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ABSTRACT

INTRODUCTION: Direct pulp capping (DPC) is a procedure to maintain the pulp vitality using a material with specific
properties. Mineral trioxide aggregate (MTA) is considered as a gold standard material, but it has some drawbacks. In this study, a
combination of simvastatin and calcium hydroxide (SIM-CH) was used as a DPC material as it was proved that simvastatin
influenced odontablast cells differentiation.

OBJECTIVE: To compare histologically the effect of the combination of SIM-CH to MTA as a DPC material in rabbits’ incisor.
MATERIALS AND METHODS: 32 sound maxillary incisor teeth of 16 male New Zealand white rabbits were divided into;
group | received MTA, and group Il received (SIM-CH) as a DPC material. Class V cavities were done in the upper incisor teeth,
then DPC materials were applied. The final restoration was applied. The animals were euthanized after 1, 2 weeks. Routine
histological preparation was done, Scoring system was done to evaluate the newly formed dentin. The percentage of the surface area
of the newly formed dentin was assisted by histomorphometric analysis.

RESULTS: Both groups showed new dentin formation. Group | reported somewhat more continuous layer of tertiary dentin than
SIM-CH group. On the other hand, the dentin bridge of the SIM-CH group demonstrated more orderly organized tubules. There was
a statistically significant difference regarding the histomorphometric analysis of the percentage of the surface area of the newly
formed dentin of group | compared with group 11 (p< 0.05).

CONCLUSION: SIM-CH could be a remarkable alternative DPC material.
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with thick dentinal bridging and minimal
INTRODUCTION inflammation (5).
Direct pulp capping (DPC) is a procedure in which
a bioactive material is applied directly on the
exposed pulp to stimulate pulp cells to form dentin
like bridge (1). The material of choice has been
calcium hydroxide (CH) (2). However, it has many
disadvantages, such as tunneling defects in dentin
bridges, imperfect seal, less antibacterial effect (3, 4).
Mineral trioxide aggregate (MTA) is considered as
a new gold standard pulp capping material because
of its remarkable properties (4). Studies have
demonstrated that MTA induced reparative dentin

Besides, it has a superior biocompatible property
with long-term effective seal (6). Unfortunately, it
has limitations such as, its long setting time,
difficult  manipulation, cost, and  crown
discoloration (7, 8).

Nowadays trials are done to generate a low cost-
effective pulp capping material which promotes
dentin bridge formation (9).

Simvastatin is a low-cost cholesterol lowering drug
which consists of 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitor (10). Generally,
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Statins are capable of enhancing endothelial
function and decrease vascular inflammation (11).

In dentistry, few vivo studies have tackled the
effect of simvastatin in pulp healing, In a study,
simvastatin showed an inferior properties compared
to calcium hydroxide (CH) as a direct pulp capping
of human primary teeth (12). However, the
combined effect of statins and o tricalcium
phosphate was nearly equal to the effect of MTA in
human teeth (13). Besides, the combined effect of
simvastatin with appropriate dose and mineral
trioxide aggregates (MTA) showed a superior
positive effect as opposed to MTA alone (9).

In light of these reflections, this study did a novel
combination of simvastatin and calcium hydroxide
(SIM-CH) as a direct pulp capping material to
enhance the efficacy compared to mineral trioxide
aggregates (MTA) on rabbits’ incisors.

The study was conducted with the null hypothesis
that there is no significant difference between
calcium hydroxide combined with simvastatin on
healing of the pulp tissue compared to mineral
trioxide aggregates.

MATERIAL AND METHODS

The experiment got the approval of the ethical
committee on the guidelines of Alexandria
University — Institutional Animal Care and Use
Committee approval number (IORG0008839).
Rabbit Incisors Mechanical Pulp Injury Model
16 healthy male New Zealand rabbits of 4 months
old (n= 32 teeth) having all maxillary and
mandibular incisors free from caries and fracture,
with approximate weight of 1.25-1.5kg were used
in this study. Animals were obtained from the
animal’s house of Medical Research Institute,
Alexandria University.

All operating procedures were done under general
anesthesia and  sterile  conditions  using
intramuscular injection of xylazine (3 mg/kg)
(Xyla-ject® by Adwia co. S.A.E., Egypt) and (20
mg/kg) ketamine (Ketaminel0%® by Alfasan,
Holland).

Direct Pulp Capping Procedures

After achieving the analgesic  procedure
successfully, all maxillary teeth were disinfected,
and then isolated with rubber dam. On the labial
surface of each tooth a class V cavity with the
dimension of 1.5 mm 2 mm was done using a
sterile round bur (0.10 I1SO standards). Copious
irrigation with sterile distilled water irrigation was
obligatory during the cutting to prevent heat form
inducing pulpal damage. When the pulp was almost
reached, the pulp horn was exposed using the tip of
an explorer till a drop of blood appears. Controlling
the bleeding was achieved by applying sterile
cotton pellets with 0.9% normal saline on the
exposed pulp.

Pulp capping material was assigned in each
quadrant according to the following:
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- Group | (Right side — n=16 teeth) received MTA
material.

- Group Il (Left side - n=16 teeth) received the mix
of simvastatin- calcium hydroxide (SIM-CH)
figure 1.
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Figure (1): Photographs of tooth preparation and
restorative procedures. (A) sound maxillary incisor
teeth. (B) direction of cutting. (C) Mechanical pulp
exposure on the labial surface. (D, E) measuring the
cavity dimensions. (F) stopping of the bleeding (G)Site
of pulp exposure capped with MTA on the right tooth,
while SIM-CA on the left one. (H) restored with light
cure resin-modified glass ionomer.

Preparation of the Materials

Group I: The MTA (Root dent, TehnoDent”
Co.Ltd.Belgord region, Russia) powder was mixed
with  distilled water with regard to the
manufacturer's instructions. The mixture directly
covered the exposed pulp, and then the cavities
were restored by light cure resin modified glass
ionomer (GC Fuji I LC CAPSULE, GC
corporation, Tokyo, Japan) as a coronal restoration.
Group Il: Simvastatin (EGPI (Egyptian Group for
Pharmaceutical Industries), Egypt) powder was
mixed with calcium hydroxide (Prevest Denpro
Limited, Bari Brahmana, Jammu - 181133 India)
with ratio (1:1). The concentration was (100 mg
simvastatin:. 100 mg Calcium hydroxide/
25microliter saline). Saline was measured using the
Micro-Pipette, and then it was added to form a
creamy mix. Finally, for better handling properties
of the new material, 4 spoons using (Excavator
double ended, Dentsply Maillefer, code B 0095,
ISO SIZE 6x 57 58) of catalyst of calcium
hydroxide paste cement (TechNew HYDCAL,
Brazil0 was added. The coronal restoration was like
group I.

- After completing the restorative procedure, rabbits
were observed for any symptoms of pain or fever
and the operative sites were checked on daily basis.
To decrease pain, subcutaneous injection with a
non-steroidal anti-inflammatory drug, Carprofen (2
to 4 mg/kg), was given daily for 3 days (14).
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- The rabbits were euthanized after DPC at two
observational time intervals of 1, 2 weeks (14, 15).

Histological Processing

Rabbits were euthanized at each time interval (14,
15) by intravenous injection with a lethal dose (100
mg/kg) of pentobarbital sodium. The rabbits were
decapitated, and then the part of maxilla carrying
the incisors teeth were dissected. Fixation was done
for each segment contained the experimental teeth,
investing bone and the surrounding soft tissues
using 10% neutral-buffered formalin. Then they
were washed, and decalcified with 5%
trichloroacetic acid (16), dehydrated with ascending
concentrations (50%, 70%, 90%, and 95%) of
ethanol, cleared with xylene, and embedded in
paraffin wax blocks (17). The blocks were cut with
an average thickness of 5 um. The direction of
cutting was labiolingual in serial sections until the
mid of the pulp exposure was reached. Numbers
were given to the slides, and median sections were
chosen. Slides were stained with H&E (Jones H&E
staining kint ® by Venatana Medical systems,
USA) to be examined by light microscope for
histological evaluation.

Histological Analysis

Each section was analyzed by an experienced and
calibrated oral biologist blinded to groups. The
sections were re-examined after 7 days to confirm
the given scores. Samples were evaluated using a
light microscope (BX41; Olympus, Tokyo, Japan)
connected to a high-resolution video camera. The
mineralized tissue barrier formation was described
according to the modified criteria of Islam, Toida
(18), Quantity of Tertiary Dentin Formation was
evaluated according to the modified criteria of
Yang, Lee (19), morphology of dentinal tubules and
extent of inflammation were graded on the report of
the modified criteria of Likitpongpipat et al (20).
The criteria and scores are listed in Table 1

Table (1): Showing Scores Used for Histological
Assessment.

Scores Characterization
The

mineralized
tissue  barrier
formation (9

A layer of scattered and foggy mineralized tissue
deposition (initial).

partial/incomplete  mineralized tissue barrier
formation extending more than half of the
exposure site but not completely closing it
(partial).

Complete mineralized tissue barrier formation.

Quantity of
tertiary dentin
formationt®)

Slight tertiary dentin formation along the pulp-
dentin border.

Moderate tertiary dentin formation along the pulp-
dentin border.

Heavy dentin formation along the pulp-dentin
border, appearing as complete obliteration.

Morphology of
dentinal tubules @

Non-detected.
Disorganized arrangement.
Orderly arrangement.

Extent of pulp
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inflammation *©

None detected

Restricted to the areas beneath the exposure site/dentine
bridge or within some parts of the pulp chamber

Occupy the whole pulp chamber

Histomorphometry

The percentage of surface area of the newly formed
dentin was evaluated at x100 magnification by
Image J program (21) of the experimental groups.
Statistical Analysis

IBM SPSS software package version 24.0 was used
to analyze the data. Qualitative data was
demonstrated using number and percent. Chi-square
test was used to compare between different groups
regarding categorical variables. Quantitative data
was reported using mean and standard deviation for
normally distributed data. On the other hand,
abnormally distributed data was described using
median, minimum, and maximum. Independent t-
test was used for normally distributed data,
comparison between two independent population
independent t-test. Significance test results are
quoted as two-tailed probabilities. Significance of
the obtained results was judged at the 5% level.

RESULTS

All groups reported well-formed new dentin.
However, the percentage of the surface area of the
newly formed dentin in group | in both intervals
were higher than group Il. So, there was a
statistically significant difference regarding the
histomorphometric analysis of the percentage of the
surface area of the newly formed dentin of group |
compared with group Il in both interval (p< 0.05),
and between 1st and 2nd weeks of each group (p< 0.05).
There was no statistically significant difference was
seen among groups in the other variables. In
addition, no statistically significant difference
between the 1st and 2ed week of the same group
regarding the other studied variable. However, an
inferior response of group | at the 1ST week
regarding the number of samples of organized TD
was noticed, when compared with group Il group at
the 1% and 2" weeks. In other pulpal findings,
group Il was also inferior to group | in the
inflammatory response. (Table 2, Table 3)

61



Elkaramany.et.al

~ A
s \
5 LAY
/“‘1“?}' _-'; ¥ 5 T ;"“} 3
O g W TS N

& d_ &

/ .\ f'
Figure (2): Light microscopic (LM) photo of (MTA)
group of pulp tissue at 1st week. a. spicules of new
dentin formation at the orifice (arrow) beneath pulp
capping material (*). Apically, tertiary dentin almost
obliterates the canal (dotted arrow). b. Higher
magnification of the previous micrograph (a) inset
showing scattered newly dentin formation of organized
dentinal tubules (arrow). c. In the middle region,
increase deposition of tertiary dentin on the periphery.
Pulp is fibrotic (arrow). d. Higher magnification of the
previous micrograph (c) inset showing complete dentin
bridge(doubled arrow) of disorganized tubular pattern.
Pulp shows hyalinization (dotted arrow). Pulp (P),
Dentin(D), Access cavity (AC) {(a, ¢) x100 and (b, d)
x400 magnification (all are H&E staining).

Table (2): Showing Comparison Between Different
Studied Variables in Group | and Il at 1st And 2nd
Week.

SIM-CH Versus MTA In Direct Pulp Capping

1
2
3
Group Il
1
2
3
X

2

p value 2

X2= Chi square test

P was significant if < 0.05

N.S. = Not significant

X2-test 1 = comparison between the 1% and 2
week in the same group

X2-test 2 = comparison between group | and Il at
the same time

Table (3): Showing Comparison Between Different
Studied Variables in Group | And Il At 1st And 2nd
Week of The Histomorphometry Analysis.

Second P1 value
week

Surface Group |

area of the
newly
formed

dentin

Range
Mean
SD

48-53
49.75
1.83

Group Il
Range
Mean
SD

25-51
35.25
8.84

t-test
p2 value

6.22
0.0013*

Quantity of
tertiary
dentin
formation

XZ
P2 value

The
mineralized
tissue
formation

Group |

XZ
p value 2

0.476
0.788 N.S.

Morphology
of dentinal
tubules (DT)

Group |

3

XZ
p value 2

Inflammation
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Group |

T= student t-test

P was significant if < 0.05

* Significant difference

N.S. = Not significant

t-test 1 = comparison between the 1%t and 2" week
in the same group

t-test 2 = comparison between group | and Il at the
same time.

First Week

Group |

Continuous dentin bridge was found in half of the
specimens (Fig 2.b, Fig 2.d). 62.5% of the
specimens showed increased deposition of tertiary
dentin along each other till obliterating the pulp
(Fig 2.a). Dentin of organized tubular pattern was in
37.5% of the specimens (Fig 2.b). 50% of the
specimens were free of the inflammation with no
cases reported severe inflammation. The mean of
the percentage of the dentin surface area was
41.13+9.86

Group 11

Continuous dentin bridge was found in 37.5% of
the specimens (Fig 3.c). 50% of the specimens
showed increased deposition of tertiary dentin
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along each other till obliterating the pulp (Fig 3.a)
while 37.5% demonstrated increased deposition
with no obliteration (Fig 3.d). Dentin of organized
tubular pattern was observed in 62.5% of the
specimens (Fig 3.b). 37.5% of the specimens were
free of the inflammation with no cases reported
severe inflammation. The mean of the percentage of
the dentin surface area was 18.50+ 6.46

There was a statistically significant difference in
the percentage of dentin surface area between group
I and group Il in the first week (P < 0.05).

[ = I
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T &
R

icroscopic (LM) photo of (SIM-
CH) group of pulp tissue at 1st week. a. spicules of new
dentin formation at the orifice (arrow) lined by tertiary
dentin that almost obliterates the canal (dotted arrow).
Apically narrow pulp could be noticed. b. higher
magnification of the rectangular box with black star in
the previous micrograph (a) inset showing scattered
newly dentin formation of organized dentinal tubules
(arrow). c. higher magnification of the rectangular box
with white star in the previous micrograph (a) inset
showing complete dentin bridge (doubled arrow)
formed by deposition of tertiary. Notice tertiary dentin
is of osteodentin type. d. Deposition of tertiary dentin
(arrow) on both sides with no areas of complete
obliteration at mid region. Pulp (P), Dentin(D), Access
cavity (AC).{(a, d) x100 and (b, c) x400 magnification
(all are H&E staining).
Second Week
Group |
Continuous dentin bridge was found in 62.5% of
the specimens (Fig 4.c, Fig 4.d). 75% of the
specimens showed increased deposition of tertiary
dentin along each other till obliterating the pulp
(Fig 4.a. Fig 4.d). Dentin of organized tubular
pattern was observed in 62.5% of the specimens
(Fig 4.b). 62.5% of the specimens were free of the
inflammation. The mean of the percentage of the
dentin surface area was 49.75+1.83.

There was a statistically significant difference
between 1st and 2nd week of group | in the
percentage of the surface area of the newly formed
dentin (P < 0.05).
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Figure (4): Light microscopic (LM) photo of (MTA)
group of pulp tissue at 2nd week. a. Complete dentin
formation at the orifice, and pulp space is almost
obliterated by tertiary dentin coronally (arrow). b.
Higher magnification of the rectangular box with black
star in previous micrograph (a) inset showing scattered
newly dentin formation of organized dentinal tubules
(arrow) while the rest of dentin shows disorganized
pattern (dotted arrow). c. Higher magnification of the
rectangular box with white star in previous micrograph
(@) inset showing complete dentin bridge(doubled
arrow) formed by deposition of tertiary (arrow). d.
Deposition of tertiary dentin which Almost obliterated
the pulp (arrow) (d). Pulp (P), Dentin(D), Access cavity
(AC). {(a, d) x100 and (b, c) x400 magnification (all are
H&E staining).

Group Il

Continuous dentin bridge was found in 37.5% of
the specimens (Fig 5.c). 50% of the specimens
showed increased deposition of tertiary dentin
along each other till obliterating the pulp (Fig 5.a.
Fig 5.d). Dentin of organized tubular pattern was
observed in 62.5% of the specimens (Fig 5.b). 50%
of the specimens were free of the inflammation,
while inflammation restricted to the orifice was
seen in 37.5%. The mean of the percentage of the
dentin surface area was 35.25+8.84

Figure (5): Light microscopic (LM) photo of (SIM-
CH) group of pulp tissue at 2nd week. a. In the coronal
reign incomplete dentin bridge (arrow) in contact to the
pulp capping material (*). More apically, the pulp is
almost occupied by tertiary dentin (arrow). b .higher
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magnification of the rectangular box with black star in
previous micrograph (a) inset showing incomplete
bridge formation with regular dentinal tubules(arrow),
and other areas of newly formed dentin bridging the
space between the newly formed dentin and the original
dentin (arrowhead) notice inflammatory cells (dotted
arrow).higher magnification of the rectangular box of
white star in previous micrograph (a) inset continuous
dentin bridge (arrowhead & doubled arrow).d. Almost
obliteration the pulp by deposition of tertiary dentin
(arrow & double arrow) at mid region . Pulp (P),
Dentin(D), Access cavity (AC). {(a, d) x100 and (b, c)
x400 magnification (all are H&E staining).

There was a statistically significant difference
between 1st and 2nd week of group Il in the
percentage of the surface area of the newly formed
dentin (P < 0.05).

There was a statistically significant difference in
the percentage of dentin surface area between group
I and group Il in the second week (P < 0.05).

DISCUSSION

Teeth with reversible pulpitis can be retained for
longer time and at lower costs through applying
DPC technique. The outcome over longer-term is
highly influenced by the choice of the capping
material (1). Therefore, finding a material with
excellent properties has been an issue.

In this study, a comparison was done to discover the
effect of a novel material, which consists of
simvastatin mixed with calcium hydroxide (SIM-CH),
to MTA as it is considered a reference material for
DPC (22). As far as it is known, no study has tested
this novel mixed material before.

In the current study, we investigated the quantity of
the formed dentin, the continuity, and the
morphology of dentinal tubules and the extent of
the inflammation.

The findings indicated that there is no statistically
significant difference between the tested materials
in all tested parameters except for the percentage of
the surface area of the newly formed dentin. There
was a statistically significant difference regarding
the histomorphometric analysis of the percentage of
the surface area of the newly formed dentin of
group | compared with group Il and a statistically
significant difference was seen in each group
between 1ST and 2nd weeks. However, pulp
capped with MTA formed a well-formed dentin that
almost obliterated the canal. On the other hand,
SIM-CH group demonstrated more orderly DTs,
and more inflammation restricted to the areas
beneath the exposure site.

Rabbits, especially New Zealand white species,
were the animal of choice because their incisors are
larger than rats. So, this will facilitate the
restorative procedure. Besides, the structure of their
teeth and jaw are similar to human ones (23).
Histologically, the dental papilla inside the pulp is
composed of mesenchymal tissue and odontoblasts
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which are producing primary dentine with typical
dentinal tubules(24). Rabbits are suitable for the
experiments because they meet international
standards for dental research. They are
nonaggressive. In comparison with larger animals,
they are very cost-effective and available and
animals (25). Besides, During dental treatment,
vital pulp therapy is also applicable to rabbits’ teeth
and calcium hydroxide cement is perfectly used to
treat exposed pulp (26).

In the present study, the evaluation period intervals
were 1 and 2 weeks to prevent the prompt
formation of secondary and tertiary dentin, and
tooth wearing from negatively affecting the results
of the study. Maxillary incisor teeth grow rapidly at
an average rate of 2 mm per week to compensate
tooth wearing (27).

The finding of this study revealed that group |
(MTA) formed complete dentin bridge that almost
obliterated the pulp chamber with tertiary dentin.
This is in accordance with the finding of
Muruganandhan J, et al (28).

This finding could be attributed to that the
continued release of calcium ions during setting
time of MTA material (29), although it is not
component of MTA (30), has the ability to
stimulate several signaling molecules, such as
transforming growth factor-B (TGF-3), macrophage
colony-stimulating factor (MCSF). Calcium ions
also can form crystals that attract fibronectin, which
controls cellular adhesion and differentiation (31).
In addition, MTA can uncouple and activate growth
factors nested in the proximal dentin (32) and also
increase the secretion of TGF-B1 from pulp cells
(33). TGF-B1 is the main role in reparative
dentinogenesis as stimulate the migration of
progenitor cells (34) and accelerate odontoblast
cells differentiation (35).

The current study showed that there was non-
significant difference between both groups in
quantity and continuity of mineralized tissue
formation.

CH can activate tissue enzymes which lead to tissue
mineralization. This is done through the elevated
pH of calcium hydroxide which activates alkaline
phosphatase (36). It also solubilizes proteins from
dentin matrix, such as bone morphogenic protein
(BMP) and transforming growth factor-beta one
(TBF-B1), due to high alkalinity. As a result, the
release of these bioactive molecules is an important
factor in dentin bridge formation (37).

Besides, a study done by Dianat, Mashhadiabbas (38)
showed that complete dentin bridge was reported in all
of the rats’ teeth treated with 1.5% simvastatin. In
addition, Pettiette, Zhong (39) concluded in his study
that systemic administration of statins could stimulate
odontoblastic activity as it was noticed that patients
who were treated with statin showed a significant loss
of vertical height of the pulp chamber and increased in
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pulp calcification. Therefore, the results may be
affected by the presence of simvastatin in group I1.
The result of this study demonstrated that tubular
dentin formation in SIM-CH group after one week
period was higher than that of MTA group. Previous
studies have confirmed that MTA has a superiority in
forming tubular dentin with fewer tunnels (28, 40).
Okamoto, Sonoyama (41) have reported that statin
enhances odontoblastic differentiation through
stimulating dentin sialophosphoprotein (dspp) gene
expression, and osteocalcin (OCN). Moreover,
simvastatin boosted alkaline phosphatase (ALPase)
activity and increased mineral nodule formation (42).
So, the early enhancement of the tubular dentin
formation could be explained by the effect of
simvastatin on gene expression of dentin
sialophosphoprotein (dspp), and osteocalcin (OCN).
In this study, there was non-statistically significant
difference  between both groups about the
inflammation. MTA group seemed to produce more
samples free of inflammation.

In  previous studies, MTA reported lower
inflammatory response compared to CH(43, 44).
Besides, according to Aeinehchi et al (2003)(45),
MTA produced lower hyperemia than CH.
Simvastatin shows anti-inflammatory, antiviral and
antimicrobial effects(46-48). It prevents the adhesion
and extravasation of leukocytes in inflammation areas.
As a result, the stimulation of T cells and
inflammatory cytokines, such as IL-1B, IL-6 and
tumour necrosis factor-a (TNF-a) decreases(49).

On the basis of the findings of this study, the null
hypothesis that the novel combination between
simvastatin and calcium hydroxide (SIM-CH)
would show no significant difference in the
histological success compared with MTA when
used as direct pulp capping materials was accepted.
However, there was a statistically significant
difference regarding the histomorphic analysis of
the percentage of the surface area of the newly
formed dentin of group | compared with group I1.
Although our findings represented SIM-CH as a
novel DPC material, it should be considered that
the present research was conducted in non-carious
teeth with healthy pulp free of inflammation.
Besides, although the greater similarity between
rabbit and human pulp, pulp orifice is narrow to be
exposed to the DPC materials.

Therefore, further clinical trials on human pulp are
recommended to get the benefit of the large surface
area of the pulp access, exposed to the material.
Furthermore,  carious teeth  with  pulpal
inflammation are better to be used to confirm the
current results. Different concentration of the SIM-
CH should be tried.

CONCLUSIONS

SIM-CH could be a promising DPC material
alternative to MTA in direct pulp-capping
procedure.
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