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Creep and Rupture of Dental Amalgam under Bending Stress
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*Junior College at Niigata and **Department of Dental Materials Science, School of Dentistry at Niigata
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The bending creep of six different dental amalgams was continuously measured up to 30 days under
different static loads. All six amalgams induced creep rupture within 30 days under 9 kgf of static load and
some of them did under the lower static load. The high copper amalgams resisted for a longer period of time
compared to the low copper amalgams. The admixed high copper amalgam had the highest creep value at
rupture under the same load, which indicates that this amalgam is more flexible under continuous loading
than the other amalgams. The rupture time was approximately proportional to the reciprocal of the creep
rates and the rupture time drastically increased as the creep rate decreased. This result basically explains
and supports the previously reported correlation between the compressive creep during a specific period of
time and the marginal fracture of amalgam restorations.
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INTRODUCTION

It has been shown by several studies!~® that the compressive creep of dental amalgams
significantly correlates with the marginal integrity of amalgam restorations. Although these
studies have yielded information useful in the dental practice, the interpretation of the
correlation has not been clarified. This could partly be due to the lack of the detailed
investigation about the long term creep behavior of dental amalgams.

The purpose of the present study was to investigate the creep behavior of dental
amalgams for a long period of time, using a three-point bending test which would induce
creep rupture more easily than a compressive test.

MATERIALS AND METHODS

Six amalgam alloys were used to prepare the rectangular specimens for bending creep
test. The type of the alloys and their codes are listed in Table 1. Each alloy was triturated
with mercury using an amalgam mixer* which had two levels of mixing speed. A higher
mixing speed was employed for all alloys except SY. The trituration time for each alloy was
increased by 509 over the manufacturer’s instruction since the alloy for one mix was 2-3
times heavier than that used ordinarily. The trituration time, the weight of the alloy and the
alloy to mercury ratio are shown in Table 2.

The rectangular specimen was prepared from triturated mix using a stainless split mold
(Fig. 1) and a static load. The mix was placed in the mold cavity and 24 kgf of static load
(178 kgf/cm?) was applied to the mix 30s after the trituration through the rectangular

* GC Himix VS II, GC Dental Corp., Tokyo, Japan



66 H. OGURA, Y. MIYAGAWA and K. NAKAMURA

Table 1 Amalgam alloys investigated

Code Type

L I.* low copper, lathe cut

S§*2 low copper, spherical

D P*e high copper, admixed

I N* high copper, single composition
TY*™ high copper, single composition
S5¥Y>° high copper, single composition

Table 2 Alloy weight, alloy/mercury ratio and trituration time

Trituration
Code Alloy (gram) Alloy/Mercury
Time (sec)
L:L 1.5 A 8. 15
S8 1.8 1:0.84 15
DP 1.7 1:1 15
IN 1.8 1:0.84 15
TY 1.8 130,77 9
SY 1.7 1:0.82 45*

* triturated by low speed

Fig. 1 Split mold assembly.

plunger which had the same sectional dimensions (3.0 X 4.5 mm) as the mold cavity. The load
was removed 60 s after the application and the mix was formed into the rectangular shape
that was 4.5 mm wide, 3 mm thick and about 21-23 mm long. In order to adjust the specimen
length to 20 mm, the plunger was altered to another plunger fixed on a rectangular base, and
the excess amalgam was cut off using a thin blade.

The prepared specimen was then stored at 37°C in air for 7 days and tested in the

*1 GC Luna, GC Dental Industrial Corp., Tokyo, Japan

*2 Shofu Spherical, Shofu Dental Mfg. Co., Ltd., Kyoto, Japan

*3 Dispersalloy, Johnson and Johnson Dental Products Co., East Windsor, NJ, USA
*¢ Indiloy, Shofu Dental Mfg. Co., Ltd., Kyoto, Japan

*> Tytin, S. S. White Dental Products International, Philadelphia, PA, USA

*¢ Sybraloy, Kerr/Sybron Corp., Romulus, MI, USA
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Fig. 2 Three-point bending apparatus with electric micrometer.

three-point bending apparatus which was placed in a chamber at 37°C (Fig. 2). The distance
between the two supports of the apparatus was 15mm. The test was performed under 3, 5,
7 or 9 kgf of static load (167, 278, 389 or 500 kgf/cm?).

The bending creep, which was the transverse deflection of a specimen, was measured by
means of an electric micrometer attached to the loading axis of the bending apparatus and
continuously recorded on a chart either for 30 days or till the specimen fractured. The
bending creep values at 700 hours were obtained from the charts of the sepcimens which did
not rupture during the 30 days. From the charts of the ruptured specimens, the creep values
at rupture and the rupture time were obtained. In addition, the creep rates of the whole
period until the rupture, the transient state, the steady state and the accelerating state were
calculated from each chart by the following equations.

Total Creep Rate (creep rate of whole period): R=C/T

Transient Creep Rate (transient state creep rate): Rt=Ct/Tt

Steady Creep Rate (steady state creep rate): Rs=Cs/Ts

Accelerating Creep Rate (accelerating state creep rate): Ra=Ca/Ta

where, C : creep value at rupture

T : rupture time

Ct : transient state creep value

Tt : transient state time

Cs : steady state creep value

Ts : steady state time

Ca : accelerating state creep value
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Ta : accelerating state creep value
The relationship between the calculated creep rates and the rupture time was statisti-
cally analyzed.

Two replications were made for each combination of the alloy and the static load, and
a total of 48 charts was collected.

RESULTS

The change in bending creep with time is shown in Figs. 3-8 for each amalgam under
different static loads. Each curve is the average of two replications. All amalgams induced
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Fig. 3 Bending creep curve of LL amalgam.
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Fig. 4 Bending creep curve of SS amalgam.
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Fig. 6 Bending creep curve of IN amalgam.

creep rupture within 30 days under 9 kgf of static load. These amalgams had a typical
creep-time curve as shown in these figures. The low copper lathe-cut amalgam (LL) induced
creep rupture within 30 days under all tested loads. On the other hand, creep rupture was not
induced 30 days for the three high copper amalgams (IN, TY and SY) consisting of single
composition particles under 3, 5 and 7 kgf, the high copper admixed amalgam (DP) under 3
and 5 kgf, and the low copper spherical amalgam (SS) under 3 kgf. For these amalgams, the
creep values at 700 hours are summarized in Fig. 9.

For the amalgams which resulted in creep rupture within 30 days, the creep value at
rupture and the rupture time are shown in Figs. 10 and 11, respectively. Under 9 kgf of static
load, the high copper admixed amalgam (DP) had the highest creep value at rupture and the
three high copper single composition amalgams (IN, TY and SY) had longer rupture times
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Fig. 7 Bending creep curve of TY amalgam.
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Fig. 8 Bending creep curve of SY amalgam.

than the others as shown in Figs. 10 and 11, respectively. The relationship between the
rupture time and each creep rate under 9 kgf is shown in Figs. 12-15. The correlation
between the logarithm of the rupture time and the logarithm of each creep rate was highly
significant. The regression equations obtained by means of the method of least squares were
also highly significant and expressed as :
log CR=B—Alog T:-+ 1)
where CR : Creep Rate either of R, Rt, Rs or Ra
T : Rupture Time
A and B : constant
The calculated values of A and B for each creep rate were:
A=0.954, B=2.330 for the Total Creep Rate
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Fig. 10 Bending creep at rupture.

A=0917, B=2.408 for the Transient Creep Rate
A=1.018, B=2.210 for the Steady Creep Rate
A=0.877, B=2.345 for the Accelerating Creep Rate
The equation (1) could be mathematically transformed into the following form :
T=b /CRa ......... (2)
where, T : Rupture Time
CR : Creep Rate either of R, Rt Rs or Ra
a and b: constant
The constants, @ and b were calculated for each creep rate and their values were :
a=1.048, »=276.9 for the Total Creep Rate
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Fig. 12 Relationship between total creep rate and rupture time.

a=1.091, 5=422.7 for the Transient Creep Rate
2=0.982, 5=148.2 for the Steady Creep Rate
a=1.140, 56=471.9 for the Accelerating Creep Rate
The constant ¢, which was a multiplier in the equation, was almost one for each creep
rate and the constant b varied with different creep rates. Therefore, the equation (2) could
be approximately simplified as :
T=b/CR e 3)
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Fig. 13 Relationship between transient creep rate and rupture time.
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Fig. 14 Relationship between steady creep rate and rupture time.

DISCUSSION

The low copper spherical amalgam (SS) had the highest bending creep at 700 hours under
3 kgf of static load, followed by the high copper admixed amalgam (DP) and the high copper
single composition amalgams (IN, TY and SY) successively, as shown in Fig. 9. This is
consistent with the results from a compressive creep test reported by several studies?=*.
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Fig. 15 Relationship between accelerating creep rate and rupture time.

Although a compressive test is a convenient way to measure the creep rate of dental
amalgams, the creep rupture would hardly be obtainable in a short period of time. In this
study the three-point bending test enabled to induce creep rupture within 30 days and measure
the rupture time as well as the creep value at rupture for all amalgams tested.

The high copper admixed amalgam (DP) had the highest creep value at rupture under 7
and 9 kgf of static loads as shown in Fig. 10. This result indicates that the high copper
admixed amalgam (DP) is more flexible under a continuous loading than the other amalgams
tested. The higher creep value at rupture might be related to the clinical longevity of
amalgam restorations. The creep deformation, if it occurs on an amalgam restoration as a
result of a long period of loading time accumulated by repeated mastication, could reduce the
stress concentration of the occlusal force on the surface, especially at the marginal portion
of the restoration. In other words, a higher creep value at rupture could create less stress
concentration on the surface of an amalgam restoration, and thus the amalgam restoration
would be more resistant to the marginal fracture. It has been shown by clinical evaluations®®
that the high copper admixed amalgam (DP) has similar or even less marginal fracture
compared to the high copper single composition amalgams (IN, TY and SY) that have higher
compressive strength and lower creep rate. This clinical result might be partly explained by
the aforementioned hypothesis.

It is well-known for many alloys for industrial use that the rupture time is approximately
proportional to the reciprocal of the creep rate. In the present study, this relation was also
proved for dental amalgams which mainly consisted of intermetallic compounds. Either of
the obtained equation (1), (2) or (3) indicates that the creep rupture of dental amalgams could
be highly dependent on the creep rate and the effect of the creep rate on the rupture time
would be very critical. In addition, the rupture time of a dental amalgam could be roughly
estimated from any of the four creep rates (Total Creep Rate, Transient Creep Rate, Steady
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Creep Rate and Accelerating Creep Rate) using the regression equations. From a practical
point of view, the transient creep rate would be most convenient to estimate the rupture time
in a relatively short time.

As discussed above, the rupture time drastically increased with a decrease in creep rates,
which indicates that a lower creep rate could create higher resistance to the creep rupture.
This result basically explains and supports the reported correlation between the compressive
creep during a specific period of time and the marginal fracture of amalgam restorations!~¥.
The marginal fracture, however, could not be explained only by the creep behavior, since no
correlation or adverse correlation has been reported among several high copper amalgams®®.
Therefore, the other factors such as the corrosion and toughness of dental amalgams should
further be investigated.

CONCLUSIONS

The long term creep behavior of six different dental amalgams was investigated using a
continuous measurement of the bending creep up to 30 days under 3, 5, 7 and 9 kgf static loads
(167, 278, 389 and 500 kgf/cm? respectively). Based on the obtained results the following
conclusions were drawn.

The high copper amalgams resisted for a longer period of time compared to the low
copper amalgams tested. The admixed high copper amalgam had the highest creep value at
rupture, which indicates that this amalgam is more flexible under a continuous loading than
the other amalgams. The correlations between the four creep rates (Total Creep Rate,
Transient Creep Rate, Steady Creep Rate and Accelerating Creep Rate) and the rupture time
were highly significant. The rupture time was approximately proportional to the reciprocal
of each creep rate and drastically prolonged as the creep rate decreased. This result basically
explains and supports the previously reported correlation between the compressive creep
during a specific period of time and the marginal fracture of amalgam restorations.
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