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ABSTRACT

Calcium hydroxide is the gold standard of dental materials used to repair exposed pulp. This research intends to observe
carbonate apatite (®Gama-cha) which may be used as an alternative material in direct pulp capping treatment. The
purpose of this study is to analyze the differences in pulp cell inflammation and dentinal bridge formation between
carbonate apatite and calcium hydroxide after direct pulp capping was performed on the maxillary first molars of Wistar
rats at 2, 4 and 6 weeks observation. The research is in post-only control group design. 60 rats were divided into 4
groups, consists of the treatment group that was given carbonate apatite (®Gama-cha) and carbonate apatite+ZOE
group, positive control (Ca(OH)2) and negative control group. For every one rat, it was used 2 upper first molars, so
that for each group it was performed on 30 rat’s molars and filled with GIC and observed for 2, 4, and 6 weeks. The
tooth selection technique was random. The results showed that inflammation decreased from 2 weeks to 6 weeks and
the treatment and positive groups were not significantly different. Odontoblast cells and dentinal bridge were not formed
in the 2-week study. There was no significant difference between the treatment group and the positive control group in
the 4 and 6 week study for the dentinal bridge category. It can be concluded that the carbonate apatite material is quite
potential in the direct pulp capping treatment.
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1. INTRODUCTION Africa.[3] According to Riskesdas data in 2013, the
proportion of the population with dental and oral

Caries is a biofilm (plague) induced by salivary-  problems in Indonesia for the age group less than 1 year

mediated acid demineralization of enamel or dentin.[1]
The mechanism of caries consists of 3 theories, namely
the theory of proteolysis, proteolytic-chelation, and
chemoparasitic or also called an acidogenic theory. The
acidogenic theory explains that the formation of dental
caries is caused by acids produced by microorganisms
against carbohydrates. This reaction is characterized by
the decalcification of inorganic components followed by
the disintegration of organic substances from the teeth.[2]
According to the World Health Organization survey data
in 2003, it was found that 60-90% of children from all
over the world suffer from dental caries. The highest
caries prevalence occurs in America and Europe. While
the lowest index occurred in Southeast Asia and

was 1.1%, for the 1-4 year age group was 10.4% and for
the 5-9 year age group was 28.9%. Meanwhile, the
proportion of the population receiving treatment from
dental medical workers for the age group less than 1 year
was 36.9%, for the 1-4 year age group was 25.8% and for
the 5-9 year age group was 35.1%.[4] The study results
in the city of Medan (Indonesia) in children aged 3 years
and under found that the prevalence of ECC was 57.7%
with deft of 2.17 + 4.49.[5]

Research by Torres et al. in Brazil aimed to assess the
incidence of enamel-dentin caries in 607 premolars and
molars from 47 pediatric patients aged 10-18 years
showed that 23 of them were diagnosed with enamel-
dentin caries. In addition, this study also showed that
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enamel-dentin caries was more common in molars with a
percentage of 15.12% (26 teeth).[6] Research conducted
by Hutquist and Bagesund at the University of Linkdping
(Sweden) showed a significant correlation (p=0.002)
between caries risk assessment at 1 year of age and the
occurrence of dentinal caries at 3 years of age.[7]

One of the treatments to treat caries that has reached
the dentin is pulp capping.[8] Pulp capping can be
divided into indirect pulp capping and direct pulp
capping.[9] Direct pulp capping is performed when the
pulp is exposed due to caries, trauma, or iatrogenicity
during tooth preparation or when excavating caries that
have reached the dentin. [10,11] Direct pulp capping can
also be performed because of untreated dentin caries so
that demineralization and decalcification of the dentin
extend to the pulp roof.[9]

Calcium hydroxide is a dental material that is often
used because it is considered the best (gold standard) in
repairing exposed pulp.[12] This material has a high pH
(12.5-12.8) which is antibacterial and stimulates the
formation of dentinal bridges.[13] The calcium ion (Ca+)
inside triggers the proliferation of undifferentiated pulp
cells. [14] However, this material allows for internal
resorption because it can induce an inflammatory pulp
response that activates preodontoblasts to differentiate
into odontoclasts.[15] Research conducted by Aeinehchi
M et al., who performed pulp capping with calcium
hydroxide on 22 maxillary third molars from samples
aged 20 and 25 years which were indicated for extraction,
showed hyperaemia in all samples, and no odontoblast
layer was formed. Necrosis was often found in almost all
experimental samples. [16]

The product resulting from technology and
innovation of STP UGM bone graft (®Gama-cha) which
became commercial in 2014, was known to have an
identical structure to human bone. This product is
intended to be used as a bone substitute material to
maintain space in the damaged bone, replace the lost
extracellular matrix, and has identical content to the lost
extracellular matrix in damaged bone and can induce new
bone formation. This material is used as post-extraction
area filler, jaw fracture repair, post jaw osteotomy filler,
augmentation before implant placement, scaffold in bone
tissue engineering and drug release systems, and
accelerate wound healing in bone tissue. [17]

This product is used as a graft material that induces
osteoblast cells to help the cartilage mineralization
process by secreting collagen. This process is similar to
forming a dentinal bridge that also begins with the
induction of odontoblast cells, which will then form hard
tissue deposition, which is reparative dentin [18,19]. A
2018 case report regarding the management of
dentigerous cyst cases due to impaction of the right
maxillary incisor at Dr. Sardjito Hospital used carbonate
apatite  (®Gama-cha) as a graft material.
Autotransplantation was successful at the control at the

Advances in Health Sciences Research, volume 48

third month after surgery. There were no signs of
inflammation or mobility of teeth 11 and 12, and at the
control at the fifth month after the procedure, there were
no signs of inflammation or tooth mobility. patient
complaints both functionally and aesthetically [20]

The content of carbonate apatite (Cal0(PO4)6(OH)2)
and gelatin (the result of collagen denaturalization)
makes this product considered similar to human bone
structure and has good resorb and biodegradability. [21]
Apatite, commonly known as hydroxyapatite (HAp), is
biocompatible with the body, including human teeth, and
is approximately 3-5% composed of carbonate ions. The
substitution of the carbonate ion in the OH group is
known as type A CO3Ap, while in the PO4 group is
known as type B CO3Ap. Type B CO3Ap is the apatite
type found in the body.[22] Considering that carbonate
apatite (®Gama-cha) can induce osteoblasts, the authors
are interested in conducting research using carbonate
apatite (®Gama-cha), which can be used as an alternative
material in direct pulp capping treatment. The purpose of
this study was to analyze the differences in pulp cell
inflammation and dentinal bridge formation between
carbonate apatite and calcium hydroxide after direct pulp
capping was performed on the maxillary first molars of
Wistar rats at 2, 4, and 6 weeks of observation.

2. MATERIALS AND METHODS

The research design is post only control group design.
The research was conducted at the University of
Sumatera Utara (USU) Pharmacology Laboratory and the
Anatomical Pathology Laboratory of H. Adam Malik
Hospital, Medan. Ethical clearance was obtained from
Health Research Ethical Committee USU with number
68/TGL/KEPK FK USU-RSUP HAM/2019. This study
used 60 white male Wistar rats, body weight 200-250
grams, aged 8-9 weeks, and good health. For each Wistar
rat, 2 molars were used, namely one upper right molar
and one upper left first molar, then one of the molar teeth
was given treatment, and the other was given control
material. There were 4 experimental groups in this study;
the first treatment group (30 teeth) was given carbonate
apatite (®Gama-cha) then filled with GIC; the second
treatment group (30 teeth) was given carbonate apatite
(®Gama-cha) mixed with Zinc Oxide Eugenol (ZOE)
paste (ratio 1: 5 between carbonate apatite and Zinc
Oxide powder) and then were filled with GIC. The
positive control group (30 teeth) was given Ca(OH)2
paste and then were filled with GIC, and the negative
control group (30 teeth) was not treated with pulp filling
material, only filling with GIC material. The four
experimental groups will be observed for 2 weeks, 4, and
6 weeks. For each observation, 20 rats were killed for
examination of their teeth. The tooth selection technique
used in each experimental group was simple random
sampling.

75



ATLANTIS

PRESS

2.1. Preparation of Experimental Animal

Experimental animals were given general anesthesia
by intramuscular injection using Ketamine HCL (0.2
ml/injection) using 1 ml syringe on the rat's thigh and
waited for 3-4 minutes until the Wistar rat was weak. The
duration of the anesthetic action of Ketamine HCL in the
Wistar rats body was + 20 minutes. Wistar rats' mouth
opening was assisted by threads tied to the upper and
lower front teeth of Wistar rats. The maximum opening
of the Wistar rat's mouth was +2-3 cm.

2.2. Preparation Procedure

Disinfection using cotton pellet, which had been
moistened with 70% alcohol. Preparation of the molars
using round diamond bur in the occlusal (class 1) section
to the depth of the bur head (£0.5 mm) until bleeding was
visible. In the first experimental group, 20 mg of
carbonate apatite powder (®Gama-cha) was mixed with
a drop of saline until the consistency came together. In
the second experiment, the carbonate apatite powder was
mixed with Zinc Oxide powder in a ratio of 1:5 and then
mixed with eugenol until the consistency could be rolled.
In both treatment groups, the cavity was filled with
experimental material as much as +1/3 of the cavity depth
(0.15-0.20 mm), and the remaining +2/3 of the cavity was
filled with GIC.

In the positive control group, the cavity was filled
with Ca(OH)2 hard setting, the ratio of base and catalyst
was 1:1, and then filled with GIC. In the negative control
group, the cavity was immediately filled with GIC.
Wistar rats were observed for 20 minutes until the rats
began to regain consciousness, and then the rats were put
into cages.

Rats were observed and kept in the animal house by
the Pharmacology Laboratory of USU Faculty of
Pharmacy. Researchers observed the condition of the
mice 2-3 times a week to make sure the mice were in
good health and did not die.

2.3. Surgical Method

The experimental animals (20 rats) at 2-week
observation were killed, as well as the 4-week and 6-
week observations. Experimental animals were put in a
closed container with cotton pile inside that had
previously been moistened with  chloroform.
Experimental animals would die in £3-5 minutes.
Experimental animals were placed supine on paraffin.
The head and the body were separated using a scalpel.
Then the rat's head was skinned using scissors, and then
the maxilla was separated from the head using a scalpel
and scissors. The maxillary segments were washed in
saline to clean blood and bacterial contamination
samples. The maxillary segments were put into a
container containing 10% formalin to maintain the
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integrity of the samples. Histomorphology was evaluated
by observing the slide under the microscope with 400x
magnification. Each slide obtained will be assigned in an
appropriate score, scoring 1 being the most desirable
result and scoring 4 being the least desirable result.

The data obtained were edited and tabulated. A
nonparametric statistical test was performed, namely, the
Kruskall-Wallis Test, because it did not meet the
requirements of the Chi-Square Test with a significant
degree of 95%. If the results are statistically significant,
a post hoc test was carried out, the Mann-Whitney test
with 0=0,05 to determine which group had significant
differences between the four groups of materials that had
been previously tested.

3. RESULTS

In the observation of the type of inflammation in the
study period of 2 weeks, there was no significant
difference between the 10 groups of carbonate apatite, 10
groups of carbonate apatite + ZOE, 10 groups of calcium
hydroxide, and 10 groups of negative control (p=0.092).
Unlike the study conducted for 4 weeks, a significant
difference was found among the four groups (p = 0.007).
The post hoc Mann-Whitney test among the four groups
showed a significant difference between the carbonate
apatite group and the negative control group (p=0.015)
and the carbonate apatite group + ZOE and negative
control group (p=0.015), while in other groups, no
difference was found.

For 6 weeks of observation, a significant difference
was also found among the four groups (p=0.003). Post
hoc, which was Mann-Whitney test showed that there
was a significant difference between the carbonate apatite
group and negative control group (p=0.002), as well as
the sample group that was given carbonate apatite + ZOE
and the sample group of negative control (p=0.009), and
calcium hydroxide group and negative control group
(p=0.009). (Table 1)

In the observation of the intensity of inflammation of
2 weeks period study, there was no significant difference
among carbonate apatite, carbonate apatite + ZOE,
positive control, and negative control group (p=0.407).
Unlike the case of study conducted for 4 weeks, a
significant difference was found among the four groups
(p = 0.007). Post hoc, which was the Mann-Whitney test
showed that there was a significant difference between
carbonate apatite and negative group (p=0.002), and
carbonate apatite + ZOE and negative control group
(p=0.009), as well as calcium hydroxide and negative
control group (p=0.009). For 6 weeks of observation, a
significant difference was also found among the four
groups (p=0.003). Post hoc, which was Mann-Whitney
test showed a significant difference between carbonate
apatite and negative control group (p=0.002), as well as
carbonate apatite + ZOE and negative control group
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Table 1. Observation Result of Inflammation Type
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2 weeks p® 4 weeks p® 6 weeks p®

Capping

Material Scor Scor | Score | Score Score | Score | Score | Score Score | Score | Score | Score

el e2 3 4 1 2 3 4 1 2 3 4

Carbonate

Apatite 3 4 3 0 9 1 0 0 9 1 0 0
Carbonate

Apatite + 0 8 2 0 0.092 9 1 0 0 0.007 8 2 0 0 0,003

ZOE ' '

Positive |4 | g | 3 | o 73] 0o | o 8 | 2 | 0 | 0

Control

Control

Desc: Score 1= No inflammation; Score 2= chronic inflammation (non-granular inflammatory cells); Score 3= acute and chronic inflammation; Score
4= acute inflammation (granular inflammatory cells). (*) using Kruskal Wallis test with 0=0,05

Table 2. Observation Result of Inflammation Intensity

2 weeks p® 4 weeks p® 6 weeks p®
Capping
Material Score Score | Score Score Score Score | Score | Score Score Score | Score | Score
1 2 3 4 1 2 3 4 1 2 3 4
Carbonate
. 3 4 3 0 9 1 0 0 9 1 0 0
Apatite
Carbonate
Apatite + 0 5 5 0 0,407 9 1 0 0 0,007 8 2 0 0 0,003
ZOE
Positive
1 6 3 0 7 3 0 0 8 2 0 0
Control
Negative
0 6 4 0 3 5 2 0 2 8 0 0
Control

Desc: Score 1= no or very few inflammatory cells were found; Score 2= mild (mean number of inflammatory cells <10); Score 3= moderate (mean
number of inflammatory cells 10-25); Score 4= severe (mean number of inflammatory cells >25). (*) using Kruskal Wallis test with 6¢=0,05.

(p=0.009), as well as calcium hydroxide and negative
control group (p=0.009). (Table 2)

In the observation of inflammation expansion within
the 2-week study period, it was found that there was a
significant difference (p=0.012) among carbonate
apatite, carbonate apatite +ZOE, calcium hydroxide, and
negative control. Post hoc which was Mann-Whitney test
among the four groups showed a significant difference
between the carbonate apatite and negative control group
(p=0.002) and between the groups of carbonate apatite +
ZOE with negative control group (p=0.013). In 4-week
observation, there was a significant difference (p=0.007)
among the four groups. The Mann-Whitney test showed
significant results between carbonate apatite and negative
control group (p=0.007) and between carbonate apatite +
ZOE and negative control group (p=0.007). In 6 weeks of
observation, it was found that there was a significant
difference (p=0.003) among the four groups. The Mann-

Whitney test showed that there was a significant
difference between carbonate apatite and negative
control group (p=0.002), carbonate apatite + ZOE, and
negative control group (p=0.009), and between calcium
hydroxide and negative control group (p=0.009). (Table
3)

Observation of odontoblast cell layers within 2 weeks
study showed no odontoblast cell layers were formed
among the four groups. During 4 weeks of observation,
there was no significant difference (p= 0.098) among the
four groups. It was similar to the observation for 6 weeks,
which was no significant difference found (p=0.11)
among the four groups. (Table 4)

In the observation of dentinal bridge continuity within
2 weeks study, no dentinal bridges were found from the
four groups. A significant difference was found between
the four groups during 4 weeks of observation (p=0,023).
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Table 3. Observation Result of Inflammation Expansion

2 weeks p® 4 weeks p® 6 weeks p®
Capping
Material Score | Score | Score | Score Scor | Score | Score | Score Score | Score | Score | Score
1 2 3 4 el 2 3 4 1 2 3 4
Carbonate
) 3 4 3 0 9 1 0 0 9 1 0 0
Apatite
Carbonate
Apatite + 0 5 5 0 0,012 9 1 0 0 0,007 8 2 0 0 0,003
ZOE
Positive
1 5 4 0 7 3 0 0 8 2 0 0
Control
Negative
0 1 7 2 3 5 2 0 2 8 0 0
Control

Desc: Score 1= no expansion of inflammation; Score 2= mild (inflammatory cells present only close to the pulp exposure area/dentinal bridge); Score
3= moderate (inflammatory cells found in 1/3 or more of the roof of the pulp to the middle of the pulp); Score 4= severe (all pulp infiltrated by
inflammatory cells/pulp necrosis). (*) using Kruskal Wallis test with a=0,05.

Table 4. Observation Result of odontoblast cell layer

2 weeks p® 4 weeks p® 6 weeks p®
Capping
Material | Score | Score | Score | Score Score | Score | Score | Score Score | Score | Score | Score
1 2 3 4 1 2 3 4 1 2 3 4
Carbonate
) 0 0 0 0 6 4 0 2 7 1 0
Apatite
Carbonate
Apatite + 0 0 0 0 R 8 2 0 0,098 3 7 0 0 0,011
ZOE
Positive
0 0 0 0 7 2 0 2 8 0 0
Control
Negative
0 0 0 0 3 5 0 1 5 4 0
Control

Desc: Score 1: there are odontoblast cells that are neatly arranged / palisade; Score 2: the presence of odontoblasts cells and odontoblast-like cells;
Score 3: only odontoblast-like cell; Score 4: odontoblast cells were not formed. (*) using Kruskal Wallis test with 0=0,05.

The Mann-Whitney test showed a significant difference
between carbonate apatite + ZOE and negative control
group (p=0.007) and between calcium hydroxide and
negative control group (p=0.042). During 6 weeks of
observation, there was a significant difference among the
four groups (p= 0.026). The Mann-Whitney test showed
a significant difference between carbonate apatite and
negative control group (p=0.021), between carbonate
apatite + ZOE and negative control group (p=0.010), and
between calcium hydroxide and negative control group
(p=0.021). (Table 5)

In observing the morphology of dentinal bridge
within 2 weeks study, there was no dentinal bridge

formed from the four samples. During 4 weeks of
observation, there was a significant difference (p=0.005)
among the four sample groups. Post hoc Mann-Whitney
test showed significant difference (p=0.029) between
group given carbonate apatite and negative control group,
between carbonate apatite + ZOE and negative control
group (p=0.029), and between calcium hydroxide and
negative control group (p=0.029). In 6-week observation,
there was a significant difference (p= 0.004) among the
four sample groups. The Mann-Whitney test showed a
significant difference between the carbonate apatite
group and negative control group (p=0.007), between the
carbonate apatite + ZOE group and negative control
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Table 5. Observation Result of Dentinal Bridge Continuity

. 2 weeks p® 4 weeks p® 6 weeks p®
Capping
. Score Score Score Score Score Score Score Score Score Score Score Score
Material
1 2 3 4 1 2 3 4 1 2 3 4
Carbonate
) - - - - 6 4 0 0 5 5 0 0
Apatite
Carbonate 9 1 0 0 6 4 0 0
Apatite + ZOE - 0,023 0,026
Positive
- - - - 7 3 0 0 5 5 0 0
Control
Negative
- - - - 3 4 3 0 1 6 3 0
Control

Desc: Score 1: the dentinal bridge is completely formed; Score 2: dentinal bridge has formed covering more than half of the exposed area; Score 3:
dentinal bridge initiation has been formed which has not covered half of the exposure area; Score 4: no dentinal bridge. (*) using Kruskal Wallis
test with 0=0,05

Table 6. Observation Result of Dentinal Bridge Morphology

. 2 weeks p® 4 weeks p® 6 weeks p®
Capping
. Score | Score | Score | Score Score | Score | Score | Score Score | Score | Score | Score
Material
1 2 3 4 1 2 3 4 1 2 3 4
Carbonate
. 0 0 0 0 0 10 0 0 2 8 0 0
Apatite
Carbonate
Apatite + 0 0 0 0 R 0 10 0 0 0.005 1 9 0 0 0.004
ZOE
Positive
0 0 0 0 0 10 0 0 2 8 0 0
Control
Negative
0 0 0 0 0 6 4 0 0 5 5 0
Control

Desc: Score 1: dentin was completely formed; Score 2: only irregular hard tissue deposition is formed; Score 3: only thin layer of hard tissue
deposition is formed; Score 4 : no hard tissue deposition. (*) using Kruskal Wallis test with a=0,05.

group (p=0.010) and between the calcium hydroxide
group and negative control group (p=0.007). (table 6). In
the observation of the thickness of the dentinal bridge
within 2 weeks study, no dentinal bridge was found from
the four groups. A significant difference was found
between the four groups during 4 weeks of observation
(p = 0.048). Mann-Whitney test result showed a
significant difference between carbonate apatite + ZOE

and negative control group (p=0.008). In 6 weeks of
observation, there was a significant difference among the
four groups (p = 0.0001). Mann-Whitney test result
showed a significant difference between carbonate
apatite and negative control group (p=0.0001), between
carbonate apatite + ZOE and negative control group
(p=0.0001), and between calcium hydroxide and negative
control group. (p=0.013). (Table 7)

Table 7. Observation Result of Dentinal Bridge Thickness

. 2 weeks p® 4 weeks p® 6 weeks p®
Capping
. Score Score Score Score Score Score Score Score Score | Score | Score | Score
Material
1 2 3 4 1 2 3 4 1 2 3 4
Carbonate
. 0 0 0 0 5 4 1 0 1 8 1 0
Apatite
Carbonate
Apatite + 0 0 0 0 _ 7 3 0 0 0.048 4 5 1 0 0.0001
ZOE
Positive
0 0 0 0 5 3 2 0 2 3 5 0
Control
Negative
0 0 0 0 2 3 5 0 0 0 10 0
Control

Desc: Score 1: >0,25mm; Score 2: 0,1-0,25mm; Score 3: <0,1mm; Score 4: no dentinal bridge.
(*) using Kruskal Wallis test with a=0,05
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4. DISCUSSION

Comparison of dentinal bridge formation between
carbonate apatite and calcium hydroxide as direct pulp
capping material in this study used Wistar rats as
experimental animals. Many studies have used rats in
dentistry to evaluate direct pulp capping and pulpotomy
and the healing reaction after pulp exposure. The
histological pulp healing process after direct pulp
capping using calcium hydroxide showed identical
results in rats and humans. The molar teeth of rats are
anatomically,  histologically,  biologically, and
physiologically similar to human teeth but are smaller in
size. The rat molars are also showed the same structural
characteristics as human molars, in the pulp chamber,
pulp tissue, and apical delta with minor apical
foramen.[23,24]

In the beginning of pulp inflammation, there will be
vasodilation and increased blood flow, and this is due to
inflammatory factors present in the area of irritation. Pulp
areas close to irritation will have the most severe
inflammatory manifestations that will cause vascular
response, whereas areas around and far from irritation
will have mild or no inflammation.[25] Over a 2-week
period (Table 1 and 2), it showed that the acute
inflammation had subsided in all groups. There was no
difference among the four groups in the type and intensity
of inflammation. In the extent of inflammation (Table 3),
it was found that 2 teeth had severe inflammatory
expansion (all pulps were inflamed by inflammatory
cells) in the negative group, while it was not found in the
other 3 groups. In the carbonate apatite group, 3 teeth did
not experience the expansion of inflammation, while in
the positive control group, there was found 1 tooth, and
in the carbonate apatite +ZOE group and the negative
control, there were not found. Here the carbonate apatite
material is quite effective in limiting the expansion of
inflammation that occurs after pulp capping, although
statistically no differences were found among the apatite
carbonate, apatite carbonate, and calcium hydroxide
groups.

After 4 and 6 weeks, it was found that the carbonate
apatite, carbonate apatite + ZOE, and calcium hydroxide
groups had better results on the type of inflammation, the
intensity of inflammation, and extent of inflammation
compared to the negative group (Tables 1, 2 and 3).
When compared among the 3 groups, it was found that
there was no difference in results between the two
experimental groups and the positive group. However, it
was found that more teeth were not inflamed, more teeth
that did not have inflammatory cells and more teeth that
did not have inflammation expansion in the carbonate
apatite group compared to the positive control group.

On average, there was a decrease in chronic
inflammation scores among the three groups (beside the
negative control group) for 2, 4, and 6 weeks. Regarding
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the extent of inflammation, in the 4 and 6-week studies,
more teeth did not experience inflammation extension.
The score of mild inflammation extension also decreased
among the three groups compared to the negative group.

The study by Zakaria et al. evaluated the carbonate
apatite cement in inducing reparative dentin in the
exposed dental pulp (after 3 weeks of pulp capping
treatment), which histologically resulted in no signs of
chronic inflammation or pulp necrosis. [22] After 30
days, chronic inflammatory cell infiltration was found
near the exposed area or hard tissue formed and between
the two materials did not show statistically significant
differences. Another study by Fatimatuzzahro et al on the
inflammatory response of the dental pulp of Sprague
Dawley rats after application of the material etching of
ethylene diamine tetraacetic acid and formic acid 37%
which on the 14th day after treatment, showed less
inflammatory cell infiltration than the previous days and
gave normal pulp appearance. The decrease in
inflammatory cells indicates that immune cells have
succeeded in removing cellular debris so that
inflammation does not continue. This may occur because
OH- ions released by carbonate apatite and calcium
hydroxide will eliminate and irritate bacteria by
destroying the cytoplasmic membrane and denaturing
bacterial proteins.[26]

Based on the research by Sabir et al. who examined
the inflammatory response in the pulp tissue after pulp
capping using EPP (Ethanol Propolis Extract) material
said that on the 14th day after treatment, the number of
inflammatory cell infiltration was less than the previous
days and gave an overview of the normal pulp tissue.[27]
This indicates that immune cells have succeeded in
removing irritants and cellular debris so that
inflammation does not continue. In addition, the pulp
dentin complex has a self-protection mechanism to limit
the penetration of materials that harm the pulp. Calcium
ions, phosphate and fluid, were contained in the dentinal
tubules. This is in accordance with the study results in
Tables 1,2,3 which showed that in each treatment group
after 4 weeks, there were few inflammatory cells, even to
the point that there were no visible inflammatory cells.
Differences in inflammatory cells formed may occur due
to differences in direct pulp capping materials given
during the study.

Based on Salah et.al research using carbonate apatite
in bone formation, 80-90% of neutrophil and lymphocyte
cell infiltration occurred in the second week of the study,
and 10% of immature bone tissue was formed.[28] The
results of this study are in line with research by Park et
al., which stated that in the second week, there was an
infiltration of neutrophil and lymphocytes cells, and
loose connective tissue was formed. Also, in line with
another research who used hydroxyapatite and chitosan
fibroin treatment, reported the formation of immature
bone (woven bone) in the second week[29]. This shows
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that carbonate apatite can reduce inflammatory cells in
bone formation and reduce inflammatory cells in dentinal
bridge formation. In accordance with table 1,2,3, which
shows that most of the samples using carbonate apatite
were no longer have inflammatory cells so there was also
no expansion of inflammatory cells into the pulp. This is
in accordance with Salah's study that carbonate apatite
has the ability to reduce inflamed cells because carbonate
apatite is alkaline.[28]

The study results in table 4 show that there was no
odontoblast cell layer formed from the four samples in
the 2-week study. New odontoblast cells were formed in
4 and 6 weeks study, although there was still no
significant difference among the four sample groups.
Odontoblast cells and odontoblast-like cells appeared
more in the 6-week study, both in the group given
carbonate apatite alone and in the group given carbonate
apatite + ZOE. This may be due to the non-toxic nature
of carbonate apatite so that it has good adaptation to
odontoblast cells. Odontoblast-like cells found may be
correlated to the preparation procedure, where in pulp
damage such as mechanical (iatrogenic) trauma, the
primary odontoblast cells will be damaged. [30]

The results of the study in tables 5, 6, and 7 showed
that no dentinal bridge was formed in the 2-week study.
In the 4 and 6 week study, there were significant
differences among the four sample groups regarding the
dentinal bridge's continuity, morphology, and thickness.
In the 4-week study, the sample group given carbonate
apatite + ZOE scored quite high related to the formation
of perfect dentinal bridge, which thickness was
>0.25mm, compared to the other sample groups. After 6
weeks, mean score decreased for each sample group.
According to study on the effect of carbonate apatite on
the repair of calvarial defects in rat bone, carbonate
apatite had the same ability as hydroxyapatite to form
new bone, but in the third week showed faster repair
process. The sample group using calcium hydroxide
showed that 70% had formed entirely dentinal bridge and
30% had covered more than half of the exposure area.
This result is in line with another study regarding the
response of human dental pulp after direct pulp capping
using MTA and Ca(OH)2, which showed the formation
of dentinal bridge within 30 days calcium hydroxide
showed better image of dentinal bridge compared to
MTA. However on day 60, it showed the same results
[31] The continuity of dentinal bridge which only
covered more than half of the exposure area may be
related to the uneven application of the material in the
exposed area due to the difficulty of accessing the rat
molars. The formation of dentinal bridge may appear to
be irregular, atubular shape when compared to the
surrounding unexposed dentin. The difference in
thickness of dentinal bridge among the experimental
groups is very likely to occur due to the different
compositions of the three materials and the consistency
of the treatment which cannot be controlled perfectly.
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The ability of carbonate apatite to stimulate the formation
of dentinal bridges can be correlated to the CO3Ap
content consisting of Ca2+, PO43-, and CO32- ions that
function in the mineralization process.[32]

Based on the results, it was concluded that pure
carbonate apatite paste material and carbonate apatite
material mixed with ZOE could be used as an alternative
to direct pulp capping treatment. These materials did not
significantly differ in pulp inflammation or dentinal
bridge formation with calcium hydroxide material.
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