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Abstract: An overview is presented of the current scientific debate being conducted in the US
regarding health concerns associated with the mercury in dental amalgam. Much of the
information reviewed was presented at a meeting held on December 14 and 15, 2010 by the
Dental Products Panel of the Medical Devices Advisory Committee of the Food and Drug
Administration. The scientific and historic context of the debate is provided, followed by
scientific arguments, public testimony, panel deliberation and amalgam policy outside the US.
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Introduction

The Food and Drug Administration (FDA) convened a meeting
of its Dental Products Panel of the Medical Devices Advisory
Committee on December 14 and 15, 2010 to consider current
FDA policy regarding the safety of dental amalgam.'"'? Dental
amalgam, commonly called “silver filling” material, is composed
of about 50% mercury mixed with other metals including silver,
tin and copper. The panel considered whether current FDA
policy”® adequately addresses the health risks posed by the
mercury contained in the fillings. The meeting provided a forum
to present arguments pertinent to dental amalgam mercury
debate. Reviews are available by those who support** and
oppose’™® the continued use of dental amalgam. A review
supportlndg amalgam was published a few months before the
meetmg and a review opposmg amalgam was published a
month after the meeting.””

Mercuzy from whatever source, is toxic at high exposure
levels.””*" It is generally accepted that mercury escapes from
amalgam filings and enters the body of the bearer.”**’
Mercury from amalgam also crosses the placenta into the
developing fetus and is associated with increased mercury
levels in breast milk.”?’ Issues debated include how much
mercury is released by amalgam fillings, how much enters the
body, and how that amount compares with safe exposure
levels for adults, children and developing fetuses.

The Toxicological Profile for Mercury”® discusses several
symptoms of mercury poisoning including: personality changes
(irritability, shyness, nervousness), tremors, changes in vision,
deafness, muscle incoordination, loss of sensation, memory
difficulties, kidney problems, irritation in the mouth and lungs,
damage to the stomach and intestines, nausea, vomiting,
diarrhea, increases in blood pressure and heart rate, skin
rashes, eye irritation, fertility problems, effects on the
developing fetus including termination of pregnancy,
autoimmune response, dizziness, joint pain, weakness,
insomnia, numbness, tingling and reflex abnormalities.
Whether dental amalgam is associated with these symptoms,
however, is debated. It is also debated whether low level
mercury exposure in general and dental amalgam in particular
is associated with numerous symptoms not found on the
toxicological profile for mercury.
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It is accepted that some people have adverse acute allergic
reactlons to mercury and perhaps the other metals in amalgam
fillings.?®® These people have an immediate negative reaction,
developing redness and lesions similar to a typical skin allergic
reaction. The acute reaction is usually self-limiting and
diminishes over time or is effectively mitigated by eliminating
contact with the material. It is debated, however, whether the
mercury from dental amalgam is a contributing factor to chronic
mercury toxicity, an illness that has similar symptoms to high
level mercury toxicity but may take several months, years or
even decades to develop. The association of the mercury from
amalgam with specific diseases such as multiple sclerosis,
autism, Parkinson’s disease and Alzheimer's disease is also
debated as is any association with poorly understood
conditions such as fibromyalgia and chronic fatigue syndrome.

The main participants in the scientific debate in the United
States are the American Dental Association (ADA) and the
International Academy of Oral Medicine and Toxicology
(IAOMT). The ADA is the primary professional dental
organization in the United States and is composed of over
157,000 member dentists and hundreds of affiliated state and
local chapters. The ADA was founded in 1859, in part to
promote and standardize the use of dental amalgam, but
historic and current technical interest extends to all aspects of
dentistry and includes the ADA Seal of Acceptance Program
which evaluates the safety and efficacy of dental products.

According to a 2009 statement by the ADA

The IAOMT is a professional scientific organization comprised
of over 700 members and over a dozen international chapters.
Most members are dentists but physicians and researchers
from related scientific fields are also included. The IAOMT was
founded in the 1984 to scientifically address health and safety
concerns regarding the mercury in dental amalgam. Since its
inception, the IAOMT has funded primary research in the realm



of oral medicine and toxicology and the development of
techniques to reduce mercury exposure to dental personnel
and patients. The IAOMT currently provides an Accreditation
Program for dentists wishing to learn biocompatible dental
techniques including methods to reduce mercury exposure
during amalgam removal.
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The small number of IAOMT dentists compared with the ADA
is not indicative of the number of dentists who no longer use
dental amalgam. A 2005 survey of 714 members of the
Academy of General Dentistry revealed that more than 30
percent considered their practices to be ”amalgam-free.”30
Recent surveys by a dental marketing company, The Wealthy
Dentist, found dentists split nearly 50/50 regarding the use of
amalgam®’ but only 25% favor banning the material.

Comments collected during the surveys conducted by The
Wealthy Dentist reveal dentists hold passionate and diverse
views regarding dental amalgam. Those who continue to use
amalgam mention its lower cost, greater durability and better
suitability for certain types of restorations especially when
moisture is a concern. Dentists concerned about the toxicity of
mercury claim modern materials and techniques have made
the material obsolete; some have practiced for decades
without placing an amalgam restoration. Other dentists have
discontinued or greatly reduced the use of amalgam, not for
safety concerns, but because of the tendency of amalgam to
fracture teeth or because of patient’s preference for materials
that better match the natural color of teeth. The debate is not
new; controversy regarding the mercury in dental amalgam has
existed since before the US civil war.

Declining Use of Mercury

Mercury has been in use medicinally and commercially for
thousands of years and concern related to its toxicity extends
back at least two hundred years. Mercuric nitrate solutions
used for stiffening felt caused the slurred speech,
hallucinations, irritability, depressmn and tremors experienced
by hat makers during the 19" century. Mad hatters disease
was the basis for the Lewis Carroll's character in Alice’s
Adventure in Wonderland. Mercurous chloride, Hg2Cl,, also
known as calomel, is a mercury salt that was used in medicine,
cosmetics and teething powder. Calomel teething powder was
used through the 1950s until it was suspected and later verified
as causing widespread mercury poisoning in the form of
acrodynia (pinks disease). A similar compound, mercuric
chloride, HgCl,, was used historically to treat syphilis. Another
salt, mercury iodide, Hgzl;, was a common over the counter
medicine called protiodide used in the 19" century to treat
several ilinesses including kidney disease, acne and syphilis.
Because of their toxicity and the availability of superior
treatments, including antibiotics, these mercury compounds
are no longer used medicinally and it is illegal in many
countries, including the US, to use calomel in cosmetics.

The use of all mercury compounds as cosmetic ingredients is
currently limited by the FDA to eye area cosmetics such as
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mascara. Minnesota has taken a tougher stand, banning
mercury as an ingredient in all cosmetics sold in the state since
January 1, 2008. The use of liquid mercury in thermometers,
manometers (for blood pressure measurement) and similar
devices has also been greatly reduced because of the hazard
associated with spilled mercury in the event of accidental
breakage. Methylmercury, consumed when eating certain
types of fish, has led to FDA and EPA advisories for pregnant
women, women who might become pregnant, nursing mothers
and young children.®

Ethylmercury based thimerosal (ethylmercurythiosalicylate
sodium salt) has largely been discontinued as a topical
antiseptic but is still found in some products including mascara
(except in Minnesota). Thimerosal is also used as a
preservative in some medical injections, including several
influenza vaccines and immunoglobulin injections. The safety
of vaccines in general and thimerosal containing vaccines in
particular is currently debated especially for injections given to
pregnant women and children. Significant scientific gaps exist;
for example, many regulatory guidelines are based on
epidemiological and laboratory studies of methylmercury while
thimerosal is based on ethylmercury.*® The FDA currently
promotes the reduction of mercury in vaccines as a
precautionary measure.”*  Thimerosal is no longer used as a
preservative in routine childhood vaccinations given in the US,
the European Union and a few other countries. Manufactures
have recently responded to consumer concern by increasing
the availability of mercury-free flu vaccines.

History of Amalgam Dental Restorations

IAOMT dentist David Kennedy presented an overview of the
history of dental amalgam at the FDA panel meeting.’
Published overwews of the hlstory by dentists holding the
IAOMT view”” and the ADA view*’ are also available. The use
of silver colored pastes to restore teeth, some of which are
known to have contained mercury, extends back hundreds of
years in China and Europe. Modern dental amalgam was
developed in Paris in 1818 by Louis Nicolas Regnart who
developed an amalgam: formulatlon that, unlike predecessors,
did not require heating.”” Dental amalgam was introduced to
North America in 1833 by the Crawcour brothers who called
the material royal mineral succedaneum.' " The deceptive
promotion of amalgam and unprofessional practice of the
Crawcour brothers, who allegedly packed in the material
without removing the decay,”” is viewed, historically and
contemporarily, with disdain by dentlst both supportive and
opposed to the use of amalgam. i

Controversy because of the mercury content in amalgam dates
back to at least 1840.”"*° In 1845, the American Society of
Dental Surgeons, the prominent dental professional
organization at the time, made members sign a pledge not to
use amalgam, considering its use malpractice."*"*** Toxicity
was not the only concern; some amalgam formulations would
expand and fracture teeth or shrink and fall out. The primary
restoration materials at the time were gold and tin. Gold,
however, was expensive and both materials were difficult to
apply compared with amalgam. As amalgam formulations and
techniques gradually improved, the popularity of amalgam
increased and the number of dentists who refused to use the
material declined. The American Society of Dental Surgeons,
however, continued to oppose amalgam which resulted in bitter
debate as well as the expulsion and resignation of many
members until the unanimous repeal of its pledge against



amalgam in 1850. 26 Despite the repeal, the Society never
recovered from the bitter debate and the organization
disbanded in 1856." %" %%

The ADA was founded in 1859 to replace the disbanded
Society and to promote and standardize the use of dental
amalgam. During most of the 19" century, a multitude of
amalgam formulations and techniques resulted in numerous
fractured teeth and failed restorations. Numerous cases of
injury associated with amalgam, included cases of mercury
poisoning, resulted in continued opposition to the material.***
Proponents, however, claimed it could be safe and effective as
long as proper formulations and techniques were employed.35

In the 1880s, E. S. Talbot addressed the amalgam mercury
debate describing the dlscussmn as causing “bitterness and

mity” among dentists.*® Talbot was also concerned with the
Ilmlted scientific data available to address the debate. Talbot
produced some of the earliest scientific investigation into the
mercury safety issue including publlshmg evidence that
mercury was released by dental amalgam Talbot also cited
several cases of |Ilness that were attributed to amalgam based
mercury p0|son|ng " Talbot's concerns were largely ignored.
Research efforts were directed to reduce variation in amalgam
composition and placement techniques. In 1895, dental
amalgam manufacturer and restoration techniques were
standardized by Chicago dentist Greene Vardiman Black.®
Black’s work greatly reduced the tendency of amalgam to
fracture teeth enhancing the popularity of the material.

Concerns regarding mercury vapour in general and amalgam
specifically were raised in several papers written in the 1920’s
and 1930s by German chemist Alfred Stock.’®*® Stock
described his personal battle with occupationally induced
mercury poisoning and possible exacerbation by his amalgam
fillings. Stock’s work resulted in significant investigation into the
amalgam issue in Germany during the 1930s but concern
dissipated during World War Il

Mercury-free composite materials were first introduced in the
late 1940s when processes were developed to bond acrylic
resins to teeth pretreated with acid etchants.” Composnte resin
materials and processes were improved in subsequent
decades and materials became available that offered a better
match to the natural color of teeth. The durability of
composites, however, remained inferior to amalgam.

A 1957 study of mercury in amalgam involved giving eight
volunteers four new fillings each, labeled with radioactive
mercury."' The author was able to detect excretion of the
radioactive mercury in urine for seven days and in feces for
thirteen days, but concluded that the release of mercury from
the fillings, while not zero, was self limiting and not a problem
for the bearer.

Mercury containing amalgam and mercury-free alternatlves
underwent significant reformulation in the 1960s and 1970s.”

In 1962, Innes and Youdelis introduced high-copper amalgam
being the first major change since Black’s 1895 formulation.’

Multiple high-copper amalgam formulations were developed in
the 1970s and 1980s gaining popularity because of superior
mechanical and corroswe properties compared with the low-
copper predecessor.””** More rigid composite resms based on
bis-GMA were also introduced in the early 1960s.” nght cured
dental composites were first introduced in 1972*° as were
glass-ionomer cements.”*“* In 1974, composite resins based
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on urethane dimethacrylate (UDMA) were introduced. *°
Modern dental restoration materials, both amalgam and
mercury-free, are based largely on the formulations introduced
in the 1960s and 1970s.

Searching “Dental Mercury” on PubMed.gov results in over
2600 references dating back to the 1940s with over 2500
published since 1970 (Figure 1). Research in the 1960s and
70s was largely concerned with creating a mercury-safe
environment for dental personnel but there was concern
regarding the mercury exposure to the bearer, especially
during the settlng phase, as new amalgam formulations were
developed The number of relevant publications increased
dramatically starting in the 1970s marking the start of the
modern dental amalgam debate.
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Figure 1 Results of PubMed.gov search for “Dental Mercury” shows the
large number of articles published since 1970. One irrelevant reference
from 1941 was removed from the results.

In the 1970s, dentists Hal Huggins began a vocal campaign
against dental amalgam publlshlng a popular book on the
subject with his wife in 1985." Hugglns still supports replacing
amalgam restorations with mercury-free alternatives to
alleviate certain health problems despite having his dental
license revoked in 1996. FDA regulatory authority of dental
amalgam began in 1976 as the modern debate was growing.
The debate was further ignited in the late 1970s and early
1980s when several studies produced evidence that mercury
vapour escaped from set dental amalgam vyears after
placement B

The IAOMT was founded 1984 to scientifically address health
and safety concerns regarding the mercury |n dental amalgam.
IAOMT funded studies conducted on sheep®” and monkeys™,
first published in 1989, showed mercury from amalgam
accumulated in the organs and tissues of the bearer (Figure 2).
The sheep studies were included in an exposé on dental
amalgam that 60 Minutes aired on December 16, 1990
increasing public concern. In 1991, a review Publlshed in the
Journal of the American Dental Association® and a popular
article in Consumer Reports™ argued that the levels of mercury
released were safe and that the replacement of dental
amalgam to address health concerns was unwarranted.

The current amalgam debate between the ADA and the IAOMT
presented at the 2010 FDA Dental Products Panel meeting is
based largely on studies published during the last four
decades.




re 2 Full body scan of a sheep 29 days after placement of 12 occlusal
lgams labeled with 203Hg. The fillings were removed prior to the scan.
ligestive tract. (b) kidneys. (c) gums and alveolar bone. (d) liver,

ally obscured by the digestive tract.

re are currently three primary mercury-free alternatives to
tal amalgam: gold, glass-ionomer cements and composite
ns. Gold remains a durable option but is expensive
pared with amalgam and does not match tooth color.
ss-ionomer cements are limited to use in small restorations
do not match tooth color as well as composite resins. In
1990s and 2000s the durability of composite resins were
aitly improved with some being marketed as amalgam
rnatives suitable for large restorations.’”*>® The mercury-
alternatives, however, are not without safety concerns.
GMA based composite materials contain Bisphenol A, a
wn endocrine disrupter that may contribute to the
slopment of breast cancer.

A Regulatory History of Amalgam

ng the 2010 FDA meeting, Michael Adjodha, engineer and
awer in FDA's Dental Devices Branch, provided some
(ground information on the FDA'’s regulation of dental
iigam.” The use of dental amalgam predates the FDA and

grandfathered in when FDA regulatory authority was
nded to medical devices in 1976. The FDA classifies
lical devices according to assessed risk. Class | is used for
sst risk devices and requires only general safety controls;
ss |l is for moderate risk device and requires special
trols; and Class lll, is for highest risk devices and requires
wfactures to provide extensive proof of safety and formal
\ premarket approval.

tal amalgam is formed from two components, in
roximately equal parts, of liquid mercury and a metallic
/ powder consisting primarily of silver, copper and tin. The
components are mixed, forming a putty that sets and
lens as it is used for dental work. For many decades the
components were marketed separately and mixed at the
tal office. Modern amalgam materials are sold in capsules
the two components separated by a septum. The capsules
placed in an amalgamator, which combines the two
iponents and agitates the capsule mixing the amalgam.

987, the two components were classified separately, the
cury as Class | and dental alloy as Class Il. Michael
dha explained the mixed form was not classified, since the
components were traditionally marketed separately. ' The
7 rule was considered inadequate by some especially after
evidence from the sheep studies was published.’

inning in 1990, several citizens’ petitions were filed
1esting the FDA to take action regarding amalgam including
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petitions to ban the material or classifying it as a Class Il
device.

In 1993, the Department of Health and Human Services (HHS)
conducted a multi-agency literature review concluding
amalgam does not pose a serious health risk to the general
public. Dental amalgam was the subject of several FDA
Advisory Committee meetings held in 1993 and 1994, when
the Dental Products Panel recommended the FDA classify
amalgam as a Class Il device. The 1993 review was updated
by HHS in 1995 and 1997 again concluding that the body of
literature through 1997 does not support claims of adverse
health effects from amalgam, except for rare allergic or
hypersensitive reactions.

In 2004, a National Institutes of Health (NIH) and FDA funded
literature review concluded there was insufficient evidence to
support a relationship between exposure to dental amalgam
and kidney or cognitive dysfunction, neural degenerative
disease, autoimmune disease, or adverse pregnancy
outcomes. In 2006, the FDA prepared a draft White Paper
concluding dental amalgam is not associated with adverse
health effects in populations aged six and older.’” Later in
2006, a joint meeting of the Dental Products Panel and the
Peripheral and Central Nervous System Drugs Advisory
Committee was convened to consider the scientific merit of the
2006 White Paper.

The 2006 panel took two votes addressing the questions,
‘Does the FI }/\ draft White Paper objectively and clear
: ] state f;{ kn ;m% the exposure a
" and “Given the
n for the draft FDA

Xelple wsémzs; re P8

i

w

The panel answered “NO”, voting 13 to 7 against the white
paper on both questions. A majority of both the dental and
drugs subpanels rejected the white paper. Some individuals
voted YES on one question and NO on the other.

Those vot

Accordlng to the 2006 meetlng summary,

Responding to the committees concerns, the FDA updated the
2006 White Paper in 2009 adding an Addendum.*® On July 28,
2009, the FDA issued a final rule that classified dental
amalgam as a Class Il (moderate risk) device. The rule also
reclassified mercury from a Class | (least risk) to a Class Il
(more risk) and designated a special controls guidance
document for dental amalgam. 12

The FDA’s summary of the 2009 rule* is currently available on
the FDA website and is included in the back of this document.
The summary includes the FDA’s guidance language, which
was a focal point of the dental products panel meeting.
Quoted text from the FDA document is shown in blue
throughout this paper. Numbers used to reference endnotes
were modified to conform to this document.

The FDA guidance document recommends disclosure of the
mercury content and language stating “dental amalgam
releases low levels of mercury vapor, a chemical that at high



exposure levels is Well—docun?qented to cause neurological and
renal adverse health effects.” ™

FDA guideline also notes that “clinical studies have not
established a causal link between dental amalgam and
adverse health effects in adults and children age six and older.
In addition, two clinical trials in children aged six and older did
not find neurologncal or renal injury associated with amalgam

60,61,62,63,64
use

2010 FDA Dental Products Panel Meeting

Four petitions were made to the FDA to reconsider the 2009
rule. James Turner, Richard Edlich, James Love and Robert
Reeves were among the attorneys f||||ng petitions (Love and
Reeves filed two petitions jomtly) Citizens for Health,
NoMercury and Moms Against Mercury, along with many
individual signers, supported the petitions and presented
testimony at the hearing. Consumers for Dental Choice, lead
by attorney Charles Brown, and Dental Amalgam Mercury
Solutions, represented by Carol Ward and Marie Flowers, also
participated in the hearing. The IAOMT assisted in drafting the
petitions filed by Love and Reeves, and presented the scientific
case against amalgam.

The petitioners believed that important scientific results were
not properly considered by the FDA in making its 2009
determination, argumg the “FDA wdw%{‘rm ted the vm of

i jental amalgam and fai
mum; different age ngm

The petitioners argued the FDA should either ban and recall
amalgam or place restrictions on its use especially for pregnant
women, children under six, and sensitive individuals.”* Some
of the petitioners also argued that dental amalgam, if not
banned entlrel}/ should be reclassified as a Class lll (highest
risk) device'** which would require manufactures to provide
extensive proof of safety and formal FDA approval.

The FDA Dental Products Panel at the December 2010
meeting comprised 22 members® charged with developing
consensus statements and considered scientific opinion for
consideration by FDA policy makers. Ten of the panel
members, including Panel Chair, Marjorie Jeffcoat, are
accomplished dentists and dental scientists including: faculty
members or deans of dental schools; experts in dental
materials; and authors and editors of peer-reviewed
publications and dental books. One of the panel dentists,
Michael Fleming, is an IAOMT member while others are known
advocates of the ADA position.

Among the other panel members, eight have scientific or
medical credentials in the areas of toxicology, epidemiology,
and pediatric neurology. Michael Bates, was principle
investigator of a large epidemiological study supporting the
view that dental amalgam is safe.”® Janine Janosky is an
expert in biostatistics and has worked with panel member and
IAOMT dentist Michael Fleming to address the economic
implications of banning dental amalgam. Thomas Burbacher is
an expert on methylmercury toxicology and signed the IAOMT
position paper opposing the use of dental amalgam  William
O'Brien is a metallurigical engineer who has studied the
release of mercury from dental amalgam. Michael Dourson and
Susan Griffin are toxicologists who work on the development of
toxicity values with Dourson having worked specifically on the
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toxicity value for mercury. Judith Zelikoff is an expert on
environmental medicine and inhalation toxicology especially
metals. Suresh Kotagal is a pediatric neurologist from the
Mayo Clinic. The remaining four members of the panel
included an Industry Representative, a Consumer
Representative a Patient Representative and a Federal Officer
from the FDA charged with managing meeting details.

A complete list of members, and their areas of expertise, is
provided at the end of this document. The FDA roster includes
additional biographical information and lists the regular panel
members as voting and the temporary members as non-
votlng Unlike the 2006 meeting, however, no votes were
taken. The FDA would consider the collected comments of the
entire committee as well as the presenters.

Four guest speakers, experts in toxicology, pharmacology and
risk assessment, also served the panel but did not participate
in committee deliberations. Three of the sPeakers were
charged with answering “Homework Questions”’*“'® designed
to assist the panel. The fourth guest speaker reviewed the
presentations and literature submitted to the panel providing
focus to the many issues raised. Anthony Watson, Director,
Division of Anesthesiology, General Hospital, Infection Control,
and Dental Devices at the FDA, led several FDA
representatlves charged with clarifying the questions for the
panel

The FDA asked the panel to address three sets of scientific
questions designed to critically consider the arguments raised
by the petitioners. The first set concerned the level of exposure
to mercury that amalgam bearers receive from their dental
amalgams. The second set concerned how the Reference
Exposure Level (REL) for elemental mercury — or the level
considered protective assuming chronic exposure of the
general population and vulnerable subpopulations — should be
determined. The third set concerned clinical studies of
exposure to dental amalgam.”*’

Amalgam Debate: Science & Rhetoric

The passion fueling the amalgam debate has led members of
both the IAOMT and the ADA to make statements with more
rhetorical than scientific merit. Two commonly touted
statements, one from each side of the debate, will be
considered to illustrate the situation. Analysis of the two
statements will also provide an opportunity to review
fundamental chemistry before presenting a chemical
description of amalgam.

Is Mercury the Most Toxic Non-radioactive Element?

During the public presentation at the FDA meeting John Kall,
reading a statement by IAOMT President Matthew Young,
repeated a claim often made by those opposmg dental
amalgam that mercury “is the most loxic no 2

element on earth.”

Less technical opponents of dental amalgam unintentionally
substitute the word “substance” for the word “element” making
the statement unequivocally false. There are many non-
radioactive substances that are much more toxic than mercury.
As is, the statement exaggerates the toxicity of mercury by
only comparing elemental mercury with other non-radioactive
elements.



Elements are the fundamental building blocks of all chemicals
and are conveniently classified on the periodic table. As of
2011, there are 118 chemical elements but only 94 are found
naturally on Earth; the others have been produced in particle
accelerators. 80 of the 94 naturally occurring elements are
non-radioactive (bismuth, with a half-life longer than the age of
the universe is currently considered radioactive). Describing
mercury as the most toxic non-radioactive element limits the
comparison to only 79 other elements and limits the type of
mercury considered to its elemental metallic form.

How does mercury compare with the other 79 non-radioactive
elements? Mercury is the only metal element that is liquid at
room temperature and standard atmospheric pressure.
Elemental mercury has low toxicity when ingested as less than
0.001% enters the body of a healthy person through the
stomach or intestines.”® Ingestion of half a teaspoon (about
204 g) of liquid mercury with little toxic effect has been
reported.”® Arsenic is more toxic than mercury when ingested
and iodine, an element essential to life, can be lethal if 2 g are
ingested.*® Sodium metal, because of its violent reactivity with
water, will explode or burst into flames if ingested. The IAOMT,
however, is not considering ingested mercury when claiming it
to be the most toxic non-radioactive element but rather inhaled
mercury vapor.

About 80% of inhaled toxic mercury vapor is absorbed by the
lungs and enters the bloodstream.”® The IAOMT, however,
does not indicate the method used to compare the toxicity of
mercury vapor with other chemical elements. Are acute,
intermediate or chronic effects compared? Are lethal doses
considered? Are values corrected for differences in molecular
weight? Are the number and degree of effects,
bioaccumulation or environmental prevalence considered?

The permissible exposure limit (PEL) provides a method of
comparing relative toxicities of vapors. The PEL is the
maximum level of exposure permitted in occupational settings;
more toxic substances should have lower PELs. Occupational
Safety and Health Administration (OSHA) sets the PEL for
mercury vapor at 0.1 mg/m?® (milligrams per cubic meter).67 The
PEL for mercury, while lower than arsenic or cadmium, is
higher than lead and beryllium.®’ Mercury is not the most toxic
nonradioactive element based on PEL. The unique properties
of each chemical element also complicate comparisons of
toxicity. Mercury has a lower PEL than chlorine gas but both
can be extremely harmful in similar concentrations (40
mg/ms).m'68 Because of mercury’s low vapor pressure
(tendency to go from liquid to gas), typical room ventilation is
sufficient to prevent conditions in which mercury vapor is lethal.
Chlorine gas, however, was used in chemical warfare during
World War 1.°° Ranking toxicity based on PEL demonstrates
the difficulty in finding an acceptable method of comparing the
toxicity of chemical vapors.

Mercury vapor is highly toxic. However, the claim that mercury
is the most toxic non-radioactive element requires significant
qualification regarding how the comparison is made and has
strong potential to be misleading.

Is Dental Amalgam Analogous to Salt?

Proponents of dental amalgam argue that mercury in dental
amalgam is bound in such a way as to render it safe. An often
made analogy between dental amalgam and table salt was
repeated during the public presentations at the FDA meeting
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by Dr. Dennis Charlton, president-elect of the Pennsylvan
Dental Association (a constituency of the ADA).
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Elements are the fundamental building blocks of chemistry an
can be combined chemically to form an essentially unlimite
number of molecules.®® Compounds are molecules forme
from at least two different elements. Elements and compounc
can be combined, non-chemically, to form an even large
number of mixtures. Solutions, suspensions, colloids an
alloys are types of mixtures.

Mercury can form inorganic compounds, including mercut
salts and sulfides, as well as organic, carbon containing
compounds, like methylmercury, found in some seafood, an
ethylmercury, used as a germicide. Unlike metallic mercun
some of these forms of mercury can be toxic when ingestec
95% of methylmercury is absorbed when ingested.12 Mercur
sulfide, however, is not very toxic because of its low solubility.

Sodium chloride illustrates how some toxic elements can b
combined to create nontoxic compounds. However, combinin
elements into compounds does not always render them safe
Some salts, including many mercury salts, are toxic
Combining nontoxic carbon and oxygen creates toxic carbo
monoxide (CO). Adding oxygen to CO yields nontoxic carbo
dioxide (COz). Compounds, including compounds of mercury
can be far more toxic than elements. Metallic mercury ca
contact the skin with litle harm (although this is nc
recommended). A few drops of dimethylmercury, Hg(CHs)
however, penetrated a protective glove contacting the skin an
ending the life of Karen Wetterhahn, Professor of Chemistry :
Dartmouth College. One cannot draw a conclusion regardin
the toxicity of a substance based on the existence of chemic:
bonds or by analogy with another substance.

Chemical descriptions of table salt and amalgam are also quit
different. Sodium chloride (table salt) is a compound whil
amalgam is a mixture. Compounds tend to be more tightl
bound than mixtures and usually maintain stoichiometry; th
relative proportion of each element is fixed. Table salt i
always 50% sodium and 50% chlorine and forms an ioni
crystalline solid. Amalgam is better compared with salt wate
since both are mixtures. Any amount of salt may be mixed wit
water until the solution saturates. Similarly, you can hav
varying amounts of mercury in amalgam.

There has been a tremendous amount of scientific wor
bearing on the amalgam controversy. Both sides of the debate
however, have a responsibility to carefully consider th
scientific merit of their claims and arguments, as well as th
potential for a statement to be misleading, and not alloy
passion to distort the science.

Chemical Description of Amalgam

Amalgam is typically defined as being an alloy containin
mercury and other metals. Alloys are mixtures of elements an



compounds, typically metals, forming a metallic matrix
(stainless steel is an alloy). Dental amalgam is a mixture of
elemental mercury and mercury compounds as well as other
metals and metal compounds. Chemical reactions occur when
amalgam is mixed (a process called ftrituration) creating
chemical bonds between the mercury and other metals called
intermetallic compounds. Dental amalgam consists of regions
containing different intermetallic compounds called phases.
Because of the inability of the various phases to mix, dental
amalgam is sometimes classified as a solid emulsion (a
mixture of olive oil and vinegar is an emulsion). The mercury in
dental amalgam is not necessarily completely bound within the
matrix. Alloys, like bronze and steel, have physical, mechanical
and corrosion properties that are tailored by composition and
fabrication processes. Similarly, the properties and relative
stability of dental amalgam, the amount of mercury released
and the release mechanisms, as vapor, particulate or through
corrosion, can depend on composition and fabrication
techniques.

In 1895 the aIon composition of amalgam was standardized by
G. V. Black® to what is called gamma-2-phase amalgam which
is formed by mixing about 50% liquid mercury with a powder
contalnlng 60% silver, 29% tin, 6% or less copper and 2% or
less zinc.”” The material is effective for dental restoration but
develops intermetallic phase regions including silver-tin
gamma regions, silver-mercury gamma-1 regions and tin-
mercury gamma-2 regions. The difference in electrochemical
potential between the regions results in crewce corrosion with
the soft gamma-2 phase corroding the fastest.”

In 1962, a new composition was developed by Innes and
Youdelis where the metallic powder contained significantly
more copper -12% to 30%."* The gamma-2 phase tin-mercury
regions are replaced by the formation of tin-copper regions.
The reduced-gamma-2-phase or “high copper” amalgams are
less expensive and have better corrosron and mechanical
properties than the low-copper predecessor’’

Figure 3 The scannmg electron micrograph of admixed amalgam shows
both spherical and lathe-cut shaped particles. Formulations are also
available that contain only lathe-cut or only spherical particles !

The alloy composition for high-copper amalgam depends on
the manufacturer with silver ranging from 40% to 70%, tin 12%
to 30% and copper, like tin, from 12% to 30% in the powder. e
Depending on the formulation, the amount or mercury used
can also vary from about 40% to 50%. Some manufacturers
also add smaller amounts of indium, zinc and/or palladium.
Zinc is added to prevent OX|dat|on of the other metals which
keeps the alloy from turning dark.” Zinc-free amalgam is also
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available and reduces secondary expansion in amalgam
contaminated by moisture. 27" palladium reduces tarnish and
corrosion resistance and improves mechanical properties. a0
Indium increases strength’” and also effects the amount of
mercury released from amalgam.”””" Depending on the
manufacturing process, amalgam products can have lathe-cut
particles, sPherlcaI shaped particles or mixtures of the two
(Figure 3)

Mercury Release from Amalgam

Variations in composition can change the amount of mercury
released from amalgam Palladlum can decrease the amount
of mercury released.”” Indium is typically added in
concentration of 4% or less to increase strength and reduce
plastic deformation. Higher concentrations of Indium, 8% or
more, added to experimental amalgam, has been shown to
reduce mercury vapor release especially during the setting
phase.”””* Less mercury is also required for mixing amalgam
when it contains indium in concentrations up to 10%.”° One
explanation for the decreased release is the formation of
indium oxide and tin oxide films which from a stable barrier in
laboratory conditions.”®

The amount of mercury released can depend on how the
amalgam is formed. Once the amalgam is mixed and set, the
restoration contains 41% to 51% mercury by weight.”” The
amount of mercury can depend on how, and for how long, the
amalgam is mixed and the amount of delay between mixing
and setting of the restoration.”*”" The amount of mercury
required to create a restoration also depends on the size and
shape of the metallic particles |n the powder which differ
among manufacturlng techmques Sphencal particles, for
example, are eaS|er to wet and require less mercury than
lathe-cut partlcles Depending on the composition, amalgam
can expand or contract slightly during the approximately 24
hours it takes to achieve its maximum strength. During this
time, the dental patient is exposed to increased amounts of
mercury vapor that decreases as the amalgam sets.’

The FDA guidance language includes “Mercury vapor
concentrations are highest immediately after placement and
removal of dental amalgam but decline thereafter.’ ke

The amount of mercury released from dental amalgam can
depend on its environment. The amount increases during
chewing or when drinking hot liquids. 289 One study found that
acidic environments, designed to mimic saliva, increased the
amount of mercury released.”’ The same study found that
high- and low-copper amalgam released similar amounts of
mercury in neutral pH environments but high-copper amalgam
released significantly more mercury in acidic environments.

Placing amalgam in contact with other dental materials like
gold also increases the amount of mercury released. One
study, conducted in artificial saliva solution, considered the
effect of different amalgam alloys exposed to externally
induced corrosion by galvanic contact with dental casting
gold. % The study found no significant difference in the total
mercury released between the conventional and high-copper
amalgams as groups, but one individual product containing
indium released significantly more mercury vapor than the two
products with the lowest release. Another alloy composition
study found the amount of mercury released following abrasion
differed by over two orders of magnitude with high mercury
release correlating strongly with decreasing amounts of tin.”



combined effects of environment and composition on the
wunt of mercury released from dental amalgam are
plicated.

1 Haley, Professor Emeritus of Chemistry and
‘hemistry at the University of Kentucky, has published
sury release estimates of amalgam under controlled
fitions.®" The results are available on the IAOMT website®®
were presented by Haley to the FDA panel during the
ember meeting. Amalgam restoration material was placed
'lexiglass® molds by nine different dentists, each using
lgam from one of three different manufacturers. The molds
> sent to Haley’s lab, where the amalgam was removed
1 the molds and allowed to set for three months to allow the
cury emission to stabilize. The amount of mercury released
1g the initial stabrllzanon period was beyond the scale of
1y's test equment

amalgams remained in distiled water, at room
perature during the 25 day experiment. The water was
tly mixed, without disturbing the amalgam, to allow the
:ction of 1 ml of water for analysis. The amount of
isured mercury released ranged from 4.5 to 21 micrograms
of mercury per day, per cm? surface area depending
ely on the specific restoration tested as opposed to the day
rater sample collection. Haley also found that brushing the
llgam led to a 5 to 10 fold increase in the amount of
cury released.

3y’'s data were collected under controlled and artificial
Jitions that could underestimate or overestimate the levels
malgam released in actual use. Haley reports that the set
Ilgams were removed from the molds and placed in water
h  differs from the air, saliva and tooth structure
ounding an actual filling. In Haley’s test procedure, the
ace area of exposed amalgam would be larger than a
sal single restoration increasing the amount of mercury
ased. However, the amalgam remained at room
perature and was relatively undisturbed reducing the
wunt of mercury released. The data collection period was
' limited, making it difficult to extrapolate over the lifetime of

ing.

it was compelling about Haley’s data, however, was that
1 under rather controlled conditions, variations of more
I a factor of four were observed depending on both the
ilgam manufacturer and the dentist who placed the filling
no obvious trend. Some individual dentists showed high
ation even though they were using amalgam from the same
wfacturer. The data show little dependence on the day of
ple collection indicating the variation between restorations
>t due to experimental uncertainty.

y’'s data and other peer reviewed studies suggest large
rences in mercury release depending on the amalgam
position, manufacturing process, dental techniques, oral
ronment and habits of the amalgam bearer. How much of
released mercury actually enters the body of the amalgam
er?

rcury Exposure from Amalgam

amount of amalgam-related mercury exposure and bio-
Jmulatlon has been estimated using a variety of
niques. Exposure to mercury is predominantly via the
|, as mercury vapor, with reported absorption ranging from
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61% to 86%.'' Secondary routes of exposure include the
gastrointestinal tract and the tissues in proximity to the
amalgam.

Methods used to estimate the amount of amalgam-related
mercury exposure include direct measurement of mercury
vapor in the oral cavity. Oral cavity measurements have been
made using a Jerome® Mercury Vapor Analyzer which is
typically used to monitor environmental air quality. The effect of
brushing, chewing and drinking hot liquids have been included
in the measurements to estimate daily dose of mercury.”**° A
1985 study79 found average daily dose estimates of 20 ug
(micrograms) of mercury per day; 29 ug/day for individuals with
12 or more amalgam surfaces and 8 pg/day for individuals with
four or fewer amalgam surfaces.

Analysis of the mercury content of extracted fillings provides
another method to determine the amount of mercury released
by fillings over extended periods of time. Extracted fillings
several decades old have been examined using energy-
dispersive X-ray spectroscopy (EDX) to determine residual
mercury content.**”*®, One EDX study estimated the amount
of mercury released from amalgam to be 10 to 20 pg per day
per cm? surface area.”® The same study found the amount
increased to 250 nug per day when contact was made between
an amalgam and gold restoration.

Experiments have also been conducted to determine how
much dental mercury is excreted by the bearer. Comparison of
urine mercury levels for amalgam and non-amalgam bearers,
some using chelating agents to increase mercury excretion
levels, show amalgam bearers typically have mercury levels
three to six times higher than amalgam-free controls with
notable gender differences.®**"

A 1994 study in Sweden related the number of amalgam
surfaces to the emission rate of mercury into the oral caV|ty
and to the excretion rate of mercury by urine and feces.®” Oral
emission up to 125 ng per day were measured and urinary
excretions ranged from 0.4 to 19 pg per day. Fecal excretions
of mercury ranged from 1 to 190 ug per day. These excretions
include both amalgam and dietary sources of mercury. For a
middle-age Swedish individual, the systemic uptake of mercury
from amalgam was, on average, predicted to be 12 ug per day.

Autopsy studies have been conducted showing mercury levels
in adult brains correlate with the number of amalgam fillings. s
Mercury levels in human fetal and infant trssues correlate with
the number of maternal amalgam fIIrngs Animal studies
conducted on sheep and monkeys, using fillings made with
radioactive mercury as a tracer, show dental mercury
accumulates in the dlgestrve track; kidneys; gums, liver and
other tissues (Figure 3) * The mercury also travels through
the placenta from a pregnant anlmal into the developing fetus”
as well as into the breast milk.™

The fact that mercury vapor escapes from amalgam and enters
the body is no longer debated. The issue is how much enters
and accumulates in the body and whether it is enough to harm
some individuals.

Quantifying Exposure from Amalgam

Question I-1, posed by the FDA, asked the panel to assess the
data supporting exposure levels of mercury from amalgam
being either 1 to 5 pg/day (7 - 10 fillings), which the FDA



currently uses, or 1 to 22 ug/day, argued by the petitioners.
The FDA and the petitioners review much of the same
literature in estimating levels of exposure. Most published
estimates fall in the range of 1 to over 20 pg/day with uptake of
up to 100 pg/day reported in extreme cases.” " ** Robert
Yokel, one of the three experts asked to address the issue for
the FDA as a homework assignment’, provided a spreadsheet
with various literature estimates. If the two camps are
reviewing the same literature, then what is the basis for
disagreement?

Those supporting the continued use of amalgam use
physiological and mechanical arguments to argue in favor of
lower estimates found in the literature. In its 2009 final rule,
the FDA relied on a report by the US Public Health Service
published in 1993.” The 1993 review agrees with the
petitioners that published estimates of human uptake of
mercury vapor released from dental amalgam range from 1.24
to 27 pg/day.”® The review, however, also argues that blood
mercury levels provide the best estimate of daily intake from
amalgam restorations. According to the review, comparisons
of blood mercury levels for subjects with and without amalgam
restorations and studies of subjects before and after amalgam
fillings were removed indicate the daily mercury dose to be 1 to
5 ug/day for an adult with 7 to 10 fillings. The validity, however,
of using blood mercury levels as a method to assess daily
mercury dose from amalgam was challenged by several of the
presenters and panelists arguing against amalgam. The
Petitioners reference reports from the World Health
Organization (WHO)*" and IAOMT? that report literature
values ranging from 1 to 20+ pg Hg/day. The IAOMT review
includes the work of G. Mark Richardson.

In the early 1990s, Health Canada assigned G. Mark
Richardson, a staff specialist in medical risk assessment, the
task of evaluating the available literature on mercury and
amalgam, and to make recommendations concerning the
health impacts of amalgam use in Canada.”®'"*"""|n 2010, the
IAOMT solicited Richardson to prepare a lengthy two part risk
assessment, which was presented to 2010 FDA dental
amalgam panel. The first part includes an assessment of
exposure levels among amalgam bearers in the US
population]1 and the second considers the joint toxicity from
mercury vapor, methylmercury and lead.'? Richardson was one
of the primary oral presenters before the FDA Panel on behalf
of the petitioners.

Richardson’s estimates of mercury exposure from dental
amalgam range from under 0.5 pg Hg/day to over 58 ug
Hg/day depending on factors such as the bearer’s age and the
number and type of restored tooth surfaces. The high-end
estimate corresponds to an adult having every surface of every
tooth restored with dental amalgam (128 surfaces) and the
lower values correspond to a single filled surface. Richardson
estimates the mean daily mercury exposure for those with
exclusively amalgam restorations to be 13 pg/day for adults
and 17 pg/day for seniors. Lower values were determined for
younger populations and for adults assuming some
restorations were mercury-free. t

Panelists, Joel White, a practicing dentist and professor at the
University of California San Francisco who teaches and does
research in dental materials, voiced skepticism of the high end
estimates based on the fact that restorations are known to last
many decades without considerable mechanical failure. White
did a quick calculation to show a 600 mg restoration with 50%
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mercury, releasing 20 pg/day would lose all its mercury in 50
year.2 White’s quick estimate is roughly correct; the actual
value is only 41 years strengthening his argument.

|

dental materia
over 10

, have a hard time belie
anythin '

" challenged White, °

White’s calculation, however, does not invalidate Richardson’s
assessment. Ten two-surface fillings need only release 1.3
pg/day each to equal Richardson’s reported average exposure
level of 13 pg/day for adults. At 1.3 pg/day, it would take over
630 years for a restoration to release all its mercury.
Richardson’s highest estimate for a five surface filling is 4
pg/day (0.8 pg per surface), which would take over 200 years
to release 300 mg of mercury. Five surface restorations would
typically last even longer because they would have more than
an average amount of mercury to begin with.

White’s criticism is likely tarsgeted at mercury release data
presented by Boyd Haley'*** and other high end estimates.”’
Haley estimates mercury release to be 4.5 to 21 pg/day per
cm? amalgam surface area. These values are reduced when
corrected for the smaller surface area of an actual amalgam
filing but it seems reasonable to assume that these high
release rates would significantly reduce the serviceable life of a
restoration. White’s clinical observation, however, may not
apply to all fillings. Many factors affect the amount of mercury
released so large variation is expected. Fillings lasting 25 or 50
years might release less mercury than those that need to be
replaced more frequently.

It is important to put the various estimates into context since
fillings can vary in volume and exposed surface area. A metric
commonly used in dentistry is number of restored surfaces as
opposed to number of fillings. The maximum number of
surfaces depends on the tooth; the twelve front teeth have four
surfaces each and the remaining teeth have five. A typical
adult with 28 teeth has 128 tooth surfaces (excluding wisdom
teeth). Richardson indicates that an average filling has two
filled surfaces’’ providing a way to covert number of filled
surfaces to number of average size fillings.

Table 1 compares mercury dose estimates presented at the
meeting using mercury per filled surface as a common metric.
Unfortunately, the US Public Health Surfaces and WHO
reports do not provide the number of surfaces in their
estimates so an average value of 20 and a range of 10 to 30
are assumed. For the US FDA data, the range of 1 to 5 ug/day
is divided by 20 surfaces to arrive at the range 0.05 to 0.25
pg/day per filled surface. Then, 1 upg/day is divided by 10
surfaces and 5 pg/day is divided by 30 surfaces to arrive at the
range 0.1 to 0.17 pg/day per filled surface. The same
calculation is done for the Petitioners’/WHO estimate.
Unfortunately, the number of fillings considered in the WHO
estimate is not stated; 22 pug/day may be associated with more
than 30 surfaces (a large number of fillings).

The estimates associated with Richardson in Table 1 are from
Table ES-01 of his Assessment.'’ Table 1 greatly simplifies
Richardson’s assessment which considers minimum,
maximum and mean exposure estimates for five different age




ups and four exposure scenarios (differing percentages of
algam and amalgam-free restorations). The range 0.4 to 0.8
'day per surface is based on Richardson’s estimated doses
adolescents (the maximum and the mean) divided by the
nber of surfaces. Richardson’s other estimates for
slescents, adults and seniors (non-children) fall within the
ne range. Richardson’s estimates for toddlers and children
end the low end of the range to 0.2 ug/day per surface and
not included in Table 1. Also excluded are Richardson’s
;e estimates which assume some of the restorations are
algam free.

Mercury Dose Estimates from Dental Amalgam

Mercury Mercury per
gency or Exposure Nur:fber Filled filled surface
Author (g per day) | Ejjings | Surfaces | (ug per day)
JS FDA 20 0.051t00.25
JS Public 1to5 7to10
Ith Service)* 10 to 30 0.1t00.17
3 20 0.05t0 1.1
tutuonersn 1to 22
-0, 2003) 10t030 | 0.1t00.73
hardson"’

\vg Adult) 12.98 10.1 20.2 0.64
‘hardson™

0.44 to 0.4t00.8
ange, Non- 1to 28 1to 128 .
Shildren) 58.79 (typically 0.45)
1 Mercury per filled surface is calculated by dividing daily exposure by the

r of filled surfaces. The bold font values are documented by the agency or
(Richardson’ Table ES-01). The other values are determined assuming
20 filled surfaces or a range of 10 to 30 filled surfaces.

hardson’s typical value of mercury exposure per filled
face is about 0.45 pg/day for adults. For example, estimates
the minimum dose for a single surface restoration for
slescents, adults and seniors are 0.49, 0.44 and 0.46
day.” Also, dividing 58.79 pg/day, the maximum dose of
rcury for adults, by 128, the maximum number of filled
faces, gives 0.46 pg/day per surface. The mean value for
ilts, 0.64 ug/day, is larger than the typical value of 0.45 but
1in the range of 0.4 to 0.8 pg/day shown in Table 1.

hardson published a summary of his risk assessment in
[1 indicating exposure estimates of 0.2 to 0.4 ug/day per
algam-filled tooth surface, or 0.5 to 1 pg/day/amalgam-filled
th, depending on age and other factors.'’ The lower value,
, applies to children and toddlers and the higher value, 0.4,
slose to the typical value of 0.45 for non-children shown in
’le 1. The value 0.8 pg/day in Table 1 was determined by
iding the mean dose for adolescents by the mean number of
«d surfaces (5.79 ug/day divided by 7.1) from table ES-01 in
hardson’s risk assessment.'’ Only the bold font values in
le 1 were reported. The other values are an attempt to
lerstand the bases for disagreement.

Jle 1 shows the authors disagree in the amount of amalgam
rcury exposure because of both differences in estimated
ount released per filled surface and the number of fillings
isidered. The FDA daily dose is meant to apply to an
rrage number of fillings while Richardson considers a large
ge. Richardson’s consideration of a larger range, as well as
stratification by age and various restoration type scenarios
1algam and mercury-free), was considered favorably by
eral members of the FDA science panel. The next
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consideration is whether estimated levels of mercury exposure
from dental amalgam summarized in Table 1 pose a health
risk.

Dental Amalgam Risk Assessment

The second set of questions posed by the FDA concerned how
the Reference Exposure Level (REL) for elemental mercury —
or the level considered protective assuming chronic exposure
of the general population and vulnerable subpopulations —
should be determined.

The language adopted by the FDA reads, “The Agency for
Toxic Substances and Disease Registry’'s (ATSDR) and the
Environmental Protection Agency (EPA) have established
levels of exposure for mercury vapor that are intended to be
highly protective against adverse health effects, including for
sensitive subpopulations such as pregnant women and their
develooping fetuses, breastfed infants, and children under age
six.?®'™ Exceeding these levels does not necessarily mean
that any adverse effects will occur.”™

Two toxicologists on the panel, Susan Griffin, of the
Environmental Protection Agency (EPA) and Michael Dourson,
formerly with the EPA, explained how the EPA conducted its
risk assessment for mercury.” The EPA does not conduct
original research but relies on published peer reviewed studies
primarily of occupational exposure. Adults exposed to mercury
in their work environment are studied to determine at what
average exposure level certain clinical effects such as hand
tremors, ataxia of gait, and/or quantifiable mood or memory
disturbances occur. These data are used to determine a
lowest-observed-adverse-effect-level (LOAEL) of mercury
vapor per volume of air in the environment.

The LOAEL is then divided by an Uncertainty Factor (UF) to
determine the Reference Exposure Level (REL) used by
policymakers. The UF is designed to account for various
unknowns allowing extrapolation of the data to possible
vulnerable subpopulations including: children, people unable to
work because of poor health and individuals with genetic
susceptibilities that might be disinclined to work with mercury.

The UF provides a margin of safety for the LOAEL.
REL = LOAEL / UF

In 1995, the EPA determined an air quality LOAEL of 9 ug
Hg/m® and divided the value by a UF of 30 to arrive at a REL of
0.3 ug Hg/m®."”* To compare the LOAEL or the REL with the
amount of mercury released by dental amalgam into the body
one must multiply by the volume of air breathed per day, V,
and the proportion of mercury actually absorbed by the body A.
The result will be called the Dose Equivalent LOAEL (DEL) or
Dose Equivalent REL (DER).

Dose Equivalent LOAEL = LOAEL x V x A

William Farland, one of the experts in risk assessment
assigned to address the FDA's Homework Assignment,”
assumed a typical ventilation rate of 20 m3/day and an 80%
absorption rate giving a V x A conversion factor of 16 m3/day
(20x0.8). Multiplying the LOAEL of 9 |.Jg/m3 by the conversion
factor yields an EPA Dose Equivalent LOAEL (DEL) of 144
ug/day.
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Richardson, referencing EPA,"™ uses a ventllatlon rate of
15.85 mzlday and the same 80% absorption rate"’ giving a
conversion factor of 12.7 m /day (15.85x0.8) and an EPA Dose
Equivalent LOAEL (DEL) of 114 pg/day. Richardson'’s
conversion factor results in a lower risk threshold than that of
Farland.

The calculated DEL may be compared with the daily dose of
mercury from amalgam found in Table 1. Mercury release
levels above the DEL would be expected to cause harm in
some adults. The lower estimated DEL of 114 pg/day is twice
as much as the highest estimated dose of mercury from
amalgam reported by Richardson (~58 ug Hg/day) and over
twenty times higher than the maximum value of 5 ug Hg/day
used by the FDA in its assessment.

According to the FDA’s 2009 rule, “The amount of mercury
measured in the bodies of people with dental amalgam fillings
is well below levels associated with adverse health effects.
Even in adults and children ages 6 and above who have fifteen
or more amalgam surfaces, mercury exposure due to dental
amalgam fillings has been found to be far below the lowest
levels associated with harm.”"

The results above are consistent with FDA language. To reach
the lower estimated DEL of 114 ug Hg/day, 15 amalgam fillings
would each need to provide a dose of 7.6 pg Hg/day, well
above the highest dose estimates found in Table 1.

Richardson criticized the EPA LOAEL as being too high
because it included a significant percentage of chloralkali
workers who are concurrently exposed to a chlorine gas
environment that offers partial protection against exposure to
mercury vapor. Griffin called this criticism a “red herring”

because the EPA uses other studies in making its assessment
as well.

‘v“»fﬁ,‘){%ffﬁ;, the r

Because of the format, Richardson was unable to respond to
Griffin’'s characterization during the panel meeting. He has
since responded in writing to the FDA with a detailed,
referenced argument defending his analysis. 7 Richardson
notes that if one considers either specific or collective studies
considered relevant by the EPA, then the percentage of
chloralkali workers in the cohort is over 40% justifying the
refined analysis.

The LOAEL disagreement has a minor effect on the risk
assessment The value determined by Richardson is 6 ug
Hg/m whereas the value determined by the EPA is 9 ug
Hg/m Greater disagreement occurs regarding the appropriate
UF required to provide an acceptable margin of safety.

Dr. Griffin explained that the EPA considers five different areas
of uncertainty when determining a UF: variability among
human beings, applying animal data to humans, short-term
studies applied to lifetime exposure, converting a low-effect
level to a no-effect level and what is called a “database
uncertainty factor” included prlmarlly to account for data from
adults being applied to children.” The EPA UF of 30 for
mercury vapor includes a factor of 10 for sensitive
subpopulations and a factor of 3 due to lack of developmental
and reproductive studies.”
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Richardson’s analysis increases the UF to 100 by addin
additional protection for wvulnerable subpopulations. 1041
Richardson also references a 2010 study by Lettmeier of 306
mercury burdened adults living in gold mining areas in
Zimbabwe and Tanzania avoiding the problem associated with
chloralkall workers.'”  Lettmeier determlned a LOAEL of 3.5
pg/m and REL values of 0.1 ug/m using the EPA UF of 30
and 0.07 pg/m using a European UF of 50. Lettmeier's REL is
similar to Richardson’s but derived differently. The California
EPA accepts the US EPA LOAEL, but increases the UF to 300
to further ?rotect children, particularly their developing nervous
systems.

Table 2 summarizes the various risk assessment factors based
on the US EPA, Lettmeier, Health Canada (Richardson) and
the California EPA. The DEL and DER agree with Farland '’
since they were calculated using the same conversion factors
and also agree with similar values presented in Koral's
review.” Mercury exposure levels from dental amalgam that
are above the DEL are known to be harmful to some adults;
those below the DER are considered safe. Exposure levels
between the two values are not known to cause harm but
exceed the margin of safety provided by the Uncertainty Factor
(UF).

The FDA determined the maximum amount of mercury
exposure from amalgam to be 5 pg/day. Table 2 shows this is
about the same as the DER of 4.8 ug/day determined using the
US EPA REL of 0.3. For the average amalgam bearer, this
analysis is consistent with the FDA statement, “that scientific
studies using the most reliable methods have shown that
dental amalgam exposes adults to amounts of elemental
mercury vapor below or approximately equivalent to 1he
protective levels of exposure identified by ATSDR and EPA.”

Comparison of Risk Assessment Exposure Levels

Dose Dose
LOAEL REL Equivalent | Equivalent
Aganty or ug UF ug LOAEL REL
Hg/m® Hg/m® (DEL) (DER)
pg Hg/day | pg Hgl/day
US EPA'” 9 30 0.3 144 4.8
i 35 50 0.07 56 1.12
. 1"
e een 6 100 | 0.06 96 0.96
Calforgie 9 300 | 0.03 144 0.48

Table 2 REL is determined by dividing the LOAEL by the UF. Dose
Equivalents are calculated by multiplying LOAEL and REL by a ventilation rate

of 20 m*/day and a 0.80 absorption rate. ~ Dose equivalents may be multiplied
by 0.7925 for consistency with estimated ventilation rate of 15.85 m®/day used

by Richardson .

The FDA assessment leaves no safety margin beyond that
provided by the Uncertainty Factor. Also, since the FDA
assumed an average number of fillings (7 to 10 fillings),
anyone with an above average number of fillings falls in the
region of potential risk.

Richardson’s maximum value of mercury associated with
dental amalgam, ~58 pg/day, is below most calculated DELs
and is about the same as Lettmeier's value of 56 pg/day.
However, comparing Richardson’s amalgam exposure levels
(~1 to 58 pg/day) with any of the DERs (0.48 to 4.8 pg/day)
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indicates that a large portion of the amalgam bearing
population is exposed to mercury levels that pose a potential
health risk. The 0.48 ug/day DER based on the California EPA
REL are similar to Richardson’s dose estimates for a single
amalgam surface. By California EPA standards, even a single
filled amalgam surface poses a risk.

Figure 4 summarizes the current amalgam debate from the risk
assessment perspective. There is less disagreement in the
regions determined to be harmful (red regions) compared with
the levels considered safe (green regions). Both FDA and
Richardson’s amalgam release estimates are below levels
known to harm some adults (red regions) except for slight
overlap of the top of Richardson’s range and Lettmeier's red
region. FDA amalgam mercury dose estimates are considered
safe when compared with US EPA risk assessment values but
potentially harmful by the other three standards. Richardson’s
and WHQ’s amalgam mercury dose estimates are considered

potentially harmful according to all the risk assessments
shown.

Figure 4 explains why the amalgam debate has continued for
over 150 years. The amount of mercury released by dental
amalgam falls below levels known to show clinical effects in
adults who are occupationally exposed to mercury (red
regions). Most adults with amalgam fillings who are healthy
enough to work should not experience obvious health
problems. However, risk assessments based on occupational
exposure provide insufficient data to determine if anyone in a
susceptible subpopulation is clinically harmed by amalgam.
The margin of safety provided by the uncertainty factor is
essentially a formalized extrapolation. If the margin of safety is
inadequate, a fraction of the population could experience
clinical health problems associated with amalgam. Also, since
the LOAEL is based on observed adverse effects, the
assessment is insufficient to determine if the larger population
is suffering subclinical effects from dental amalgam.
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Figure 4 Combined plot of dose equivalent LOAEL and REL mercury exposure levels (risk assessment values) gﬁ&"r’ﬁérict]&abzs'é estimates 'frér'ﬁ'dér{téi‘aﬁ;\/alvgémf
Dose equivalents are calculated by multiplying risk assessment LOEAL and REL values by 16. The value 16 is determined by multiplying a ventilation rate of

20m*/day by 0.8 (80%) absorption rate.

Clinical, Epidemiological & Other Studies

The third set of questions considered by the FDA panel
concerned clinical studies of exposure to mercury from dental
amalgam. Epidemiological, animal and other studies of low
level exposure to mercury were also discussed at the meeting.

A literature review conducted in 2004 by the Life Science
Research Office (LSRO)'® supports the ADA position that
amalgam is safe but also identified eight research gaps
including: neuropsychological effects of low level mercury
exposure; effects of co-exposure with methylmercury; effects
of in utero exposure; effects of exposure from breast milk;
reproductive and pregnancy effects from occupational
exposure; clinical effects of exposure on dental personal;
gender differences in mercury toxicity; and genetic
susceptibilities for sensitivity to mercury exposure. A 2010
review by ADA Council on Scientific Affairs % concluded that
the gaps have only been partially addressed.

Despite the gaps, the authors of the 2010 ADA review
conclude, "Overall ontinue to support the position that
dental a ge 4 torative option for both children
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The LSRO and the ADA reviews discuss epidemiological
studies of adults and clinical studies of children that largely
support the ADA view that amalgam is safe. However,
concerns raised by those who oppose the use of dental
amalgam are mentioned in the reviews including studies
showing subclinical effects associated with dental amalgam as
well as elevated mercury levels in excretions and body tissues.

nimal studies

¢

ons, O

Studies of the biochemical effects of low-level mercury
exposure, including animal studies, are considered extremely
important to the petitioners arguing against the continued use
of dental amalgam.
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Effects of Low Level Mercury Exposure

Several scientist presented scientific arguments on behalf of
the IAOMT.

Boyd Haley, professor emeritus of chemistry and biochemistry
at the University of Kentucky has been studying mercury for
decades including the relationship between mercury and
Alzheimer's disease.” At the meeting, he presented evidence
including: mercury release data from dental amalgam in a
controlled environment (4.5 to 21 ug/day) discussed above; .
differential mercury excretion data showing gender
dependence; and results from human and animal studies
showing subclinical effects associated with low level mercury
exposure. Haley also mentioned an association between
mercury and cardiomyopathy.

ardiomyopathy
vall field or
what was
1999%g
sury in their
forms of
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who d e of other

Physician, geneticist and epidemiologist, Mark Geier and his
son David Geier, have published several papers regarding
autism, mercury and vaccine safety. They described one of
their studies in which mothers who had six or more amalgam
fillings had a much higher risk of having a child with severe
autism versus mild autism.''’ The Geiers cautioned that their
study was based on only 100 participants and that studies of
larger populations are needed.

Anne Summers, metallobiologist from the University of
Georgia, has been working in the area of mercury biology for
about forty years. She has published work showing that
mercury from dental amalgam can increase the prevalence of
mercury- and antibiotic-resistant bacteria in the oral cavity and
intestines.”"" She presented data to the FDA panel from
monkeys implanted with amalgam showing levels of fecal
mercury increased by four orders of magnitude following
amalgam placement. She also noted that mercury levels in the
gut, some of which was methylated into organic mercury by
intestinal bacteria, would exceed mercury levels associated
with dietary fish advisories.

Summers also presented data from studies of E. coli bacteria
exposed to mercury showing changes in cellular proteins
effecting energy metabolism and disturbed metabolic pathways
inhibiting the production of adenosine triphosphatase (ATP)
within mitochondria. She also showed that mercury increases
intercellular free iron and causes other effects that lead to
oxidative damage to the cells.

i f/ nercury

IAOMT dentist David Kennedy, presented an overview of
scientific arguments against dental amalgam and was one of
the first to mention a paper by Rothwell and Boyd that showed
an association with amalgam fillings and hearing loss.""” Panel
member Michael Bates, an epidemiologist from UC Berkeley,
thought the paper sufficiently important that it be distributed to
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the entire FDA panel. The paper was discussed repeatedly
among the panelist during the two day meeting.

Epidemiological Studies of Adults

Epidemiological studies of adults largely support the ADA view
that amalgam is safe One epidemiological study, cited in the
2010 ADA review,”’ considered 1663 American veterans and
found no significant associations between amalgam exposure
and clinical neurological signs of abnormal tremor,
coordination, station or gait, strength, sensation, or muscle
stretch reﬂexes or for any level of peripheral neuropathy in the
subjects " The study did, however, find a significant
association between amalgam exposure and the continuous
vibrotactile sensation response. The authors reported this as a
subclinical finding not associated clinically evident signs of
neuropathy or any functional impairment. The study did not
include more sensitive continuous measures, such as nerve
conduction studies, which the authors noted as a limitation.

A retrospective cohort study that included 20,000 people in the
New Zealand Defence Force, led by panelist Michael Bates,
investigated the association of amalgam surface area and
duration of exposure with several diseases.”® The three-digit
disease codes (International Classification of Diseases, Ninth
Revision) were used from hospitalization discharge records to
study 15 broad disease categories, 6 specific kidney disorders
and 26 specific psychiatric and neurological disorders. The
study found no association between amalgam and most of the
disease conditions studied including chronic fatigue syndrome
and kidney disease.

The New Zealand study, however, did find adjusted hazard
ratios of 1.24 for multiple sclerosis (MS) and 1.23 for other
paralytic syndromes. A hazard ratio greater than one indicates
amalgam is a risk factor for the disease, less than one
indicates amalgam protects against the disease and near one
indicates amalgam has no effect. The confidence level for
these conditions was less than 95% providing limited statistical
evidence of an association between amalgam and disease. For
MS, the confidence level was 94%. Statistical confidence tends
to increase with the number of cases identified. Of the 20,000
people studied, there were only 7 cases of MS and 14 for other
paralytic syndromes suggesting a need for further study. Other
studies, including a meta-analysis, have also found a slight, but
not statistically S|gn|f|cant |ncrease between the presence of
amalgam fillings and MS.'

The authors include among the key messages
that multiple (

A limitation noted by the authors was that health outcomes
were ||m|ted to hospltallzatlon records The authors note,

Since many cases of chronic fatigue syndrome may not require
hospitalization, restricting the study to hospitalization records is
an important limitation. The authors, however, indicated that as
long as the undercounting is not differential by amalgam
exposure, the limitation would be restricted to a loss of
statistical power. The number of cases of chronic fatigue
syndrome identified by the study was 132, larger than any of
the other psychiatric and neurological disorders studied and
larger than all the cases of kidney disorder combined,
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rasing the statistical confidence. However, it would be
able to include additional medical information along with
sitalization records in follow-up investigations.

n the clear statlstlcal power the authors of the New
and study conclude, ere was no ence that chronic

ue syn drome is associat

authors of the New Zealand study found hazard ratios
w one for all six types of kidney disorders suggesting a
iible protective effect of dental amalgam and the kidney.
hazard ratio was particularly low for nephritis not otherwise
iified, chronic renal failure and renal failure unspecified,
ever, the number of cases studied was small and the
idence level below 95% making protective conclusions
thetical.

authors of the New Zealand study made no comment
rdmg any protective effects simply concluding, “in this

iy dence of an iation between
kidney ef

» 65

ort selection is an important consideration of
emiological studies. The New Zealand study was heavily
Ihted to males, 84%, and younger people. Over 85% of the
cipants were under age 25 at the start of the study and
st 95% were under 45 at the end of the follow-up period.
authors note that the lack of older participants provided
ficient cases to investigate Alzheimer's or Parkinson’s
ase. Both the New Zealand study and the one of American

were also restricted to military or former military
onnel. The study of 1663 American vets were all Vietnam
The study was also confounded by the fact that 677 of the
cipants were exposed to dioxin during the war and 252 of
»articipants had confirmed diabetes mellitus. The restricted
rts of the studies do not reflect a random sample of the
:r population.

authors of the New Zealand study note, f’mm? er &mw gth

sistency of treatment, however, also poses a limitation.
ors that vary the amount of mercury released from dental
Igam might have been over-controlled. Since mercury
ise from amalgam is sensitive to alloy composition,
ufacturing processes and dental techniques, there is some
ability that the cohort was not exposed to circumstances
Iting in elevated mercury release. Equivalent treatment
also be a limitation of the children’s amalgam trials
sribed below.

ause of their statistical design, epidemiological studies are
’le to adequately screen for sensitive subpopulations that
ear the edge of a distribution. If only 1 person in 5000 is
itive to the levels of mercury in amalgam, then a study of
00 people is too small.

studies described above are also limited to dental
Igam as a single input parameter but other factors such as
wurrent exposure to other toxins and genetic predisposition
be important. Richardson considered the joint toxicity of
sury vapor, methylmercury and lead.'” Boyd Haley has
onstrated increased susceptibility associated with the Apo-
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lipoprotein E4 genotype, which is also associated with
Alzheimer’s disease.®"'"® Epidemiological studies that include
multivariate input parameters such as dental amalgam,
genotypes, and joint exposure to other sources of mercury are
needed to address current research gaps. Also, since
amalgam illness is often described as multi-symptomatic,
future investigations should consider the association of
amalgam with multivariate output parameters instead of single
disease conditions.

Despite the limitations, it is reasonable to conclude from the
epidemiological studies that dental amalgam alone is not
associated with clinical health problems for a large percentage
of the younger adult population. This is consistent with the risk
assessment described above; the amount of mercury released
from amalgam is below the LOAEL values derived from
occupational studies of healthy adults. Further studies,
including studies of older populations, are required to draw
conclusions regarding MS, Alzheimer's disease and
Parkinson’s disease.

The Children’s Amalgam Trials

Two clinical studies of the effects of dental amalgam on
children weigh heavily on the current FDA amalgam policy:
The New England children’s amalgam trial®"%%""7 115119 gnd the
Casa Pia children’s amalgam trial.**®*¢*"2%2'" casa Pia refers
to the name of the school in Lisbon Portugal where the study
was conducted. These two studies sparked tremendous
discussion from both sides of the debate as well as among the
FDA panel members. Mary Tavares, co-principal investigator
of the New England trial, explained the work during the public
testimony.' Michael Martin, project director of the Casa Pia
trial, was one of the guest speakers. Both trials were clinical
studies of children who had never received dental amalgam
and were randomly assigned to receive either amalgam fillings
or mercury-free composites. The studies found no statistically
significant difference in observed adverse neuropsychological,
neurobehavioral, renal effects or intelligence tests between
children whose teeth were restored with dental amalgam
versus composite resin. The authors of the New England trial
did, however, mention in one, publication that very small 1Q
effects cannot be ruled out.’ A similar study, with similar
results, was conducted in China.’

Certain subpopulations were excluded from participation in
both children’s amalgam trials. Martnn explained the criteria for
part|C|pat|on in the Casa Pla trial, jed to have :

f 1 ("m >

The selection criteria reduce confounding effects simplifying
the study. However, as designed, the Casa Pia trial disallows
conclusions regarding amalgam safety for children with low
IQs, elevated blood lead levels, renal and/or neurological
problems or co-exposure to mercury from other sources.
Richardson, who considered joint toxicity in his risk
assessment,'” was also critical of the short duration of the
children’s amalgam trials, arguing that symptoms of chronic
mercury exposure may take many years to develop."’
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Panelist Suresh Kotagal, a pedlatrlc neurologlst W|th the Mayo
clinic concurred 2

'”?)u KNOW

¢ 5 of age. | ]

the fifties or sixties and rwyb«
iod where there is silently
st not aware.”

Kotagal, also questioned the use of non-verbal intelligence
tests used in the Casi Pia study that may be more appropriate
for hearing impaired children, the use of motor nerve
conduction velocities instead of testing for changes in sensory
neuropathy, and stressed that the children, who were 8 to 10
years old at the start of the study, were too old to assess risk to
younger children.

The Casa Pia trial found that urinary mercury concentrations
were highly correlated with both the number of amalgam fillings
and time since placement and that girls excrete srgnlfcantly
higher concentrations of mercury in urine than boys.'”’ The
Casa Pia trial also reported a difference in certain urinary
porphyrin excretions in chlldren with amalgam compared with
children with composnes " The porphyrin data resulted in a
great deal of discussion.

Porphyrins are a group of ring-shaped, metal-binding organic
molecules. The best known porphyrin is heme, the pigment in
red blood cells that binds iron. Three porphyrins:
pentacarboxyporphyrin, precoproporphyrin and coproporphyrin
are known to be associated with mercury body burden. Results
from the Casa Pia study show that these three porphyrins were
elevated among the amalgam group compared with the
composite group but srqnlfcant difference were found only
among younger subjects. © The Geiers analyzed the porphyrin
data from the Casa Pia study and found increased levels of the
same three porphyrins associated with mercury responding in
a dose response relatlonshlp, to the size and number of
amalgam restorations.'”” The Geiers also studied porphyrins
which are not associated with mercury and found no
correlation with amalgam.

The FDA relied heavily on the conclusions drawn by the
authors of the children’s amalgam trials in making its 2009 rule
and is expected to carefully consider the concerns the
petitioners and panel members raised at the meeting.

Conclusions and Research Gaps

Clinical and epidemiological studies show that the levels of
mercury from dental amalgam are not associated with clinical
symptoms among a large percentage of people with amalgam
restorations including children. However, subclinical and mild
clinical effects, including slight hearing loss, are well
documented. Data are lacking for older adults, younger
children and in utero exposure. Further studies are also
required regarding MS, Alzheimer's disease and Parkinson’s
disease.

Another important gap remains as to whether dental amalgam
is a contributing factor to chronic mercury toxicity, an illness
that has similar symptoms to acute mercury toxicity but may
take several months, years or even decades to develop. The
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children’s amalgam trials have been of insufficient duration to
address the question. The clinical and epidemiological studies
conducted are mainly useful for investigating medical
conditions with clearly defined diagnoses. Chronic mercury
poisoning and other symptom complexes broadly categorized
as amalgam illness are currently poorly defined. The condition
is alleged to exhibit multiple symptoms with large individual
variation. Reviews challenging the existence of amalgam
illness suggest psychological conditions may play a role.’
Reviews opposing dental amalgam support a multivariate
model characterizing the variability of the reactions as being
similar to pharmaceutical side-effects.”> Assuming amalgam
iliness does exist, both sides agree that condition is limited to
susceptible subpopulations. The lack of data regarding
susceptible subpopulations enhanced the importance of the
public testimony at the FDA meeting.

Public Testimony

About fifty individuals were given four minutes each to present
their testimony during the public sessions. The panel was
allowed trme to question the presenters at the end of each
session.’

Fred Eichmiller, vice president and science officer for the Delta
Dental of Wisconsin, spoke in favor of dental amalgam and
challenged some of Mark Richardson’s numbers based on
insurance data.

Jonathan Knapp, a general family dentist practicing in Bethel,
Connecticut and a member of the ADA Council on Dental
Practice was one of several dentists who had no doubt that
dental amalgam is safe.

Steve Koral of the IAOMT argued against the need for the
contrnued use of dental amalgam cmng the same trend

Several mercury-free dentists reported numerous anecdotal
cases of health improvement when amalgam fillings were
replaced by mercury free alternatives. Dr. Pentti Nupponen, a
dentist with a 30-year career testified.

zgw {\mm,\y
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3 most passionate testimony was from dental patients who
ieve their health was harmed by mercury from dental
algam. Denise Knight was one of several patients reporting
sistent adverse reactions after having her restorations
laced without taking adequate safety precautions. Richard
ich, professor emeritus of plastic surgery, biomedical
jineering, and emergency medicine, University of Virginia,
fers from multiple sclerosis (MS) which confines him to a
eelchair. He indicated the development of his condition
jht be associated with dental amalgam placed beneath a
d crown and complained about lack of informed consent. Dr.
ich presented a written petition to the FDA requiring dentists
rovide an informed consent brochure to their patients.

ntal hygienist Suzanne Beaudoin testified to developing
nptoms of mercury toxicity including “extreme fatigue
iting income, gluten é:‘umi@z/ nce, gzaﬁ%mmidm/w 2y issues
i 3, 3 i and t wz and tingling
sations nitus mztj ’emmg loss.” She attrlbutes

mercury symptoms to her 16 amalgam restorations,
rcury laced vaccines and occupational exposure from the
1tal offices.

ora Sue Pomeroy Reckmeyer was one of several
senters who spoke about friends and family members who
‘e ill. She told about her nine-year-old daughter who was
n with a heart defect that limited her options to dentists with
dy access to a hospital. At age four, her daughter had
nerous metal crowns and amalgam fillings done over a
rt period of time after all her teeth dissolved for unknown
sons. Shortly after the dental work, before entering
dergarten, her daughter received numerous vaccines, some
itaining mercury. The child had been developing normally
il kindergarten, when the child experienced developmental
ays and neurological problems. At a later age, the child
eived additional medical intervention for her heart.

t we founc
f method to
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jjamin Zander was one of several people, including the
hor of this review, who reported recovery of health after
lacing amalgam restorations with mercury—free alternatives.
der is the conductor of the Boston Philharmonic Orchestra
| a professor at the New England Conservatory. He
vided written and video testimony.
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Professional Engineer Kris Homme attributes her “weird health
problems, including vision loss and chronic fatigue” to mercury
associated with dental amalgam stating a porphyrin panel
confirmed her late-stage chronic mercury poisoning.' Treating
herself for chronic mercury posing has partially restored her
health but her vision loss is permanent. Homme now leads
support group for two dozen people who believe they are
suffering from chronic mercury poisoning including four PhDs,
a dentist and a pediatrician.’

Robert Cartland, the author of this review, was one of several
people who presented a reduction of symptoms associated
with chronic mercury toxicity following replacement of amalgam
fillings W|th mercury free materials and treatment for mercury
poisoning.' Records of health symptoms monitored over
several years were summarized showing a gradual
improvement in health.'*> Cartland also presented summaries
of five peer reviewed studies, some including hundreds of
patients, showing reduction in symptoms following amalgam
replacement. %% 127128128 Eque  of  the  studies  are
summarized in the September 2010 Iiterature review
conducted by the ADA council of Scientific Affairs.”” One study
predates the review period.'”® Cartland concluded that his
experience of symptom alleviation following amalgam
replacement was not unique.

The 2010 ADA council of Scientific Affairs mentions several
limitations of the amalgam replacement studies. Some studies
lacked controls or randomization, and all lacked blinding. Of
course, there is no obvious way to design a blind or double-
blind amalgam replacement study. However, double-blind
studies of low level mercury vapor exposure showing
statistically sngmfcant hypersensmwty among a subpopulation
have been reported.’* In addition, one amalgam study was a
two year follow-up that included patients who replaced their
amalgam fillings and a group who did not."** Patients who did
not replace dental materials did not present any reduction in
symptom indices while the group who replaced their fillings
showed a significant reduction in intraoral and total symptoms.
The reduction in symptoms, however, was not to the level of
the general population.

Some of the amalgam | removal studies included antioxidant'*’
or chelation therapy ° designed to mitigate the effects of
mercury intoxication. Associated treatments appear to improve
the level of symptom reduction compared with amalgam
removal alone. Unfortunately, associated treatments also
confound the effects of amalgam removal —one could argue
that the associated treatment rather than the amalgam removal
was responsible for symptom reduction. This is also a limitation
of many anecdotal reports including Cartland’s.
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Despite the limitations, peer reviewed literature, as well as the
experience of numerous dental patients and mercury-free
dentists show that many people experience some degree of
symptom reduction following amalgam replacement. Others
have reported little effect and some, like Denise Knight, have
experienced an mcrease in symptoms or the development of
other health problems

While largely anecdotal, the panel gave the public testimony
considered attention. Panelist Michael Dourson summarized
his thoughts during the panel deliberation.

all of the i ”zf()rrrmzmw from the last couple
ei it see ms relevant o me. So that means
of & gam implants and then the individual
e heard fmm our other colleagues and the
svant to me. And as a
oting -- | can accept all of
3, but there’s a disparity here
why is there this disparity” v

the 150 ,/mw
ents we'v

The disparity mentioned by Dourson was a significant portion
of the panel deliberation.

Panel Deliberation

The Panel spent the final half-day of the two day meeting
discussing and developing consensus statements. The panel
was not asked to address whether amalgam should be banned
or reclassified —that would be the work of the FDA. The panel
was tasked with answering four sets of questions, divided into
ten individual questions, to assist the FDA in developing policy.
Each panel member was allowed time to express his or her
opinion including areas of disagreement. In many cases, the
panel arrived at consensus regarding the scientific findings and

gaps.

Related comments are presented here topically rather than
sequent|a||)( The FDA website has complete transcripts of the
meeting.

Petitioner and attorney James Love was given 30 seconds
during the middle of the deliberations to voice his opinion.

vhat this very prestigious

5t of data that we don't
sed concerns about an
its notwithstanding
is wm F2 the product
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The panel however, was instructed by Anthony Watson of the
FDA o keep this discussion to the science, avoid any

Final analysis and policy decisions would be the responsibility
of the FDA.

Benefits of Amalgam

Panel dentist Norman Tlnanoff considered the benefts of
amalgam to be |mportant “l did a little reanalysis of m Sasa
Pia study looki am survival and composi

vival was 10% !

N e ama f’} am sur
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Panel Chair Marjorie Jeffcoat countered, in a

comparison study, though, you'd have the ris

other

Panel dentists Van Thompson addressed Tinanoff's comment
by citing a recent study of the 12-year survival of composrte
versus amalgam restorations,” “large co
well in the low and medium-risk patien
there a difference, but by the end of
study, the difference was wry very
were different. But in
were holding up quite well.” 2

mpost

Consumer Representative Karen Rue voiced general concern
regardlng the safety issues, “the efficacy obviously has been
slished, but | feel that the safety 5! :

ve heard in the last 2 days
cially when there are quite a few alternatives ave

Panel dentlst and IAOMT member Mlchae| Flem|ng added
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Mercury Exposure

The first set of questions (I-1, 1-2 and 1-3) was related to
assessing mercury exposure and bioaccumulation, biomarkers
and dependence on factors such as age. Question I-1 asked
the panel to assess the data supporting exposure levels of
mercury from amalgam being either 1 to 5 micrograms per day,
which the FDA currently uses, or 1 to 22 micrograms per day,
argued by the Mark Richardson on behalf of the petitioners.

Some panel members communicated support of the methods
used by Richardson echoed by two of the people addressing
the homework questions. Some of Richardson’s assessment
scenarios result in dose levels above 58 micrograms of
mercury per day (for every tooth surface restored with
amalgam).11 Richardson also stratified his assessment
considering different factors including age and scenarios
including both amalgam and non-amalgam restorations.

Michael Dourson inquired whether the FDA con5|dered
distributions of exposure as well as averages, The numbers
that I'm hearing | b /e are the avera )

Panel Chair Marjorie Jeffcoat confirmed the answer IS yes and
Dourson continued, .based on what Dr

vesterday is there's ;mmfw way to look at
distribution of int akr
of these thing
and the distrib
tried to repl
K"’”d m dr" i
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+ concern was echoed by multiple panel members who
gested the FDA should not just rely on averages but
2fully consider the distribution of exposure and consider
tifying the exposure for children and other groups. The
el ultimately pushed the determination of a best estimate of
‘cury exposure back to the FDA.

» Related Parameters

sstion |-2 asked how age-related parameters factor into the
lysis including: inhalation physiology, body weight, number
size of amalgam surfaces (a single filling can have up to 5
‘aces) and other age related differences. Concerns about
vulnerability of the developing brain as well as effects that
ht be delayed for many years were mentioned by multiple
el members.

ith Zelikoff suggested methylmercury might be used to
ess the risk of prenatal mercury exposure, “| came up with
Jmber of studies in terms of methylmercury and I'm sure Dr.
w can talk about this in greater detail, in which
atal exposure to methylmercury manifested itself in later
in si;f{frﬂrz, as well as adulls in various neurological

hael Aschner, a neurotoxicologist and expert in the effects
netals on brain development agreed during a later part of
discussion, “...1 think there's plenty of evidence from
it studies we've led, for example, with methylmercury,
4,«,121;/ exposure can result in late neurodegenerative
cts.”

ren

nael Dourson, mercury and methylmercury risk assessment
ert, voiced caution on this issue on the first day of the two
meetlng, ...} think as we hear ut the different mercury
oty s, one of the important ues a to consic icv that
1g methylmercury to ethylmercury to i mqaw ¢ merc my
or is like comparing apples to oranges. And | don't thin
body doubts the fact that methylmercury is a toxic
wpound. But | thir k we have to put some of these issues
the right perspec

par

mas Burbacher has conducted extensive research into the
cts of prenatal and early postnatal exposure to
hylmercury. He indicated that a maternal fetal model for
cury vapor, similar to models developed for methylmercury,
Ild be of value. He was concerned however, that lack of
nal data would make the task difficult.”

consensus was that the data are inadequate to make an

assment regarding a developing fetus and that all the
tivariate factors need to be considered by the FDA in
eloping its risk model for children. The need to consider
itional factors such as gender and genetic differences, as
as whether the factors are independent or concomitant,
also expressed by the panel.

dity of the Urinary Biomarker

istion 1-3 (a) addressed the validity of urinary mercury
Is in assessing risk of exposure to mercury from dental
ilgam. The panel discussed the strengths and limitations of
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the urinary biomarker especially when applied to children
under six and developing fetuses. Thomas Burbacher, expert
on the toxic effects of methylmercury, suggested removing the
word “risk” to limit the assessment to exposure. This
suggestion was acceptable to the other panel members and
FDA representatives.

Michael Fleming, the IAOMT dentists on the panel, addressed
Susan Griffin and Michael Dourson, the panelists who
presented the EPA’s risk assessment, | wanted (o ask Dr.
Griffin or Dr. Dourson, is there a relationship between urine
mercury and symptomatology, or what we would ¢
observable effects? My understanding is that we have great
variability in that. High urine mercury levels, the patient may
not have any symptoms, very low excretion levels. They may
have a lot of symptomatology.”

Griffin responded,

I'm not quite sure how to answer that because the human
studies that we have are not multiple dose studies; they're
basically studies that looked at time-weighted exposures
and different occupational settings, be it dentistry,
fluorescent lamp factories, whatever. So they were able to
equate effects to mercury in hair, mercury in blood, and
mercury in urine.

No, there - as | mentioned earlier, you've got the Skaring
data that shows you know, strong linear association
between urine and mercury and dental amalgams. You
have data that shows a ﬂrorq relationship between
urinary mercury and merwry in air. But that's as far as |
can go based on the data.?

The reference to Skaring appears to be a recording error in the
FDA transcript; Gr/ff/n was probably referring to the work by
Skare and Engquist.”

Dourson added,

The preferred way to go is biomarker data if you've got it.
So you see the lead bxok not ic model. Methylmercury, it's
levels of methylmercury in blood. Cadmium, it's the
amount of dmium accumulated in the kidney. All
biomarkers of exp e are tied to specific effects or lack
of effects. And on the basis of, you know, the assessment
is done.

data that would allow
cobble those
ray to go but if /Uu
could put those ¢ together in a way that would w»
helpful, that would a preferred way to go. And so
would maybe defer to our FDA colleagues :

ase | haven't seen
But if You wc
s almost not the w

In this particular ¢
JA to do that
together that soun

)

Applying urinary biomarker data to children under six and
developing fetuses was also discussed.

Suresh Kotagal mentioned, “ ! <f4>;“‘ir see
ﬁ%ffé%ff}’ﬁ('é—" b en the metabolism of ¢
Ve

%m ui

, unles
ents or ;TM‘:%;
g 6 and be
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Michael Aschner considered the age of development of the
blood/braln barrier to be important adding, “...many of ihe

5 f’w Yku u ion might not be 100% functionally.
1ot mature. So maybe a 5 and 6-year
but a 2-months old and 8-months old

Pediatric dentist Norman Tinanoff suggested further
stratlflcatlon - maybe in utero; 0 to 3; 3 to 6; and 6 to
puber v?

Amid Ismail agreed with Tinanoff from a dental treatment
perspective, ‘0 to 3 is a unique age and where usually are
treated in the OR under m‘ammes, and receive a lot of

for 0 0 to 3 is a unigue age; and then 3 to 6; and

Panel Chair Marjorie Jeffcoat summarized, “we do have
nsus that urinary mercury levels are the best we have for
sure but we do need to subset out groups of
s in utero; children from 0 to 3; 3 to 6; and 6 fo

Thomas Burbacher also suggested adding language
emphasizing the limitations regarding urinary mercury tests
and that urinary mercury levels are reflective of current
mercury exposure but not bioaccumulation.

Bioaccumulation and Clearance

Bioaccumulation and clearance were the topics of question -3
(b). FDA representative Peter Goering, a toxicologist at the
Center for Devices and Radiological Health, clarified the
question, “It's known that mercury will slowly accumulate in
several tissues, at least over time, and how do we factor that in

en urinary 1 cury, some people believe, may not reflect
at continuing inc ing concentration in tissues?"?

On the first day of the meeting, before panel deliberation, many
of the presenters and panelists discussed the difficulty
correlating levels of mercury in urine, blood or feces to
symptoms.

Boyd Haley stated that one cannot rely on urinary mercury as a
biomarker. He suggested fecal mercury to be a better
indication of the amount of mercury traversing the body. Haley
also suggested that blood glutathione levels and urinary
porphyrin1 profiles are indicative of body damage due to
mercury.

Mark Richardson, in his presentation, also suggested that
porphyrin levels be conS|dered when determining a lowest
effect level for mercury

Michael Martin agreed that perhaps the porphyrin profiles
mlght be used as blomarkers for mercury but mentioned that
) > porphyrins, can be affe

otion medications, ilines
work would need to be cﬁt

The limitations regarding urinary mercury resulted in some
panelist considering fecal mercury as an alternative. During the
panel deliberation, Anne Summers was asked by the panel to
clarify her work with monkeys relating fecal mercury to
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bioaccumulation. There was some data on animals, explained
Summers, but limited data available for humans.

Suresh Kotagal argued that more advanced tools should be
used to assess the effects and risk of mercury including,

uantitative EEG, MR spe and functional MRI f
determining whether there n r to ¢l
manifestations apm;}mg.“z

Panelist Michael Aschner, a researcher in the area of
neurotoxicology, disagreed based on practical considerations,
“these are very expensive studies and you might be able to do
it in a very small population -

udies here
ade and

Panelist Amid Ismail, added,
because there’s a ;)(‘,s(y G
needs to be made within a shor

The panel converged on acceptance that an assessment of

bioaccumulation and clearance was not available. Dr. Jeffcoat

summarized the panel's assessment, “So do we have

consensus that we really do not have the information to answer
that question?”?

Michael Fleming, the IAOMT dennsts elaborated
can acknowle D g 'y
differences... But \fvhf
of ”*e béoao imule
hat vary b

[
1
i

Reference Exposure Level

The second group of questions, (lI-1, -2 and 1I-3) was related
to the determination of the appropriate LOAEL (ll-1) and
uncertainty factor (lI-2) used to determine a reference
exposure level (I1-3) for safety policy. The panel was asked to
weigh the merits of the approaches taken by the EPA and
Mark Richardson. Technically, the resulting safe exposure
level is defined as an RfC (reference concentration) which is
defined for safe continuous exposure. However, the model
used would be similar to the one used to determine an REL
described above.

Gary Ginsberg in answering the homework assignment
suggested considering more modern risk assessment models
such as “the upt n of low dose linear modeli : S St
as mercury that have high pote fz it } i
and no evidence for a threshold.”® This |dea was dlscussed
favorably by multiple panel members.

The panel did not recommend a revised Reference Exposure
Level (REL) but did suggest that FDA reconsider its risk
analysis in light of recent studies and carefully consider
sensitive subpopulations. Michael Fleming, the IAOMT dentist
on the panel, emphasized that the panel was not endorsing the
use of the EPA REL and panel Chair Marjorie Jeffcoat
concurred.

Dentist and material scientist Joel Whlte summarlzed the
situation, “it seems ««3 me, and | wmt }
ve(; cl z%@ Aamongs :

he uncertainty fact

1Y

has some of the best risk ass S

" acknowledged Michael Dourson formaIIy of the EPA
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what | would ke to enjoin, and you've already heard -
yone is doing this, is to ask our FDA scientists, who are
y very good at this, to look at these new data, the data
2 1995, and really kind of develop your own reference

-entration.”

2ral of the panel members assumed that this reassessment
ld lead to substantial change in health policy regarding
lgam that would need to be communicated to doctors,
ists and the public.

emiologist Michael Bates asked the FDA representatives
1t the policy implications of reassessing the REL, “.. we've
w‘i yesterday that it doesn’t matter, you know, where we
he REL, R itJ, some people -- some substantial proportion
seople are likely to exceed it in terms of the dental
lgams. So what difference does it actually make whether
aise it or lower it or change it in mg way? What regulatory
n potentially could flow from that?”

. representative Anthony Watson reiterated that the FDA
Id need to establish policy but “it's important to see what
axperts out there think outside of FDA when we’re making
e decisions.”?

ical Studies and Health Effects

third set of questions considered by the panel was related
1e clinical studies, health effects and modification of FDA
ance language. The first of the set (lll-1) was to “assess
strengths and the weaknesses of the clinical studies on
am, including whether appropriate endpoints were
'The second of the set (llI-2) asked, "Do the clinical
les support a relationship between exposure to mercury
sed from dental amalgam and adverse health
associated with renal, immunological, allergic,
obehavioral or psychological function? Are there oiher
irse health events identified by these clinical studies?"?

1ael Bates, principle investigator of the New Zealand
y®°, argued that the committee should communicate
rtant research gaps to the FDA requiring further studies. °

d in regard particularly like to mention the
ode zenr‘:m;we diseases, MS, Alzheimer’s and
insor's... | can say that the data on these three outcomes
very irmoioq uate and really one couldn't make any
ment whatsoever.”

s also stressed the importance of the study on hearing
”2, “But ’owo we have a paper which actually shows an
rent effect | on number of amalgam i‘ziiings,“z

al dentist Joel White was clear, "I do not see any

cally ¢ !(*{i ible reason to recall or curtail or change the
] .But on the other hand, we have
ssues, that's ¢ wer and lowering mwcmiry in the
! f’;o;,d 2i ng He maintalned _th@ e is no

hown by trﬁ science Howevor i‘m s»wayed
vilations of case studies. ™

3l Chair Marjorie Jeffcoat summarized the consensus
iment, “Are there other adverse health events identified by
e clinical studies? These clinical studies really didn't
this question very much. | mean, these clinical studies

m,zf in the population as a whole, it looks good. But they
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did not really get at who might be or identifying who might be
the susceptible subpopulation.”?

Susceptible Subpopulations and Children

The need to better protect susceptible subpopulations was the
primary development in the amalgam debate. Those purporting
amalgam safety acknowledge the existence of a small number
of people with easily identifiable and immediate allergic
reactions to mercury or the other metals in amalgam.

The 2009 FDA language reads,

Some individuals have an allergy or sensitivity to mercury
or the other components of dental amalgam (such as silver,
copper, or tin). Dental amalgam might cause these
individuals to develop oral lesions or other contact
reactions. If you are allergic to any of the metals in dental
amalgam, you should not get amalgam fllllngs You can
discuss other treatment options with your dentist. "

Multiple panel members, including those supporting the
continued use of amalgam, however, suggested that reactions
to amalgam may develop slowly, may be difficult to identify and
may not be extremely rare.

Toxicologist Judith Zelikoff spoke at great lengths about metal
sensitivity. “I don't know how you define extremely rare, but in
searching the literature, | found anyth'og from 2% to 5% of the
North American population. t I don't think having a 2 or
5% allergy is low for the Nc)rth !\mer ican population.” It was
later clarified that she was referring to mercury specifically
versus amalgam.

Susan Griffin of the EPA stressed the importance of protecting
susceptible subpopulations, “I think that the studies listed here
provide very compelling evidence that there is no a,iie }t ﬁ@\/ei
that can be identified in a general population and | do thir
this gives us a handle on effect levels in the q
population, but | want to also echo my concerns that there
does appear to be a very susceptible subpopulation to
immunological effects.”

Members from both sides of the debate also concurred that
more adequate measures needed to be taken to protect
children and developing fetuses.

Panel dentist Amid Ismail favored the continued use of
amalgam but was also concerned about the lack of data for
children under 6 vyears of age and other vulnerable
subpopulations. “..we have to find ways to recognize that there
are some patients who cannot -- should not have amalgam. |
am not in favor of banning amalgam because | want to keep
the option for the /atéemv"z

Pediatric neurologist Suresh Kotagal made clear his opinion
regarding children, “infants and children rweci to be addressed
separately than the adults because of their increased risk. And
I think that there really is perhaps no pime for mercury in
children.”?

Panel dentist Van Thompson agreed, ‘Definitely not in
pveanam women and definitely not in those below @ years of
ac 5.2
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Adequacy of Current FDA Guidance Language

Question IlI-3 was directed at specific language the FDA
adopted following its 2009 decision:

Clinical studies have not established a causal link between
dental amalgam and adverse health effects in adults and
children 6 and older. In addition, two clinical trials in
children age 6 and older did not find neurological or renal
injury associated with amalgam use.

The developing neurological systems in fetuses and young
children may be more sensitive to the neurotoxic effects of
mercury vapor. Very limited to no clinical information is
available regarding long-term health outcomes in pregnant
women and their developing fetuses and children under 6,
including infants who are breastfed.

The panel was asked to discuss whether FDA appropriately
represented the strengths and weaknesses of the available
clinical data. The discussion focused on the above statements,
rather than the entire FDA disclosure language, because these
statements were the basis for the remaining language adopted
by the FDA.

Norman Tinanoff suggested adding a sentence, “There may be
certain populations that are more sensitive to the mercury in
dental amalgam.”

Thomas Burbacher implied eliminating the term ‘under 6, /'
like to extend that to children, because we were just talking
about that long-term health outcomes have not been studied in
ct’z%zidr'@n, so it's not just limited to fetuses and children under
6.”

Suresh Kotagal suggested, “inserting ‘age 6 and older with
follow-up of up to 7 years’, because there was no long follow-
up. And also ... ‘It is not known whether the lack of toxicity in
children will endure with the longer follow-up’.”?

Panel dentist Joel White was clear about what needed to be
communicated:

Becau ise of the unknown risks, dentists should consider not
placing in pregnant and nursing women. Dentists should
consider not placing in patients with neurclogic or kidney
impairment or function. Avoid placing in patients who have
allergic or hypersensitivity to mercury. The labeling should
also include some language regarding should consider
reducing mercury exposure levels to the environment, to
the patient and to p@rwm@z as well as using accepted
protocols for safe handli ng} safe use, safe disposal and
safe removal from patients

Some of the panelist wished to express opinions regarding
other statements made in the 2009 FDA document. Michael
Bates noted, t states in the second paragraph below the
box, that rellable methods have shown that dental amalgam
exposes adults to amounts of elemental mercury vapor below
or approximately equivalent to the protective levels of
exposure. I'm not sure, based on Dr. Richardscn's data
yesterday, that that is true. It seems like quite a few people
could be exposed to levels above those .

Dr. Jeffcoat concurred, I believe, if the FDA chooses to act on
our suggestion, those numbers may -- Dr. Richardson's
numbers may be recalculated.”
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Judith Zelikoff, an environmental toxins expert, challenged
another statement in the FDA language, ‘FDA estimates that
the estimated daily dose of mercury in children under age 6
with dental amalgams is lower than the estimated daily adult
dose. | find mi (f ff(,hi to believe and | also think that that
should not be included.”

Michael Fleming concluded, "I think something needs fo
change. | think the ideas on this label are fantastic and | think
that hm@ changes should be considered and considered
wck!y.

Weighing Risk Assessment & Clinical Studies

The final question (V) asked, "‘Based on your answers fo these
three sets of questions, discuss how FDA should weigh risk
assessment and clinical stu i«cw in considering its regulatory
approach to dental ama%gam,

This question generated questions from the panel but the
consensus was that the risk assessment follows from the
clinical studies. Bates summarized, ‘| don't see them as being
either/or in terms of weghmc one against the other. | think
they're quite complementary.”

Dourson concurred, “So again, you don't have to separate it,
you know, from a risk perspective or a clinical perspective,
because if the risk people are doing their job, they're listening
to their clinicians and their colleagues in that area.”

Communicating Policy Decisions

Jo-Ellen De Luca, the Patient Representative on the panel
emphasized the need to communicate any resulting policy
revisions in a manner understandable to the public. “I would
like to ask the FDA, and indeed information from the Panel, to
come up with a more simplified risk assessment in layman’s
terms so that patients could actually take a look at it and say,
“Ah, this is what they're talking about.”

Joel White agreed and also stressed the need for clear
communication with dental and medical professionals,

And the other part that's very important to tie into is put it in
a digestible format, both for the patients but also for the
profession. | want to know that that subpopulation, that
subgroup, what the characteristics are tmt they may have
an cjdvmw event. | want it - as a clinician | want to know

where that threshold is or where | start to push that
boundary so that | can be more attune to looking (c;r the
adverse events. That will make me a better dentist, the
profession better, and patients be more trusting 1;& you
know, dentistry and the FDA 2

Consumer  representative = Karen Rue pushed the
communication model further, i would like o suggest that it's
done in collaboration with all the dental societies because as
wonderful as the FDA website it, that's not where people go to
get their information; it's_within the dental offices and where
they receive the service.”

William O’Brien suggested a pharmaceutical model be
considered in the form of an adverse event chart. “They list ail
the possible symptoms and hopefully you don't get those
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they do expo that g“tzb“(‘!‘v m to
that have been reported with the drug.”

But

The panel’s Industry Representative Michael Bui suggested
establishing a Risk Evaluation and Mitigation Strategy (REMS).

consider, sing
quire patient registries
to study long-term

JA might consider usually on a
3 would require patient
you know, for healthcare professional
> health professionals about a product

The meeting concluded with Anthony Watson of the FDA
thanknng the panel and other part|C|pants “l just wanted to

effcoat. The FDA really
input. f\nd 2 also W:,,?mi to thank the
the invited speakers who came. | think
very important. We're going to go back,
d really hit this and hopefu 'll come out
ething that everybody can be proud of.”

<

Global Debate

The safety of dental amalgam is also being debated globally.
Global limitations on the use of mercury products including
dental amalgam are being discussed in world mercury treaty
negotiations held by the United Nations Environment
Programme (UNEP). The work of the UNEP intergovernmental
negotiating committee will be carried out over five sessions
with the goal of developing a global, legally binding instrument
on mercury. The first session was held in June, 2010 in
Stockholm, Sweden and the second in January, 2011 in Chiba,
Japan. The other three sessions are scheduled to meet in the
fall of 2011, in mid 2012 and in early 2013.

Most countries including the United Kingdom, France and ltaly
allow the unrestricted use of dental amalgam. The European
Commission currently considers dental amalgam a safe and
effective material.”® One month after the FDA meeting in the
US, a review was written critically opposing several
conclusions made by the European Commission”” and panels
are being convened to reconsider current policy.

Health Canada takes a more precautionary approach to dental
amalgam based on the work of Mark Richardson. Dentists are
encouraged to consider non-mercury filling materials for
children and, whenever possible, fillings should not be placed
or removed from the teeth of pregnant women. Health Canada
also states that amalgam fillings should not be used in patients
with impaired kidney function, or allergic hypersensitivity to
mercury and should not be placed in contact with other
metals. "’ Germany, Austria and Japan have similar
restrictions on the use of dental amalgam.

Denmark, Norway and Sweden have effectively banned the
use of dental amalgam. Norway’s ban went into effect January
1, 2008 as part of a comprehensive ban of mercury products
|mplemented by the Ministry of the Environment.'** Exceptions
for patients who must be treated under general anaesthesia or
who are allergic to ingredients in other dental fillings were
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allowed until December 31, 2010."* A similar ban of mercury
products went into effect in Sweden on June 1, 2009 after
environmental and health concerns were considered.'
Norway and Sweden also support a comprehensive ban of
mercury products in the European Union and globally.

Maths Berlin, Professor Emeritus of Environmental Medicine
with extensive experience investigating the effects of mercury
on animals and humans, chaired a 1991 World Health
Organization Task Group on Environmental Health Criteria for
Inorganic Mercury. He prepared a report in 2003 as part of a
special investigation for the Swedish Government on amalgam
related health issues. Maths Berlin’'s assessment considered
over 700 articles pubhshed durlng the period from November
1997 to November 2002°° as a follow up to a similar
assessment made in 1997. The Swedish government has an
English translation of Berlin’'s assessment available on its
website referring to it as an “internationally acclaimed annex.”

Maths Berlin assessment concluded,

For medical reasons, amalgam should be eliminated in
dental care as soon as possible. This will confer gains in
three respects. The prevalence of side-effects from
patients’ mercury exposure will decline; occupational
exposure to mercury can cease in dental care; and one of
our largest sources of mercury in the environment can be
eliminated.®

The document including Berlin’s annex was updated in 2004 to
include a summary preface communicating the work of a
Swedish government commission charged with “investigation
and care of, people who associate their symptoms with dental
materials.”

The preface includes the concerns of the Swedish government
commission,

Great efforts have thus been made to improve the care
consideration these pa ients receive. Nonetheless,
who relate their symptoms to amalgam or other
materials still feel that they are meeting a nonchalant
response in the care services, and not receiving the
treatment they believe that they need. These patients, who
2n have a long history of iliness, have undergone many
ses of treatment with only a limited effect on their
symptoms. Many have, in due course, had their fillings
removed.

In some cases, they have report

syn ptoms as a result. This is the background
ent of a Special | !

ned at boosting knowled C

ns relating to amalgam and other dental materi

and to improve care and consideration for f,mm ts who

associate their symptoms with such materials.

This Swedish commission’s concerns were echoed by several
members of the FDA panel including the panel's Industry
Representative Michael Bui when he suggested establishing a
Risk Evaluation and Mitigation Strategy (REMS) in the US.

The debate on whether to ban, phase-out, or continue the use
of dental amalgam continues in the US and abroad. However,
there is emerging consensus regarding the need to improve
consumer education regarding dental amalgam and to better
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protect susceptible subpopulations. There is also growing
consensus to improve the care and consideration of patients
who associate health symptoms with dental amalgam and the
need to better educate the dentists and doctors who care for
these patients.
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urce: http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DentalProducts/DentalAmalgam/ucm171120.htm

is document is provided to facilitate understanding of the December 14 and 15, 2010 meeting of the Dental Products Panel of
+ Medical Devices Advisory Committee of the FDA discussed in this paper.

e reader is urged to consult the FDA website for up-to-date policy regarding dental amalgam.

ppendix I: Summary of Changes to the Classification of Dental
amalgam and Mercury

1 July 28, 2009, FDA issued a final rule that: (1) reclassified mercury from a class I (least risk) device to class II
ore risk) device; (2) classified dental amalgam as a class II device; and (3) designated a special controls guidance
cument for dental amalgam.

e special controls guidance document identifies the risks to health of dental amalgam and recommends
tigation measures to address those risks. The potential risks to health of dental amalgam identified in the
idance document are: (1) exposure to mercury; (2) toxicity and adverse tissue reaction; (3) corrosion and
>chanical failure; (4) contamination; and (5) improper use. The guidance document recommends measures to
tigate these risks, including certain labeling recommendations

€ guidance document recommends the following specific labeling:

e Warning regarding the presence of mercury in the device and the possibility of harm if vapors are inhaled
e Disclosure of mercury content
e Contraindication for use in persons with a known mercury allergy or sensitivity
e Disclosure of certain information about the physical properties of the device
Certain precautions with respect to use; e.g., the device is intended for single use only, it should be used
with adequate ventilation, and it should not directly contact other types of metals
e Information for use including the following, or an equivalent, statement:

‘ental amalgam has been demonstrated to be an effective restorative material that has benefits in terms of

ength, marginal integrity, suitability for large occlusal surfaces, and durability." Dental amalgam also releases

v levels of mercury vapor, a chemical that at high exposure levels is well-documented to cause neurological and
1al adverse health effects.” Mercury vapor concentrations are highest immediately after placement and removal of
atal amalgam but decline thereafter.

inical studies have not established a causal link between dental amalgam and adverse health effects in adults and
ildren age six and older. In addition, two clinical trials in children aged six and older did not find neurological or
1al injury associated with amalgam use.”

e developing neurological systems in fetuses and young children may be more sensitive to the neurotoxic effects
mercury vapor. Very limited to no clinical information is available regarding long-term health outcomes in

>gnant women and their developing fetuses, and children under the age of six, including infants who are
sastfed.

¢ Agency for Toxic Substances and Disease Registry’s (ATSDR) and the Environmental Protection Agency
PA) have established levels of exposure for mercury vapor that are intended to be highly protective against
verse health effects, including for sensitive subpopulations such as pregnant women and their developing fetuses,
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breastfed infants, and children under age six.* Exceeding these levels does not necessarily mean that any adverse
effects will occur.

FDA has found that scientific studies using the most reliable methods have shown that dental amalgam exposes
adults to amounts of elemental mercury vapor below or approximately equivalent to the protective levels of
exposure identified by ATSDR and EPA. Based on these findings and the clinical data, FDA has concluded that
exposures to mercury vapor from dental amalgam do not put individuals age six and older at risk for mercury-
associated adverse health effects.

Taking into account factors such as the number and size of teeth and respiratory volumes and rates, FDA estimates
that the estimated daily dose of mercury in children under age six with dental amalgams is lower than the estimated
daily adult dose. The exposures to children would therefore be lower than the protective levels of exposure
identified by ATSDR and EPA.

In addition, the estimated concentration of mercury in breast milk attributable to dental amalgam is an order of
magnitude below the EPA protective reference dose for oral exposure to inorganic mercury. FDA has concluded
that the existing data support a finding that infants are not at risk for adverse health effects from the breast milk of
women exposed to mercury vapors from dental amalgam.”

The guidance document also recommends that the device and its individual components, mercury and amalgam
alloy, meet the performance specifications contained in ISO 24234; 2004(E), Dentistry — Mercury and Alloys for
Dental Amalgam, the recognized consensus standard identified in the guidance document.

" Dental Amalgam: A Scientific Review and Recommended Public Health Service Strategy for Research, Education
and Regulation; Public Health Service, U.S. Department of Health and Human Services, January 1993.

? Liu, J. et al., “Toxic effects of metals,” Casarett & Doull’s Toxicology: The Basic Science of Poisons, Chapter 23,
pp- 931-979, McGraw-Hill Medical, New York, New York, 2008.

? De Rouen, T. et al., “Neurobehavioral Effects of Dental Amalgam in Children, A Randomized Clinical Trial,”
Journal of the American Medical Association, Vol. 295, 1784-1792,No. 15, April, 19, 2006.

Bellinger, D.C. et al., “Neuropsychological and Renal Effects of Dental Amalgam in Children: A Randomized
Clinical Trial,” Journal of the American Medical Association, Vol. 295, No. 15, April 19, 2006, 1775-1783, 2006.
Barregard, L. et al., “Renal Effects of Dental Amalgam in Children: The New England Children’s Amalgam Trial,”
Environmental Health Perspectives, Volume 116, 394-399, No. 3, March 2008.

Woods, J.S. et al., “Biomarkers of Kidney Integrity in Children and Adolescents with Dental Amalgam Mercury
Exposure: Findings from the Casa Pia Children’s Amalgam Trial,” Environmental Research, Vol. 108, pp. 393-399,
2008.

Lauterbach, M. et al., “Neurological Outcomes in Children with and Without Amalgam-Related Mercury Exposure:
Seven Years of Longitudinal Observations in a Randomized Trial,” Journal of the American Dental Association,
Vol. 139, 138-145, February 2008.

* Agency for Toxic Substances and Disease Registry (ATSDR) and Research Triangle Institute, Toxicological
profile for mercury, U.S. Dept. of Health and Human Services, Public Health Service, Atlanta, Georgia, 1999.
United States Environmental Protection Agency (EPA), “Integrated Risk Information System (IRIS) Screening-
Level literature Review” — Mercury, elemental, 2002.
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