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ABSTRACT

Purpose: to evaluate the biological response of the dog teeth to Platelets Rich
plasma (PRP), Platelets Rich fibrin (PRF) and mineral trioxide aggregate (MTA) as pulp
capping materials. Material and Methods: A total of 90 teeth of dogs were included.
Class V cavities were prepared. Pulp exposure was performed in the middle of cavity
floor. The teeth were divided into three groups of 30 teeth according to the material used;
Al: PRP, A2: PRF and A3: MTA. Glass ionomer restoration was applied as restoration
for the cavities. The tissue response to the materials was assessed at three different
post-operative periods of 7, 30, 60 days. The animal was sacrificed. Histomorphometric
analysis was performed. Result: the results showed high inflammatory cells count at
7 days for all treated groups; PRP treated teeth showed the highest at 7 days, while
PRF showed the least. At 1 and 2 months postoperatively no significant difference was
found between all the treated groups. For dentin bridge scores; there was no significant
difference between all the materials at 7 days and 1 month. At 2 months; the MTA
treated teeth recorded the greatest dentin bridge score as compared to all treated teeth.
As for integrity of odontoblast score; results showed no significant difference between
different materials at 7 days and 1 month. The MTA treated teeth showed the highest
score as compared to PRP and PRF at 2 months. Conclusion: Among the three different
materials, PRP and PRF appeared to be promising pulp capping agents.
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INTRODUCTION

Pulp vitality is important to the tooth health.
Pulpal exposure may occur following trauma, dental
caries and malformation of the teeth. The pulp
vitality is maintained by the healing potential of the
remaining coronal and the biocompatibility of pulp
capping agents as well. Therefore, pulp capping is
important in treatment of reversible pulpal exposure
through sealing of the pulp. Subsequently, dentine
formation occurs®.

Pulp capping materials have been recommended
after the use of gold foil. Also calcium hydroxide
has become one of the most popular methods for
pulp capping materials to form dentin bridge®.
Mineral trioxide aggregate MTA has been an
acceptable pulp capping material®. Moreover;
many bio materials such as Platelets Rich Plasma
(PRP), Platelets Rich Fibrin (PRF) have been used
for direct pulp capping®.

Platelets rich plasma (PRP) has Antimicrobial
effect, biocompatibility and promote healing. So it
has been proposed as possible medicament for pulp
capping. Platelet-rich fibrin (PRF) is high platelet
concentrate which improves soft and hard-tissue
healing®.

PRF has upper hand over the known PRP include
ease of processing/application, minimal cost and
no anticoagulant is required. PRF is a precisely
autologous fibrin matrix containing a large number
of platelet and leukocyte cytokine which play a
substantial role in tissue formation and repair pulp
complex®.

Mineral trioxide aggregate (MTA) has excellent
physical and chemical properties and has been
proposed as a potential medicament for use in
pulpotomies®.

MTA is very useful material for pulp capping,
pulpotomy, apical barrier formation in teeth with
necrotic pulps and open apexes, repair of root
perforations, root-end filling, and root canal filling®.
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MATERIALS AND METHODS

Three pulp capping materials were used: Plate-
lets rich plasma (PRP), Platelet-rich fibrin (PRF)
and Mineral trioxide aggregate (MTA).

1. Selection of experimental animals and
Randomization:

Six female mongrel dogs, aged between 12 to 18
months with intact dentition were enrolled for the
present experimental study. The study was divided
into three phases at different time intervals. Two
experimental dogs were included in each phase. In
each experimental dog; 15 teeth were selected. Ran-
domization and allocation of the teeth were made
using a computer-generated random table. Excel
software (Microsoft) was used for randomization.
Generation of random allocation sequences was
done. Randomization, allocation concealment and
blinding were implemented in the envelope tech-
nique which was applied in the study. The animal
ID, location of teeth, the time of assessment and the
materials applied were recorded in each envelope.

2- Sample size determination

A total sample size of 90 teeth, in six dogs were
sufficient to detect an effect size of 3.24, a power
of 0.8 and using a two-sided hypothesis test and a
significance level 0.05 for categorical and numerical
data. A total sample size of 72 minimum (24 for
each group) was found sufficient to detect the effect
size 0.40, a power of 95% and significant level of
5% (p<0.5). For higher significance level (p<0.01)
a simple size of 30 samples for each group was
recommended. Sample size was calculated using
G*power program, Germany®

3- Animal grouping:

A total of ninety teeth of dogs were included in
the study. The selected teeth were divided into three
main groups of thirty teeth each (n=30) according
to the material used for capping; Al: Platelets Rich
Plasma, A2: Platelets Rich Fibrin and A3: Mineral
Trioxide Aggregate (MTA). The biological tissue
response to the tested materials used was assessed
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at three different post-operative periods of 7, 30, 60
days® thus each group was further subdivided into
three subgroups of ten teeth each according to the
time of assessment (n=10); T1: 7 days, T2: 30 days
and T3:60 days.

4- Operative procedures:

A cannula was fixed in cephalic vein for each
dog and used for injection solution (mixture of
xylaine 1.0 mg\ kg body weight in combination
with ketamine hydrochloride 5.0 mg\kg body
weight) and anesthesia was maintained throughout
the operative procedures”. Each dog was placed on
operating table in supine position with tilted head to
avoid obstruction in respiratory air way.

Class V cavities were prepared on the buccal
surface of the selected teeth away 2 mm from the
gingival margin 2mm in Buccolingual 3mm in
mesiodestial 2mm in depth using round carbide
bur (Mani, Germany) assembled on low speed
micro motor under sterile copious water during
preparation to avoid heat generation. A new bur was
used for each tooth. Pulp exposure was performed
in the middle of cavity floor with rounded carbide
bur #1. Immediately after pulp exposure, dentine
chips were washed with distilled water and light
pressure to stop bleeding.

5- Application of pulp capping materials:

A- Application of PRP: The PRP was carried out
with plastic syringe and applied directly at the
exposure site. A tissue absorbent material was
cut to small pieces Imm width and 1mm length,
a piece of tissue absorbent material membrane
was applied over the PRP to ensure holding the
material at the exposure site.

B- Application of PRF: The PRF was cut to small
pieces Imm width and Imm length using
tweezers and scalpel and this small piece of PRF
was applied to the entire exposure site and small
piece of tissue absorbent material membrane was
applied onto the PRF pieces to ensure holding it
in the exposure site.
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C- Application of MTA: powder and purified water
were placed on a clean glass slab then were
mixed using a metal mixing spatula in ratio of 3:1
powder/ purified water in order to obtain a putty
consistency. The excess moisture on the surface
of the MTA mix was removed with a sterile
cotton pellet and an amalgam carrier was used
to deliver the MTA mix onto the pulp exposure
site then the mix was compacted lightly with a
slightly moistened sterile cotton pellet to ensure
an even thickness coverage of 3 to 4 mm.

6- Teeth extraction and animal sacrifices:

The experimental study was approved from
the ethical committee of AL-Azhar University
(Girls). Two experimental dogs were included in
each assessment time. After the testing periods 7
days (T1), 30 days (T2) and 60 days (T3), the dogs
on this group were sacrificed by injection of an
overdose of 10% thiopental sodium. The maxilla
and the mandible of the animal were separated
and divided to right and left quadrant and directly
was fixed in 10% formaldehyde solution for 10
days. The hemisectioned jaws were demineralized
using 50% formic acid and sodium citrate for two
months. After complete decalcification, the teeth
were extracted from the bone by specified scalpel.
The specimens were placed in the demineralizing
solution two weeks more.

7- Preparation for histological study

After the teeth were demineralized, the specimens
were embedded in paraffin wax and serial sections
of 0.5 mm thickness were prepared through the pulp
exposure using microtome. All the sections were
stained with hematoxyalin and eosin.

8- Image analysis

The sections were blindly evaluated by patholo-
gist according to the criteria previously established.
All the images of the slide were captured using
digital camera which was mounted on light micro-
scope. Images were then transferred to the comput-
er system for image analysis. The image computer
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analysis for system used software (Lecia Quin 500)
to count automatically inflammatory cells number.
The mean count of inflammatory cells was mea-
sured from nine fields of different slides. The dentin
bridge formation was scaled from the slides by the
following scoring system: 0-No presence of dentin
bridge formation. 1- Presence of incomplete dentin
bridge in the region of pulp injury. 2- Presence of
dentin bridge lying at the lateral surface of the pulp.
3- Presence of complete dentin bridge formation.
The morphology and the integrity of the odontoblast
were scaled from the slides by the following scoring
system: O-Normal pulp tissue.l- Disorganization of
odontoblast like cells proliferation. 2- Complete
disorganization of pulp tissue. 3- Pulp necrosis®.

Statistical analysis

The Normality test (shaperio wilk test) was
used. Inflammatory cell count; the date showed
parametric distribution; so regression model using
One-way Analysis of Variance (ANOVA) was used
in testing significance for the effect of material,
time and their interactions on inflammatory cell
count. Tukey’s post-hoc test was used for pair-wise
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comparison between the groups when ANOVA
test is significant. The significance level was set at
P < 0.05. Scoring of dentin bridge formation and
integrity of odontoblast score; the data were of non-
parametric. Hence, kruskal wallis test was used for
statistical analysis.

RESULTS

Regarding the effect of different materials
following pulp capping on the count of inflammatory
cell at intervals; at one week, PRP exhibited the
greatest inflammatory cell count, followed by MTA
then the least was shown by PRF. The result showed
high significant difference between the different
groups. While in one month and two months results
showed no significant difference between the tested
materials.

Regarding the effect of different time intervals
on inflammatory cell count after pulp capping using
different materials, all the treated material showed
high count of inflammatory cells at one week, then
the count decrease at one month and two months.
The differences were highly significant for different
follow up periods, for each material. (Table.1)

Table (1) Inflammatory cells count for PRP, PRF and MTA at different assessment intervals.

Platelet rich plasma (PRP) Platelet rich fibrin (PRF)

Mineral trioxide

Material aggregate (MTA)
P- value
Time Mean SD Mean SD Mean SD
One week 262.9 46.2 166.5 329 212.1 245 0.000
One month 81.8 40.7 65.1 25.01 80 28.2 Lot
Two months 435 23.8 28.7 152 25.6 122 0.091
P- value 0.000 0.000 0.000

P < 0.05: Significant difference, P > 0.05: No significant difference.
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Assessment of Dentin Bridge Formation: The data
were non-parametric hence, kruskal wallis test was
used for statistical analysis. For PRP, one week fol-
low up period showed the least dentin bridge score,
followed by one month then two months showed the
highest dentin bridge score. The difference was highly
significant (HS). For PRF, one week follow up period
showed the least dentin bridge score, followed by one
month then two months showed the highest dentin
bridge score. The difference was highly significant
(HS). For MTA, one week follow up period showed the
least dentin bridge score, followed by one month then
two months showed the highest dentin bridge score.
The difference was highly significant. Regarding ma-
terials effect, at one week and one month showed no
significant different between materials. While at two
months MTA showed the highest dentin bridge thick-
ness followed by PRF and the least was PRP (Table.2).
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Integrity of odontoblast and odontoblast like
cells as well as pulp tissue, result revealed that; for
PRP and PRF, one week follow up period showed
the highest odontoblast score followed by one month
and two months showed the least odontoblast score.
The difference was not significant. For MTA, one
week follow up period showed the highest odonto-
blast score followed by one month then, two months
which showed the least odontoblast score. The dif-
ference was highly significant. For each assessment
time intervals, for one week, PRP showed the high-
est odontoblast score followed by PRF then MTA.
The difference was not significant. For one month,
PRP showed the highest odontoblast score, fol-
lowed by PRF then, MTA. The difference was not
significant. For two months, PRP showed the high-
est odontoblast score, followed by PRF then, MTA.
The difference was significant(S) (Table.3).

Table 2: Dentin bridge scores for PRP, PRF and MTA at different assessment Intervals.

Material
P-value
(PRP) (PRF) (MTA)
Median 0 0 0
Maximum 0 0 0
One week 1.000
Minimum 0 0 0
Rank 142 142 142
Median 1 1 2
Dentin Bridge Maximum 2 2 2 0.117
. One month
Formation Score Minimum 1 0 1
Rank 13.32 112 17.67?
Median 2 3 3
Two Maximum 3 3 3 0.044
months Minimum 1 1 2
Rank 9.3¢ 15.33" 17.33?

P <0.05: Significant (S) P < 0.01: Highly significant (HS). P > 0.05: Non-significant (NS).

Different superscript in the same row indicated significant difference.
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Table 3: Integrity of odontoblast scores for PRP, PRF and MTA at different assessment Intervals.

Material
P-value
(PRP) (PRF) (MTA)
Median 2 1 1
Maximum 2 2 2
One week 0.273
Minimum 1 1 1
Rank 172 12.52 12.52
Median 1 1 1
Maximum 3 2 2 0.129
Integrity of Odontoblast 1 month '
Minimum 1 0 0
Rank 72 13.42 11.12
Median 1 1 1
Maximum 2 2 1
2months 0.027
Minimum 1 0 0
Rank 18.52 13.6° 9.9¢

P <0.05: Significant (S).

Different superscript in the same row indicated significant difference.

Figure (1) Histomorphology at exposure site using PRP after different testing periods. A: PRP at one week, B: PRP at one
month, C: PRP at two months. BV: blood vessels, C: calcified area OL: odontoblastic layer, M: mineralized area. IC:
inflammatory cells, V: vacuole.
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Figure (2) Histomorphology at exposure site using PRF after different testing periods. D: PRF: at one week, E: PRF at one
month, F: PRF at two months. BV: blood vessels, C: calcified area OL: odontoblastic layer, M: mineralized area. IC:

inflammatory cells, V: vacuole.

Figure (3) Histomorphology at exposure site using MTA after different testing periods. G: MTA at one week, H: MTA at one
month, I: MTA at two months. BV: blood vessels, C: calcified area OL: odontoblastic layer, M: mineralized area. IC:
inflammatory cells, V: vacuole

DISCUSSION

On the buccal surface of teeth dogs, class V
cavities were prepared, as the cavity was close to
pulp tissue and fewer forces applied on it. A new
bur was used for each tooth to ensure the cutting
efficiency®. The pulp exposure was performed.
The pulp response was monitored at three periods;
a short period of seven days to monitor the initial
inflammatory pulp response to the capping materials,
then 30 and 60 days to show progressive or limited
extension of pulp response!'?.

On comparing the effect of treated teeth on the
inflammatory cell count, PRP treated teeth showed
the highest number of inflammatory cell count as
compared to PRF and MTA in 7days. However, there
was no significant difference between the tested
materials at one month and two months. This result
may be due to the use of thrombin in activating the
PRP which stimulate the immunogenic reaction thus
increasing the inflammatory reaction”. However,
PRF treated teeth exhibit the least count after 7
days. This could be related to the biocompatibility
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and bioactivity of PRF'?. MTA had moderate
inflammation reaction compared to the other treated
material at one week, this moderate inflammation
could be due to high alkalinity and this inflammation
is a reversible process'?.

Regarding the effect of different time intervals
on inflammatory cell count was recorded at using
different materials; high inflammatory cell count
was recorded at 7 days after pulp capping then the
count of the cells was decreased at one month and
two months. It was found that tissue healing and
pulp formation is a precondition to the inflammation.
Due to the high alkalinity of the capping agent,
inflammatory processes start. Cells move along the
root and migrate towards the crown, cells display
and proliferate and increase in number and size,
thus the mineralization is initiated and becomes
thicker.
explain the initial slight inflammatory response and

Moreover, the operative trauma may

tissue organization after 7 days and the decreased
inflammatory reaction at one month and two months
was due to self-repair processes’?.

On comparing the effect of different materials
on dentin bridge formation score at each assessment
time, it was found that the MTA treated teeth
recorded the highest score in dentin bridge formation
compared to PRP and PRF treated teeth at two
months assessment time. It was shown that MTA
was able to stimulate hard tissue formation after
vital pulp therapy with no signs of inflammation due
to its excellent control infection via high alkalinity
which denatured bacterial proteins, and releasing
calcium and hydroxyl ions. Hydroxyl ions react with
bacterial DNA, inhibiting replication and destroyed
bacterial cellular membrane!'”.

PRP the least score in dentin bridge formation
compared to MTA and PRF treated teeth at two
months assessment time. This was in agreement
with a study which reported that the problem lies in
the PRP preparation errors as it involves technical
sensitivity of the several steps in its preparation'®,
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Regarding the PRF treated teeth, results showed
that PRF has moderate score in dentin bridge for-
mation compared to MTA and PRP treated teeth at
two months assessment time. This result may be
explained by the fact that PRF induced cell propa-
gation and differentiation of pulp cells by up-reg-
ulating osteoprotegerin and Alkaline phosphatase
expression, which express the role of PRF in repara-
tive dentin formation!”.

As for the effect of different time intervals on
dentin bridge formation score for each material.
Results showed no dentin bridge formation in one
week assessment time in all the treated groups
with no significant difference between them. It
was approved that no hard dentin barriers could be
formed in less than 2 weeks. In fact, in most studies,
the time needed for hard tissue barrier formation has
been reported to be from 30 to 60 days®1?,

Regarding the effect of different materials on
the integrity of odontoblast, result revealed that,
MTA treated teeth stimulated the greatest number
of odontoblast-like cells at the site of pulp exposure
at two months. It was found that MTA proved to
be efficient suppressors of prostaglandins and
pro-inflammatory cytokines, and up-regulators of
odontoblast cells differentiation or growth factors
involved in pulp regeneration®.PRF induced
significantly odontoblast cells differentiation when
compared with PRP in two months, this was in
agreement with other study which approved that
PRF contains a supra physiological concentration
of leukocytes which are the primary cell responsible
for fighting against bacterial invasions and has an
influence on odontoblast proliferation®”. Regarding
the PRP treated teeth, the number of odontoblast
cells correlating with PRP pulp; it was shown that
it stimulates greater number of odontoblast cells at
the site of pulp exposure. Odontoblast cells require
perfect seal to an appropriate surface before cell
proliferation and dentin bridge formation®”.

Regarding the effect of different time inter-
vals on the integrity of odontoblast score for each
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material; for PRP and PRF, one week follow up
period showed the highest odontoblast score fol-
lowed by one month, while two months showed
the least odontoblast score. The difference was not
significant. For MTA, one week follow up period
showed the highest odontoblast score followed by
one month then, two months showed the least odon-
toblast score. The difference was highly significant.

This finding was in accordance with studies that
demonstrated the natural ability of the pulp to form
dentine bridges by odontoblastic cell differentiation
under most types of pulp capping materials, as long
as a perfect seal is provided®".

Results revealed that higher dentin bridge
formation were associated with higher structural
regularity in the organization of the sub odontoblastic
layers and this observation was in agreement with
previous studies as specimens with the highest cell
density showed reparatory bridges with thicker and
higher structural regularity®*9.

CONCLUSION

1. Pulp capping with different tested materials
induced pulp tissue response with varying
degrees, in terms of inflammatory cells, dentin
bridge formation and odontoblastic integrity.

2. Platelets rich plasma and platelets rich fibrin
appeared to be promising pulp capping agents.

3. There was a direct correlation between odon-
toblastic layer regularity, integrity and dentin
bridge formation.
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