
SUMMARY

This clinical study evaluated the clinical per-
formance of cuspal coverage with combined com-
posite–amalgam restorations in endodontically-
treated maxillary premolars over a three-year
period. Thirty-six maxillary premolars, each with
a Class II cavity in 36 patients ranging in age
between 28 and 52 years, were selected after

endodontic treatment. After reduction of the buc-
cal and palatal cusps, internal coverage and
veneering of the reduced buccal cusp was per-
formed with composite. The remaining cavity
and reduced palatal cusp were restored with
high-copper amalgam. The restorations were
evaluated at baseline and in one-, two- and three-
year recalls with USPHS criteria.

Changes in characteristics of the restorations
were analyzed with the Cochran Q-test at a sig-
nificance level of p<0.05. Most of the restorations
received an overall score of alpha, except two
restorations, which showed a slight discrepancy
at the composite-amalgam interface after one
year (p>0.05). Four restorations exhibited slight
discoloration of the composite veneering after
three years (p<0.05). No restoration exhibited
fracture after three years. It was concluded that
combined composite-amalgam cusp coverage of
endodontically-treated maxillary premolars
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Clinical Relevance

The results of a three-year follow-up of a small sample of patients suggest that com-
bined composite-amalgam restoration for cuspal coverage is useful as a conservative,
one-appointment complementary procedure for endodontically-treated maxillary pre-
molars.
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showed acceptable clinical performance after
three years.

INTRODUCTION

Endodontic treatment of posterior teeth can weaken
tooth structure, because of previous caries or restora-
tions, access instrumentation or removal of the pulp
chamber roof.1-2 These factors make the teeth suscepti-
ble to fractures, especially the maxillary premolars,
because their anatomy facilitates separation of the
cusps during mastication. This problem may be exacer-
bated in teeth with a weakened or missing marginal
ridge.3-4 There is a greater frequency of fracture in two-
rooted maxillary premolars than in single-rooted pre-
molars. Lateral excursive forces can shear the remain-
ing cusps or cause vertical root fracture, leading to peri-
odontal surgery or extraction.5 In addition, loss of the
protective feedback mechanism following pulp removal
may contribute to tooth fracture.6 Thus, restoration of an
endodontically-treated tooth is a critical step in finish-
ing or complementing endodontic treatment. The
restoration should provide functional, esthetic and
marginal sealing, and it should protect the remaining
tooth structure.2 However, accomplishing such a restor-
ation has always been challenging for clinicians, espe-
cially when excessive tooth structure has not been lost.

Cusp coverage with cemented cast restorations is
known to improve the fracture resistance of endodonti-
cally-treated teeth.1,4-5,7 Full metal-ceramic crowns have
been recommended as a way to provide good esthetic
results in premolars. Tooth preparation for this crown
requires a substantial reduction in tooth structure, so
that a post is needed to provide core retention.8

Construction of the post and core casting requires den-
tal laboratory support, resulting in more time-consum-
ing and costly restorations. The difference between the
elastic modulus of this casting system and tooth struc-
ture may lead to root fracture.9 Although this treatment
is the only choice in endodontically-treated premolars
with extensive defects, the preservation of sound tooth
structure is considered to be of primary importance for
increasing the survival rate of endodontically-treated
teeth.8 In addition, treatment may lead to the emer-
gence of restorative difficulties, such as a cement line
that leads to cement dissolving in oral fluid, a lack of
consistent optimal adaptation and the need for gingival
retraction at subgingival margins.4,7,10 These disadvan-
tages may also be involved in other indirect esthetic
restorations.

It has been suggested that crown coverage should be
postponed for the first five years after the endodontic
treatment of premolars.11 In response, and in an
attempt to preserve tooth structure, replacing indirect
restorations with amalgam-based cusp coverage was
suggested. This easily performed and economically
more accessible alternative has the advantage of pro-

ducing a reversible restoration.7 Full amalgam cover-
age or amalgam crowns have shown excellent results in
in-vitro and in-vivo studies.1,7,10-13 Nevertheless, this
type of restoration is esthetically less pleasing, particu-
larly in maxillary premolars. Frequently, patients find
it hard to accept the appearance of a facial cusp pro-
tected with a 2-3 mm layer of amalgam.11

Applying a bonded resin composite as an alternative
to amalgam in these complex restorations has been
suggested, but it presents some limitations. The pri-
mary drawback of resin composite is high polymeriza-
tion shrinkage stress, resulting in marginal gaps and
microleakage. Reproducing the anatomic form and
proximal contacts is difficult and time-consuming.14-16

Thus, a combination of the favorable properties of two
direct restorative materials may provide good esthetic
results in the labial or occlusal aspects of extended
amalgam restorations.17-18

The combined resin composite-amalgam (hybrid)
restoration is not a new technique.19-21 One popular
method is placement of an extended amalgam restora-
tion, followed by window preparation for composite
veneering in a second appointment. Composite veneer-
ing of a complex amalgam restoration can cause an
unesthetic, grayish appearance from the labial view.
Although an opacifying agent or resin-modified glass
ionomer can be applied on the amalgam surface, mask-
ing the metallic color of the amalgam is difficult to
accomplish.22-23 Therefore, composite veneering of the
amalgam crown might not provide a fully satisfactory
result in terms of esthetics. However, a case report by
Abu-Hanna and Mjör17 indicated that a combined
restoration with composite placement at the buccal wall
followed by amalgam placement provided an acceptable
esthetic outcome in an extended cavity of vital premolars.

Based on previous reports, a single-appointment tech-
nique for restoring endodontically-treated maxillary
premolars without extensive damage to tooth structure
was developed. First, the two cusps are reduced, then
the buccal cusp is covered, veneering is applied and the
reduced cusp is internally covered with resin compos-
ite. After bonding and polymerization of the resin com-
posite, the remaining cavity and reduced palatal cusp
are restored with amalgam. The purpose of the current
study was to evaluate the clinical performance of this
technique in restoring endodontically-treated maxil-
lary premolars after three years.

METHODS AND MATERIALS

The research protocol for the current study was
approved by the local ethics committee. Recruited were
36 patients (20 women and 16 men) referred by two
endodontists to a private practice in Shiraz (Iran) for
the restoration of endodontically-treated premolars.
The patients ranged in age from 28 to 52 years (mean
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35 years). All the patients were informed of the study
and given instructions regarding oral hygiene. The
authors excluded patients who identified themselves as
smokers, those with medical problems, severe bruxism,
periodontal attachment loss, patients with a gingival
index greater than one and those who were unable to
attend regular interval appointments.

For this trial, the authors selected endodontically-
treated maxillary first and second premolars with buc-
cal and palatal cusps that had a relatively intact enam-
el structure weakened by extended caries on the
mesial/distal or two surfaces. These teeth were in occlu-
sion with the opposing teeth and had neighboring teeth
without abutment for fixed or removable prostheses. A
single operator performed all the clinical procedures.

Restorative Procedures

One week after endodontic treatment, the eugenol-free
temporary restoration was removed. A depth of 2-3 mm
of gutta-percha was removed using a Gates Glidden
drill (#3, Mani, Utsunomiya, Tochigi, Japan). The buc-
cal and palatal cusps were reduced about 2 mm and 3
mm, respectively, using a cylindrical diamond bur
(Teescavan Ltd, Tehran, Iran) in a high-speed hand-
piece with water spray. The remaining buccal cusp was
prepared for veneering. Moisture was controlled with
cotton rolls and a high-volume evacuator. This prepa-
ration and the internal surface of the buccal cusp were
etched with 37% phosphoric acid (SDI Ltd, Melbourne,
Australia) for 15 seconds, washed with water spray and
gently air-dried. Two layers of Single Bond (3M, Dental
Products, St Paul, MN, USA) were applied and cured
for 40 seconds using a halogen light curing unit
(Coltolux 75, Coltène/Whaldent AG, Altstätten,
Switzerland) with a light intensity of 450 mW/cm2.
Light intensity output was checked every 10 restora-
tions with a light meter from the same manufacturer.

Before acid etching, a small piece of metal matrix
band was placed to protect the adjacent proximal sur-
face from etching and to prevent bonding to this surface
during composite placement.

After shade selection, a layer of a microhybrid com-
posite (Z250,
3M Dental
P r o d u c t s )
was placed on
the inner sur-
face of the
reduced buc-
cal cusp and
cured for 40
s e c o n d s .
Veneering of
the buccal
surface was
then per-

formed incrementally, with care to minimize the
effects of polymerization shrinkage. Finally, the com-
posite was placed on the reduced buccal cusp in two 2-
mm increments for reconstruction of the mesial and
distal slopes of the reduced cusp. In this way, the
reduced cusp was sandwiched between two layers of
bonded composite. After occlusal adjustment, finish-
ing and polishing procedures were performed on the
external composite surface using fine diamond burs
and Sof-Lex discs (3M Dental Products). A final high
polish was accomplished with a rubber prophylaxis
cup and diamond polishing paste (SDI Limited,
Victoria, Australia). A Tofflemire matrix band (#1,
Arnel Inc, Hempstead, NY, USA) was stabilized on the
tooth, and wooden wedges were applied to secure the
interproximal matrix adaptation. The remaining part
of the cavity and the reduced palatal cusp were
restored with a high copper admix alloy amalgam
(GS-80, SDI Limited) (Figure 1).

A recall program was arranged for all patients, and
the restorations were evaluated one week after place-
ment, followed by one, two and three years.

The operator took preoperative photographs of the
cavity preparation and the restored teeth at baseline
and at each recall appointment (Figures 2-7).
Radiographic examination was also included in the
study. The restorations were clinically evaluated with
USPHS criteria (Table 1) by two independent examin-
ers according to the following restoration characteris-
tics: color match from the buccal view, marginal discol-
oration of the composite veneer, anatomical form, mar-
ginal adaptation along the restoration margins and
amalgam-composite interface, secondary caries. The
rating scales in the original USPHS were used for each
criterion (Table 1). In this rating, three scores were
used, except for marginal adaptation (four scores) and
recurrent caries (two scores). In general, alpha ratings
indicated excellent results, with no need for restoration
replacement. Bravo ratings indicated acceptable
results with a possible need for replacement. Charlie
ratings indicated a need for replacement of the restora-
tion for prevention. Delta ratings indicated the need for
immediate replacement. Charlie and delta ratings indi-
cated clinically unacceptable outcomes.24-25 Clinical
evaluations were conducted by visual inspection and
examination using a mirror and sharp explorer. When
a disagreement arose during evaluations, consensus
evaluations were obtained between the examiners. The
proportion of changes from baseline scores across recall
periods was compared using the Cochran-Q test
(p<0.05).

RESULTS

All 36 patients were evaluated at the baseline and at
one- and two-year recall, but three patients were
unavailable for the three-year recall. Accordingly, a
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Figure 1. Schematic view of combined compos-
ite–amalgam restoration of a maxillary premolar
after endodontic treatment.
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total of 33 restorations were evaluated for this report at
the one-, two- and three-year recalls. The results of
these evaluations are presented in Table 2.

No failures were observed during the three recall
appointments, and alpha scores were recorded for most
of the criteria. However, two restorations (6%) showed

a slight discrep-
ancy and a shal-
low crevice at
the amalgam-
composite inter-
face. They were
scored as bravo
after one year
(p>0.05). This
lack of integrity
did not lead to
any failures
after three

years. Gingival inflamma-
tion around the restora-
tion, bulk fracture and
tooth fracture were not
observed at the one-, two-
or three-year recall.

The color of the restora-
tions in the buccal view
completely matched the
adjacent teeth, except in
four patients (12%) who
had slight discoloration of
the composite veneer after

about three years (p<0.05). Polishing removed this dis-
coloration.

DISCUSSION

Increased cavity depth associated with removal of the
pulp chamber roof, marginal ridge and decreased thick-
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Criterion Rating Description

Color match Alpha (α) No mismatch in color, shade or translucency between the restoration and the adjacent teeth.

(from buccal view) Bravo (β) No mismatch in color, shade or translucency outside the normal range of tooth color.

Charlie (c) Mismatch in color, shade or translucency between the restoration and the adjacent teeth
outside the normal range of tooth color.

Marginal discoloration Alpha (α) No discoloration anywhere along the margin between the restoration and tooth structure.

Bravo (β) Discoloration present but it has not penetrated towards the pulp along the margin.

Charlie (c) Discoloration penetrating towards the pulp.

Anatomic form Alpha (α) Restoration is not under-contoured and restorative material is contiguous with tooth anatomy.

Bravo (β) Small amounts of restorative material are missing, but tooth structure not exposed.

Charlie (c) Missing restorative material exposes tooth structure.

Marginal adaptation Alpha (α) No visible evidence of a crevice along the margin that the explorer will penetrate.

Bravo (β) Visible evidence of a crevice along the margin that the explorer will penetrate; dentin not
exposed.

Charlie (c) Dentin is exposed; explorer penetrates but the restoration is not mobile, tooth fractured or
missing in part or in toto.

Delta (δ) The restoration is fractured or missing in part or in toto.

Secondary caries Alpha (α) No evidence of caries* contiguous with the margin of the restoration.

Charlie (c) Evidence of caries contiguous with the margin of the restoration.

*An explorer catches or resists removal after insertion with moderate to firm pressure and is accompanied by softness, opacity or etching (white spot).

Table 1: Criteria Used to Evaluate the Restorations

Figure 2. Preoperative cavity in a maxil-
lary second premolar.

Figure 3. Cavity preparation with
reduced cusps.

Figure 4. Restoration from the buccal
view at baseline.

Figure 5. Restoration from the occlusal
view at baseline.

Figure 6. Successful combined
restoration from the buccal view after
three years.

Figure 7. Successful com-
bined restoration from the
occlusal view after three
years.
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ness of the cusp, leading to cusp elongation, can result
in deflection of the cusp and increased susceptibility of
endodontically-treated maxillary premolars to frac-
ture.4,11 Full cuspal coverage is advised to protect the
remaining cusps from splitting.1-2,4-5,7 The integrity of
reduced cusps can be preserved by preventing the
wedge effect between the palatal and buccal cusp,
caused by cusp elongation.4,11,14 Full amalgam coverage
of sufficient strength is capable of restoring form and
function and providing adequate fracture resistance in
restored teeth.10,13,26 Clinical observations have indicated
high survival rates (from four to 15 years) of amalgam
restorations with cusp coverage.12,27

In the current study, the high performance scores of
the restorations after up to three years were related to
the favorable mechanical properties, excellent margin-
al sealing stability and proven clinical longevity of the
amalgam. Like the functional (palatal) cusp and critical
margins, the gingival margins of the proximal box were
restored by amalgam, and no fractures or recurrent
caries was observed. Improvements in the dentinal
marginal sealing of Class II composite restorations
were reported with amalgam filling of the gingival
third.28 Moreover, composite coverage of the buccal
cusp, in association with veneering and internal cover-
age of the reduced cusp with composite by a two-step
total etch adhesive, might reinforce the non-functional
cusp through bonding to the enamel and dentin. This
combination would provide good color matching of the
restoration from the buccal view at baseline.

The placement of a composite layer on the internal
surface of the buccal cusp prevented contact between
the amalgam and buccal cusp. Also, probable corrosion
products could not penetrate the dentinal tubules of the
buccal cusp. This layer, in association with the compos-
ite veneer on the etched enamel surface of the buccal
cusp, would mask the amalgam from the buccal view.
Thus, the patients in the current study were satisfied
with the color of their restorations. In addition, enamel
bonding might be responsible for the good marginal
adaptation, lack of marginal discoloration and recur-
rent caries. However, after three years, 12% of patients
complained of discoloration of the composite veneer at
the gingival half of the buccal surface. This color change

may have been related
to excessive tea or coffee
drinking, which can dis-
color the composite
veneer.

Despite the good mar-
ginal adaptation of both
the amalgam and com-
posite margins, addition-
al interface between the
two materials posed a
potential problem, since

the interface was located on the occlusal surface.
Although there was no chemical interaction between
the two materials, in an in-vitro study, intimate adap-
tation was observed at the interface.29 In the current
study, after one year, two restorations (6%) showed a
crevice at the composite-amalgam interface. This slight
discrepancy appeared to have resulted from the frac-
ture of thin flashes of amalgam that extended over the
composite surface of the buccal cusp slope. However,
this did not result in any failure after three years.

When the resin composite is first placed and polymer-
ized, amalgam particles can intermix with the oxygen-
inhibited layer during amalgam condensation in the
cavity. This interlocking may provide bonding and seal-
ing at the composite-amalgam interface. In combined
restorations, when the amalgam is placed before the
composite, there is no oxygen-inhibited layer, which
serves as a disadvantage. This layer may create a
stronger link between the two materials.17

No data are available from long-term clinical evalua-
tions of combined restorations. A retrospective clinical
assessment of 12 combined restorations in extended
Class II cavities of vital maxillary posterior teeth
reported that the composite-amalgam interface in all
the restorations seemed to be clinically acceptable, even
in a six-year old restoration.21

Avoiding the effect of polymerization shrinkage stress
on the interface is a potentially important factor in the
integrity of the interface. By first applying the compos-
ite, shrinkage would occur before amalgam placement.
As the amalgam sets, it does not exert significant stress
on the bonding mechanism at the composite-amalgam
interface. However, composite veneering of the amal-
gam crown in a second appointment could produce poly-
merization stress at the interface.

Because amalgam has an elastic modulus close to that
of resin composite and dentin,15 functional stresses may
be evenly distributed through the whole restored tooth,
preventing stress concentration and fracture. As a
result, the one-appointment combined restoration tech-
nique described in the current study yielded clinically
acceptable results after a three-year observation period.
Follow-up of this group of patients will continue for an
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Criterion Baseline One Year Two Years Three Years

Color match 33α 33α 33α 29α
4β

Marginal discoloration 33α 33α 33α 33α

Anatomic form 33α 33α 33α 33α

Marginal adaptation 33α 33α 33α 33α
at restoration margin
at composite- 33α 31α 31α 31α
amalgam interface 2β 2β 2β

Secondary caries 33α 33α 33α 33α

Table 2: Number of Restorations Receiving Each Rating at Each Recall
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additional four years, for a total of seven years. If satis-
factory long-term results are obtained and the rate of
complicated failures remains low, combined composite-
amalgam coverage of maxillary premolars may become
a useful technique to completing endodontic treatment.

CONCLUSIONS

Based on the results of this prospective clinical evalua-
tion and within the limitations of this study, cusp cov-
erage with combined composite-amalgam restorations
yielded clinically acceptable restorations for endodonti-
cally-treated maxillary premolars without extensive
loss of tooth structure after three years.
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