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INTRODUCTION

The air-abrasion technology is re-gaining popu-
larity, especially among pediatric dentists.1 This
technique utilizes the principle, of kinetic

energy to deliver aluminum oxide particles at certain
air pressure to cut the tooth structure.2 The main advan-
tages that have been described with the use of air-abra-
sion technology, include among others, very little noise
and no need for anesthesia for most procedures.3-5 Due
to the distance between the nozzle and the tooth it is
easier to make an accidental pulpal exposure when
using this method, especially when cavity preparations
for restorative materials are being prepared.6

When a mechanical pulpal exposure is done acci-
dentally in a healthy pulp, the placement of several cap-

ping agents has been advocated. One of the most
widely used pulp capping medicaments is calcium
hydroxide, which in contact with the pulp tissue seems
to produce a necrotic layer that stimulates dentin for-
mation.7-9 This newly formed dentin, or dentinal bridge,
has been considered as one of the signs of pulpal heal-
ing. However, pulpal healing is determined by the
degree inflammation that is observed in the pulpal tis-
sue. It is very important to consider these two factors
(degree of pulpal inflammation and dentin bridge for-
mation) especially when an animal experiment is
undertaken, since clinical symptoms do not play a role
in this type of studies.10

In addition to the calcium hydroxide medicament,
some other capping agents have been described. Recent
studies have suggested that achieving an excellent seal-
ing of the cavity is even more important for the pulpal
healing than the pulp-capping medicament used.11

The events that are involve in the formation of
dentinal bridge after pulpal exposure by hand piece
have been described previously. Yamamura divides the
dentin bridge formation into four main stages as fol-
lows: a) exudative stage, b) proliferative stage, c) osteo-
dentin stage and d) tubular dentin formative stage.12
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However, less attention has been placed on the
formation of dentinal bridge after pulpal exposure by
air-abrasion. Cardenas and Goto6, observed that even
after pulpal exposure with air-abrasion, pulpal heal-
ing and dentinal bridge formation were possible by
the use of an adequate capping technique. They also
concluded that this was delayed for the air-abrasion
group when compared with the high speed group
when calcium hydroxide was used as a pulp-capping
medicament.

Dentinal bridge formation has also been achieved
after pulpal exposure by high speed and air-abrasion,
when different types of composite resins were used.13

Moreover, it has been found that even using 4-META
composites as a capping agent, when a perfect sealing
of the cavity is achieved, dentinal bridge formation is
possible in pulpal exposures created by air-abrasion.14,15

The purpose of this study was to evaluate the pulpal
response and the dentinal bridge formation after pulpal

exposure using air-abrasion and high-speed, utilizing cal-
cium hydroxide medicament and 4-META composite
resin as a pulp capping material. For this purpose two data
sets by Cardenas and Goto, and Yoshida et al. were com-
bined and analyzed using the same evaluation criteria.

MATERIALS AND METHODS
A total of 216 teeth obtained from 16 mixed-bred dogs
were used in this study. The animals were between 6 to
7 month old. After obtaining general anesthesia by the
use of IM Ketamine and IV sodium pentobarbital, the
operative procedures were undertaken by two trained
operators (C&Y). The teeth were randomly assigned
to three experimental groups. For groups A and B, an
air-abrasion unit (Whisperjet-American Dental Tech-
nologies) was used to perform the pulpal exposures.
For group C, or control group, pulpal exposures were
performed with high speed as gold standard to study
the pulpal effects after accidental pulp exposures.
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Table 1. Evaluation Criteria for Pulp Healing and Dentin Bridge Formation.

Table 2. Summarized Histological Findings.

Group A: Air-abrasion + Liner Bondd IITM; Group B: Air abrasion + Ca(OH)2 + temporary filling; Group C: High speed + Ca(OH)2 + Temporary filling
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Figure 1. 60-day specimens. H-E staining. Corresponding to group
A (x100). Note that the dentin bridge was covering the whole expo-
sure site. However, the presence of some tunnel defects in the
dentin bridge were observed.

Figure 2. 60-day specimens. H-E staining. Corresponding to group
B (x100). A1203 particles were observed into the pulp tissue far
from the pulp exposure. The newly formed dentin bridge covered
the entire exposure site. This dentin bridge presented a more tubu-
lar-like appearance and no tunnel defects were observed.
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Group A received 4-META (Liner Bond IITM), as a
pulp capping agent and group B and C received cal-
cium hydroxide medicament (CalvitalTM) in direct con-
tact with the pulpal tissue.

The animals were sacrificed with an overdose of
Pentobarbital at 7, 14, 30 and 60 days respectively.
Paraffin blocks (Paraplast PlustTM) were obtained and
serial sections of 6mm were stained with hematoxilin
and eosin. A light microscope (Olympus B12TM) was
used to observe and grade the samples. A modification
of the evaluation criteria by Stanley16 Fuks17 Horsted8

and Kitasako,18 described by Cardenas and Goto,6 was
utilized to evaluate the pulpal response and the dentin
bridge formation. These evaluation criteria includes
different parameters as shown in Table 1.

Descriptive Statistics were applied to the obtained
data, Analysis of Variance (ANOVA) was used to com-
pare the different groups and Pearson correlation sta-
tistics were use to detect the changes over time.

RESULTS
The total number of teeth was divided randomly into
three groups according to the capping method. In addi-
tion four observation periods were considered. Forty-
seven samples were observed at seven days post-treat-
ment, while 59 and 66 were observed at 14 and 30 days,
respectively. For the sixty-day observation period a
total of 44 samples were processed. The control group
(or C group) for each observation period consisted of
10 teeth. The summarized results of the histological

findings according to the used criteria are shown in
Table 2.

During the seven-day observation period there was a
statistically significant difference on the inflammatory
cell infiltration in group A and B (p<0.001); and between

Figure 3. 60-day specimens. H-E staining. Corresponding to group
C (x100). Note how a very prominent and well organized dentin
bridge was observed in the control group.
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group A and C (p<0.0001). Hemorrhage was also statisti-
cally significant different between group A and C
(p<0.001).The dentinal bridge formation was statistically
significant different between groups A and C (p=0.0001),
but no difference was detected between groups A and B
(p>0.05).As time elapsed, most inflammation parameters
decreased as can be observed in Table 2.

In the 14-day samples, there was no difference in the
odontoblastic layer between group A and B, but a sta-
tistically significant difference between group A and C
was noted (p<0.05). In this observation period, the
dentin bridge formation was statistically different
among all groups; between A and B the p value was <
0.05 and between groups A and C and B and C. The p
value was<0.001.

The most important findings in the 30-day observa-
tion period were the statistically significant difference
in the odontoblastic layer between groups A and B
(p<0.05), A and C (p<0.0001) and B and C (p<0.05). In
addition the dentinal bridge formation was also differ-
ent among the groups. A and B showed a highly statis-
tically significant difference (p<0.0001), as well as A
and C (p<0.0001) and finally, B and C (p<0.0001).

In the 60 day observation time, the dentinal bridge
formation was different among the groups. Between
group A and B, this difference was statistically signifi-
cant (p<0.05) as well as between groups B and C.

When correlation statistics were applied to the data
set, it was found that there was a positive correlation
between superficial inflammatory cell infiltration and
necrosis in group C at 60 days (r=0.80). In addition, a
strong correlation was also found between the odonto-
blastic layer and the dentin bridge formation for group
B at 60 day observation period (r=0.91). Figures 1 to 3.

DISCUSSION
The use of air-abrasion technology has many advantages
related to ease of use and to patient comfort. However,
since there is certain distance between the tooth surface
and the nozzle, tactile information is lost and the risks of
creating an accidental pulp exposure are highly
increased.6 The present study examined the pulpal effects
after pulp exposure by air-abrasion and concentrated on
the dentin bridge formation as one of the signs of favor-
able pulpal response to capping agents.The results of the
study are also confirmed by previous studies.6,19

The accepted gold standard for pulp capping agents is
Ca(OH)2 which under ideal conditions such as healthy
pulp, hemorrhage and subsequent clot formation control,
has been proven to induce dentinal bridge formation by
stimulating odontoblastic differentiation. When compar-
ing this gold standard (control group or group C) with
pulpal exposures by the use of air-abrasion, the dentin
bridge formation was always achieved. However, the
main difference was the speed of dentin bridge forma-
tion, which was significantly delayed for group A or air-
abrasion/Liner Bond IITM. Similar findings have been

reported in monkeys when pulp exposures by high-speed
had been followed by pulp capping with resin materials.16

Regarding the pulpal inflammation, represented in
the studied criteria, in most observation periods no sig-
nificant difference was observed among the three
groups. However, the odontoblastic layer, in many
instances, presented a statistically significant differ-
ence. Moreover, the odontoblastic layer and the denti-
nal bridge formation presented a positive correlation,
which also explains the importance of the stimulation
of odontoblastic differentiation in order to obtain
dentinal bridging, which is a phenomenon that has been
described previously. In addition, though it was not a
common finding in this study, some chronic inflamma-
tion was observed at later observation periods justify-
ing the fact that dentin bridge is a very important
marker of pulp healing, but not the only one. The pul-
pal tissue is more complex than that and an observation
of the degree of inflammation using a universal criteria
is imperative in order to obtain compelling data, at is
has been described in the pulpal biology literature.16

Although a dentinal bridge was obtained in all
groups studied, the delay in both air abrasion groups
and especially when Liner Bond IITM was used suggests
that longer observation periods are needed when eval-
uating this type of material.19

The results of this study are encouraging, however,
further investigation is needed both with animal studies
and by human clinical trials, as ethically feasible.

CONCLUSIONS
The following conclusions from this study can be
drawn:

1. For most of the inflammation criteria studied, pulpal
response was not statistically different after pulpal
exposure by air-abrasion or high speed.

2. The main difference in pulpal healing after pulpal
exposure by the two studied techniques, was the
dentinal bridge formation, which was statistically
significantly delayed for both air-abrasion groups.

3. Sealing of the pulpal exposure plays a very impor-
tant role in pulpal healing, probably even more
important that the capping agent used. However,
when Liner bond IITM was used as a capping agent,
the formation of dentinal bridge was statistically sig-
nificantly delayed.

4. Ca(OH)2 medicament proved to still be the gold
standard when an accidental pulp exposure occurs.
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