Dental Amalgam and Mercury Levels in Autopsy Tissues
Food for Thought
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Abstract: Bighteen cadavers from routine autopsy casework were
subject to a study of tissue levels of total mercury in brain, thyroid,
and kidney samples by atomic absorption. On these same cadavers,
all dental amalpam fillings (the most important source of inorganic
mercury exposure in the general population, according to the World
Health Organization (WHO) were charted. Total mercury levels
were significantly higher in subjects with a greater number of
occlusal amalgam surfaces (>12) compared with those with fewer
occlusal amalgams (0-3) in all types of tissue (all P = 0.04).
Mercury levels were significantly higher in brain tissues compared
with thyroid and kidney tissues in subjects with more than 12
occlusal amalgam fillings (all P = 001) but not in subjects with 3
or less occlusal amalgams (all £ = 0.07).
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Et rarely occurs that issues such as mercury, dental amalgam,
or possible amalgam neprotoxicity may indeed reach the
forensic scenario. However, scientific data have given us
reason to at least consider the fact that dental amalgam may
be a poison, in the strictest medicolegal sense, and that
therefore its mode of distribution and accumulation within the
body and consequential toxic effects could indeed have rel-
evance from medicolegal perspective, However, much of the
possible cause-effect concatenation still has to be proven, and
the anthors would like to briefly illustrate the tesults of the
present pilot study to stimulate consideration of this issue, in
other words as mere “food for thought.”

Amalgam tooth fillings are considered to be‘the stan-
dard restorative material in the history of dentistry. From the
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19705 until now, there has been considerable debate regard-
ing the safety of dental amalgams. The controversy is based
on the potential systemic adverse effects associated with the
presence of mercury, including neurodegenerative diseases.!

Current evidence suggests that mercury amalgam fill-
ings are strongly associated with oral lichenoid lesions, a
T-cell-mediating inflammatory disease. By contrast, there are
no substantial data from prospectively clinical studies in human
populations concerning systemic adverse health effects from
dental amalgams.!

In the present study, we investigated whether exposure
to mercury vapor from amalgams in autopsy cases could be
associated with mercury disposition in brain (frontal lobe
cortex and pituitary gland), thyroid, and kidneys.

Dental amalgam is an intermetallic compound and con-
tains approximately 50% elemental metallic mercury (Hg®) by
weight, 30-35% silver, 13-15% tin, 2-3% copper, and 1% zinc.
Hg® vapor as monoatomic gas is released continuously from
dental amalgam.'? Since the mixing compound is unstable due
to mercury vapor, Hg® is emitted from dental amalgam over
time. Mercury adsorbed per day from amalgam fillings ranges
from 9 to 17 pg/d, with an uptake estimate of 12 pg/d.’

Mercury vapor originating from amalgams and leaking
out into the air of the oral cavity is correlated with dental
amalgam surfaces: Hg® is absorbed readily (approximately
80% absorption rate) through the lung, crosses into the
bloodstream, and is finally redistributed to all tissues, primar-
ily to target organs. The biologic half-life of mercury vapor
ranges from 20 to 90 days.'”

In essence, amalgam fillings bave been shown to con-
tribute to approximately two-thirds of the human body bur-
den of mercury.”

The World Health Organization (WHO) considers amal-
gam fillings to be the primary source of inorganic and vapor
mercury for the general population.® The amount of mercury
from amalgam fillings clearly exceeds the combined amount
of mercury from other sources: food (mainly derived from
fish), water, and air.>*

In addition, the WHO states that the number of amal-
gam tooth surfaces and brain mercury levels at antopsy are
related and that some mercury exposure is due to dental
amalgam even though the levels in the brain are thought to be
so low that adverse events may develop mainly in genetically
susceptible individuals.® However, it also points out that there
is no safe level for mercury vapor in humans.*
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There is another source of mercury for humans: fish and
shellfish. Owing to bioaccumulation of organic mercury, fish
is considered a significant source of methyl mercury, which is
the most important form of mercury in term of toxicity.'
Substantially, predatory fishes are known to have the highest
Jevels of methyl mercury, and it may affect specificaily the
developing human brain.

Similarly, recent evidence has suggested an association
between dental amalgams and organic mercury, as methyl
mercury, in saliva in a case-controlled study.”

Mercury vapor toxicity is thought to be connected with
a molecular binding of the mercury with endogenous ligand.
More particularly, mercury has a high affinity for thiol-based
proteins (—SH) like cysteine and glutathione (GSH).'” Such
a mechanism entails an alteration of protein structure and
fanction, resulting in potentially autoimmune reactions.’

MATERIALS AND METHODS

Between March 1999 and September 2001, postmortem
tissue samples were obtained from the routine autopsy case-
work of the Institute of Legal Medicine in Milan. The study
was approved by the institutional review board from Institute
of Legal Medicine.

Given the paucity of subjects with an elevated number
of amalgam surfaces, cadavers were screened and selected
according to the presence of dental amalgams in their teeth to
be able to compare cases with a low number of amalgams
with cases that had medium to high number of amalgam tooth
restorations. A total of 18 cadavers (ie, cases) were selected
(11 males and 7 fernales), with age ranging from 24 to 71. All
cases were Italian, with the sole exception of 1 Peruvian. For
each cadaver, number and extension of amalgam fillings were
recorded on a dental chart.
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The number of amalgams surfaces ranged from 0 to 28,
with a median of 5. The age and sex distribution of the 3 cases
with no amalgams was similar to that of the other cases

Interviews with relatives prior to autopsy concluded
that none of the subjects had occupational or accidental
exposure to mercury, nor did they come from heavily pol-
tuted areas. From each of these subjects, 500 mg wet weight
of tissue from frontal cortex (mixed white and gray matter),
pituitary gland, thyroid gland, and kidney cortex were ob-
tained and immediately frozen at —20°C. A number of
specimens were excluded from the analysis because of tech-
nical reasons (ie, inadequate samples). The autopsy specimen
tissue was analyzed by cold vapor atomic absorption (CYAA)
to determine mercury content. Internal and external quality-
control procedures were done.

For the statistical analysis, the number of occlusal
amalgam surfaces was categorized in 3 groups, of 6 subjects
each, using tertiles of the distribution (=3, 4-12, and >12
arnalgam surfaces). The association between mercury levels,
anatomic site, and number of amalgams was tested with a
linear mixed effect model of the log concentrations, with
anatomic site and number of occlusal amalgam surfaces as
fixed effects and the subjects as random effects. This model
allowed us to take into account the correlation of different
measures in the same subject. The requirements of normally
distributed residuals of the model were met.

RESULTS
The geometric means and 95% confidence intervals of
the mercury levels by anatomic site and number of amalgams
are shown in Figure 1. Mercury levels increased with the
number of dental amalgams for all the anatomic sites. The
interaction term between each anatomic site and the number
of occlusal amalgam surfaces was statistically significant (P =

FIGURE 1. Total mercury levels by
anatomic site and number of occlusal
amalgam surfaces {geometric means
and 95% confidence intervals).
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0.03), suggesting that the association between mercury levels
and the number of occlusal amalgams was dependent on the
anatomic site. Meroury levels in the pituitary gland and the
cerebral cortex in subjects with more than 12 occlusal amalgam
surfaces were more than 10 times higher than Jevels in subjects
with 3 or less occlusal amalgams (both P = 0.0007). Levels in
the thyroid and in the renal cortex were respectively about 5 and
4 times higher in subjects with 12 occlusal amalgams or more
compared with subjects with 3 occlusal amalgams or less (P =
0.01 and P = 0.04, respectively).

When using the number of occlusal amalgam surfaces
as a continuous variable, the increase in mercury levels for
each increment of ] amalgam surface was highest and similar
in the cerebral cortex and the pituitary gland (17% and 16%,
respectively; P for trend <0.001 for both), medium in the
thyroid (11%, P = 0.01), and lowest in the renal cortex (8%),
for which the trend was not statistically significant (P =
0.06). Among subjects with more than 12 occlusal amalgams,
the levels of mercury in the brain tissues were significantly
higher than in the thyroid (both P = 0.001) and in the kidney
(both # = 0.01), while among subjects with 3 amalgams or
less, the levels in the brain tissues were similar to those in the
thyroid and the renal cortex (all 7 > 0.07).

We then explored the number of occlusal amalgam sur-
faces and mercury levels by cause of death (suicide versus
other). Among the suicide cases, there were 5 subjects (63%)
with more than 12 occlusal amalgam surfaces compared with
only 1 subject (10%) among the other cadavers (P = 0.04,
Fisher exact test). The association between mercury levels in the
different anatomic sites and the cause of death (suicide or other)
was tested by using a model similar to that described above.

The levels of mercury in cases of suicide were higher
than in the others in all the anatomic sites. The levels in the
cases of suicide were, on average, about 3 timeg higher than
in the others (P = 0.04), with no significant variation in this
difference by anatomic site (P for interaction = 0.3). The
inclusion of age and sex in the models did not significantly
modify the estimates. We were unable to accurately deter-
mine the exact data on the frequency of fish consumption for
each subject.

DISCUSSION

In this investigation, we found that the number of
occlusal amalgam surfaces was associated with the total
mercury levels in a number of human tissues with highest
levels observed in the frontal cortex. Consistent with our
findings, other studies have shown a correlation between the
total amalgam surfaces and total mercury tissue concentration
in human autopsy tissue samples.>®

Previous autopsy data from cases of exposure to dental
amalgam fillings revealed that there is a positive comrelation
between number of total amalgam surfaces and mercury
disposition in human organs and tissues,>**?

Moreover, maternal-to-fetus transfer of mercury from
amalgams has also been reported in human autopsy studies,
and the total mercury has been found to be elevated in the
cerebral cortex, liver, and renal cortex of fetuses/older in-
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fants, and its level correlates to the number of maternal
amalgam surfaces® Similarly, such findings have been sup-
ported by animal experiments.”

The occurrence of inorganic mercury in fetal tissues is
thought 1o correlate with inorganic mercury in cord blood.
Mercury vapor from amalgams is very likely to pass easily
through the placenta unchanged.'®'!

Despite its importance, this work has 2 limitations. No
information was recorded about fish consumption during
pregnancy, and the lack of specific data did not allow us to
determine whether some of the participants were occupation-
ally or environmentaily exposed to mercury. In spite of these
limitations, the study makes a valuable contribution to our
understanding on mercury disposition in fetuses and infants.
Thus, the association between dental amalgams and mercury
disposition in fetus and/or child is still to be confirmed with
further investigation.

On the other hand, evidence that mercury vapor can
sidestep the placenta comes from a cross-sectional study
based on mercury determination in mother-newborn pairs.
(Owing to amalgams, substantially elevated levels of mercury
were found both in maternal and fetal hair compared with
controls.”?

Qur survey did comply with the results of previous
studies, suggesting that there is a significant disposition of
mercury originating from dental amalgams. Also our findings
are partially consistent with the results of experiments in
animal models.”

Unexpectedly, our investigation differs from most pre-
vious studies as higher levels of total mercury in pituitary
gland were not observed compared with brain cortex. In fact,
there was no significant difference in total mercury content
between pituitary gland and frontal cortex.

Given the lack of histopathology stodies, the small
sample size, and no mercury speciation in autopsied tissues,
we deliberately chose to be cautions and not to overinterpret
this finding,

Our study is very small and was specifically designed to
study the association between the number of amalgams and
mercury in tissues. The finding concerning suicides, which
we clearly describe in the results, is interesting but derives
from an a posteriori analysis, and, given the small sample
size, we cannot rule out the role of chance.

The speculative link between chronic exposure to mer-
cury vapor and suicidal behavior in dentists has been ob-
served in previous studies.’”” In support of this, the chronic
exposure 10 mercury vapor is also suspected to contribute to
increasing the risk associated with suicidal bebavior in mer-
cury miners."® Certainly, the systemic level of exposure to
mercury vapor is higher in dentists and, particularly, in
mercury and gold miners with respect to individuals who are
exposed solely to dental amalgams.

Int summary, our research shows, for the first time, that
frontal lobe cortex has the highest content levels of mercury
associated with occlusal amalgam surfaces and total mercury
levels approaching or exceeding 300 ppb (ng/g), wet weight, in
some cases. This, in tum, strongly points to the hypothesis—
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which, in the future, should be looked into in larger and ad hoc
studies—that mercury vapor, known to be a neurotoxicant,’ may
indeed lead to some types of neurobehavioral disorders.
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