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The effect of etching on cat enamel made with 40% orthophosphoric acid for different times was evaluated. Twenty-one cat teeth were selected
and randomly divided into three groups of seven teeth each. They were subjected to etching on a circular area of the coronal enamel (diameter =
2 mm) for 30 s (group A), 45 s (group B) and 60 s (group C). The samples obtained were observed by a scanning electron microscope
focusing on the border area between etched and unetched enamel, to highlight the differences. The micrographs were subjected to blind
assessment of three experienced operators. The groups were statistically assessed with the Wilcoxon test. At 30, 45 and 60 s, the acid
attack results only in the formation of an irregular enamel surface and without uncovering and attack of the prismatic organisation.
Prismatic areas with preferential interprismatic action could be detected in few samples etched for 60 s. Analysis with ImageJ was also
used to quantify the efficacy of acid etching in the conditions used for human enamel, by an evaluation of grey levels. In cat enamel the
etching times considered are not as effective as in human enamel for the purpose of adhesion and the presence of a thick prismless layer
could explain this result.
Figure 1 SEM micrograph (5000 × ) of the surface of cat enamel
Arrows indicate thickness of the prismless layer

Figure 2 SEM micrograph (7000 × ) of the fractured cat enamel with
prisms visible in cross-section
1. Introduction: Always, and more frequently in the domestic cat,
dental restorations are made after fractures [1–3] using composite
and adhesive systems originally designed for man. The adhesion
usually occurs on the dentine and enamel, rarely on the cement,
but there is a lack of micromorphological specific works in the
literature about the relationship between these hard tissues of cat
tooth and the adhesive/composite clinically used systems. Optical
microscopy and scanning electron microscopy (SEM) have
widely described both the growth [4–8] and the structure and
composition of mature cat enamel. About the latter, in particular,
the surface of the cat enamel tends to appear smooth, with
notable deficiency of perikymata and prisms exposed in the
surface [9, 10]; this smooth surface would be formed ‘as a result
of slowed incremental growth of enamel prisms by ameloblasts,
which is associated with a change in the shape of the Tomes
process, resulting in a lack of distinction between pitfloor and
interpit enamel’ [9, 11]. However, small areas of lesion with
exposure of prismatic ‘cobbled’ enamel were noted. They are
probably related to wear and trauma that occurred during the
lifetime [9, 11, 12]. The thickness of the enamel varies, in the
cat, from 0.1 to 1 mm [13] and it is composed by three layers [10]:

† a surface prismless layer (Fig. 1, 5000 × ), that shows a thickness
ranging from 5 to 20 µm [9] and appears to cover all the surfaces of
the tooth with the partial exception of the cervical areas [10];

† an intermediate layer with parallel prisms only at some sites; and

† a deep layer, with parallel prisms and prominent bands of
Hunter-Schreger, in which the diameter of the individual prisms
seems to vary significantly and the course suddenly changes with
respect to that of the surrounding prisms [10].

However, the average diameter of the prisms in the cross-section is
5 μm [10, 14, 15], as in humans (Fig. 2, 7000 × ). The composition of
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cat enamel is, of course, based on calcium and phosphorus as in all
mammals (man included), but it seems that high concentrations of
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fluorides, sodium and magnesium ( < 5% of the total elemental
composition) in addition to the combined presence of sulphur, po-
tassium and iron combined ( < 0.1%) are also present [16].
Furthermore, the surface layer of the enamel seems to show the
lowest concentration of calcium [8] and there are differences in
composition between males and females [16].
Hence, it is evident that cat enamel is different from human

enamel [10]. Nevertheless, in the veterinary literature, the same
etching times and concentrations of orthophosphoric acid used for
the enamel of human teeth are recommended.
The aim of this work was to assess by SEM the effect of etching

on cat enamel made with 40% orthophosphoric acid for 30, 45 and
60 s (usually used for man). The hypothesis is that cat enamel reacts
to these etching conditions in a different way with respect to that of
human permanent teeth.
2. Materials and methods: Twenty-one teeth from domestic cats,
that had died from various causes, including twelve canines and
nine premolars were used. The teeth were extracted by closed
extraction, avoiding any damage to the enamel. Once extracted,
the dental roots were cleaned and the organic residues were
removed by manual scaling and then immersed for 12 h in a 5%
aqueous solution of sodium hypochlorite. The samples were then
thoroughly washed in distilled water and air-dried for 30 s. The
enamel of each extracted tooth was checked by a
stereomicroscope (Officine Galileo, Milan, Italy) at a
magnification of 40 × and there was no evidence of any
hypoplasias, resorptions, abrasions, infractions and fractures. The
samples were then randomly divided into three groups of seven
each. They were subjected to etching with orthophosphoric acid
gel (Acid Etch 40% – H Schein Inc., NY, USA) using a
disposable syringe, on a circular area of the coronal enamel with
a diameter of 2 mm. At the end of the etching each sample was
sprayed with an abundant mix of air and water and then air-dried
for 30 s by an air jet. The three groups differ for the etching time:
in group A each of the seven samples was subjected to etching
for 30 s, in group B the samples were treated as those of group A
but with an etching time of 45 s, in group C an etching time of
60 s was used [17].
All the samples obtained were then coated with a 300 Å carbon

layer by means of a sputter coater KQ150R (DentonVacuum, NY,
USA). The samples were then subjected to a microscopic evaluation
by a LEO 1525 field-emission gun SEM with a constant magnifica-
tion of 1000 × focusing, in particular, for each sample on three
areas: the area of unetched enamel, the area between the part of
the enamel subjected to etching and the part not exposed to
etching and the area of the etched enamel. To evaluate some par-
ticular characteristics of the observed surfaces, micrographs with
magnifications ranging from 50 to 7000 × were also taken.
Twenty-one micrographs at 1000 × magnification focusing on the
Figure 3 SEM micrograph (1000 × ) of human enamel: border area
between etched enamel (lower part) and unetched enamel (upper part)
after an etching time of 45 s
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border areas between the etched and unetched enamel were
obtained.

The 21 micrographs were then subjected to blind assessment by
three experienced operators (two dentists and a vet) who evaluated
the validity of the treatment for adhesive purposes, assigning the
following scores: 3 (effective), 2 (discrete), 1 (poor) and 0 (uncer-
tain or null). Fig. 3 (1000 × ) shows the border area between the
unetched enamel and enamel subjected to etching with orthophos-
phoric acid for 45 s in human deciduous teeth. In this case, the
etching was evaluated as ‘effective’ and the Figure was used for
comparison.

The micrographs were also analysed using image analyser soft-
ware (ImageJ, v1.47, U.S. National Institute of Health, Bethesda,
Maryland, USA). TIFF images were normalised to have the same
mean grey-level intensities. Grey levels ranging from 0 for black
to 255 for white were taken to assess the presence of valleys after
etching. In particular, grey levels were measured for each SEM
image on the etched and unetched areas for the three groups of
cat enamel and for human enamel (considered as a reference). A
region of interest (ROI) was selected for each image and for each
ROI a profile was obtained.

The x-axis of this profile represented the horizontal distance
along the rectangle, whereas the y-axis represented the vertically
average pixel intensity (grey-scale values). A ratio R of grey ampli-
tudes between the etched and unetched zones for cat enamel was
also calculated (the human enamel was also taken as a reference).

3. Results and discussion: 63 micrographs at 1000 ×
magnification and 12 micrographs at magnifications ranging from
50 to 7000 × were obtained on 21 samples. Among the 63
pictures, 21 were related to the border area between the etched
and unetched enamel. Fig. 4 presents SEM micrographs at
1000 × of the border areas between the etched and unetched
enamel of the samples etched for 30 s (group A). In Fig. 4a,
there is clear evidence of the etched zone (on the right) and the
unetched enamel (on the left) for sample A1. Moreover, it was
possible to note a poor action of the acid and a partially missing
prismatic zone. The SEM image of sample A2 shows a poor
action of the acid (upper right) with no evidence of prisms
(Fig. 4b), whereas sample A3 in Fig. 4c shows traces of prismatic
areas (etching on the lower part). A poor action of the acid in
sample A4 (on the left) was also noted but in this case a little
zone with 7–10 prisms could be detected (Fig. 4d ). For sample
A5 (etching on the left), SEM analysis revealed a lamellar-like
structure of the enamel (Fig. 4e), whereas for sample A6 it was
not possible to easily distinguish the etched zone from the
unetched one (Fig. 4f ). The last sample of group A (Fig. 4g)
showed a prismatic zone on the upper part where the etching
attack was conducted.

Fig. 5 shows SEM micrographs of cat teeth subjected to acid
etching for 45 s (group B). Even in this case the micrographs
were taken at 1000 × magnification. It is possible to note in
Fig. 5a for sample B1 (where the etched enamel is on the left and
the unetched on the right), the etching was irregular with no pris-
matic evidence. SEM micrographs of samples B2, B3, B4, B5,
B6 and B7 are also reported in Figs. 5b–g. Sample B2 showed
the etched zone in the lower part. In this case a patchily uncovering
of the prismatic area was evident, whereas in sample B3 (etching on
the upper part) it was scarcely evident (Figs. 5b and c, respectively).
In sample B4 (etching on the left) a superficial prismatic uncovering
occurred. The uncovering resulted diffusion and a loss of inorganic
substance resulted in the interprismatic areas. Fig. 5e shows sample
B5 with the etching zone on the right where the etching treatment
was not effective. The analysis of sample B6 with etching visible
on the upper part, revealed that part of the prisms on the enamel
surface were left uncovered (Fig. 5f ). Moreover, slight evidence
of an interprismatic attack was also detected in this sample.
Similar observations could be done on the last sample etched for
265
& The Institution of Engineering and Technology 2014



Figure 4 SEM micrographs (1000 × ) of group A samples etched for 30 s showing the border area between etched and unetched enamel. The etched areas are
visible
a On the right for sample A1
b On the upper right part for sample A2
c On the lower part for sample A3
d On the left for sample A4
e On the left for sample A5
f On the entire area for sample A6
g On the upper part for sample A7
45 s (Fig. 5g), whose etching is visible on the bottom area. In this
case, the attack was more superficial than that in B6. The border
areas between etched enamel (right) and unetched enamel (left) of
the samples C1–C7 (etching for 60 s) are reported in Fig. 6
(SEM, 1000 × ). Even in the case of the first sample of this group
(Fig. 6a) the etching was irregular and no prismatic uncovering
was evident. From this SEM image the presence of linear notches
could be detected, probably because of traumas experienced by
the tooth during the lifetime. In sample C2 (etching in the upper
left part visible in Fig. 6b) a superficial prismatic uncovering oc-
curred. The uncovering caused diffusion and with an interprismatic
loss of substance (similar to sample B4). In Fig. 6c, showing sample
C3 with etching in the upper right part, it was difficult to distinguish
the etched zone with respect to the unetched one. A chaotic etching
Figure 5 SEM micrographs (1000x) of group B samples etched for 45 s showing
visible
a On the left for sample B1
b On the lower part for sample B2
c On the upper part for sample B3
d On the left for sample B4
e On the right for sample B5
f On the upper part for sample B6
g On the lower part for sample B7
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of the enamel surface was shown for sample C4 (etching in the
lower right zone, Fig. 6d ).

Analysis of sample C5 (etching on the right) revealed the pres-
ence of prisms that were also slightly attacked in the interprismatic
zones.

In Figs. 6f and g, related to the samples C6 and C7 (etching on
the bottom left and on the left, respectively), the acid attack
seemed important if compared with the untreated surface but was
not able to show the prismatic pattern.

In the present Letter which is focused on SEM analysis of cat
enamel surfaces, it was observed that 40% orthophosphoric acid
did not have the ability to create (in the range of 30–60 s) an
etched surface with a morphology that could encourage the use of
etch-and-rise adhesive systems. To quantify this attitude, the
the border area between etched and unetched enamel. The etched areas are
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Figure 6 SEM micrographs (1000 × ) of group C samples showing the border areas between etched and unetched enamel. The etched areas are visible
a On the right for sample C1
b On the upper left part for sample C2
c On the upper right part for sample C3
d On the lower right part for sample C4
e On the right for sample C5
f On the bottom left for sample C6
g On the left for sample C7
images were subjected to blind assessment by three experienced
operators. The assessments were then related to the three groups
of seven samples and the means were obtained. They resulted in
0.43 for group A (etching for 30 s), 0.43 for group B (etching for
45 s) and 0.67 for group C (etching for 60 s). The average assess-
ment for the three groups was then located between uncertain or
null and poor even if group C shows a better performance with
respect to the other two.
The results obtained were also subjected to statistical analysis

using the Wilcoxon test. No significant differences (P > 0.05)
between the three groups were found, which demonstrated the
high reliability of the examiners. This means that the weak effect
of etching on the cat enamel surface for all the samples analysed
was not different after 30, 45 or 60 s of etching with 40% ortho-
phosphoric acid.
This work demonstrated that the effect of etching times usually

used for human enamel is weak when applied on cat enamel. The
reason can probably be ascribed to the presence of a thick prismless
layer [9, 10] having a lower calcium concentration [8], that is the
element on which the chemical attack of orthophosphoric acid pref-
erentially occurs [18]. A similar situation can be found in human
deciduous teeth, where the presence of a substantial prismless
layer [19–21] led to hypothesize that different etching times
should be used to overcome the barrier formed by the prismless
enamel (ineffective solutions) and, subsequently, the addition of
mechanical pre-treatment of the enamel surface could be useful to
provide in evidence of the prismatic component [22, 23]. More re-
cently, the human dental clinic overcame this problem by proposing
several enamel preparation techniques. Different cavity-preparation
designs currently exist. Among these, the preparation of a bevel or a
chamfer on the cavity margin were the more widely used to enhance
retention of the restoration. In particular, a bevel is obtained at the
edge of the enamel surrounding the cavity, whereas in the case of a
chamfer the surface obtained is not plane (as in the bevel) but it is
concave [24]. The use of bevel and chamfer preparation in the
enamel margin of the cavity [25–27] leads to an increase of the ad-
hesive surface exposing a more favourable adhesion substrate. The
adhesion area is increased with a bevel or a chamfer by more than
50% with respect to other techniques. Moreover, in this way the
enamel prisms can be discovered [26].
Some studies have shown that the use of chamfered techniques

provided greater restoration fracture resistance and higher retention
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of tooth structures [28, 29]. Other studies have shown that the use
of bevels resulted in improved fracture resistance of composite
restorations [30], improved restoration retention [31] and avoided
microleakage [32].

In this study, ImageJ was not used to estimate the exact percent-
age of area represented by valleys produced by etching.
Nevertheless, it was useful to obtain an indication of the degree
of efficacy of acid etching on cat enamel as peak values of grey
intensity. Fig. 7 shows an example of the analysis made on SEM
images with ImageJ. In this Figure, sample C4 is reported
because it gave a more representative profile. The rectangles in
Fig. 7a represented the ROIs considered for this image and
Figs. 7b and c show the grey value against distance profile (in
microns) obtained for unetched and etched enamel, respectively.
As can be seen, the amplitude of peaks was more evident in the
etched zone; it represents the part of the enamel attacked by the
acid and therefore eroded.

In the case of sample C4 the profile showed grey values ranging
from about 182 to 172 representing the unetched region (Fig. 7b)
that appeared also as almost homogeneous. On the right, the
profile showed a change in peak amplitude representing a more in-
homogeneous zone with peaks ranging from 140 to 107 (Fig. 7c).
This part represented the etched region. The peaks revealed the pres-
ence of valleys because of etching. Moreover, the peaks related to the
etched zone appeared wider with respect to the untreated enamel.
This also could be explained with the presence of eroded enamel.
The ratio R between the etched peak amplitude and the unetched
one was evaluated as 3.3. The same approach was conducted for
each image and the values obtained are reported in Table 1. In this
Table, the ratio of grey amplitudes between etched and unetched
zones for cat enamel are reported (the human enamel was used as
a reference). Cat enamel samples revealed different profiles with
respect to the human enamel when subjected to the same acid
etching treatment. As it is possible to detect, the differences in
grey-level peak amplitudes related to the two zones analysed
(etched and unetched) was more evident for cat enamel subjected
to etching for 60 s (group C). In this case, in fact, R was 2.8 with
respect to 2.0 and 2.5 for groups A and B, respectively. This analysis
showed that increasing the etching time led to a corresponding
increase of efficacy of etching on cat enamel. At the same time,
the treatment resulted was not as effective as in human enamel.
The efficacy of the treatment on cat enamel was in fact 44, 30 and
267
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Table 1 Ratio R of peak amplitudes of etched and unetched zones for
samples of cat enamel (groups A, B and C) and human enamel

R = etched peak amplitude/unetched peak amplitude

Human enamel Group A Group B Group C

3.6 2.0 2.5 2.5
1.7 3.4 2.4
1.8 2.8 1.3
1.2 3.0 3.3
2.6 2.1 4.2
1.8 1.5 3.3
3.1 2.0 2.4

mean ± SD 2.0 ± 0.6 2.5 ± 0.7 2.8 ± 0.9

Figure 7 SEM micrograph of sample C4 with two ROIs highlighted, and
grey-scale value against distance of selected region on left and on right
a SEM micrograph
b Grey-scale value against distance of selected region on left
c Grey-scale value against distance of selected region on right
22% lower than that obtained on human enamel when the acid attack
was conducted for 30, 45 and 60 s, respectively.

4. Conclusions: The enamel of 21 cat teeth etched with 40%
orthophosphoric acid for 30, 45 and 60 s was studied by SEM.
The SEM revealed that the acid etching made with the times and
the concentration currently used in veterinary dentistry was not
268
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optimally effective with respect to the adhesion to cat enamel.
Only after 60 s, few samples showed a deeper acid attack of the
enamel. SEM images were also subjected to image analysis to
quantify the efficacy of acid etching in the conditions used for
human enamel, by an evaluation of grey levels. This analysis
showed that acid etching on cat enamel was not as effective as
for human enamel. In particular, the efficacy resulted in being
lower by more than 22% (up to 44%) with respect to human
enamel (with a better result shown by group C etched for 60 s).

The main cause of the inefficiency of acid etching was probably
because of the presence of a thick prismless layer. The possible clin-
ical solution could be to establish, as occurs in the human recon-
structions, a bevelling or a chamfer of the extension of about 1
mm on the contour of the cavity to discover the prismatic enamel
and make it attackable by the etching, and to increase the enamel
surface of adhesion. In a future work, we will test the possibility
to define, by means of a profilometer, a statistically reliable differ-
ence between cat enamel bonding surfaces obtained by etching
(with no mechanical preparation) and cat enamel surfaces prepared
and then etched.
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