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This randomized clinical trial was initiated to study the effect of two restorative procedures
on the clinical quality and longevity of class-III resin restorations. The material consisted of
52 pairs of class-III restorations in the microfilled resin Silar completed with two modifications
of the conventional acid-etch restorative procedure: A) beveling of the margins of the cavity
preparations, and B) treatment of the etched butt-joint cavities before filling with the dentin-
adhesive NPG-GMA /ethanol together with re-etching and surface coating of the finished
restorations with low viscous resin. The restorations were examined at base line and after 2,
4, 6, and 11 years. The cumulative 11-year survival rate for both types of restorations was
84%. Marginal discolorations, marginal discrepancies, and secondary caries were most often
recorded corresponding to the beveled type-A restorations, whereas the esthetic quality of
the two types of restorations was almost identical. Surface discolorations were most often
recorded among smokers, and significant correlations were found between the patients”
consumption of alcoholic beverages and corpus discoloration, surface discoloration, and
surface wear of restorations. 3 Acid etching; adhesives; clinical trials; composite resins; dental
restoration, permanent
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Since the middle of the seventies it has been
common practice to use gap-preventive res-
torative procedures in the placement of resin
restorations. However, recent cross-sec-
tional studies show that about two-thirds of
the resin restorations that are replaced fail
because of secondary caries, marginal dis-
crepancies, marginal discolorations, or poor
retention (1-4). The longevity of resto-
rations replaced because of these defects is
generally shorter than that of restorations
replaced for other reasons, such as corpus
discoloration (3). Gap formation and its
clinical consequences are therefore still
important reasons for the relatively short
durability of resin restorations.

The explanation for this must be that the
acid-etch technique, which on the basis of
many in vitro experiments generally is con-
sidered very important, only has a limited
gap-preventive effect in the clinic (5). Its
effect is even more reduced if the restoration
is finished immediately after curing, as is
usually the case. At this time, the hygro-

scopic expansion of the resin will not have
compensated for the initial polymerization
contraction of the material. So, in the few
comparative clinical studies of resin res-
torations placed in etched and non-etched
cavities, only minor differences have been
found in the quality and durability of the
restorations (6-11). However, there is no
doubt that gap formation along resin res-
torations can be reduced significantly by
using various modifications of the con-
ventional acid-etch technique, and the gap-
preventive effect of some modifications,
moreover, seems independent of the time of
finishing (5, 12).

The aim of this study was to compare
the clinical quality and durability of class-
III resin restorations completed with two
modifications of the conventional acid-etch
restorative procedure, which both allowed
for an initial finishing of the restoration. The
two modifications were A) beveling of the
margins of the cavity preparations, and B)
treatment of the etched butt-joint cavities
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before filling with the dentin-adhesive NPG-
GMA /ethanol together with re-etching and
surface coating of the finished restorations
with low viscous resin. The resuits obtained
at base line and after 2, 4, and 6 years have
been reported previously (13-15). These
results will therefore only be summarized
in the present paper, which focuses on the
findings at the 11-year recall of the patients.

Materials and methods

A total of 52 pairs of class-III composite
resin restorations were performed by one of
the authors (C. Strgm) in 17 women and 18
men 2465 years old (x = 41 years). Each
patient required at least one pair of class-III
restorations of approximately the same size
and location. Forty-seven pairs were made
in maxillary incisors and canines and five
pairs in mandibular incisors. The following
modifications of the conventional acid-etch
restorative procedure were used: A) bevel-
ing of the margins of the preparations, and
B) treatment of the etched cavities before
filling with the dentin-adhesive NPG-GMA/
ethanol together with re-etching and surface
coating of the finished restorations with low
viscous resin.

Cavity preparation and lining

After pumicing of the teeth, classical class-
III cavities were prepared and lined with
a calcium hydroxide base material (Dycal
Improved, batch 100980, L.D. Caulk Co.,
Milford, Del., USA). After randomization,
a }- to 1-mm bevel was prepared along the
enamel margin of the type-A cavity in each
pair (Fig. 1). After preparation, the shortest
distance from the cervical margin of the
cavities to the cementoenamel junction was
measured.

Cavity treatment

The cavities were sprayed with water and
air-dried before and after a 60-sec etching
with 37% phosphoric acid of the cavity walls
and 1-2 mm of the adjacent enamel surface
(Concise Etching Liquid, batch 91451, 3M
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Fig. 1. Schematic illustration of the restorative pro-
cedures used for type-A and type-B restorations.

Co., Minneapolis, Minn., USA). In the type-
B cavities (Fig. 1) a 2% w/w ethanol solution
of N-phenylglycine-glycidyl methacrylate
NPG-GMA was sprayed twice over the
etched area (Cosmic Bond, De Trey Div-
ision, Dentsply Ltd., Wybridge, England).
After each application of the dentin ad-
hesive the cavities were briefly re-dried.

Filling procedure

The chemically cured, microfilled resin
(Silar, batch 0K2, 0G1, 3M Co.) was inserted
into all cavities with an excessive layer on the
surrounding etched tooth surface. During
polymerization the restorative material was
pressed firmly into the cavity with a polyester
strip.

Finishing procedure

About 10 min after insertion of the filling
material the restorations were finished under
water spray. The surface of the type-B fillings
and of 1-2 mm of the surrounding tooth was
then re-etched with the phosphoric acid for
60sec. After being water-sprayed and air-
dried the etched surface was covered with a
layer of low viscous, non-composite resin
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Table 1. Criteria used in the assessment of the restorations and the recording of the habits of
the patients. Score 0 was used for ‘optimal’ restorations, score 1 for ‘acceptable’ restorations,
and score 2 for ‘unacceptable’ restorations with need for repair or replacement

Characteristic/habit Criterion Assessment
Vitaiity Pulpal reaction at electrometric vitality testing No/yes
of tooth
Plaque Plaque deposits on restoration removable with No/yes
probe
Surface discoloration Extrinsic staining of restoration removable 0/1/2
with pumice
Corpus discoloration Difference in color between corpus of 0/1/2
restoration and tooth beyond the normal
range
Shade matching Difference in shade value between corpus of Lighter/
restoration and tooth after comparison of optimal/
both structures with a Biodent shade guide darker
Marginal discoloration Staining visible at the cavosurface margin of 0/1/2; mm;
restoration location
Marginal discrepancies Ditching or catch at the cavosurface margin of 0/1/2; mm;
restoration detectable with probe location
Secondary caries New caries associated with restoration 0/1/2;
location
Surface wear Evidence of material loss due to abrasion, 0/1/2;
attrition or degradation location
Fracture of filling/tooth Fragment or bulk of filling/tooth mobile or 0/1/2;
lost location
Occlusion/articulation Contact between restoration and antagonist No/yes
during occlusion or articulation
Smoking habits Daily smoking of cigarettes, etc. No/yes
Consumption habits Daily consumption of coffee, tea, and No/yes

alcoholic beverages

(Concise Enamel Bond System, batch

0036X1, 0081Z1, 3M Co.) (Fig. 1).

Clinical evaluation

The clinical quality of the restorations was
evaluated by both authors together about
10 min after completion and at the following
2-, 4-, 6-, and 11-year recalls of the patients.
The criteria used at the evaluations are
summarized in Table 1. For eight charac-
teristics the assessment of the restorations
included a scoring. Score 0 was used to indi-
cate absence of the respective type of defect.
Score 1 indicated minor defects without sig-
nificance for the function of the restorations.
Score 2 was used to classify defects of such
a magnitude that repair or replacement was
needed. On the basis of the highest score
value obtained, an overall assessment of the
clinical quality of each restoration was finally

given in terms of 0 = optimal, 1 = accept-
able, and 2 = unacceptable. To examine
possible connections between daily habits
and the clinical quality of the restorations,
the patients were interviewed about their
respective smoking habits and daily con-
sumption of coffee, tea, and alcoholic bever-
ages at the recalls (Table 1).

Statistical analysis

For each of the clinical characteristics the
difference in the assessments of paired type-
A and type-B restorations was tested for
significance with the Sign test. Correlations
between the clinical characteristics and
between these and the daily habits of the
patients were tested for significance with the
chi-square test. The cumulative survival
rates of the restorations were calculated by
means of the life table method (16, 17).
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Results

Overall assessment

The overall assessments of the restorations
at base line and after 2, 4, 6, and 11 years of
function are given in Table 2. At the final
recall 14 restorations could not be evaluated
as 2 patients with 6 restorations had moved,
and 3 patients had died during the obser-
vation period.

Owing to immediate repair of five res-
torations (3A, 2B) with marginal discrep-
ancies, all restorations were classified as
optimal at base line. A gradual deterioration
of their clinical quality was recorded during
the follow-up period (Fig. 2). Approximately
half of the type-A and -B restorations were
still optimal after 4 and 6 years, respectively,
but at the 11-year recall only 17% (15 of 90)
were recorded as being faultless (Fig. 3). The
difference in the overall quality of the type-
A and -B restorations was significant at the
6-year control (P = 0.02).

At the 1l-year examination all teeth
responded positively to electrometric vitality
testing except two (1A, 1B), which had been
endodontically treated. Moreover, three res-
torations (2A, 1B) were classified as unac-
ceptable owing to fracture of the incisal part
of the tooth or secondary caries. The same
types of failure had already resulted in
replacement of eight restorations, and seven
further restorations had been replaced for
other reasons (Fig. 4). The cumulative sur-
vival rates for the type-A and -B restorations
were almost congruent during the whole
observation period. For the total material
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of 104 restorations, the estimated 10-year
probability of survival was 89%, with a 95%
confidence interval at 96-83%, and the cor-
responding 11-year estimates were 84% (91—
76%).

Detailed assessment

The occurrence of acceptable and unac-
ceptable failures of the controlled res-
torations is listed in Table 3 for each of the
examinations.

Marginal discoloration and marginal dis-
crepancies proved to be the only clinical
characteristics with significant differences
between type-A and -B restorations after
2 and 6 years, respectively. However, the
superior marginal quality of the B res-
torations during the first half of the obser-
vation period was not found at the 11-year
control, at which approximately 45% of all
restorations showed marginal failures (Fig.
5). A significant correlation was found
between marginal discrepancies and their
clinical sequelae in terms of marginal dis-
colorations or secondary caries (P < 0.001).
The extent of the failures varied between 1
and Smm (¥ =2.2mm). They were often
located in the cervical part of the restorations
and were most frequently observed along
restorations with less than 1 mm from the
cervical part of the cavity preparation to
the enamel-cement junction. However, this
association was not significant, and the
occurrence of marginal failures was not
increased by either plaque or occlusion/
articulation on the restorations. At the final

Table 2. Overall assessment of restorations at base line and the following recalls of the patients

Base line 2 years 4 years 6 years* 11 years

Type of restorations A B A B A B A B A B
No. of restorations 52 52 52 52 52 52 52 52 52 52
Optimal 52 52 31 33 24 K} 14 25 7 8
Acceptable — — 18 16 22 16 30 19 28 29
Unacceptable — — 1 1 2 1 2 2 2 1
Replaced — — 1 1 2 2 2 2 8 7
Uncontrolled — — 1 1 2 2 4 4 7 7

* 6 years: A # B; P=0.02.



Fig. 2 Climcal photographs of six of the experimental restorations taken at base line and at the 4-year, 6-year,
and 11-year controls. Type-A restorations: nos. 12-M. 11-D. and 2}-D. Tvpe-B restorations: nos. 11-M, 21-M.
and 22-M. The 11-M restoration was replaced just before the final control for unknown reasons. At the 11-year
examination corpus discoloration. marginal discoloration. surface wear, and fracture of tooth were recorded for
one or more of the remaining restorations. However, they were all classified as being acceptable.
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OVERALL QUALITY

% Optimal ratings
100 7
Fig. 3. Percentage of 80 1
type-A and -B
restorations assessed as
being optimal with 60 1
regard to all clinical
characteristics (Table 40 -
1), at base line and
at the foliowing
re-examinations. 20 1
Significant difference in
the overall quality of the o
two types of restorations
was found after 6 years
(B> A; P=0.02).

examination plaque deposits were recorded
on 37%, and 17% of the controlled res-
torations were in occlusion/articulation.
The esthetic quality of the restorations
also deteriorated during the observation
period. Almost all restorations appeared
darker than the surrounding tooth at the
11-year recall (Fig. 6), and corpus and/or
surface discolorations were recorded for
approximately 75% of both types of res-

toration (Fig. 7). However, the discolor-
ations were in all cases classified as
acceptable, and only two restorations had
been replaced because of esthetic short-
comings (Fig. 4). No relationship was found
between surface and corpus discolorations,
whereas both types of failures seemed to
be associated with the daily habits of the
patients.

The interview of the patients showed that

Secondary carles

Fracture of tooth

Crowning, necrosis

Crowning, bridge

Fig. 4. Time and reason
for replacement of
type-A and type-B
restorations during the
11-year observation

Unknown reason

Corpus discoloration

0o 2 4 6 8 10 YR
AB A A A
B B B

AA
A
B AB
B
0o 2 4 6 8 10 YR

period.
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Table 3. Detailed assessment of restorations at base line and the following recalls of the patients

Base line 2 years 4 years 6 years 11 years

Type of restorations A B A B A B A B A B

No. of restorations 52 52 50 50 48 48 46 46 37 38
Surface discoloration — — 5 6 6 5 12 9 6 7
Corpus discoloration — — 3 5 1 1 7 7 2 25
Marginal discoloration* — — 9 3 4 1 6 4 7 10
Marginal discrepanciest — — 6 3 11 5 13 4 1 7
Secondary caries — — —_ - = 1 1 1 1 1
Surface wear - — 1 2 9 11 9 3 8 3
Fracture of filling — — -_ - 1 — 1 _ - —
Fracture of tooth — — 1 1 1 1 2 — 2 1

* 2 years A+ B; P=0.03.
t 6 years A #B; P=0.02.

56% of the 75 remaining, controlled res-
torations were situated in habitual smokers,
that 95% were exposed to coffee daily, and
44% to tea. Moreover, 14 patients with 45%
of the restorations answered that their
weekly consumption of wine, beer, and so
forth corresponded to at least one drink a
day. When these recordings were related to
the clinical assessments of the restorations,
positive correlations were found for habitual
consumption of alcoholic beverages versus
corpus discoloration (P < 0.001), surface
discoloration (P < 0.06), and wear of res-
torations (P < 0.05). Moreover, surface dis-

colorations were recorded nearly three times
as frequently among smokers as among non-
smokers, but the association was not signifi-
cant at the 11-year control (P = 0.09), as was
the case at the previous controls.

Discussion

In summary, the present study demonstrated
that it was possible to perform class-III res-
torations with an extended durability and
continuously acceptable clinical quality by
using the applied resin material and the two
restorative procedures.

% Optimal ratings
100 1

80 1

60 1

40

201

MARGINAL QUALITY

0

Fig. 5. Percentage of
type-A and -B
restorations assessed as
being optimal with
regard to marginal
discolorations, marginal
discrepancies, and
secondary caries (Table
1), at base line and at
the following
re-examinations.
Significant difference in
the marginal quality of
the two types of

HaA

restorations was found
after 6 years (B > A;
P < 0.05).
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SHADEMATCHING

Fig. 6. Percentage of
type-A and -B
restorations with a
shade matching the
shade of the

surrounding tooth tissue
or assessed as being too
light or too dark, at base
line and at the following
re-examinations, using
the Biodent shade
guide.

0
[] too Nght

2

1
& too dark

YR
[Z] optimal

For the complete material, the cumulative
survival rate was 89% at 10 years and 84%
at 11 years. The replacement frequency was
significantly lower than that seen in an earlier
study from the School of Dentistry in Cop-
enhagen, in which anterior silicate cement
and composite resin restorations placed in
unetched cavities by students were examined
(18,19). For the 317 class-III resin res-
torations the replacement rate after 2} years
corresponded to the 1ll-year rate in the

present study, and only 56% of the res-
torations remained functional for more than
8 years. The difference in the achieved func-
tional durability of the restorations is so pro-
nounced that it cannot simply be attributed
to operator variations or quality differences
between the applied resin materials. The two
gap-preventive restorative procedures used
in the present study must have contributed
significantly to the continuously high quality
of the restorations. This conclusion is con-

% Optimal ratings

ESTHETIC QUALITY

100
80 1
60 -
Fig. 7. Percentage of
type-A and -B |
restorations assessed as 40
being optimal with
regard to surface 201
discoloration and corpus
discoloration (Table 1), 0

at base line and at the
following re-

examinations.
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firmed by a later, as yet unpublished study
from Copenhagen of anterior resin res-
torations placed by students using the same
restorative technique as used here for type-
B restorations. After 2-3 years the clinical
quality and durability of the class-III res-
torations were almost identical to those in
the present study.

It is therefore remarkable that the 10- to
11-year survival rate in the present study
corresponds to those found after a few years
of observation in several other longitudinal
studies of anterior resin restorations placed
with various gap-preventive restorative pro-
cedures (8,20-25). The results in the few
comparable studies with longer observation
times have also generally been poorer than
ours (10, 11, 26, 27).

For example, van Dijken (27) found a
survival rate of 68% after 6 years for anterior
resin restorations completed with the same
resin material and restorative procedure as
used in the present study for type-A res-
torations. For the other resin materials in
his study the percentage of restorations that
remained functional for more than 6 years
varied between 86% and 46%. After the
same observation period Smales (10) found
a 64% probability of survival for anterior
resin restorations placed in unetched
cavities, compared with only 59% for res-
torations placed with an acid-etch restorative
procedure. However, the median or 50%
survival rate for both types of class-1II res-
torations was approximately 10 years. There
was, however, a high fall-out rate in the
study. The same problem is probably the
reason Bayne (11), in his 10-year study of
class-II1 resin restorations placed without
acid-etching and using the conventional acid-
etch technique, does not report replacement
frequencies but only states that marginal dis-
colorations in the first half of the observation
period most often occurred in restorations
placed in unetched cavities.

The great variation in results might be
attributed to several factors that are related
to the patient’s age, oral hygiene, and caries
activity, the skill of the operator, and the
actual restoration, including the resin
material utilized, the size and shape of the
preparation, the cavity treatment, and the
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time of finishing. One cannot therefore on
the basis of earlier studies determine the
relative importance that acid-etch restora-
tive techniques may have for the clinical
quality and durability of resin restorations.
The three Danish studies indicate, however,
that the clinical effect of gap-preventive
restorative procedures can be particularly
good.

The two restorative procedures compared
in this study both permit the initial finishing
of the restorations but are, however, dif-
ferent in other ways.

The most frequently used modification of
the conventional acid-etch restorative pro-
cedure seems to be beveling of the margins
of the cavity preparations, the procedure
used for the type-A restorations. The
reasons are that a beveled margin exposes
more enamel and cross-cut rather than longi-
tudinally cut enamel for acid-etching. Conse-
quently, it may produce a stronger retention
of the resin and may reduce stress-induced
fractures of unsupported enamel along the
restorations. Compared with the conven-
tional butt-joint cavity design, a beveled
margin may also provide improved marginal
seal and may result in improved esthetics
due to a gradual transition from the tooth
structure to the composite resin. The obvious
disadvantages of the bevel design are the
more destructive nature of the cavity prep-
aration and the increased amount of com-
posite resin exposed at the surface (28).
Chipping along the margins of beveled res-
torations may also result in clinical problems
because of the limited tensile strength of
resin restoratives, especially of microfilled
materials such as Silar (20).

The restorative procedure used for the
type-B restorations involves dentin-adhesive
treatment of the etched, butt-joint cavities
before filling and re-etching and surface coat-
ing of the finished restorations with low vis-
cous resin. This modification has previously
been found to result in the most superior
marginal adaptation of resin restorations in
the oral environment (12). The reasons seem
to be that the dentin-adhesive NPG-GMA
is dissolved in ethanol, which increases the
interprismatic enamel resin penetration, and
that marginal deficiencies along the finished
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restorations and in the surrounding enamel
may be sealed with the low viscous resin
(5, 12). The surface coating may also provide
improved wear resistance of stress-bearing
restorations (29).

The present results generally confirmed
the presumed effects of the two restorative
procedures. Marginal discolorations, mar-
ginal discrepancies, and secondary caries
were most frequently observed along the
beveled type-A restorations, although the
differences were only significant in the first
% years of the observation period (Table 3;
Figs. 4 and 5). The marginal failures were
predominantly located at the cervical part of
the restorations and were most frequently
found at restorations in occlusion?articu-
lation. But neither the amount of enamel
cervical to the cavity preparations nor the
functional stress on the restorations signifi-
cantly influenced the occurrence of failures.
The improved marginal quality of the butt-
joint type-B restorations may, therefore,
primarily be the cause of the superior
microadaptation obtained with the dentin-
adhesive);esealing restorative procedure,
although chippings along the beveled type-A
restorations undoubtedly have contributed
to the differences.

The esthetic benefits of a beveled cavity
design, which have been claimed by many
authors, could not be confirmed in the
present study. Already at the 2-year exam-
ination it was not possible to guess which
restorative procedure had been used for the
controlled restorations, and the occurrence
of corpus discolorations, surface discolor-
ations, and the shade of the restorations
versus the surrounding teeth were almost
identical for the two types of restorations
during the whole observation period (Table
3; Figs. 6 and 7). However, it is well known
that recordings of corpus discolorations do
not always reflect the color stability of res-
torative materials (30). The most reliable
information seemed to be obtained with the
Biodent shade guide, although the assess-
ments were encumbered with some uncer-
tainty. The results obtained reflected that
microfiller resins initially become lighter and
then afterwards becomie darker (20, 22, 23).
Furthermore, 94% of the restored teeth
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were evaluated as being darker at the 2-year
examination than at base line after the
acid-etching, and 72% showed increased
darkening between the 2-year and the 11-
year examination. The ideal, a restorative
material that in time darkens like the natural
tooth, has not been fulfilled with the resin
material Silar. Indeed, it is likely that many
of the present restorations will be replaced
in the years to come because of unacceptable
corpus discolorations, the clinical mani-
festation of the inferior color stability of the
restorative material.

Both patients and dentists know that sur-
face discoloration of resin restorations may
be associated with daily habits such as smok-
ing and tea-drinking. During the past few
years there has, however, been an increased
use of dentifrices that might counteract dis-
colorations of teeth and restorations even
among inveterate smokers. This is the most
likely explanation for the reduced occur-
rence of surface discolorations after 11 years
versus 6 years and may also be the reason
why the association between smoking and
surface discolorations was not significant at
the final examination, as was the case pre-
viously. Indeed, the interviews with the
patients showed that their daily habits with
regard to smoking and consumption of coffee
and tea were almost constant during the
whole observation period, whereas twice as
many patients told of a regular consumption
of alcoholic beverages at the later recalls as
after 2 years.

It is well known that organic acids and
solvents such as alcohol may soften resin
materials, but the previously found relation-
ship between surface staining and plaque
deposits on resin restorations could not be
confirmed (31). However, the present inves-
tigation substantiated that continuous con-
sumption of alcoholic beverages decreases
the wear resistance and color stability of
resin restorations and makes them more sus-
ceptible to surface staining.

During the past decade the chemically self-
curing resin restoratives have almost been
superseded by visible-light-curing materials
with improved color stability. The res-
torative procedures have also been changed
because of the more effective dentin
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adhesives that have been marketed in the last
few years. However, the improved clinical
quality and durability of resin restorations
placed with the latest materials and res-
torative procedures still have to be docu-
mented in longitudinal and cross-sectional
studies.
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