
Clinical Research
Pulpal Responses to Direct Capping with Betamethasone/
Gentamicin Cream and Mineral Trioxide Aggregate:
Histologic and Micro–Computed Tomography Assessments
Emad AlShwaimi, BDS, FRCD(C), DMSc,* Abdul Majeed, BDS, MSc, PhD,*
and Aiman A. Ali, DDS, PhD†
Abstract

Introduction: This clinical trial was conducted to eval-
uate the response of human dental pulp to direct
capping with betamethasone/gentamicin (BG) cream
and mineral trioxide aggregate (MTA). We hypothesized
that the results of direct pulp capping with a topical BG
combination would be similar to or better than those
with MTA. Methods: Thirty-six human first premolar
teeth scheduled for orthodontic extraction were
randomly divided into 4 groups: BG1 group (n = 9),
BG cream with 2-week follow-up; BG2 group
(n = 10), BG cream with 8-week follow-up; MTA1
group (n = 8), MTA with 2-week follow-up; and
MTA2 group (n = 9), MTA with 8-week follow-up. Teeth
were extracted and evaluated at respective time inter-
vals. Micro–computed tomography scanning and histo-
logic analyses were performed for all specimens. Pulp
pathology (inflammation, pulp abscesses, and pulp ne-
crosis) and reparative reaction (formation of dentin
bridges) were recorded. Results: Both BG cream and
MTA resulted in significantly better pulpal responses
at 8 weeks than at 2 weeks. Dentin bridge formation
was significantly thicker in the MTA group at 8 weeks
than in any other group (P < .05). Inflammation was
of the acute type in all groups; no statistically significant
differences in the distribution of inflammatory cells were
found among the groups. Pulpal abscesses and/or
necrosis were observed more often in teeth capped
with BG than with MTA. Conclusions: Direct pulp
capping with both BG cream and MTA was associated
with dentin bridge formation. MTA resulted in a signifi-
cantly better pulpal response, with less inflammation
and a thicker dentin bridge at 8 weeks. (J Endod
2015;-:1–6)
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Direct pulp capping is performed to protect pulp affected by caries, trauma, or other
injuries to maintain its functional and biological activities (1). Vital pulp tissue is

responsible for the formation of secondary dentin, reparative dentin, and peritubular
dentin in response to different stimuli (2). In direct pulp capping, a protective layer
of biomaterial is placed over the exposed pulp tissue. These biomaterials should be
biocompatible and bioactive, and they should possess apatite-forming ability and pro-
vide a biological seal (3).

Calcium hydroxide has been a material of choice for pulp capping since 1930
because of its antibacterial activity, ability to release calcium and hydroxyl ions, and
low potential for irritation of the traumatized pulp tissue (4, 5). However, it has
major disadvantages including high solubility, dissolution in tissue fluids, and poor
sealing ability (3, 4).

Calcium silicate–based materials such as mineral trioxide aggregate (MTA) have
attained growing attention because compared with calcium hydroxide, they cause less
pulp inflammation and form dentin bridges with significantly greater frequency and
thickness (6, 7). Although clinical studies have also demonstrated that MTA results
in good outcomes when used as an indirect or direct pulp-capping material (8, 9),
it has a delayed setting time, poor handling characteristics, and an off-white color (1).

Pulpal trauma or exposure in conjunction with a pulp-capping procedure can
induce inflammation in the pulpal tissue. Pulp-capping materials containing anti-
inflammatory ingredients may prevent progression to irreversible pulpitis, thus
protecting the vitality of the pulp. Topical corticosteroids such as betamethasone
have known anti-inflammatory and vasoconstrictive properties (10). Direct application
of corticosteroids reduces pulpal inflammation, and betamethasone has demonstrated
better anti-inflammatory effects compared with hydrocortisone (11). After betametha-
sone was applied topically to the dentin of rat molars, the vascular phase of pulpal
inflammation was shortened (12). Furthermore, the combination of betamethasone
and gentamicin, an antibiotic, has beneficial antimicrobial and anti-inflammatory effects
on soft tissues (13, 14). In a direct pulp-capping study in a rabbit model, the topical
application of betamethasone and gentamicin cream significantly reduced histopatho-
logic changes in dental pulps compared with those treated with calcium hydroxide
(15). However, calcium hydroxide used in this study was hard-setting cement form
that might have different pulpal response compared with other forms of calcium hy-
droxide.

The purpose of this study was to evaluate the response of human dental pulp to
direct capping with betamethasone/gentamicin (BG) cream and MTA. We hypothesized
that the results of direct pulp capping with a topical BG combination would be similar to
or better than those with MTA.
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Materials and Methods
This prospective randomized clinical trial was approved by the

Ethical Committee of the University of Dammam, Dammam, Saudi
Arabia (2011037). First premolar teeth scheduled to be extracted for
orthodontic reasons were selected for this study. Teeth included were
from patients between 15 and 25 years of age who had no medical
or systemic conditions; teeth were also free of periodontal disease,
caries, and previous restorations and had normal pulp chambers and
closed apices. The pulp status was assessed with cold and electric
pulp tests.

A total of 36 selected premolars were randomly divided by using a
statistical randomized treatment table into 4 groups according to the
materials used and the duration of follow-up: BG1 group (n = 9),
BG cream with 2-week follow-up; BG2 group (n = 10), BG cream
with 8-week follow-up; MTA1 group (n = 8), MTA with 2-week
follow-up; and MTA2 group (n = 9), MTA with 8-week follow-up. All
participants signed an informed consent form after the clinical proce-
dure and risks involved had been thoroughly explained and all ques-
tions raised by the participants and/or their guardians had been
answered.

Pulp Exposures
The pulp cavity procedures were carried out under local anes-

thesia and rubber dam isolation. Teeth were cleaned by using 2% chlor-
hexidine gluconate, and occlusal cavities were prepared with sterile
half-round carbide burs by using a high-speed handpiece and sterile
distilled water cooling. The prepared occlusal cavities were
3.0–3.5 mm in occlusal depth, 4.0–4.5 mm in mesiodistal width,
and 3.0–3.5 mm in faciolingual width. Dimensions of the cavity were
checked with a digital caliper in an attempt to standardize the cavity
size. Pulp exposures were performed in the center of the pulp floor.
One bur was used for each cavity. Complete hemostasis was achieved
by applying gentle pressure to the exposed site with a sterile cotton pellet
moistened with sterile saline. BG cream was applied as a pulp-capping
material in groups 1 and 2, and MTA was applied as a pulp-capping ma-
terial according to the manufacturer’s instructions in groups 3 and 4
Figure 1. Flow diagram of the clinical trial process.
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(Fig. 1). After application of the assigned material, cavities were sealed
immediately with posterior glass ionomer. All participants were in-
structed to record postoperative pain by using a visual analogue scale
on a form provided. Teeth were extracted after 2 weeks in groups 1
and 3 and after 8 weeks in groups 2 and 4. The apices of extracted teeth
were removed under water cooling to facilitate formalin penetration.
Teeth were fixed in 10% formalin for 24 hours.

Micro–Computed Tomography
All fixed teeth were scanned with a micro–computed tomography

(micro-CT) machine (SkyScan1172 version 1.5; Bruker Micro-CT,
Kontich, Belgium). Each sample was positioned in the middle of the
specimen stage and scanned at 70 kV and 139 mA with a resolution
of 8.99 mm, rotational step of 0.25�, and 360� rotation by using
0.5-mm aluminum and copper filters. Raw data were reconstructed
with NRecon Software version 1.6.4.8 (Bruker Micro-CT) to obtain
rough measurements of the thickness of the reparative hard tissue.
Raw data were analyzed with CT analyzer (CTan) Software version
1.11.10. Two-dimensional slices were acquired in the axial plane to
determine the first and last slices in the coronal-to-apical direction
from which reparative hard tissues could be identified from the pulp.
Data Viewer software version 1.4.4 was used to obtain 3 distinct views
(coronal, sagittal, and transaxial) of each image in 2-dimensional form.
This provided a precise and clear picture of each specimen and allowed
measurement of the dentin bridges.

Histologic Sample Preparation
After the micro-CT scanning, fixed teeth were decalcified with 10%

formic acid and sodium citrate. Teeth were split into 2 longitudinal sec-
tions at the level of pulp exposure, and each section was dehydrated in a
series of ethanol solutions at ratios increasing from 45% to absolute.
Samples were cleaned with xylene and embedded in paraffin. Sections
6 mm thick were prepared from each block. Ten serial sections were
taken at the level of exposure.

Sections were stained with hematoxylin-eosin and Masson tri-
chrome. After the sections were stained, coverslips were applied with
JOE — Volume -, Number -, - 2015



TABLE 1. Summary of Findings among All Cases of Groups

Groups Materials Time interval (wk) Dentinal bridge (mm) Abscess (%) Type of inflammation

BG1 BG cream 2 7.19 14.3 Acute type with predominant
neutrophilsBG2 BG cream 8 22.0 20

MTA1 MTA 2 31.04 0
MTA2 MTA 8 78.50 11
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mounting medium. Stained sections were evaluated under light micro-
scopy by an observer blinded to the treatment according to a prede-
signed histopathologic protocol that included examination of the
following: pulp pathology, including inflammation (type and intensity);
pulp abscess and pulp necrosis; and reparative reaction of the pulp,
including formation of dentin bridges. Thickness of dentin bridges
was measured in micrometers at 3 random areas of each section by
using Olympus cellSens Dimension V1.9 Software (Olympus, Tokyo,
Japan). The mean of all measurements (3 � 10) was recorded and
used for analysis. In the present study, we considered dentin bridge for-
mation to be a sign of healing.

Data were analyzed by one-way analysis of variance and the Tukey-
Kramer multiple comparison test at a significance level of P < .05.

Results
Out of 12 participants included in this randomized clinical trial, 10

were female, and 2 were male; their average age was 18 � 1.5 years.
Two teeth were excluded from the study because they were extracted
for orthodontic reasons before completion of the study. Table 1 pre-
sents the summary of results for all groups, and Figure 2 shows a
box plot of dentin bridge thicknesses in micrometers.

BG Cream
In BG1 group (BG cream after 2 weeks), histologic examination

revealed evidence of a partial hard tissue barrier in 28.6% of the spec-
imens; no hard tissue (dentin bridge) formation was apparent in 71.4%
of the specimens. The average hard tissue thickness was 7.19 mm
(Table 1).

In BG2 group (BG cream after 8 weeks), histologic examination
revealed dentin bridge formation in 50% of the specimens. Bridge for-
mation was complete in 10% of the specimens; hard tissue apposition at
Figure 2. Box plot showing 25th percentile, median, and 75th percentile of
the thickness of dentin bridge formed for all 4 groups. MTA after 8 weeks
showed significantly thicker hard tissue barrier formation compared with all
other groups.
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the exposure site was partial or incomplete in the others. The average
thickness of reparative hard tissue was 22.0 mm (Fig. 3). Micro-CT im-
ages confirmed the histologic results for dentin bridge formation in
both groups (Fig. 4).

Mild tomoderate inflammatory cell infiltration was seen in all teeth
in BG1 and BG2 groups. Inflammatory cell infiltration in all cases was of
the acute type, with neutrophils predominating. Pulp abscesses devel-
oped in 1 tooth in BG1 group (14%) and in 2 teeth in BG2 group
(20%) (Table 1). Dentin bridges did not appear in any teeth with
pulp abscesses in which the tissue underwent necrotic changes.

MTA
In MTA1 group (MTA after 2 weeks), histologic examination re-

vealed dentin bridge formation in 100% of the specimens. The average
hard tissue thickness was 31.04 mm.

In MTA2 group (MTA after 8 weeks), dentin bridge formation at
the exposure site was evident in 89% of the specimens. The average
thickness of reparative hard tissue was 78.50mm (Table 1). A complete
dentin bridge with normal structure had formed in 67% of the speci-
mens; a partial or incomplete hard tissue barrier had formed at the
exposure site in the remaining 23%. Hard tissue that formed at the expo-
sure site took the form of diffuse calcification in 4 samples treated with
MTA (Fig. 3). Micro-CT images confirmed the histologic results for
dentin bridge formation (Fig. 4).

Mild to moderate inflammatory cell infiltration was seen in 80% of
the specimens in MTA1 and MTA2 groups. As with the teeth in the BG1
and BG2 groups, inflammatory cell infiltration in all cases was of the
acute type, with neutrophils predominating. A pulp abscess developed
in 1 tooth in MTA2 group (1%) (Table 1, Fig. 3). A dentin bridge did not
appear in the tooth with the pulp abscess.

Statistical Comparison
The thickness of the dentin bridge differed significantly among the

experimental groups (P< .05); the dentin bridge was thicker in group 4
than in groups 1, 2, or 3 (P < .05). The differences in dentin bridge
thickness between groups 1 and 2 and between groups 3 and 4 were
also statistically significant (both P < .05).

No statistically significant differences in the distribution of inflam-
matory cell infiltrates were found among the groups (P > .05). Mild
pain lasting for 1–3 days was associated with 12% of the exposed teeth;
severe pain lasting for 3 days was associated with 6% of the exposed
teeth.

Discussion
Dentin bridge formation at the interface of pulp and capping ma-

terial could be either a sign of healing or a reaction to irritation. This is a
controversial issue because a dentin bridge does not prove that the pulp
is healthy or protects it from bacterial challenges (1, 16). Most previous
direct pulp-capping studies used animal models (rats, dogs, or ba-
boons). Although the pulpal tissues of these species closely resemble
those of humans, studies evaluating the responses of human pulpal
tissue to direct pulp-capping materials are preferable. Therefore, the
purpose of this study was to evaluate the response of pulp tissue to
Pulpal Responses to Direct Capping with BG Cream, MTA 3



Figure 3. Photomicrographs of representative histologic sections from specimens in MTA and BG pulp-capping groups. (A–D) Specimens from MTA group.
(A) Complete dentin bridge (DB) formation over the pulp at the perforation site (hematoxylin-eosin; original magnification, �40). (B) Higher magnification
of the specimen in (A) (Masson trichrome; original magnification,�100). (C) Diffuse calcification (DC) over the pulp at the perforation site (hematoxylin-eosin;
original magnification,�40). (D) Higher magnification of specimen in (C) (Masson trichrome; original magnification�100). (E) No DB formation at perforation
site in specimen from BG group (Masson trichrome; original magnification �100). (F) Partial DB formation at perforation site in specimen from MTA
group (Masson trichrome; original magnification, �200). (G and H) Specimens from BG group (hematoxylin-eosin; original magnification, �100 and �40;
respectively). (G) Inflammatory cell infiltration of the pulp. (H) Pulpal abscess formation.
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BG cream and MTA used as direct pulp-capping materials in human
teeth.

Pulpal responses in this study were evaluated with both micro-CT
and light microscopy. The micro-CT technique allowed for high-
resolution scanning of extracted teeth to provide further information
about the quality of the newly formed reparative hard tissue as
compared with a previous study by Al-Hezaimi et al (17), where por-
tions of animal jaws were scanned at low resolution. In addition,
Figure 4. Representative micro-CT images from specimens in MTA and BG pulp-c
plane showing the perforation (exposure) site, MTA, and dentin bridge (DB) forma
MTA. (C) Section in axial plane 0.1 mm from (B) showing the edge of MTA and DB
taken 0.3 mm from (B) showing edge of DB. (F–J) Specimens from BG group. (F
presence of a thin calcified mass (CM). (G) Section in axial plane at level of perfora
leading edge of irregular CM. (I) Section in axial plane taken 0.2 mm from (G) sho
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histologic sections were viewed under a light microscope, and software
was used to measure the dimensions of newly formed hard tissue bar-
riers to the micrometer.

Topical application of glucocorticoid-antibiotic combination has
been infrequently used for the treatment of skin diseases and ear infec-
tions without unwanted drug interactions (18). BG cream has been pro-
posed as a direct pulp-capping material because of its antimicrobial and
anti-inflammatory effects (15). However, in our study, BG did not
apping groups. (A–E) Specimens from MTA group. (A) Section in the coronal
tion. (B) Section in axial plane at level of perforation showing the presence of
. (D) Section in axial plane taken 0.2 mm from (B) showing DB. (E) Section
) Section in coronal plane showing perforation (exposure) site, BG, and the
tion showing edge of BG. (H) Section in axial plane 0.1 mm from (G) showing
wing irregular CM. (J) Section taken 0.3 mm from (B) showing no CM or DB.
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produce results comparable with or better than those of MTA. There-
fore, the hypothesis was rejected.

In the present study, BG cream resulted in dentin bridge formation
in only 29% and 50% of specimens after 2 and 8 weeks, respectively.
Although the dentin bridge was significantly thicker after 8 weeks
than after 2 weeks, it was only partially formed at both observation
times. In a previous study on rabbits, direct pulp capping with BG cream
under calcium hydroxide significantly reduced the histologic changes
indicating an inflammatory response, as compared with calcium hy-
droxide alone (15). However, to our knowledge, no other published
studies have evaluated the efficacy of BG cream as a direct pulp-
capping material in humans.

We evaluated pulpal responses at 8 weeks because this time
interval was used in a number of previous studies (19–22). We also
evaluated pulpal responses at an earlier time because the initiation of
hard tissue formation has been reported to start as early as 2 weeks
(19, 23).

A variety of direct pulp-capping materials can reportedly initiate
dentin bridge formation at the exposure site. Previous studies that
used animal (15, 24) and human (25) models reported that direct
pulp capping with MTA initiated tertiary dentin formation more effec-
tively than capping with othermaterials. These findings are in agreement
with those of the present study, in which MTA performed significantly
better than BG cream.

Direct pulp capping with MTA results in the formation of
fibrodentin and reparative dentin at the pulpal surface (19). After initial
contact, a superficial crystalline layer is formed on the exposed pulp
surface, followed by formation of a lining of columnar odontoblast-
like cells. After MTA hardens, it forms calcium oxide that may react
with tissue fluids to form calcium hydroxide (20). The mechanism of
action of MTA may thus be similar to that of calcium hydroxide (19).
However, MTA is more effective than calcium hydroxide because it pro-
motes the differentiation of pulpal cells into odontoblast-like cells by
upregulating the expression of transcription factors such as RUNX2
and odontoblastic genes such as osteocalcin and dentin sialoprotein,
resulting in dentin bridge formation (26). Hard tissue may form adja-
cent to MTA because of its high alkalinity (27), sealing ability (28, 29),
and biocompatibility (30). In the present study, hard tissue formation
was observed in all teeth capped with MTA after 2 weeks, with mild to
moderate inflammation. In comparison, only 28.6% of the teeth capped
with BG cream showed evidence of partial hard tissue formation. The
findings are in agreement with previous studies that also demonstrated
hard tissue formation 2 weeks after capping with MTA (19, 23).

The difference in dentin bridge formation at 2 and 8 weeks in the 2
MTA groups was statistically significant. At 8 weeks, the hard tissue for-
mation at the exposure site was thicker, with less inflammation. How-
ever, a thinner hard tissue barrier was also observed in all specimens
at 2 weeks. Pulp capping with MTA may have initiated the formation
of hard tissue at 2 weeks. This tissue would gradually be lined by
odontoblast-like cells and become calcified in a tubular pattern,
forming a thicker dentin bridge. Our findings confirmed the similar re-
sults reported in previous studies of pulp capping with MTA (19, 23).
We found diffuse calcification in pulpal tissue not adjacent to the
capping material in 4 teeth in the MTA group. We could not explain
the reason for this; the mechanism may be similar to that of pulp
stone formation.

MTA performed significantly better than BG cream. The poor per-
formance of BG cream could be related to its consistency as well as to
the differences in chemical composition. Because BG is a cream, it dis-
solves in tissue fluids and does not provide a solid surface, whereasMTA
sets to a hard structure even in the presence of moisture, providing a
solid base and sealing ability. High solubility and fast dissolution are
JOE — Volume -, Number -, - 2015
also drawbacks for conventional calcium hydroxide in reparative den-
tinogenesis (3). Both MTA and BG caused mild to moderate acute
pulpal inflammation with predominantly neutrophilic infiltrates in all
groups. Although a previous study reported that betamethasone cream
was an effective and biocompatible direct pulp-capping material in an
animal model (15), we found pulpal necrosis and abscesses in 3 teeth
capped with BG but in only 1 tooth capped with MTA.

The results of the present study confirmed the efficacy of MTA for
direct pulp capping, as reported previously (17, 19). However, few
reports of the use of BG cream have been published in endodontics
journals. Further studies are needed to evaluate the effects of
biocompatible scaffolding materials such as bioceramics on the
performance of BG cream for direct pulp capping.

This study was performed on healthy teeth with normal pulpal
tissue and does not predict the results of these materials in inflamed
pulps. Most previous pulp-capping studies were also performed on
healthy teeth of animals (17, 31) or humans (19); the results should
be translated carefully for clinical situations. Further studies are
required to evaluate the responses of inflamed pulps to direct capping
materials.
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