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Comparative evaluation of clinical outcome of
indirect pulp treatment with calcium hydroxide,
calcium silicate and Er,Cr:YSGG laser
in permanent molars

Arshad E, Kumar Gyanendra, Jatinder Kaur Dhillon
Pedodontics & Preventive Dentistry, Maulana Azad Institute of Dental Sciences New Delbi

Background: The aim of the study was to compare preservation of pulp vitality by indirect pulp treat-
ment with calcium hydroxide, calcium silicate based cement (Biodentine) and Er,Cr:YSGG laser in per-
manent molars.

Materials and methods: 30 patients were selected for this study as per the inclusion and exclusion cri-
teria in the age group of 6-14 years and then randomly allocated to three groups A, B & C. In group A,
after caries excavation, calcium hydroxide (Dycal) was placed at the floor. In group B, after caries exca-
vation, calcium silicate based cement (Biodentine) was placed at the floor. In group C, after caries exca-
vation, decontamination of the cavity was done with Er,Cr:YSGG laser. This was followed by placement
of permanent restorative material in all the groups. Clinical and radiographic success was monitored at 3,
6 and months. Data analysis was performed using Statistical Package for the Social Science-21 (SPSS-21).
Results: At the end of 9 months, overall success rate of indirect pulp was 86.6%. There was no significant
difference between the three groups. (p > 0.05)

Conclusion: The study showed that the success of indirect pulp treatment is independent of the type of
liner used for pulp capping. Moreover, the study also shows that Er,Cr;YSGG laser can be effectively used

for indirect pulp capping procedures.

Introduction

Dental caries is one of the most common global oral
health problems in the world. Untreated caries can prog-
ress to involve pulpal tissue and lead to pain, infection
and compromise quality of life. Management of deep car-
ious and grossly decayed teeth is often challenging to the
pediatric dentist. The principal objective of the manage-
ment of deep carious lesion is to preserve the vitality of
the teeth while causing as little trauma as possible to the
pulp.This helps in providing protective resistance to mas-
ticatory forces compared with root canal filled teeth V. In
young patients, vital pulp therapy has higher success rate
due to high healing capacity as compared to older pa-
tients 2. Various vital pulp therapies have been developed
and used over the years including indirect pulp capping,
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direct pulp capping and pulpotomy procedures. Amongst
these vital pulp therapy procedures, indirect pulp cap-
ping is one of the less invasive procedures and can be
done easily in children and young adults. This procedure
entails removal of demineralized carious tissue and a thin
layer of affected dentin is left in situ in areas where fur-
ther excavation may result in pulp exposure. This is fol-
lowed by placement of a biocompatible material which
stimulates healing of the dentin pulp complex and the
tooth is then restored with an appropriate restorative ma-
terial to prevent microleakage. Calcium hydroxide has
been considered the “gold standard” of pulp capping ma-
terials for several decades due to excellent antibacterial
properties and the ability to induce hard tissue formation .
However it is highly soluble and subject to dissolution
over time ¥ and provides a poor seal . Another drawback
associated with calcium hydroxide is the appearance of
so-called “tunnel defects” in reparative dentin formed un-
derneath calcium hydroxide pulp capings .

This has led to several other alternative materials
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being used for indirect pulp treatment. Amongst these,
Mineral Trioxide Aggregate (MTA) has proven to be suc-
cessful as indirect pulp capping agent. Biodentine (Sept-
odont, USA) is relatively new calcium silicate based ce-
ment which has properties similar to that of MTA 7. Thus,
Biodentine also is proposed to be effective as an indirect
pulp capping agent”.

With the advent of lasers, various procedures can be
carried out with relative ease and amongst dental lasers,
Er,Cr;YSGG lasers are particularly used for both hard tissue
and soft tissue procedures. Er,Cr;YSGG lasers emit electro-
magnetic radiations in the medium infrared spectrum (2940
nm); interacting preferably with water and hydroxyl apatite,
these lasers have an efficient ablation effect on both the
soft tissues (gum and pulp) and the hard dental tissues and,
more selectively, with the carious tissue rich in water®. Use
of Er,Cr;YSGG lasers compared with other types of lasers,
has been proven to be useful in preparing cavities and re-
moving caries, as well as in decontamination of the affected
dentin®. The necrotizing action chemically induced by the
capping materials used in the conventional pulp capping
procedures is replaced by the physical action of the laser.

There have been few studies on the use of calcium
silicate based cement (Biodentine) and Er,Cr:YSGG laser
for indirect pulp treatment. Thus this study was planned
to compare the clinical performance of indirect pulp
treatment using calcium hydroxide, calcium silicate based
cement (Biodentine) and Er,Cr:YSGG laser.

The aim of the present study was to compare clini-
cal and radiographic success of indirect pulp treatment or
capping with calcium hydroxide, calcium silicate and
Er,Cr:YSGG laser in permanent molars.

Methodology

The present study was a longitudinal experimental study
carried out in Department of Pedodontics and Preventive
Dentistry, Maulana Azad Institute of Dental Sciences, after
obtaining prior approval from the Institutional Ethical Com-
mittee. Study population comprised of 30 children aged
6-14 years, who visited the Outpatient Department of Ped-
odontics and Preventive Dentistry, at Maulana Azad Insti-
tute of Dental Sciences, New Delhi. The sample size was
estimated based on the previous literature findings ? and by
consulting a biostatistician as per the formula given below:

71\ 2P(1-P) + Z2\ Pi1(1-P1) P2(1- P2)
(P1 — P2)?

Z1 = 1.96 (standard normal variate for power)

N =

Z2 = 0.84 (standard normal variate for level of significance)

_Pi+ P2
- 2

P:1 = Proportion in cases (1.68)
P2 = Proportion in control (2.04)

P
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The inclusion and exclusion criteria were as follows:

The details of the study procedure and the purpose
of the study were explained to the parents and written in-
formed consent was obtained from them. Randomization
was done using a single sequence of random assignment
for group allocation. These patients were then randomly
allocated to three groups A, B & C as given in Figure 1.

Inclusion criteria

1. Pediatric patients aged 6-14 years.

2. Deep carious lesion present in permanent molars with
normal appearance of gingiva.

3. Absence of clinical signs and symptoms of pulpal ex-
posure such as spontaneous pain, tenderness, swelling,
fistula, abscess formation, abnormal tooth mobility.

4. Radiographically, carious lesion involving more than
two-third thickness of dentin not involving pulp.

5. Absence of radiographic signs and symptoms of pulpal
degeneration such as thickening of periodontal spaces,
interradicular or periapical radiolucencies, internal or
external root resorption

6. Positive parental informed consent

Exclusion criteria

1. Children with special health care needs that may not
be able to cooperate.

2. Medically compromised children

3. Presence of clinical signs and symptoms of pulpal ex-
posure such as spontaneous pain, tenderness, swelling,
fistula, abscess formation, abnormal tooth mobility.

4. Presence of radiographic signs and symptoms of pul-
pal degeneration such as thickening of periodontal
spaces, interradicular or periapical radiolucencies, in-
ternal or external root resorption

5. Mobility of teeth
The tooth was anesthetized using local anesthesia and
isolated using rubber dam. After caries removal using
carbide burs (No 245; MANI, JAPAN) at low speed ',
the teeth were treated as follows:

In Group A, Calcium hydroxide-based liner (Dycal)
was mixed as per the manufacturer's instructions and car-
ried into the cavity and uniformly placed over the floor of
cavity. In Group B, Biodentine was mixed according to
the manufacturer’s instructions and carried into the cavity
and uniformly placed over the floor of cavity. In Group C,
the bottom of the cavity was further radiated at 75-100 mJ
(1-1.5 Watt) for 60 sec using Er, Cr: YSGG laser (Water-
lase iPlus, BioLase) to ensure complete decontamination.
In all the three groups, composite resin restoration (Z
100, 3M) was placed as the final restorative material as
per manufacturer's instructions.

The subjects in all the three groups were evaluated
immediately after the procedure, at 3 months, 6 months
and 9 months using following criteria: (1) absence of spon-
taneous pain and/or sensitivity to pressure; (2) absence of
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sinus, fistula, edema, and/or abnormal mobility; (3) ab-
sence of radiolucencies at the interradicular and/or peri-
apical regions; (4) absence of internal or external root re-
sorption. The data was compiled and data analysis was
performed using Statistical Package for the Social Sci-
ence-21 (SPSS-21). The data was analyzed on the basis of
categorical scores given to clinical and radiographic analy-

sis of the three groups using chi- square (x? analysis and
p-values < 0.05 were considered statistically significant.

Results

As shown in Table 1, at the end of 3 months, there were
no signs of clinical or radiographic failure in all the three

FLOW CHART: METHODOLOGY
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‘ Follow up of all patients at 3 and 6 months ‘

Fig. 1: Methodology flow chart

Table 1: Clinical and radiographic evaluation of Group A,B,C after 9 months

Group A Group B Group C
CALCIUM HYDROXIDE BIODENTINE Er, Cr:YSGG laser
RADIO GRAPHIC RADIO GRAPHIC RADIO GRAPHIC
VITALITY  CLINICAL - pepiapical patrorocic VITAUTY  CLINICAL pppiapicar pytriorogic VITALITY  CLINICAL AgfgL PATHOLOGIC
LESION  RESORPTION LESION  RESORPTION LESioN, ESORPTION
3 months 0/10  0/10  0/10  0/10  0/10  0/10  0/10  0/10  0/10  0/10  0/10  0/10
6 months 0/10  0/10  0/10  0/10  0/10  0/10  0/10  0/10  1/10  1/10  1/10  0/10
9 months 0/10  1/10  0/10  0/10  1/10  0/10  2/10  0/10  1/9 1/9 1/9 0/9
TOTAL 0/10  1/10  0/10  0/10  1/10  0/10  2/10  0/10  1/10  2/10  2/10  0/10
Total failures 1/10 2/10 2/10
Outcome of Indirect Pulp Treatment with Calcium Hydroxide, Calcium Silicate and Er,Cr:YSGG Laser 125



ORIGINAL ARTICLES

groups. At the end of 6 months, there was one failure in
the Er, Cr: YSGG group with loss of vitality, presence of
sponataneous pain and periapical lesion. In the Bioden-
tine group, one subject reported with abscess and anoth-
er subject exhibited signs of root resorption at the end of
nine month, another subject in the Er, Cr: YSGG group
presented with spontaneous pain and periapical patholo-
gy evident on radiograph while in the calcium hydroxide
group, one subject presented with acute pain. The suc-
cess rate amongst the groups was compared using chi-
square test as shown in Table 2.

Chi square value (x» was 0.48 and the p-value at
the end of 9 months was 0.79

The difference between the three groups was not
statistically significant as p > 0.05.

Discussion

The main objective of the indirect pulp treatment is to
maintain the vitality of teeth with reversible pulp injury.
The rationale for this treatment modality is based on the
observation that reduction in bacterial counts can help in
utilizing the healing potential of odontoblasts which re-
sults in deposition of tertiary dentin matrix or sclerotic
dentin 'V, This is mediated by the activation of endoge-

nous signaling molecules, such as TGF-8s, which are
present at the dentinal matrix and are solubilized by vari-
ous agents used for indirect pulp treatment.

The present study was conducted to determine clin-
ical and radiographic success of indirect pulp capping us-
ing calcium hydroxide, Biodentine and Er, Cr: YSGG la-
ser. Adequate isolation is the most critical aspect of any
restorative procedure. All the steps were performed un-
der rubber dam isolation, as rubber dam provides the
most controllable isolation. It prevents accidental swal-
lowing or aspiration of instruments or materials '?. Rub-
ber dam also improves access to the operative field by
restraining the tongue and retracting the gingival papilla.
It permits treatment to proceed in a more relaxed envi-
ronment, eliminating the need for constant monitoring of
isolation or frequent exchange of cotton rolls 1¥. A study
conducted by Eidelman E (1983) concluded that retention
of restorative materials were higher with rubber dam than
without rubber dam '¥. Another study conducted by
Wang Y(2016) indicated that dental restorations had a sig-
nificantly higher survival rate in cases done under rubber
dam isolation compared to isolation with cotton rolls .

Following a pulp treatment procedure, bacterial
leakage through the final restoration is considered to be
more detrimental to outcome than bacterial contamina-

Table 2: Comparative evaluation after 9 months using chi square test (%2

Successful cases at

Failed cases at the

Chi square value

the end of 9 months end of 9 months (D) p-value
Group A Calcium hydroxide 9 1
Group B Calcium silicate
based cement (Biodentine) 8 2 0.48 ilh
Group C Er,Cr;YSGG laser 8 2

Fig. 2: isolation of tooth using rubber dam
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Fig. 3: Decontamination using Er, Cr: YSGG laser
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tion at the time of the treatment '*. This finding under-
lines the need for a good seal in the final restoration after
the completion of the pulp treatment. Restorations with
well-sealed margins are necessary for the prevention of
pulp pathologies. So the cavities were sealed with perma-
nent restorative material to avoid bacterial contamination.

The follow up was conducted at 3, 6 and 9 months.
In our study, the overall success of the IPC procedure
was 86.66%. This result of our present study is similar to
results obtained in previous studies on indirect pulp treat-
ment. Bjgrndal L, Thylstrup A (1998) 1 conducted a study
on stepwise excavation of deep carious lesions and re-
storing them with the help of indirect pulp capping
agents in permanent teeth. Ninety four teeth with deep
carious lesions were chosen for the study and only five
cases resulted in pulp exposure during the final excava-
tion. After nine month follow up, the overall success of
indirect pulp treatment was 85%. Another study was con-
ducted by Falster CA et al (2001) to determine the suc-
cess of indirect pulp treatment. Indirect pulp treatment

Fig. 4b: Immediate post-operative radiograph

with and without calcium hydroxide liner was done on
48 permanent molars and the overall success rate was

83% after 2 year follow up *®. Studies conducted by Beet-
ke et al* (2000) reported a success rate of 84% at the

3 g P &
PIFGLIRT. S s

Fig. 4e: 9 month follow-up radiograph
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end of 9 months when indirect pulp treatment was done
in permanent molars with calcium hydroxide as the liner.
Another study conducted by Nordstrom et al (1974) 2 re-
ported a success rate of 85% when indirect pulp capping
was done with calcium hydroxide in permanent molars.

The overall success rate at the end of 3 months was
100% which reduced to 96.6% at the end of 6 months
and 86.6% at the end of 9 months among all the three
groups. This result was also similar to a study conducted
by Nirschl et al (1983) in which the success rates of indi-
rect pulp capping were 100%, 97% and 85% after 3, 6, 9
months respectively 2V. Another study conducted by Straf-
fon LH et al (1986) conducted a study on indirect pulp
treatment on permanent molars and reported a success
rate of 99%, 90% and 82% at the end of 3, 6, 9 months re-
spectively 2. The decrease in success rate after long term
follow may be due to improper case selection, inade-
quate caries removal, poor manipulation techniques
which may lead to poor strength of the restorative materi-
als.

After 9 months, 90% success rate of indirect pulp
treatment was found in calcium hydroxide group. The
good clinical success rates of IPT are related to the thick-
ness of the newly formed dentine. In a study using calci-
um hydroxide as indirect pulp capping agent, Stanley et
al (2001) showed that dentine bridge is formed by 3
months and the thickness of dentin bridge can reach
upto 0.5 mm after 6 months ?». Kerkhove et al (1967)
conducted a study to determine the success of indirect
pulp treatment using calcium hydroxide. Indirect pulp
treatment was done on 56 permanent teeth and the suc-
cess rate of indirect pulp treatment was 89%. 2¥ Clinical
studies have effectively proved the success of calcium hy-
droxide compounds as IPC agents. Various studies have
also described reparative dentin formation when calcium
hydroxide was used for IPT 229, However, in long-term
clinical studies of pulp capping with calcium hydrox-
ide-based materials, failure rates increased with follow-up
time ?7. In addition, an increased frequency of inflamma-
tory cells and localized areas of pulp necrosis have also
been reported ?®.Similar findings were found in our study
where one failure was reported in teeth treated after 9
months . This could be due to known disadvantages of
gradual disintegration and tunnel defects in the newly
formed dentin .

The success rate of indirect pulp treatment in calci-
um silicate based cement (Biodentine) group was 80%.
This data also corroborates with the results of previous
studies. Hashim et al (2015) 3” conducted a study to as-
sess the effectiveness of calcium silicate cement (Bioden-
tine) versus glass ionomer cement (GIC; controlgroup) as
indirect pulp capping materials. Seventy-two indirect pulp
treatments (36 Biodentine and 36 Fuji IX) were placed in
53 patients who had signs and symptoms of reversible
pulpitis. Subjects were evaluated clinically and radio-
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graphically for the success of indirect pulp treatment and
the evaluation criteria were based on AAPD guidelines.
The clinical success rates for Biodentine was 83%. Anoth-
er study was conducted by George V, Janardhanan S
(2015) to determine the clinical and radiographic evalua-
tion of indirect pulp treatment with MTA and calcium hy-
droxide in primary teeth®. Forty primary molars were di-
vided into two groups of 20 teeth each for MTA and
Dycal and indirect pulp treatment was done. A statistical-
ly significant increase in dentin thickness with both MTA
and Dycal was found in their study. The high success rate
in Biodentine group may be attributed to the excellent
properties of Biodentine as a dentine substitute. Bioden-
tine can stimulate odontoblastic activity and reparative
dentin formation, by induction of cell differentiation
which makes it perfectly biocompatible and capable of
inducing the apposition of the reactionary dentin. Com-
paring with MTA, the total preparation, placement, and
setting approximately take 12 min which makes Bioden-
tine more user-friendly for pulp capping procedures 3.
Biodentine does not contain calcium hydroxide, but after
hardening, calcium oxide is formed that reacts with tissue
fluids to form calcium hydroxide. This induces fibronectin
secretion by pulp cells adjacent to the necrotic layer un-
der the capping material. The secreted layer further forms
collagen fibrils which undergo reorganization forming re-
parative dentin tissue. Thus, Biodentine can stimulate re-
parative dentin formation 3¥. Biodentine has excellent
biocompatibility, physical properties and bonding to the
dental hard tissues. Calcium hydroxide ions are released
from the cement during the setting phase of Biodentine
results in a pH of about 12.5 that may cause the basifica-
tion of the surroundings. This high pH inhibits the aug-
mentation of micro organisms and can disinfect the den-
tin. Biodentine can adhere to tooth surface by
micromechanical adhesion. It is also recommended that
there might a possible ion exchange contributing to fur-
ther adhesion of the cement giving terrific resistance to
microleakage and bacterial infiltration. There were two
failures in Biodentine group after 9 month follow up.
This might have occurred due to poor case selection or
improper manipulation of Biodentine and permanent re-
storative material.

In Er,Cr:YSGG group, the success rate of indirect
pulp treatment was 80%. A study was conducted by Olivi
G et al (2007) to verify the effectiveness of laser com-
bined with a self-hardening calcium hydroxide base in
pulp capping procedures performed on permanent teeth
affected by caries 3. A total of 34 subjects were divided
into three groups. Group 1 were treated with traditional
rotating instruments and pulp capping with self-harden-
ing calcium hydroxide, Group 2 were treated with
Er,Cr:YSGG laser and Group 3 were treated with Erbi-
um:YAG laser. When preparation was complete, the bot-
tom of the cavity was further radiated at 75-100 mJ (1-1.5
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Watt) for 60 sec to ensure complete decontamination.
Traditional technique group showed a success of 63%;
Er,Cr:YSGG laser-assisted technique showed a success
rate of 80% and Erbium:YAG lasers laser-assisted tech-
nique showed a success rate of 75% (adult control group
70%). Our result was in accordance with the results of
above mentioned study. The results also show that indi-
rect pulp treatment can also be done without the place-
ment of a liner. The purpose of liner is to act as a bacteri-
cidal agent and to provide a sterile field. Due to the
decontamination property of Er,Cr:YSGG laser, the bacte-
ricidal action is achieved and thus Er,Cr:YSGG can be ef-
fectively used for indirect pulp capping procedures. Two
failures were seen in this group also. This might have oc-
curred due to poor case selection or improper manipula-
tion of the permanent restorative material. Incomplete de-
contamination with laser may also result in failure of
indirect pulp treatment 3.

The present study demonstrates that clinical out-
come was independent of the application of type of base
used. These findings suggest that, once the grossly de-
cayed dentin is removed and good interfacial seal is pro-
vided, the healing and self-repair processes of the den-
tin-pulp complex are independent from the application of
an inducer of mineralization such as calcium hydroxide.
Moreover the decontamination effect of the laser and ap-
parent closure of dentinal tubules due to its biostimulant
effect has led to high percentage of success in laser
group 3.

Our study shows that indirect pulp treatment is an
effective method for management of deep carious lesion
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