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ABSTRACT
Background: Direct pulp capping (DPC) is a mandatory procedure to preserve pulp vitality. 

Resin modified pulp capping materials represent a category of materials that seal the pulp tissue and 
maintain its vitality in addition to the resin ability to  copolymerize with resin composite restorations. 
Aim: The aim of this study was to evaluate the pulpal tissue reaction to resin containing calcium 
silicate base material (TheraCal LC Bisco Inc., Schaumburg, IL, USA) and resin containing light 
cured calcium hydroxide (Urbical LC Promedica Dental Material GmbH, Germany) when used 
as direct pulp capping materials. This was achieved through histopathological examination and 
statistical analysis of the histomorphometric collected data. 

Materials and methods:  40 (six-week-old male albino rats) were used in this study. All rats 
undergone direct pulp capping procedure in their maxillary right first molars (20 rats per each 
capping material). The rats were further divided into two groups according to follow up periods of 
7 and 14 days (n=10). For the left maxillary 1st molars, half of them (n=5) acted as positive control 
group received pulp exposure procedure that was covered with sterile polytetrafluoroethylene 
(PTEF;Teflon tape) material. The other half on the left side acted as a negative control. At the end 
of each experimental period rats were sacrificed. The maxillae were dissected and processed to 
study the pulpal response to different DPC procedures – microscopically and statistically by the 
means of inflammatory cells count, calcific barrier area fraction and the mean area fraction of the 
remaining normal pulp tissue.

Results: At 7 days, UrbiCal treated teeth showed active formation of calcific barrier with 
varying levels of organization in each tooth. The formed barrier is almost resembling a fibrodentin. 
However, TheraCal treated teeth showed less active formation of calcific barrier. At day 14, 
Urbical capped pulps showed a more organized and well defined calcific barrier, almost resembling 
the surrounding normal dentin tissue.  TheraCal treated group presented with a well-defined 
heterogeneous calcific barrier which was closely resemble a fibrodentin. According to our statistical 
results, the percentage of remaining normal pulp tissue and degree of inflammatory cell infiltration 
showed superior desirable measurements in Urbical treated groups.  

Conclusion: Direct pulp capping prolonged the life span of pulpal tissue than if it was left untreated. 
Urbical pulp capping material provided the exposure site with a more organized calcific barriers, lesser 
inflammatory reaction with more preserved remaining pulpal tissue than TheraCal did.

KEY WORDS: Urbical, TheraCal, direct pulp capping, pulp exposure.
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INTRODUCTION 

Dental pulp (also known as tooth nerve) 
performs a wide range of functions including dentin 
formation and defense through the dentin-pulp 
complex, as well as providing sensory feedback (1).
Pulp is a loose connective tissue within the central 
pulp chamber (2). It is comprised of a mixture of 
mesenchymal and para-axial mesenchymal cells, as 
well as cells from the cranial neural crest, which are 
present at the site of the dental papilla and tooth bud 
development (1) .

Fibroblasts, the predominating cell type in the 
pulp, are capable of synthesizing collagen and 
extracellular matrix. They are particularly involved 
in the process of healing in pulp tissue (1,3).

 In a study by Fitzgerlad et al. determined that 
in damaged tissue, fibroblasts may be stimulated to 
differentiate into replacement odontoblast cells (4). 
Pulp cells and fibers as well as the blood vessels 
and nerves which enter and leave through the apical 
and other foramina are embedded within gel-like 
ground substance. Odontoblasts are abundant cell 
phenotype in the pulp. They have a critical function 
of supplying nutrients during dentin formation, 
hydration of mature dentin via dentinal tubules and 
modulating host defense mechanism through the 
pulp-dentin complex by triggering inflammatory 
and immune responses (5) .

Dental pulp connective tissue is mechanically 
protected from different stimuli by enamel, dentin 
and cementum (6). Defense mechanisms involve in-
flammatory response, blocking the dentinal tubules 
and formation of secondary and tertiary dentin, as 
well as involvement of sensory fibers which give 
feedback on various stimuli. Despite this protec-
tion, the pulp may be injured, diseased or die (7). 
Pulp irritation could be due to microorganisms or 
viruses, mechanical, chemical and thermal insults. 
Microbial irritants include bacterial species such as 
Streptococcus mutans and lactobacilli which pro-
duce toxins and penetrate into the pulp through den-
tinal tubules. The pulp under those tubules is then 

infiltrated locally and primarily by chronic inflam-
matory cells like macrophages, polymorphonuclear 
(PMN) plasma cells and lymphocytes and may form 
an area of necrosis which bacteria may colonize. 
Cytokines are secreted as part of an immune system 
response to stimuli and microorganisms (8). In the 
pulp not only odontoblast cells but also fibroblast 
cells have the potential to secrete the cytokines to 
initiate collagen formation and pulp repair (9, 10). 
Pulp may be inflamed chronically or undergo necro-
sis eventually, depending on the virulence of bac-
teria, their ability to stimulate release of inflamma-
tory fluids with increase in intrapulpal pressure, the 
host defense, amount of circulation and lymph node 
drainage (11). Dentin thickness will also influence the 
outcome (12).

Pulp capping is a line of treatment that belongs 
to vital pulp therapy protocols undergone in cases of 
deep caries management with the aim of preserving 
pulp vitality (13).  Direct pulp capping encompasses 
the application of bioactive material in direct 
approximation to the pulp and immediate permanent 
restoration placement (14). For asymptomatic exposed 
pulps due to trauma or caries, all treatment protocols 
are now shifting towards avoiding pulpectomy with 
strategies that involves either Direct pulp capping or 
pulpotomy (15).  The bioactive nature and good tissue 
response are major decisive factors for the success 
of pulp capping materials in addition to immediate 
placement of final restoration  (16). High bond 
strength with the immediately placed composite 
restoration is one of the aims that should be fulfilled 
with pulp capping materials. (17) 

A variety of direct pulp capping materials 
were introduced, all aiming to achieve a proper 
pulpal response and induction of pulp to produce 
mineralized tissue (18). Calcium hydroxide is 
considered the gold standard to pulp capping 
materials with the first reports of pulpal healing 
dated between 1934 and early 1940s. (19). The 
material  use was based on their ability to produce 
calcium and hydroxide ions which were assumed to 
lead to differentiation of undifferentiated pulp cells 
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to odontoblasts and form hard tissue barrier at the 
site of exposure. (20,21) However, calcium hydroxide 
showed drawbacks including tunnel like defects in 
the induced dentine bridges (22, 23). Long term clinical 
studies showed highly variable and unpredictable 
results mainly attributed to high solubility and 
dissolution of the material over time, in addition 
to the poor bond with composite restorations 
(24,25). UrbiCal LC (Promedica GmbH,  Germany) 
is calcium ion releasing bioactive pulp capping 
material that have the advantages of  containing 
resin.  It was developed to overcome the solubility, 
low compressive strength and poor bond strength to 
dental tissues and composite restorations (26). 

Calcium Silicates as pulp capping materials are  
characterized by  high compatibility and ability  to 
induce a good quality dentin bridge which lead to  
enhanced sealing ability and good pulpal response 
(25). TheraCal LC (Bisco, Schaumburg, IL, USA) 
was introduced in 2011 which is a light curable 
calcium silicate based material. The material was 
designed to be used as a direct and indirect pulp 
capping material with the advantage of fast setting 
due to its light curable resin, in addition to the 
ability to immediately place the final restoration and 
enhanced bonding between the two materials (27). 
High bond strength values were reported between 
TheraCal and composite restorations compared 
with other calcium silicate-based materials (28; 29)
which was further increased with the use of etch and 
rinse adhesive as an intermediate layer (30; 31;32 ).

Due to the high bond strength value of Theracal 
and Urbical LC to resin composites and the limited 
in vivo studies on the pulpal reaction comparing 
them as direct pulp capping materials, this study 
was conducted to compare the pulpal reaction of 
two resin containing pulp capping materials in 
means of dentin bridge formation and inflammatory 
cell response.

Methods

40 six-week-old male albino rats (150 gm at 
the beginning of the experiment) were used in 

this study. Rats received drinking water ad libitum 
and were fed milk-wet bread during the whole 
experimental period (7 & 14 days). The whole 
experiment was performed under an institutionally 
approved protocol by Faculty of medicine Ain 
Shams Research Institute (MASRI)

Pulp capping procedure was performed to 
maxillary right first molars (20 rats per each 
capping material). The rats were further divided 
into two groups according to follow up periods of 7 
and 14 days (n=10). For the left side maxillary first 
molars, 5 rats received pulp exposure procedure that 
was covered with sterile polytetrafluoroethylene 
(PTEF;Teflon tap) material to act as a positive 
control. The other intact 5 molars acted as a negative 
control. At the end of each experimental period rats 
that represented each of the experimental groups in 
addition to the positive and negative control were 
sacrificed at the selected period (33) .

A combination of (1 mL/kg) of Zoletil® 50 (Vir-
bac, Carros, France) and Rompun® (Bayer AG, 
Leverkusen, Germany) was used to achieve general 
anesthesia in rats.  Each molar was disinfected with 
a sterile cotton pellet soaked in 2% chlorhexidine 
gluconate. A 0.8 mm sterile round low speed bur 
was used to perform round access cavities on mid-
dle third of the mesial surface.  The bur was changed 
every two cavity preparations. The cavity depth was 
approximately half the diameter of the bur. Copious 
irrigation with sterile saline solution (0.9% NaCl) 
was performed during the cavity preparation to pre-
vent heat generation. Once the bur had penetrated 
the dentin, the dental pulp was exposed using a ster-
ile sharp endodontic explorer (DG16, Dental USA 
Inc., Mc Henry, IL, USA) (33; 34). 

A sterile saline-soaked cotton pellet was used 
to control pulpal bleeding after the exposure. The 
cavity was dried using a sterile cotton pellet and 
the pulp capping material was applied immediately 
to the exposure site using an explorer. For both 
UrbiCal LC (Promedica Dental Material GmbH, 
Germany) and Theracal (Bisco, Schaumburg, IL, 
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USA), a layer of the material was applied that did 
not exceed 1mm and light cured for 20 seconds 
using Ellipar LED light curing unit (3M, ESPE) 
according to manufacturer instructions. 

After pulp capping procedure was completed, 
excess material was removed from walls using 
sharp explorer and All Bond Universal (Bisco, 
Schaumburg, IL, USA) mild self-etching universal 
adhesive was scrubbed on cavity walls in two 
successive application each for 15 second. Excess 
solvent was evaporated for at least 10 seconds 
and until no visible movement of the material was 
present and the adhesive was light cured for 10 
seconds according to manufacturer instructions. 
Restorative Z350 XT flowable composite (3M, 
ESPE) shade A2 was applied in no more than 2 
mm thickness to restore and seal the access cavity. 
Excess material was extruded using celluloid strip 
through which the material was light cured for 
20 seconds. Any excess composite material was 
removed using a yellow coded low speed finishing 
stone under copious water irrigation. Rats were 
left for the experimental periods then teeth were 
processed for histological assessment 

Histological Assessment

All Maxillae with enclosed molars were 
dissected, fixed in 10% buffered formalin solution 
for 2 weeks and then demineralized in 5 % nitric 
acid. Once complete demineralization was 
confirmed (within 48-72 hrs) using sharp dental 
probe, specimens were embedded in paraffin blocks. 
Three to 7 microns thick serial sections were cut in 
the mesio-distal plane and stained with hematoxylin 
and eosin (H&E) (35). Histological analyses were 
performed on the H&E-stained specimens using an 
optical microscope connected to a high-resolution 
video camera (Olympus Optical Co., LTD, model 
BX40F4. JAPAN).

All sections of the examined teeth were assessed 
histomorphometrically in Oral Pathology Depart-
ment, Faculty of Dentistry. Our measurement cri-
teria were (number of the inflammatory cells, area 

percentage occupied by calcified deposits and the 
area fraction of the remaining pulpal tissue in +ve 
control group & experimental groups). The average 
of the 5 reading values for each specimen at (400 
x) was calculated using image J analysis software 
at Oral Pathology Unit, faculty of dentistry, Ain 
Shams University. The mean values were calculated 
and the results were statistically analyzed, data were 
presented as mean and standard deviation values. 
One way ANOVA & Paired t-test were used to com-
pare between the groups. Statistical analysis was 
performed with IBM (IBM Corporation, NY, USA) 
SPSS (SPSS, Inc., an IBM Company)statistics ver-
sion 18 for windows. The normal distribution of all 
continuous variables was verified using the Kol-
mogorov Smirnov test. All P-values are two-sided. 
P-values were considered significant at P < 0.05.

Histological Results

7 days following direct pulp capping

 Histological examination of pulp tissues of 
the negative control intact teeth exhibited a well-
defined odontoblast layer, a zone of Weil (cell 
free zone), a cell-rich zone and central pulp core 
with normal architecture. Inflammatory cells were 
minimally observed. (Figure 1A)  

In UrbiCal treated teeth, active formation of 
calcific barrier with varying levels of organization 
was noticed after 7 days in the majority of teeth. 
The formed barrier almost resembling a fibrodentin. 
The surrounding pulpal tissue showed hemorrhagic 
zones with obvious inflammatory cells infiltration. 
No definite layer of odontoblasts or zone of Weil 
could be identified in areas adjacent to the newly 
formed dentin (Figures 1B). However, TheraCal 
treated teeth showed less active formation of calcific 
barrier at 7 days interval.  The pulp tissue in contact 
with the material showed less vascular reaction than 
those of the UrbiCal group, but showed atrophy and 
disorganization of the odontoblast layer. Moreover, 
inflammatory cells infiltration was clearly observed 
(Figure 1C).
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The pulp tissue architecture in the +ve control 
group (Teflon tape capped pulp) at 7 days, showed 
severe disruption and disorganization with almost 
complete tissue destruction in most regions (Figure 
1D). 

14 days following direct pulp capping

No significant differences were found regarding 
the negative control groups between 7- & 14-days 
intervals. 

UrbiCal capped pulps at 14 days showed a more 
organized and well-defined calcific barrier, almost 

resembling the surrounding normal dentin tissue. 
The pulp also exhibited less intense inflammatory 
and vascular reaction with restored odontoblastic 
layer in most regions of the pulp except of local 
disruption of the odontoblastic layer was observed at 
the exposure site in all samples. Sporadic randomly 
distributed intra-pulpal dentin islands were also 
noticed in some treated molars. (fig. 2 (A))

TheraCal treated group at 14 days showed a 
well-defined heterogeneous calcific barrier which 
closely resembled fibrodentin. The subjacent pulpal 
tissue still showed obvious inflammatory cells 

Fig. (1): A, pulp tissue from negative control group showing almost normal pulp architecture, with easily distinguishable 
odontoblasic layer (Od), cell free zone (Fz), cell rich zone (Rz) and central pulp core (Pc). B, UrbiCal treated pulps after 
7 days showed formation of calcific barrier (red arrowheads). The formed barrier seemingly dentin-like structure. The 
surrounding pulpal tissue showed hemorrhagic zones (black arrowheads) with an obvious inflammatory cell infiltration 
(yellow arrow heads). No definite layer of odontoblasts or zone of Weil could be identified in areas adjacent to the newly 
formed tissue. C, TheraCal treated teeth showed less active formation of calcific barrier at 7 days. The pulp tissue in contact 
with the material (black arrowheads). Moreover, inflammatory cells infiltration was clearly observed (red arrowheads). D, 
The pulp tissue architecture in the positive control group (Teflon tape capped pulp) at 7 days, showed severe disruption and 
disorganization with almost complete tissue destruction in most regions. ( H & E, X400)
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infiltration with disruption of the odontoblastic layer 
and low vascular reaction. However, the regions far 
from the cavity showed restored odontoblastic layer 
to some degree. (fig. 2 (B))

Teflon tape treated pulps at 14 days some 
specimens showed almost complete degeneration 
in wide areas of the pulp, while others showed 
shrunken and almost necrosed tissue. (fig. 2 (C))

Statistical Results:

1-Inflammatory cell count:

The highest mean value of the inflammatory 
cells was recorded in TheraCal groups followed by 
Urbical group and the least was for the -ve control 
group. The positive control group was excluded due 
to the massive tissue destruction occurred.

There was significant difference between both 
materials and between each one and the -ve control 
specimens at 7 days. However, the results showed 
no significant difference between the UrbiCal group 
and the -ve control one at 14 days. (fig. 3)

2-Percentage of remaining normal pulp tissue:

There was significant difference between the +ve 
control groups at 7 & 14 days. The least remaining 
tissue was recorded at 14 days sacrificed groups. 
(Fig. 4)

3- Calcified barrier:

The highest mean values of the formed intrapulpal 
calcific deposits were recorded in Urbical groups 
at day 14 followed by Theracal group at day 14. 
The least records scored for the -ve control group 
followed by TheraCal treated teeth at day 7. The 
positive control group was excluded due to the 
massive tissue destruction occurred.

Fig. (2): A, Urbical LC capped pulps at 14 days showed a more organized and well-defined calcific barrier (blue arrowheads), The 
pulp also exhibited less intense inflammatory infiltration with restored odontoblastic layer and central pulp in most regions 
(yellow arrowheads). Sporadic randomly distributed intra-pulpal dentin islands were also noticed in some specimens 
(black arrowheads). B, TheraCal treated group at 14 days showed a well-defined heterogeneous calcific barrier which 
was seemingly dentin like structure (red arrowheads). The subjacent pulpal tissue showed obvious inflammatory cells 
infiltration with disruption of the odontoblastic layer (yellow arrowheads). Regions far from the exposure site showed 
restored odontoblastic layer to some extent (blue arrowheads). C, Teflon tape treated cavities at 14 days showed almost 
complete destruction and tissue shrinkage in wide pulp regions.  (H & E, X400)

Fig. (3): Mean values of inflammatory cell count among -ve 
control, UrbiCal and TheraCal treated groups
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Fig. (4): Mean values of area percentage occupied by pulpal 
tissue.

There was significant difference between both 
materials and between each one and the -ve control 
specimens at 7 & 14 days. (Fig. 5) 

DISCUSSION

Direct pulp capping is a procedure aimed at 
preserving the vitality of mechanically exposed pulp 
from a restorative procedure or dental trauma. The 
result of pulp exposure if not properly managed, 
tissue inflammation and necrosis will occur which 
lead to endodontic treatment. The exposed pulp must 
be covered with a biocompatible capping material, 
followed by a coronal seal to protect the pulp from 
additional injury. Thereby, the material should be 
biocompatible and neither toxic nor irritating to 
avoid inflammatory, allergic or carcinogenic tissue 
response. (36) (37) 

According to ISO 7405:2008 for dentistry, animal 
studies are recommended to assess the efficacy and 
biocompatibility of new pulp-capping materials 
or therapeutic medicaments (38). Rat molars are 
usually selected as an experimental animal model 
due to their similarities to human molars in terms of 
anatomical, histological and biological features (39).

Rat molar pulp is expected to show a self-repair 
capacity, with auto-deposition of osteodentin-like 
matrix observed in the coronal pulp after pulp 
exposure, even in the absence of pulp capping 
material. To distinguish the biological effect of 
capping materials from the exceptional reparative 
capacity, a positive control was carried out using 
the same experimental protocol. This was achieved 
by replacing the capping material with PTFE tape, a 
chemically inert material (40).

The preference for mesial exposure in our study 
was due to the ease of access in cavity preparations 
related to the space available between the rat 
incisors and the first molars. In addition to this, the 
mesial site is a non-stress bearing area (41). 

At 7 & 14 days, pulp capping with PTFE tape 
led to a persistent inflammatory response and 
incomplete dentin bridge formation at the exposure 
area  and tissue degeneration, similar to results of 
previous studies (42; 43). This was speculated to be a 
result of the inability of PTFE tape to regenerate and 
stimulate the differentiation of pulpal cells. PTFE 

Fig. (5): Mean values of area percentage occupied by intra-
pulpal calcified tissue.
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tape was also ineffective in the promotion of pulpal 
healing or stimulation of a consistent dentin bridge 
formation at the exposure sites (43).

Many in vivo studies have demonstrated more 
favorable healing of the pulp-dentin complex after 
direct pulp capping with MTA based materials 
than with the conventional pulp capping material; 
calcium hydroxide. MTA stimulated fewer 
inflammatory reactions and was found to induce a 
thicker and more uniform mineralized tissue bridge 
(44;45). In our study, we observed microscopically 
more inflammatory cells and less organized dentin 
bridge with TheraCal. This may be attributed to 
that this material as one of calcium silicate hybrid 
material contains 43% resins. It is presented as 
a ready-to-use material in a syringe and sets by 
photopolymerization (20 sec/increment) in water 
free environment (46). The byproduct formation 
from calcium silicate hybrid materials upon setting 
is different from those observed in resin free 
calcium silicate materials. However, these products 
represent a risk to the pulp vitality due to the resin 
components and their potential toxicity (47). 

Most capping materials lead to calcium hydrox-
ide formation, and leaching of hydroxyl ions and 
calcium ions as demonstrated for MTA and Bioden-
tin (48;49).The released hydroxyl ions upon hydration 
will increase the pH in the underlying tissue lead-
ing to a thin necrotic layer between the remaining 
vital tissue and the pulp capping agent (50; 21).This 
might account for our observations, regarding the 
presence of a disorganized and distorted pulpal lay-
er subjacent to the exposed capped sites. Moreover, 
Trongkij et al. also stated that the formation of a 
necrotic zone which might protects the underlying 
vital pulp cells from the material alkaline pH (33). 
Furtherly, it enhances healing and regeneration of 
pulp cells (51). The alkaline pH ensures antimicrobial 
activity (52). The subsequent calcification of this ne-
crotic layer followed by 3ry dentin formation from 
stimulated pulp cells to form a protective calcific 
barrier. Ca++ contribute in this as they stimulate 
DPSC (53). 

Interestingly, TheraCal has been shown to 
release less calcium ions and no calcium hydroxide 
formation was seen when studied by X-ray diffraction 
analysis. Absence of calcium hydroxide in the set 
material may be related to its resin content which 
modifies the hydration reaction of the material, 
making it different than other calcium silicate-based 
cements in the kinetics of calcium ion release. The 
resultant concentration of released calcium ion 
is less compared to other calcium silicate-based 
cements. This may be due to incomplete hydration 
with limited moisture diffusion owing to the resin 
content (53). Still, the material is able to release 
calcium ion in concentrations that stimulate the 
reparative activity of pulp and odontoblasts which 
is reflected as tooth remineralization capacity (53;54). 

Absence of calcific barrier at 7 days and mini-
mal barrier formation at 14 days in the current 
experiment may be related to the low biocompat-
ibility of the Theracal which causes a higher de-
gree of inflammation reflected by the significantly 
higher level of inflammatory cells expression in all 
experimental periods. These results were in accor-
dance with other studies and could be attributed to 
the resin content of the material which is Bisphenol 
A-glycidyl methacrylate which is identified with its 
glutathione synthesis inhibitor, an intracellular anti-
oxidant, and also interferes with some fundamental 
proteins needed for the process of pulp repair such 
as collagen type one formation. Also, Bisphenol 
A-glycidyl methacrylate had a cytopathic effect on 
some cells (55-58).

Other studies also documented that TheraCal  
produced the least favorable pulpal responses 
compared to both ProRoot MTA and RetroMTA in 
addition to lower quality calcific barrier formation, 
extensive inflammation and less favorable 
odontoblastic layer formation (25). Theracal was 
also reported to be toxic to pulp fibroblasts and has 
a higher inflammatory effect and a lower bioactive 
potential than Biodentin (44). Those findings were 
attributed to the presence of acrylic monomer Bis-
GMA in the material (59). Presence of resin in the pulp 
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capping agent which may remain unpolymerized 
is often associated with adverse pulpal reactions 
that lead to pulp toxicity and inflammation. Those 
findings coincide with another study which reported 
that the reparative capacity of TheraCal LC is 
inferior to Biodentin (60). 

On the other hand, calcium hydroxide products 
are considered the gold standard for pulp capping 
materials with a mode of action that decrease the 
plasma outflow which results in a calcific response 
in the pulpal tissue(61). Three types of calcium 
hydroxide materials were presented in the market; 
the one paste non-setting calcium hydroxide which 
had the disadvantages of lack of setting and poor 
mechanical proprieties in addition to dissolution 
with calcific barrier characterized by tunnel 
defects(24). The two-paste calcium hydroxide system 
which had a setting time between 2-6 minutes. Still, 
the materials showed solubility and dissolution over 
time (62). Among the three formulations, the highest 
cytotoxicity levels were reported with the two-paste 
system and lowest rates of cell vitality which was 
attributed to the added components in the system 
such as disalicylate, accelerator and plasticizer(63). 
Upon comparing the cell vitality results of the 
two paste systems (Dycal) with resin composite, 
the two paste-system showed significantly higher 
cytotoxicity to human pulp cells(64). 

Light curable calcium hydroxide has the advan-
tage of being light polymerized producing immedi-
ate superior physical properties with the ability of 
immediate restoration placement and bonding sys-
tem application with or without acid etching. Fur-
thermore, the light curable materials are character-
ized by low solubility and dissolution over time(65). 
Still, this category of materials had the disadvantage 
of all resin containing materials which is incomplete 
resin polymerization and resin leaching from set 
material which results in toxicity to pulp cells (66). 

Upon comparing the cytotoxicity of different 
calcium hydroxide formulations, it was found that 
resin containing calcium hydroxide (Calcimol LC) 

had higher cytotoxicity than self-setting one paste 
system (Calcicur) but exhibited similar or lower 
cytotoxicity than two paste system (Dycal). Invitro 
studies showed that light curable resin containing 
calcium hydroxide formulas showed same degree of 
cytotoxicity expressed by other resin free calcium 
hydroxide when the former is properly cured (67;68).   
It is worth mentioning that resin-based materials 
exhibit mostly 70% degree of conversion, the 
remaining 30% represents the available groups 
ready for polymerization, while only 9% represents 
the free monomer that can leach out of the matrix. 
Still, most of the free monomer is present inside the 
matrix of the material and would not leach out it (65). 

Though Theracal LC has lower solubility that 
other silicate-based cements and Calcium hydrox-
ides, but when Theracal is compared to them, it is 
characterized by low biocompatibility with odonto-
blast like cells compared (69). 

CONCLUSIONS

Direct pulp capping prolonged the life span of 
pulpal tissue than if it was left untreated. Urbical 
pulp capping material provided the exposure site 
with a more organized calcific barriers, lesser in-
flammatory reaction with more preserved remaining 
pulpal tissue than TheraCal did.
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