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Abstract

Objectives: The aim of this study was to compare the effects of platelet-rich fibrin (PRF) and low-level laser therapy (LLLT) on new bone formation in rats which
underwent tooth extraction.

Materials and methods: 72 female rats were divided into 4 different groups, three groups were considered as experimental and the other as control following the
extraction of their upper right central incisor. The animals in Group 1 underwent LLLT and irradiated with a dose of 12-20 J/cm? in total in every 3 days. In Group
2, PRF was applied to the extraction sockets of the rats and was fixed with 6/0 suture. Rats in Group 3 received a combination of PRF and LLLT. Then, rats were
sacrificed on the 7th, 10th and 14th day, and their upper right maxilla were removed as specimens. For histopathological evaluation, the specimens were stained with
Hematoxylin-Eosin and analysed histologically and histomorphometrically under a light microscope.

Results: The amount of newly formed bone in Group 3 on the 7th, 10th and 14th days was found to be higher than the other groups. This difference in Group 3 was
found to be statistically significantly higher on the 7th, 10th and 14th days compared with the control group (p<0.05). The amount of newly formed bone in Group

3 on the 10th day was found to be statistically significantly higher than Group 2 (p<0.05).

Conclusion: Based on these results, it was concluded that combined use of PRF and LLLT increases new bone formation after tooth extraction.

Introduction

Various treatment applications have been tried to accelerate bone
recovery period and to achieve the desired function faster following
surgical procedures. In addition to these, the patients’ requests for
implant application in the early period after surgical procedures such
as tooth extraction has influenced the researchers’ quest for alternative
practices. One of the most commonly used methods of physical therapy
is stimulation performed using low-level laser systems. Application
of low-level laser at appropriate doses has a therapeutic effect on the
biostimulation of the bone tissue and bone repair [1].

Low-level laser therapy (LLLT) has been considered to be effective
in controlling pain and inflammation, increasing new tissue production
and wound healing. Absorbtion of the laser beam by the tissue induces
biochemical pathways, leads to the activation of mitochondrial
respiratory chain and essentially increases the production of ATP
(adenosine triphosphate), NO (nitric oxide), and a trace amount of
ROS (reactive oxygen species). As a result, LLLT accelerates cellular
activities and affects the healing process at the tissue level [2,3].

Bone grafts have been widely used for the repair of bone defects
and to accelerate bone healing. Studies are under way in order to
overcome problems that can occur when harvesting grafts, such as
donor-site morbidity, blood loss and harvesting limited amount of
graft. In today’s operative dentistry, platelet-rich fibrin (PRF) is also
being used in addition to various graft materials, or in combination
with graft materials [4]. In PRF matrix, there are various growth factors
which have important roles in wound healing, as well as cytokines
that are released by cytokines and play a role in inflammation control.
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Cytokines in the matrix have been reported to be long-acting, due to
their slow release during remodelling stage. PRF is considered to be a
strong stimulator of bone formation and regeneration by increasing
the proliferation of osteogenic cells. PRF helps to reduce bleeding and
accelerate soft and hard tissue healing. It has many advantages such
as accelerating vascularization due to growth factors, not causing allergic
reactions when harvested autologously, easy preparation in a short time,
absence of disease transfer risk, controlling inflammation via leukocytes
and the cytokines they release, and suppression of infection [4,5].

When structural and mechanical restoration of bone tissue losses,
which is one of the most important problems of modern dentistry, a
good regeneration is achieved. Applications performed for this purpose
are difficult due to weak blood supply, absence of mechanical stability
and more active proliferation of the other tissues. In the recent years,
laser biostimulation is performed in combination with regenerative
methods to stimulate healing in bone defects [6].

In our study, the aim was to investigate the effects of platelet-rich
fibrin and low-level laser therapy on new bone formation in subjects
which underwent tooth extraction.
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Materials and methods
Experimental model

After obtaining the ethics committee approval for the study (GATA
15/47,10.04.2015), 72 healthy, 12-week old, female wistar rats weighing
between 200-300 gr were included in the study. Animals were assigned
to 4 different groups, one of which was the control group. Of these
animals, 12 were lost to anesthesia and tooth extraction. Rats in Group
1 underwent low-level laser therapy (LLLT) and irradiated with a dose
of 12-20 J/cm? in total in every 3 days until the day of their sacrifice. In
Group 2, platelet-rich fibrin (PRF) was applied to the extraction sockets
of the rats and was fixed with 6/0 suture. Rats in Group 3 received a
combination of PRF and LLLT. Then, rats in each group were divided
into three subgroups to be sacrificed on the 7th, 10th and 14th day.

Tooth extraction

Tooth extraction was performed immediately in the control group
and Group 1, and after their sacrifice in Groups 2 and 3. Subjects in the
control group were used as donors to obtain PRF. For tooth extraction,
general anesthesia was induced in all rats using ketamine HCI (Alfamin
10%) 90 mg/kg LM. and xylazine HCI (Alfazyne 2%) 10 mg/kg I.M.
injection. Local anesthesia was induced using 0.1 cc articaine HCI
(Fullcain Ampulla, Onfarma). The tip of a 15-blade scalpel was wedged
between the upper incisors for the elevation of the tooth, and luxation
was performed with the help of a bayonet, and the tooth was extracted
(Figure 1). Bleeding was controlled using a small sterile tampon gauze
in subjects whose tooth extraction was complete.

Laser application

Subjects in the experiment groups were exposed to 100 mW laser
(94010 nm InGaAsP diode laser, Biolase Epic™ 10, USA) in continuous
wave emission mode for 5 seconds, to ensure an irradiation area of
0.1256 cm?in the extraction socket from a 5 mm distance. Subjects
were exposed to a daily dose of approximately 4 J/cm? (0.1 W x 5 sec /
0.1256 cm? = 3.981 J/cm?) intraoral laser every three days (day 0, 3, 6, 9,
12) after extraction (including extraction day), on the same time. The
total applied dose was 12-20 J/cm?. Laser application was performed
in the same session with the tooth extraction when the subjects were

Figure 1. Image of the upper anterior incisor after extraction
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under general anesthesia, and the subsequent laser applications were
performed with an assistant, by immobilizing the subjects.

Application of platelet-rich fibrin

A total of 4 ml blood was collected intracardiacally from the
subjects in the control group under general anesthesia, using a 22G 5ml
injector on the days of sacrifice. The collected blood was transferred
into glass-coated 9 ml plastic tubes without any blood coagulants and
centrifuged at 3000 rpm for 12 minutes using Herme Z 326 (Hermle
Labortechnik GmbH, Wehingen, Germany). After centrifugation, the
layer containing red blood cells was observed at the bottom of the tube,
PREF clot was observed in the middle of the tube, and acellular plasma
was found at the surface. Using a cotton plier, fibrin clot was taken out
of the tube and red blood cells adhering to the lower part of the fibrin
were removed with scissors.

Termination of the study and collection of maxillary bone-
blocks

At the end of the study, general anesthesia was induced in rats
grouped according to their day of sacrifice using ketamine HCI
(Alfamin 10%) 90 mg/kg I.M. and xylazine HCI (Alfazyne 2%) 10 mg/
kg I.M. injection. Subjects were sacrificed via intracardiac injection of
high-dose ketamine. After euthanasia, in order to examine extraction
sockets, maxillary bones exposed following the dissection of cutaneous
and subcutaneous tissues of the skull were resected using diamond disc
along the separated zygomatic arch. The collected bone-blocks were
stored in biopsy containers filled with 10% formaldehyde solution.
Then, bone specimens were examined histologically to evaluate bone
healing within the extraction socket.

Histological evaluation

Fixation of the specimens obtained after the sacrifice was
performed using 10% buffered formalin (neutral phosphate-buffered
formalin) for 24-72 hours, followed by their decalcification in 10%
formic acid. 10% formic acid solutions were changed in every two days
and decalcification was completed in a week, and then the specimens
were washed overnight under running water and embedded into
paraffin blocks following routine tissue processing procedure. For the
routine hematoxyline-eosin staining of the tissues, sagittal sections
at an approximately 4-5 mm thickness were obtained and placed on
adhesive slides (Surgipath, X-tra Adhesive Microslides, Illinois, USA).

Sections were deparaffinized inside a 70°C incubator for an hour,
followed by two 30-minute incubations in xyloland alcohol, respectively,
washed under tap water, and stained. Specimens stained with routine
hemotxyline-eosine (HE) staining procedure for histopathological
evaluation were histologically and histomorphometrically analysed
under Leica DM 4000 B (Leica Microsystems GmbH. Wetzlar,
Germany) light microscope.

Extraction sockets were evaluated in terms of the amount of
newly formed bone and the number of inflammatory cells observed
during healing. The amount of new bone was calculated using semi-
quantitative method, by measuring the amount of bone formed within
the entire socket (um2) under x400 magnification with 100-unit ocular
grid [7,8].

Statistical evaluation

Data obtained in this study was analyzed using IBM SPSS Statistics
Version 20 (Statistical Package for the Social Sciences, Chicago, IL)
software package. Normal distribution of the variables were analyzed
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using Shapiro Wilk’s test due to unit numbers. Friedman’s Two Way
ANOVA was used in the analysis of more than two dependent samples
since they were non-normally distributed; and if significant differences
were found, multiple comparison tests were used and variables that
differ from each other were detected. When analyzing inter-group
differences, if the variables are non-normally distributed, Kruskal
Wallis-H test was used. If significant differences were detected with
Kruskal Wallis H test, Post-Hoc Multiple Comparison test was used to
determine the groups that differ from each other. When interpreting
the results, a significance level of 0.05 was used; and if p<0.05, it was
concluded that there is a significant relationship, and if p>0.05, it was
concluded that the relationship is not significant.

Results
Histological results
Control group

On the 7" day, approximately 5-10% bone matrix formation was
observed at the base of the extraction socket, filling 1/3 of the socket, in
all specimens. On the 10" day, approximately 20% osteoid formation
was observed at the base of the socket, filling 1/3 of the socket. On the
14" day, 40% new bone trabeculae at the base of the extraction socket
was observed (Figure 2).

Test group 1 (LLLT)

On the 7 day, granulation tissue at the base of the socket, filling
1/3 of the socket, was observed and 10-20% bone trabeculae at the base
of the socket was observed. On the 10* day, approximately 30% new
bone trabeculae was observed in the granulation tissue. On the 14 day,
in all specimens, 40% new bone trabeculae at the base of the socket,
filling 1/3 of the socket, was observed (Figure 3).

Test group 2 (PRF)

On the 7™ day, 5-10% bone matrix formation was detected at the
base of the extraction socket, filling 1/3 of the socket. On the 10" day,
20-30% new bone trabeculae was observed at the base of the extraction
socket, filling 1/3 of the socket. On the 14™ day, approximately 40%
new bone trabeculae was detected at the base of the extraction socket

(Figure 4).

Figure 2. Histologic image of the extraction sockets at day 14 after tooth extraction in the
control group (H&E, x20)
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Figure 3. Histologic image of the extraction sockets at day 14 in the LLLT group (H&E, x20)

Figure 4. Histologic image of the extraction sockets at day 14 in the PRF group (H&E, x20)

Test group 3 (LLLT+PRF)

On the 7" day, in all specimens, approximately 30% new bone
trabeculae at the base of the socket, filling 1/3 of the extraction socket,
was observed. On the 10" day, approximately 30-40% new bone
trabeculae was detected in the granulation tissue. On the 14" day,
approximately 50-60% of new bone trabeculae was detected in the
specimens of this group (Figure 5).

Statistical evaluation of new bone formation

There was a statistically significant difference between the groups
in terms of bone amount on the 7th day (p<0.05). The bone amount
on the 7* day in the control group was significantly lower than Laser +
Platelet-rich fibrin group (Table 1).

There was a statistically significant difference between the groups
in terms of bone amount on the 10% day (p<0.05). The bone amount
on the 10th day in the Control and Platelet-rich fibrin groups was
significantly lower than Laser + Platelet-rich fibrin group (Table 2).
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Table 1. Results of the Kruskal-Wallis H Test of the Inter-Group Difference in terms of the Bone Amount on Day 7

Group Kruskal Wallis H Test
n Mean Median Min Max sd Middle Rank H p
Control 6 93593.75 94843.75 80937.5 100468.75 7247.6875 533
Laser 4 118437.5 121406.25 105000 125937.5 9627.6875 15.13
Bone amount Platelet-rich fibrin 5 101500 96875 90625 125625 14276.8125 8.2 11.076 0.011
on day 7 pm’? ri
E::: * Platelet-rich 5 11890625 | 11859375 | 10765625 12609375  7201.0625 153
Total 20 106867.1875 103750 80937.5 126093.75 14554.375 1-4
Table 2. Results of the Kruskal-Wallis H Test of the Inter-Group Difference in terms of the Bone Amount on Day 10
Group Kruskal Wallis H Test
n Mean Median Min Max sd Middle Rank H P
Control 5 107837.5 100781.25 90468.75 128250 15523.1875 5.4
Laser 6 128906.25 129687.5 108437.5 156406.25 18890.625 11.5
Bone amount . . 13.915 0.003
on day 10 Platelet-rich fibrin 5 119281.25 118281.25 105937.5 134218.75 10109.625 8.4 . .
N .
um :::f; * Platelet-rich 6 16140625  162187.5 | 155468.75 | 16671875  4960.8125 19.17
Total 22 130794.0625 124593.75 90468.75 166718.75 24124.4375 1-43-4
Table 3. Results of the Kruskal-Wallis H Test of the Inter-Group Difference in terms of the Bone Amount on Day 14
Group Kruskal Wallis H Test
n Mean Median Min Max sd Middle Rank H P
Control 4 224492.1875 | 225156.25 220000 227656.25 3744.3125 2.5
B Laser 5 244843.75 244218.75 238437.5 252968.75 5377.5625 8.7
one 13.186 0.004
amount on | Platelet-rich fibrin 5 247187.5 247500 243125 253125 3914.0625 10.7
2
day 14 pm® 1y ) cer + Platelet-rich fibrin 4 255304.6875  255937.5 | 2523125 | 25703125 | 2095.625 16
Total 18 243296.875 | 245234375 220000 257031.25 11659.5 1-4

Figure 5. Histologic image of the extraction sockets at day 14 in the LLLT+PRF group
(H&E, x20)

There was a statistically significant difference between the groups
in terms of bone amount (p<0.05). The bone amount on the 14" day
in the Control group was significantly lower than Laser + Platelet-rich
fibrin group (Table 3).

Discussion

Since inflammation, granulation tissue formation, angiogenesis,
extracellular matrix deposition and maturation stages of the hard tissue
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healing can be monitored in a coordinated manner during bone healing
process after tooth extraction, socket healing is a good experimental
model [9]. Therefore, in this study, in order to observe the effect of
platelet-rich fibrin and low-level laser therapy, tooth extraction wound
was chosen as the experimental model.

Wound healing has been performed experimentally on many
different animal models such as guinea pig, dog, rabbit, and rat [10-16].
Hamad et al. (13) has used rabbits in their study where the effects of
diode laser on the healing of tooth extraction wound were investigated.
Manrique et al. [17], Gau et al. [18], Silva et al. [19] used rats in their
studies. In general, rats have been preferred in the majority of the
studies on the healing of tooth extraction wound. The studies have
shown that socket healing process in rats is similar to that in humans
and due to their high metabolic rate, results can be obtained in a short
time [20]. In light of the information from the available literature, rat
model was chosen in our study.

In the literature, healing of the extraction sockets in rats ranges was
monitored between periods of 1-60 days. Healing period after tooth
extraction in rats occurs in three phases: early phase (1-5 days) during
which the blood clot organization is completed and socket is coated
with epithelium, bone formation phase (5-20 days), remodelization
phase (20-60 days) during which immature bone matures and alveolar
cretin is reshaped [21]. In tooth extraction studies performed in rats,
it has been reported that healing of the maxillary incisor socket is
completed between 3-6 weeks [22-24]. Considering the information in
the literature, sacrifice days in our study were determined as 7%, 10%
and 14" days in order to obtain early-stage results of bone healing.

Park et al. [10] has studied the effect of GaAlAs (980 nm) diode
laser on wound healing after tooth extractiob in diabetic and healthy
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rats. They have removed right and left maxillary first molars of all rats
and left the extraction sockets on the left side to heal whereas they
applied laser to the extraction sockets on the right side at a dose of 13.95
J/em? for 60 seconds on the 3™, 5%, 7" and 14™ days. After histological
examinations and gene expression analyses, they have reported that the
first steps of healing in the extraction sockets exposed to LLLT were
observed more rapidly in healthy and diabetic rats, and higher amount
of alveolar bone formation was observed compared with the control
group. In our study, based on the histological findings obtained on the
7%, 10" and 14" days, higher amounts of bone formation were observed
in groups exposed to LLLT than the control groups.

Korany et al. [12] has investigated the effects of LLLT on bone
healing in rats that underwent tooth extraction following radiotherapy.
They have extracted right and left mandibular first molars on the 3™ day
following radiotherapy (6 Gray) and left the extraction sockets on the
right side to heal and applied 75mW GaAlAs (830 nm) diode laser to
the extraction sockets on the left side. Socket healing was histologically
and histomorphometrically analysed on the 3, 7" and 10" days. On the
3 day, they reported the presence of granulation tissue consisting of
vascular fibrous tissue at the center of the socket and new woven bone
structure at the base of the socket in the laser group, whereas the socket
was filled with connective tissue consisting of immature collagen fiber
bundles in the group not exposed to laser. On the 7* day, it was stated
that a large part of the socket was filled with large bone trabeculae in
the laser group, whereas the socket was partially filled with new woven
bone tissue in the group not exposed to laser. On the 10" day, it was
stated that the woven bone structure transformed into mature bone
structure in the laser group. Researchers reported that, on the 7" and
10™ days, bone trabeculae percentage increased in the groups exposed
to laser compared with the groups not exposed to laser.

Rocha Janior et al. [25] has applied GaAs (870 nm) diode laser at a
daily dose of 3.8 J/cm? to skin wounds created using punch on the backs
of Wistar rats. After applying LLLT 3 sessions per week (on the day of
the operation, postoperative day 2 and postoperative day 7), subjects
were sacrificed on the postoperative day 10. After histopathological and
histomorphometric analysis, more new blood vessel formation, higher
fibroblast proliferation and less inflammatory cells were observed in
the laser group than the control group on the 10" day. Researchers have
concluded that, due to more rapid and more organized healing process,
LLLT can be an effective method in tissue repair.

So far, many studies have been conducted to evaluate wound healing
in extraction sockets using PRF [26-30]. However, in the literature,
there aren’t any studies that evaluate the effects of the combined use of
PRF and LLLT on the healing of extraction sockets.

Although centrifugation at 3000 rpm for 10 minutes was
recommended to obtain PFR from blood samples collected from rats
by many studies in the literature, PRF could not be obtained using these
parameters in our preliminary studies. Unlike other studies, Abdullah
[31] has obtained PRF by centrifugation at 3000 rpm for 12 minutes.
In our study, PRF was obtained by centrifuging 4 ml of blood collected
from rats at 3000 rpm for 12 minutes. It was found that this protocol
allowed for more PRF to be obtained.

El-Hayes et al. [32] studied the effect of the combined use of LLLT
and PRF on bone healing in rabbits. They have created bone cavities in
rabbit femurs and divided the subjects into four groups, which were
control, LLLT, PRF and LLLT + PRF group. LLLT was applied at a daily
dose of 4 J/cm?*using GaAlAs (808 nm) diode laser. Subjects have been
sacrificed on postoperative day 30. In their histological analysis, they
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have found that new bone area was significantly higher in the LLLT +
PRF group than the other three groups, and in the LLLT group than
the PRF group. Researchers have reported that while LLLT stimulates
bone healing, PRF acts much faster. Moreover, they have concluded
that when LLLT and PRF are used in combination, they stimulate bone
healing more than when they are used alone. In our study where we
evaluated bone healing in extraction socket, similarly, we found that
the amount of new bone in the group exposed to the combination of
LLLT and PRF was significantly higher than the control group on the
7% and 14" days, and than the control and PRF groups on the 10 day.

Nagata et al. [33] have studied the effects of the combined use
of PRP and LLLT on the healing of periodontal fenestration defects
in rats. Fenestration defects were created in the mandibulae of 80
Wistar rats and the subjects were divided into 4 groups, which were
control, PRP, LLLT and PRP + LLLT group. LLLT was performed
using InGalP diode laser (660 nm) at a daily dose of 6 J/cm? (0.035 W,
for 5 seconds, to an area of 0.0283 cm?). Subjects were sacrificed on
postoperative days 10 and 30. New bone percentage, new bone density,
new cement formation and the remaining defect area were analysed
histomorphometrically. The remaining defect area on the 10" day in
the PRP group was statistically significantly smaller than the control
group. New bone percentage and density on the 30" day in the PRP
group was statistically significantly higher than the control group.
Researchers have concluded that LLLT, PRP, or their combination
promoted new cement formation together with functional periodontal
ligament, and have reported that the combined use of PRP and LLLT
did not have an additional effect compared with their use alone.

Conclusions

Although the application of LLLT alone following tooth extraction
accelerates bone healing, the amount of new bone formation reaches
to the same level with the control and PRF groups on the 14th day of
healing. It was concluded that the combined use of PRF and LLLT
stimulates bone healing more than their use alone and increases the
volume of the regenerated bone.
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