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Removal of dental amalgam and other metal alloys supported
by antioxidant therapy alleviates symptoms and improves
quality of life in patients with amalgam-associated ill health
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OBJECTIVES : The purpose of this study was to evaluate treatment of patients
suffering from chronic ill health with a multitude of symptoms associated with
metal exposure from dental amalgam and other metal alloys.
SETTING AND DESIGN : We included 796 patients in a retrospective study using
a questionnaire about symptom changes, changes in quality of life as a consequence of treatment and assessment of care taking.
METHODS : Treatment of the patients by removal of offending dental metals and
concomitant antioxidant therapy was implemented according to the Uppsala
model based on a close co-operation between physicians and dentists.
RESULTS : More than 70% of the responders, remaining after exclusion of those
who had not begun or completed removal, reported substantial recovery and
increased quality of life. Comparison with similar studies showed accordance of
the main results. Plasma concentrations of mercury before and after treatment
supported the metal exposure to be causative for the ill health.
MAIN FINDINGS : Treatment according to the Uppsala model proved to be adequate for more than 70% of the patients. Patients with a high probability to
respond successfully to current therapy might be detected by symptom profiles
before treatment.
CONCLUSIONS : The hypothesis that metal exposure from dental amalgam can
cause ill health in a susceptible part of the exposed population was supported.
Further research is warranted to develop laboratory tests to support identification of the group of patients responding to current therapy as well as to find out
causes of problems in the group with no or negative results (250 words).
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ABBREVIATIONS
ANOVA
bcl-2
DTT
GABA
GSH
Hg
hSkM1

Analysis of variance
Anti-death gene
Dithiothreitol
γ-aminobutyric acid
Glutathione, reduced
Mercury
Gene product of SCN4a (sodium channel a-subunit) being
the human homologue of rSkM1, the tetrodotoxin-sensi
tive sodium channel characteristic of adult rat skeletal
muscle
ICP-MS Inductively Coupled Plasma Mass Spectrometry
IL
Interleukin
IRE
Iron responsive element
IRP-1
Iron regulatory protein 1
MAP
Mitogen activated protein
MELISA® Memory Lymphocyte Immuno Stimulation Assay
Ras
One of a family of guanosine nucleotide-binding proteins
RIC
Restoration with Individually Compatible Dental
Materials
RID
Removal of Incompatible Dental Materials
ROS
Reactive Oxygen Species
TNF
Tumor Necrosis Factor

Introduction
Dental amalgam was used very early in China.
“Silver paste” is mentioned in the materia medica of
Su Kung in 659 A.D. The name used is probably the
historical reason why this material in some countries is
called “silver amalgam” although its main ingredient
always has been mercury. French chemists and dentists experimenting with various mixtures of metals in
the end of the 18th century initiated the use of amalgam in the western world. Introduction of dental amalgam is usually ascribed to the French brothers Crawcour in 1831. They used a mixture of mercury and
filings of French silver coins. Two years later the Crawcour brothers introduced the filling material in New
York and they falsely pretended to be dentists.
Discussions about the rationale in using mercury
as the main component in dental amalgams have been
going on more than 160 years. In fact, the debate
started immediately after the introduction of the material in the U.S.A. American medical-dentists at that
time started a merciless crusade against their foreign
rivals. They declared that not only was silver amalgam
a lousy filling material but it also caused mercury poisoning. This had among other things the consequence
that professional dentists started a dental association
(The American Society of Dental Surgeons) in New
York in 1840 to “increase the standing of the profession
and to counteract charlatanry”. The first amalgam war
had begun.
Almost ignored were the results of studies in which
warnings were issued for negative health effects associated with exposure to mercury from dental amalgams [1, 2]. Later during the 1920s, the German
chemist Alfred Stock warned about the danger with
mercury vapor [3, 4]. As late as in 1939 he issued
enhanced warnings [5]. The latest phase in these amalgam wars started in the late 1970s and has been espe-
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cially intense in Scandinavia but also in the U.S.A.
and Germany. Various attempts to estimate risks from
dental amalgams have been published advancing conclusions of increased risk of disease [6] as well as no
correlation between amalgams and health problems
[7]. The latter study, however, demonstrated negligence of combinations of gold and amalgam causing
increased corrosion and mercury vapor emission. Richardson [8–10] concludes that a significant portion of
all age groups exceeds the proposed reference dose for
mercury exposure (0.98 µg Hg/day – tolerable daily
intake) more than fives times due to dental amalgam.
He also concludes that data suggest that approximately 19 to 20% of the general population may experience sub-clinical central nervous system and/or kidney
function impairment as a result of the presence of
amalgam fillings. Berlin [11] arrives at the conclusion
that the prevalence of side effects from mercury in
amalgam on the nervous system, immune system and
kidneys should fall in the interval 0.1–10% with the
highest probability of 1%. This makes the probable
side effects from amalgams a significant health problem.
Documented effects of amalgam removal appeared
already in 1842 [1]. However, probably the first comprehensive study was published in 1928 as a consequence of Stock’s warnings [15]. Seven patients with a
completed treatment reported substantially improved
health or complete health. Fleischmann [15] interpreted the symptoms as an expression of “hypersensitivity” and recommended dentistry to abandon copper
amalgam of that time immediately and silver amalgam
when equivalent materials were available. Several contemporary studies have been published dealing with
implications, both in general health, oral pathology
and laboratory medicine, of removal of dental amalgam [16–35]. A drawback of most of these studies is,
however, that there are few indications of the treatment quality.
The rationale for highlighting clinical effects of
chronic low-dose mercury exposure is the advancement of modern research in the behavior of mercury in
tissues. This metal has a lot of potentially toxic effects
on various levels in a living organism. Mercury exposure decreases the DNA content and increases collagenase-resistant protein formation in synovial tissues.
This leads to an increased risk for reduced joint function and decreased ability to repair joint damage [36]
partly explaining the joint problems in the patient
group.
Decreased amounts of available selenium are also
a consequence of exposure to heavy metals, in particular mercury, which compounds the oxidative burden on
the body [37]. Mercury also decreases levels of glutathione (GSH) in the body [38]. Mercury binds irreversibly to GSH causing the loss of up to two GSH molecules per mercury ion. The GSH-Hg-GSH complex is
excreted via the bile into the feces. Part of the irreversible loss of GSH is due to the inhibition of GSH
reductase by mercury, which is used to recycle oxidized glutathione and return GSH to the pool of avail-

Dental amalgam removal improves health

able antioxidants [39]. At the same time, mercury also
inhibits GSH synthetase, so a lesser amount of new
GSH is created. Since mercury promotes formation of
hydrogen peroxide, lipid peroxides and hydroxyl radicals, it is evident that mercury sets up a scenario for
a serious imbalance in the oxidant/antioxidant ratio of
the body [40].
Central nervous affection by exposure to mercury
may in part be explained by that Hg0 and Hg2+ are
accumulated in motor neurons and Purkinje cells in
the brain [41]. Important intracellular effects of mercury are intimately connected to enzymes. All enzymes
with sulfur amino acids as well as selenocysteine are
open for attack by Hg2+ with a probable outcome of
impairment of function. Cells presented with Hg0 will
not be able to stop penetration through membranes
due to the lipophilicity of uncharged mercury atoms.
This opens for a multitude of possible symptoms from
various organs in the body. First order thiol binding
constant of Hg2+ is 1030–40, which demonstrates the
extreme affinity of mercury for thiol groups [42]. Additionally, the ligand exchange rate constant of Hg2+
among thiol groups is among the highest known (109
s–1), again showing the extreme properties of the mercuric ion [43].
Exposure of workers to 0.0058 mg m–3 mercury
vapor (0.007–0.021 mg m–3) affected the chemotaxis
of polymorphonuclear leukocytes significantly [44].
This exposure is in good agreement to what could be
expected from a “normal” set of amalgam fillings [45].
A sensitive subgroup of the population, therefore, has
to be expected to suffer from impairment of circulating
blood cells. Furthermore, neutrophil activity has been
shown to be inhibited by mercury [46]. Even damages to DNA has been attributed to mercury exposure
[47].
Mercury interacts with the GABAA receptor by way
of alkylation of thiol groups of cysteinyl residues found
in GABAA receptor subunit sequences [48]. This has
the consequence that the binding site of benzodiazepine is modulated.
Structural alteration of the mitochondrial inner
membrane with consequent dissipation of membrane
potential and disruption of oxidative phosphorylation
is another cellular effect of mercuric ions [49–51]. The
intracellular calcium homeostasis is altered by mercury inducing mitochondrial release of calcium [51,
52]. Cellular influx of calcium also seems to be a consequence of human exposure to mercury and other
metals from dental amalgam [13]. Mercury-induced
stress may transform innocuous astrocytes into potentially lethal sources of cytotoxic oxygen free radicals
[53].
Low levels of mercuric ions alter the normal pattern of protein tyrosine phosphorylation in B-lymphocytes during antigen receptor-stimulated signal transduction, suggesting that low levels of mercuric ions
interfere with signal transduction pathways that are
mediated by receptor-associated tyrosine kinases [54].
Additionally, Mattingly et al. [55] showed that low concentrations of mercuric ions interfere with the normal

activation of Ras and MAP kinase during antigen
receptor-mediated signal transduction in T lymphocytes. The regulation of cell growth is interfered by low
and non-toxic levels of ionic mercury [56]. Mercuryinduced apoptosis seems to be species dependent in
human lymphoid cells in a comparison between the
effects of methylmercuric chloride and mercuric chloride [57]. Each of the mercurial species trigger the
apoptotic cascade, however, there are profound differences in the mechanism of action at the mitochondrial level. This disparity of mode of action may be
linked to differential effects on the anti-death gene,
bcl-2. Low-dose exposure to silver, copper, mercury and
nickel ions alters the metabolism of human monocytes
[58]. These authors conclude that the levels of metals
released from dental alloys may be significant to monocytic function.
Mercury as well as cadmium binds iron regulatory
protein 1 (IRP-1) with high affinity, compared with
iron. These metals may cause the disruption of iron
metabolism by inhibiting posttranscriptional regulation of iron-related proteins, such as ferritin and transferrin receptor. The effects of these toxic metals on
inactivation of IRP-1/IRE binding and activation of
aconitase may explain part of the cell toxicity [59].
Even ion channels may be adversely affected by mercury exposure. Divalent mercury blocked human skeletal Na+ channels (hSkM1) in a stable dose-dependent
manner in the absence of reducing agent. Dithiothreitol (DTT) significantly prevented Hg2+ block of
hSkM1 and Hg2+ block was also readily reversed by
DTT [60].
Mercury is additionally well known to have adverse
effects on the immune system with increased IgE in
blood and deposits of immune complexes in the renal
mesangium [61, 62]. Immunomodulation is but one of
the facets of mercury exposure. Experimental animal
studies and observations in humans indicate that immunomodulatory properties of metals such as mercury
are heterogeneous and are not restricted to contact
allergy [63]. Mercury causes induction of oligoclonal
T cell responses skewed toward type-2 reactions [64].
There are numerous studies showing the induction
of autoimmunity by mercury exposure [65–69]. Even
neurological diseases have been hypothesized to be,
at least partly, due to induction by exposure to heavy
metals such as mercury [70–72].
During the last twenty years an increasing number
of patients have sought dental and/or medical care
for problems possibly associated with dental amalgam.
These patients have observed a relationship in time
between odontological treatment and occurrence or
increase of their symptoms. The metal syndrome was
conceived by our group as a collective term describing such patients with a series of symptoms for which
no other etiologic diagnosis could be found in spite of
thorough examination and laboratory tests [12]. Most
other possible causes, except for metal exposure from
amalgams, for the disease of these patients have been
excluded by meticulous investigations performed by
several specialist physicians. A differential diagnostic
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procedure had thus been thoroughly implemented.
These patients suffered from several general, neurological, psychiatric and oral symptoms.
Soon additional laboratory tests were included
in these studies. Nuclear microscopy of single isolated blood cells revealed that patients, in contrast to
healthy controls, displayed distorted profiles of trace
elements in blood cells [13]. In addition, changes of
trace elements in blood plasma assessed by X-ray fluorescence were observed.
Hypersensitivity or allergy to metals comprising
dental alloys was suspected rather early. To avoid
potential side effects of traditional patch testing, an in
vitro test was applied. This test being called MELISA®
(MEmory Lymphocyte Immuno Stimulation Assay) is
a development of the common lymphocyte transformation test. MELISA® applied to 3000 patients with suspected side effects from metals in dental restorative
materials in three analytical centers demonstrated a
reasonable degree of conformity [14].
The aim of the present study was to evaluate the
treatment of patients at the former Department of
Clinical Metal Biology at the University Hospital in
Uppsala, Sweden. A questionnaire comprising questions about symptoms, quality of life as well as
care-taking assessment was constructed and sent to
patients. The study design was, therefore, a beforeafter design in which patients constituted their own
controls and was undertaken in retrospect and longitudinally. This design has the attractive advantage of setting aside genetic differences between cases and controls. Even if the study had been prospective, it would
not have been possible to adopt a double-blind placebocontrolled design for obvious reasons.

Patients and methods
Characterization of patients
During the period from 1991 to 1996 about 1000
patients were investigated out of 2000 patients referred
to the Department of Clinical Metal Biology, of which
about 50% from the County of Uppsala. The present
evaluation comprises 796 patients that were medically
examined until October 1996. The patients resident in
the County of Uppsala were referred either by physicians or dentists, whereas patients from other parts of
Sweden were referred by physicians only. It was not
possible to influence the selection of the patients by
the Department of Clinical Metal Biology. The department was commissioned to improve care taking and to
develop diagnostic procedures and treatment. Patients
were admitted to the therapy on a regular basis
after routine referral procedures. All patients gave an
informed consent.
All patients had experienced chronic or long-lasting disease and severe sufferings. These problems had
resulted in a great number of futile contacts with
health care institutions. In this way, they had constituted a ”wandering queue” of patients with a low quality of life causing high costs for the society compris-
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ing medical care, drugs and sick-leave as well as early
retirement.
The majority of the patients were 45–60 years of
age with more than two-thirds women. In this report
123 men (mean age 51 years, range 19–82 years) and
340 women (mean age 53 years, range 22–82 years) are
included.
One early experience in examining the patients was
that they had been handled in a qualified way in the
health care system even though no etiologic diagnoses were arrived at. No serious non-treated diseases of
other origin were discovered.
Consequently, the patients had been through extensive medical examinations without a nosological
description of the symptoms in the majority of the
cases. A small part of the patients, however, had been
diagnosed with rheumatological or neurological diseases. The multitude of symptoms displayed by these
patients or concomitant worsening on dental treatment nevertheless raised suspicion of adverse effects
on the health from dental materials. These patients
were, therefore, not excluded from continued examination at the department.
Case history of the patients
As a primary basis of a diagnosis an extensive anamnesis was recorded as well as earlier contacts with
health care institutions. This was complemented with
comprehensive enquiries to facilitate future systematic
evaluations.
The pattern of medical problems in this patient
group is complex. It involves many parts of the body
with symptoms such as ambulatory musculo-skeletal
pains, disturbances of the function of the gastro-intestinal system, hormonal perturbations as well as neuropsychological symptoms. Characteristic features of the
patient group are a multitude of symptoms and that
subgroups with different distribution of the predominant symptoms seem to exist. The dominating initial
symptom is chronic fatigue. A general pathological process, without infectious or oncological genesis, seems
to be characterizing the polysymptomatic situation
of the patients. Infectious or oncological etiology of
the symptoms had already been excluded before the
patients were referred to the department.
Exposure anamnesis
In this the patients’ contacts with metals, mould,
solvents and other chemicals in the environment,
both occupational and resident, were registered. Also
metals and other components of dental materials
were considered. This work is rendered more difficult
because dental materials have a complex composition.
Furthermore, these materials are classified as medical technical products for which there are no requirements of detailed declaration of the content. Dental
amalgam is usually comprised of 3–4 metals with mercury as the dominating ingredient. Dental alloys with
gold are always composed of numerous precious and
base metals. White dental restorative materials, for
example composite resins, contain a number of compo-
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nents that are potentially allergenic. All these materials release compounds that can be inhaled and/or swallowed with a varying degree of uptake in organs. The
amount released depends on numerous factors and it
varies from one individual to another and this also
accounts for the final uptake in the human body. Furthermore, the individual sensitivity to this exposure
strongly varies as well as the potential symptoms.
From the comprehensive anamnesis it was often
clear that the patients had experienced adverse effects
expressed as aggravating symptoms in relation to
dental treatments. Some of them also reported skin
problems from contact with metals such as jewelry and
jeans buttons. These facts substantiated the suspicion
of adverse effects in the form of immunological reactions caused by exposure to metals.
Somatic examination
A customary somatic examination was performed
and in addition the various types of dental restorative materials in the patient’s mouth were registered
together with their status.
Routine blood samples
A panel of routine blood tests was performed as part
of a general check of the health status and to acquire
start values to be used for a continued systematic evaluation.
Determination of trace elements in blood plasma
Venous samples were drawn in metal free vacuum
tubes, at the same time of the day, before and after
treatment. After separation of erythrocytes and blood
plasma both fractions were frozen and stored at –86oC
until analysis. For the purpose of monitoring possible
changes of the mercury concentration between the
sampling points, a random set of 165 samples (before
and after treatment) was selected for analysis of mercury in blood plasma. The samples were decomposed
in high-purity grade 65% nitric acid (Scandchem,
Norway) with a very low contamination of mercury
and other metals. Decomposition was performed in
quartz tubes put into steel bombs. These were sealed
with the same momentum and put in an oven at
180oC for four hours. Thereafter, an internal standard
of indium was added and the samples diluted with
ELGA-water (>18 MΩ-cm) to an appropriate volume.
The mercury analysis was performed in an inductively
coupled plasma mass spectrometer (ICP-MS, PerkinElmer Elan 6000) and the quality control was assessed
by certified reference materials (Seronorm, Nycomed,
Norway) randomly allocated to be in average every
fifth sample. Accuracy and precision was <5% and
<4%, respectively.
Special tests
Routine laboratory tests usually do not present any
diagnostic guidance as far as side effects of dental
materials are concerned. According to the commission
from the Board of the County Council, new ways were

to be sought to indicate adverse effects of metal exposure. By performing special tests valuable information
was gathered, which hopefully will lead to increased
certainty in the diagnostics. Results from special tests
such as nuclear microscopy for determination of traceelement profiles in blood cells as well as in vitro-tests of
metal hypersensitivity (MELISA®) will be published
and discussed elsewhere. Examples of results from
such methods in conjunction with metal exposure can
be found in Lindh et al. [13] and Stejskal et al. [14],
respectively.
Treatment
Based upon results from the extensive examination
of the patients it turned out to be reasonable to avoid,
as far as possible, continued exposure to the incriminated metals of dental restorative materials. This recommendation is founded on the general precautionary
principle of allergists that an individual should avoid
compounds possibly causing allergy or hypersensitivity. There were no indications for any other medical treatment but reduction of the metal exposure
in the majority of the cases and supplementation
with suitable antioxidants and, where, appropriate,
immunomodulating therapy to counteract side effects
during dental treatment.
Medical treatment
After diagnostic work up and evaluation each
patient was put on a standard regimen of anti-oxidants
orally. These included:
– Vitamin C 1900 mg/day
– Vitamin B-complex: B1 30 mg/day, B2 30 mg/day,
Niacin 150 mg/day and B6 6 mg/day, pantothene
30 mg/day
– Vitamin E 400–600 mg/day
– Sodium selenite 400 µg/day
The antioxidant formulas were standard products
available at Swedish pharmacies and were prescribed
with regular health care benefits for the patients.
In cases with positive markers of vitamin B12-deficiency in the cerebrospinal fluid additional treatment
with B12 and Folic acid was prescribed:
– Methyl cobalamin 5 mg/ml, 2 ml/amp, for s.c. injection 1 amp/week).
– Folic acid 10 mg/day
Dental treatment
After completion of medical examination patients
were, according to occurring indications, recommended a removal of incriminated dental materials.
Dental amalgam was found the most offending dental
material, followed by different gold alloys and non-precious metal alloys, e.g. titanium alloys or chromiumvanadium alloys. The aim of the dental treatment was
to remove all manageable amounts of these materials, detectable by dental investigation methods, e.g.
x-rays.
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Soon, in the course of the dental treatment, it
became clear that symptom aggravations occurred
almost uniformly after removal of incriminated materials or after the introduction of certain replacement
materials. The typical time delay of these reactions
supported the original contention that hypersensitivity to the dental materials was at least one cause of the
patients’ ill health.
It appeared clear that a systematic and intimate cooperation between physicians and dentists was necessary to handle sometimes-dramatic changes in the
patients’ symptom complex during dental treatment.
The fact, that many patients were referred from
other parts of the country made it practical for them
to consult their regular dentists for the ensuing treatment. However, about half the patients were referred
to a few dental clinics in Uppsala County, which have
put precautionary methods into practice to protect the
patients from unnecessary large exposure to offending
substances, which inevitably occurs in routine dental
treatment. Especially patients considered severely sensitive were referred to such clinics.
Based on clinical experiences, a protocol for the
removal of incompatible dental materials (RID) and
bite restoration with individually compatible materials (RIC) was implemented. Adequate equipment
in the working premises e.g. catalytic mercury vapor
traps and high-volume-suction-capacity equipment
was mandatory. Further, detailed instructions for the
use of specified burrs, diamond bits or ultra-sonic bits
for every type of metal restoration were followed. Also
instructions for the use of different barriers between
patients’ teeth and adjacent tissues in the oral cavity
are part of this protocol.
For the patients who showed intolerance reactions
to replacement materials of non-metallic type such as
dental composites, cements, root canal materials etc., a
clinical trial system for the choice of individually compatible dental restorations was developed.
Most biocompatible were different ceramic materials together with individually chosen dental cements.
The recent improvement of mechanical properties of
such materials now allows bite restorations with nonmetallic materials in almost all clinical cases. The
application of modern odontological techniques also
allows such treatment to be performed in a lenient way
concerning both the effect on dental tissues and the
patients personal experience of the whole dental treatment.
Questionnaire
Evaluation of the treatment results was based on
a questionnaire that was constructed in co-operation
with a group of scientists from the Medical Faculty
at Uppsala University and with representatives also
from the universities in Umeå and Lund. Of the 1000
treated patients, 796 were estimated to be homogeneous as to the treatment protocol and the questionnaire was sent out to them. Participation in the retrospective study was voluntary and anonymous. The
questionnaire was composed of five different catego-
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ries of questions, three of which are included here. The
symptoms included in the questionnaire were selected
to represent the most common from clinical experiences of the patient group (cf. Appendix). Thirteen
of the symptoms were emphasized because they had
appeared in earlier studies of amalgam removal [16,
22].
To efficiently extract information from the answers
in the questionnaire, an improvement score was constructed. Severity of symptoms was estimated on a
scale from 1 to 5, where 1 represents “no troubles” and
5 “serious troubles”. A first part of the improvement
score comprised the difference in severity between
before and after. Maximum improvement then is 4 and
maximum worsening is –4. The second part comprised
the estimation of symptom change, which was done
on a scale 1–7, where 1 represented “much better”
and 7 “much worse”. Score 4 was equivalent to “no
change”. To be compatible with the first part, the scale
was changed so that “No change” was given score
0, “much worse” score –3 and “much better” score
+3. These two parts were added and constituted the
improvement score with a maximum of 7 and a minimum of –7.

Statistical methods
Wilcoxon’s signed rank test was used to compare
before and after RID situations because skewed distributions were expected. For the comparison of response
profiles in the answers before RID, a χ2 test with partitioning of the χ2 was used. This technique resembles
ANOVA with subsequent multiple comparisons.

Results
Of the targeted 796 patients, 513 responded with
a returned questionnaire. The relatively high nonresponse (35.6%) prompted an investigation of nonresponders in co-operation with Statistics Sweden.
This showed that non-responders did not constitute a
group separate from the responders.
Based upon information given by the patients, 50
were excluded from the continued analysis because
they did not begin or complete the RID procedure
during the study time. Thus, in the following results,
463 individuals are represented.
A priori hypotheses about symptoms that could be
expected to improve from the treatment were not possible to formulate. The median number of the 30 symptoms experienced by the patient group was 19 and
6.9% had all 30. The symptom frequencies before RID
regarding all patients are shown in Table 1. Symptom
numbers refer to the list in the Appendix.
Straightforward analysis of symptom changes from
before RID to after RID by Wilcoxon’s signed rank test
gave the result that all thirty symptoms were significantly (p<0.01) reduced in the entire group of patients.
This analysis, however, concealed variations between
subgroups of individuals. Therefore, the results from
the questionnaire about quality of life were used as the
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basis for further analysis and presentation.
Quality of life

Table 1: Symptom frequencies before RID in the entire group. Numbers refer to
the symptom questions in the questionnaire (cf. Appendix).

Figure 1 shows the change in the
total quality of life measured as the difference in scores before and after RID.
The histogram comprising 463 individuals makes three groups of patients
evident. A change of one unit or more
was considered a true difference. A
majority of the patients (n=334, 247
women, median age 53 y, range 22–76
y; 87 men, median age 52 y, range
26–76 y) belong to the greatest group
for which there is a positive change in
the quality of life. This group will be
denoted the positive group. Another
group (n=69, 49 women, median age
54 y, range 23–76 y; 20 men, median
age 53 y, range 19–76 y) with a zero
difference in the quality of life will be
denoted the zero group and the last
group (n=60, 44 women, median age
55 y, range 30–82 y; 16 men, median
age 45 y, range 26–71 y) with a negative difference in the quality of life
is analogously denoted the negative
group.
Symptom changes
Further treatment of data and their
presentation is based upon the three
groups established using quality of life
information. There are four different
measures of symptom changes. The
first is the frequency of symptoms, the
second is the severity of symptoms
as estimated by the patients and the
third is the total number of symptoms.
Data on severity of symptoms is further elaborated into an improvement
score being the fourth.

Figure 2 shows the frequency of
symptoms before, during and after
RID in the positive group. Table 2
displays the central tendency of the
symptoms frequencies in the negative
and zero groups.

Symptom . . . . . . . . . . . . . . . . . . . . . . . . . . . . Frequency (%)

1
17
6
7
16
5
25
29
18
21
12
19
8
15
9
28
23
10
13
2
30
3
22
24
26
14
27
11
20
4

Chronic or periodic fatigue . . . . . . . . . . . . . . . . . . .
A feeling of dejection or depression from time to time
Pain or discomfort in the muscles . . . . . . . . . . . . . .
Abnormal fatigue after physical exertion. . . . . . . . . .
Impairment of concentration. . . . . . . . . . . . . . . . . .
Muscle discomfort in the whole body . . . . . . . . . . . .
Troubles with stomach/intestines. . . . . . . . . . . . . . .
Blisters, wounds or other discomfort in the mouth . . .
Impairment of sleep. . . . . . . . . . . . . . . . . . . . . . . .
Discomfort in hands/feet . . . . . . . . . . . . . . . . . . . .
Impaired memory (forgetfulness). . . . . . . . . . . . . . .
Dizziness or unsteadiness. . . . . . . . . . . . . . . . . . . .
Headache . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Difficulties to think . . . . . . . . . . . . . . . . . . . . . . . .
Troubles in the joints . . . . . . . . . . . . . . . . . . . . . . .
Often infections . . . . . . . . . . . . . . . . . . . . . . . . . .
Aching shoulder/shoulders . . . . . . . . . . . . . . . . . . .
Light sensitivity. . . . . . . . . . . . . . . . . . . . . . . . . . .
Overly irritated . . . . . . . . . . . . . . . . . . . . . . . . . . .
Feeling cold, shivering or fever . . . . . . . . . . . . . . . .
Aching teeth, jaws or face. . . . . . . . . . . . . . . . . . . .
Sore throat, other throat problems . . . . . . . . . . . . . .
Tremor or spasms in muscle/muscles . . . . . . . . . . . .
Troubles with the heart. . . . . . . . . . . . . . . . . . . . . .
Troubles with the urinary bladder/urinary production .
Experience of bewilderment . . . . . . . . . . . . . . . . . .
Eczema, blisters or other skin troubles . . . . . . . . . . .
Temporary impairment of vision. . . . . . . . . . . . . . . .
Buzzing in the ears (tinnitus) . . . . . . . . . . . . . . . . .
Aching lymphatic glands on the neck or in armpits . .

74.5
74.3
73.7
72.4
72.1
70.2
69.8
69.5
67.8
67.8
67.6
64.6
62.6
62.0
61.6
61.3
60.7
60.3
60.0
59.6
57.9
55.1
54.6
53.8
49.0
47.9
47.1
43.4
40.4
37.6

80
Negative
Zero
Positive
60

Frequency

Frequency of symptoms

No

40

20

Positive group
Most symptoms in this group
remained unchanged in frequency
during RID or only small changes were
observed with a tendency to increased

0
–6

–5

–4

–3

–2

–1

0

1

2

3

4

5

6

Score difference: after–before

Figure 1. Differences in estimations of the quality of life before and after RID.
Score 1–7 corresponding to “very bad” – “very good”.
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Before
During
After

Positive group
Spt 30
Spt 29
Spt 28
Spt 27
Spt 26
Spt 25
Spt 24
Spt 23
Spt 22
Spt 21
Spt 20
Spt 19
Spt 18
Spt 17
Spt 16
Spt 15
Spt 14
Spt 13
Spt 12
Spt 11
Spt 10
Spt 9
Spt 8
Spt 7
Spt 6
Spt 5
Spt 4
Spt 3
Spt 2
Spt 1
20

35

50

65

80

Frequency (%)
Figure 2. Symptom frequencies before, during and after RID in the positive group.

frequency. Small decreases were also found for a few
symptoms. However, after RID there was a significant
decrease. In the positive group symptom 6 “pain or
discomfort in the muscles” was the most common. It
remained the most common after RID.
Negative group
In this group, frequencies increased for all symptoms during RID except for symptom 28 “often infections”. The overall change of frequency between before
and after was an increase. Exceptions are symptom 4
and 13 corresponding to “aching lymphatic glands” and
“overly irritated” for which there was no change. Symptoms 28 and 29 corresponding to “often infections”
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and “blisters etc. in the mouth” showed decreased frequency.
The tendency of frequency change in the negative
group was a substantial increase during RID and a
decrease after RID. The decrease however did not reach
the level of before treatment. In the negative group,
the most common symptom before RID was symptom 1
“chronic fatigue”. It remained the most common after
RID.
Zero group
Frequencies increased during RID for most of the
symptoms in the zero group except for symptoms 1, 9,
15, 19, 23, 27 and 29 corresponding to “chronic fatigue”,

Dental amalgam removal improves health

Positive group

Before
During
After

2

4

Spt 30
Spt 29
Spt 28
Spt 27
Spt 26
Spt 25
Spt 24
Spt 23
Spt 22
Spt 21
Spt 20
Spt 19
Spt 18
Spt 17
Spt 16
Spt 15
Spt 14
Spt 13
Spt 12
Spt 11
Spt 10
Spt 9
Spt 8
Spt 7
Spt 6
Spt 5
Spt 4
Spt 3
Spt 2
Spt 1
1

3
Score

Figure 3. Estimations of symptom intensity (severity) before, during and after RID in the positive group.
Score 1–5 corresponding to “no troubles” – “severe troubles”

“troubles in the joints”, “difficulties to think”, “dizziness or unsteadiness”, “aching shoulders”, “eczema
etc.” and “blisters etc. in the mouth” for which no
difference was demonstrated. Another notable exception was that symptom 28 “often infections” decreased
in frequency during RID. Unchanged frequency was
observed between before and after RID for symptoms
3, 9, 14 and 17 corresponding to “sore throat etc.”,
“troubles with the joints”, “light sensitivity”, “bewilderment” and “dejection or depression”. Symptoms 6,
16, 27, 28 and 29 corresponding to “pain or discomfort in the muscles”, “impairment of concentration”,
“eczema etc.”, “often infections” and “blisters etc. in
the mouth” exhibited lower frequency after RID. In

the zero group the difference in frequency between
before and after was very small and the increase during
RID rather moderate. The most common symptom in
the zero group was symptom 17 “dejection or depression”. It was exchanged by symptom 25 “troubles with
stomach/intestines” after RID.
Severity of symptoms and improvement scores
Figure 3 shows the assessment of the severity of
the symptoms before, during and after RID. The scores
were on a 5-level scale from 1 to 5 and 1 being no troubles and 5 severe troubles. The central tendency of
symptom severity in the negative and zero groups are
shown in Table 3. Table 4 displays results of the statis-
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Mean
Median

Positive group

Spt 30
Spt 29
Spt 28
Spt 27
Spt 26
Spt 25
Spt 24
Spt 23
Spt 22
Spt 21
Spt 20
Spt 19
Spt 18
Spt 17
Spt 16
Spt 15
Spt 14
Spt 13
Spt 12
Spt 11
Spt 10
Spt 9
Spt 8
Spt 7
Spt 6
Spt 5
Spt 4
Spt 3
Spt 2
Spt 1
2.0

2.5

3.0

3.5

4.0

Improvement score
Figure 4. Improvement scores in the positive group.
Score –7 to +7, where +7 is the best improvement.

tical analysis of symptom differences before and after
treatment. Figure 4 displays the mean and median
improvement scores for the positive group and the 30
symptoms. The central tendency in the negative and
zero groups are displayed in Table 6.
Positive group
This group usually displays a higher initial assessment and a greater difference between before and after
values than the other groups. After RID all symptoms
are reduced significantly in severity. From Figure 5
it can be seen that, with only a few exceptions, the
median improvement score is 4. Symptoms for which

468

there were no improvement in the negative and zero
groups in contrast to score 3 or 4 in the positive group
include 1, 7, 12, 18 and 21 representing “chronic fatigue”, “fatigue after physical exertion”, “impaired
memory”, “impairment of sleep” and “discomfort in
hands/feet”. Score 4 was given in all three groups for
symptoms 4 and 28 representing “aching lymphatic
glands” and “often infections”.
Negative group
The initial values are about the same as in the zero
group. In the negative group there is a substantial
deterioration during RID and the scores do not return

Dental amalgam removal improves health

Table 2: Central tendency of symptom frequencies before, during and after
RID in the negative and zero groups.
Negative (%)
Mean
Median

Before
49.6
48.3

Zero (%)

During
61.4
62.5

After
57.2
56.7

Before
45.0
44.2

During
46.9
47.1

After
47.2
47.1

Table 3: Central tendency of symptom intensity (severity) before, during and
after RID in the negative and zero groups.
Negative
Mean
Median

Before
2.8
3.0

Zero
During
3.4
3.5

After
3.0
3.0

Before
2.7
3.0

During
2.9
3.0

After
2.6
3.0

Table 4: Results of Wilcoxon’s signed rank analysis of symptom differences
before-after.
Symptom

Positive

Zero

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

< 0.001
< 0.001
< 0.001
< 0.001
<0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Negative Symptom
NS
NS
NS
NS
< 0.05
NS
< 0.05
NS
NS
NS
NS
< 0.01
NS
NS
NS

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Positive

Zero Negative

< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
< 0.05
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 NS
NS
< 0.001 < 0.05 < 0.01
< 0.001 < 0.01
NS
< 0.001 NS
NS

NS: p ≥ 0.05, not significant

Table 5: Number of symptoms before and after RID in all groups.
Total (n=463)

Positive (n=334)

Zero (n=69)

Negative (n=60)

Before After

Before After

Before After

Before After

19.8 14.7
22
14
28
6
8.4
1.8

13.5
14
1
1.4

14.9 19.0
16
19.5
3
3
5.0
5.0

Mean
18.2
Median
19
30 spt
32
30 spt (%)
6.9

15.2
15
10
2.2

14.1
13
1
1.4

Table 6: Central tendency of improvement scores in the negative and zero
groups.

Mean
Median

Negative

Zero

1.3
2.0

1.6
2.0
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90
Negative
Zero
Positive

Frequency (%)

75

60

45

30

15

0
1

2

3

4

5

6

7

Score
Figure 5. Assessment of the activities and care at the Department of Clinical Metal Biology in
the negative, zero and positive groups.
Score 1–7 corresponding to “very bad” – “very good”.

20

Negative
Zero
Positive

Hg (nmol/l)

15

10

5

0
Before

After Before
Control

After Before
Control

After
Control

Figure 6. Mercury concentrations in blood plasma before and after RID in the negative,
zero and positive groups. For each group, the values of matched control groups (healthy
individuals) are inserted.
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Table 7: Results from a χ2 test of homogeneity of response profile concerning symptom
intensity before RID.
χ2

Symptom
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

28.952
28.745
25.503
15.789
29.143
36.938
38.375
29.162
18.957
24.447
15.886
39.179
28.469
19.648
30.103

p-value

Symptom

0.0013**
0.0014**
0.0045**
0.1058
0.0012**
0.0001***
3.2640⋅10–5***
0.0012**
0.0408*
0.0065**
0.1029
2.3611⋅10–5***
0.0015**
0.0328*
0.0008***

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

χ2
38.848
29.452
30.445
36.190
22.769
17.225
21.453
25.182
31.475
50.968
16.586
24.480
29.070
23.797
26.209

p-value
2.6922⋅10–5***
0.0011*
0.0007***
0.0001***
0.0116*
0.0695
0.0181*
0.0050**
0.0005***
1.7698⋅10–7***
0.0840
0.0064**
0.0012**
0.0082**
0.0035**

*** = p<0.001. ** = p<0.01. * = p<0.05

Table 8: Comparisons between the present study and two other studies with similar symptoms
in the questionnaire. Numbers given are percentages of total improvement of the symptoms.
The second figure is the present study.
Olsson & Lindh [22]

Symptom

Better Equal
Chronic fatigue

30/24

Pain or discomfort in muscles

30/18

Headache

51/29

Troubles in the joints
Impaired concentration

32/29
27/23

Dejection or depression

29/26

Aching shoulder/shoulders

14/24
31/29
9/23
37/26
24/25
33/37

34/20

Eczema, blisters or other skin troubles
Blisters, wounds in the mouth

Better Equal Worse

23/18

Heart troubles
Troubles with stomach/intestines

Worse

Klock et al. [16]

39/39
57/38

Aching teeth, jaws or face

to the initial values. There is a significant worsening
of symptoms 5, 7, 12 and 18 corresponding to “muscle
debility”, “fatigue after physical exertion”, “impaired
memory” and “sleep disturbances”. For the symptom
28 “often infections”, however, there was a significant
reduction of the complaints. From Table 6 it can be
seen that the central tendency for this group is not
very different from that of the zero group. However,
there are more frequent improvement score 0 compared to the zero group.

43/41

Zero group
The initial values are about the same as in the negative group. There is a tendency to experience a relief
in the zero group, however, at least for several of the
symptoms. A significant relief is noted of symptoms 28
and 29 corresponding to “often infections” and “blisters etc. in the mouth”. From Table 6 it can be seen
that there are more frequent improvement score 4
compared to the negative group but that the central
tendency is very similar.
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Total number of symptoms
The total number of symptoms before and after RID
is shown in Table 5. There is a similar trend in the
changes of the total number of symptoms as in the
assessment of severity.
Assessment of care taking
Figure 5 shows how the patients in the three different groups assessed the activities and care at the
Department of Clinical Metal Biology. The pattern of
assessment is rather similar in the groups. In fact, the
negative group displayed the highest fraction in the
score 7 (89.7%) compared to the positive (86.2%) and
zero groups (81.1%).
Heterogeneity before RID
Clinical experience from these patients led to the
hypothesis that the group was not homogeneous but
separated in sub-groups with different main points
of the symptomatology. To investigate the possibility
of heterogeneity of symptoms among the patients
before RID, the response profile in symptoms a χ2 test
with partitioning of χ2 was undertaken. The symptom intensity was estimated on a scale from 1 to 5,
where 1 corresponds to “no troubles” and 5 to “severe
troubles”. Some of the patients did not report their
estimates for some of the symptoms. This partial
non-response cannot, however, be neglected and the
frequency of non-response was included in the analysis. Results of this test of response profile are presented in Table 7.
It is obvious that the patient group was not homogeneous in this respect. Only for the questions 4, 11,
21 and 26 corresponding to the symptoms “aching
lymphatic glands”, “temporary impairment of vision”,
“discomfort in hands/feet” and “troubles with the
urinary bladder/urinary production” the group was
homogeneous. The partitioning of χ2 also showed that
the positive group differs from the other groups except
for the symptoms mentioned above. It was not, however, possible to differentiate between the negative and
the zero groups.
Comparison with similar studies
Two earlier studies of amalgam removal were based
on a similar questionnaire. All but one of the symptoms in the earlier studies was included in the present investigation. It was not possible, however, to compare all of the symptoms due to lack of presentation
in one study. Table 8 presents the results of a comparison as far as it has been possible. The focus was
on total improvement of the symptoms and percentages of such results are compared in Table 8. Klock
et al. [16] reported results only for six symptoms, one
of which was “burning mouth or metal taste” not
being included in the present study. This symptom was
included also in the study by Olsson and Lindh [22].

472

Quality of life versus mercury concentration
in blood
To investigate how treatment of the patients was
related to the mercury concentration in blood plasma
three randomly selected sets of patients were sampled.
From the positive group 100 blood samples representing the situation before and after RID were assessed
for the mercury concentration in blood plasma. From
the zero and negative groups 35 and 30 samples,
respectively, were assessed in the same way.
For comparison, three sets of control blood plasma
were sampled as closely as possibly matched to the
patient subgroups regarding age, gender and socio-economic situation. Subjectively healthy persons not suffering from any disease and lacking diagnosis as well
as not being on any medication comprised the control
groups.
Results from measurements of mercury concentration in blood plasma with ICP-MS are presented in
Figure 6. This figure is a box-plot diagram in which
the upper lines of the boxes represent the upper quartile while the lower lines represent the lower quartile. The whiskers extend out to maximum and minimum values if the distance does not exceed 1.5 times
the interquartile range. In such cases, a circle denotes
extreme values.
The positive group had before values that are
higher than both other groups. Additionally, the after
values of the positive group are substantially lower
than any of the other groups including the three control groups. In fact all differences between before
values in all groups were significant (p<0.001). Even
the after values were significantly different (p<0.001)
between all groups (Figure 6).

Discussion
The present study is to our knowledge the first
based on a development of diagnostic methods and
improvement of treatment in a consequent co-operation between physicians and dentists. The main results
demonstrate that the Uppsala model appropriately
handles diagnosis and treatment in more than 70% of
the patient group.
Trace elements, most of which are metals, play
important roles in biology. Some 15 are generally considered to be essential for life [73]. These include
manganese, iron, nickel, copper and zinc, whereas
important non-metals are selenium and iodine. The
beneficial effects of the essential trace elements are
exerted within often-restricted dose limits in intervals
usually called safe and adequate intake. Too low intake
results in deficiencies and too high intake in toxicities.
The question of toxicity is thus only one of dose. Metals
included in dental amalgams, especially mercury, silver
and tin, are not considered to be essential for life. On
the contrary, they are known mostly for their adverse
effects on living organisms [74]. Even precious metals
like gold and platinum, by some considered biologically
inert, have known pharmacological effects [75, 76]. It
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is, therefore, prudent to expect them to have biological
effects even at lower doses.
Cumulative and collective effects may well explain
the plethora of symptoms experienced by patients with
ill health associated with exposure from the components of metallic dental restorative materials. Mercury is well known as a potent toxin producing various symptoms from several organ systems [77]. It is
not surprising, therefore, that most of these patients
complain about a series of symptoms, many of which
could be explained by various known diseases. Factors
able of affecting several organs at the same time could
be, among others, of toxic or immunological origin.
The adverse effects of metals like mercury are thought
mainly to be reactions with sulfur-containing groups
in proteins [78, 79] being in accord with affection on a
multitude of biological systems.
The basis for all such negative health influence of
metals in dental restorations is their bioavailability.
Metals used in dental materials are released in the
oral cavity in amounts far from negligible. It is now
generally accepted that all metal alloys, especially
amalgams, are unstable and release varying amounts
of metals continuously. The corrosion process, especially when different metals are present, promotes the
release of metal ions and mercury vapor. The daily
release of metals in the oral cavity is certainly high
enough to cause immunological reactions in sensitive
individuals since, theoretically; only a few atoms of an
offending metal might be necessary.
Affection of the immune system may thus be important. Such effects could be either direct toxic action
on the immune system or reactions triggering hypersensitivity or allergy. Nickel is a metal recognized to
be essential at least for bacterial systems [80] and is
responsible for a significant health problem of allergy.
The prevalence among women may be as high as 38%,
whereas in men it is perhaps only 3% [81]. Difference
between genders in sensitivity to metals might be one
of the factors explaining the dominance of women in
the present patient group. Even mercury is immunotoxic [82] and causing hypersensitivity [83]. Also gold
and titanium have considerable effects on the immune
system causing hypersensitivity [14, 84, 85]. It is concluded that there is a positive relationship between
contact allergy to gold and presence and amount of
dental gold alloys [84].
Titanium is since decades considered to be a metal
with many biologically useful properties which allow
clinical retention of implants in bone tissue. The biological activity of titanium and its oxides provokes the
bone tissue to build up a hard-tissue barrier around
the implant and thereby a retention of the prosthetic
structure. This bone reaction might be considered as a
mild but chronic form of bone defense against a foreign
body. The same metal can, however, produce some nondesirable immunological effects in susceptible individuals. Titanium corrodes in the body, especially in presence of fluoride, which is often the case in the oral
cavity [86, 87]. Thus, bioavailability of titanium corrosion products may be another basis for immuno-

logical reactions. The complement activation, production of inflammatory peptides, production of IL-1
caused by titanium implants was shown by Perala et al
already 1991 [88]. Nakashima et al. [89] showed that
macrophages could stimulate production of TNF-alpha
and IL-6 after exposure to titanium particles. Another
possible process is a chronic activation of the immune
system, which by a massive cytokine release can lead
to a large spectrum of so called psychosomatic or, more
adequately, neuropsychiatric symptoms [90, 91]. Stejskal et al. [14] showed memory cell stimulation by
titanium in approximately 10% of Swedish patients
with ill health associated with dental metals, indicating type IV hypersensitivity reaction.
Especially chronic fatigue, which is seen as one
of the dominant symptoms in the present patient
group, can easily be associated with immune activation
and/or chronic generalized inflammation [92]. The
chronic exposure to dental metals in sensitized individuals can be one factor triggering a dysregulation of
the hypothalamic-pituitary-adrenal axis by means of
chronic inflammation with cascades of symptoms as a
result.
All individuals with similar exposure to metals do
not experience the same symptoms. The majority of
the population is not taken ill at all. A difficulty in
the explanation is that there are no typical or specific
symptoms, which can be attributed to a specific metal
with a high degree of certainty. Symptoms listed in the
questionnaire may each of them be provoked by other
causes. A typical characteristic in the symptomatology
of the present patient group is the multitude of symptoms, their chronic persistence and lack of other reasonable causes. This is well in accordance with chronic
toxicity and/or chronic immune dysregulation.
Low-dose exposure to metals can have dramatic
effects in a small part of the population. The individual
sensitivity may be the reason for this behavior. The
individual sensitivity, together with immunological
dose-response relations for many substances, including metals, might then be responsible for the resulting
ill health. Individual sensitivity to nickel is well recognized and accepted [93]. We do not have any reason
to believe that other metals will behave biologically
in a completely different way. It is additionally important to have in mind that there is quite a large difference between dose-response relations in toxicology and
dose-response relations in immunology.
Metals may exert adverse effects on biological systems in several ways. A basic idea behind the molecular toxicity of, for example, mercury is the affinity
for sulfur-containing groups in proteins. By binding to
groups such as thiols, the structure of a protein may
be changed in a way that makes function altered or
impossible. Another possibility is through generation
of extremely reactive radicals that can cause oxidative stress. Oxidative stress is widely used, however,
rarely defined. The original definition was “a disturbance in the prooxidant-antioxidant balance in favor
of the former, leading to potential damage” [94]. There
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is a multitude of agents causing oxidative stress among
them are metals like mercury.
There is a set of defense systems against the reactive oxygen species (ROS) produced during the metabolism of dioxygen in which cytochrome c oxidase
catalyses the reduction of O2 to H2O. However, the
scavenging enzymes are vulnerable to attack from
metals like mercury. Such an exposure will impair the
function and an increased leakage of ROS has to be
expected. In a similar fashion other important biological processes may be interfered with by metal exposure. For example, the biosynthesis of heme is dependent on several enzyme systems susceptible to metal
attack. A consequence of an attack on these enzyme
systems is a decreased pool of heme. A great number of
enzymes is dependent on heme as the prosthetic group.
Metal-induced oxidative stress can thus be partially
responsible for the toxic effects [95].
It is not difficult to imagine that even minute
amounts of metals may be detrimental to a variety of
processes in cells thereby impairing their functions.
Thus treatment with antioxidants in cases where
adverse effects of metal exposure has to be expected is
well grounded. There are several critical requirements
for a molecule that should be fulfilled in order to create
a perfect and effective antioxidant that include but are
not limited to: (1) effective radical scavenging, (2) low
reactivity of antioxidant radicals towards vital intracellular components and (3) low level of one-electron
enzymatic metabolism of antioxidants [96]. The antioxidants included in the treatment of the patients in
the present study are well characterized and found to
be effective [94, 97].
Many of the symptoms asked about in the questionnaires in the above-cited studies and in the present
study were the same as reported at chronic mercury
poisoning in mirror platers in the 19th century
[98]. This fact together with the clinical experience
during the development of diagnostic procedures and
treatment protocols indicating subgroups among the
patients with different crucial points in their symptom flora did not allow for formulation of an a priori
hypothesis about which of the symptoms should be
expected to improve on treatment. With the toxic
properties of mercury and other metal components of
dental restorative materials it is but natural to expect
a multitude of symptoms from different organs in the
body.
Designs of studies of the effects of amalgam removal
were often retrospective. Only a few have been prospective. The retrospective design was adopted for the
present study, although there are several known limitations with this design. Clearly defined control groups
are scarce in such studies. When controlled studies
cannot be performed, a design with the patient or the
object as its own control in a before-after situation can
be adopted. Such a design is uncontrolled but nevertheless it is a good design annealing the problems of
matching controls and makes genetics redundant. The
present study comprised a set of consecutive patients.
They were consequently not randomized to the study.
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However, it has recently been concluded that there is a
good correlation between the summary odds ratios of
randomized and non-randomized studies [99].
Olsson and Lindh [22] used the same questionnaire
as Klock et al. [16] and the results were in reasonable
agreement. In the study by Olsson and Lindh [22],
patients were stratified by the time after completion
of amalgam replacement in three groups: 0–3 y, 3–5
y and 5–10 y. Patients who did not begin or did not
complete treatment served as a contrast group. Nonparametric ANOVA showed significant differences for
all symptoms except “heart troubles” and “trouble
with stomach and intestines”. Multiple comparisons
showed that the only differing group was the contrast
group. Time after replacement did not influence the
estimation of improvement. This indeed contradicts
the explanation of improvement by placebo effects or
the origin to be somatization.
The present study included the symptoms of Klock
et al. [16] and Olsson and Lindh [22] in the questionnaire with the objective of making comparisons possible. Table 8 shows a comparison between these studies and the present as far as possible. The results of the
Olsson and Lindh [22] study is better for eight symptoms, about equal for three symptoms and worse for
one symptom. Comparison with the study of Klock et
al. [16] shows better results for two symptoms, equal
for one and worse for two. Reasons for these differences are difficult to pinpoint. However, a main difference is that in the studies of Olsson and Lindh [22] and
Klock et al. [16], the patients were self-referred in a
high degree to dentists and may represent a group with
less serious problems. Prevalences were higher of nine
out of 12 comparable symptoms in the present study
than in Olsson and Lindh [22]. This fact partly supports the hypothesis that patients in the present study
had more serious problems. A difference between the
study by Klock et al. [16] and most other studies of
the current problem is that the distribution of men
and women was about the same in the former. Usually, there is a dominance of women. This situation is
intriguing because gender effects in toxicological studies have often been neglected [100]. Both biological
and non-biological factors may affect the exposure to
as well as kinetics and toxicity of metals. There are
some contradictions between studies of gender effects.
In female mice, higher tissue retention of mercury
was observed. However, no effects on the incidence
of autoimmunity were demonstrated [101]. On the
other hand, Barregård et al. [102] observed three times
higher mercury concentration in kidney biopsies from
women than from men.
Furthermore, an improvement score was constructed taking into consideration both the change of
symptom severity from before to after treatment as
well as the estimation of symptom change. Although
60+69=129 patients (27.9%) reported no change of
quality of life or a deterioration, there were no negative values in the improvement score. For ten symptoms, these groups reported an improvement score of
0. Although there seems to be on the average no dete-
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rioration of symptoms in all groups, there is a clear
difference between the positive group and the two
other groups. In addition, the estimations of the global
variable quality of life certainly create a borderline
between groups.
The most frequent symptoms before RID in the positive group were “pain or discomfort in the muscles”,
“chronic fatigue”, “dejection or depression”, “fatigue
after physical exertion” and “impairment of concentration” in descending order. The effect of RID was
most apparent for “chronic fatigue” and “dejection or
depression”, which after RID were no longer among
the five most common symptoms. It is favorable for
the RID that two of the most frequent symptoms were
substantially decreased in frequency.
Regarding severity in the positive group, the five
most frequent symptoms before RID were rather
similarly improved with high scores for “chronic
fatigue”. Interestingly, there was a significantly greater
improvement of “blisters and wounds in the mouth”
pointing to a direct association to the dental materials.
The improvement score in the positive group also
showed that “blisters and wounds in the mouth” was
the one with highest scores. The next best improvement was “often infections”, which indicates an immunological affection that had been alleviated. “Chronic
fatigue” was number four, again pointing to effective
treatment of a disabling symptom.
One of the most important findings in this study
based on the grouping by quality of life is that it was
possible to discriminate between the positive group
and the other groups already on information about
the symptom status before treatment using a χ2 test
with partitioning. This means that it would be possible
to find the group of patients for which there already
exists a beneficial treatment. If laboratory tests confirm this discrimination, it would be of great importance in the primary care.
Amalgam-associated ill health has by several groups
suggested being due to somatization [7, 103–106].
Arguments used are the lack of correlation between
the number of amalgam fillings or the number of amalgam surfaces and adverse health effects. Bailer et al.
[107] argue that amalgam-sensitive patients on the
average have more medically unexplained symptoms
than non-amalgam-sensitive patients and this would
be a proof of somatization. However, if the amalgam
sensitivity is based on genetics, dose as estimated by
number of fillings or surfaces would not have any
reasonable meaning. There are indications both from
research on experimental animals [82] and estimations for humans [11] that genetics is an important
explanatory factor. Another foundation would be the
fact that in the present study not all patients were
improved in their quality of life. There seems to be no
logical explanation for the behavior of the negative and
zero groups. Why should their problems of somatization not be alleviated by the treatment?
Somatization has been used, since the beginning of
20th century, as an alternative explanation of symp-

toms and symptom combinations, for which no physiological explanation could be found with current methods. There are, however, risks with such a wide concept
since it has to be continually revised to keep pace with
increasing medical knowledge. Patients suffering from
borreliosis were transferred from psychiatric clinics to
infectious clinics in the 1980s when the causing agent
was discovered [108]. Yet another problem was gastric
ulcers, the pathogenesis of which was disclosed when
the Helicobacter pylori was discovered [109]. Somatization is thus not clearly defined and has unfortunately been used as a medical “slop-pail” rather than
a definite differential diagnosis. There are, however,
various opinions about somatization. Some groups
advocate its importance in being predictor for chronic
fatigue [110]. Others, though, report that patients
with burning mouth syndrome, as a group, did not
report significant psychological distress [111].
When measurements of symptom changes in a
group of patients are based on subjective reports in a
questionnaire, the question of possible placebo effects
will be raised. The placebo effect is, though frequently
referred to in the last decades, poorly understood and
first of all unsatisfactorily defined. In most descriptions, the placebo effect is mostly considered to be a
purely psychological phenomenon resulting in behavioral and emotional changes in the patient. In some
theories the placebo includes even some secondary
effects like blood pressure changes, increased production of endorphins, hormone balance changes and
others physiological processes of non-specific character.
However, the overall opinion seems to express
few characteristics intimately associated with placebo
effects. The process inducing the placebo is a suggestive impulse that can be of direct or indirect type
and of primary or secondary type. The magnitude of
response to such suggestive impulses depends on the
subject’s ability to internalize the suggestion as a temporary cognitive re-structuring. This means that the
ability to respond on placebo stimulation should be
unevenly distributed in the population. Both placebo
reactors and placebo non-reactors have been suggested
to represent different personality variables. Further it
is generally acknowledged that placebo effects are only
of temporary character and not long lasting or selfregenerated. Placebo is generally considered to have a
fast, almost immediate effect. The placebo effect is as
well considered to abate if the original suggestive stimulus is not repeated. It is not clear where the definitive
borders of time-inhibition of the placebo effects are,
but a general opinion is that placebo effects last only
for a relatively short period such as hours and days,
possibly weeks and a few months.
Measurement of the placebo effects is, however,
quite impossible in many clinical studies, even studies
of pharmacological effects, due to the previously mentioned poor or even non-existing definition of the placebo. That is why, the whole reported positive improvement of the measured variable in a control group is
usually considered to be a placebo effect. This meth-
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odological impurity, however, neglects other possible
physiological variables. These may be fluctuation of
symptoms, spontaneous improvement and scaling bias
in the measurement of subjective outcomes. In many
cases other possible influences are not described,
such as beneficial effects of additional treatment or
improved life style provided during the actual study.
Recently, a more critical view on earlier placebo studies
has appeared [112] especially pointing out weaknesses
in the original publication from 1955 “The powerful
placebo” by Beecher, the conclusions of which still are
widely accepted [113].
The health changes between before and after RID in
the present patient group are associated with several
important characteristics that contradict the presence
of a significant placebo effect. The patients have been
chronically ill during many years without measurable
relief despite numerous treatment efforts from many
specialist physicians. This shows at least that these
patients did not have the personality type of strong
placebo reactors. It is unlikely that they could suddenly, after our treatment, change their reaction pattern to be well responding to placebo stimuli.
Many of the patients experienced an unexpected
worsening of their symptoms during the dental treatment phase, which can be associated with the increased
exposure to offending substances rather than to a lack
of placebo effect. The incidence of patients with no
health improvement or even deteriorated health (zero
and negative groups) is equally contradicting a strong
placebo influence. This contradiction is further supported by the fact that these two sub-groups expressed
as high satisfaction with the care at the department as
the group with improved health (positive group).
Patients have reported no immediate positive effect
on symptoms during the treatment. Most of positive
health changes have often appeared after considerable
time (normally several months and up to one year) following finished RID. The health changes also seem to
be long lasting or even permanent. In fact, in patients
of the positive group the health improvement seems
to continue even years after the last contact with our
medical-dental team. This is not compatible with placebo hypotheses but well compatible with the fact that
the patients were liberated from substances causing
their health problems. The subjective reports from the
patients can be supported by results of accompanying
positive changes in a number of biomarkers in different laboratory tests, part of which is discussed here.
Our conclusion is that although the placebo effects
are not possible to estimate or directly measure, it
is far from likely that the positive health changes in
majority of our patients can be attributed to the placebo phenomenon. This is corroborated by the study
of Jones [114] arriving at the conclusion that the placebo effect is not supported as an exclusive explanation
for positive health outcomes in patients with ill health
associated with dental amalgam.
The plasma concentrations of mercury before
and after treatment display conspicuous differences
between the groups. Results from the positive group
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support that the improvement of symptoms and quality of life most probably was due to the treatment
effects. The after values are in good agreement with
concentrations found in umbilical cord blood in mothers with no amalgam fillings [115]. A low concentration before and a small change in the after concentration in the negative group points to other problems.
Thus, their current health problems are probably not
primarily related to metal exposure but due to other
possible intolerances.
Results from a small subgroup (n=25) of patients
investigated by nuclear microscopy of blood cells [116]
show striking similarities with results from nuclear
microscopy of patients with inflammatory connectivetissue disease [117, 118]. This is yet another support
for the influence on the immune system. Removal
of amalgam resulted in substantial improvement of
the health and a normalization of nuclear microscopy
results [116]. These results are in accord with results
from another subgroup (n=111) comparing before
and after MELISA® tests [14]. There was a marked
decrease in lymphocyte reactivity to inorganic mercury
as well as to other metals present in dental alloys.
In conclusion, the presented data from the questionnaire and available laboratory findings support the
idea that the majority of the patient group suffered
from adverse effects of exposure to metals from dental
restorative materials. Support is also offered from the
fact that other known causes of this kind of ill health
had been thoroughly excluded in the primary and specialist care before the patients were referred to the
department. Although it was shown to be possible
to identify the positive group using the response profile concerning symptoms before treatment, further
research is warranted as to the possibilities to develop
clinically significant and available laboratory tests to
identify the group, for which there is a reasonable hope
of successful treatment with current knowledge.
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APPENDIX
THE FIRST CATEGORY in the questionnaire was comprised of 30 questions about symptoms.
These questions were also subdivided into:
A. Do you currently have troubles with the following symptoms? (Yes–No)
B. How serious are/were your troubles? (1–5; 1: no troubles, 5: serious troubles)
This question was asked pertinent to three stages:
Before, during and after RID
C. Has the symptom changed? (1–7; 1: much better, 4: unchanged, 7: much worse)
Symptoms included in the first category
1. Chronic or periodic fatigue with duration of at least six months and that cannot be
cured with rest in bed and that have inflicted a reduction of daily activities with at
least 50%.
2. Feeling cold, shivering or fever?
3. Sore throat, other throat problems?
4. Aching lymphatic glands on the neck or in armpits?
5. Muscle discomfort in the whole body?
6. Pain or discomfort in the muscles?
7. Abnormal fatigue after physical exertion?
8. Headache?
9. Troubles in the joints?
10. Light sensitivity?
11. Have you experienced any temporary impairment of vision?
12. Do you have an impaired memory (forgetfulness)?
13. Are you overly irritated?
14. Do you experience bewilderment?
15. Do you have difficulties to think?
16. Impairment of concentration?
17. A feeling of dejection or depression from time to time?
18. Impairment of sleep?
19. Dizziness or unsteadiness?
20. Buzzing in your ears (tinnitus)?
21. Discomfort in hands/feet?
22. Tremor or spasms in muscle/muscles?
23. Aching shoulder/shoulders?
24. Troubles with the heart?
25. Troubles with stomach/intestines?
26. Troubles with the urinary bladder/urinary production?
27. Eczema, blisters or other skin troubles?
28. Often infections?
29. Blisters, wounds or other discomfort in the mouth?
30. Aching teeth, jaws or face?
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APPENDIX (cont.)
THE SECOND CATEGORY comprised questions about quality of life and health. The questions
concerned the gross health – physically and mentally – as well as the quality of life during
different periods; before, during and after RID. The patients were asked to assess their
gross health and quality of life on a scale from 1 (very bad) to 7 (very good).

Questions included in this category:
Physically
31. How did you feel physically before the RID in question?
32. How did you feel physically during the RID?
33. How have you been physically during the last year?
34. How have you been physically during the last week?
Mentally
35. How did you feel mentally before the RID in question?
36. How did you feel mentally during the RID?
37. How have you been mentally during the last year?
38. How have you been mentally during the last week?
Quality of life
39. How would you like to describe your total quality of life before the RID in question?
40. How would you like to describe your total quality of life during the RID in question?
41. How would you like to describe your total quality of life during the last year?
42. How would you like to describe your total quality of life during the last week?

THE THIRD CATEGORY comprised questions about the care and activities at the former
Department of clinical metal biology. The patients were asked to assess their opinions on a
scale from 1 (very bad) to 7 (very good).
Questions included in this category:
43. What is your opinion about the waiting time before you got an appointment at the
Department of clinical metal biology?
44. What is your opinion about the treatment and investigation at as well as the
interaction with the Department of clinical metal biology

482

