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ABSTRACT
Objective: A prospective cohort study on changes of health complaints after removal of amalgam restora-
tions was carried out at the request of the Norwegian Directorate of Health. The aim was to provide and
evaluate experimental treatment to patients with health complaints attributed to dental amalgam fillings.
Methods: Patients (n¼ 32) with medically unexplained physical symptoms (MUPS), which were attrib-
uted to dental amalgam restorations had all their amalgam restorations removed and replaced with
other dental restorative materials. Samples of blood were collected before and 1 year after removal of
the fillings, and concentration of inorganic mercury (I-Hg), methylmercury (MeHg), silver (Ag) and sel-
enium (Se) in serum was determined by inductively coupled plasma–sector field mass spectrometry.
The comparison groups (one with MUPS but without attribution to amalgam [n¼ 28] and one group
of healthy individuals [n¼ 19]) received no treatment. The participants responded to questionnaires at
baseline and at follow-up after 1 and 5 years.
Results: Concentration of I-Hg and Ag in serum decreased significantly after removal of all amalgam
restorations. Concentration of MeHg and Se in serum were not changed. Intensity of health complaints
was significantly reduced after amalgam removal, but there were no statistically significant correlations
between exposure indicators and health complaints.
Conclusions: Removal of all amalgam restorations is followed by a decrease of concentration of I-Hg
and Ag in serum. The results support the hypothesis that exposure to amalgam fillings causes an
increase of the daily dose of both I-Hg and Ag. Even though intensity of health complaints decreased
after removal of all amalgam restorations there was no clear evidence of a direct relationship between
exposure and health complaints.

Trial registration: The project is registered at Clinicaltrials.gov (NCT01682278).

ARTICLE HISTORY
Received 12 September 2022
Revised 14 October 2022
Accepted 24 October 2022

KEYWORDS
Dental amalgam; mercury;
serum; subjective health
complaints; cohort study

Introduction

Dental amalgam is a mixture of liquid elemental mercury
(Hg0) and an alloy consisting of silver, tin and copper.
Sometimes small amounts of other elements are included as
well [1]. Since mercury is a highly toxic element there are
concerns regarding the risk for adverse effects from the
exposure to mercury released from dental amalgam [1–4].

The main sources of mercury in the population are sea-
food, which contains methylmercury (MeHg), and dental
amalgam restorations, which releases inorganic mercury
(I-Hg) and elemental mercury (Hg0) [5]. All these forms of
mercury are absorbed to various degrees by the body and
distributed systemically. About 80% of inhaled elemental
mercury vapour is absorbed by the lungs, distributed to

body organs and rapidly oxidized to I-Hg. Concentration of
total mercury in blood is strongly influenced by the intake of
seafood [5]. Thus, monitoring of exposure to I-Hg and Hg0

using samples of blood requires speciation analyses, which
allows to differentiate between MeHg and I-Hg [6,7]. The bio-
logical half-life of I-Hg in plasma after exposure to Hg0 is
short [8,9], and thus, the concentration of I-Hg in plasma
(and serum) reflects mainly recent exposure (the last days).

Silver (Ag) is another constituent of dental amalgam,
which has toxic effects on aquatic organisms at very low
concentrations [10,11]. For some marine species Ag is
assumed to be more toxic than mercury [12]; thus, Ag should
also be considered when potential side effects from dental
amalgam are investigated. In humans, very high exposure to
Ag may cause argyria, which appears as grey discolouration
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of the skin [13]. Animal experiments have shown that Ag
nanoparticles may cause immunotoxicity [14], but the poten-
tial for adverse reactions due to Ag released from dental
amalgam is largely unknown.

Selenium (Se) is an essential trace element with import-
ance for antioxidant status and the immune system [15]. Low
plasma Se levels indicate suboptimal Se status, while ele-
vated levels of Se in serum may be found in individuals tak-
ing dietary supplements including Se. There are indications
that Se deficiency is related to muscle pain [16], cardiomyop-
athy [17], impaired immune response, cardiovascular disease,
cancer, disorders of the nervous system and neurodegenera-
tive diseases [18]. Se interacts in the body with both mercury
and Ag, which can form complexes with selenide and be
stored in the body [17]. Furthermore, toxic effects of both
mercury and Ag can be reduced by Se [17].

The primary aim of this article was to describe concentra-
tions of biomarkers of exposure to dental amalgam (i.e. con-
centration of I-Hg and Ag in serum) and Se status (as
reflected by concentration of Se in serum) before and after
removal of all amalgam fillings in a group of patients with
medically unexplained physical symptoms (MUPS) [19,20]
attributed to dental amalgam fillings. In addition, correlations
between the exposure indicator (number of amalgam surfa-
ces) and biomarkers in serum (I-Hg and Ag) were explored as
well as associations between change scores of general health
complaints (GHC) index and the exposure indicator and bio-
markers in serum.

Data were obtained from an experimental treatment pro-
ject on changes of health complaints after removal of amal-
gam restorations. The project was designed as a prospective
cohort study [21]. The primary outcome of the project was
changes of intensity of GHC index [22] 1 year after amalgam
removal and replacement with other dental restorative mate-
rials. The analysis of the primary outcome showed a signifi-
cant reduction of the intensity of the GHC index following
amalgam removal [21]. In addition, there was a significant
improvement of health-related quality of life measured by
SF-36 [21] and EQ-5D-5L [23].

In the present article, concentrations of mercury in serum
(a predefined secondary outcome) and other relevant trace
elements in serum collected before and 1 year after com-
pleted removal of all amalgam restorations are presented.
We expected the concentration of both I-Hg and Ag in
serum to be reduced after amalgam removal. We did not
expect the concentration of MeHg to change, since the num-
ber of amalgam surfaces is not significantly associated with
MeHg in blood [7,24]. Neither was any change of the con-
centration of Se in serum expected following removal of
amalgam restorations. Thus, the following main hypotheses
were tested: Concentration of mercury, silver and
selenium in serum is not changed after removal of all amal-
gam restorations (H0). The alternative hypotheses (H1) were
that there were changes—in any direction—from baseline to
follow-up. In addition, the correlation between number of
amalgam surfaces and concentration of I-Hg in serum and
concentration of Ag in serum was tested. The null hypothesis
(H0) was that there was no association, while the alternative

hypothesis was that there was an association in any direc-
tion. Associations between intensity of health complaints
and concentration of I-Hg and Ag in serum were also tested
for statistical significance (H0: No association, H1 association
in any direction).

Subjects and methods

The participants in this analysis took part in a prospective
cohort study on changes of health complaints after removal
of amalgam restorations [21]. The main target group was
patients with MUPS attributed to dental amalgam fillings
(Amalgam cohort). Patients in the Amalgam cohort had to
send an application to the study office to participate in the
project. All participants in the Amalgam cohort were exam-
ined by a physician (mainly the patient’s general practitioner;
GP) and a dentist according to official guidelines before
inclusion in the project [25]. The study had two comparison
groups: Patients with MUPS without attribution to dental
amalgam fillings (MUPS cohort) and healthy individuals with-
out chronic diseases or permanent medication (Healthy
cohort). A detailed description of the recruitment procedures,
examination and dental treatment is given elsewhere [21].

Inclusion and exclusion criteria

Inclusion criteria for all groups were (i) age between 20 and
70 years, (ii) permanent residency in Norway and (iii) ability
to comply with the protocol.

Additional inclusion criteria for the Amalgam cohort were
(i) health complaints �3months duration attributed by the
patient to dental amalgam restorations, (ii) patient’s GP and
dentist assessed that the general and dental health of the
patient most likely would not deteriorate due to participation
in the project and (iii) patient’s dentist assessed that there
were no major risks for complications following amalgam
removal (e.g. need for endodontic treatment or extractions).

In addition, subjective symptoms without corresponding
objective findings after medical examination(s), including
symptoms not explained by patient’s diagnoses and moderate
or severe functional impairment (physician-assessed) were
inclusion criteria for both the Amalgam cohort and the MUPS
cohort. Diagnosed diseases should be adequately treated in
both groups. Patients in the MUPS cohort should have at least
3 months duration of unspecific health complaints.

Exclusion criteria for all groups were pregnancy, planned
pregnancy and lactation. For the Amalgam cohort and the
MUPS cohort life-threatening disease, patients with ongoing
cancers, severe cardiopulmonary, neurological or psychiatric
diseases (assessed by the GP) and organic cause of all com-
plaints were exclusion criteria [21].

Clinical procedures

Amalgam cohort
After initial examinations by the patient’s GP and dentist and
approval of the application to participate in the study,
patients in the Amalgam cohort were sent the baseline
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questionnaire (Q1). After returning the baseline questionnaire
to the study office, patients were assessed by their GP for
fulfilment of inclusion and exclusion criteria, and a blood
sample was collected.

The dental treatment (removal of all visible amalgam
restorations and replacement with other dental restorative
materials) was carried out by the patient’s ordinary dentist.
The dentists were instructed to complete a short question-
naire after each treatment session regarding the use of rub-
ber dam, water-cooling, high-volume evacuation and other
protective measures during the amalgam removal. In add-
ition, patient’s intake of dietary supplements and other prep-
arations in conjunction with the treatment sessions
was noted.

The patients completed another questionnaire about
intake of dietary supplements and other preparations in con-
junction with the actual treatment session and the experien-
ces in conjunction with the treatment session (e.g.
aggravation of symptoms within 1 week after the treatment
session). In addition, the patients were instructed to contact
their dentist in case of experiencing adverse reactions in con-
junction with the treatment sessions.

One year after completed removal of all amalgam restora-
tions, the follow-up questionnaire (Q2) was mailed to the
patients. After returning the follow-up questionnaire patients
were again assessed by their GP and had a blood sam-
ple collected.

MUPS cohort and healthy cohort
After recruitment and obtaining written informed consent,
the participants were sent the baseline questionnaire (Q1).
After returning the baseline questionnaire to the study office,
patients in the MUPS cohort were assessed by their GP for
fulfilment of inclusion and exclusion criteria. Both the MUPS
cohort and the Healthy cohort had a blood sample collected
at the GP’s office. Two years later, the first follow-up ques-
tionnaire (Q2) was mailed to the participants in the MUPS
cohort and the Healthy cohort. After returning the follow-up
questionnaire, a new blood sample was collected at the
GP’s office.

Second follow-up (Q3)
Four years after completion of the first follow-up question-
naire (Q2), a second follow-up questionnaire (Q3) was mailed
to the participants in all three cohorts.

Sample collection

Blood samples were collected using serum tubes (BD
Vacutainer SST II Plus Advance), which were sent to the par-
ticipant together with instructions for sample collection
aimed at the laboratory personnel at the GP’s office. After
venipuncture, the samples had to clot for 30min and then
centrifuged for 10min at 1300�g. Without being opened at
the GP’s office, samples were sent to the laboratory at
Haukeland University Hospital in Bergen for transfer to sterile
polypropylene cryo-tubes (Cryo.sTM Freezing Tubes, item no:

124263, Greiner Bio-One) and stored at �20 �C in a tempor-
ary biobank. Within a week, samples were stored at �80 �C
in the biobank at the Dental Biomaterials Adverse Reaction
Unit in Bergen.

Determination of trace elements

Concentration of trace elements in serum (mercury, silver
and selenium) was determined by inductively coupled plas-
ma–sector field mass spectrometry (ICP-MS) at the laboratory
of ALS Scandinavia AB (Luleå, Sweden) [26,27]. MeHg in
serum was determined using a combination of extraction
and isotope-dilution GC-ICP-MS [28]. Detection limits (limit of
reporting) were 0.2mg Hg/L for total mercury, 0.03 mg Hg/L
for MeHg, 0.05mg Ag/L for Ag, and 5 mg Se/L for Se. Samples
with concentrations below detection limit were set to half of
the detection limit. Concentration of I-Hg was estimated by
calculation of the difference between concentration of total
mercury and concentration of MeHg. If the calculated differ-
ence was negative, the concentration of I-Hg was set to 0.

Outcomes

The primary outcome of the project was change in GHC
index 1 year after removal of the amalgam fillings, which is
reported elsewhere [21]. The GHC index is the sum score cal-
culated from numeric rating scales of 12 items (musculoskel-
etal complaints, gastrointestinal complaints, cardiovascular
complaints, skin problems, complaints related to eyes/sight,
complaints related to ears/hearing/nose/throat, tiredness, diz-
ziness, headaches, memory problems, difficulty concentrating
and anxiety/depression) [22,29]. The GHC index is shown to
be a valid and responsive instrument for assessing symptom
intensity in patients attributing their health complaints to
amalgam fillings and undergoing amalgam removal [30].
Concentration of mercury in serum was a predefined second-
ary outcome. Additional outcomes were concentration of Ag
in serum and concentration of Se in serum.

Statistical methods

Since the distribution of trace element data generally was
skewed, nonparametric tests (Wilcoxon Signed Rank Test)
were used for calculation of the statistical significance of
changes of concentrations of trace elements in serum from
baseline to follow up. Between group differences were tested
with Mann Whitney U-test or Kruskal Wallis Test. For calcula-
tions of the statistical significance of correlations between
variables Kendall’s tau b was used. Logistic regression was
used to calculate odds ratios for improvement of general
health complaints (above or below the median change score)
related to biomarkers of exposure and the exposure indica-
tor. Paired sample T-test was used for calculation of within
group changes of GHC from baseline to first follow-up.
Linear mixed models were used to analyse changes over
time from baseline (Q1) to the first (Q2) and second follow-
up (Q3) in relation to concentration of I-Hg in serum [31].
Within-group and between-group effect sizes (Cohen’s d)
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were calculated by dividing the mean difference by the
standard deviation of the mean difference. Within group
effect sizes (and 95% CI) for GHC changes from Q1 to Q3
were estimated by using the regression coefficients from
analysis by linear mixed models of z-transformed data. The
z-transformation allows interpretation of data on a dimen-
sionless scale (e.g. effect size).

IBM-SPSS (IBM Corp. IBM SPSS Statistics for Windows, ver-
sion 27, Armonk, NY, USA) and STATA (StataCorp LCC. Stata
Statistical Software: 17.0 College Station, TX, USA) were used
for the statistical analyses. The p-values below .05 were con-
sidered statistically significant, but effect sizes were also
taken into consideration [32].

Sample size calculation

The sample size calculation was based on assumptions
regarding the primary outcome of the project (i.e. changes
of intensity of general health complaints; GHC index) [21].
Based on a 1:1 ratio of the Amalgam and MUPS cohorts,
power analysis indicated 81.5% power for a total of 60
patients (with 30 in each group) given a mean difference of
2.5 in the MUPS cohort and 10 in the Amalgam cohort (a
between-group difference of 7.5 in GHC change scores and
an effect size of 0.75) and a common within-group standard
deviation of 10.0 and alpha set to 0.05.

Ethics

The project was approved by the Norwegian Research Ethics
Committee South East (2012/331/REK sør-øst) and registered
at Clinicaltrials.gov (NCT01682278). All participants signed an
informed consent form.

Funding and project organisation

The project was funded by the Norwegian Ministry of Health
and Care Services and the Dental Biomaterials Adverse
Reaction Unit in Bergen was appointed by the Norwegian
Directorate of Health to organize the project.

Results

Subjects

Questionnaire data at both baseline and the first follow up
was available for 32, 28, and 19 participants in the three
cohorts (Amalgam, MUPS, and the Healthy cohort). For 30,
25, and 11 participants in the cohorts the collection of serum
was successful at both baseline and first follow up and thus,
were available for analyses. For two participants in the
Amalgam cohort, serum samples were only available at base-
line. Demographic characteristics for the three cohorts are
given in Table 1. At follow up the symptom load in the
Amalgam cohort as measured by the GHC index was signifi-
cantly lower compared to baseline (p< .001, paired T-test,
Table 1). The effect size (Cohen’s d) was 0.853 (95% confi-
dence interval 0.428 to 1.267). A detailed analysis of changes
in symptom load (GHC index and SF-36) in the cohorts is
published elsewhere [21].

Dental treatment

The 32 patients in the Amalgam cohort were given dental
treatment at 212 sessions within the project. The mean num-
ber of treatment sessions was 6.6 (median 6.5, range from 2
to 13). Dental amalgam restorations were removed in a total
of 179 treatment sessions (dentist documentation) or 178
sessions (patient documentations). Rubber dam was used in
about three-quarter of the removal sessions, water-cooling
and high-volume evacuation was according to dentist and
patient documentation used in 94% and 92%, respectively.
Rubber dam, water-cooling and high-volume evacuation
were not used in all amalgam removal sessions for 17
patients using the documentation by the dentists. According
to patient documentation, dietary supplements (vitamins and
minerals) were used in conjunction with 57% of the amal-
gam removal sessions, other preparations like alcohol or
charcoal were used by 19%; corresponding numbers as
reported by dentists were lower (Table 2).

Twenty-one patients reported intake of dietary supple-
ments (vitamins and minerals) and 10 patients reported

Table 1. Demographic characteristics and GHC index at baseline, first follow-up (Q2) and change score for participants in the three
cohorts with available serum samples at both baseline and follow-up.

Cohort

Amalgam (n¼ 30) MUPS (n¼ 25) Healthy (n¼ 11)

Female gender, n (%) 18 (60) 21 (84) 8 (72)
Age (years); mean (SD) 52.5 (7.4) 50.3 (10.8) 51.3 (11.2)
Smoking habits, n (%)

No, never ever 11 (36.7) 13 (52.0) 5 (45.5)
No, stopped less than one year ago 1 (3.3) 1 (4.0) 0 (0)
No, stopped more than one year ago 14 (46.7) 6 (24.0) 3 (27.3)
Yes, but not daily 0 (0) 2 (8.0) 2 (18.2)
Yes, daily 4 (13.3) 2 (8.0) 1 (9.1)
Missing data 0 (0) 1 (4.0) 0 (0)

Time between Q1 and Q2 in years; mean (SD) 2.06 (0.50) 2.25 (0.35) 2.14 (0.50)
GHC index, mean (SD)
… . At baseline (Q1) 43.6 (18.0) 37.5 (14.5) 9.2 (16.8)
… . At first follow-up (Q2) 30.1 (14.7) 36.4 (19.8) 5.8 (6.1)
… . change score (Q1-Q2) 13.5 (15.9)a 1.1 (12.7)b 3.4 (12.1)c

(a) p< .001, (b) p¼ .655, (c) p¼ .373 for H0: Change score ¼ 0.
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intake of other preparations like alcohol or charcoal in con-
junction with at least one amalgam removal session. Use of
additional extraoral dental suction or external air delivered
to the patient via nasal mask was reported by six patients.

Supplementary details about the dental treatment are
given in Table S1 (Supplementary material).

Trace elements in serum

Inorganic mercury
At baseline, the mean concentration of I-Hg in the Amalgam
cohort was 0.23 (SD 0.21) mg Hg/L (Table 3) and there was
no significant difference between the cohorts (p¼ .495;
Kruskal Wallis test). At follow-up one year after amalgam
removal, the mean value for I-Hg was below detection limit
indicating a significant decrease (p< .001; Wilcoxon Signed
Rank Test; Table 3). There were no significant changes of
concentration of I-Hg in the other two cohorts (p¼ .847 and
p¼ .313, respectively; Table 3 and Figure 1). At follow-up
concentration of I-Hg was significantly lower in the Amalgam

cohort compared to the other two cohorts (p< .001 and
p¼ .002, respectively).

Methylmercury
At baseline, the mean concentration of MeHg in the Amalgam
cohort was estimated at 0.43 (SD 0.30) mg Hg/L, (Table 2) and
the concentration was not significantly changed (mean con-
centration 0.47 (SD 0.36) mg Hg/L; p¼ .560) at follow-up
(Table 3). There were no significant differences between the
cohorts regarding concentration of MeHg in serum neither at
baseline nor at follow-up (Kruskal-Wallis test; Figure 2).

Silver
A similar pattern as for I-Hg was found for concentration of
Ag in serum. In the Amalgam cohort there was a significant
decrease (p< .001; Wilcoxon Signed Rank Test; Table 3), but
in the MUPS cohort and in the Healthy cohort, there was no
significant change (Table 3 and Figure 3). There were no sig-
nificant differences between the cohorts regarding

Table 2. Dental treatment sessions with amalgam removal in the amalgam cohort.

Dentist documentation Patient documentation

Number of sessions (n) Percent Number of sessions (n) Percent

Treatment sessions with amalgam removal 179 100 178 100
Rubber dam used 134a 74.9 137 77.0
… used all the time 117 65.4 106 59.6
… used in part 16 8.9 17 9.6
…missing data regarding part of time 1 0.6 14 7.9
Water-cooling and high-volume evacuation used 169b 94.4 164 92.1
Additional extraoral dental suction or external air delivered

to the patient via nasal mask
26c 14.5 26d 14.6

Dietary supplements (vitamins and minerals) used 43 24.0 101e 56.7
Other preparations (e.g. alcohol, charcoal) used 25 14.0 34f 19.1
aAccording to the documentation by the dentist, no rubber dam was used in 45 sessions (involving 16 patients). Of these 16 patients, 11 were treated using
rubber dam in some sessions and 5 were treated without using rubber dam in any session.
bIn 10 sessions (involving 6 patients), use of water-cooling and high-volume evacuation was not documented in the questionnaire.
cInvolving 7 patients.
dInvolving 6 patients.
eInvolving 21 patients.
fInvolving 10 patients.

Table 3. Concentration of inorganic Hg (I-Hg), MeHg, Ag and Se in serum (mg/L) at baseline and follow-up.

Mean (SD)

I-Hg MeHg Ag Se

Cohort Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up

Amalgam cohort (n¼ 30) 0.23 (0.21) 0.01 (0.03)a 0.43 (0.30) 0.47 (0.36) 0.20 (0.23) 0.20a (0.80) 78.2 (24.7) 71.5 (13.8)
MUPS cohort (n¼ 25) 0.17 (0.19) 0.27 (0.51) 0.43 (0.55) 0.45 (0.59) 0.14 (0.13) 0.17 (0.18) 69.0 (15.8) 71.3 (17.6)
Healthy cohort (n¼ 11) 0.31 (0.45) 0.17 (0.20) 0.47 (0.33) 0.35 (0.23) 0.26 (0.30) 0.16 (0.13) 78.2 (22.8) 72.9 (9.8)

Median (lower and upper quartile)

I-Hg MeHg Ag Se

Cohort Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up

Amalgam cohort (n¼ 30) 0.24 0.00a 0.39 0.39 0.12 0.03a 72.3 67.5
(0.00, 0.34) (0.00, 0.00) (0.20, 0.58) (0.27, 0.58) (0.08, 0.22) (0.03, 0.06) (62.0, 87.8) (63.7, 77.1)

MUPS cohort (n¼ 25) 0.12 0.11 0.29 0.25 0.10 0.12 63.4 68.7
(0.00, 0.30) (0.00, 0.28) (0.07, 0.56) (0.11, 0.51) (0.03, 0.17) (0.03, 0.23) (59.1, 81.8) (59.0, 77.7)

Healthy cohort (n¼ 11) 0.00 0.00 0.58 0.29 0.16 0.21 72.5 74.2
(0.00, 0.50) (0.00, 0.36) (0.13, 0.61) (0.15, 0.56) (0.07, 0.39) (0.03, 0.25) (64.5, 86.3) (68.6, 81.2)

aSignificantly different from baseline value (p< .001; Wilcoxon Signed Rank Test – Exact 2-tailed test).
Mean (and SD; upper part of the table) and median values (and lower and upper quartile; lower part of the table) are given for the three cohorts.
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concentration of Ag in serum at baseline, but at the first fol-
low-up (Kruskal-Wallis test; p¼ .005).

Selenium
Concentration of Se in serum was not significantly changed in
any cohort (Table 3 and Figure 4). There were no significant dif-
ferences between the cohorts regarding concentration of Se in
serum neither at baseline nor at follow-up (Kruskal-Wallis test).

Correlation between number of tooth surfaces filled with
dental amalgam and markers of exposure
At baseline, there was a significant correlation between con-
centration of I-Hg in serum and number of tooth surfaces
filled with amalgam in the Amalgam cohort (Kendall’s tau b
0.317, p¼ .014, n¼ 32; Figure 5). In addition, there was a sig-
nificant correlation between concentration of Ag in serum

and number of tooth surfaces filled with amalgam (Kendall’s
tau b¼ 0.415, p< .001, n¼ 32; Figure 6).

Correlation between concentration of trace elements in
serum at baseline and follow-up
Inorganic Hg–Ag. At baseline, but not at follow-up, there
was a significant correlation between concentration of I-Hg
and Ag in the Amalgam cohort (Kendall’s tau b¼ 0.359,
p¼ .005, n¼ 32). In the combined MUPS and Healthy cohorts
there were significant correlations between concentration of
I-Hg and Ag both at baseline and at follow-up (Table 4).

Inorganic Hg–MeHg. In contrast to the Amalgam cohort,
there was a significant correlation between concentration of
I-Hg and MeHg in the MUPS and Healthy cohorts at baseline
(Table 4). At follow-up, there were no significant correlations
between I-Hg and MeHg in any of the cohorts.

Figure 1. Concentration of inorganic Hg in serum (mg Hg/L) in the Amalgam cohort (n¼ 30), MUPS cohort (n¼ 25) and in the Healthy cohort (n¼ 11) at baseline
and first follow up. In the box plots upper and lower quartiles and median value are indicated. The highest and lowest values are indicated by the whiskers, while
outliers are marked with a circle or an asterisk.

Figure 2. Concentration of MeHg in serum (mg Hg/L) in the Amalgam cohort (n¼ 30), MUPS cohort (n¼ 25) and in the Healthy cohort (n¼ 11) at baseline and first
follow up. For explanation of the box plots, see legend to Figure 1.
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Selenium. In the MUPS and Healthy cohorts, there were sig-
nificant correlations between concentration of Se and con-
centration of I-Hg, MeHg and Ag at baseline and between
concentration of Se and concentration of I-Hg and MeHg at
follow-up (Table 4). In the Amalgam cohort, there were sig-
nificant correlations between concentration of Se and con-
centration of MeHg both at baseline (p¼ .020, n¼ 32) and at
follow-up (p¼ .001, n¼ 30; Table 4).

Within element correlation between baseline and fol-
low-up
In the Amalgam cohort, the within element correlations (cor-
relation between baseline value and follow-up value) were
significant for MeHg and Se (p-value <.001 for both). In the

MUPS and Healthy cohorts, the within element correlations
were significant for all elements (p< .001 for all; Table 4).

Correlation between markers of exposure and GHCs

At baseline, there were no significant correlations between
concentration of I-Hg and intensity of general complaints as
measured by the GHC questionnaire in any cohort. Neither
was there any significant correlations between change scores
(difference between baseline and follow-up) for concentra-
tion of I-Hg and change scores for GHC index. The Kendall’s
tau b coefficient for the Amalgam cohort was 0.173
(p¼ .188). Similar analyses for concentration of Ag in serum
revealed no statistically significant results (zero correlation).

Figure 3. Concentration of Ag in serum (mg Ag/L) in the Amalgam cohort (n¼ 30), MUPS-cohort (n¼ 25) and in the Healthy cohort (n¼ 11) at baseline and first
follow-up. For explanation of the box plots, see legend to Figure 1.

Figure 4. Concentration of Se in serum (mg Se/L) in the Amalgam cohort (n¼ 30), MUPS-cohort (n¼ 25) and in the Healthy cohort (n¼ 11) at baseline and follow-
up. For explanation of the box plots, see legend to Figure 1.
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Figure 5. Concentration of I-Hg in serum (mg Hg/L) at baseline related to number of tooth surfaces filled with amalgam in the Amalgam cohort (n¼ 32).

Figure 6. Concentration of Ag in serum (mg Ag/L) at baseline related to number of tooth surfaces filled with amalgam in the Amalgam cohort (n¼ 32).

Table 4. Correlations between concentration of trace elements in serum (mg/L) at baseline and first follow-up for the Amalgam cohort (n¼ 30; upper part of
table) and for the MUPS and Healthy cohorts (n¼ 36; lower part of the table).

I-Hg MeHg Ag Se I-Hg MeHg Ag Se
(Baseline) (Baseline) (Baseline) (Baseline) (Follow-up) (Follow-up) (Follow-up) (Follow-up)

Filled surfaces – amalgam 0.285� 0.185 0.388�� �0.107 0.051 0.046 �0.274 0.032
p-value 0.032 0.153 0.003 0.411 0.739 0.721 0.060 0.803

I-Hg (Baseline) 0.002 0.343�� �0.069 �0.020 �0.007 �0.036 �0.064
p-value 0.986 0.009 0.601 0.900 0.957 0.806 0.626

MeHg (Baseline) 0.302� 0.106 0.301� 0.248 0.439�� �0.157 0.315�
p-value 0.016 0.412 0.019 0.105 0.001 0.279 0.015

Ag (Baseline) 0.489�� 0.197 0.042 �0.032 <0.001 0.119 0.097
p-value <0.001 0.101 0.748 0.835 1.000 0.413 0.453

Se (Baseline) 0.283� 0.475�� .238� 0.235 0.237 0.048 0.517��
p-value 0.024 <0.001 0.047 0.124 0.066 0.740 <0.001

I-Hg (Follow up) 0.562�� 0.207 0.290� 0.195 0.222 �0.159 0.273
p-value <0.001 0.099 0.024 0.118 0.146 0.356 0.074

MeHg (Follow up) 0.443�� 0.557�� 0.295� 0.461�� 0.134 0.054 0.416��
p-value <0.001 <0.001 0.014 <0.001 0.286 0.707 0.001

Ag (Follow up) 0.403�� 0.107 0.599�� 0.165 0.344�� .257� 0.080
p-value 0.002 0.376 <0.001 0.171 0.008 0.033 0.580

Se (Follow up) 0.298� 0.319�� 0.073 0.449�� 0.318� 0.401�� 0.150
p-value 0.017 0.006 0.544 <0.001 0.011 0.001 0.213

�p< 0.05 level (2-tailed).��p< 0.01 level (2-tailed).
Correlation coefficients (Kendall’s tau b) and two tailed p-values (italics) are given.
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Since the Amalgam and the MUPS cohorts had similar
symptom load at baseline they were combined. An explora-
tive analysis showed a significant correlation between
change scores for concentration of I-Hg and change scores
for GHC (Kendall’s tau b coefficient 0.196, n¼ 55, p¼ .042).

In the Amalgam cohort, patients with higher concentra-
tion of I-Hg in serum at baseline had higher odds ratio for
having a change score of the GHC index above the median
value of 10.95. By an increase of the concentration of I-Hg in
serum at baseline of 0.2mg/L the likelihood for a GHC
change score above the median value increases approxi-
mately two times (OR 2.16; 95% CI 0.90 to 5.17; n¼ 32). This
increase was, however, not statistically significant (p¼ .084).
Similarly, patients with higher concentration of Ag in serum
at baseline had higher odds ratio for having a GHC change
score above the median value. An increase of 0.2 mg Ag/L
increased the likelihood approximately three times (OR 3.1;
95% CI 0.76 to 12.6; n¼ 32). As in the case of I-Hg, this
increase was not statistically significant (p¼ .114).

The number of amalgam surfaces at baseline showed only
a small and non-significant correlation with GHC change
score: an increase by 10 amalgam surfaces increased odds
ratio by 1.2 (95% CI 0.6 to 2.4; p¼ .524, n¼ 32).

Analyses of mean GHC over time from Q1 to Q3 in the
three cohorts using linear mixed models showed consistent
results as with the analyses of change from Q1 to Q2
(Figure 7). At Q3 the mean GHC score was significantly lower
compared with Q1 (p< .001). There was no significant

change over time for the other two cohorts. The decrease of
the GHC score in the Amalgam cohort was not significantly
associated with change in concentration of I-Hg in serum
from Q1 to Q2 (p¼ .605). After analyses of z-transformed
data by linear mixed models the effect size in the Amalgam
cohort was estimated to 0.70 for change from Q1 to Q2
(95% CI 0.41 to 0.99) and 0.87 for change from Q1 to Q3
(95% CI from 0.53 to 1.20).

Dental treatment procedures and patient actions
related to outcomes

For 17 patients in the Amalgam cohort rubber dam, water-
cooling and high-volume evacuation were to some degree
not used during one or several amalgam removal sessions.
The GHC mean change score for these patients was lower,
but not significantly, compared to the 15 patients in the
Amalgam cohort for whom rubber dam, water-cooling, and
high-volume evacuation was used during all amalgam
removal sessions (effect size 0.515; Table 5).

Patients who reported use of additional extraoral dental
suction or external air delivered to the patient via nasal
mask in conjunction with the amalgam removal sessions had
slightly higher mean GHC change score than patients who
not reported this (effect size 0.303; Table 5).

Twenty-one patients reported intake of vitamins and min-
erals in conjunction with the amalgam removal sessions.
These patients had higher, but not significantly, mean GHC

Figure 7. Mean GHC index (and standard error) at baseline (Q1), and at first (Q2) and second follow-up (Q3). Mean index score at the second follow-up was esti-
mated by use of linear mixed models.

Table 5. Dental treatment procedures related to mean GHC change scores in the Amalgam cohort.

n Mean change score (SD) p-value Effect size (95%CI)

Rubber dam, water-cooling and high-volume evacuation all the time
Yes 15 17.0 (19.2)
No 17 9.0 (11.5) .172 0.515 (–0.195 to 1.218)

Additional extraoral dental suction or external air delivered to the patient via nasal mask
Yes 6 16.7 (21.8)
No 26 11.9 (15.0) .509 0.303 (–0.591 to 1.191)

Dietary supplements (vitamins and minerals) used
Yes 21 15.5 (16.6)
No 11 7.5 (13.6) .179 0.512 (–0.223 to 1.249)

Other preparations (e.g. alcohol, charcoal) used
Yes 10 17.1 (19.6)
No 22 10.8 (14.0) .306 0.398 (–0.360 to 1.148)
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change score than patients who not reported this. The effect
size was medium (0.512, Table 5).

Intake of alcohol, charcoal etc. in conjunction with the amal-
gam removal sessions was reported by 10 patients. These
patients had higher mean GHC change score (17.1; SD 19.6)
than patients who not reported intake of alcohol, charcoal, etc.
in conjunction with the removal sessions (10.8; SD 14.0, n¼ 22).
As for vitamins and minerals the difference was not statistically
significant (p¼ .306). The effect size was 0.398 (Table 5).

Including all four variables mentioned above as independ-
ent variables in a stepwise (backward) linear regression
model using GHC change score as dependent variable, no
variables were statistically significant.

Explorative analyses indicated that patients who reported
intake of vitamins and minerals in conjunction with the
amalgam removal sessions had slightly higher concentration
of Se in serum at follow up (mean concentration 74 mg/L [SD
15]; n¼ 20) compared to patients who not reported intake of
vitamins and minerals (mean 66 mg/L [SD 10], n¼ 10;
p¼ .099). There were no significant correlations between Se
in serum and GHC change score neither at baseline nor at
first follow-up (Kendall’s tau b coefficients were 0.095
[n¼ 32] and 0.168 [n¼ 30], respectively).

Adverse events

In the Amalgam cohort (n¼ 32), nine patients (28.1%; three
women and six men; mean age 49.9 years, SD 5.5) reported
aggravation of symptoms within 1 week after a treatment
session. The reported symptoms were urticaria, headache,
fatigue, facial pain/jaw pain/sinusitis, exhaustion, sensitivity
to sound, dizziness, flu-like symptoms and facial eczema.

There was no Serious Adverse Event registered in the
study, but three patients had to terminate participation in the
project before finished treatment due to health reasons [21].

Experienced aggravation of symptoms within one week
after a treatment session was not a predictor for having a
change score of the GHC index above the median value of
10.95 (odds ratio 0.7, 95% CI 0.2 to 3.4, p¼ .695).

Discussion

Main findings

As expected, there was a significant correlation between
number of amalgam surfaces and concentration of I-Hg in
serum (Table 4). This verifies the well-known causal relation-
ship between mercury in body fluids and exposure to amal-
gam fillings [24,33–37]. In addition, there was a significant
correlation between number of amalgam surfaces and con-
centration of Ag in serum (Table 4), which further supports
the hypothesis that exposure to amalgam fillings causes
increased uptake of Ag.

In the Amalgam cohort concentration of both I-Hg and
Ag in serum decreased significantly after removal of dental
amalgam restorations in the Amalgam cohort. There were no
significant changes over time in the two other cohorts. At
baseline, the concentration of both I-Hg and Ag in the

Amalgam cohort was similar to the other two cohorts and
within the expected range for individuals with exposure to
dental amalgam fillings [6,24,38,39]. Even though both the
GHC index and biomarkers of exposure decreased consider-
ably after amalgam removal, there were no significant associ-
ations between markers of exposure and health outcomes.
Thus, there was no evidence of a direct dose-response rela-
tionship between exposure and health complaints, but it
cannot be excluded that genetic polymorphisms [4,40–42]
and mercury induced inflammatory response [43,44] could
be of importance as potential effect modifiers. However, an
alternative interpretation is that the improvement of health
is unrelated to mercury and Ag.

Se in serum was similar in the cohorts at both baseline
and follow-up, and in the lower end of the reference range of
63–126mg/L [18]. Even though Se potentially could be an
effect modifier, there was no evidence of an association
between concentration of Se in serum and GHC change score.

In both the combined MUPS and Healthy cohort and in
the Amalgam cohort, there were significant correlations
between concentration of MeHg and Se both at baseline and
at the follow-up (Table 4). Since both MeHg and Se are pre-
sent in seafood [45], it is likely that this is explained by the
dietary intake.

Strengths and limitations

Strengths of this study include the three-arm longitudinal
design including comparison groups with and without MUPS,
the discrimination between I-Hg and MeHg; the inclusion of
analyses of Ag in addition to mercury; and the availability of
two successive follow-up samples (Q2 and Q3). Limitations
include the lack of randomisation of MUPS patients and a
modest sample size which limits the statistical power of the
study. It cannot be excluded that small effects with potential
importance could have been overlooked.

Further results, comparison to other studies

A decrease of the concentration of I-Hg in serum is consist-
ent with an earlier report [46]. In addition, there are several
reports showing decrease of total mercury in biological indi-
cator media (e.g. urine, blood and plasma) after removal of
dental amalgam [29,35,39,46]. A decrease of Ag in serum
after removal of the amalgam restorations has also been pre-
viously reported [39].

As expected, there was no change of the concentration of
MeHg in serum after removal of amalgam restorations. This
supports previous findings from an autopsy study [7], and
more recent multivariate analyses of data from the US
NHANES study [24], that amalgam restorations do not con-
tribute to the MeHg concentration in blood and supports
rejection of the hypothesis that I-Hg released from dental
amalgam is methylated, of quantitative significance, to MeHg
in the body.

The combined exposure to I-Hg released from amalgam
restorations and I-Hg in food might exceed the tolerable
weekly intake of I-Hg [47]. Since mercury is a highly toxic
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element and the commonly used safety margins are
exceeded [48], it is not unlikely that some individuals in the
population could experience side effects due to mercury
released from amalgam restorations [4]. Notably, the updated
safety communication from the US Food and Drug
Administration lists several symptoms that could be due to
high levels of mercury exposure [49], which are also common
in patients with symptoms attributed to dental amalgam (e.g.
mood disorders, fatigue, memory disturbances, pain in joints
and muscles) [50,51]. In the present study individuals with the
highest baseline concentrations of I-Hg had greater chance for
having more improvement as reflected by higher GHC change
scores (odds ratio 2.16 with a 95% CI from 0.90 to 5.17 for an
increase of 0.2mg Hg/L). This was, however, not statistically
significant, but is in accordance with findings reported by
Weidenhammer et al. [46] and by Stenman and Grans [52]. A
similar pattern was found for Ag in serum. Individuals with
the highest baseline concentrations of Ag had greater chance
to have more improvement. Since there was a strong and sig-
nificant correlation between concentration of I-Hg in serum
and concentration Ag in serum (Table 4), the role of Ag is far
from clear. Even though these results were non-significant it
cannot be excluded that a larger study with a higher number
of participants could be more informative. In addition, there is
probably several factors of importance for the MUPS-condi-
tion, but the findings regarding correlations between bio-
markers of exposure and symptom score reported by
Weidenhammer et al. [46] cannot be disregarded.

Since mercury is considered as one of the top ten chemi-
cals of major public health concern [53], a phase down strat-
egy has been implemented for mercury in products including
dental amalgam [54]. The phase down strategy for dental
amalgam includes disease prevention and use of mercury-free
alternatives [55–57]. In Europe, the goal is to phase out the
use of dental amalgam by 2030 [58]. However, since well-
made amalgam fillings are durable and last for many years,
people will have amalgam fillings for decades to come [59].

This study suggests that concentration of both I-Hg and
Ag in serum are useful biomarkers of exposure to dental
amalgam. Both biomarkers decreased considerably after
removal of all amalgam restorations and there were signifi-
cant correlations between concentration in serum and num-
ber of amalgam surfaces. Concentration of MeHg in serum
was not influenced by exposure to dental amalgam.

Even though intensity of GHCs was reduced after amal-
gam removal, data from this study do not support a direct
relationship between intensity of GHCs and biomarkers of
exposure to dental amalgam. However, a correlation
between changes in concentration of I-Hg in serum and
change in intensity of GHCs after removal of amalgam resto-
rations in patients attributing health complaints to dental
amalgam cannot be excluded. Additional studies with higher
sample size could provide additional important information.

Conclusion

Removal of all amalgam restorations is followed by a
decrease of concentration of I-Hg and Ag in serum. Exposure

to amalgam fillings causes increase of the daily dose of both
I-Hg and Ag, which is reflected by concentration of these ele-
ments in serum. Even though intensity of GHCs decreased
after removal of all amalgam restorations there was no clear
evidence of a direct relationship between exposure and
health complaints.
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