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The effect of five cement bases on the fracture strength of three
amalgams was determined at 24 h after condensation. It was found
that the type of base used was the most important factor in affecting
the fracture strength of the amalgam, followed by the thickness of
the base, and finally the type ofamalgam that was used.
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Introduction.

The placement of intermediary cement bases under deep
preparations for amalgam restorations is a recommended
procedure in restorative dentistry.

The base is of low thermal conductivity and thus pro-
tects the pulp from thermal shock.1 Bases should also
possess sufficient strength to withstand the forces of
condensation and mastication transmitted through the
amalgam restoration.2'3

The effect of the thickness of various cement bases on
the fracture strength of a class II amalgam restoration was
recently reported.4 The study stressed the importance of
the modulus of elasticity of cements under amalgam restora-
tions. This study examines the effect of the thickness of
five cement bases on three types of amalgams in MOD
preparations.

Materials and methods.
Extracted molar teeth were mounted in clear polyester

casting resin. The resin base was 12 mm in height and from
1 to 2 mm below the cemento-enamel junction. The oc-
clusal surface was ground flat, and an MOD cavity prepara-
tion was cut using a conventional high-speed handpiece.
The occlusal-pulpal depth of the preparation was 3.0
mm, as shown in Fig. 1.

Five cements were used as bases of varying thicknesses:
(1) calcium hydroxide (Dycal);§ (2) reinforced zinc-oxide
eugenol (IRM);§ (3) polycarboxylate (Tylok);§ (4) zinc
phosphate (Tenacin);§ and (5) glass ionomer cement
(Chembond). § Conventional (Velvalloy),** high-copper
unicompositional (Tytin),** as well as high-copper admixed
(Dispersalloy) # amalgams were condensed on each of the
cement bases.

The thickness of each cement base was varied from 0
mm (no cement base) to 3.0 mm (no amalgam) by 0.5-mm
increments. Four molar teeth were used for each 0.5-mm
increment of cement base. This was repeated for each
cement base and each of three types of amalgams.

The preparation of each specimen was similar to that
described earlier for Class I restorations.5

The completed restorations were tested at 24 h after
amalgam condensation on a universal testing machines in
compression at a rate of 0.2 mm/min. The load was applied
in the center of the MOD restoration, mesio-distally, as well
as bucco-lingually. In each case, the load at which the amal-
gam restoration fractured was recorded, and the mean was
plotted as a function of the cement base supporting it. A
three-way analysis Qf variance6 was carried out to deter-
mine the effect of the base, the thickness, and the amalgam
on the fracture strength. Tukey's interval for comparisons
among means was calculated at the 95% level of confidence.7

Results.
The fracture load was plotted as a function of the thick-

ness of the various cement bases supporting the conven-
tional, the high-copper admixed, and the high-copper
unicompositional amalgam restorations in Figs. 2, 3, and 4,
respectively. All specimens were subjected to loading 24 h
after condensation of the amalgam, and the plotted value is
a mean of four specimens.

For each amalgam, a decrease in the fracture load oc-
curred as the thickness of the base was increased, and the
modulus of the base decreased. This was especially true
when marked differences in modulus existed among ce-
ments, such as calcium hydroxide, reinforced ZOE, and
zinc phosphate. The differences were not as clear among
cements like zinc phosphate, carboxylate, and glass ion-
omer.

¶Model 1125, Instron Corporation, Canton, MA 02021
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Fig. 2 - Effect of cement bases on Velvalloy in an MOD prepa-

ration 24 h after condensation.

Fig. 3 - Effect of cement bases on Dispersalloy in an MOD prep-

aration 24 h after condensation.

DLscussion.

The use of a cement base is especially recommended in
areas that are in close proximity to the pulp. The cement
protects the pulp from thermal shock, and, depending on

its chemical make-up, it can serve as an obtundent or can

stimulate the formation of secondary dentin. Unfortunately,
a base can also adversely affect the fracture strength of an

amalgam restoration.
As demonstrated in this study, a decrease in fracture

strength ensued in each specimen where a base was used.
Similar results were reported by Farah et al.5 on a Class I
cavity preparation. In a Class I cavity preparation, the
amalgam is supported almost exclusively by the cement
base. In an MOD preparation, the support is derived from
the amalgam which rests on the dentin of the proximal-
gingival floor and that which straddles the cement base.

The effect of a particular base and its thickness on a

conventional amalgam is shown in Fig. 2. The strength of
the amalgam is most drarnatically affected by calcium
hydroxide. The fracture strength drops from 95 kg to 48 kg
when 0.5 mm of Dycal is added. A more gradual decrease
takes place as the thickness of the cement is further in-
creased by 0.5-mm intervals. It is recognized that Dycal is
usually recommended for use in thicknesses of 0.5 mm or

less. The remaining thicknesses of Dycal were used for com-

parative purposes.
A similar trend was observed when a reinforced ZOE was

used as a base. When 0.5 mm IRM was added, the fracture
strength decreased by about 26%, as compared to almost a

50% drop with the 0.5 mm Dycal. Addition of a zinc phos-
phate base under the amalgam had less of an effect on the
strength than did either the Dycal or the IRM. No signifi-
cant differences were observed among the zinc phosphate,
the carboxylate, and the glass ionomer cements. The shaded
area in Figs. 2, 3, and 4 outlines the range within which the
amalgam fractured when supported by the carboxylate or

the glass ionomer cement.
The fracture strength of the admixed amalgam, such as

DispersaLloy, was similar to the conventional amalgam, as

observed in Fig. 3. The fracture strength for the unicom-
positional high-copper amalgam, such as Tytin, decreased
dramatically when 0.5 mm Dycal was introduced (Fig. 4).
The fracture strength of the amalgam decreased from 101
to 38 kg, or about a 60% drop in strength. As noted pre-
viously, a more moderate decrease took place when 0.5 mm
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Fig. 4 - Effect of cement bases on Tytin in an MOD prepara-

tion 24 h after condensation.

IRM was used for a base. A similar trend was observed
when zinc phosphate was used as a base. Slightly lower
fracture strengths were obtained when carboxylate or glass
ionomer cements were compared to zinc phosphate cement
as shown by the shaded area in Fig. 4. For both the ad-
mixed and the unicompositional high-copper amalgam
(Figs. 3 and 4), the zinc phosphate cement was consis-
tently the base which resulted in higher fracture strength of
the amalgam. Furthermore, less variation from specimen to
specimen was observed with the zinc phosphate. Although
great care was taken in mixing and proportioning the
cements, it was observed that generally a more consistent
and bubble-free mix was obtained with zinc phosphate
when compared to carboxylate and glass ionomer cement.

All three amalgams (Figs. 2, 3, and 4) exhibited similar
fracture trends when supported by respective cement bases.
The modulus, which is a measure of rigidity, plays an
important role in the supporting ability of the cement
base.3 Calcium hydroxide has the lowest modulus8 (370
MN/M2), while zinc phosphate has the highest at 22,000
MN/M2. Reinforced zinc-oxide eugenol is about 3500 MN/
i2, while glass ionomert and carboxylate cements are

about 5000 MN/m2. It is apparent from Figs. 2, 3, and 4
that a cement with a modulus of 5000 MN/m2 or more is

T Personal communication: Dr. Robert G. Craig

0c
y 100.

-S 80-
0
-J
w 60

1- 40

C 20-U.

DYCAL

0 0.5 1.0 1.5 2.0 2.5 3.0

CEMENT THICKNESS Imml

-

JDen t R es February 1 983
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adequate to support an MOD amalgam restoration. This is
true because, as mentioned earlier, a good part of the sup-
port in an MOD restoration is derived from the amalgam
which rests interproximally on the dentin and straddles the
cement. In a Class I cavity preparation, the amalgam is
almost completely resting-en the cement. In such a case,
higlier moduli values are more beneficial.5

Another material constant, Poisson's ratio (v), which
varies from 0.25 to 0.5, can also affect, to a more limited
degree, the behavior of the cement base, as well as the
amalgam restoration. The more brittle materials will have
Poisson's values closer to 0.25, while the more rubbery ones
will be closer to 0.5. Exact values for Poisson's ratio for
cements are not available in the literature.

In addition to the modulus and Poisson's ratio, creep
seems to play an important role in the fracture of the
amalgam. High-copper amalgams, which have lower creep
values, tended to have more variation in the fracture data.
In other words, their ability to absorb some of the energy
was minimal, while the conventional amalgams with the
higher creep tended to deform under load and thus attain
a more uniform fracture load. Thus, although high-copper
amalgams possess higher moduli of elasticity (3.45 x 104
MN/M2), as compared to conventional amalgams (2.31 x
104 MN/M2),9 the creep value being lower for the former
can result in the alloy fracturing at a lower load. This
phenomenon was observed in some of the specimens, and
one might thus question whether very low creep values are
desirable. For example, an amalgam restoration in hyper-
occlusion could more readily fracture if it could not dissi-
pate some of the energy, i.e., have lower creep.

Roberts et al. 10 examined the fracture toughness of five
amalgams and found that high-copper amalgam alloys
exhibited lower toughness values than did conventional
amalgam alloys. Thus, one should recognize that the frac-
ture of the amalgam is dependent not only on the modulus
and Poisson's ratio of the amalgam and the base, but also
on the creep and fracture toughness of the amalgam.

Conclusions.
1. Addition of 0.5 mm Dycal base decreased the fracture

strength of amalgam by about 50%.

2. Addition of 0.5 mm IRM base decreased the fracture
strength of amalgam by about 25%.

3. The type of base used played the most important role
in affecting the fracture strength of the amalgam.

4. The thickness of the base was the second most impor-
tant factor which affected the fracture strength of the
amalgam.

5. The type of amalgam used played the least important
role in the fracture strength of amalgam.

6. The fracture strength of the amalgam was dependent
not only on the modulus and Poisson's ratio of the amal-
gam and/or the cement, but also on the fracture toughness
and creep of the amalgam and cement.
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