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ABSTRACT:
Aim: to compare micromorphological changes in pri-

mary and permanent dentin after etching with phosphoric acid
(20% and 37,5%) for 7 and 15 sec. by SEM.

Material and methods: The study included 42 pri-
mary and permanent teeth, divided into 8 groups by etching
time and acid concentration. Enamel and dentin were re-
moved from the vestibular area and after the expiration of
etching time samples were washed with water-air stream and
dried with light airflow. From each sample 10 magnified im-
ages were made from central vestibular area. The cleaning
effect was measured in percentage, as a ratio between the
number of uncleaned tubules to the total tubules. Results were
analyzed with One-way and MANOVA.  Post hoc Multiple
Comparisons test – SPSS 19 was applied.

Results: The proportion of uncleaned tubules in pri-
mary teeth was higher than that of permanent teeth at acid
concentration of 20%. At a concentration of 37.5% this rela-
tionship is reversed. At 7 sec there was a bigger difference
between the share of uncleaned tubules for primary and per-
manent teeth, while at 15 sec this difference virtually disap-
pears. The difference in the proportion of uncleaned tubules
between the two acid concentrations at 7 seconds etching is
significantly greater compared to the same difference between
the two acid concentrations by etching for 15 sec.

Conclusion: Effectively removed smear layer and no
precipitate was observed in primary teeth even at 7 seconds
etching with 37.5% acid.

Key words: etching time, primary dentin, permanent
dentin, smear layer, SEM, peritubular dentin

The etching is a key moment in the preparation of the
tooth for application of adhesive systems which are applied
with the Total-etch approach [1]. Considering that, the etch-
ing of the dentin is of fundamental importance and at the same
time is a problematic area for achieveing sufficient bond
strength [2, 3].

In dental practice enamel and dentin are both etched.
The goal is to create a chemically clean surface and
microretentions [3, 4]. Therefore, a micromechanical bond is
created - via the formation of “resin tags” of the adhesive into
the dentin tubules as well as a nano mechanical bond - via the

penetration of the adhesive in the demineralized space be-
tween the collagen fibers of the intertubular dentin [3, 5].

At this stage, the data for a better and a long lasting
bond with the dentin after the removal of the smear layer,
which is achieved by total etching, prevails [1, 6, 7].

The adhesive dentine bond strength is a function of its
morphology and the etching agents [5, 8]. The morphology
of the dentin substrate can be changed as a consequence of
age-related changes, the presence of carious and non-carious
lesions, as well as the type of dentition – primary or perma-
nent [4, 6, 7, 9-13]. The effect of the etching agent depends
on the type and concentration of the acid, time and the man-
ner of its application [14-18].

The comparison of the composition and the morphol-
ogy of the dentin of the primary and permanent teeth shows
some differences [8, 10, 16, 19-22]. In a study of the hardness
of the coronal dentin’s central zone it was found that the den-
tin in permanent teeth is significantly harder than the one of
the corresponding areas in the primary teeth [20, 22-26]. The
dentin of permanent teeth is with higher mineralization [27],
based on the fact that the hardness is directly related to the
degree of mineralization [16, 20, 23]. The primary teeth den-
tin is characterized by a lower hardness, and hence it is with a
lower degree of mineralization in comparison with the one in
permanent teeth. A lower calcium and phosphorus concentra-
tion in the peritubular and intertubular dentin is found as well
as lower micromechanical features [21, 23, 25, 26, 28, 29].

Furthermore, there is a difference in the tubular den-
sity and the size of the dentin tubules- characteristics which
define the dentin permeability. These differences lead to a dif-
ferent amount of intertubular dentin, which is the largest and
most significant component of the dentin in terms of bonding
procedures [10, 21, 26, 30].

Studies on the hybride layer, performed on primary
and permanent teeth, also indicate for differences in the thick-
ness of this layer. The formed hybrid layer in primary teeth is
much thicker than the one in permanent teeth when the same
protocol of adhesive application is performed [21, 23, 31].

All of this gives grounds to suggest that the probable
reason for these results are the different dentin reactions of
deciduous teeth to acid used for etching before the applica-
tion of the adhesive system [8, 22, 25, 28, 32, 33].

All established parameters to achieve adequate dentin
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surface for bonding by application of adhesive systems have
been tested in permanent teeth [4-6, 19, 34]. The same clini-
cal protocol is transmitted directly in primary teeth, without
taking into consideration the differences in the composition
and morphology of dentin that exists between the teeth from
both dentitions [21, 23, 26, 35, 36].

The aim of this study is to compare the micromorpho-
logical changes in dentin in primary and permanent teeth af-
ter etching with 20% and 37,5% phosphoric acid for 7 and 15
seconds by using Scanning Electron Microscope (SEM).

In order to achieve the goal the following task was set:
- to determine the degree of cleaning the smear layer

with different concentrations of phosphoric acid and for dif-
ferent etching time.

The working hypothesis is that there are no differences
between the dentin in permanent and primary teeth, as wells
as that etching time and acid concentration have no influence
on the degree of smear layer removal.

MATERIAL AND METHODS
Selection and preparation of experimental samples:The

study used intact extracted teeth from both dentitions. The
primary teeth were collected from healthy children between
the age of 7 and 9 after their parents signed informed consent
for the use of the teeth in the experiment. The permanent teeth
were also collected from healthy patients aged 55-65 years
who also signed informed consent. The deciduous teeth were
extracted due to physiological exfoliation or because of or-
thodontic treatment and the permanent - due to  periodontal
problems. After extraction, the teeth were placed in 10% for-
malin solution for 10 minutes, then until the time of execu-
tion of the task were stored in saline.

Grouping of the experimental samples. The study in-
cluded 42 intact teeth (primary and permanent incisors and
canines). The teeth were divided randomly into 8 groups of 5
teeth in each group (only primary and only permanent), de-
pending on the etching duration and phosphoric acid concen-
tration (table 1).

Preparation the tooth surface. With a turbine round bur
(ISO 806 314 001 534 012 for primary teeth and ISO 806
314 001 534 014 for permanent teeth) and water-air cooling
a cut in medio-distal direction along the vestibular surface is
made. The purpose was pre-marking the depth of removal of
enamel and dentine. With a turbine fissure diamond bur (ISO
806204108524835010) and the water-air cooling the enamel
and dentin parallel to the long axis of the tooth, at the depth
of the round bur marking, are removed. Diamond burs were
changed after every three teeth. The surface after drilling was
polished with an abrasive disk (ISO 625900372523) each
used only for one tooth.

All prepared samples were observed with an optical
microscope OLYMPUS VANOX-T under magnification of
25x to 100x, to establish whether the enamel was completely
removed from the vestibular surface.

Dentin etching. The etching agents 20% (Pekaetch 20,
Heraeus Kulzer GmbH) and 37,5% (Esticid - Gel, Heraeus
Kulzer GmbH) phosphoric acid were applied for 7 or 15 sec.

After the etching time expired each sample was
washed with water-air stream for 15 sec and dried with gen-
tle scattered airflow at a distance of 20-25 cm for 5 sec. The
prepared samples were left at room temperature for 24 hours
in separate sterile petri dishes for each group to avoid con-
tamination before the SEM observation.

Control samples. One tooth from each dentition was
not etched after the removal of enamel and dentin from the
vestibular surface in order to be used as a control sample.

Development of SEM images. Ten SEM images were
taken of each sample at magnifications of 1,500 from a zone
with dimensions of 114µm \ 35.2µm in the central part of the
vestibular surface of the researched object. The analysis of
all 420 SEM images served for evaluation of the etching ef-
fect for each sample.

The criteria for assessing the cleaning effect of the ac-
ids are:

- Degree of removal of the smear layer by comparing
the number of dentin tubules’ orifices without plugs and those
which are partially or completely obstructed from smear layer
on each image;

- Presence of a smear layer within the intertubular den-
tin - presence of precipitates and deposits on the surface of
the intertubular dentin.

The cleaning effect is measured in percentages – as a
ratio between the number of uncleaned (fully or partially ob-
structed by a smear layer) tubules and the whole amount of
tubules in each image.

For a statistical measuring of the results single-variate
(One-way ANOVA) and multivariate (MANOVA) dispersion
analysis for comparison of quantifiable indicators in more
than two groups and assessment of the combined impact of
several factors were used. PostHocMultipleComparison test
after establishing a statistically significant difference between
the groups for analyzing the differences in pairs - packet
SPSS 19 was also used.

Table 1. Grouping of the experimental samples.

                                 Etching 20% phosphoric acid 37,5% phosphoric acid

Group/tooth type 7 sec 15 sec 7 sec 15 sec

Group/primary teeth
Group 1 Group 3 Group 5 Group 7

n= 5 n= 5 n= 5 n= 5

Group/permanent teeth
Group 2 Group 4 Group 6 Group 8

n=5 n= 5 n= 5 n= 5

n = number of samples
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RESULTS
Control samples
Dentin control samples without etching indicated a

smear layer in both types of teeth – primary and permanent
(figure 1).

Fig. 1. Representative SEM images of a smear layer on the dentin surface of a primary (A) and a permanent (B)
tooth.

The non-etched dentin surface was covered with a
smear layer with identical characteristics in both types of
samples. The smear layer could be seen as a veil that cov-
ers the treated dentin surface. The inherent microcanal struc-
ture of the dentin cannot be seen. In some places the smear
layer was cracked. Visible cracks, which probably corre-
spond to the entrances of the dentin tubules, could be ob-
served. The surface of the smear layer was scattered with

Fig. 2. Representative SEM images of dentin surface of a primary (A) and permanent (B) tooth etched with 20%
phosphoric acid for 7 seconds. A preserved smear layer on the intertubular dentin can be observed.

The smear layer was removed primarily over the den-
tin tubules and preserved over the intertubular dentin (pins,
fig. 2A and B). In some places some of the dentin tubules
orifices were not exposed. That’s why the number of opened
dentin tubules was smaller than their real quantity. Many
of them remain obscured from the smear layer (pointer fig.

2A and B).
Groups 3 and 4 - 20% phosphoric acid for 15 sec-

onds
The results in group 3 primary and group 4 perma-

nent teeth with increased etching time of 15 sec are similar
to the previous ones. Some of dentin tubules remain by par-

particles with irregular shapes and different sizes which
were visibly not well attached to it.

When 20% phosphoric acid was applied the follow-
ing results were observed:

Groups 1 and 2 - 20% phosphoric acid for 7 seconds
The etching of the dentin surface in the two groups

- primary and permanent teeth, breaks, but does not com-
pletely remove the smear layer (figure 2).
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tially or completely obscured by smear plugs (pointer fig.
3). In both groups residues from the smear layer and pre-

Fig. 4. Representative SEM images of dentin surface which was etched with 37,5% phosphoric acid for 7 seconds
at a primary (A) and a permanent (B) tooth. Dentin surface that is clear of smear layer is established (figure 4A) and
single plugs in the dentin tubules (pointer and residues from a smear layer on the intertubular dentin in permanent teeth
(figure 4b - pins).

Fig. 3. Representative SEM images of dentin surface of a primary (A) and permanent (B) tooth which was etched
with 20% phosphoric acid for 15 sec. There were residues of a smear layer (pins) and single, dentin tubules that are
obscured with smear layer plugs (pointer).

Dentin tubules in Group 3 which were obscured with
smear plugs were rarely observed when comparing the re-
sults between Group 1 and Group 3a (figure 2 and figure
3), but remnants of the smear layer and precipitates on the
intertubular dentin were preserved. The results are similar
in the groups of permanent teeth - 2 and 4. Uncleaned den-
tin tubules in group 4 were more rarely observed, but still
remnants of smear layer on the intertubular dentin in both
groups (fig. 2B and fig. 3B) could be seen.

The following results when applying 37,5% phos-

Groups 7 and 8 – 37,5% phosphoric acid for 15 sec-
onds

In the group of permanent teeth (Group 8), we ob-

cipitates within the intertubular dentin are observed (pins -
fig. 3A and B).

phoric acid were observed:
Groups 5 and 6 – 37,5% phosphoric acid for 7 sec-

onds
A fully removed smear layer of the intertubular den-

tin and of the dentin tubules’ orifices can be observed in
the tested primary teeth from group 5 (fig. 4A). In the per-
manent teeth from Group 6 precipitates and residues of the
smear layer on the intertubular dentin surface can still be
observed (pins, fig. 4B). There are also remnants of plugs
in the orifices of the dentin tubules (fig. 4B pointer).

serve a clean of a smear layer and plugs dentin surface as
well as a lack of precipitates after 15 seconds of etching
with 37,5% phosphoric acid (fig. 5B).
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Fig. 5. Representative SEM images of a dentin surface of a deciduous (A) and a permanent tooth (B) - 15 sec,
37,5% acid.

In primary teeth (group 7) there is no difference in the
quality of cleaning of the dentin surface as compared to the
samples from group 5 (fig. 4A) It is again observed that the
smear layer is completely removed from the intertubular den-
tine and the dentin tubules orifices are opened. It is notewor-
thy that the result of cleaning of the primary teeth which were
etched with 37,5% acid for 7 seconds is the same as the one

with the extended time for etching (fig. 5).
Statistical analysis
Table 2 presents the total number of tubules and the

uncleaned ones of all samples from the different groups. Sta-
tistical analysis was made for the evaluation of the cleaning
effect of the two acids concentrations in both dentitions.

The cleaning effect is measured in percentage as the
ratio between the number of uncleaned (fully or partially
obscured of smear layer) tubules to the total number of tu-
bules on the respective SEM images.

In all groups tested for etching with phosphoric acid
20%, a statistically significant difference (p <0.0001) was
detected. When etched for 7 sec (group 1) the share of
uncleaned dentine tubules is 10.43%. By increasing the

etching time to 15 sec (group 3) the share of uncleaned tu-
bules is 1.48%. The smaller value of the share of uncleaned
tubules means higher cleaning effect (table 3). In the group
of permanent teeth that were etched for 7 sec the share of
uncleaned dentin tubules from all SEM images from group
2 is 8.76%. When etched for 15 sec the share of uncleaned
tubules in group 4 is 1.51%. Better cleaning effect is
achieved when the etching duration was 15 sec (table 3).

Table 2. Number of present uncleaned tubules after etching with a different percentage of phosphoric acid.

   Time 20% phosphoric acid 37,5% phosphoric acid
Number of Number of Total Number of Total Number of

samples SEM images number of uncleaned number of uncleaned
         Tooth type tubules tubules tubules tubules

7 sec.

Primary tooth
n = 5 50 8699 905 8885 4

7 sec.

Permanent tooth
n = 5 50 10095 884 10183 328

15 sec.

Primary tooth
n = 5 50 8894 131 8951 -

15 sec.

Permanent tooth
n = 5 50 10194 154 10018 -
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The analysis of the influence of the type of tooth
shows statistically significant difference in the proportion
of uncleaned tubules between primary and permanent teeth,
but only when etched for 7 sec (p <0.001). Etching for 15
sec shows no statistically significant difference (p> 0.05)
(table 4).

 A statistically significant difference was found in
evaluating the combined impact of these two factors – etch-
ing time and type of teeth (permanent or primary)  when
20% acid was used (table 5) (p <0.001). For this purpose a
multivariate analysis (MANOVA) was used.

It was observed that there is a stronger cleaning ef-
fect in permanent teeth than that in primary ones with this
acid concentration (table 5). The influence of the etching
time is also statistically significant (p=0.000). When etch-
ing for 7 sec was used there was a lower cleaning effect.
The co-influence was evaluated as statistically significant
- the differences in the cleaning effect between primary
and permanent teeth when etching for 7 sec are dissimi-
lar to those when etching for 15 sec was applied - increas-
ing the etching time 15 sec leads to a better cleaning re-
sult in the deciduous teeth -  an opening of more dentin
tubules (table 5).

The statistical processing of the data on the effect of
cleaning of the 37,5% phosphoric acid for different times
of exposure - 7 and 15 sec in the group of primary teeth
(groups 5 and 7) showed no statistically significant differ-
ence (p> 0.05) (table 6). The increased etching time did not
lead to better cleaning effect in the group of primary teeth
- the results showed that 100% of the dentin tubules are
cleaned with a 7 sec etching (table 6). The statistical analy-
sis of the results under the same conditions for the group
of permanent teeth (groups 6 and 8) showed a statistically
significant difference in the effect of cleaning for 7 sec and
15 sec (p <0.0001) (table 6).

Table 3. Uncleaned tubules in samples of primary and permanent teeth after etching with 20% phosphoric acid.

  Group Number of SEM Uncleaned tubules(%)

                        Time for etching  images mean±SE
T P

Group 1 – 7 sec 50 10.43 ± 0.18

Group 3 – 15 sec 50 1.48 ± 0.10
44.15 < 0.0001*

Group 2 – 7 sec 50 8.76 ± 0.18

Group 4 – 15 sec 50 1.51 ± 0.10
62.47 < 0.0001*

*Statistically significant difference

Table 4 shows the effect of etching time for the two groups of samples when etching with 20% acid is performed.

Table 4. Difference in number of uncleaned tubules in primary and permanent dentition at 7 and 15 sec of etching

Group Number of SEM Uncleaned tubules (%)

Etching time images  mean±SE
T P

Etching for 7 sec

Primary teeth 50 10.43 ±0.18

Permanent teeth 50 8.76±0.11
7.94 <0.001*

Etching 15 sec

Primary teeth 50 1.48 ±0.09

Permanent teeth 50 1.51±0.03
0.31 >0.05

* Statistically significant difference

Table 5. Co-influence of the factors etching time and tooth type when etching with 20% phosphoric acid in refer-
ence to the share of uncleaned tubules (results of two-factor analysis).

Tooth Etching Uncleaned Number of

 type time  tubules (%) SEM images
Factor F p*

Primary 7 sec 10.43 50 Type of tooth 48.66 = 0.000

teeth 15 sec 1.48 50 Etching 4799.29 = 0.000

Permanent 7 sec 8.76 50 Type of tooth 52.68 = 0.000

teeth 15 sec 1.51 50 *Etching time

*Empirical level of statistical significance (MANOVA)
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The results of the influence of the tooth type factor
show a statistically significant difference (p = 0.000). In per-
manent teeth a weaker cleaning effect was observed. The
effect of the etching time was also statistically significant.
When etching for 7 sec was applied a weaker cleaning ef-
fect in the permanent teeth is observed. The co-influence
of the two factors – etching time and tooth type was also
assessed as statistically significant – the differences in the
cleaning effect between primary and permanent teeth dur-
ing etching for 7 sec had different levels compared to these

which were etched for 15 sec. The results show a signifi-
cant difference in cleaning effect on the teeth types that were
etched for 7 sec and show insignificant difference when
etching for 15 sec was performed (table 7).

A multivariate analysis (MANOVA) was also per-
formed in order to assess the combined impact of all the
above mentioned factors - tooth type, etching time, etching
agent concentration (table 8). Therefore a model is applied
including all factors and studying their impact on the share
of uncleaned tubules.

When a 7 sec etching is applied, the share of
uncleaned dentin tubu

les of all SEM images of Group 6 is 3.22%. When
etching for 15 sec is applied the share of uncleaned tubules
in group 8 is 0%. Better cleaning effect in the groups of
permanent teeth was found at the 15 sec etching time.

Longer etching results in achieving a cleaner dentin surface
and fully opened dentin tubules (table 6).

A multivariate analysis (MANOVA) was used again
for an assessment of the combined effect of the factors etch-
ing time (7 and 15 sec) and tooth type (primary or perma-
nent) when using 37,5% phosphoric acid (table 7).

Table 7. Co-influence of the factors etching time and tooth type when etching with 37,5% phosphoric acid is ap-
plied in terms of the relative share of uncleaned tubules (results of a two-factor analysis).

Type of tooth
Etching Uncleaned Numbers of

time  tubules (%) SEM images
Factor F P*

Primary 7 sec 0.04 50 Tooth type 468.94 = 0.000

teeth 15 sec 0.00 50 Etching time 495.85 = 0.000

Permanent 7 sec 3.22 50 Tooth type 468.94 = 0.000

teeth 15 sec 0.00 50 *Etching time

*Empirical level of statistical significance (MANOVA)

Table 6. Uncleaned tubules in samples of primary and permanent teeth after etching with 37,5% phosphoric acid.

Group Number of Uncleaned tubules (%)

                               Time for etching SEM images mean±SE
T P

Group 5 – 7 sec 50 0.04 ± 0.02 Mann Whitney >0.05

Group 7 – 15 sec 50 0.00 ± 0.00  U test

Group 6 – 7 sec 50 3.22 ± 0.14 22.2 < 0.0001*

Group 8 – 15 sec 50 0.00 ± 0.00

*The difference is statistically significant
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Table 8. Co-influence of the factors etching time, tooth type and acid concentration in reference to therelative share
of uncleaned tubules (results of MANOVA).

Type of Concen- Etching Uncleaned Number of

tooth tration time  tubules (%) SEM images
Factor F P*

Primary 20% 7sec. 10.43 50 Type of tooth 31.42 = 0.000

teeth 15sec 1.48 50

Average value for 5.95 100 Concentration 4691.34 = 0.000

20% concentration

37,5% 7 sec. 0.04 50 Etching time 4972.10 = 0.000

15 sec. 0.00 50

Average value for 0.02 100 Type of tooth - Concentration 303.51 = 0.000

37,5% concentration

Total for 7 sec. 5.24 100 Type of tooth - Etching time 28.80 = 0.000

 20% and 15 sec. 0.74 100

 37,5 % Concentration - Etching time 2193.52 = 0.000

concentr.

Average value for primary teeth 2.99 200 Tooth type - Concentration 311.89 = 0.000

Permanent 20% 7 sec. 8.76 50 - Etching time

Teeth 15 sec. 1.51 50

Average value for

20% concentration 5.14 100

37,5% 7 sec 3.22 50

15 sec 0.00 50

Average value for

37,5% concentation 1.61 100

Total for 7 sec 5.99 100

20 and 15 sec 0.76 100

37,5 %

concentr.

Average value for permanent teeth 3.37 200

20% 7 sec 9.59 100

15 sec 1.49 100

Total Average value for 5.54 200

Primary 20% concentration

Teeth + 37,5% 7 sec 1.63 100

Permanent 15 sec 0.00 100

Teeth Average value for

37,5% concentration 0.82 200

Total for 7 sec 5.61 200

20 and 15 sec 0.75 200

37,5 %

concentr.

Average value for primary teeth
+ perm teeth.

3.18 400

*Empirical level of statistical significance (MANOVA)
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The following statistically significant effects were
obtained (p <0.0001, table 8):

1. One-dimensional effect:
a. Type of tooth – the share of uncleaned tubules is

statistically significantly higher in permanent teeth - 3.37%
compared to 2.99% for primary teeth;

b. Concentration – the share of uncleaned tubules is
statistically significantly higher at 20% vs. 37,5% - respec-
tively 5.54% compared to 0.82%;

c. Etching - the share of uncleaned tubules is statis-
tically significantly higher at 7 sec than 15 sec - respectively
5.61% compared to 0.75%;

2. Two-dimensional effects – co- influence of two
factors

a. Type of tooth and concentration - the share of
uncleaned tubules in primary teeth is higher than the one
in permanent teeth at a concentration of 20% (5.95% against
5.14%) and at a concentration of 37,5% this relation is re-
versed (0.02% for the primary against 1.61% for permanent
teeth);

b. Type of tooth and etching - in the 7 sec etching a
more notable difference between the share of uncleaned tu-
bules for primary teeth and permanent teeth is observed
(5.24% vs. 5.99%), whereas for the 15 sec etching  this dif-
ference virtually disappears (0.74% vs. 0.76%);

c. Concentration and etching - the difference in the
proportion of uncleaned tubules between the two concen-
trations with etching for 7 sec is significantly greater (9.59%
with 20% acid as compared to 1.63% with the 37,5% acid)
compared to the same difference between the two concen-
trations and etching for 15 sec (1.49% for 20% acid com-
pared to 0.00% for 37,5% acid);

3. Three-dimensional effect – the co-influence of the
three factors - it manifests itself by the absence of a statis-
tically significant difference between etching 7 sec and 15
sec for primary teeth as cases of uncleaned tubules at 37,5%
concentration (table 6) and the existence of such in perma-
nent teeth (table 6). The corresponding difference at 20%
concentration were confirmed as statistically significant (ta-
ble. 3).

The cleaning effect is increased with increasing of
the concentration and the etching time as the manifestation
is different depending on the type of tooth - primary or per-
manent.

DISCUSSION
Our study aimed to trace the micromorphological

features of the etched dentine as a substrate for adhesion.
There were significant differences in the effect of etching
agents on the dentin in the process of removing the smear
layer. They showed that the application of phosphoric acid
of varying concentrations and for different time causes the
receiving of dentine substrate which is different for the teeth
from the two dentitions.

After any cutting of the tooth surface a smear layer
is formed. This layer contains the basic components of the
enamel, inter- and peritubular dentin, including dentin tu-
bules’ content, mixed with water, microorganisms, toxins,
enzymes, saliva. This layer may vary in composition, thick-

ness, density and degree of binding to the underlying tooth
structure, depending on the location of the preparation [37-
43]. When a preparation of the dentin surface is performed,
the dentin tubules are cut and therefore obscured by small
plugs of this layer, which will lead to reduction of dentin
permeability [44-46]. The smear layer can‘t be removed by
washing with water, but it is subject to dissolution in a to-
tal etching [3, 15]

The results of our study show that the reactivity of
the dentin of the primary teeth against an acid impact is dif-
ferent from the one of the permanent teeth (Table. 3, 6, 8),
which is in confirmation of the results obtained by other re-
searchers [15, 16, 26, 31, 47]. This rejected our working
assumption that there are no differences in the dentin in the
teeth of both dentitions.

The removal of the smear layer is related to the acid
concentration used and the time of contact with the dentin
surface [14, 15, 18, 21, 26, 48]. It is what our results re-
flected in the tables 3 to 8 showed.

The conclusion that can be drawn on the basis of our
study is that the 20% phosphoric acid applied for two dif-
ferent etching times did not create dentin surface cleaned
from a smear layer. Better cleaning effect is found in sam-
ples from permanent teeth (table 4). In primary teeth (fig.
2A) this smear layer is slightly affected. This is probably
due to the formation of a thicker smear layer which may
be associated with the presence of a larger amount of or-
ganic matter in the primary teeth, which is more resistant
to the acid etching. The presence of residues from the smear
layer and precipitates on the dentin surface probably will
lead to unsatisfactory adhesion of the interface between the
dentin and the hybrid layer which is a mediator in adhe-
sion. Obscuring of dentin tubules with smear plugs will not
allow the entry of a bonding agent and the formation of ad-
hesive tags that are also contributing to the bond strength.
Overall, this can be a reason for an adhesion failure. There-
fore, the existing smear layer will hinder the primer and the
bond from the adhesive system to carry out their purpose.

The 37,5% phosphoric acid that is used for dentin
surface etching removes the smear layer in primary teeth
much faster than in permanent teeth (p <0.0001, table 6 and
7) [10, 16, 26, 31]. We found that the application of  37,5%
phosphoric acid for 7 seconds on the primary teeth and for
15 seconds on the permanent leads to a complete removal
of the smear layer, both from the orifices of the dentin tu-
bules (table 6) and the areas of intertubular dentine in both
groups of samples (figure 4A and fig. 5B). The results from
the multi-factorial analysis for assessing the simultaneous
effect of the etching time and acid concentration show that
the cleaning effect rises with the increase of the concentra-
tion and the etching time as the manifestation varies depend-
ing on the type of tooth - primary or permanent (table 8).
This led to the rejection of the second part of our working
hypothesis - that the etching time and acid concentration has
no influence on the degree of removal of the smear layer.

The different dentin reactivity from the two denti-
tions can be due to two reasons. We assume that one of the
reasons for this could be the more pronounced buffering ca-
pacity of the dentin of permanent teeth and the consequent
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possibility of self-limitation of the action of acids. Another
possible reason is the difference in the number of dentin
tubules [26]. According to the authors who defend the views
about the smaller tubular concentration and the smaller di-
ameter of dentin tubules – the dentin of the primary teeth
exhibits also a lower permeability [10, 26]. The forthcom-
ing biomorphosis of the pulp of deciduous teeth determines
its reduced turgor, which can also have an impact. This
leads to the assumption that the dentin of the primary teeth
has a low surface moisture content, which leads to a change
in the agent’s etching effectiveness in the removal of the
smear layer as they exhibit a more aggressive action on the
dentin [18, 26].

 The etching of the dentin surface even for a short
time can lead to significant changes in the dentin structure.
It must be efficient, not extensive [1, 5]. In extensive dem-
ineralization of the intertubular dentin the collagen fibers
will collapse and the calcium phosphate crystals will pre-
cipitate and therefore a protective layer that may not be
completely impregnated by the adhesive primer and
monomer could be formed [5, 31]. The rate of adhesives
infiltration in the demineralized dentin gradually reduces
in the direction towards the base of the hybrid layer [5, 6,
49]. In this case the removed mineral matrix is not com-
pletely replaced by the primer as a more unstable area at
the base of the hybrid layer is left, which becomes a po-
tential route for micro- and nanoleakage, hydrolytic and
enzymatic degradation and as a whole - a place of bond-
ing failure [50, 51]. The dentin etching is of fundamental
importance to the adhesion effectiveness [16, 21, 26].  The
increased reactivity of the dentin of the primary teeth
against etchants is the reason that some authors recommend
the etching time for them to be cut in half, as compared to
that of the permanent [11, 31, 52, 53] in order to avoid the
possibility of a deeper demineralization and subsequent in-
complete infiltration of the primer/adhesive to the collagen

fibers, which will compromise the effectiveness of the ad-
hesion [18, 25, 54, 55].

The results of the survey show that reducing the etch-
ing time for the primary teeth dentin to 7 sec instead of 15
sec, recommended by manufacturers for the impact to per-
manent teeth, leads to the creation of dentin substrate which
is similar to that of permanent teeth in the case of using
37,5% phosphoric acid. This would reduce the possibility
of unnecessary increase of demineralization, damage to the
collagen fibers, concerns about their future impregnation
with the adhesive system and therefore concerns about the
bond strength with consequences such as micro- and
nanoleakage and restoration failure.

The foregoing, together with the results of our study,
gives a reason to assume that using the same clinical adhe-
sive application protocol in primary and permanent teeth is
probably the main reason for the primary teeth to show
lower adhesive bond strength at laboratory tests and reduced
durability of the aesthetic restorations in clinical conditions.

CONCLUSIONS:
When 20% phosphoric acid is applied a dentin

substrate free of smear layer is not created for the etching
time of 7 and 15 sec in both dentitions. Efficiently removed
smear layer and no precipitates were observed in primary
teeth after 7 seconds etching with 37,5% phosphoric acid.
The time of application of the etching agent and its con-
centration determine the removal of the smear layer.

Clinical relevance:
The creation of dentin substrate in primary teeth with

morphological characteristics similar to that of permanent
teeth, can be achieved by reducing the etching time to 7 sec
instead of 15 sec recommended by manufacturers and ap-
plied for permanent teeth when using the 37,5% phosphoric
acid as etching agent.
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