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Ever since dentists first started installing amalgams in patients' teeth there has been an issue as to whether the dose of mercury is released from them and causes health (pathophysiologic) problems. This web page presents information pertaining to the dental amalgam issue. Subjects presented in the contents list are linked to subsequent portions of the web page.
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I) Introduction
Ever since dentists first started installing amalgams in patients' teeth there has been an issue as to whether mercury is released and causes health (pathophysiologic) problems. Then in 1984 a group of conscientious dentists formed the International Academy of Oral Medicine and Toxicology (IAOMT). One of their objectives was to scientifically explore the safety of amalgam restorations. Since 1984, members of the IAOMT have inspired many renowned medical scientists at universities around the world to research possible pathophysiologic effects associated with mercury leaking from amalgam restorations. Consequently, there are a growing number of scientific studies that document pathophysiologic effects associated with amalgam mercury.

I a) Fundamental Health Flaws
A "silver filling" is a euphemism for an amalgam restoration, which a dentist places in a patient's tooth after a cavity is created by drilling out decay. Amalgam restorations consist of mercury, silver, tin, copper, and a trace amount of zinc. The dental amalgam has two fundamental flaws that adversely effect a patient's health. The first fundamental flaw is that all amalgam metals are cations. The net result of the tendency for covalent, ionic and metallic bonding and van der Waals forces between amalgam cations is a weak repulsion. So there is a sustained release of mercury and other metals from the amalgam into the body. Researchers have measured a daily release of mercury on the order of 10 micrograms from the amalgam into the body. Mercury is a toxic metal; the most minute amount damages cells.

The second fundamental flaw is that there are five dissimilar metals in the amalgam. Galvanic action between these metals in inevitable (the dissimilar metals form a battery). Galvanism produces electricity that flows through the body. The electric currents produced by the amalgam typically are between 0.1 and 10 microamps, compared to the body's natural electric current of 3 microamps.

The mercury challenges systemic functions of every individual and of developing fetuses, so it can lead to health problems and fetal malformations. Mercury leakage and its subsequent pathophysiologic effects are most often slow, insidious processes. So health problems caused by dental mercury poisoning are perceived many years after the amalgams are placed.

I b) The Truth and the Hippocratic Oath
Arthur Schopenhauer, 19th Century Philosopher ..."All truth passes through three stages: first it is ridiculed, second it is violently opposed, and third it is accepted as self-evident."
"...I will prescribe regimen for the good of my patients according to my ability and my judgment and never do harm to anyone. To please no one, will I prescribe a deadly drug nor give advice which may cause his death. If I keep this oath faithfully, may I enjoy my life and practice my art, respected by all men and in all times; but if I swerve from it or violate it, may the reverse be my lot."

I c) Historical Overview of Mercury Use in Dentistry
Lorscheider, F.L., Vimy, M.J., and Summers, A.O. "Mercury Exposure from Silver Tooth Fillings: Emerging Evidence Questions a Traditional Dental Paradigm." FASEB Journal (April 1995).

As early as the 7th century, the Chinese used a "silver paste" containing mercury (Hg) to fill decayed teeth. Throughout the Middle Ages, alchemists in China and Europe observed that this mysterious silvery liquid, extracted from cinnabar ore, was volatile and would quickly disappear as vapor when mildly heated. Alchemists were fascinated that at room temperature Hg appeared to "dissolve" powders of other metals such as silver, tin, and copper. By the early 1800's, the use of a Hg/silver paste as a tooth filling material was being popularized in England and France and it was eventually introduced into North America in the 1830s. Some early dental practitioners expressed concerns that the Hg/silver mixture (amalgam) expanded after setting, frequently fracturing the tooth or protruding above the cavity preparation, and thereby prevented proper jaw closure. Other dentists were concerned about mercurial poisoning, because it was already widely recognized that Hg exposure resulted in many overt side effects, including dementia and loss of motor coordination. By 1845, as a reflection of these concerns, the American Society of Dental Surgeons and several affiliated regional dental societies adopted a resolution that its members sign a pledge not to use amalgam. Consequently, during the next decade some members of the society were suspended for the malpractice of using amalgam. But the advocates of amalgam eventually prevailed and membership in the American Society of Dental Surgeons declined, forcing it to disband in 1856. In its place arose the American Dental Association, founded in 1859, based on the advocacy of amalgam as a safe and desirable tooth filling material. Shortly thereafter, tin was added to the Hg/silver paste to counteract the expansion properties of the previous amalgam formula.

There were compelling economic reasons for promoting dental amalgam as a replacement for the other common filling materials of the day such as cement, lead, gold, and tinfoil. Amalgam's introduction meant that dental care would now be within the financial means of a much wider sector of the population, and because amalgam was simple and easy to use, dentists could readily be trained to treat the anticipated large number of new patients. By 1895, the dental amalgam mixture of metals had been modified further to control for expansion and contraction, and the basic formula has remained essentially unchanged since then. Scientific concerns about amalgam safety initially surfaced in Germany during the 1920's, but eventually subsided without a clear resolution. At the present time, based on 1992 dental manufacturer specifications, amalgam (at mixing) typically contains approximately 50% metallic Hg, 35% silver, 9% tin, 6% copper, and a trace of zinc. Estimates of annual Hg usage by U.S. dentists range from approximately 100,000 kg in the 1970's to 70,000 kg today. Hg fillings continue to remain the material preferred by 92% of U.S. dentists for restoring posterior teeth. More than 100 million Hg fillings are placed each year in the U.S. Presently, organized dentistry has countered the controversy surrounding the use of Hg fillings by claiming that Hg reacts with the other amalgam metals to form a "biologically inactive substance" and by observing that dentists have not reported any adverse side effects in patients. Long-term use and popularity also continue to be offered as evidence of amalgam safety.

Id) Has the US Food and Drug Administration Approved the Mixed Dental Amalgam?
The simple answer is NO! What the FDA has done is to approve the two components that make up amalgam i.e, mercury and dental alloy, but have not seen fit to approve ''mixed amalgam,'' which is what is actually used as the filling material placed in your teeth. Yes, that is correct. Although charged by law to evaluate and classify every medical or dental device to be used on or in humans, the FDA has not evaluated or classified ''mixed amalgam'' the material used in 75-80% of all tooth restorations. To avoid classifying mixed amalgam, the FDA simply took the position that mixed amalgam was a ''reaction'' product manufactured by the dentist when he or she mixed the mercury with the alloy before placing it in your tooth.

Federal regulations allow dentists to assemble products, like the amalgam, that will be used solely in their professional practice. Because amalgam constituents (dental mercury and amalgam alloy) are substantially equivalent to devices that existed in interstate commerce prior to May 28, 1976 (the enactment date of the Medical Device Amendments) the Food and Drug Administration (FDA) permits them to be marketed under regulatory controls. This predication does not denote FDA approval of the amalgam or of its constituents. So the amalgam is truly an unregulated product that dentists assemble from two predicated devices.

II) Paramount Scientific Documents
The amalgam has two fundamental health flaws: 1) it has a sustained release of mercury and other toxic metals into the body, and 2) galvanic action produces electricity that flows through the body. Since pathophysiologic effects that toxicity has on the body can be objectively measured, scientific research pertaining to the amalgam's fundamental health flaws have been focused on the sustained mercury release. Abstracts to some of the more paramount scientific documents pertaining to pathophysiologic effects of the released mercury are presented below.

II a) Review
Lorscheider, F.L., Vimy, M.J., and Summers, A.O. "Mercury Exposure from Silver Tooth Fillings: Emerging Evidence Questions a Traditional Dental Paradigm." FASEB Journal (April 1995).

SUMMARY: This document reviews results of animal and human studies of pathophysiologic effects related to mercury leaking from amalgam restorations. Some pertinent points presented include:

· every amalgam daily releases on the order of 10 micrograms of mercury into the body (i.e. 3,000,000,000,000,000 mercury atoms per day), 

· more than 2/3 of the excretable mercury in humans is derived from amalgams, 

· mercury crosses the maternal placenta into the tissue of a developing fetus, 

· mercury is capable of inducing auto immunity, 

· mercury immediately and continually challenges the kidney's functioning, 

· mercury can enhance the prevalence of multiple antibiotic resistant intestinal bacteria, and 

· people exposed to mercury on a sustained basis are at risk to lowered fertility. 

II b) Dental Mercury Impairs Kidney Function
Boyd, N.D., H. Benediktsson, M.J. Vimy, D.E. Hooper, and F.L. Lorscheider, "Mercury From Dental "Silver" Tooth Fillings Impairs Sheep Kidney Function", Am.J. Physiol. 261, Regulatory Integrative Comp. Physiol. 30: R1010-R1014, (1991).

ABSTRACT: In humans Hg vapor is released from "silver" amalgam fillings that contain 50% Hg by weight. Previous studies show that when 12 such fillings are placed in sheep teeth, the kidneys will concentrate amalgam Hg at levels ranging from 5 to 10 ug Hg/g renal tissue 4 to 20 weeks after placement. In the present study 12 occlusal fillings were placed in each of six adult female sheep under general anesthesia, using standard dental procedures. Glass ionomer occlusal fillings (12) were inserted in two control sheep. At several days before dental surgery, and at 30 and 60 days after placement of fillings, renal function was evaluated by plasma clearance of inulin and by plasma and urine electrolytes, urea, and proteins. An average plasma inulin clearance rate of 69.5 +/- 7.2 ml/min before amalgam placement was reduced to 32.3 +/- 8.1 ml/min by 30 days and remained low at 27.9 +/- 8.7 ml/min after 60 days. Inulin clearance did not change in controls. After amalgam placement urine concentration of albumin decreased from 93.0 +/- 20.5 to 30.1 +/- 15.3 mg/l and urine Na concentrations increased steadily from 24.8 +/- 7.7 to 82.2 +/- 20.3 mmol/l at 60 days. Concentrations of K, urea, Y-glutamyl transpeptidase, alkaline phosphatase, and total protein did not change significantly form 0 to 60 days in urine. Plasma levels of Na, K, urea, and albumin remained unchanged form 0 to 60 days after amalgam. Renal histology remained normal in amalgam-treated animals. It is concluded that amalgam Hg levels in kidney are sufficient to significantly reduce the rate of inulin clearance by non defined mechanisms and that electrolyte patterns in urine are consistent with impaired renal tubular reabsorption.

II c) Dental Mercury Provokes an Increase in Oral and Intestinal Floras
Summers, A.O., J.Wireman, M.J. Vimy, F.L. Lorscheider, B. Marshall, S.B. Levy, S. Bennett, and L. Billard, "Mercury Released form Dental "Silver" Fillings Provokes an Increase in Mercury- and Antibiotic-Resistant Bacteria in Oral and Intestinal Floras of Primates", Antimicrobial Agents and Chemotherapy, (April 1993), pages 825 - 834.

ABSTRACT: In a survey of 640 human subjects, a subgroup of 356 persons without recent exposure to antibiotics demonstrated that those with a high prevalence of Hg resistance in their intestinal floras were significantly more likely to also have resistance to two or more antibiotics. This observation led us to consider the possibility that mercury released from amalgam ("silver") dental restorations might be a selective agent for both mercury- and antibiotic-resistant bacteria in the oral and intestinal floras of primates. Resistances to mercury and the several antibiotics were examined in the oral and intestinal floras of six adult monkeys prior the the installation of amalgam fillings, during the time they were in place, and after replacement of the amalgam fillings with glass ionomer fillings (in four of the monkeys). The monkeys were fed an antibiotic-free diet, and fecal mercury concentrations were monitored. There was a statistically significant increase in the incidence of mercury-resistant bacteria during the 5 weeks following installation of the amalgam fillings and during the 5 weeks immediately following their replacement with glass ionomer fillings. These peaks in incidence of mercury-resistant bacteria correlated with peaks of Hg elimination (as high as 1mM in the feces) immediately following amalgam placement and immediately after replacement of the amalgam fillings. Representative mercury-resistant isolates of three selected bacterial families (oral streptococci, members of the family Enterobacteriaceae, and enterocaocci) were also resistant to one or more antibiotics, including ampicillin, tetracycline, streptomycin, kanamycin, and chloramphenicol. While such mercury- and antibiotic-resistant isolates among the staphylococci, the enterococci, and members of the family Enterobacteriaceae, have been described, this is the first report of mercury resistance in the oral streptococci. Many of the enterobacterial strains were able to transfer mercury and antibiotic resistances together to laboratory bacterial recipients, suggesting that the loci for these resistances are genetically linked. Our findings indicate that mercury released from amalgam fillings can cause an enrichment of mercury resistance plasmids in the normal bacterial floras of primates. Many of these plasmids also carry antibiotic resistance, implicating the exposure to mercury from dental amalgams in an increased incidence of multiple antibiotic resistance plasmids in the normal floras of nonmedicated subjects.

II d) Dental Amalgam Mercury in the Human Population
II d1) Dental Mercury is Source of Two-Thirds of Mercury in Population
Aposhian, H.V., D.C. Bruce, W. Alter, R.C. Dart, K.M. Hurlbut, M.M. Aposhian, "Urinary Mercury after Administration of 2, 3-dimercaptopropane-1-sulfonic acid: Correlation with Dental Amalgam Score" FASEB J. 6: 2472-2476; (1992).

ABSTRACT: There is a considerable controversy as to whether dental amalgams may cause systemic health effects in humans because they liberate elemental mercury. Most such amalgams contain as much as 50% metallic mercury. To determine the influence of dental amalgams on the mercury body burden of humans, we have given volunteers, with and without amalgams in their mouth, the sodium salt of 2, 3-dimercaptopropane-1-sulfonic acid (DMPS), a chelating agent safely used in the Soviet Union and West Germany for a number of years. The diameters of dental amalgams of the subjects were determined to obtain the amalgam score. Administration of 300 mg DMPS by mouth increased the mean urinary mercury excretion of the amalgam group from 0.70 to 17.2 ug and that of the non amalgam group from 0.27 to 5.1 ug over a 9 hour period. Two-thirds of the mercury excreted in the urine of those with dental amalgams appears to be derived originally from the mercury vapor released from their amalgams. Linear regression analysis indicated a highly significant positive correlation between the mercury excreted in the urine 2 hours after DMPS administration and the dental amalgam scores. DMPS can be used to increase the urinary excretion of mercury and thus increase the significance and reliability of this measure of mercury exposure or burden, especially in cases of micromercurialism.

II d2) Neurological Behavaioral Effects from Exposure to Dental Amalgam Mercury (focuses on dental personnel)
D. Echeverria, H.V. Aposhian, J.S. Woods, N.J. Heyer, M.M. Aposhian, A.C. Bittner Jr., R.K. Mahurn, and M. Cianciola, "Neurobehavioral effects from exposure to dental amalgam Hg: new distinctions between recent exposure and Hg body burden," FASEB Journal 12, 971-980 (1998).

ABSTRACT: Potential toxicity from exposure to mercury vapor (Hg) from dental amalgam fillings is the subject of current public health debate in many countries. We evaluated potential central nervous system (CNS) toxicity associated with handling Hg-containing amalgam materials among dental personnel with very low levels of Hg exposure (i.e., urinary Hg < 4 ug/l), applying a neurobehavioral test battery to evaluate CNS functions in relation to both recent exposure and Hg body burden. New distinctions between subtle preclinical effects on symptoms, mood, motor function, and cognition were found associated with Hg body burden as compared with those associated with recent exposure. The pattern of results, comparable to findings previously reported among subjects with urinary Hg > 50 ug/l, presents convincing new evidence of adverse behavioral effects associated with low Hg exposures within the range of that received by the general population.

II d3) Mobilization of Mercury and Arsenic in Humans by DMPS (including dental personnel)
H.V. Aposhian, "Mobilization of Mercury and Arsenic in Humans by Sodium 2, 3-dimercaptopropane-1-sulfonate (DMPS)," Environmental Health Perspectives Vol 106, Supplement 4, (August 1998).

Sodium 2, 3-dimercaptopropane-1-sulfonate (DMPS, Dimaval) is a water-soluble chelating agent that can be given by mouth or systemically and has been used to treat metal intoxication since the 1960's in the former Soviet Union and since 1978 in Germany. To better approximate the body burdens of Hg and As in humans, DMPS-Hg and DMPS-AS challenge tests have been developed. The tests involve collecting an overnight urine, administering 300 mg DMPS at zero time, collecting the urine from 0 to 6 hours, and determining the urinary Hg before and after DMPS is given. The challenge test, when applied to normal college student volunteers with and without amalgam restorations in their mouths, indicated that two-thirds of the Hg excreted in the urine after DMPS administration originated in their dental amalgams. In addition, there was a positive linear correlation between the amalgam score (a measure of amalgam surface) and urinary Hg after the challenge test. When the DMPS-Hg challenge test was used to study dental personnel occupationally exposed to Hg, the urinary excretion of Hg was 88, 49, and 35 times greater after DMPS administration than before administration in 10 dental technicians, 5 dentists, and 13 nondental personnel, respectively. DMPS also was used to measure the body burden of humans with a history of drinking water containing 600 ug As/liter. DMPS administration resulted in a tripling of the monomethylarsonic acid percentage and a halving of the dimethylarsinic acid percentage as related to total urinary As. Because South American animals studied were deficient in arsenite methytransferase, a hypothesis is presented that arsenite and arsenite methyltransferase may have had a role in the evolution of some South American animals.

II e) Mercury Exposure via Breast Milk
Vimy, M.J., Hooper, D.E., King, W.W., Lorscheider, F.L., "Mercury from Maternal "Silver" Tooth Fillings in Sheep and Human Breast Milk: A Source of Neonatal Exposure" Biological Trace Element Research, 56:143-52, (1997).

ABSTRACT: Neonatal uptake of Hg from milk was examined in a pregnant sheep model, where radioactive mercury (Hg203)/silver tooth fillings (amalgam) were newly placed. A crossover experimental design was used in which lactating ewes nursed foster lambs. In a parallel study, the relationship between dental history and breast milk concentration of Hg was also examined.

Results from the animal studies showed that, during pregnancy, a primary fetal site of amalgam, Hg concentration is in the liver, and after delivery the neonatal lamb kidney receives additional amalgam Hg from mother's milk. In lactating women with aged amalgam fillings, increased Hg excretion in breast milk and urine correlated with the number of fillings or Hg vapor concentration levels in mouth air.

It was concluded that Hg originating from maternal amalgam tooth fillings transfers across the placenta to the fetus, across the mammary gland into milk ingested by the newborn and ultimately into neonatal body tissues. Comparisons are made to the U.S. minimal risk level recently established for adult Hg exposure. These findings suggest the placement and removal of "silver" tooth filings in pregnant and lactating humans will subject the fetus and neonate to unnecessary risk of Hg exposure.

II f) Infertility
Gerhard, I., Monga, B., Waldbrenner, A., Runnebaum, B., "Heavy Metals and Fertility" Journal of Toxicology and Environmental Health, Part, A, 54:593-611, (1998).

Heavy metals have been identified as factors affecting human fertility. This study was designed to investigate whether the urinary heavy metal excretion is associated with different factors of infertility. The urinary heavy metal excretion was determined in 501 infertile women after oral administration of the chelating agent 2,3-dimercaptopropane-1-sulfonic acid (DMPS). Furthermore, the influence of trace element and vitamin administration on metal excretion was investigated. Significant correlations were found between different heavy metals and clinical parameters (age, body mass index, nationality) as well as gynecological conditions (uterine fibroids, miscarriages, hormonal disorders). Diagnosis and reduction of an increased heavy metal body load improved the spontaneous conception chances of infertile women. The DMPS test was a useful and complementary diagnostic method. Adequate treatment provides successful alternatives to conventional hormonal therapy.

IIg) Mercury Associated with Cardiac Dysfunction
Frustaci A, Magnavita N, Chimenti C, Caldarulo M, Sabbioni E, Pietra R, Cellini C, Possati GF, Maseri A. Department of Cardiology, Catholic University, Rome, Italy. "Marked elevation of myocardial trace elements in idiopathic dilated cardiomyopathy compared with secondary cardiac dysfunction." From: J Am Coll Cardiol 1999 May;33(6):1578-83

OBJECTIVES: We sought to investigate the possible pathogenetic role of myocardial trace elements (TE) in patients with various forms of cardiac failure.
BACKGROUND: Both myocardial TE accumulation and deficiency have been associated with the development of heart failure indistinguishable from an idiopathic dilated cardiomyopathy. METHODS: Myocardial and muscular content of 32 TE has been assessed in biopsy samples of 13 patients (pts) with clinical, hemodynamic and histologic diagnosis of idiopathic dilated cardiomyopathy (IDCM), all without past or current exposure to TE. One muscular and one left ventricular (LV) endomyocardial specimen from each patient, drawn with metal contamination-free technique, were analyzed by neutron activation analysis and compared with 1) similar surgical samples from patients with valvular (12 pts)and ischemic (13 pts) heart disease comparable for age and degree of LV dysfunction; 2) papillary and skeletal muscle surgical biopsies from 10 pts with mitral stenosis and normal LV function, and 3) LV endomyocardial biopsies from four normal subjects.
RESULTS: A large increase (>10,000 times for mercury and antimony) of TE concentration has been observed in myocardial but not in muscular samples in all pts with IDCM. Patients with secondary cardiac dysfunction had mild increase (< or = 5 times) of myocardial TE and normal muscular TE. In particular, in pts with IDCM mean mercury concentration was 22,000 times (178,400 ng/g vs. 8 ng/g), antimony 12,000 times (19,260 ng/g vs. 1.5 ng/g), gold 11 times (26 ng/g vs. 2.3 ng/g), chromium 13 times (2,300 ng/g vs. 177 ng/g) and cobalt 4 times (86,5 ng/g vs. 20 ng/g) higher than in control subjects.
CONCLUSIONS: A large, significant increase of myocardial TE is present in IDCM but not in secondary cardiac dysfunction. The increased concentration of TE in pts with IDCM may adversely affect mitochondrial activity and myocardial metabolism and worsen cellular function.

III) Fetal Malformations
James Paget Lancet 2:1017, 1882

We ought not to set them aside with idle thoughts or idle words about "curiosities" or "chances." Not one of them is without meaning; not one that might not become the beginning of excellent knowledge, if only we could answer the question - why is it rare or being rare, why did it in this instance happen?

McKeown T., "Human Malformations: Introduction" British Medical Bulletin Vol. 32 Number 1 (January 1976).

"...it is a sobering thought that after several decades of research, a number of international conferences and many other meetings, seminars and symposia, the problem of human malformations remains essentially unchanged." "...at least in the immediate future, it seems likely that the problem of human malformations will continue at about the present level (27 per every 1000 births)."

Weiss, B; Landrigan, PJ. "The Developing Brain and the Environment, An Introduction." Environmental Health Perspective, 108(3):373-4, June 2000.

EXCERPTS: We have come to understand that chemicals in the environment can cause a wide range of develpmental disabilities in children, and that anatomic malformations are only the most obvious. Current concerns especially focus on the concept that certain chemicals can cause clinical and subclinical deficits in neurobehavioral development through injury to the fetal brain. The implications of small shifts in intelligence quotient score and a slighlty increased tendency to aggression are not so easilly conveyed or grasped as a picture of deformed limbs. However, recognition of the importance of such changes is gathering momentum and is documented in this monograph.

A prime motivating force is the realization that we know the cause of fewer than 25% of neurodevelopmental disabilities. These disabilities including dyslexia, attention deficit hyperactivity disorder (ADHD), intellectual retardation, and autism, affect an estimated 3 to 8% of the 4 million babies born each year in the United States.

For most neurodevelopmental disabilities, the cause remains unknown. A diverse assortment of toxic chemicals in the environment is capable of causing neurodevelopmental disabilities. Organic mercury compounds are among the most potent developmental neurotoxicants. In the words of pediat

