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winnett and Buonocore! were the first
Gauthors to describe resin tags inside

the enamel as filamentous resin projec-
tions, similar to the enamel prisms and ap-
proximately 10 um in length. Many authors
have described the role played by the resin
tags as a factor responsible for the adhesive re-
tention, but have reported different results as
to the form, size and frequency of the tags.
Some authors believe that charged particles in
the composite resin would limit the free flow
of adhesive into the enamel pores, inhibiting
the formation of resin tags.?® Others believe
that the liquid phase of the composite is
present in sufficient amount to flow into the
conditioned enamel porosities, acting indepen-
dently of the charged particles, and use this as
an explanation for the equal size of resin tags
obtained when the composite resin or the seal-
ant is applied directly to the conditioned

enamel.*® Considering the existing contro-
versy regarding resin viscosity for adequate
tag formation, this study was designed to de-
termine the influence on enamel penetration of
resin viscosity and the presence or absence of
a sealant. Three types of Concise (3M Brazil,
Sumaré, Sao Paulo) resin—restorative, orth-
odontic, and diluted according to Artun and
Zachrisson —were applied with or without
the previous application of a sealant.

Materials and methods

The sample consisted of 24 premolars, re-
cently extracted for orthodontic reasons, di-
vided randomly into six groups of four teeth
each. The teeth were stored in a distilled wa-
ter/thymol 0.5% solution, at room tempera-
ture. The buccal surface of each premolar was
polished for 5 seconds with a rubber cup and
an aqueous suspension of pumice, washed
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Table |

Number of tags in each group according to tag length
Tag Length Groups
(um) 1 2 3 4 5 6
05l— 10 65 55 76 55 50 31
10l— 20 95 84 80 56 60 45
20l— 30 15 34 19 17 20 23
30l— 40 — 10 04 04 02 06
40l— 50 — 02 —_ -— 03 06
>or =50 — 03 — c2 03 02
Total 175 188 159 134 148 113
X (um) 119 156 118 133 149 189

X (um): average tag length of each group.
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with water spray and dried with compressed
air for 5 seconds. The labial surface was then
conditioned with phosphoric acid solution for
1 minute, using the solution supplied with the
Concise bonding kit. The etched surfaces were
washed for 15 seconds and dried for an addi-
tional 15 seconds. The brackets were bonded
to the enamel surfaces with the slot positioned
4 mm from -he labial cusp tip. A new portion
of resin was prepared for each bracket, accord-
ing to the following scheme:

Group 1- Restorative Concise without previ-
ous sealant application;

Group 2- Restorative Concise with previous
sealant application;

Group 3- Restorative Concise diluted accord-
ing to Artun and Zachrisson', without previ-
ous sealant application;

Group 4- Restorative Concise diluted accord-
ing to Artun and Zachrisson', with previous
sealant application;

Group 5- Orthodontic Concise without pre-
vious sealant application;

Group 6- Orthodontic Concise with previous
sealant application.

The sealant was applied to the teeth of groups
2, 4 and 6 with the brush supplied with the
resin. After 24 hours, the teeth were sectioned
in the labiOlingual dimension, following the
long axis of the tooth and dividing the buccal
surface and the bracket into halves. A
handpiece fitted with carborundum disks
(Dentorium, New York, NY) was used to sec-
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tion the teeth and intermittent cutting action
was employed to avoid excess heat. The root
was discarded and the two halves of the crown
were inserted into epoxy resin, generating
eight samples for each group. After the epoxy
resin cured, the teeth were sanded with wet
sandpaper, numbers 320, 400, and 600, and
polished with abrasive diamond paste
(Christensen Roder, Brazil) mounted in a pol-
ishing machine (Buehler) to obtain a smooth,
flat surface. The sectioned samples were then
refrigerated.

Concise phosphoric acid solution was used
for 20 seconds to remove the enamel chaff from
the cut surfaces of the samples in order to un-
cover the resin tags. The samples were washed
with tap water for 15 seconds each, dried with
hot air and placed in a mini-coater for dehy-
dration and deposition of a thin layer of gold
necessary for visualiZation in the SEM. The
enamel field that best represented the resin
tags 4 mm from the buccal cusp tip was pho-
tographed at 700X magnification (Figure 2A-
B), using an SEM (JEOL, model JSM-25 S II,
Japan) operating at 15 Kv. The field photo-
graphed corresponded to 0.158 mm of the
enamel/resin interface. The negatives obtained
with the Neopan 120 film were copied with
Kodak Plus X Pan film and thus turned into
positives. Projecting these positive images as
slides allowed better evaluation and measure-
ment of the resin tags. All the tags present
were measured by means of a millimetric ruler
(Figure 1) where 1 cm corresponded to 1 mi-
crometer (0.001 mm). The magnification ob-
tained by projecting the image was 10,000
times. Tags less than 5 um long were excluded
because they are related to the aprismatic
enamel and are of little importance to the re-
tention.12

Results

The total number of tags >5pm measured in
each group, varied from 113 (group 6) to 188
(group 2) ( Table I'). The individual length of
each tag was measured in order to calculate the
average tag length (X in Table I); for the pur-
pose of tabulation, the tags were divided into
six classes according to size. The average num-
ber of tags per field (larger than or equal to 5
um) was 20.1 in the groups without the seal-
ant (1, 3 and 5) and 18.1 in the groups with the
sealant (2, 4 and 6). The largest tag observed
measured 89 um and was found in group 5,
where the orthodontic Concise was used with-
out a previously applied sealant.



The analysis of variance and application of
the F test and the Tukey test were used to com-
pare the arithmetic averages, taking 5% as the
probability level (P<0.05).

Discussion

There was a clear tendency for larger tag
length when the sealant was applied. The dif-
ferences between groups 1 and 2, 1 and 6, 2 and
3,3 and 6, and 5 and 6 were statiscally signifi-
cant (Table III). In the groups without sealant
(groups 1, 3 and 5), orthodontic Concise (group
5) generated tags which were statiscally larger
than those generated by the more viscous ad-
hesives (groups 1 and 3). These data agree with
the results obtained by other authors,>'® who
observed that tag size depends on the viscos-
ity of the adhesive used. Other authors, how-
ever, did not find such differences in tag
lengths.#8162 Even though the same technique
was used in the preparation of the samples, it
is possibile that a larger number of tag frac-
tures and enamel losses ocurred when tags
were longer. This may be due to the fact that
the enamel layer, which varies in width from
20 pm to 30 pm,?** turns out to be more po-
rous by the acid conditioning. The next layer
is thinner with more delicate pores and con-
sequently is more subject to fractures during
the process of preparation for the SEM.”

It is possible that the actual difference in tag
lengths is larger than reported here. Many au-
thors have found tags of similar lengths when
applying adhesives of different viscosities. For
Diedrich," the controversy in the literature as
to the size of the tags can be attributed to many
causes: different methods of investigation,
variations in the technique of acid condition-
ing, or the fragility of the long filaments of
resin, which can fracture during the wash and
dry process. In addition to the factors related
by Diedrich,” at least three other studies can
be cited:

a) Many authors do not clearly define the
enamel area used in the study of the tag
lengths, making a comparison of the results
difficult. As demonstrated by Arakawa and co-
authors,” and confirmed by data presented in
this study, tag lengths can vary from zero to
50 pm, depending solely on where, inciso-
cervically, the enamel was studied. More
aprismatic enamel exists in the cervical re-
gion.7,12,28-30

b) Many references to tag lengths do not
specify whether they are average lengths or
whether they refer to the more pronounced

Resin tag formation

Table i
Analysis of variance
S.V. D.F. S.S. M.S. F.
Residual 5 4,093.41 818.68 10.90**(P<0.01)
Groups 901 67,668.36 75.10
Total 906 71,761.77
S.V. = source of variation
D.F.= degrees of freedom
S.8. = sum of squares
M.S.= mean square
F= F from Brieger
Table Ml
Tukey Testt
X1 X2 X3 X4 X5
X2 3.7" —_— _— —_— o
X3 0.1NS 3.8 — E— e
X4 1.4NS 2.3NS 1.5NS — e
X5 3.0" 0.7NS 3.1 1.6NS E—
X6 6.2* 2.5NS 6.3" 4.8” 3.2"
t Minimal significant difference at 5% probability = 2.9
* Significant at 5% probability. NS: Not significant.
X = average tag length of each group from Table |

projections. This observation can make a big
difference. For example, the largest tag ob-
served in the present study had a length of 89
um, even though the average tag length val-
ues ranged from 11.8 um to 18.9 um.

¢) The use of statistical analysis to compare
tag lengths has been an exception more than
the rule. Consequently, the meaning of pos-
sible differences cannot be evaluated, as has
been pointed out by Jorgensen and
Shimokobe?. Due to the previous application
of sealant in groups 2, 4 and 6, in principle it
would be expected that tag lengths would be
similar. But the difference between groups 4
and 6 was also statiscally significant. Two pos-
sible explanations may account for this fact:
First, the orthodontic Concise with its lower
viscosity could have contributed to the deeper
penetration of the resin into the enamel, result-
ing in greater average tag length of group 6.
This seems unreasonable because the sealant
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previously applied in groups 2, 4 and 6 should
have been already polymerized and conse-
quently obliterated the enamel pores making
deeper penetrations unfeasible. Various au-
thors have suggested that polymerization is
inhibited by oxygen in the air.»??% If this is
so, the sealant might not be already polymer-
ized when the composite resin was applied, al-
lowing a deeper resin penetration into the
enamel, in the presence of an extra quantity of
fluid resin from the orthodontic Concise.

Another possible explanation would be the
differences that can occur in the enamel struc-
ture,®¥2836-40 producing variations in tag
lengths from tooth to tooth'>!* or even from
different areas of the same tooth.®* This type
of variation may explain why groups 4 and 6
demonstrated statistically different results.
Some authors believe that there is an inhibit-
ing effect on the resin penetration into the
enamel pores caused by the particles of filler
when the composite resin is used directly on
the conditioned enamel.>> But the particles of
filler do not seem to inhibit penetration. The
total number of tags, with or without the pre-
vious sealant application, was practically the
same, and was even slightly higher in the
groups where the union agent was not em-
ployed. This observation was also made by
Asmussen'” and Prévost and coauthors.® They
did not find differences in the frequency or
regularity of the tags, when comparing the use
of the sealant with the direct application of the
composite to the tooth (Figure 2A-B).

Certain variations in the extension and di-
mension of the tags from sample to sample
have been observed by some authors.”*® Tag
shape appears to be the most variable, accord-
ing to Voss and Charbeneau,” and occurs in-
dependently of resin viscosity or presence of
a sealant. It seems impossible to identify resin
viscosity as the determining factor of tag di-
mension (Figure 2A-B).

Figure 1

B-F W

: N " . Conclusions

Figure 2B Resin viscosity and the presence of a sealant
affect the bonding of brackets to enamel. The
presence of a sealant tends to increase the tag
length for each resin viscosity applied. More
Figure 2A-B ] ) ] fluid resin increases the tag length signifi-
700x magnification electromicrographics showing the zone of tags (T) cantly. More fluid resin coupled with a previ-

between resin (R) and enamel (E) . .
A. with previous sealant application and ously applied sealant penetrates deeper into

B. without previous sealant application. the enamel and forms larger tags. The fre-
quency, regularity and shape of the tags are
not affected by the resin viscosity or the pres-
esence of a sealant.

Figure 1
Sketch showing how a rule was used to measure tag length.
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