 
cone-beam computed tomography technique.
Results: The results showed that the percentages of bone formed 
in the control and case groups were 20.10 ± 5.67% and 36.26 ± 
11.26%, respectively, with a significant difference between the 
two groups (P < 0.05). There was no significant difference in the 
means of connective tissue between the two groups (P = 0.612). 
The Hounsfield unit exhibited a significant difference in relation to 

the mean bone density within the graft material between the two 
groups (P = 0.000).
Conclusion: Low-level 980-nm diode laser beams can improve the 
results of treatment rendered with the use of FDBA and PRF.

Key Words: Bone graft materials, low-level laser, maxillary sinus 
augmentation, platelet-rich fibrin

Introduction
Use of endosteal dental implants has some limitations in many 
cases due to some anatomical problems or the atrophy of the 
alveolar crest. One of these problems is the maxillary sinus in 
the posterior maxilla. In this area, due to the extraction of teeth, 
transverse and vertically resorption of the alveolar bone, and 
pneumatization of the sinus, in many cases, sufficient amount of 
bone does not exist for the placement of endosteal implants.1,2 

In most clinical situations, the bone in this area has low quality 
and based on studies by Misch use of short implants (<10 mm 
in length) in the posterior maxilla has the highest failure rate.2,3

One of the techniques suggested for the provision of adequate 
bone in that area for the placement endosteal implants with a 
standard length is sinus lift surgical procedure in association 
with autogenous bone graft or bone substitute materials. Recent 
advances in surgical techniques, implants, and grafts materials 
have improved the prognosis of implant treatments in the 
posterior maxilla. Autogenous bone grafts have been considered 
the gold standard for a long time due to their osteogenic 
potential; however, these grafts have some disadvantages.4,5

Despite the fact that autogenous bone has osteoconductive, 
osteoinductive, and osteogenic properties, it is a suboptimal 
choice due to its high resorption rate, limited intra- and extra-
oral sources for harvesting bone, longer and more numerous 
surgical steps, and complications associated with the donor 
site.5 On the other hand, use of bone substitute materials 
(allografts, xenografts, and alloplasts) and various clinical 
reports on their clinical results seems to be logical.5-7

Currently, allograft materials that predominantly exhibit 
osteoconductive properties and provide the required scaffold 
for the proliferation of and osteogenesis by osteoblasts have 
attracted attention for sinus lift procedures in association with 
platelet-rich fibrin (PRF), which is a rich source for the different 
growth factors. PRF as the second generation of platelet 
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concentrate results in the release of platelet-derived growth 
factor (PDGF) and transferring growth factor (TGF). PDGF 
is a glycoprotein with mitogenic and angiogenic properties and 
can stimulate macrophages. TGF has chemotactic properties 
and can stimulate osteoblast progenitors to differentiate into 
mature osteoblasts. Furthermore, it can inhibit differentiation 
of osteoclasts and resorption of bone.8-10

One of the problems in allografts is the slow integration of the 
graft material with the host site (graft-host interface). To solve 
these problems, growth factors and low-level lasers (LLLs) are 
used.8-11 LLL accelerate bone generation and wound healing 
by exerting their effect on mitochondria, production of large 
amounts of ATP, angiogenesis and by increasing proliferation 
of osteoblasts, fibroblasts, macrophages, etc.12-14 Various in vivo 
and in vitro studies have evaluated the photobiostimulatory 
effects of laser and have reported various results in terms of 
the laser type, the effects studied, and the tissue in question.3,15 

Considering the safety of LLLs and their ability to accelerate 
cellular activity and considering the fact that PRF is an 
autogenous agent rich in different growth factors and is an 
allograft with good osteoconductive properties, the present 
study was designed to answer the question whether LLL can 
improve the quality and quantity of the bone formed.

Materials and Methods
Patient selection and study design
The present study had a split-mouth design, in which 
19  patients 40-80  years of age with Kennedy Cl I partial 
edentulism or complete edentulism in the maxilla were 
evaluated. To determine the sample size, first five patients 
underwent treatment in a pilot study. In one group, the 
mean percentage of bone formed was 31.90 ± 10.64%, and in 
the other group, it was 26.80 ± 5.89%. The sample size was 
estimated at 19 patients at α = 0.05 and a study power of 80% 
with a difference of 8 units.1

The inclusion criteria consisted of Kennedy Cl I partial 
edentulism (bilateral edentulism) or complete edentulism 
in the upper jaw, a residual bone height <4 mm between the 
alveolar crest and the maxillary sinus floor, absence of systemic 
diseases, no smoking habits, no pregnancy at the time of the 

study, absence of any pathologic conditions in the maxillary 
sinus, absence of any untreated periodontal diseases and 
periapical pathoses, and a normal platelet count.

Preparation of PRF
PRF was prepared based on a protocol used by Dohan et al.16 A 
total of 10 mL of blood was placed in sterilized tubes without 
any anticoagulant. The tubes were centrifuged at 2700 rpm in 
a single stage for 10 min. After centrifugation, three layers were 
distinguishable within the tubes: The lowermost layer was the 
RBC layer; the middle layer was the fibrin lot layer, and the 
uppermost layer was acellular plasma layer. The uppermost 
layer was discarded, and the middle and lowermost layers were 
separated (Figure 1a).

The surgical technique
About 1 h before the surgical procedure, the patients’ medical 
and dental histories were reviewed, and a CBC test was 
ordered. Then, 400 g of ibuprofen and 625 mg of coamoxiclav 
were given to each patient. The patients rinsed their oral 
cavity with 0.2% chlorhexidine gluconate solution for 1 min 
before surgery. Then, the surgical site was anesthetized with 
2% lidocaine (3.6 mL). To gain access to the maxillary sinus, 
first, a transverse incision was made on the alveolar ridge crest 
and two vertical incisions were made anterior and posterior to 
the transverse incision, and a full-thickness flap was elevated.17 
Then, a piezosurgery round diamond bur (NSK, Model 
NE214) was used to remove a bony window, measuring 
approximately 15-20 mm2, under saline solution irrigation on 
the lateral wall of the sinus. Then, the sinus membrane was 
carefully elevated so as not to perforate it (Figure 1b). Then, 
freeze-dried bone allograft (FDBA), with a granule size of 
750-110 nm, was mixed with fibrin clot and placed on the sinus 
floor (Figure 1c).

Laser irradiation
After the completion of surgical and augmentation procedures, 
LLL beams (diode laser with a power of 0.5 W, Biolase, 
Germany) at a wavelength of 98-nm and beam energy of 
10 J/cm were applied on one side randomly based on the study 
protocol for 20-30 s 3 times each week every other day. The 
laser-irradiated group was assigned to the case (intervention) 

Figure 1: (a) The intermediate layer (the fibrin clot) which is ready for being mixed with freeze-dried bone allograft, (b) preparation 
of an osseous window in the lateral wall, and (c) placement of the mixture of platelet-rich fibrin and allograft within the sinus.

cba
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group, and the contralateral side was assigned to the control 
group. Since no specific protocol is available in this respect, in 
the majority of studies, the number of sessions and the duration 
of irradiation have been selected based on the researchers’ 
opinions.18-20

Histological examination
To place the implants after 6 months in both groups, first, 
the osteotomy area was determined and then a thin trephine 
bur, measuring 2.7  mm in internal diameter, was used to 
collect histological samples from the osteotomy area. The 
biopsy samples were placed in coded bottles containing 10% 
formation at pH = 7 and sent to the laboratory for histological 
evaluation. Then, the samples were fixed in 10% formalin 
for 10 days and then decalcified in 65% nitric acid for 72 h. 
Subsequently, the samples were once again placed in buffered 
formalin for 1 week and then rinsed under running water.

The samples were dehydrated in increasing concentrations 
of ethanol for one hour and then washed twice with xylene. 
Then, they were embedded in paraffin and cut to a thickness 
of 5-6 µm by a microtome (Figure 2). The specimens were 
stained with hematoxylin and eosin using a standard technique 
and prepared for histological analysis.

The parameters were evaluated in terms of the percentage of 
newly formed bone, the residual graft materials, and connective 
tissue under a light microscope (BX40, Olympus, Germany) 
(Figure 2). In addition, the images were analyzed using Notice 
Software Image computer program.18

Radiographic evaluation
After the surgery, to evaluate the area for implant placement, 
that area underwent a cone-beam computed tomography 
(CBCT) examination. The CBCT mages were used to 
compare the distance between the alveolar crest and the sinus 
floor before surgery and 6 months after surgery. In addition, 
the Hounsfield unit (HU) was used to evaluate the density of 
the graft materials from the sinus floor up to the ridge crest at 
baseline and 6 months after sinus lift surgery with NNT Viewer 
2 software program.

Statistical analysis
Kolmogorov–Smirnov test was used to evaluate the normal 
distribution of the variables under study. Due to the normal 
distribution of all the data, descriptive statistics (means, 
standard deviations, frequencies, and parcentages), mean 
comparison test and t-test were used for statistical analysis of 
data. Statistical significance was set at P < 0.05.

Results
Kolmogorov–Smirnov test showed normal distribution of data 
of the variables. All the variables were over 0.05 (Table  1). 
Paired t-test showed that the mean percentages of bone 
formed in the control (allograft + PRF) and case (allograft + 
PRF + LLL) groups were 20.10 ± 5.67% and 36.26 ± 11.62%, 
respectively, with significantly higher percentage of bone 
formed in the case group (P < 0.05). In addition, paired t-test 
showed that the mean percentages of residual graft materials 
in the control and case groups were 29.11 ± 11.79% and 
24.82 ± 10.09%, respectively, with no statistically significant 
differences. In other words, there was a similar amount 
of residual graft materials in the control and case groups 
(P = 0.330). On the other hand, the percentages of connective 
tissue in the control and case groups were 44.640 ± 16.46% and 
41.40 ± 21.06%, respectively, with no significant differences 
between the two groups (P = 0.612).

In addition to histological evaluations, the results of CBCT 
examinations showed that the mean bone densities within 
the graft materials in the control and cases group in terms of 
the HU were 296.79 ± 37.55 and 339.16 ± 46.43, respectively, 

Table 1: Distribution of data of the variables evaluated.
Variables n Control Case

Kolmogorov–
Smirnov Z

P Kolmogorov–
Smirnov Z

P

Newly formed bone 19 1.04 0.223 0.770 0.593
Residual connective 
tissue

19 0.985 0.287 0.854 0.459

Connective tissue 19 0.619 0.839 0.720 0.678
Bone density 19 0.565 0.907 1.271 0.079
The height of the 
maxillary sinus floor

19 0.998 0.273 0.817 0.522

Figure 2: (a and b) Histologic analysis: Newly formed bone, the residual graft materials, and connective tissue under a light 
microscope (the specimens were stained with hematoxylin and eosin using a standard technique and magnification was ×400).
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with significant differences between the two groups (P = 0.000) 
(Table 2).

Comparison of the distance between the sinus floor and 
the crest of the alveolar ridge before and after therapeutic 
intervention showed that before intervention, the distances 
were 3.678 ± 7.02 and 3.584 ± 0.673 mm in the control and case 
groups, respectively, with no significant differences (P = 0.402). 
Six months after intervention, these values increased to 
11.252 ± 0.589 and 12.094 ± 0.712 mm in the control and case 
groups, respectively, with a significant difference between the 
two groups (P = 0.002) (Table 3 and Figure 3).

Discussion
Augmentation procedures are required in the posterior maxilla 
for placement of implants in many cases. The most commonly 
used treatment modality in this area consists of elevating the 
sinus membrane and placement of a graft material beneath 
this membrane. Various studies have been carried out to 
identify an effective material which is inexpensive at the same 
time, and different results have been achieved.12,18-22 Although 
surgical techniques, the histological and clinical results, use 
of different materials, timing of implant placement, and the 
stability of implants have been evaluated,17,18,22 the present 
study evaluated the effect of LLL beams on the histological and 
radiologic views after placement of a combination of FDBA 
and PRF on the sinus floor during sinus floor augmentation 
procedures.

In the present study, the mean percentage of bone formed in 
the central group (PRF/FDBA) was 20.10 ± 5.67%. Consistent 
with the results of the present study, Dohan et al. reported 
that the percentage of newly formed bone in the PRF/FDBA 
group was 20.95%. Zhang et al. reported a mean percentage 
of 18.35 ± 6.62% for newly formed bone in the deproteinized 
bovine bone mineral/PRP group.16,23-26 In contrast, Kolerman 
et al. reported a percentage of 1.29% for newly formed bone. 
Mazor et al. carried out a case series study, in which they used 
PRF alone and placed implants simultaneously, reporting a 
percentage of 93 ± 5% for bone formation around implants. 
Xuan et al. carried out an animal study and reported 41.8 ± 5.9% 
of bone formation in the PRF/Bio-Oss group.23-25 Although 
there are differences between the two latter studies and the 
present study in relation to the percentage of newly formed 
bone, there is indication that PRF alone or in combination with 
graft materials and bone substitutes is effective information of 
new bone and exhibits some degrees of success, which might 
be attributed to the presence of different growth factors in the 
complex fibrin plexuses in PRF; these growth factors include 
PDGF, TGF-β1, β2, vascular endothelial growth factors, 
platelet-activating factor 4, (platelet-derived endothelial 
growth factors), interleukin 1 and 2, and basic fibroblast growth 
factor. Considering the advantages and capability of PRF when 
it is mixed with other bone substitutes in achieving the relative 
aims of the clinician in treatment results and infliction of no 
extra costs on the patient and since the selected bone samples 
were <4 mm between the crest of the alveolar ridge and the 
sinus floor; in the present study, we had no other choice but 
to mix PRF with other bone substitutes such as FDBA. In 
addition, in this context, we considered the fact that due to 
the initial instability of the implant it was not possible to carry 
out augmentation and place the implants at the same time; 
furthermore, RRF has a weak scaffold and is resorbed gradually 
after surgery. Therefore, in the present study, the formation of 
bone cannot be attributed to PRF alone; in this context, the 
success of treatment is not the result of the use of FDBA alone. 
On the other hand, other studies have shown that when PRF 
is mixed with other bone substitutes, the success rate increases 

Table 2: The differences in mean percentages of newly formed bone, 
residual graft materials, the amount of connective tissue and bone 

density between the case and control groups.
Variables n Mean SD Paired‑sample 

t‑test
t df P

Amount of bone
Control 19 20.105 5.675 −5.98 18 0.000
Case 19 36.263 11.627

Percentage of residual graft 
material

Control 19 29.11 11.798 1.57 18 0.330
Case 19 24.82 10.092

Amount of connective tissue
Control 19 44.646 16.46 0.516 18 0.612
Case 19 41.408 21.064

Bone
Control 19 296.79 37.55 −5.200 18 0.000
Case 19 339.16 46.43

df: Degree of freedom, SD: Standard deviation

Table 3: Comparison of the distance between the sinus floor and the 
alveolar ridge crest in the case and control groups before intervention 

and 6 months after intervention.
Time n Mean SD Paired‑sample t‑test

t df P
Baseline

Control 19 3.6789 0.70204 0.858 18 0.402
Case 19 3.5842 0.67352

After 6 months
Control 19 11.2526 0.85918 −3.642 18 0.002
Case 19 12.0947 0.71217

df: Degree of freedom, SD: Standard deviation

Figure 3: Cone-beam computed tomography image after graft 
procedure in the case group (a) and the control group (b).
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and even when PRF has been used alone, it has exhibited a 
good success rate.8,24

In the present study, the amount of residual graft material in the 
control group was 29.11 ± 11.79%. Consistent with the results 
of the present study, Zhang et al. reported that the amount of 
residual graft material in the deproteinized bovine mineral/
PRP group was 19.16 ± 6.89%.26 In contrast, Dohan et al. 
reported that the amount of residual graft material in the PRF/
allograft group was 9.41%.16 Several studies have evaluated the 
amount of residual graft material in the augmented area, and 
different results have been achieved.16,23 Although the principal 
aim of this study was not to evaluate the amount of residual graft 
material in the augmented area, it appears the resorbability, 
particle size, and the duration of persistence in the graft area 
affects the amount of residual graft material; in this context, it 
should be pointed out that the percentage of the residual graft 
material affects the osseointegration of the implant.

In the present study, the area under study was evaluated 
radiographically, in addition to histological evaluations. Six 
months after surgery, the area underwent CBCT examinations, 
which showed new bone formation in the augmented area, 
with a mean bone density of 296.79 ± 37.55 in terms of HU. 
In addition, the distance between the crest of the alveolar ridge 
and sinus floor in the control group was 3.678 ± 7.02 mm before 
surgery, which increased to 11.252 ± 0.859  mm 6  months 
after surgery. Tajima et al. reported a mean bone density of 
323±156.2 HU for the newly formed bone. In this context, 
the mean bone height of 11.8 ± 1.67 mm might be evaluated 
relative to bone density in terms of HU.26 HU is directly related 
to the tissue attenuation coefficient. This parameter is a relative 
scale defined for different types of bone, including cortical 
bone with a very high density (>600 HU), cortical bone along 
with cancellous bone with moderate density (400-600 HU), 
and cortical bone along with cancellous bone with low density 
(<200 HU).26

In the present study, the density of the newly formed bone in 
the graft area was comparable to that in the posterior maxilla. 
Therefore, it might be claimed that sinus augmentation with 
PRF/allograft combination is reliable for implant placement. 
In addition, the bone height (11.252 ± 0.859 mm) achieved 
by this graft was at an acceptable level, although the achieved 
height probably depends on the amount of elevation carried out 
for sinus membrane and the volume of the graft material used.

The principal aim of the present study was to evaluate the 
effect of LLL on the area grafted with PRF/allograft. LLL 
therapy is applied in dentistry for wound healing. On the other 
hand, the majority of studies on the effects of LLL have been 
carried out on the healing of skin wounds.27 These studies 
have shown that LLL has some effects on the wound including 
an increase in cellular metabolic processes, an increase in 
the regeneration potential of biologic tissues, an increase 

in neoangiogenesis and formation of regenerative tissues.28 
Different animal studies have shown that application of LLL, 
in association with PRP, results in the acceleration of wound 
healing and promotion of osteogenesis in fenestrations in the 
alveolar bone.29,30 The mechanism of action of LLLs has not 
been completely elucidated. However, it appears its nature 
is photochemical and is related with an increase in cellular 
proliferations through photochemical changes in intercellular 
chromatic molecules in mitochondria. On the other hand, this 
mechanism is multifactorial and includes establishment of 
angiogenesis, collagen synthesis and maturation, and revival 
of mitochondria and osteogenic cells by LLLs, too.27

In the present study, histological evaluation in the case group 
(PRF/allograft/LLL) showed that the amount of newly formed 
bone was 36.26 ± 11.62%; however, the amount of newly 
formed bone in the control group was 20.10 ± 5.67%, with 
statistically significant differences between the two groups, 
despite the limited number of samples (P < 0.05). In addition, 
the amount of residual connective tissue in the case group was 
41.4 ± 21.06%, which was less than that in the control group 
(44.640 ± 16.46%), but the difference was not significant. 
However, CBCT examinations showed that the mean bone 
density within the graft material in the control group was 
296.79 ± 37.55 HU, which was less than that (339.16 ± 46.43 
HU) in the case group, and such difference was statistically 
significant (P = 0.000). Since the amount of newly formed 
bone is an important parameter in the surgical augmentation 
of maxillary sinus, an increase in the amount of bone formed 
in the present study might be attributed to the presence of 
various growth factors in the complex fibrin plexuses in PRF 
and the accelerating effect of LLL on increasing metabolism, 
promotion of angiogenesis, and synthesis of collagen, which 
result in formation of more bone.

Differences in the parameters evaluated between the control 
and case groups possibly indicate the effect of laser on 
improving treatment results with the application of laser 
beams when PRF/allograft combination was used for sinus 
augmentation and might boost the hypothesis that LLL has 
synergistic therapeutic effects with PRF. However, since in 
the present study PRF was used in association with allograft, 
probably the effects of laser cannot be attributed to PRF alone 
and even if PRF had been used alone, given the effects of laser 
discussed above, it appears the study design, in which the effect 
of laser is shown on PRF would be rational. In addition, it seems 
it is rational to design an animal study, in which it would be 
possible to lift the sinus membrane with the use of no material 
to evaluate the effects of laser in that area; it might be possible 
in such a case to determine the positive therapeutic effects of 
PRF and laser.

Conclusion
Based on the results of statistical analyses, the amount of bone 
formed, the bone density, and the height of the sinus floor (the 
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crest of the residual ridge) were significantly greater in the case 
group compared to the control group after 6 months. However, 
the amounts of residual graft material and the connective tissue 
were similar in the case and control groups.
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