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Abstract Background/purpose: Calcium hydroxide-based materials were the gold standard
in vital pulp therapies for decades’ despite of several shortcomings. However, calcium silicates
have been discussed as an alternative to overcome these drawbacks. It was aimed to investi-
gate the in-vivo effectiveness of different calcium silicates based materials in pulp capping in
this study.
Materials and methods: A parallel-design, randomized controlled trial with 213 patients who
has deep dentin caries, vital pulps and without spontaneous pain or history of swelling was de-
signed. 525 M teeth were randomized, blinded and allocated to one of the five groups for pulp
capping treatment (nZ 105). All teeth were followed up clinically and radiographically (after
1st, 6th, 12th and 36th months) by blinded investigators. The clinical and radiographic success,
and the effect of the pulp exposure to the success rate analyzed with Wald chi-square and Z
tests.
Results: Clinical and radiographic success of MTAþ (86.3%, 85.4%) and Biodentine (79.4%,
80.1%) were found the highest. Although results of Theracal LC group (72.1%, 73.6%) were bet-
ter than Dycal group (69.4%, 70.2%), the difference was nonsignificant (p > 0.05). Only in light-
cured groups, (TheraCal LC & LC Calcihyd) pulpal exposure size effected the success of the ma-
terials (p < 0.05). MTAþ and Biodentine resulted better scores, when compared with TheraCal
LC in large pulpal exposures (p < 0.05).
Conclusion: After 36-month follow-up, both MTAþ and Biodentine were found to be the appro-
priate material for direct pulp capping in permanent teeth. The filler ingredient of the
Theracal-LC eases the usage of calcium silicates but decreases the success rate.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Introduction

In many clinical studies, dental pulp can be exposed via
either carious dentin removal or cavity preparation phases.
Inflammation in the superficial layers of pulp is more likely
to be restricted if the preservation of the vitality and
function of pulp can be managed.1,2 Several investigators
have demonstrated that a vital, well-vascularized, func-
tioning pulp is capable of healing; however, the pulp can be
exposed if microleakage and bacterial contamination are
prevented.3e5 The optimal prognosis of vital pulp therapy is
based on the elimination of etiologic factors with complete
removal of diseased and contaminated tissues as well as the
appropriate restoration of the tooth.6 Therefore, direct
pulp capping is preferred to reduce the risk of infection and
further damage to the pulp with a material that should be
biocompatible, provide a biological seal, and prevent bac-
terial leakage.7e9

Calcium hydroxide was once considered the gold-
standard pulp-capping material.10e12 Recent studies have
also confirmed that Ca(OH)2 is extremely toxic to cells in
tissue culture and that it has some tissue-altering and dis-
solving effects that might be responsible for the variable
and somewhat unpredictable results, such as reparative
dentin bridges containing multiple tunnel defects and
aseptic necrosis.12,13 Therefore, the search continues for
procedures and materials that are more biocompatible
while stimulating continued dentin bridge formation (DBF).
As an alternative to calcium hydroxide, various materials
have been tested for direct pulp capping, such as mineral
trioxide aggregate (MTA), tricalcium silicates and
bioceramics.5,7,10,14

Bioceramics are ceramic compounds that act as multi-
substituted hydroxyapatites and have the ability to induce
a regenerative response in organisms as well as exhibit
excellent biocompatibility due to their similarity with bio-
logical materials.14 Although in vitro studies have proven
the biocompatibility, good nonmutagenic sealing ability and
bioinductive properties of these materials,15 clinical trials
have resulted in differences because of the lack of long-
term follow-up and comparative clinical studies with bio-
ceramics, MTA and calcium silicates as capping materials in
direct pulp treatments in mature permanent teeth.

MTAþ (Bio MTA) is a similar material to conventional MTA
but is modified with the insertion of nanoceramic particles
(2%) and hydroxyapatite ingredients (2%) and by decreasing
the size of the grains (33%).16 These particles are three
times smaller than the smallest particles of conventional
MTA, which provides penetration of calcium ions to the
demineralized tissue; facilitates packing material in the
application site; increases the sealing process, strength and
homogeneity; and reduces the setting time.16

In this manner, this study was designed to evaluate the
effectiveness of MTAþ (modified calcium silicate), Bio-
dentine (conventional calcium silicate) and TheraCal LC
(light-cured tricalcium silicate) as well as calcium hydrox-
ide materials as direct pulp-capping agents in cariously
exposed, finished apical formation, fully maturated per-
manent teeth with completed root formation. The null
hypothesis of this randomized clinical trial was that all of
the calcium silicate materials would show similar success
rates when compared among each other and would present
better clinical and radiographic findings compared to the
calcium hydroxide materials.
Materials and methods

The study was conducted at the Department of Restorative
Dentistry, Faculty of Dentistry, Ege University, Turkey. The
study protocol was approved by the Ethical Committee of
Ege University (ref no:2013018/09). The clinical procedure
and associated risks and benefits were fully explained to
the patients. Written informed consent forms were ob-
tained from the participants prior to the investigation. All
participants were screened by detailed dental and systemic
anamnesis as well as both clinical and radiographic
examination.

Two hundreds and thirteen patients of the total 276
participants of age group 18e42 years, who had deep Class
II carious lesions in 526 mandibular and maxillary molars
were included into this study. 29 participants were
excluded from the study prior to the group distribution
phase according to the following exclusion criterions: his-
tory of systemic diseases; teeth showing clinical and
radiographic evidence of pulp degeneration such as history
of spontaneous or nocturnal pain, tenderness to percussion
or palpation, necrosis of the pulp (negative to vitality
tests), swelling or fistulous tract, pathologic mobility due to
aggressive periodontitis, periodontal ligament space
widening (PDL), internal root resorption, external root
resorption, furcal radiolucency/inter-radicular bone
destruction and/or periapical bone destruction. 21 patients
were excluded from the study because of excessive pulp
exposure during operative phase. 13 patients were also
excluded during follow-up phase according to the criterions
below: occurrence of fracture/failure of the restoration
(needs retreatment or prosthetic rehabilitation) and unable
to contact for follow-ups. Five groups were randomly
formed according to the selected materials (two calcium
hydroxide materials and three calcium silicate materials),
and each group consisted of one hundred and five teeth
that were randomly assigned by a blind investigator
(nZ 105) (Table 1).

Gr-1 (CCH): Conventional Calcium Hydroxide (Dycal,
Dentsply-Sirona, Charlotte, NC, USA).

Gr-2 (LCC): Light Cured Calcium Hydroxide (LC Calcihyd,
Dr. Roberts’, Istanbul, Turkey).

Gr-3 (TLC): Light Cured Calcium Silicate (Theracal LC,
Bisco, Schaumburg, IL, USA).

Gr-4 (BD): Calcium Silicate (Biodentine, Septodont,
Saint-Maur-des-Fossés France).

Gr-5 (MTAþ): Modified Tricalcium Silicate (BioMTAþ,
Cerkamed, Stalowa Wola, Poland).

Clinical examination revealed class II profound caries
with no signs of extraoral/intraoral symptoms or pulpal
exposure while radiographic findings revealed caries in
close proximity to the pulp [Fig. 1]. Teeth were negative to
percussion and palpation tests and the mobility was within
normal limits. Pulp vitality tests using vitalometer (Parkell,
Edgewood, NY, USA) and cold spray test (Polodent spray,
Amsterdam, Netherlands) showed positive response. Based



Table 1 Materials used in this study.

Group Material Composition Manufacturer & Batch No. Instructions for Use

CCH Dycal Calcium
Hydroxide

Dentsply, USA
150308

Extrude equal volumes of the base
and catalyst paste. Stir
immediately using an applicator
until a uniform color is achieved.
Quickly apply the mixed material
into the cavity with a ball-pointed
instrument.

LCC LC Calcihyd Calcium
Hydroxide

Dr. Roberts’ TURKEY
1400001252

Dispense the formula on the
parchment paper pad and mix it
using the ball-pointed instrument,
place it directly on the exposed
pulp and cavity dentin. Finally
light-cure the material with a
light-curing unit for 20 s.

TLC Theracal LC Calcium
Silicate
Portland
Cement PEG-
DMA

Bisco, USA
1400007511

Apply the syringe directly to the
cavity floor in incremental layers.
Layer is not to exceed 1mm in
depth. Manipulate into a smooth
surface and light cure for 20 s.

BD Biodentine Bioceramic
Tricalcium
Slicate
Calcium
Carbonate

Septodont, FRANCE
B11446

Compose 5 drops from the single-
dose liquid container with the
powder. Close and mix for 30 s
with a mixing device. Apply the
composition regarding the setting
time (12 min).

MTAþ MTA Plus Tricalcium
Silicate
Tricalcium
Aluminate
Bismuth Oxide

Cerkamed, POLAND
38653

Mix the content of 1 sachet of
powder with 1 drop of distilled
water for 30 s. Place the cement
on the pulp with a sterilized
amalgam carrier regarding the
setting time (15min).
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on the results of clinical and radiographic examinations,
the pulp was diagnosed with reversible pulpitis. The initial
treatment plan was removal of the carious lesion followed
by clinical evaluation of the pulp exposure. Direct pulp
capping with the materials mentioned above was planned
for the anticipated pulp exposure.
Figure 1 Preoperative clinical and radiographic images of the m
group: (aef) CCH, (beg) LCC, (ceh) TLC, (d,i) BD and (e,j) MTAþ.
Following the administration of local anesthesia, teeth
were isolated with rubber dams. Caries removal was per-
formed using a round polymer bur on a low-speed hand-
piece with continuous water irrigation. During or after the
removal of caries, exposure of the pulp and bleeding were
observed [Fig. 2aee]. A sterile cotton pellet moistened
olar teeth with profound caries reaching pulp tissue in each



Figure 2 Photograph showing exposed pulp tissue (aee), and direct pulp capping with the relevant material; (f) CCH, (g) LCC, (h)
TLC, (i) BD and (j) MTAþ.

Figure 3 Postoperative clinical and radiographic images of the molar teeth restored with nanohybrid composite resin: (aef) CCH,
(beg) LCC, (ceh) TLC, (d,i) BD and (e,j) MTAþ.
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with saline was used to apply moderate pressure to the
exposed pulp for 5 min, and hemostasis was achieved. So-
dium hypochlorite (2.5%) was used to disinfect the exposed
pulp and the dentin as well as to remove the superficial clot
and debris. The cavity was lightly dabbed with a moist
pellet to remove the excess moisture. Pulp-capping mate-
rial was applied according to the manufacturers’ in-
structions and the group distribution (Table 1) [Fig. 2fej].
Teeth were permanently restored with a universal self-
etching adhesive system (Beauti Bond, Shofu Corp, Tokyo,
Japan) and nanohybrid composite resin (NCR) (Beautifil II,
Shofu Corp) (Fig. 3).

Patients were scheduled for a 1-month follow-up to
monitor for any signs or symptoms according to the clinical
and radiographic scores based on the criteria for clinical
and radiographic scoring adapted from Zurn & Seale (Table
2).17 Patients were asked to call and acknowledge if any
pain or discomfort occurred. In addition, a clinical exami-
nation was performed to evaluate an intact restoration and
the absence of any abnormal signs or symptoms. Teeth
were tested for vitality (EPT), and periapical radiographs
were taken to evaluate any periapical changes.

At 6 months, one year and three years interventions,
teeth were examined again for any abnormal findings, pulp
testing was done to check the vitality of the pulp and ra-
diographs were also taken [Fig. 4]. Patients were scheduled
for routine recall visits every 6 months. Patients were
informed about the potential need for root canal therapy in
case of abnormal signs and symptoms.
The patients were divided into two different subgroups
for evaluation of the results.

� Subgroup I: Follow-up period (short term: 1 year and
long term: 3 years).

� Subgroup II: Diameter of pulp exposure (up to 0.5mm
and 0.5e1mm wide).

Statistical analyses were performed using SPSS 22.0 (IBM,
Chicago, IL, USA) software. The clinical and radiographic
data for the groups were compared using the chi-square
test (pZ 0.05), the long and short-term success rates
amongst the groups were compared using Mann Whitney U
test and Z test was chosen to compare the effect of size of
the pulp exposure to the success rate (pZ 0.05).
Results

Twenty-one patients were excluded from the study during
operative phase due to excessive exposure of the pulpal
chamber that could not possible to seal and restore. Out of
the remaining 213 patients who returned for regular follow-
ups, 30 cases presented symptoms of irreversible pulpitis or
periapical disease such as, spontaneous pain, excessive PDL
widening, percussion sensitivity, etc. during the first month
of the treatment (Table 3). End of the first year, 132 teeth
showed signs of irreversible pulpitis or chronic apical dis-
eases, while this number raised to 139 at the end of the



Table 2 Modified clinical and radiographic scoring
criteria.17,38

Clinical Scoring Criteria

Clinical Score Description

1 Asymptomatic Pathology: Absent Functioning:
Normal
Percussion and Sensitivity:
Asymptomatic
Mobility: (B)

2 Slight
Discomfort

Pathology: Questionable
Functioning: Chewing sensitivity,
short-lasting
Percussion and Sensitivity: (�) and
only on cold
Mobility: (Grade I)

3 Minor
Discomfort

Pathology: Initial changes present
Functioning: Chewing sensitivity,
long-lasting
Percussion and Sensitivity: (þ) and
only on cold
Mobility: (Grade I or II)

4 Major
Discomfort

Pathology: Late changes present
Functioning: Spontaneous pain
Percussion and Sensitivity: (þ) and on
cold & hot
Mobility: (Grade II or III)

Radiographic Scoring Criteria

Radiographic Score Description

1 No changes
present

PDL: Normal Width
Periapical Region: Normal
Root & Alveolar Bone Status: Normal
Complete dentine bridge formation
(>1 mm thickness)

2 Questionable
pathological
changes
present

PDL: Slightly Widened PDL
Periapical Region: Normal
Root & Alveolar Bone Status:
Abnormal
Partial dentine bridge formation (0.5
e1mm thickness)

3 Minor
Pathological
changes
present

PDL: Widened PDL
Periapical Region: Minor external root
resorption
Root & Alveolar Bone Status: External
changes
Initial dentine bridge formation
(<0.5 mm thickness)

4 Major
Pathological
changes
present

PDL: Widened PDL
Periapical Region: Radiolucency
present
Root & Alveolar Bone Status:
Radiolucency present (No dentin
bridge formation)
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third year. One hundred twenty one teeth of the 139
received root canal treatment while in 18 teeth extraction
was needed (Table 3).

In this study, to compare the present results with pre-
vious literature, scores 1 and 2 were estimated as success
and scores 3 and 4 as failure in both clinical and radio-
graphic criteria.

The clinical success rate with MTAþ as the direct pulp-
capping agent was found to be 84.75% in our study with a
follow-up period of 36 months (5e3). At the first month, the
recall success rates of the five groups did not differ from
each other (p Z 0.363). However, both MTAþ and BD
demonstrated better success rates at the 1st and 3rd years
of follow-up, and LCC had the lowest success rate
(pZ 0.025). The differences between the success rates of
TLC and CCH were statistically insignificant (pZ 0.741).

Radiographic success was determined with the peri-
apical changes as well as the PDL status and DBF (Table 4).
Although periapical changes (resorption, apical radiolu-
cency) were observed after 6 months, the PDL status was
evaluated at all stages of the 36-month follow-up period.
The absence of any periradicular changes along with the
questionable PDL changes was considered as success (score
2) in the rest of the cases. In 6 months recall scores 3 and 4
were significantly higher in LCC groups while score 3 was
only significant in CCH group (pZ 0.028). At 12 months
scores 3 and 4 were significantly higher in CCH, LCC and TLC
groups (pZ 0.001).

The formation and quality of the DBF were assessed
radiographically and the relationship with the success rate
was also evaluated (Fig. 4). There was no statistically sig-
nificant difference amongst all groups in terms of DBF and
dentin bridge thickness at the 1st month follow-up
(pZ 0.991). Only 6.7% of the BD group and 4.8% of LCC
group specimens showed initial dentin bridge formation
(score 3). Although DBF has been observed in all groups
after 6th months follow-ups, statistical differences be-
tween the groups were insignificant (p Z 0.576). Complete
dentin bridge formation (score 1) were observed in 86,7% of
MTþ group, 85.7% of BD group and 85.0% of TLC group
specimens. As regard to dentin bridge thickness, after 36th
month interval there was a statistical significant difference
between calcium silicate groups (MTAþ, TLC & BD) and
calcium hydroxide groups (CCH &LCC) (pZ 0.004).

The overall success rate of group with pulp exposure size
up to 0.5mm was 79.1% and 0.6e1mm was 63.5% (Table 5).
According to the Z test results MTAþ presented higher
success rates in both pulpal exposure situations while LCC
failed to seal and maintain vitality of the pulp even in ex-
posures smaller than 0.5 mm. This shows there is a signifi-
cant difference in the success rate of pulp capping and
diameter of pulp exposure up to 1 mm (zZ 2.51).
Discussion

The primary aim of pulp-capping materials is to induce
specifically hard tissue formation by pulp cells that seal the
exposure site and ultimately contribute to continued pulp
vitality.10 A liner must act as a barrier to protect the dental
pulpal complex and induce the formation of a new dentine
bridge or dentine-like bridge between the pulp and
restorative material.9,18 The success of direct pulp capping
depends on several factors: the type of biomaterial
selected and the inductive effect on pulp cells, the quality
of the seal that prevents microbial ingress, the



Figure 4 36th month radiograph of a molar tooth in each group, to evaluate the capping materials’ adaptation (white arrow),
DBF (black arrow) and PDL widening (red arrow): (f) CCH, (g) LCC, (h) TLC, (i) BD and (j) MTAþ.
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contamination and isolation of the cavity as well as careful
case selection and treatment planning.

An increasing number of studies have proven that MTA
has now almost replaced the gold standard of pulp-capping
agents: calcium hydroxide. Most of clinical studies have
suggested that the reparative and inductive effects of MTA
on pulp are relatively higher than those of conventional
Ca(OH)2.

7,18e20 On the other hand, even MTA has certain
drawbacks, such as difficulties with handling, high cost-
effectiveness and a very long setting time, which might
contribute to leakage, surface disintegration, marginal
adaptation loss and material continuity.21 In this manner,
bioceramics have been produced, necessitating the revision
and/or modification of traditional MTA.14,16,22 Nanoparticle
insertion to the base of conventional MTA facilitates prep-
aration and increases the sealing process, strength, elas-
ticity and homogeneity of the material. In this study, two
novel modified calcium silicate materials as well as calcium
hydroxide materials were used as pulp-capping agents and
were evaluated in terms of sealing, restoring the vitality of
the pulp and inducing the DBF. Consistent with the study
conducted by Linu et al. after 36 months of follow-up,
clinical success rates of 85.4% and 79.6% were observed in
the Biodentine and white MTAþ groups, respectively.14

Although our rates are low compared to many other
studies, most of these previous studies were conducted on
primary and immature teeth with conventional MTA mate-
rial.21,23,24 On the other hand, when compared with those
of studies that included permanent molars, the results of
this study are in accordance with both the short- and long-
term follow-up results.14,22,25e27 It should be noted that
young, vital primary tooth pulp with uncompleted apical
formation has the DBF ability to preserve vitality at a much
higher rate than mature permanent teeth.28

In theabsenceof contaminationand chronic inflammation,
undifferentiated mesenchymal cells in young pulp differen-
tiate into odontoblasts, leading to reparation of the exposure
area by tertiary dentin formation. In addition to the high
vascularization and blood flow rate of the pulp in primary and
immaturepermanent teeth, thepulp ismore likely topreserve
its vitality and remain asymptomatic.9 In the present study,
light-curedcalciumhydroxide (LCC)andcalciumsilicate (TLC)



Table 3 Clinical (C) and Radiographical (Rx) successful cases (rates %).

INTERVALS Dycal(CCH) LC Calcihyd(LCC) TheracalLC (TLC) Biodentine(BD) Bio MTA (MTAþ)

C Rx C Rx C Rx C Rx C Rx

1 Month 102 (97%) 104 (98%) 98 (93%) 99 (94%) 100 (96%) 101 (96%) 97 (92%) 96 (91%) 98 (93%) 104 (99%)
6 Months 81 (76%) 83 (78%) 74 (70%) 69 (66%)Y 87 (83%) 85 (81%) 88 (84%) 90 (86%) 90 (86%) 92 (88%)
1 Year 76 (72%) 76 (72%) 68 (65%)* 67 (64%)Y 77 (73%) 77 (73%) 84 (80%)* 86 (82%)Y 90 (86%)* 90 (86%)Y

3 Years 73 (69%) 74 (70%) 64 (61%)* 64 (61%)Y 76 (72%) 77 (73%) 83 (79%)* 84 (80%)Y 89 (85%)* 90 (86%)Y

* and
Y

indicates the statistically significant differences amongst the groups.
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showed the best vital responses to larger pulpal exposure at
the 1-month follow-up. This could be explained by the fast
setting via light polymerization and the fact that better me-
chanical sealing was achieved during the procedures. In
addition, the alkaline pH of Biodentine just after the setting
time, which was lower than expected, would probably cause
pulpal inflammation at the 1-month interval. However,
throughout the evaluation period, the success of light-cured
materials decreased due to the rapid reduction in the
release rate of hydroxyl and calcium ions after a short time.
Additionally, it is assumed that unpolymerized monomers in
light-cured pulp-capping materials would leach out of the
material into the surrounding cell area and interrupt the
healing process, which is similar to the literature.29,30

The use of MTA over carious exposure in a mature per-
manent tooth is commonly considered the appropriate and
reasonable alternate treatment to root canal therapy or
extraction. Various studies on pulpotomy with MTA in
exposed teeth or teeth with irreversible pulpitis have even
shown good results.31 Marques et al. found that pulps
remained vital after direct capping of cariously exposed
permanent molar pulp with MTA.1 In addition, Aeinehchi
Table 4 Clinical (C) & Radiographic (Rx) scores at 1st, 6th 12th

Clinical Score (% of teeth)

1 2 3 4

1 Month CCH 79.3 17.9 0.9 1.9
LCC 80 13.3 2.9 3.8
TLC 81 15.2 e 3.8
BD 73.3 19.0 3.8 3.8
MTAþ 76.2 17.1 e 6.7

6 months CCH 72.6 3.8 8.5 14.2
LCC 62.9 7.6 16.2 13.3
TLC 77.1 5.7 4.8 12.4
BD 79.0 4.8 7.6 8.6
MTAþ 82.9 2.9 5.7 8.6

1 year CCH 68.9 2.8 12.3 16.0
LCC 61.9 2.7 20.0 15.2
TLC 72.4 1.0 8.6 18.1
BD 78.1 1.9 8.6 11.4
MTAþ 85.7 e 3.8 10.5

3 years CCH 68.9 0.9 11.3 18.9
LCC 59.0 1.9 20.0 19.0
TLC 72.4 e 8.6 19.1
BD 79.0 e 8.6 12.4
MTAþ 84.8 e 4.8 10.5

* and
Y

indicates the statistically significant differences amongst the g
et al. reported less inflammation and thicker DBF with MTA
than calcium hydroxide when used as a pulp-capping ma-
terial in human teeth with mechanical pulp exposure.24

However, only a few studies have investigated the clinical
efficacy of this MTAþ.16 In this study, MTAþ demonstrated a
success rate of 86% after 36 months, which was similar to
most studies performed with conventional MTA. In addition,
all of the calcium silicate derivatives were found to be
better than the calcium hydroxide preparations in both
clinical and radiographic examinations. This finding is
consistent with many other in vivo and in vitro studies;
however, the difference between the light-cured calcium
silicate TheraCal LC and DyCal was nonsignificant. Although
the main constituent of TheraCal LC is tricalcium silicate
(Portland cement) when compared with calcium hydroxide-
based materials, it also showed dramatic declines in the
percentage of cell viability in in vitro studies.32,33 One of
the possible explanations for this situation could be that
the filler ingredient of TheraCal LC could possibly affect
pulp cells, inhibit cellular growth and induce cell cycle
deregulation.34e36 Additionally, this could be the main
reason for the failure of the light-cured calcium hydroxide
and 36th month follow-up.

Score (% of teeth)

TOTAL 1 2 3 4 TOTAL

100 89.6 8.5 1.9 e 100
100 86.7 7.6 4.8 1.0 100
100 87.6 8.6 3.8 e 100
100 87.6 3.8 6.7 1.9 100
100 91.4 7.6 1.0 e 100
100 75.5 2.8 15.1 6.6 100
100 61.9 3.8 18.1 16.2 100
100 85.0 1.9 11.4 7.6 100
100 85.7 e 8.6 5.7 100
100 86.7 1.0 7.6 4.8 100
100 70.8 0.9 10.4 17.9 100
100 61.9 1.9 14.3 21.9 100
100 72.4 1.0 11.4 15.2 100
100 81.9 e 7.6 10.5 100
100 84.8 1.0 6.7 7.6 100
100 66.0 3.8 8.5 20.8 100
100 59.0 1.9 13.3 25.7 100
100 72.4 1.0 10.5 16.2 100
100 80.0 e 8.6 11.4 100
100 84.8 1.0 1.9 12.4 100

roups.



Table 5 Effect of the pulpal exposure area on the success rates of the materials.

Groups Baseline 1 month 6 months 1 year 3 years

DYCAL (CCH)
<0.5mm 66 65 (98%) 55 (83%)* 51 (77%) 49 (74%)*
0.5e1mm 40 37 (93%) 26 (65%) 25 (63%) 25 (63%)
LC CALCIHYD (LCC)
<0.5mm 68 61 (90%)* 51 (75%)* 46 (68%)* 43 (63%)*
0.5e1mm 37 36 (97%) 23 (62%) 22 (60%) 21 (57%)
THERACAL LC (TLC)
<0.5mm 62 61 (98%) 57 (92%) 50 (81%) 50 (81%)
0.5e1mm 43 40 (93%) 30 (70%) 27 (63%) 26 (60%)
BIODENTINE (BD)
<0.5mm 72 71 (99%) 65 (90%) 62 (86%) 61 (85%)
0.5e1mm 33 26 (79%)** 23 (70%) 22 (67%) 22 (67%)
Bio MTA (MTAþ)
<0.5mm 66 63 (95%) 61 (92%) 61 (92%) 61 (92%)
0.5e1mm 39 35 (90%) 29 (75%)** 29 (72%)** 28 (72%)**

* indicates the statistically significant differences in comparison with the other materials.
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LC Calcihyd in this study. Less likely, the superficial
necrotic area negatively affected the pulp cells and caused
an inflammatory response in some cases.37

Thecurrent study included factors that arebelieved togive
indications of the health and healing capacity of pulpal tissue
prior to treatment, such as the degree of symptoms and the
radiographic progression of the treatment process. Each of
these factors has been cited in the literature as having some
relevance in the ability of pulp to recover from pulp exposure
(carious or otherwise), but none have been shown to be reli-
ably predictive.14,35,37 In this study, the DBF and widening of
the PDL in the calcium silicate materials were undeniably
higher than those of the calcium hydroxide materials, which
indicates that inflammation in pulpal tissues is also associated
with periodontal health. On the other hand, DBF was also
observed in almost 85% of all groups (98% of successful cases),
and the final success rates dependonmultiple factors, such as
the dimensions of the exposed area, pulp-capping material
consistency and thickness, which affect the sealing ability,
and operational differences.

Based on the results of this randomized clinical trial, it
may be concluded that tricalcium silicate materials (MTAþ
and Biodentine) are the most appropriate materials in vital
pulp treatments. Calcium hydroxide was once the gold
standard and suitable material in pulp capping and sealing,
and the clinical outcomes of (CaOH2) are not predictive or
reliable due to factors such as patient age, exposure size
and bleeding amount. Although the short-term results of
TheraCal LC are promising, the long-term efficacy remains
limited. Considering the comparatively similar success rate
of TheraCal LC with that of (CaOH2) and the potential of
making major contributions to maintaining pulp vitality,
TheraCal LC can be used as an alternative calcium hy-
droxide material.
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