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ABSTRACT

Objective: To verify the influence of condensation method and alloy type on mercury vapor emission and residual po-
rosity of dental amalgams. Material and Methods: Three pre-dispensed amalgams were tested: one lathe-cut (F-4000),
one spherical (Logic Plus) and one admixed (Permite-C). They were condensed in cylindrical cavities following three
techniques: manual (Ward # 2), mechanical (Densco-Teledyne) and piezoelectric ultrasonic (Gnatus). Procedures
were performed inside an acrylic box (50 x 50 x 35 ¢cm, or 0.0875 m?) with an exhaustion pump (6 l/min). The level of
mercury vapor was monitored during 15 min after trituration. Specimen’s porosity was assessed using metallographic
polished surfaces, digitalized under 100x magnification. Results were submitted to ANOVA and Tukey’s test (p>0.05).
Results: Significant differences were found in mercury vapor emission among alloys (p<0.01) and condensation tech-
niques (p<0.01). The lathe-cut alloy produced significantly higher mercury vapor levels than the spherical alloy. The
ultrasonic condensation led to significantly higher levels of mercury vapor than the other techniques. Residual porosity
was not influenced by the type of alloy. The use of the ultrasonic device led to higher porosity in the amalgam than the
other condensation techniques (p<0.05). Conclusion: Condensation method and alloy type influenced the mercury vapor
release and residual porosity of dental amalgams.
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INTRODUCTION

Though the poor aesthetics obtained with amal-
gam restorations has led several dental practitioners
and patients to choose resin-based materials, com-
posites still lack some characteristics presented by
dental amalgams, such as low technique sensitivity,
accessible cost, good marginal sealing, and clinical
longevity. Therefore, amalgams remain the material
of choice in several clinical situations>’.
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Since the introduction of amalgam for dental use,
the risks of mercury intoxication have been discussed
extensively. Several authors reported that this risk is
very low for patients, but the subject is still contro-
versial %2 and will not be discussed in the present
study. However, the occupational risk is a real con-
Cern”’ 22,25, 28.

Threshold limit value (TLV) is used in occupa-
tional medicine to indicate the maximum acceptable
concentration of a toxic material in the environment
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to which a worker can be exposed during a period of
8 hours/day without suffering any substantial health
damage. The fixed TLV for mercury vapor has dropped
from 100 pg/m3 to 50 ug/m? in the 707s'% 15, Currently,
according to the American Dental Association and
the Council on Dental Materials, Instruments and
Equipments® , the accepted TLV value is 25 pg/m®.
These reductions on TLV emphasize the growing
concern regarding the possibility of intoxication by
this metal.

During the restorative procedure, one of the most
critical steps in terms of mercury vapor exposure is
condensation of the amalgam. The objectives of con-
densation are enhance adaptation of the amalgam to the
cavity walls * and, promote the approximation of alloy
particles, removing plastic and porous phases from the
amalgam? ®. Some studies have shown that different
condensation techniques may influence the amount of
vapor released> " 2. Devices that associate pressure
with vibration were introduced to make condensation
easier and more efficient. However, besides increasing
the flow of the amalgam mass, the vibration increases
the mercury vapor emission. Vibration produced by ul-
trasonic devices is usually associated with temperature
increase of the material, which may result in higher
mercury vapor emission* 2% and even lead to pulp
damages?. Therefore, ultrasonic devices are usually
contra-indicated®. Few years ago, a piezoelectric devi-
ce was introduced in the Brazilian market containing
accessory tips for condensation!*. The manufacturer
claims that the frequency of the vibration would
facilitate condensation, without increasing mercury
vapor emission.

Improvements in alloy particle shape and
blending allowed the development of more plastic

Table 1 — Alloys tested

amalgam materials, which can be adapted to cavity
walls with lower condensation pressure!®. Notwiths-
tanding, certain resistance to condensation is desira-
ble, in order to facilitate the transmission of forces
and the flow of mercury-rich phases to the surface,
and reduce internal porosity to a minimum'3. Internal
porosity influences the clinical performance of the
restoration, as it may compromise the achievement
of satisfactory mechanical properties and increase
corrosion> & 11:16.:20-27 Tp the clinical practice, howe-
ver, there is a limit for condensation forces that can
be exerted without bringing risks to the remaining
dental tissues, making the procedure uncomfortable
for the patient or tiring and difficult for the clinician.
Therefore, the use of condensation devices that apply
vibration to the amalgam mass represent an interes-
ting alternative.

The purpose of the present study was to verify
the efficacy of three condensation techniques (ma-
nual, mechanical and ultrasonic) in terms of residual
porosity and mercury vapor emission, applied to
three different alloys (lathe-cut, spherical, and ad-
mixture).

MATERIAL AND METHODS
Mercury vapor emission

Three condensation techniques were tested:
manual (Ward # 2 condenser), mechanical (Densco-
Teledyne condenser) and piezoelectric ultrasonic
(Gnatus - Jet Sonic, Ribeirdo Preto, SP, Brazil). Three
amalgam alloys provided in pre-dispensed capsules
containing two spills were used in this study and are
shown in Table 1.

Brand Manufacturer Type of alloy Alloy mass Hg mass % Hg Trituration
(mg) (mg) time (sec)
F-400 SDI (Southern Dental Lathe-cut 600 660 52.34 7
Industries, Bayswater, Victoria, (conventional)
Australia)
Permite-C SDI (Southern Dental Industries, Admixed 600 576 48.99 7
Bayswater, Victoria, Australia) (High copper)
Logic plus SDI (Southern Dental Industries, Spherical 600 462 43.50 6
Bayswater, Victoria, Australia) (High copper)
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Trituration was performed using a high-energy
amalgamator (Ultramat - SDI) following the tritura-
tion time suggested by the manufacturer (Table 1).
The plastic mass was immediately transferred to a
dappen dish and divided in small portions. Simulated
cavities (4.7mm diameter and 4mm depth) prepared
in acrylic plates were filled in four increments. Each
cavity was filled with the mass of one capsule only.
Condensing tips with 2mm diameter were used for all
the three devices. Condensation time for each method
was equivalent, approximately 3 minutes. After filling
the standardized cavity, the excess of amalgam was
removed with a #11 scalpel blade. All procedures
were performed inside an 50x50x35 cm (or 0.0875
m3) acrylic box (Figure 1), equipped with a fan to
maintain the internal mercury vapor homogeneous,
and an exhaustion air pump with a flow of 6 I/min to
standartized the air renovation inside the box. Two
frontal openings allowed the operator to introduce his
hands into polyethylene sleeves.

The probe tip of an UV type mercury analyser
(Mercury Vapor Indicator - MVI, Shawcity Ltd.-Fa-
ringdon, Oxfordshire, England) was positioned inside
the box, 15 cm away from the material that was being
condensed. The accuracy of this device is 1ug/m?.
Mercury vapor emission was monitored for 15 minu-
tes starting at the beginning of the trituration, and the
maximum value was recorded. Monitoring time was

determined by preliminary tests that indicated that
the maximum emission value was registered within
that time span.

A total of fifty-four specimens (n=6) were prepa-
red by two operators. Results were submitted to sta-
tistical analysis using two-way ANOVA and Tukey’s
test, with a global significance level of 0.05.

Porosity

For porosity evaluation, specimens (n=0) were
condensed in a truncated cone split mould (Smm
and 6mm diameter, Smm depth) following the same
procedure described for the mercury vapor emission
test. After 10 minutes, the specimen was removed
from the mould and ground in silicon carbide 600 and
1200 grit paper, reducing its height in about 0.2mm.
After metalographic polishing, the specimens were
photographed under 100x magnification. Images
were digitalized and analyzed using the IMAGELAB
software (FOUSP/Brazil) to determine the percentage
of the surface occupied by pores. The grinding and
polishing procedures were repeated three times in
order to measure the porosity at three different depths
of the specimen. The porosity of the specimen was
represented by the average of the three measurements.
Results were submitted to statistical analysis using
two-way ANOVA and Tukey’s test (a=0.05).

FIGURE 1 - Diagram of the experimental set-up. A: acrylic box; B: fan; C: mercury vapour indicator (MVI); D: ultrasonic device; E: sleeves; F: tritu-

ration device; G: standardized cavity; H: exhaustion pump.
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REsuLTs

Analysis of variance revealed that the maximum
mercury vapor emission was significantly influenced
by the main factors (condensation technique, p<0,001
and alloy type, p<0,01). No significant interaction was
detected (p=0,115).

Tables 2 and 3 present the results of Hg vapor
emission according to condensation technique and
type of alloy, respectively. The ultrasonic condensation
technique produced a mercury vapor peak significan-
tly higher than the other techniques. Vapor emission
was also significantly affect by the alloy used. The
spherical alloy showed the lowest mean Hg vapor
level, however, only statistically different than the
lathe-cut alloy.

In terms of residual porosity (Tables 2 and 3),
only the condensation technique was statistically sig-
nificant (p<0,001). It was observed that the ultrasonic
condensation was the least efficient technique. No
significant difference was observed between manual
and mechanical techniques. The type of alloy did not
influence residual porosity (p=0,804).

Table 2 -

DiscussioN

The higher mercury vapor release observed with the
ultrasonic technique agrees with a previous study.? The
value obtained in that study was lower than the present
findings, probably because the higher exhaustion em-
ployed (10 m*/min) and the dimensions of the testing
environment (50 m®). The accepted TLV at the time
of the reffered study was 100 pug/m?, making the ul-
trasonic technique acceptable under those conditions.
The TLV is a time-weighted average, and not a single
exposure dose. The amalgam would have to generate
continuous levels above the TLV to be considered a
concern. However, even achieving values below the
TLYV, condensation was contraindicated by the author
because of the aerosol dispersion observed. Another
study verified the Hg vapor emission close to the area
of professional breathing, during removal of amalgam
restorations.* The result obtained with the ultrasonic
device (250 pg/m’) was similar to the value found
in the present study. A hypothesis for the increased
mercury vaporization could be the heat produced near
the condensing tip, which may cause an increase in

Average and standard-deviation of mercury vapour emission and porosity as a function of the con-

densation technique (values followed by the same superscript are not statistically different, p > 0.05)

CONDENSATION TECNIQUE Hg vapour (ug/m?d) POROSITY (%)
MANUAL 166 + 414 0.42+0.4*
MECHANICAL 153 + 614 097 +1.3*
ULTRASONIC 291 + 1425 563+4.5°

Table 3 - Average and standard-deviation of mercury vapour emission and porosity as a function of the alloy
type (values followed by the same superscript are not statistically different, p > 0.05)
ALLOY TYPE Hg vapour (pug/m?) POROSITY (%)
SPHERICAL 148 + 614 220+ 3.04
ADMIXED 209 + 94 A8 223+3.74
LATHE-CUT 254 + 1408 259 +3.94
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temperature on the amalgam surface'. Although the
manufacturer claims that the vibration produced by the
piezoeletric device tested in the present study does not
generate heat, apparently aerosol production cannot
not be avoided.

Still regarding data presented in Table 2, it can
be observed that all condensation techniques resulted
in values of Hg vapor emission above the TLV (25
pg/m?), a fact that seems to be a result of specific
conditions developed in this present study. Probably,
in the office environment the values would not be as
high, because the mercury vapor would dissipate more
rapidly in larger air volumes and with an effective
ventilation system, as observed by Eames®.

Mercury vapor emission was significantly de-
pendent on the alloy employed. The spherical alloy
showed the lowest Hg vapor level, a fact that can be
explained by lower alloy/Hg ratio (Table 1). According
to Neme et al.** (2002), besides the lower alloy/Hg
ratio, the faster setting of the spherical amalgam con-
tributes for a lower mercury vapor release. Another
study found in the literature comparing alloys regar-
ding mercury release was performed by Benitez et al.!
in 1995. In that study, the mercury release measured in
artificial saliva was higher with a conventional alloy in
comparison to a high-copper material, as apposed to
the results of the present study. Probably the different
methodology used could explain this difference. The
cause of mercury liberation in saliva is correlated
with corrosion. In the case of conventional amalgams
the most susceptible phase is gama 2 (wich contains
Hg), whereas in high-copper amalgams this phase has
copper and stain components.

The results of this investigation demonstrate some
consistent patterns for mercury vapor release in vitro.
Although clinical evaluation is necessary, the results
indicate that mercury vapor release can be affected
by the different condensation techniques and type
of alloy.

The overall amount of porosity found is similar to
the findings of other studies'* . Gjerdet and Hegdahl
(1985), however, reported higher porosity with a con-
ventional alloy, probably because of the little pressure
condensation used in thi material.
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Different condensation techniques produced diffe-
rent amounts of porosity, and the ultrasonic device led
to the most unfavorable results. This result disagrees
with a study performed by Bianchi? in 1987, in which
the ultrasonic device provided greater amalgam pa-
cking. It is possible that the conic-shaped condensing
tip supplied with the piezoelectric device may have
contributed to the formation of internal porosities in
the bulk. In this same study, according to the author, a
higher density was observed with the spherical alloy,
a result that was not found in the present study.

The use of a mechanical instrument for amalgam
condensation brings ease of use, comfort, standardi-
zation and time reduction in the restorative procedure.
However, as no significant differences were found
between manual and mechanical techniques regarding
mercury vapor release and percentage of porosities
in the amalgam bulk, the choice of a technique for
amalgam condensation lies on the clinician’s prefe-
rences.

CONCLUSIONS

1. Maximum mercury vapor emission during con-
densation varied according to the technique. Sig-
nificantly higher values were found with the use of
the piezoelectric ultrasonic instrument, compared
to manual and mechanical techniques.

2. The maximum mercury vapor emission also
varied with type of alloy. The spherical alloy
showed the lowest mercury vapor levels.

3. The use of ultrasonic device resulted in sig-
nificantly higher porosity than the other two
condensation techniques.

4. The type of alloy employed had no influence
on residual porosity.
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Resumo

Objetivo: Verificar a influéncia do método de condensagdo e do tipo de liga na libera¢do de vapor de merctrio e poro-
sidade residual de amélgamas dentdrios. Material e Métodos: Trés tipos de amalgama foram testados: forma de aparas
(F-4000), forma esférica (Logic Plus) e mistura (Permit-C). A liga foi condensada em cavidades cilindricas através de trés
técnicas: manual (Ward # 2), mecanica (Densco-Teledyne) e ultrasonica (Gnatus). Os procedimentos foram executados
dentro de uma caixa de acrilico (50 x 50 x 35 cm, ou 0,0875 m?®) contendo uma bomba exaustora (6 1/min). O nivel do
vapor de merctirio foi monitorado durante 15 min apds a triturag@o. A superficie dos corpos-de-prova recebeu polimento
metalogréfico e a porosidade foi analisada através de imagens digitais com 100x de aumento. Os resultados foram sub-
metidos a andlise de variancia e teste de Tukey (p>0.05). Resultados: Foram encontradas diferencas significantes nos
valores de liberac@o de vapor de Hg entre os tipos de liga (p<0.01) e técnicas de condensagdo (p<0.01). A liga em forma
de aparas produziu liberacdo de Hg significantemente maior que a liga esférica. A condensagdo ultrasonica produziu
niveis de vapor de Hg significantemente maior que as outras técnicas. Porosidade residual ndo foi influenciada pelo tipo
de liga. Porém, quanto ao tipo de condensagdo, a utilizaciio do aparelho ultrsdnico produziu a maior porcentagem de
porosidade no amdlgama (p<0.05). Conclusao: O método de condensacdo e o tipo de liga tém influéncia na liberacdo

de vapor de mercurio e também na porosidade residual de amdlgamas dentdrios.
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