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ABSTRACT

Background: This study is focused on —
Assessing Biodentine and Calcium
hydroxide in indirect pulp capping
procedures. Various materials have been
used in indirect pulp capping but this
comparative study may help appreciate
which material produces better results:
Biodentine or Calcium hydroxide.

Objective: To compare treatment outcomes
post indirect pulp capping treatment using
Biodentine® and Calcium hydroxide
(Ca(OH),) .

Materials and Methods: A blinded,
randomized clinical control trial involving 50
consenting subjects, comparing
Biodentine® (test) and Ca(OH), (control).
Cavity preparation was done and the cavity
was dressed with either Biodentine® or
Ca(OH), and then restored with Glass
ionomer cement. The subjects' teeth were
later examined clinically and

radiographically at 3, 6, and 9 months post
treatment. The indicators of clinical success
were absence of pain, swellings, sinus,
fistula, abscess, mobility, tenderness to
percussion, normal response to electric pulp
tester, and Endo-ice cold test. The indicator
of radiographic success was absence of
periapical pathosis. The probability level of
p<0.05 was considered significant.

Results: The success rate at three months
was 100% for both groups; at six months, it
was 92% for both groups and at nine
months, 92% of subjects were successful in
the Biodentine® group while the Ca(OH),
group recorded 88% which was statistically
insignificant (P=0.74).

Conclusion: Biodentine® and Calcium
hydroxide have shown comparable
effectiveness in improving treatment
outcomes, thus, contributing to the
longevity of the teeth, and the period of
optimum efficaciousness of the pulp
capping materials in this study was three
months.

INTRODUCTION

The modern management of deep carious
lesions involves dexterity in caries removal,
halting caries progression by creating an
adequate seal that protects the pulp dentin
complex, with the use of materials that
stimulate the release of bioactive
substances from the dentin matrix, thereby
increasing the thickness of dentin.' It also
involves a good knowledge of the reparative
and defensive characters of the pulp dentin
interphase.” The use of the appropriate
material is essential to achieve pulp
preservation.’ Studies comparing indirect
pulp capping materials have been done,
although there is paucity of such studies in
Nigeria. **° Different studies comparing
outcomes of various materials used in
indirect pulp capping such as mineral
trioxide aggregate, glass ionomer cement
with Theracal® and Portland cement with
calcium hydroxide found that technique
sensitivity and poor handling were reasons
given by most clinicians for not routinely
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using them, hence the introduction of
Biodentine®.”" Furthermore, a few studies
have been done to compare the clinical
outcomes of the use of Biodentine® and
calcium hydroxide, with no statistically
significant difference observed between
them. ®® This study may, however, show
the peculiarity of our environment.

An in vivo study has shown that pulps
mechanically exposed and capped with
Biodentine resulted in effective dentinal
repair. * The pH of calcium hydroxide is
alkaline and it causes local necrosis around
exposed pulp which results in inflammation,
and pulpal repair is initiated by well
controlled inflammation.” Biodentine®
releases a lot of calcium hydroxide prior to
being cured and releases more free calcium
ions with higher diffusion levels than
Ca(OH), which aids in tissue repair. "
Biodentine® has also been shown to be a
bioactive material that promotes hard tissue
regeneration, and does not stimulate
moderate or severe pulp inflammation.” At
high magnification, Ca(OH), has been
observed to form irregular thick reparative
dentin with porosities and tunnel defects,
whereas, Biodentine® produces thicker
uniformed reparative dentin with minimal
tunnel defects.” As such, Biodentine®
penetrates into the dentin tubules with
precipitation of its crystals in the tubules
which reduces the dentin tubular
permeability and fluid movement, resulting
in reduced post-operative sensitivity.
Biodentine® also causes formation of
orthodentin which is quite similar to normal
dentinal tubules.” The purpose of this study
was to compare the outcomes of treatment
following use of Biodentine® and calcium
hydroxide in indirect pulp capping in our
environment.

MATERIALS AND METHODS

This study was done at the Conservative
Clinic of the Restorative Dentistry
Department of the Lagos State University
Teaching Hospital (LASUTH) lkeja, Lagos,
Nigeria. It was a randomized controlled
clinical trial comparing the treatment
outcomes using of the study Biodentine®
and Calcium Hydroxide (control) in indirect
pulp capping treatment, over a 12 month
duration. Ethical approval for this study was
obtained from the Health Research Ethics
Committee of the Lagos State University
Teaching Hospital lkeja, Lagos. Consenting

subjects aged 19 to 55 years with deep
carious lesions on occlusal or proximal
surface(s) of a permanent posterior tooth
showing (i) normal response to pulp testing,
(ii) ICDAS (International Caries Detection
and Assessment System) 4 and 5 % (iii)
symptoms of reversible pulpitis; and (iv)
coronal radioluscency that was not
communicating with the pulp, were included
in the study. Subjects with spontaneous or
chronic pain, tenderness on percussion,
presence of other pathology or mobility and
serious systemic illness like epilepsy, stroke,
multiple sclerosis, and muscular dystrophy
were excluded.

Sample size Determination:

The sample size was calculated using a
formula for comparing two means,” utilizing
values obtained from a previous study.* This
referenced study showed an increase in
dentin depth of 0.235£0.110mm at 6 months
after use of MTA, and 0.221+0.059 after use
of Ca(OH), in indirect pulp capping.*® The
sample size was constrained using a formula
for constraining sample sizes® due to the
peculiarity of a limited study population. A
total of 50 subjects, comprising 25 for the
Biodentine (test) group and 25 for the
Calcium Hydroxide (control) group, were
involved in the study. Data were collected
from subjects using a data entry form.
Clinical examination was done by two
blinded calibrated examiners who were not
privy to the information on who had
received Biodentine® or the Ca(OH),. Pain
was scored using Visual Analogue Scale
(VAS) and subjects that could not read
would have been provided an interpreter,
although all subjects in this present study
were literate because most patients
presenting in the teaching hospital were
literate.

Teeth were classified using ICDAS and only
clinical grade 4 (underlying dark shadow in
dentin beneath) or 5 (distinct cavitation with
visible dentin) were included in the
study. *?° The selected tooth in each subject
was confirmed for normal response to pulp
test using the electric pulp tester and cold
test using Endo ice®.”” Radiographic
examination of the teeth using a periapical
digital dental x-ray and an x-ray film holder
XCP Ds Fit Dentsply® for standardization
purposes was done to check for coronal
radiolucency getting to the inner third of
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dentin without pulpal involvement, the
presence of a dentin bridge, and the
confirmation of absence of periapical
pathosis. In event of disagreement between
the two examiners, that particular subject
would have been excluded from the study,
although this scenario did not occur.

Treatment Procedure:

All treatments were performed by the
principal investigator who could not be
blinded due to the different application
methods of the two materials. Treatment
commenced with the administration of local
anaesthesia and moisture control was
achieved with the use of rubber dam, cotton
wool rolls, and adequate suction. With the
aid of magnification loupes for effective
visualization, cavity preparation was
performed using water cooled diamond
fissure bur in a fast-speed hand piece to
prevent transmitting heat to the pulp, and a
spoon excavator was also used. A hard dry
dentin surface remained on the outer walls,
and in keeping with selective caries removal,
the floor and axial walls were left slightly
moist, firm, and leathery, giving a slight
resistance to excavation with reasonably
sound dentin. The cavity was washed
thoroughly with water spray, air dried, and if
wall was missing, a wedge was passed
between two teeth and a matrix was
adapted to the tooth then pulp capping was
done with Biodentine® or the Ca(OH),. The
pulp capping materials were used strictly
according to the manufacturer's
instructions.

After placement of the appropriate pulp
capping material, the cavity was restored
with Glass ionomer cement, Fuji IX®
following the manufacturer's instructions.

Post treatment evaluation:

The outcome measures for clinical success
were absence of pain, swellings, sinus,
fistula, abscess, mobility, tenderness to
percussion; normal response to electric pulp
tester and Endo-ice cold test. The outcome
measure for radiographic success was
absence of periapical pathosis. The subjects
were recalled and the treated teeth
reviewed clinically and radiographically by
the two blinded calibrated examiners at the
3 months, 6 months, and 9 months post

treatment periods. Pain was evaluated using
the VAS measurement tool. The gingiva
was assessed for periodontal pathosis by
checking for swelling, sinus, fistula, pocket
depth and tooth mobility. The treated teeth
were tested for tenderness to percussion
was assessed to rule out periapical pathosis.
The vitality of the pulp was assessed using a
Parkell electric pulp tester G-98853® and
Endo-ice®.

The digital periapical radiographs were
evaluated at baseline, 3 months, 6 months
and 9 months, for presence or absence of
any periapical pathosis in the form of
periapical radiolucency, internal or external
root resorption and was recorded as
present or absent. In event of disparity
between the examiners, that particular
subject would have been removed from the
study, but this did not occur. Any subject
with failed teeth in the course of the
research was booked for root canal
treatment where appropriate. Data was
collected and analysed using Statistical
package for social sciences IBM® (version
23). Mean, standard deviation and
independent student test were presented
for numeric variables. Categorical variables
were presented using frequency and
percentages. Association between
categorical variables was assessed using
Chi square. A multiple bar chart was used to
compare success rates of treatment
outcomes at different intervals. Significance
level was set at P< 0.05 for all statistical
tests.

Ethical approval for this study was obtained
from the Health Research Ethics Committee
of the Lagos State University Teaching
Hospital Ikeja Lagos

RESULTS

Fifty subjects that attended the
Conservative Clinic of the Department of
Restorative Dentistry participated in this
study. Seventeen (34%) subjects were males
and thirty-three (66%) subjects were
females. The age range for males was 19 to
45 years while that for females was 19 to 55
years. (Table 1)
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Table 1: Socio-demographic characteristics of subjects

Biodentine (n=25) Ca(OH): Total v p-value
(n=25)
Gender
Male 9(36.0) 8(32.0) 17(34.0) 0.089 0.765
Female 16(64.0) 17(68.0) 33(66.0)
Age group (Years)
<30 6(24.0) 6(24.0) 12(24.0) 1.024 0.573
31-40 6(24.0) 5(20.0) 11(22.0)
41-50 6(24.0) 9(36.0) 15(30.0)
>50 7(28.0) 5(20.0) 12(24.0)
Mean £SD 36.72+11.9 36.23+£10.8 0.738** 0.843

**Independent student test

Twenty-five (50%) teeth each were restored in
the makxilla and mandible respectively. All the
teethrestored were classified as ICDAS class 5.

At three months: There was no pain, swelling,
sinus, fistula, abscess, mobility, and tenderness
to percussion in both groups. All teeth had
normal response to electric pulp test and cold
test and there was no periapical pathosis. (Table
2).

At six months: There was no pain, swelling, sinus,
fistula, abscess, tenderness to percussion and
periapical pathosis in both groups. There was no
mobility in the Biodentine group, but one toothin
the Ca(OH), group developed grade 1 mobility.
Two teeth did not respond to electric pulp test in
the Biodentine group, while one tooth did not

Table 2: Treatment outcomes among subjects

respond to electric pulp test in the Ca(OH),. All
teeth had normal response to cold test in the
Biodentine group, but one tooth in the Ca(OH),
group did not respond to cold test. (Table 2).

At nine months: There was grade 2 pain in a
tooth in the Biodentine group but no pain in the
Ca(OH), group. There were no swellings, sinus,
fistula, and abscess in both groups. Two teeth
were mobile in the Biodentine group and one
tooth was mobile in the Ca(OH), group. One
tooth was tender to percussion in both groups
and one tooth did not respond to electric pulp
test in both groups. All teeth had normal
response to cold test in the Biodentine group but
one tooth in the Ca(OH), group did not respond
to cold test. One tooth in both groups had
periapical pathosis. (Table 2).

Biodentine (n=25) Ca(OH), Total f p-value
(n=25)
Pain
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 0 (0.0) 0(0.0) 0(0.0) 0.000 1.000
9 months 1(4.0) 0(0.0) 1(2.0) 1.020 0.312
Swelling. sinus, fistula or abscess
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 0 (0.0) 0(0.0) 0(0.0) 0.000 1.000
9 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
Mobility
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 0(0.0) 1(4.0) 1(2.0) 1.020 0.312
9 months 2(8.0) 1(4.0) 3(6.0) 0.943 0.234
Teeth tender to palpation or percussion
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 0 (0.0) 0(0.0) 0(0.0) 0.000 1.000
9 months 1(4.0) 1(4.0) 2(4.0) 0.000 1.000
Tooth non-response to electric pulp tester
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 2(8.0) 1(4.0) 3(6.0) 0.943 0.234
9 months 1(4.0) 1(4.0) 2(4.0) 0.000 1.000
Tooth non-response to cold test using Endo ice
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 0 (0.0) 1(4.0) 1(2.0) 1.020 0.312
9 months 0(0.0) 1(4.0) 1(2.0) 1.020 0.312
Periapical pathosis
3 months 0(0.0) 0(0.0) 0(0.0) 0.000 1.000
6 months 0 (0.0) 0(0.0) 0(0.0) 0.000 1.000
9 months 1(4.0) 1(4.0) 2(4.0) 1.020 0.312




Comparative Efficacy of Biodentine® and Calcium Hydroxide in Pulp Capping Treatment

A 100% overall success rate was recorded in
both groups at three months; however, at
six months, two teeth each had failed in both
groups. At nine months, two teeth indicated
failure in the Biodentine® group with one
grade | mobile tooth that was non
responsive to the electric pulp tester and
another tooth with grade 2 pain, grade |
mobility, tenderness to percussion and
periapical pathosis. Three teeth in the
Ca(OH), group at nine months had failed
with one grade | mobile tooth, another tooth
tender to percussion with periapical
pathosis, and a third tooth was non
responsive to electric pulp tester and cold
test. Overall, at nine months, 23 subjects’
teeth out of 25 subjects' teeth (92%) were
successful in the Biodentine® group and 22
subjects' teeth out of 25 subjects' teeth
(88%) in the Ca(OH),, group which was
statistically insignificant at a P value of 0.74
(Figure1).

3 months

102

6 months 9 months

Intervals

mBiodentine W Calcium hydroxide

Figure 1: Overall success rates at different intervals

Multivariate logistic regression shows that
females have statistically significant lower
odds of failure compared to males
(OR=0.384; 95% CI=0.037). Age, jaw, teeth
type and type of intervention were not
found to independently affect failure. (Table
3)

Table 3: Multivariate logistic regression of
independent predictors of failure

Odd ratio 95% CI p-value
Age group (Years)
<30 1.094 0.381-5.093  0.893
31-40 1.004 0.221-6.214  0.792
41-50 0.983 0.451-6.990 0.822
>50 0.994 0.593-0.473 0.919
Gender
Male 1
Female 0.384 0.189-0.833  0.037*
Jaw
Maxilla 1
Mandible 1.397 0.279-7.002 0.684
Teeth type
Premolar 1
Molar 0.540 0.107-2.715  0.455
Intervention
Control 1
Bio dentine 0.765 0.372-1.091  0.093
DISCUSSION

In this study, majority of subjects were
females, and this could be due to the
positive health seeking behaviour of
females compared to males.”” There was a
near even distribution of males and females
in Biodentine® and calcium hydroxide
groups. In this study, only subjects with
absence of spontaneous pain were
assessed in accordance with symptoms of
reversible pulpitis and only a subject in the
Biodentine developed pain at nine months
due to possible undetected ongoing pulpal
inflammation as reported in another
study.”** These findings are similar to those
reported in a previous study where pain was
assessed following indirect pulp capping.”
Tooth tenderness to percussion was
statistically insignificant and was not in line
with another study that showed statistically
significant difference in favour of
Biodentine® over Ca(OH), at nine months.*
Mobility of teeth in this study was similar to
findings reported in another study and the
cause of mobility in the Biodentine® group
may be due to development of perio-endo
lesion (primarily endodontic lesion with
secondary periodontal involvement due to
relaxation in maintenance of oral hygiene
practice).” The disparity in the electric pulp
test and Endo-ice cold test may be due to
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various factors such as technical error, faulty
device, excessive calcification, extensive
restorations creating a distance between
the pulp and the electrode's tip, as well as
apprehension.’** In agreement with this
study, the cold test has been shown in a
previous study’ to be more sensitive than
the electric test. There was no statistically
significant difference between pulp vitality
and type of restorative material used as
seen in another study.® The good result on
absence of periapical pathosis was similar
to another study.” The few subjects that
developed periapical pathosis may be due
to unresolved underlying pulpal disease.

The successful outcome in this study is close
to that reported in another study and
showed that indirect pulp capping is
efficacious in the management of deep
carious lesions in this environment.* At
three months, the success rate of 100% in
both groups was in line with previous
studies.””® The period of optimum
efficaciousness of the pulp capping
materials in this study was three months as
reported by Benoist et al.** At six months,
the overall success rate for both materials
was higher than that reported by Kusumvalli
et al, which had a smaller sample size.*® The
success rate of the Biodentine® group at six
months was comparable to that of another
study and this may be due to the similar
sample size.*® The success rate in the
Ca(OH), group at six months was higher
than that of a previous study carried out in
Senegal and this may be due to proper case
selection in this present study.* At nine
months, the success rate of Biodentine®
and Ca(OH), was similar to that of another
study on vital pulp therapy.’” The
performance of Biodentine® relative to
Ca(OH), in this study could be due to a)
Biodentine having a three to four fold lesser
porosity than Ca(OH),,” b) Biodentine® also
releases a lot of calcium hydroxide prior to
being cured and this aids in tissue repair.”
c) Biodentine® as a dentin substitute for
direct and indirect pulp capping has better
mechanical properties likened to dentin,
bonds firmly to dentin and has antibacterial
properties that are greatly needed in deep
carious lesions.***

The overall success rate of 90% in this adult
study following the use of both materials,
Biodentine® and Ca(OH), in indirect pulp
capping at nine months is comparable to
that of previous studies.”® The good success
rates show that Biodentine® and Ca(OH),
have proven to be effective in prolonging
the longevity of the tooth by improving
treatment outcomes: absence of pain,
absence of periodontal pathosis, absence of
periapical pathosis and normal response to
pulp testing. This may be due to
Biodentine® and Ca(OH), primarily causing
tissue irritation which may result in early
inflammatory reaction with resultant repair
and mineralization of dentin.” The Ca(OH),
group in this study also showed a successful
clinical outcome even with its limitations of
heterogeneous dentin formation, inclusion
bodies and marginal leakage.”*** The
success rate in this study reduced over time
as reported in literature.”® This decline in
success rate with time may be due to
insufficient caries removal and poor
handling techniques which could result in
poor strength of the restorative materials as
reported by Arshad et al.” The failures in
this study may also be due to ongoing
undetected degenerative process in dentin
as reported in another study that related
failures to non detection of microleakage by
the operator.’®> Multivariate logistic
regression showed that females had
statistically significant lower odds of failure
compared to males (OR=0.384; 95%
Cl=0.037). This may also be due to their
positive health seeking behaviour.”

CONCLUSION

Based on this study, Biodentine® and
Calcium Hydroxide have shown comparable
effectiveness in improving treatment
outcomes of absence of pain, absence of
periodontal pathosis, absence of periapical
pathosis, and normal response to pulp
testing, and have contributed to the
prolongation of the longevity of the tooth.
Both materials can be used successfully in
the management of deep carious lesions as
seen in the successful outcomes recordedin
this study.
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LIMITATION

This study utilized sensibility tests which
does not assess the flow of blood in the

pulp.
RECOMMENDATION

Biodentine® and Ca(OH)2 should both be
used in indirect pulp capping as both
materials showed successful treatment
outcomes. More studies could be done
utilizing pulp vitality tests that would assess
the flow of blood in the pulp.
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