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Clinical Research

SUMMARY

This study evaluated the influence of the pulp
protection technique on clinical performance of
amalgam restorations after three years, with

particular reference to post-operative sensitivity
and secondary caries. One hundred and twenty
(120) Class II amalgam restorations (68 premo-
lars, 52 molars; 78 MOD, 42 OD/MO) were placed
in 30 participants (four restorations per partici-
pant). The restorations were divided into four
groups according to the pulp protection tech-
nique used: copal varnish; 2% neutral sodium flu-
oride; adhesive resin and no pulp protection. The
parameters evaluated were post-operative sensi-
tivity, staining of the dental structure, tooth
vitality, partial or total loss of the restoration and
secondary caries. One hundred and eight (108)
restorations were available for evaluation after
three years. No partial or total loss of restora-
tions had occurred; all teeth were vital, no tooth
structure staining or secondary caries was
detected in any of the restored teeth. Post-opera-
tive sensitivity was observed only in two restora-
tions at baseline and at seven-days. The three-
year clinical performance of teeth restored with
a high copper dispersed phase amalgam was not
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Clinical Relevance

Results of this study indicate that pulp protection may not be necessary under amal-
gam restorations made with a high copper, dispersed phase alloy. A longer evaluation
is necessary to confirm/reject that observation.
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affected by the choice of pulp protection tech-
nique.

INTRODUCTION

One of the main goals of a restoration is to prevent
microleakage at the tooth-restoration interface.
Clinically, marginal leakage can be related to signs and
symptoms including sensitivity, marginal staining and
recurrent decay and can lead to the failure of the
restoration. For amalgam restorations, copal varnish
has been widely recommended to avoid migration of
metallic ions from the amalgam to the tooth structure,
preventing staining, reducing marginal leakage and its
consequences, post-operative sensitivity and secondary
caries (Fitchie & others, 1990; McComb, Ben Amar &
Brown, 1990; Murray, Yates & Williams, 1983). Copal
varnish is considered an important dentin sealant in
the period between placement of the restoration and
formation of amalgam corrosion by-products, which
are capable of sealing the tooth-restoration interface.

The kinetics of the initial seal attributed to the var-
nish and subsequent sealing by the amalgam itself has
never been thoroughly elucidated (Newman, 1984).
Some reports have demonstrated that cavity varnishes
do not produce any benefit to the marginal seal of
restorations (Marchiori & others, 1998; Manders,
García-Godoy & Barnwell, 1990; Mazer, Rehfeld &
Leinfelder, 1988), in both conventional and high-copper
amalgam (Andrada, 1982). Furthermore, cavity var-
nishes have been criticized for providing an uneven
film, poor insulation, lack of biologic properties, lack of
adhesion between tooth and amalgam and high solu-
bility (Mazer & others, 1988).

Other pulp protection techniques and materials have
also been suggested, such as calcium hydroxide
cements, zinc oxide and eugenol bases, zinc-phosphate
bases, and more. More recently, adhesives have been
recommended to seal the tooth preparation, providing
pulp protection (Gwinnett & others, 1994; Staninec &
Holt, 1988). Amalgam can also be bonded to the tooth
preparation, generating secondary retention to the
restoration (Staninec, 1989). The medium- and long-
term effects of these pulp protection techniques on the
clinical performance of amalgam restorations has not
been fully investigated.

This study assessed the influence of three different
pulp protection techniques on the clinical performance
of Class II amalgam restorations over time. The three-
year findings are presented.

METHODS AND MATERIALS

Sample Description

Thirty adult patients, ranging in age from 16 to 36
years, were selected for this study. Participants were
selected from an original pool of 142 patients from the

Federal University of Santa Catarina School of
Dentistry, Florianópolis, Brazil. Participants qualified
for the study if they required replacement of four defec-
tive typical Class II amalgam restorations of moderate
size (bucco-lingual isthmus not to exceed 2/3 of the dis-
tance between the cusp tips) on vital teeth. In addition,
the teeth to be restored needed to have proximal and
occlusal contacts in the restoration. The sample for the
study consisted of 120 vital teeth (68 premolars and 52
molars) with 78 MOD and 42 OD/MO restorations.
Reasons for restoration replacement were secondary
caries, marginal failure, bulk fracture, marginal ridge
fracture and/or lack of contour (missing proximal con-
tacts).

Restorative Procedures—Experimental Groups

All the preparations were accomplished at water-
cooled high-speed with #330 carbide burs. Manual
instruments were used to refine the preparations. A
caries-detector solution (Caries Detector—Kuraray
Company, Ltd, Osaka, Japan) was used to aid in the
identification of the carious tissue, whenever neces-
sary. All restorations had proximally contacting sur-
faces, and the gingival margins were located in enam-
el. In addition, all the restorations presented occlusal
contacts. The remaining dentin thickness (RDT) after
tooth preparation/ restoration was determined to be
moderately deep. Even though the RDT was not quan-
titatively determined, all tooth preparations had pul-
pal and axial walls at least 0.5 mm inside the dentin-
enamel junction.

Each of the four preparations in the same participant
was protected with a different pulp protection tech-
nique prior to placing the amalgam, which consisted of
(1) copal varnish, (2) 2% neutral sodium fluoride, (3) a
resin adhesive or (4) no pulp protection. The four dif-
ferent pulp protection techniques applied were:

Group 1: All the preparation walls were coated with
two layers of copal varnish (Copalite, Cooley & Cooley,
Houston, TX 77041, USA);

Group 2: 2% neutral sodium fluoride (DFL, Rio de
Janeiro, 22713-0001 Brazil) was applied to all the
preparation walls for four minutes, then dried with a
blast of air;

Group 3: The resin adhesive system All-Bond 2
(BISCO Inc, Schaumburg, IL 60193, USA) was applied
on all enamel and dentin walls according with the
manufacturer’s instructions and

Group 4: No pulp protection was used, the amalgam
was condensed directly onto the freshly-cut enamel
and dentin.

All 120 preparations were cut and restored under
rubber dam isolation by the same operator (AM) with
the same amalgam type (Dispersalloy, Dentsply/Caulk,
Milford, DE 19963, USA). After the pulp protection
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application (Groups 1–3), the amalgam was inserted
and carved, the rubber dam was removed and the
occlusion adjusted.

Follow-Up Examinations

Evaluations were done at baseline, at seven days and
at the end of every subsequent year until the third
year after placement of the restorations. Forty-eight
hours after placement, all the restored teeth were test-
ed for vitality with tetrafluorethan (–20, Roeko,
Langenan, 1150 D-89129, Germany). This appoint-
ment represented the baseline for the assessment of
post-operative sensitivity. At this same appointment,
the restorations were finished and polished. After pol-
ishing, the restorations were photographed from the
occlusal aspect with X2 magnification. Figures 1a, 2a,
3a and 4a depict representative examples of restora-
tions at the baseline appointment.

Black and white prints were obtained from the color
slides and cropped to leave only the occlusal surface of
the restoration visible. The photographic documenta-
tion allowed for (1) the generation of a photographic
archive, (2) the prospective evaluation of the restora-
tions, (3) side-by-side comparison of the baseline vs
three-year old restoration, (4) inter-evaluators discus-
sion without the participant being present and (5)
more precise statistical analysis.

Bitewing radiographs were obtained for all the teeth,
which were used to detect proximal overhangs.

Evaluation of the restorations on every follow-up
visit involved visual examination with the aid of a den-
tal explorer and intra-oral mirror. Two independent
examiners carried out the clinical examination. Inter-
examiner reliability was determined using a statistical
method described by Cohen (1969).

At the end of the first, second and third year, respec-
tively 120, 112 and 108 restorations were evaluated by
the same examiners. All the teeth were tested for vital-
ity and evaluated clinically at each time point, with
attention to marginal integrity, presence/absence of
post-operative sensitivity, staining of the dental struc-
ture, partial or total loss of the restoration and sec-
ondary caries.

At the end of the third year, the photographic records
of the restorations were used to evaluate the marginal
degradation over that period, using the sequential
method proposed (Osborne & others, 1976; Osborne,
Binon & Gale, 1980a, Osborne & others, 1980b).
Figures 1b, 2b, 3b and 4b show the restorations depict-
ed in Figures 1a, 2a, 3a and 4a, respectively, at the
three year recall visit.

As a calibration exercise, prior to the study, the
examiners were given a series of photographs of
archived amalgam restorations (n=186) that they
ranked from best to worst based on the appearance of
the restoration margins. The results of the photo-
graphic rankings were submitted to a Kruskal-Wallis
test that showed no significant difference between the
two examiners. The same two examiners then ranked
the pictures from the main study from best to worst,
and the same statistical analysis was used to deter-
mine difference among the four groups.

RESULTS

Baseline

At baseline, all the teeth were vital. Two teeth from
Group 3 (adhesive) presented with subtle sensitivity
upon biting. Occlusal interference was detected for
these restorations, which was removed.

Seven Days

At seven days, all the teeth responded positively to the
vitality test and none presented spontaneous pain
although two teeth in the adhesive resin group present-
ed sensitivity to cold liquids. Participants in the adhe-
sive resin group reported that the sensitivity was
decreasing but it was bearable.

One Year

At the end of the first year, all 120 restorations were
reassessed clinically with the aid of photographic
images. Not a single fracture was detected, no second-
ary caries and no stain in the dental structure was pres-
ent. None of the teeth presented spontaneous pain or
pain to cold liquids. All the teeth gave a positive
response to the vitality test.

Figure 1. Representative clinical example of a restoration from Group 1

(cavity varnish) at baseline (a) and at the 3-year recall (b).

Figure 2. Representative clinical examples of restorations from Groups

2 (fluoride, #12) and 4 (control, #13) at baseline (a) and at the 3-year

recall (b).
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Two Years

At the end of the second year, 112 restorations were re-
evaluated clinically and the results were identical to
those observed at the end of the first year. All the teeth
responded positively to the vitality test. Two partici-
pants (eight restorations) missed this evaluation.

Three Years

At the end of the third year, the results from the clinical
examination of 108 restorations (three participants did
not participate in the third-year evaluation) were iden-
tical to those observed at the end of the first and second
years. None of the teeth presented spontaneous pain or
pain to cold liquids and they all presented a positive
response to the vitality test.

Examination of the restorations at three years
revealed no statistically significant differences among
the four groups regarding marginal integrity, staining of
the dental structure, partial or total loss of the restora-
tion and secondary caries regardless of the type of pulp
protection technique used.

Inter-examiner reliability tests produced a Kappa
score of 0.86, which showed excellent agreement (Cohen,
1969).

DISCUSSION

The use of liners and bases under amalgam restora-
tions has been common practice for many years and
continues to be promoted in operative dentistry text-
books (Schwartz & Hilton, 2000; Bayne, Thompson &
Taylor, 2001). Bases and liners are believed to provide
protection against marginal leakage, affording the
tooth pulp protection and post-operative comfort.
Nevertheless, current concepts related to the use of lin-
ers and bases have been challenged (Hilton, 1996;
Leinfelder, 1994; Weiner, Weiner & Kugel, 1996). As
knowledge and understanding of the tooth and of den-
tal biomaterials evolves, our approach to the clinical
practice should be constantly revisited.

The results of this study indicate that the amalgam-
tooth interface seals over time, resulting in low levels
of post-operative sensitivity even without the use of a
pulp-protecting material. These results agree with
other studies (Osborne & others, 1980a; Piperno & oth-
ers, 1982). Twenty years ago, both Osborne & others,

1980a and Piperno & others had already demonstrat-
ed in in vivo studies that using bases under amalgam
restorations does not contribute to decreased post-
operative sensitivity. They hypothesized that amal-
gams with greater plasticity can be more appropriate-
ly condensed and consequently better adapted to the
walls and internal angles of the preparation, resulting
in tighter margins when compared to regular amalgam
alloys.

Previous studies have critically analyzed the use of
liners under restorations (Owens, 1996; Pereira & oth-
ers, 1990). These authors have demonstrated that
materials such as calcium hydroxide have a short anti-
bacterial effect. In addition, with time, the oral fluids
can penetrate through a non-sealed tooth-restoration
interface, dissolving partially or totally this pulp-pro-
tecting material. This would result in an increased gap
at the tooth-restoration interface, increasing the risk of
sensitivity and marginal leakage.

Irrespective of the type of pulp protection technique
used, not one predisposed the restorations to a poor
clinical performance with regard to recurrent caries.
The relevance of this finding relates to the fact that
recurrent (or secondary) caries is still regarded as the
main reason for failure and replacement of amalgam
restorations (Mjör & Toffenetti, 2000). Since the factors
responsible for primary caries are also responsible for
secondary caries, it is inappropriate to solely blame a
material or any specific technique for the incidence of
recurrent or secondary caries. Even though it was not
under the scope of this study to establish the partici-
pants’ caries risk, the overall caries risk of the sample
in this study was considered moderate. It is well
known that participants in clinical studies tend to
improve their hygiene habits during the evaluation
periods of the study. This might have influenced the
zero incidences of secondary caries found at the three-
year evaluation. Longer evaluation times for this sam-
ple may reveal different tendencies or significant dif-
ferences among the experimental groups.

Poor marginal integrity is another frequently cited
reason to replace restorations (Mjör, 1986; Mjör &
Toffenetti, 2000). However, Barbakow & others (1988)
have shown that 100% of amalgam restoration mar-

Figure 3. Representative clinical example of a restoration from Group 3

(adhesive resin) at baseline (a) and at the 3-year recall (b).

Figure 4. Representative clinical examples of restorations from Groups

3 (adhesive resin #12 and 4 (control #13) at baseline (a) and at the 3-

year recall (b).



gins are defective six months after they are placed and
therefore poor marginal integrity does not necessarily
justify replacement of the restoration. Either periodic
recall to monitor the restoration and/or the patient's
caries risk or the repair of the margin is preferable to
total replacement. The marginal defects that appear in
the tooth-restoration interface are mechanically and
ecologically similar to occlusal pit and fissure defects.
Although occlusal pits and fissures are plaque accu-
mulation sites (Mjör, 1986; Owens, 1996), it is possible
to maintain these areas free of caries. The same should
be true for ditched amalgam margins. Plaque control is
as caries preventive in occlusal pits as it is in ditched
margins, provided that these margins are accessible
for cleaning (Cardoso, Baratieri & Ritter, 1999). In this
study, the photographic evaluation was unable to find
differences among the four groups as it relates to mar-
ginal degradation, regardless of the inherent marginal
breakdown present in all restorations.

The potential advantages for using resin adhesives to
bond amalgam to the dental structure are reduced
microleakage, reduced incidence of postoperative sen-
sitivity (Staninec & Holt, 1988), reduced marginal
fracture (Tarim & others, 1996), increased fracture
resistance of the prepared tooth (Eakle, Staninec &
Lacy, 1992) and improved retention of the restorations
with the potential for preservation of tooth structure
during tooth preparation (Staninec, 1989). Although
these advantages have obvious merits, their validity
still requires confirmation in the clinical setting. A
number of concerns have been expressed regarding
using adhesive systems in association with amalgam
restorations. Recent in vitro reports (Boston, 1997;
Charlton, Murchison & Moore, 1991; Mahler &
Bryant, 1999) indicate that microleakage can be sig-
nificantly reduced when an adhesive system is used
under amalgam restoration in lieu of varnish or no
liner. Yet, the same behavior cannot be duplicated in
vivo when the gingival walls of the proximal box are
located on enamel. It is possible that in vitro marginal
leakage tests are not good predictors of clinical activi-
ty (Meiers & Turner, 1998).

This study demonstrated that in a three-year period
the use of an adhesive system cannot be justified under
typical tooth preparations for amalgam. No significant
differences were observed among the restorations that
did not receive any type of pulp protection technique
and those that were bonded to the dental structure.
Similar results were recently reported for another
adhesive system (Mahler & Engle, 2000).

Some authors have suggested topical fluoride appli-
cation under amalgam restorations to minimize the
incidence of secondary caries (Alexander, McDonald &
Stookey, 1969; Cooley & Barkmeier, 1979; Nixon,
Hembree & McKnight, 1978; Peterzen & others, 1990;

Stufflebeam & others, 1997). An in vitro study
(Marchiori & others, 1998) verified that fluoride sig-
nificantly decreased the performance of amalgam
restorations with respect to marginal leakage. In the
topical fluoride group, 50% of enamel margins and
100% of dentin margins had maximum leakage scores.
This study, however, did not reveal any negative
aspects of the use of fluorides, neither was it capable of
showing any superiority of that procedure.

Several clinical studies have indicated that the clini-
cal behavior of amalgam restorations observed in the
first year of activity is a good predictor of long-term
results (Letzel & Vrijhoef, 1984a, 1984b; Mahler &
Marantz, 1980; Mjör, 1986; Osborne & others, 1980a,
1980b). This study’s results suggest that there are no
advantages in the use any pulp protection technique
under typical amalgam restorations. It must be
emphasized, however, that all the restorations includ-
ed in this study were replacements of old, failed amal-
gam restorations. The clinical significance derived
from these results might differ from a situation where
primary caries is being restored, particularly when
related to the physiological condition of the dentin sub-
strates. Dentin can undergo a number of structural
changes under restorations, including occlusion of the
dentinal tubules, formation of reparative dentin, and
more. All these changes can influence the response of
the pulp-dentin complex to external stimuli. Hence,
when restoring primary caries lesions, the influence of
the type of pulp protection technique under amalgam
restorations remains to be investigated.

CONCLUSIONS

Based on the results of this study, it can be concluded
that the type of pulp protection technique (cavity var-
nish, adhesive resin or fluoride application) might not
influence the clinical performance of teeth restored
with moderate sized replacement amalgam restora-
tions after three years of clinical service.

(Received 16 October 2001
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