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Abstract: The purpose of the present study was to evaluate morphologically the response of feline teeth pulp to
direct pulp capping with two different self-etch adhesive systems. Twenty-four cavities in feline teeth were me-
chanically exposed and assigned to one of two experimental groups: AdheSE + Tetric Ceram (the ASE group),
or Adper Prompt L-Pop + Filtek Supreme (the APLP group). There was also a control group Dycal Ca(OH)2
liner + Amalgam (the CH group eight teeth), and six teeth were used as an intact control group. The animals
were sacrificed after 40 days. The teeth were removed and processed for standard histological evaluation, using
a scoring system for inflammatory cell response, pulp tissue disorganisation, reparative tissue formation, and the
presence of bacteria. Statistical analysis revealed no significant differences between the ASE and APLP self-
etching resin systems during the observation period. The majority of the specimens presented inflammatory
pulp response with tissue disorganisation and a lack of dentinal bridge formation. CH capping resulted in a
significantly smaller inflammatory pulp response and a considerably higher incidence of reparative dentin for-
mation. ASE and APLP were comparably effective as direct pulp capping materials, but their application result-
ed in significantly greater pulp tissue damage than CH capping. Further in vivo human studies are necessary to
determine which adhesive resin systems should be clinically used for direct pulp capping without incurring se-
vere damage to the pulpal tissue. (Folia Histochemica et Cytobiologica 2012, Vol. 50, No. 4, 565–573)
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Introduction

Evaluation criteria for healing exposed pulp typically
include the differentiation of odontoblast-like cells,
the formation of a hard tissue barrier across the ex-
posed area, and the absence of inflammation in the
adjacent tissue [1–8]. Protection of the pulpo-dentin
complex, under restorative material, involves the ap-
plication of materials to dental tissues to avoid addi-

tional challenges to the pulp tissue by mechanical trau-
ma, operating procedures, toxicity of the material
used, and bacterial penetration due to microleakage.
Numerous studies have shown that Ca(OH)2 should
be considered the gold standard for the treatment of
pulp wounds [1–6], by stimulating the formation of
dentin bridges and consequently leading to pulp heal-
ing, and thus providing high success rates for clinical
procedures. However, Ca(OH)2 has been reported to
dissolve over time, and dentin bridges adjacent to the
material may contain multiple tunnel defects that
open to the underlying pulp. As a result, this material
may fail to provide an effective long-term barrier
against bacterial penetration [9]. New pulp capping
techniques may stimulate pulp healing through com-
plete dentin bridge formation with no chemical toxic
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effects, thus providing better results than Ca(OH)2
[9–11].

In recent years, dentin bonding systems (DBSs)
have been examined in humans [1, 4, 7, 12–19] and
animals [2, 5, 9–11, 20–29] as potential direct cap-
ping materials due to their superior ability to adhere
to demineralised dentin tissues. Hybridisation of
DBSs and diffusion of adhesives into the dentin tu-
bules may protect the dentin against bacterial leak-
age and reduce secondary pulpal inflammation. Scar-
ano et al. [7] and Medina et al. [21] reported that di-
rect pulp capping with DBS in most cases did not re-
sult in inflammation, and in some patients induced
dentin bridge formation. However, Sano et al. [30]
demonstrated leakage within the hybrid layer through
nanometric spaces. Other extensive studies have re-
vealed cytotoxicity of components of the adhesive sys-
tems and composite resins, such as bisphenol A-gly-
cidyl methacrylate (Bis-GMA), urethane dimethacry-
late, tri-ethylene glycol dimethacrylate, camphoro-
quinone, and 2-hydroxyethyl methacrylate (HEMA)
[31–32]. When applied to dentin, these monomers
were able to diffuse through the dentin tubules and
reach the pulpal space. However, long periods of cel-
lular exposure to these monomers resulted in a sig-
nificantly increased cytotoxicity [32–34]. Studies of
human [1, 4, 12, 15], dog [2, 22–23], monkey [24] and
cat [25] teeth have reported adverse effects of the
application of DBSs as pulp capping agents. Etch-and-
rinse bonding agents applied on pulp exposed follow-
ing acid etching elicited a moderate inflammatory
response in a short-term evaluation, which sometimes
led to pulp necrosis [1, 4, 12, 16].

The wide range of chemical compounds of adhe-
sive systems [16–17] may be responsible for the dif-
ferent biological responses when employed as pulp
capping agents. Recent progress has led to the devel-
opment of two-step and one-step self-etch adhesive

systems in which etching, priming, and bonding are
performed simultaneously. An example of a two-step
adhesive system is the AdheSE system manufactured
by Vivadent; an example of a one-step system is
the Adper Prompt L-Pop system manufactured by
3M/ESPE. These adhesive systems present different
application techniques and chemical compounds
(Table 1), which may allow for pulp repair as well as
dentin bridging. The self-etching bonding agent does
not require prior total etching. Additionally, self-
-etching primers are less acidic than phosphoric acid
(pH < 0.2) [33]. Phosphoric acid etching has been pre-
viously shown to considerably increase dentin perme-
ability and monomer diffusion. In vitro and in vivo
studies have demonstrated that self–etch adhesives
can provide a more favourable response than etch-
and-rinse systems [15, 17, 33]. Demarco et al. [17]
demonstrated that etch-and-rinse Scotchbond Multi-
Purpose presented mild to severe inflammatory re-
sponse, and no mineralised tissue formation; howev-
er, the two-step self-etching adhesive system, Clear-
fil Liner Bond 2, exhibited dentin bridge formation
in 50% of human specimens.

Several experimental studies [2, 5, 7] have evalu-
ated histopathologically the response of pulp capping
with the Adper Prompt L-Pop system. Dentin bridge
formation was not observed, and the remaining pulp
tissue exhibited severe inflammatory alterations and
areas of necrosis [2, 5]. However, Scorano et al. [7]
found that pulp capping with the Prompt L-Pop sys-
tem provided an acceptable degree of pulpal inflam-
matory responses. To date, there have been no pub-
lished clinical studies on animals or humans regard-
ing the use of direct pulp capping with the AdheSE
system. The AdheSE system is provided with novel
resin monomers, the phosphonic acid ether acrylates,
which are claimed to have a high hydrolytic stability.
Thomsen et al. [35] reported that the self-etching

Table 1. Commercial names and compositions of products tested in the current study

Products tested Manufacturer Classification Composition

AdheSE IvoclarVivadent Two-step self-etch Primer:dimethacrylate phosphonic acid acrylate,
Schaan, pH = 1.69 initiators, and stabilisers in an aqueous solution.

Liechtenstein Bond: HEMA, dimethacrylate, silicon dioxide,
initiators, and stabilisers

AdperPrompt 3M ESPE One-step self-etch Liquid A: HEMA, polyalkenoic acid,
L-Pop Seefeld, Germany pH = 0.35 stabilisers, water. Liquid B: methacrylated

phosphoric ester, Bis-GMA, initiators based
on comphorquinone, stabilisers

Dycal Dentsply,  Caulk, Control, hard-setting Base paste: calcium tungstate, zinc oxide, disalicylate
Milford, DE, USA Ca(OH)2 cement ester of 1,3 butylene glycol.  Catalyst paste:

pH = 11.1 calcium hydroxide, zinc oxide, titanium dioxide

Bis-GMA — bisphenol A glycidyl methacrylate; HEMA — 2 hydroxyethyl methacrylate
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adhesives AdheSE (27 ± 6 MPa) revealed stronger
adhesion than Adper Prompt-L-Pop (19±6 MPa) on
dentin, which improved the marginal integrity and
better prevented microleakage. This system was also
less acidic (pH = 1.69) than APLP (pH = 0.36) and
could reduce deleterious effects on the pulp tissue
[33]. Costa et al. [26] demonstrated that the two-step
self-etching adhesive system, Clearfil Liner Bond 2,
allowed pulp healing and tertiary dentin deposition.
Other studies [17, 20, 27] have reported similar pulp-
healing responses with self-etching systems.

In vivo studies are required to understand the pulp
response when adhesive systems are used as direct
pulp capping. In general, animal studies are neces-
sary since they provide results generating a wealth of
valuable information from which it is possible to ex-
trapolate results to humans. In the animal model, it
is possible to treat all the teeth identically, control-
ling their history, care, and extraction under labora-
tory conditions to provide comparative evaluation of
the biocompatibility of different dental materials [23,
26]. The present investigation performed on animals
was aimed to provide direct information about the
biocompatibility of dental materials and avoiding the
exposure of humans to potentially harmful agents.

 The purpose of the present study was to evaluate
the response of the pulpo-dentin complex after di-
rect capping with one-step or two-step self-etch ad-
hesive systems (Adper Prompt L-Pop and AdheSE,
respectively) in feline teeth. The null hypothesis con-
sidered in this study was the lack of differences in the
pulpo-dentin complex response to three capping tech-
niques (calcium hydroxide, one-step and two-step self-
etch adhesive systems) applied as direct pulp capping
in non-human teeth.

Material and methods

The present experimental work involved 38 teeth from three
healthy 14 month-old felines. The study protocol, which
adhered to ethical guidelines for animal care, was approved
by the Local Ethical Committee, Pomeranian Medical Uni-
versity, Szczecin, Poland (approval number BN-060/17/05).
The dental materials tested in this study and their chemical
compositions are summarised in Table 1.

Operating procedure. Feline dentition examination was
conducted under general anaesthesia (ketamine, atropine,
and xylamine) normally used for common surgical opera-
tions on these animals. The oral cavity was disinfected with

Table 2. Criteria and scores used for histological assessment

Scores Characterisation

Inflammatory cell response

0 None or few scattered inflammatory cells present in the pulp area corresponding to the pulp exposure

1 Low-grade inflammatory cell infiltrate with polymorphonuclear (acute) or mononuclear leukocytes (chronic)

2 Moderate inflammatory cell infiltrate involving the coronal pulp

3 Severe inflammatory cell infiltrate involving the coronal pulp or present as abscess

Pulp tissue disorganisation

0 Normal or almost normal tissue morphology

1 Odontoblastic layer disorganised, with central pulp normal

2 Total disorganisation of pulp tissue morphology

3 Pulp necrosis

Reparative tissue formation

0 Absence

1 Modest hard tissue deposition beneath the exposed area

2 Moderate hard tissue deposition beneath the exposed area

3 Intense hard tissue deposition beneath the exposed area appearing as a complete dentin bridge

Presence of bacteria

0 Absence

1 Presence of stained bacteria along the cavity lateral walls

2 Presence of stained bacteria along the cavity lateral and axial walls

3 Presence of stained bacteria along the cavity walls and within the cut dentin tubules or over the pulp tissue
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0.2% chlorhexidine gluconate, and each tooth was pumiced
with a rubber cup at low speed. The teeth were then divid-
ed into one of two experimental groups: AdheSE + Tetric
Ceram (group ASE; IvoclarVivadent), Adper Prompt L-Pop
+ Filtek Supreme (group APLP; 3M ESPE), and a control
group DycalCa(OH)2 liner + Amalgam (group CH; Dens-
ply). Six intact teeth were selected as a negative control
group, which received no exposure or pulp capping. The
teeth were clinically intact and noncarious, with no more
than superficial attrition and no signs of trauma. Thirty-two
cavities were prepared using round and cylindrical diamond
burrs (ISO size 010) at high-speed and copious water irri-
gation, extending to a depth of ~1.0 mm to expose the pulp
tissue. New burrs were used for each tooth. Cavities were
isolated with sterile cotton rolls and saliva was controlled
with high-speed evacuation.

Experimental and control groups. In the ASE group, teeth
(n = 12) were capped with AdheSE (IvoclarVivadent; Ta-
ble 1), and resin composite Tetric Ceram (IvoclarVivadent)
in accordance with the manufacturer’s instructions. The cav-
ity walls and exposed pulp were primed with AdheSE Prim-
er for 30 seconds, air-dried, and coated with the bonding
agent AdheSE Bond, which was light-cured for 20 seconds.
APLP group teeth (n = 12) were capped with Adper Prompt
L-Pop (3M ESPE; Table 1) and resin composite Filtek Su-
preme (3M ESPE) according to the manufacturer’s instruc-
tions. The cavity walls and exposed pulp were conditioned
with a mixture of Liquid I (red blister) and Liquid II (yel-
low blister) for 15 seconds. The bonding agent was air-dried
until a thin, shiny, uniform layer was obtained, then light-
cured for 20 seconds. CH teeth (n = 8) were capped with
Ca(OH)2 hard setting cement (Dycal, Dentsply) applied to
the exposed pulp. The cavities were restored with the amal-
gam (Lumicon, Bayer Dental).

Cavities capped with the AdheSE and AdperPromt
L-Pop systems were filled in two increments with Tetric Ce-
ram or Filtek Supreme composites, respectively, and light-
cured for 20 seconds after each increment. A light-curing
unit (Astralis 3, Ivoclar, Vivadent) emitting more than
500 mW/cm2 was used for polymerisation.

Assay of pulp bleeding. Bleeding was controlled by abundant
irrigation with sterile saline solution and the placement of
sterile cotton pellets into the pulp exposure sites. After con-
trolling the bleeding, the cavities were primed for five sec-
onds and dried for another five seconds. Consecutive coats
of adhesive were applied to the exposed pulp and cavity walls
and light-cured for 20 seconds. Pulp bleeding was classified
into four categories adapted from Matsuo et al. [18]:
Absent None apparent from the pulp exposure site
Slight Slight but apparent from the pulp expo-

sure site — easily controlled by drying with
sterile cotton pellets

Moderate Stopped in up to 30 seconds following 3–5
irrigation phases with saline and by drying with
sterile cotton pellets

Abundant Persistent for more than 30 seconds — 5+
irrigation phases necessary for complete haemor-
rhage control

Pulp tissue responses were assessed in a consecutive
postoperative period of 40 days. At the end of the experi-
mental period, the animals were sacrificed by intravenous
injection of 200 mg/kg pentobarbital sodium.

Assay of periapical response. The maxilla and mandible with
teeth were removed from each feline and radiographs were
taken to detect periradicular tissue changes following the
restorations. The status of periradicular tissue was evaluat-
ed for the absence or presence of apical pathology:
— normal periapical tissue — no change in the periradi-

cular tissue;
— pathology in the periapical tissue — changes in the appe-

arance of the apical periodontium such as widening of the
periodontial ligament, changes in trabecular pattern, di-
sintegration of lamina dura, osteolysis, or osteosclerosis.

Evaluation of histological features. The teeth were removed
from the jaws and immersed in 10% neutral-buffered for-
malin (v/v) for two weeks. After applying a decalcifying so-
lution of 6% (v/v) nitric acid, the teeth were embedded in
paraffin. Six micron-thick serial sections were stained with
haematoxylin and eosin for routine histopathological eval-
uation. Bacteria were detected using the Brown and Brenn
staining technique. The slides were observed under a light
microscope (Carl Zeiss Imager D1 Axio) connected to
a high-resolution video camera (Axio Cam MRc5 Carl Zeiss
Microimaging) and interfaced to a monitor and a personal
computer.

All stained sections were evaluated as described previ-
ously [1, 12, 21, 36] for inflammatory cell response, pulp
tissue disorganisation, reparative tissue formation and the
presence of bacteria. Each histological section was scored
from 0 to 3, as shown in Table 2.

Statistical analysis. The mean scores assigned to the sub-
items for each of the five criteria (bleeding, inflammatory
cell response, pulp tissue disorganisation, reparative hard
tissue formation, and presence of bacteria) were analysed
with the non-parametric Kruskal-Wallis test. Between-group
comparisons were performed with the Mann-Whitney U
test. P < 0.05 was considered significant.

Results

Bleeding assessment

The largest number of cases with bleeding (three)
occurred in the ASE group, with only one case each
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in the APLP and CH groups (Table 3). The bleeding
observed in the APLP group was the least intensive
during a direct pulp capping procedure. No significant
differences were detected between the experimental
and control groups, and when bleeding occurred after
capping, it was generally slight or moderate. Abundant
bleeding was not observed in any case.

In most cases, the self-etching adhesive system did
not cause the bleeding process.

Radiological assessment

Periapical pathologies were not revealed by radiog-
raphy.

Histological assessment

ASE group
A majority of the specimens capped with the ASE
system presented low-grade inflammatory pulp re-
sponses with tissue disorganisation (Figure 1, Ta-
ble 4). Moderately intense inflammation was ob-
served in one case, while total tissue disorganisa-
tion was found in two. The odontoblast layer adja-
cent to the exposed pulp was disrupted or occasio-
nally absent, with vascular dilatation and conges-
tion, and features of chronic inflammation. Two
specimens exhibited modest hard tissue deposition,
but none of the teeth from this group displayed
complete hard barrier formation. No specimens
stained positively for bacteria.

APLP group
In the APLP experimental group, the pulp responses
were similar to the ones observed in the ASE group
(Figure 2, Table 4). In most teeth, pulp displayed low-
grade to moderate chronic inflammatory responses.
Moderate inflammation and total tissue disorganisa-
tion were observed in two and one of the specimens,
respectively. Incomplete amorphous dentin bridge

formation with varying degrees of mineralisation oc-
curred in two specimens; none of the teeth from this
group displayed complete hard barrier formation. No
specimens stained positive for bacteria.

CH group
The histological aspects of pulp tissue following CH
treatment are shown in Figure 3. No moderately-in-
tense inflammation or total tissue disorganisation
were found in any of the CH specimens (Table 4).
The adjacent pulp tissue exhibited no or few scattered
inflammatory cells associated with a few dilated blood
vessels, and six of the eight CH teeth exhibited slight
disorganisation of the pulp tissue in the superficial
zone. In two specimens, thin complete dentin bridge
formation (12.1 µm and 9.5 µm) with varying degrees
of mineralisation and odontoblast–like cells were
observed (Figure 3, Table 4). No specimens stained
positive for bacteria.

Table 3. Assessment of bleeding levels immediately after capping

                                   Bleeding levels

Capping material Absent Slight Moderate              Abundant Mean score

n % n % n % n %

ASE 9 75 2 16.7 1 8.3 0 0 0.33

APLP 11 91 1 8.3 0 0 0 0 0.08

CH 7 87.5 1 12.5 0 0 0 0 0.13

The differences between three experimental groups were not statistically different according to the Mann-Whitney U test and the Kruskal-Wallis test

Figure 1. Pulp morphology of a feline tooth capped with
ASE. Incomplete amorphous dentin bridge formation
(black arrow). Cavity restoration (A); pulp (B); dentin (C).
H&E staining, total magnification 400 ×
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Negative control group
A control group consisting of intact teeth permitted
evaluation of the histological processing of speci-
mens. The pulp tissue in the intact control group
exhibited an odontoblast layer, a zone of Weil, a cell-
rich zone, and central pulp with normal characteris-
tics. No specimens stained positive for bacteria
(Table 4).

Statistical evaluation

Bleeding assessments in the three experimental
groups were not statistically different according to the
Mann-Whitney U test and the Kruskal-Wallis test
(Table 3).

Histological assessment data revealed no signifi-
cant differences among the APLP and ASE groups

Table 4. Characteristics of the pulp reaction to the applied capping systems

Experimental Score                  Number of teeth Mean score p-value*

result 0 1 2 3

Inflammatory cell response ASE 3 8 1 0 0.83

APLP 3 7 2 0 0.92 0.044

CH 6 2 0 0 0.25

#ASE v. CH p < 0.05; #APLP v. CH p < 0.05

Tissue disorganisation ASE 1 9 2 0 1.08

APLP 0 11 1 0 1.08 0.179 ns

CH 2 6 0 0 0.75

Hard tissue formation ASE 9 2 1 0 0.33

APLP 10 2 0 0 0.17 0.001

CH 1 3 2 2 1.63

#ASEvs CH p < 0.01; #APLPvsCH, p < 0.01

Bacterial presence ASE 12 0 0 0 0

APL 12 0 0 0 0 ns

CH 8 0 0 0 0

*Kruskal-Wallis test; ns — not significant (p > 0.05); #Mann-Whitney U test

Figure 3. Pulp tissue of a feline tooth capped with CH.
Complete hard tissue bridge formation (black arrow) and
normal soft tissue organisation beneath the exposed site. Cavity
restoration (A); pulp tissue (B); dentin (C). H&E, 200 ×

Figure 2. Pulp morphology of a feline tooth capped with
APLP. Note congestion in the stroma of the pulp tissue
(white arrow) and incomplete amorphous dentin bridge
formation (black arrow). Cavity restoration (A); pulp tissue
(B); dentin (C). H&E, 200 ×
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(p > 0.05; Kruskal-Wallis test). Ca(OH)2 capping re-
sulted in a significantly lower number of inflammatory
cells in the pulp tissue (p < 0.05), and a notably higher
incidence of reparative dentin formation (p < 0.01)
than in either the ASE or APLP procedure (Table 4).

Discussion

In this study, one out of 12 teeth capped with ASE,
and two out of 12 teeth capped with APLP, showed
moderate inflammatory pulp responses. None of the
teeth from these groups displayed complete hard bar-
rier formation. In contrast, the teeth in the control
group, capped with Dycal, showed favourable histo-
pathological results. Therefore, the null hypothesis
considered in this study that there are no differences
in the pulpo-dentin complex response to three capping
techniques (calcium hydroxide, one-step and two-step
self-etch adhesive systems) application as a direct pulp
capping in non-human teeth, cannot be accepted.

Adverse pulpal responses may result from factors
such as operating procedures, bacterial penetration
due to microleakage, and toxicity of the material
[1–2, 5, 9–10, 15, 18, 27–29, 37–38]. Specific operating
procedures used during capping may be critical for
pulp tissue healing; controlling bleeding and blood
clot formation is also critical for a successful direct
capping [5, 18, 27]. In the present study, pulp bleed-
ing was controlled only by irrigation with saline solu-
tion and the placement of sterile cotton pellets onto
the pulp exposure sites. Effective haemostasis with
saline solutions has been reported previously [3, 4,
15]. Neither self–etch adhesive system used in the
present investigation (AdheSE and AdperPromt
L-Pop) require a separate acid etching step, which
prevents the recurrence of bleeding after etching. The
bleeding generated by APLP was the smallest during
direct pulp capping procedures (Table 3). In some
cases, contact of the pulp tissue with ASE started the
bleeding process, thus damaging the adhesive prop-
erties. Similar results after direct pulp capping have
been described in animal teeth by Kiba et al. [10] and
in human teeth by Silva et al. [4].The effect of self-
etching bonding systems on the control of pulpal
bleeding in direct pulp exposures was evaluated in a
study of contraction of pulp blood vessels in the rat
carotid artery model [39]. Dose-dependent smooth
muscle relaxations caused by the bonding agents were
compared with papaverine’s effects. Four dentine-
bonding agents produced dose-dependent relaxation,
while APLP produced epinephrine-like contractions
of the rat carotid artery [39]; observations from our
study are similar.

In the present in vivo study, none of the specimens
in the hard-setting Ca(OH)2 cement control group

presented moderate inflammatory pulpal reaction, in
contrast to the two investigated self-etch systems (Ta-
ble 4), which showed in the pulp tissue located below
the chronic inflammatory response and tissue disor-
ganisation with congested blood vessels. Our obser-
vations of the pulpo-dentin complex response to the
self-etching adhesive resin systems correspond with
similar observations made in humans [1, 12–14, 17,
19] and animals [2, 5, 29]. These found that even in
the absence of bacterial contamination, pulp capping
with different total etch and self-etch adhesive sys-
tems resulted in inflammatory reaction, predominant-
ly with a chronic inflammatory cell infiltrate, pres-
ence of macrophages and giant cells around the resin
globules within the pulp tissue, morphologic cell al-
terations, and hyalinisation of pulp cells [2, 5, 29]. Cui
et al. [29] described more pronounced histological
changes in pulpal tissue in teeth treated with self-etch-
ing adhesive systems (Clearfil SE Bond, ImpervaFlu-
oroBond and Prompt L-Pop) than in a control pulp
treated with Ca(OH)2, reporting that microleakage
had a critical impact on pulp repair. It has been dem-
onstrated that after APLP direct capping, the remain-
ing pulp tissue exhibited varying degrees of inflam-
matory reactions, ranging from moderate to severe.
Progressive extension of tissue necrosis over time also
occurred [2, 5].

Better results, with less pronounced inflammation,
were reported in a human study with the Prompt
L-Pop system [7] and in animal studies [10–11, 20–
–21]. The extent of inflammation or necrosis of a small
layer of pulp following capping with the Prompt
L-Pop system was generally comparable to that caused
by calcium hydroxide, and resulted from bacterial in-
vasion caused by microleakage [7]. Contrary to our
results, Kitasako et al. [20] revealed that self-etching
adhesive resin system Clearfil Liner Bond 2 showed
a significantly less extensive inflammatory cell infil-
tration than the hard-setting Ca(OH)2 following den-
tin bridging. These and other authors [7, 10–11, 20]
have suggested that the chemical composition of resin
monomers did not correlate with the histopathologi-
cal responses.

Formation of the dentinal bridge at the interface
between the pulp and pulp-capping material is a con-
troversial issue because it may either be a sign of heal-
ing or a reaction to irritation [8, 11, 38]. In this study,
we interpreted the formation of the dentinal bridge
as a sign of healing. Incomplete amorphous dentin
bridge formation with varying degrees of mineralisa-
tion occurred in three and two specimens of ASE and
APLP, respectively. The odontoblast layer adjacent
to the exposed pulp was disrupted or occasionally
absent. Similarly to other published studies [2, 5, 29],
we found in none of the systems complete dentin
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bridge formation. Koliniotou-Koumpia et al. [2] and
Silva et al. [5] reported a total absence of continuous
hard tissue bridge formation after APLP capping,
while Dycal induced a smaller inflammatory response
and a more consistent formation of reparative den-
tine, similarly to our findings. The presence of chron-
ic inflammatory response appears to play a role in
the lack of complete dentin bridge formation [2].

Our findings contrast with the results of other stu-
dies which revealed that the bonding agent sealing
on the cavities functioned as an effective barrier in
the dentin bridges after bacterial challenges [7, 10–
–11, 20–21]. Previously, it was reported that the re-
sponse of pulpal tissue and formation of dentin bridg-
es to various total-etch and self-etching systems was
generally comparable to that of calcium hydroxide.
For example, in a human study, Scarano et al. [7]
found no differences in histological reaction between
the self-etching system Prompt L-Pop, total-etch sys-
tem Solid, and calcium hydroxide material after
15 days. In the specimens from all groups, there were
active odontoblasts near the composite resins and the
healing process with hard-tissue formation was more
evident at the periphery of the exposed pulp [7].

After application of both studied self-etching res-
in systems and calcium hydroxide, we did not observe
the presence of bacteria visualised by histological
staining, which is in accordance with previous studies
[2, 5, 36]. For example, Silva et al. [5] reported that
bacteria were not identified by Brown and Brenn
staining, but pulp necrosis occurred in 100% of the
specimens capped with the APLP system. However,
some authors [7, 9–11, 20–21, 28–29] have reported
that the inflammation or necrosis of pulp was a con-
sequence of bacterial invasion caused by microleak-
age rather than by irritation caused by the resin ma-
terial itself. Medina et al. [21] compared the effect of
three single-bottle and four self-etching primers on
calcium hydroxide in exposed animal pulps and found
that some of the self-etching adhesives induced a per-
sistent moderate to severe inflammatory pulp re-
sponse with positive bacterial staining. Cui et al. [29]
observed positive bacterial staining and diverse pul-
pal responses in most specimens in experimental
groups (Clearfil SE Bond, ImpervaFluoroBond and
Prompt L-Pop). It has been reported that microleak-
age had critically affected pulpal repair and was not
detrimental to cap the pulp with self-etching adhe-
sive systems [7, 29]. Cox et al. [9] and Kitasako et al.
[20] showed that dentinal bridges beneath a hard set-
ting Ca(OH)2 contained multiple tunnel defects,
which might serve as a pathway for bacterial contam-
ination leading to infection or necrosis because of
microleakage.

From the available data, it may be inferred that pulp
inflammation and necrosis was primarily induced by the
toxicity of the adhesive system composition. Indeed, the
absence of dentin bridge formation may result in de-
generative pulp alterations by all components of den-
tin-bonding systems and resin composites [1–2, 5, 22].
ASE and APLP consist of monomers such as
dimethacrylate, phosphonic acid acrylate, HEMA, and
Bis-GMA (Table 1), any of which may be toxic to pulp
cells. Pashley et al. [40], reported that Prompt L-Pop
was not completely polymerised on the dentine, and this
observation suggests that a fresh application of primer
and adhesive may exert an acute toxic effect on the pulp
cells. The concentrations of AdheSE and Prompt L-Pop
that caused 50% cell death were 0.30 mg/mL and 0.68
mg/mL, respectively [31]. In contrast, no cytotoxic ef-
fects of the dental adhesives were observed in a dentin
barrier test device [33, 37]. The concentrations of un-
cured resin components can evoke either immunosup-
pression or immunostimulation on mitogen-driven pro-
liferation of determined cells [31, 41].

In summary, in the current study, the effect of ASE
and APLP on the pulp was found to be comparable.
In most cases, a significantly more pronounced in-
flammatory cell response and a considerably lower
incidence of reparative dentin formation compared
to the CH procedure was observed. None of the teeth
in the experimental groups displayed a complete for-
mation of a hard barrier. Thus, the present form of
DBSs might not be the best choice of material in di-
rect pulp capping treatment. While observations in
this study extended throughout a period of 40 days, it
is possible that over a longer period a complete for-
mation of dentin bridge would have taken place after
the use of ASE and APLP. Moreover, it has to be
emphasised that we used animals with healthy young
teeth with no inflammation, while in most clinical
cases, pulp exposure frequently occurs by a carious
process, in which bacteria and inflammation are
present. For this reason, the results observed in ani-
mals’ teeth may not be directly applicable to clinical
conditions and human teeth, and prompt us to per-
form further clinical investigations and histopatho-
logic studies on human subjects.
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