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Abstract

Background: To compare clinically and radiographically TheraCal LC and form cresol pulpotomies in primary molars.
Methods: Sixty mandibular second primary molars were randomly assigned to TheraCal LC or 1:5 concentration formocresol in four to seven years-old healthy children. Clinical and radiographic assessments were performed at three, six,
nine, and 12 months. Fisher’s Exact test was used for analysis at p≤0.05.
Results: No clinical failures were evident in both groups over the 12 months. At nine months, internal resorption was evident in two (6.7%) and three (10%) molars in TheraCal LC and formocresol, respectively. Inter-radicular bone resorption
was evident in one (3.3%) and two (6.7%) molars in TheraCal LC and formocresol, respectively.
No new radiographic failures were evident at 12 months. No significant difference was found between both groups regarding radiographic failure (p=0.706).
Radiographic success at 12 months was 90% for TheraCal LC and 83.3% for formocresol.
Conclusions: TheraCal LC can be an effective medicament for vital pulpotomy in primary molars.
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Introduction

One of the major challenges in pediatric dentistry is maintaining primary teeth with pulp involvement in a healthy state until normal exfoliation. Pulpotomy is the complete removal of
the coronal portion of dental pulp followed by placement of a
medicament that will either preserve pulp vitality or devitalize
radicular pulp.
It is a universally accepted treatment for pulpally involved primary teeth [1].
Although different materials and techniques were introduced
for pulpotomy in primary teeth, formocresol remained the firstchoice pulpal medicament for almost 100 years. Formocresol
proved to be the most efficient, reliable, and successful material regardless the controversy related to its carcinogenicity
and toxicity [2].
In 1993 Mineral Trioxide Aggregate (MTA), a tricalcium silicate material, was introduced as a new pulp medicament and
turned to be one of the most versatile materials of this century
in the field of dentistry. Studies proved that MTA has a good
sealing ability, excellent long-term prognosis, good biocom-

patibility and also favors tissue regeneration [3-5].
MTA showed success rates very close to those of formocresol
and was recommended by the American Academy of Pediatric
dentistry as the best alternative to formocresol when a more
biocompatible material is preferred and costs are not a concern
[6].
However, the limitations of MTA are high cost, long setting
time, and unease of handling, the last two limitations are especially important when it comes to pediatric dentistry where
reducing chair time is always a goal.
In 2012, TheraCal LC (Bisco, Inc. Schaumburg IL, USA), a
light-cured resin-modified calcium silicate material, was introduced into the markets.
It is indicated for direct and indirect pulp capping and as a protective base/liner under restorative materials including composite, amalgam and cements.
It has an alkaline pH and consists of tricalcium silicate particles
in a hydrophilic monomer that stimulates hydroxyapatite and
secondary dentin bridge formation through calcium release [7].
It basically combines the advantages of MTA along with ease
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of application, as it is syringe dispensed requiring no mixing,
and command set. TheraCal LC was evaluated in few studies
in primary molars as a medicament for direct and indirect pulp
capping for 12 months, and revealed insignificant success rates
compared to MTA [8,9].
TheraCal LC was also evaluated in primary molars pulpotomy
but only for 6 months and was found comparable to formocresol both clinically and radiographically [10].
Therefore, the current study was designed to clinically and radiographically evaluate TheraCal LC as a bioactive material
for vital pulpotomy in primary molars compared to conventional formocresol pulpotomy after 12 months. The PICOT
question was: In mandibular second primary molars with carious exposure (P), would TheraCal LC pulpotomy (I) compared
to formocresol pulpotomy (C), has comparable clinical and
radiographic success rates (O), over 12 months follow up (T).
The null hypothesis is that there is no difference between
groups.
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Intervention

One hundred children were screened over a period of four
months (December 2017 till March 2018) until the required
number of eligible mandibular 2nd primary molars was
achieved, Figure1. The trial ended March 2019.
Infiltration anesthesia with 40mg/ml articaine HCL and 0.005
mg/ml adrenaline (Artinibsa, Inibsa Dental, Barcelona, Spain)
was administered.
Figure 1: Study Design.

Materials and Methods

The study was a single center randomized controlled trial, with
an equal allocation ratio between both study arms; TheraCAL
LC (Bisco, Inc. Schaumburg IL, USA) and Formocresol (Formacresol, PREVEST DenPro, Digiana, Jammu, India).
The study was designed and reported according to CONSORT
statement 2010 and in accordance with the Declaration of Helsinki (1964).
Ethical approval was granted from the Faculty of Dentistry
Ain Shams University, Research Ethics Committee institutional under the number of (FDASU-REC D 101612). The
study was registered in clinical trial.gov with (NCT04397094)
as registration number. Before operative procedures, a signed
consent was obtained from parents, and a simplified verbal and
illustrated explanation was also given to children to have their
assent.
A total sample size of 54 molars was estimated to detect effect
size of f=0.59, a power of 95%, and a significant level of 5%11.
An additional 10% was added to compensate for possible dropouts, thus a total of 60 primary molars were included. A total
of sixty children participated in the study where 60 mandibular
second primary molars were randomly divided into TheraCal
LC (test group) or formocresol (control group) pulpotomy. The
eligibility criteria were [12].
•
Four to seven years-old children with at least one restorable mandibular second primary molar having deep caries
that displays large carious pulp exposure upon caries removal.
•
Asymptomatic, with no pathologic tooth mobility,
tenderness to percussion, gingival abscess or fistula.
•
No radiographic evidence of pathologic internal or
external root resorption, interradicular or priapical bone resorption, or widening of periodontal membrane space.
•
At least 2/3 of root length remaining.
•
Achievement of radicular pulp hemostasis after five
minutes application of cotton pellets moistened with saline.
Using computer generated randomization (www.randome.
org), eligible primary molars were randomly allocated to both
groups with 1:1 allocation ratio. Each generated number, with
its allocated group, was written in a sheet of paper and kept
inside a closed opaque envelope.
A department’s nurse opened each envelope at the time of intervention. Only participants and assessors were blinded to the
type of treatment.

Under rubber dam isolation, caries removal and access cavity
preparation were made using sterile high speed large round bur
and coolant.
Coronal pulp tissue was removed by a sterile sharp excavator,
and then radicular pulpal hemostasis was attained by gentle
application of sterile cotton pellets moistened with saline for
five minutes [13].
Teeth were allocated to a treatment group after control of
bleeding. If bleeding continued afterwards, pulpectomy was
performed and the case was excluded.
TheraCal LC was applied directly to the radicular pulp in 1mm
thickness by disposal syringe tip that was also used to manipulate the cement to ensure smooth surface free from air bubbles
then light cured for 20 seconds as per the manufacturer protocol.
A cotton pellet moistened with one fifth concentration Buckley’s formocresol (prepared by mixing three parts of glycerin
with one part of distilled water then adding four parts of this
diluent to one part of formocresol), was placed over the pulp
stumps for five minutes [13]. The fixed pulp stumps were
capped with zinc oxide eugenol (PrevesTDenPRO, Digiana,
Jammu, India). In both groups, pulp chambers were filled with
Ketacfil Plus Aplicap(3M ESPE, St Paul, USA ) and stainless
steel crowns (3M ESPE, St Paul, USA) were fitted at the same
visit and cemented with Ketac-cem (3M ESPE, St Paul, USA)
and an immediate postoperative radiograph was obtained.

Outcome Assessments

Clinical and radiographic examinations were performed at
three, six, nine and 12 months by a single examiner for each
assessment type.
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The following criteria were considered as clinical failure; restoration loss, spontaneous pain, mobility, gingival swelling, or
fistula related to the treated teeth. Internal/external root resorption, inter-radicular or periapical bone resorption, or widening
of the periodontal ligament space were considered radiographic failures [13].
All radiographic examinations were taken using a positioning
XCP film holder device (Super Bite, Hawe Neos DentalSA,
Switzerland), indicated for paralleling technique and an exposure time of 0.25 seconds, using an x-ray machine (X genus
DC, de Gotzen, Roma, Italy) at 70 Kvp and 8m, a while wearing a lead apron with thyroid collar. A phosphor plate scanner
(Fona-Scaneo, Phosphor Plate Scanner,Germany), and phosphostimulable phosphor plates (Fona- Phosphor Plate size 0,
Germany) were used.
The Kappa value for intra-examiner reliability for radiographic
evaluation was 0.88.
Data were presented as frequency and percentage values.
Fisher’s Exact test was used at p ≤ 0.05. Statistical analysis
was performed with IBM® SPSS® Statistics Version 23 for
Windows (SPSS Inc., IBM Corporation, NY, USA).

Results

All participants were available for recall. The mean age in
years for TheraCal LC was 5.71 (± 0.59), and 5.56 (± 0.71) for
Formocresol. The male to female ratio was 17:13 for TheraCal
LC and 15:15 for Formocresol.
No clinical failures were evident in both groups all over the 12
months. Radiographic failures started to appear at nine months
where internal resorption was evident in two (6.7%) and three
(10%) molars in TheraCal LC and formocresol, respectively
and inter-radicular bone resorption was evident in one (3.3%)
and two (6.7%) molars in TheraCal LC and formocresol, respectively, table (1) figures (2,3). No new radiographic failures
were evident at 12 months.

Figure 2: TheraCal pulpotomy; (a): pre-operative, (b): postoperative, (c): 3 months, (d): 6 months, (e): 9 months (note
internal root resorption), (f): 12 months.

Table 1: Radiographic Failure at 9 Months.
Treatment
TheraCaL LC

Radiographic failure at 9
n=30
months
Count (%)
Internal root resorption
Inter-radicular bone resorption
Periapical bone resorption
Widening of periodontal ligament space
Total radiographic failure

Formocresol
n=30
p-value
Count (%)

2 (6.7%)

3 (10%)

0.643

1 (3.3%)

2 (6.7%)

1

0

0

A

0

0

A

3 (10%)

5(16.7%)

0.706

a: Cannot be computed as variable is constant. Significant at p≤0.05.

Discussion

The current study was designed to evaluate the efficacy of
TheraCal LC in complete pulpotomy of cariously exposed primary molars. TheraCal LC is considered a light-cured MTA
like material, but additionally, easy handling and setting on
demand are two more advantages compared to MTA [14].
Formocresol application for five minutes is still considered
the gold standard for pulpotomy in primary teeth. The diluted
concentration was used as a control for it was proved to be
equally effective as the full strength but with less toxicity15.
Radiographic examination was performed every three months
as the only investigation of TheraCal LC pulpotomy at the time
of conducting the study reported radiographic failure as early

Figure 3: TheraCal pulpotomy; (a): pre-operative, (b): postoperative, (c): 3 months, (d): 6 months, (e): 9 months (note
inter-radicular bone resorption), (f): 12 months.
as 3 months following treatment [10].
No clinical failures were evident in both groups at all follow
up periods, while radiographic failures started to appear at nine
months in both groups. Internal root resorption and inter- radicular bone resorption were the only radiographic failures seen in
both groups. These were also the most common radiographic
failures reported in the literature [13,15-18]. No significant differences were evident regarding radiographic failures between
both groups, so the null hypothesis is accepted.
Radiographic evaluation of both groups revealed insignificant
differences. At nine months, formocresol group showed three
cases (10%) with internal root resorption and two cases (6.7%)
with inter-radicular bone resorption. While two cases (6.7%)
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in the TheraCal LC group had internal root resorption and one
case (3.3%) showed inter-radicular bone resorption. No new
radiographic failures were evident at 12 months.
Therefore, radiographic success rates at 12 months were 83.3%
and 90% for formocresol and TheraCal LC, respectively.
The clinical and radiographic success rates of the present study
falls within previously reported rates for other pulp medicaments after one year which ranged between 73% and 96%
[6,10,13,19,20].
A previous investigation of TheraCal LC pulpotomy reported
a 100 % clinical and 96.6% radiographic success rates for both
TheraCal LC and formocresol at six months. The investigators
detected radiographic failures in both groups at three months,
with one molar (3.3%) in TheraCal LC demonstrated internal
root resorption [10].
Internal root resorption in TheraCal LC could be a result of
possible transformation of mesenchymal cells into odontoclastic cells in response to inflammation induced by calcium and
hydroxyl release21. Moreover, inter-radicular bone resorption
could be attributed to residual monomers that can have a cytotoxic effect on mesenchymal cells22,23. The manufacturer has
recommended curing depth of about 1 mm, but complete curing
of the material in pulpotomy may be difficult to be achieved. It
is worth to mention that a new dual cure product “TheraCal PT
“has been recently introduced to the market to overcome such
possible side effect. Nevertheless, a histological study of TheraCal LC in human primary teeth revealed pulpal response that
was described to be in the direction of pulpal repair. Chronic
inflammatory cells with variable degrees, with deposition of
multiple osteodentin, dentinoid tissue and calcific foci were
seen with absence polymorphonuclear leukocytes indicating
absence of acute inflammation. Stimulation of undifferentiated
mesenchymal cells to form osteodentin along dentinal walls
was noted, though there were areas of disruption in odontoblastic cell layer.
However, in this study, TheraCal LC was placed over radicular
pulp stumps for only four months [10].
The inter-radicular bone resorption in formocresol group could
be a result of the small molecular size of formaldehydes, which
may have leached into the furcation area via accessory canals.
Also, in the current study, diluted concentration of formocresol
was used.
This concentration may not produce complete mummification
of the pulp tissue. This in turn may lead to half-dead, half-vital,
and/or chronically inflamed pulp tissue. The resulting pulp can
be susceptible to abscess formation [24].
It is worth to mention that failure in pulp therapy may be related to several factors, namely the capping material, technique
inconsistency, improper coronal seal or case selection [25,26].
The sole operative selection criterion that decides whether the
pulp is inflamed is the time at which hemostasis is controlled.
Un-inflamed pulp usually needs no more than five minutes to
achieve hemostasis.
However, Mutluay, et al.2018 [ 27] found that the levels of
inflammatory cytokines at exposure sites that achieved hemostasis at five minutes or in sites that achieved hemostasis at
more than five minutes did not differ significantly, indicating
that control of bleeding at carious exposure sites is not a completely reliable criterion to reflect pulp status. Accordingly, insignificant failures seen in vital pulp therapies may be largely a
result of misdiagnosis of pulp inflammatory status rather than
being related to capping materials, provided that an adequate
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coronal seal and a standardized technique are employed.

Conclusions

Based on the current results, TheraCal LC can be regarded as
a biocompatible alternative to formocresol when a cheaper and
an easier technique than MTA is preferred.
However, longer term evaluations may be needed to assess
possible late effects of monomers in TheraCal LC on treatment
outcomes.
The authors deny any conflicts of interest related to this study.
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