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Abstract

Among the new approaches to tissue regeneration platelet rich fibrin (PRF) is shown to have significant
effect in different surgical fields like pulpotomy. The PRF clot forms a strong natural fibrin matrix with
platelets and growth factors and makes a complex structure as a healing matrix. The blood of adult
healthy dogs weighting 18 ± 3 kg centrifuged for 12 minutes at 10000 /rpm. The PRF was isolated. A
cervical cavity was prepared in the three incisors of both upper and lower jaw. When the pink color of
pulp was seen through the thin layer of dentin, a No.2 explorer was used to expose the pulp. In group A
no treatment was performed and the cavities were filled only by zonalin cement. In group B, PRF was
placed on exposure site and zonalin cement over it. All teeth were extracted and sections were viewed
under light microscope. Different degrees of inflammation and necrosis were observed in pulpal tissues
in group A. Dentinal bridge was not observed in group A. Different degrees of dentin bridge formation
were observed in group B. Mean necrosis in group A (1) was significantly higher when compared to the
mean degree of necrosis in group B (0.16). (P=0.001). Dentin bridge formation occurred in the pulpal
tissue of the dog’s incisor teeth capped with PRF, which shows promising effects in healing of the
wounded pulp.
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Introduction
The vitality of the pulp is very important to the tooth health
and plays a significant role during decision making to manage
pulpal pathologies. Pulpal viability is not only critical in the
treatment of pulpal exposure in permanent teeth of the young
patients subsequent to caries, but also in primary molar teeth
[1]. Pulpal exposure may occur following dental caries,
traumas and malformation of the teeth [2]. It has been proven
that pulpotomy is effective treatment for preserving pulpal
viability after pulpal exposure and in the presence of
inflammation. The vitality of the pulp is maintained by the
healing potential of the remaining radicular tissue and the
biocompatibility of pulpotomy agents as well [3]. Therefore,
pulpotomy is effective in treatment of reversible pulpal injuries
through sealing of the pulp. Subsequently the tertiary dentine
formation occurs [2]. Calcium hydroxide (Ca(OH)2) and
Ca(OH) compounds has been used since 1920 and currently
are considered as the gold standards of pulp capping [3-6].
However, many studies have been performed to introduce
alternative biocompatible pulp capping materials. Among them
Mineral trioxide aggregate (MTA) has been shown to be the
material of choice for pulpotomy procedures. Many animal

study results indicated the superiority of MTA to Ca(OH) when
used as a direct pulp capping agent [7-9].

Among the newly introduced approaches to tissue regeneration
platelet rich plasma (PRP) and platelet rich fibrin (PRF) are
shown to have significant effect in healing in different surgical
fields such as head and neck surgery, orthopedic surgery,
cardiovascular surgery, and maxillofacial surgery [10,11]. PRP
and PRF are non-expensive, easy to be prepared, and produce
less inflammation during healing. A natural blood clot contains
mainly red blood cells, approximately 5% platelets and less
than 1% white blood cells (WBC). PRP is derived from the
centrifugation of autologous blood. In order to be prepared in a
gel formulation, PRP is mixed with thrombin and calcium
chloride. Therefore, a high concentration of platelets, the
associated growth factors and fibrinogen are included in PRP
gel. The important difference in composition between PRP and
PRF is the presence of a high concentration of platelets and
native concentration of fibrinogen in PRP [4]. Preparation of
PRF does not require thrombin and calcium chloride for
activation and the process is even easier and less time
consuming than preparation of PRP gel. Thus, the preparation
of PRF is strictly autologous. PRF was first described by
Choukroun et al. [12] and it is called the second generation
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platelet concentrate. It has several advantages over traditionally
prepared PRP [12].

The PRF clot forms a strong natural fibrin matrix, which has
almost all the platelets and growth factors of the blood harvest
[2,3] and shows a complex structure as a healing matrix,
including mechanical properties no other platelet concentrate
offers. PRF can be considered as a natural fibrin-based
biomaterial favorable to the development of a
microvascularization and able to guide cell migration into
wound area. In the study of Pathak et al. use of the PRF in a
carious pulp exposure of a young permanent tooth with pulpitis
made a successful result over 6 months [13]. In the study of
Kumar et al. he used the PRF as pulp capping material over a
permanent tooth of a 21 years old male and after 6 months the
patient had no pain or radiograph changes [14].

Pulp cells residing in pulp clinically diagnosed with pulpitis
might still have stem cell potential similar to healthy pulp cells
and therefore might be a resource for autologous pulp
regeneration which suggest opportunities for biologically based
therapeutic approaches to dental tissue repair as well as
providing valuable insights into how natural regenerative
processes like PRP or PRF may be operating in the tooth [4].
Therefore, we designed a study to investigate the healing
effects of PRF following vital pulp therapy in the incisor teeth
of the dogs.

Material and Methods
After approval was received from the University Research
Committee, Azad University of Garmsar the procedure was
started according to animal ethics guidelines. 10 ml blood
sample of jugular vein was taken. Adult healthy male mixed
breed dogs weighing 18 ± 3 kg were entered the study. The
food was restricted for 8 h in all subjects prior to surgery. The
blood collected in a tube without anticoagulant agents like
EDTA. After one minute of resting, the tube centrifuged for 12
minutes at 10000 rpm. The white jelly part above the clot
(Figure 1), which is PRF, was isolated. Then, general
anesthesia performed using Acepromazine (0.01 mg/kg) as
premedication and the combination of ketamine and diazepam
(IV, 8.5 mg/kg and 0.2 mg/kg) for induction of anesthesia. The
anesthesia maintained by inhalation of isoflurane in Oxygen
following intubation. The oral chlorhexidine solution 1.2% was
used for aseptic preparation of the oral cavity.

After anaesthetizing the dog and infiltration of one carpule of
lidocaine with epinephrine, a cervical cavity with an inverted
bur was made in the three incisors of both upper and lower jaw
(Figure 2). When the pink color of pulp was seen through the
thin layer of dentin, teeth were isolated with cotton rollsand, a
No.2 explorer was used to expose the pulp. Cavities were
washed with normal saline. A total of 20 incisor teeth were
prepared in this way. After preparation of the cavity the teeth
were assigned into two groups. In group A no treatment was
performed and the cavities were filled by only zonalin cement.
In group B, a 1 × 2 mm of PRF was brought to the exposure

sites and placed over it and a zonalin cement covered the
whole cavity (Figure 3).

Figure 1. White jelly on the top is PRF.

Figure 2. Inverted cone bur used for preparation.

Figure 3. Zonalin cement was put on the cavities.

The teeth were checked weekly for any signs of discoloration
and inflammation. After two months the teeth, all teeth in both
groups were extracted under general anesthesia. The teeth were
fixed in 10% buffered formalin and processed in a tissue
processor after decalcification was performed. Paraffin-
embedded tissue sections were stained by Harris hematoxylin
and eosin (H&E) method. The stained sections were viewed
under light microscope at 4X and 10X magnifications for
examination. A single veterinary pathologist viewed the slides
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and graded them according to degree of inflammation,
formation of hard tissues and dentinal bridge and necrosis.
Inflammation was graded as non-existent (0), mild infiltration
of inflammatory cells, Neutrophils and Leukocytes (1),
moderate infiltration of inflammatory cells, Neutrophils and
Leukocytes (2) and severe infiltration of inflammatory cells,
Neutrophils and Leukocytes so that more than 2/3rd of the
pulpal canal is involved (3).

Figure 4. Minor inflammation without dentinal bridge formation in
tooth group A (40X magnification).

Figure 5. Minor inflammation with PRF (250 400 magnification).

Formation of dentinal bridge was graded as non-existent of
dentinal bridge (0), mild sedimentation of hard tissues
underneath and surround the used regenerative material (1),
moderate sedimentation of hard tissues and thin layer of dentin
bridge underneath and surround the pulp capping material (2)
and full formation of dentinal bridge under the exposure area
(3). Necrosis was graded as no necrosis (0) and existence of
denatured proteins and autolysis in pulp tissue (1). Means of
the measured variables were compared between the groups
using ANOVA. P values less than 0.05 were considered
statistically significant.

Results
Results of this study are illustrated according to
histopathological parameters including degree of inflammation,
formation of dentinal bridge and necrosis were used in this
study to evaluate the regenerative property of PRF.

Inflammation degree
Different degrees of inflammation, from mild to even severe
degrees were observed in pulpal tissues in groups A and B
(Figures 4-6). However, results indicated that mean degree of
inflammation was significantly higher in group A (2.25) in
comparison to group B (0.75) (P=0.00). Results are illustrated
in Table 1.

Figure 6. Angiogenesis and fibroplasias in tooth treated by PRF (250
400 magnification).

Figure 7. Islands of hard tissue in group B (40X magnification).

Dentin bridge formation
Dentinal bridge was not observed in group A. However,
different degrees of dentin bridge formation were observed in
group B (1.67) (Figures 7 and 8). Results are illustrated in
Tables 1 and 2.

Platelet rich fibrin
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Figure 8. Moderate dentinal bridge formation in tooth group B (40X
magnification).

Necrosis
Necrosis in the subjects in group A was obvious , and was
significantly higher when compared to the necrosis in group B
(P=0.001) Necrosis was observed in all pulpal tissues in group
A, however, it was found in 2 pulpal tissues in group B as well.

Table 1. Mean degree of inflammation, dentinal bridge and necrosis in
group A and B.

Group A Group B

Inflammation degree 2.25 0.75

Dentinal bridge 0 1.67

Necrosis 1 0.16

Table 2. Each row tests the null hypothesis that the Sample 1 and
Sample 2 distributions are the same. The significance level is 0.05.

Samples 1
and 2

Test
Statistic
al

Std. Error Std.Test
Statistical

Sig. Adj.Sig.

Control-PRF -18.000 4.000 -4.500 .000 .000

Discussion
Pulpotomy is an accepted treatment for teeth with pulpal
exposure and it is reported that the success rate of endodontic
treatment is lower than that of initial treatment [13-15]. Since
the preservation of the dental pulp is essential to maintain the
teeth, attempts have been done to preserve the vital pulp and/or
facilitate regeneration of the pulpal tissue. Thus, different
materials and biomaterials have been examined for pulpotomy
and pulp capping. Pulpotomy considered being successful
when apoptosis of odontobalsts and pulpal cells occuring
initially and finally reparative dentinogenesis takes place
[16-18]. The purpose of this study was to evaluate the

regenerative property of PRF as a pulp capping material in
pulpotomy of the incisor teeth in dogs.

Different histological parameters regarding pulpal wound
healing following pulp capping with PRF were recorded in this
study, including degree of inflammation of the pulpal tissue,
formation of Dentin Bridge and existence of necrosis. Results
of the present study showed that inflammation was occurred in
the both groups of the study. However, the inflammation was
more evident in group A, that no treatment was applied. PRF
produced mild to moderate inflammation in the subjects of
group B. PRF includes dense fibrin network with leukocytes,
cytokines, glycoproteins and growth factors. Basically
leukocytes present in PRF have a key role in releasing of
growth factors and anti-infectious activity. This explains, the
relative existence of moderate inflammation of the pulpal
tissue following pulp capping using PRF.

Dentin bridge was not formed in any of the subjects of group A
due to severe inflammation. In contrast the bridge and
reparatory dentine were observed in all of the subjects of group
B. It is shown that the associated growth factors with PRF are
released in the tissue during 1 to 4 weeks after applying of the
PRF [19,20]. So as we expected, the regenerative property for
PRF when used as pulp capping in group B was observed. Also
the expected time for pulpal repair is during the first 3 weeks
[21]. which was in agreement with result of the this study.
Therefore, the observation of reparative dentin in the pulpal
tissue is an optimistic sign of pulpal regeneration that was
occurred in group B following pulpotomy. Huang et al. in 2010
reported that PRF causes proliferation of human dental pulp
cells and increase the protein expression of osteoprotegerin and
alkaline phosphatase activity. Therefore, in the presence of low
amount of vital pulpal cells, odontoblast like cells will be
produced and pulp-dentin complex will form [19].

The effectiveness of PRF in accelerating wound healing of
different tissues have been studied and proved previously
[18-30]. Growth factors are critical in signaling the formation
and repair processes in dentine-pulp complex and they signal
many of the important events in tooth morphogenesis and
differentiation, also recapitulation of these processes may lead
to tissue regeneration [31]. In addition microvascularization
develops in the fibrin network of PRF promotes cell migration
[24]. In current case an effort was made to use such growth
factors in order to help healing the pulp after exposure .
Animal incisors were used in many DPC studies [32-34]. For
cavity preparation only class V cavities were prepared in this
study, as the procedure was easy and functional loads during
biting could be avoided [35-37]. Furthermore, our findings
were similar with the results of Wang et al. data that have been
revealed the pulp cells residing in pulp might have potential of
stem cells and help the pulp for regeneration [38]. We obtained
similar results in the present study.

As we expected the pulp with only zonalin coverage cavities
led to necrosis in group A. However, necrosis occurred in 2 of
the pulpal tissues in group B. This probably occurs due to
organization of the inflammation and subsequent infection of
the pulpal tissue. If the inflammation existed in the pulpal
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canal conquers the infection, regeneration will occur
subsequently. As discussed earlier PRF was prepared with the
dog's own blood and was placed in the exposure site of the
teeth. The process of preparation of PRF is very easy, quick
and unlike PRP activation with bovine’s thrombin is not
needed. Also PRF is considered a potent autologous material,
therefore, the risk of transported infected and blood borne
diseases are reduced when PRF is used compared to other
allograft, xenografts and biomaterials that are used as pulp
capping agents [24,39,40].

Conclusion
As mentioned above, the formation of dentin bridge is essential
in maintaining the viability of the pulp. The reparative dentin is
formed in residual dental pulp. Therefore, in the absence of
bleeding, PRF supplies growth factors and potential network
for regeneration of the pulp [23]. It is concluded that mild to
moderate inflammation and dentin bridge formation occurred
in the pulpal tissue of the dog’s incisor teeth capped with PRF,
which shows promising effects in healing of the wounded pulp.
Also necrosis reported in 2 subjects of the groups treated with
pulpotomy. These findings suggest biologically based
treatment approaches to dental tissue healing and provide an
insight how natural regenerative processes can be done in
teeth. Further research on this subject is required with regard to
operate on human teeth and more follow up time.
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