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ABSTRACT
Objective: Health complaints attributed to dental amalgam fillings comprise both intraoral and general 
health complaints. There are data suggesting that patients with medically unexplained physical symptoms 
(MUPS) attributed to amalgam fillings show improvement in symptoms after removal of all amalgam fill-
ings. However, data indicating changes of specific health complaints are limited. This study evaluated the 
changes of health complaints after removal of amalgam restorations in patients with health complaints 
attributed to dental amalgam fillings.
Method: Patients with MUPS attributed to dental amalgam (Amalgam cohort) had all their amalgam fill-
ings removed. The participants indicated an intensity of 11 local and 12 general health complaints on 
numeric rating scales before the treatment and at follow-up after 1 and 5 years. The comparison groups 
comprising a group of healthy individuals and a group of patients with MUPS without symptom attribution 
to dental amalgam did not have their amalgam restorations removed.
Results: In the Amalgam cohort, mean symptom intensity was lower for all 23 health complaints at fol-
low-up at 1 year compared to baseline. Statistically significant changes were observed for specific health 
complaints with effect sizes between 0.36 and 0.68. At the 5-year follow-up, the intensity of symptoms 
remained consistently lower compared to before the amalgam removal. In the comparison groups, no 
significant changes of intensity of symptoms of health complaints were observed.
Conclusion: After removal of all amalgam restorations, both local and general health complaints were 
reduced. Since blinding of the treatment was not possible, specific and non-specific treatment effects can-
not be separated.
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Introduction

Dental amalgam is a combination of liquid mercury and a metal 
powder referred to as alloy. The alloy consists mainly of silver, tin, 
and copper. The mixing ratio is 50 wt.% of each [1]. Dental amal-
gam has been used for restoration of dental caries lesions for 
more than 150 years as it has excellent durability, low sensitivity 
towards moisture, and is inexpensive [2]. A significant drawback 
of dental amalgam is the release of mercury from the fillings [1, 3], 
which contributes significantly to the daily exposure to inorganic 
mercury. The daily dose of mercury derived from dental amalgam 
is estimated to be about 5–9 µg Hg/day in subjects with an ordi-
nary number of amalgam fillings [4]. This makes dental amalgam 
one of the biggest sources of mercury exposure [5].

The amalgam fillings emit elemental mercury vapor (Hg0) 
that is inhaled and absorbed into the blood stream. About 80% 
of inhaled mercury vapor is absorbed and retained [6]. Since 
mercury is continuously released from dental amalgam 

restorations [7, 8] there is a potential risk for chronic mercury 
toxicity [1, 3]. Exposure to elemental mercury vapor can have 
both systemic and local effects [6]. In addition, it has impacts on 
both the peripheral and the central nervous system [6]. The 
special affinity of mercury to bind with protein and amino acids 
[9] and the wide spread occurrence make it to one of the 
chemicals of major public health concern [10]. However, there 
are divided views on the risk associated with the use of dental 
amalgam. Nevertheless, there is a significant concern regarding 
the potential health effects from mercury vapor when using 
amalgam as a dental restorative material [11]. Health complaints 
attributed to the use of dental amalgam are non-specific and 
heterogeneous [12], which complicates research on the topic. 
Altogether there is lack of consistent and conclusive evidence to 
directly correlate amalgam with general adverse health effects.

Localized side effects due to dental amalgam are well-
documented. These are mainly related to amalgam tattoos and 
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fillings removed and there was no significant change in the GHC-
index at follow-up in these cohorts. Changes in the specific 
health complaints were not presented in the previous 
publication [24], in which a comparative analysis of GHC change 
in the three groups was presented. The main objective of the 
current paper is to present a descriptive analysis characterizing 
changes of specific health complaints in the Amalgam cohort 
after removal of all amalgam restorations over time periods of 1 
and 5 years after amalgam removal. 

Material and methods 

Data were collected in the Bergen Amalgam Trial, which was 
organized by the Dental Biomaterials Adverse Reaction Unit in 
Bergen, Norway, on behalf of the Norwegian Directorate of 
Health. In this paper, data from the project are presented to 
describe the change in observed health complaints after removal 
of the amalgam restorations.

Participants

Participants in the Amalgam cohort sent an application to the 
study office for participation in the project. Participants in the 
MUPS cohort were recruited via their family physician/general 
practitioner, and participants in the Healthy cohort were 
recruited mainly via dentists participating in the project. A sim-
plified timeline of the Bergen Amalgam Trial is given in Figure 1. 
Recruitment period for the participants was from March 2013 to 
December 2015.

Inclusion and exclusion criteria

The inclusion criteria included age between 20 and 70 years, 
ability to comply with the project, and permanent residence in 
Norway. A complete description of inclusion and exclusion crite-
ria for all three cohorts is given in Table 1. Details regarding 
recruitment and medical and dental examinations are given 
elsewhere [24]. 

amalgam-associated oral lichenoid lesions (OLL). OLL are largely 
associated with delayed hypersensitivity reactions [13]. Removal 
of the restorations results in disappearance of the lesion in most 
cases [14], which suggests a causal relationship. Moreover, in 
some studies, positive correlations have been observed with the 
use of dental amalgam and general side effects. The general side 
effects could potentially be related to the release of mercury 
from dental amalgam [1, 6, 15, 16]. However, the effects from 
individual behaviors (e.g., bruxism and chewing which is 
associated with increased release of mercury from dental 
amalgam restorations [8, 17]) and possible effect modifiers like 
genetic polymorphisms are not known in detail [16, 18]. 

Although there are controversies regarding toxicity associated 
with the use of dental amalgam [19], dental amalgam is still a 
popular choice in various parts of the world [20], and hence there 
is concern and worry in the population about the use of dental 
amalgam [21]. Patients with health complaints attributed to their 
amalgam fillings have in general several symptoms in common 
with patients with medically unexplained physical symptoms 
(MUPS) [22]. The similarity of the health complaints in these two 
patient groups allows comparison over time. 

In 2012 the Norwegian Directorate of Health initiated an 
experimental treatment project including patients with 
subjective health complaints attributed to dental amalgam. The 
project was based on a White paper (stortingsmelding) published 
by the Norwegian Ministry of Health and Care Services [23]. The 
current paper is based on this project, which is subsequently 
referred to as ’Bergen Amalgam Trial’ [24]. The Bergen Amalgam 
Trial was designed as a prospective cohort study with three non-
equivalent groups: Amalgam cohort, MUPS cohort, and Healthy 
cohort. The target population was the Amalgam cohort (patients 
with MUPS attributed to dental amalgam restorations) who had 
all amalgam restorations removed and replaced with other dental 
restorative materials. The MUPS cohort and the Healthy cohort 
were used as comparison groups. The primary outcome of the 
project was general health complaints index (GHC-index) 1 year 
after removal of all amalgam fillings was completed, which was 
significantly decreased (p < 0.001) in the Amalgam cohort [24]. 
Patients in the comparison cohorts did not have their amalgam 

Figure 1.  Timeline of the Bergen Amalgam Trial. Three cohorts were included using a prospective cohort study design. Participants in the Amalgam cohort 
and MUPS cohort were examined by their GP (General Practitioner) at baseline (Q1) and at the first follow up (Q2). Participants in the Amalgam cohort were 
also examined by their GP at the second follow-up (Q3).
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Data collection 

At baseline, the first questionnaire (Q1) was sent to all three 
cohorts after written informed consent was obtained. This 
was followed by removal of amalgam restorations in the 
Amalgam cohort. A follow-up questionnaire (Q2) was sent by 
mail to the patients in the Amalgam cohort 1 year after 
removal of the last amalgam restoration. Q2 was sent to the 
comparison groups 2 years after the completion of the base-
line questionnaire. Four years after completion of Q2, the sec-
ond follow-up questionnaire (Q3) was distributed to the 
cohorts. 

Primary outcome

The primary outcome of the Bergen Amalgam Trial was the 
GHC-index at 12-month follow-up after amalgam removal was 
completed. The GHC-index is the sum score of 12 items, scored 
by numeric rating scales from 0 (no symptoms) to 10 (worst 
imaginable symptoms) (Table 2). The GHC-index is a valid instru-
ment with adequate sensitivity to change over time for assess-
ing symptom intensity in MUPS patients with health complaints 
attributed to amalgam fillings and undergoing amalgam 
removal [25]. In addition to the 12 GHC-items, local (intraoral 
and extra oral) complaints were included for the Amalgam 

cohort and for the Healthy cohort. The local orofacial complaints 
were further divided into six intraoral and five extra oral health 
complaints (Table 2). 

Secondary outcome 

The Munich Amalgam Scale was included in the questionnaires 
distributed to the Amalgam cohort [26]. The scale includes 50 
items (Supplemental Table S1), and each item was scored 0 (not 
at all), 1 (a little), 2 (quite a lot), or 3 (very much).

Statistical analysis

Data from the numeric rating scales and the Munich Amalgam 
Scale were treated as interval data assuming equal spacing 
between adjacent values. We tested the hypothesis (H0) that there 
was no change in intensity of the separate local and general 
symptoms in the three cohorts from baseline (Q1) to the first fol-
low-up (Q2) and the second follow-up (Q3), respectively. The 
hypothesis was tested separately for each cohort for each of the 
23 items. Data were analyzed by linear mixed models using 
restricted maximum-likelihood (REML) taking the longitudinal 
design into consideration. The distribution of residuals was 
checked for normality. When residuals were skewed, Friedman’s 

Table 1.  Inclusion and exclusion criteria for all three cohorts (source: reference 24).
Cohort

Amalgam MUPS Healthy

Inclusion criteria
Age between 20 and 70 years x x x
Permanent residents in Norway x x x
Able to comply with the protocol x x x
Health complaints attributed (by the patient) to dental amalgam restorations x
No attribution to amalgam and no explicit wish to remove amalgam x
≥3 months duration of the health complaints attributed (by the patient) to amalgam 
restorations 

x

≥3 months duration of unspecific health complaints x
Presence of at least one amalgam filling x
Wish to have all amalgam fillings removed x
Examination by patient’s physician and dentist according to guidelines from the Norwegian 
Directorate of Health

x

Diagnosed diseases adequately treated x x
Patient’s general practitioner/family physician and dentist assess that the general and dental 
health of the patient most likely not will deteriorate due to participation in the project

x

Patient’s dentist assess that there are no major risks for complications following amalgam 
removal (e.g., need for root canal treatments or extractions)

x

Subjective symptoms without corresponding objective findings after medical examination(s), 
including symptoms not explained by patient’s diagnoses

x x

Moderate or severe functional impairment (physician-assessed) x x
Subjectively healthy (self-assessed) x
No medication (intake of vitamins and minerals allowed) x
Exclusion criteria
Pregnancy (or planned pregnancy) and lactation x x x
Life threatening disease x x n.a.
Patients with ongoing cancers, severe cardiopulmonary, neurological, or psychiatric diseases 
(assessed by the GP) 

x x n.a.

Organic cause of all complaints (according to checklist, see text) x x n.a.

n.a.: not applicable.
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test was used to calculate significance for change over time within 
the group. Effect size (ES) was estimated by calculating the ‘stand-
ardized response mean’ (SRM) by dividing the mean change score 
with the standard deviation of the change score. Values of 0.20 
represent a small response, values of 0.50 represent a medium 
response, and values of 0.80 represent a large response [27]. 

The statistical software IBM-SPSS (IBM Corp. Released 2020. 
IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM 
Corp) and STATA (StataCorp. 2021. Stata Statistical Software: 
Release 17. College Station, TX: StataCorp LLC) were used for the 
calculations. P-values less than 0.05 were considered statistically 
significant. No adjustment for multiple hypothesis testing was 
made [28].

Table 2.  Local and general health complaints included in the questionnaires. Local (orofacial) health complaints were further divided into 6 intraoral and 5 
extraoral items. General health complaints included 12 items. 
Health complaints

Local (orofacial) health complaints General health complaints *

Intraoral Extraoral

Intraoral burning sensation Facial burning sensation Pain from muscles and joints
Intraoral pain/tenderness Facial pain/tenderness Gastrointestinal symptoms
Taste disturbances Facial stiffness/paresthesia Cardiovascular symptoms
Intraoral stiffness/paresthesia Facial skin problems General skin problems
Dry mouth Pain from temporomandibular joints Visual disturbances
Increased salivation/mucus Symptoms from ear/nose/throat

Fatigue
Dizziness
Headache
Memory problems
Difficult to concentrate
Anxiety/depression

*The GHC-index is the sumscore of the 12 general health complaints included.

Figure 2.  Flowchart of the Bergen Amalgam Trial. 

Ethical considerations

The project was approved by the local research ethics committee 
(REK2012/331; https://rekportalen.no), and registered at 
Cl inicalTr ials.gov(https://cl inicaltr ials.gov/ct2/show/
NCT01682278). All participants signed an informed consent form.

Results

A total of 59 patients with health complaints attributed to den-
tal amalgam sent an application for participation in the project 
(Figure 2). After consideration of inclusion and exclusion criteria, 
37 participants were included in the Amalgam cohort. A total of 

https://rekportalen.no
http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT01682278
https://clinicaltrials.gov/ct2/show/NCT01682278
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32 participants had all amalgam fillings removed and responded 
to Q2.

Fifty-two patients were recruited to the MUPS cohort and 
signed an informed consent. Among these, 44 participants 
responded to the baseline questionnaire. In total, 33 patients 
fulfilled the MUPS cohort criteria, and of these 28 responded to 
both Q1 and Q2. 

The third cohort consisted of healthy volunteers and was 
mainly recruited from dental practice. Among 28 participants 
who signed an informed consent, 25 responded to Q1 and six of 
them did not respond to Q2. Thus, 19 were available for the 
analysis of change scores between baseline and Q2 (Table 3).

The second follow-up questionnaire (Q3) was completed by 22 
participants in the Amalgam cohort, 22 participants in the MUPS 
cohort, and by 12 participants in the Healthy cohort.

Figure 3.  Mean intensity score for local and general health complaints at baseline (Q1) and at first (Q2) and second (Q3) follow-up for the Amalgam cohort. 

Table 3.  Baseline characteristics for the Amalgam cohort (n = 32), MUPS cohort (n = 28) and the Healthy cohort (n = 19).
Cohort

Amalgam (n = 32) MUPS (n = 28) Healthy (n = 19)

Gender Male 13 (40.6%) 4 (14.3%) 6 (31.6%)
Women 19 (59.4%) 24 (85.7%) 13 (68.4%)

Age (years); mean (SD) 52.1 (7.5) 49.9 (10.3) 46.9 (13.1)
Education; n (%) Primary and lower secondary school 3 (9.4%) 3 (10.7%) 0 (0.0%)

Upper secondary school, vocational program 9 (28.1%) 7 (25.0%) 1 (5.3%)
Upper secondary school, general program 2 (6.3%) 7 (25.0%) 4 (21.1%)
Higher education (less than 4 years) 1 (34.4%) 9 (32.1%) 6 (31.6%)
Higher education (4 years or more) 7 (21.9%) 2 (7.1%) 8 (42.1%)

Civil status; n (%) Married 24 (75.0%) 20 (71.4%) 9 (47.4%)
Cohabitation 2 (6.3%) 3 (10.7%) 4 (21.1%)
Single 2 (6.3%) 4 (14.3%) 4 (21.1%)
Divorced 4 (12.5%) 1 (3.6%) 2 (10.5%)

Smoking habits; n (%) No, never ever 13 (40.6%) 15 (55.6%) 11 (57.9%)
No, stopped less than 1 year ago 1 (3.1%) 1 (3.7%) 0 (0.0%)
No, stopped more than 1 year ago 14 (43.8%) 6 (22.2%) 5 (26.3%)
Yes, but not daily 0 (0.0%) 3 (11.1%) 2 (10.5%)
Yes, daily 4 (12.5%) 2 (7.4%) 1 (5.3%)

GHC; mean (SD) 43.3 (17.8) 36.6 (14.2) 10.0 (15.0)

Amalgam cohort: Local and general health com-
plaints

Symptom reduction

In the Amalgam cohort the mean intensity of each of all 23 items 
was reduced at the first follow-up (Q2) compared with the base-
line (Q1) (Figure 3). Fourteen of the symptoms were significantly 
reduced (Table 4). At the second follow-up (Q3), reduction in 
mean intensity was observed for all but one item compared 
with baseline (Q1) (Figure 4).

Consistent significant changes

Five local symptoms were significantly decreased from baseline 
at both follow-ups: ‘intraoral burning sensation’, ‘intraoral pain/ 
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tenderness’, ‘taste disturbance’, ‘dry mouth’, and ‘facial stiffness/
paresthesia’ (Table 4 and Figure 4). Seven of the GHC were con-
sistently changed: ‘pain from muscles and joints’, ‘cardiovascular 
symptoms’, ‘fatigue’, ‘dizziness’ ‘memory problems’, ‘difficulty to 
concentrate’, and ‘anxiety/depression’ (Table 4 and Figure 4).

Effect sizes and mean change scores

The ESs, estimated by the SRM, for the intraoral symptoms 
‘intraoral burning sensation’, ‘intraoral pain/tenderness’, and 
‘taste disturbance’, were around 0.6 representing a medium 
response. ESs were small for extra oral health complaints at the 
first follow-up (Q2) (Figure 5). The mean change score for intraoral 
complaints was highest for pain/tenderness followed by burning 
sensation, taste disturbance, dry mouth, intraoral stiffness, and 
increased salivation at first follow-up (Q2) (Figure 4). Medium to 
large ESs (between 0.5 and 0.8) were observed for the GHC ‘car-
diovascular complaints’, ‘fatigue’, ‘memory problems’, ‘difficulty 
to concentrate’, and ‘anxiety/depression’ (Figure 5). Mean change 
score at the first follow-up was highest for ‘difficulty to concen-
trate’ followed by ‘anxiety/depression’, and ‘pain from muscles 
and joints’ (Figure 4).

Amalgam cohort: Munich Amalgam Scale

Patients in the Amalgam cohort also responded to the Munich 
Amalgam Scale. The highest ESs (estimated by the SRM) were 
found for ‘metallic taste’ (0.93), ‘stress at the job’ (0.83), ‘skin rash’ 

Table 4.  Mean intensity scores and standard errors (SE) for local and general health complaints at baseline (Q1) and the first (Q2) and second (Q3) follow-ups for the 
Amalgam cohort (n = 32). P-values calculated by linear mixed models for the test of change from baseline are given in addition (H0: Change score = 0).

Q1 Q2 Q3

Mean SE*   Mean SE* P Mean SE* P
Local symptoms

Intraoral burning sensation 1.7 0.3 0.6 0.3 0.003 0.3 0.3 0.002
Intraoral pain/tenderness 2.5 0.3 0.8 0.3 <0.001 0.5 0.3 <0.001
Taste disturbances 1.6 0.2 0.5 0.2 <0.001 0.4 0.2 0.001
Intraoral stiffness/paresthesia 1.1 0.2 0.6 0.2 0.148 0.5 0.2 0.104
Dry mouth 2.8 0.4 1.8 0.4 0.046 1.5 0.4 0.019
Increased salivation/mucus 1.7 0.4 1.3 0.4 0.289 1.8 0.4 0.812
Orofacial burning sensation 1.1 0.2 0.6 0.2 0.139 0.4 0.3 0.062
Orofacial pain/tenderness 1.5 0.3 1.0 0.3 0.194 0.3 0.3 0.013
Orofacial stiffness/paresthesia 1.5 0.3 0.7 0.3 0.035 0.6 0.3 0.034
Orofacial skin problems 2.2 0.4 1.7 0.4 0.323 1.0 0.4 0.039
Pain from temporomandibular joints 2.2 0.4 1.3 0.4 0.067 2.2 0.5 0.874

General symptoms
Pain from muscles and joints 6.2 0.5 4.9 0.5 0.003 4.2 0.5 <0.001
Gastrointestinal symptoms 3.4 0.4 3.0 0.4 0.226 2.8 0.5 0.140
Cardiovascular symptoms 2.0 0.3 0.8 0.3 <0.001 1.1 0.3 0.018
General skin problems 2.7 0.4 1.8 0.4 0.020 1.9 0.4 0.076
Visual disturbances 3.3 0.4 2.4 0.4 0.042 2.9 0.4 0.372
Symptoms from ear/nose/throat 3.5 0.4 2.8 0.4 0.069 2.8 0.4 0.140
Fatigue 5.9 0.5 4.7 0.5 0.003 3.2 0.5 <0.001
Dizziness 2.7 0.4 1.6 0.4 0.004 1.7 0.4 0.024
Headache 2.8 0.5 2.3 0.5 0.261 1.6 0.5 0.008
Memory problems 3.8 0.5 2.6 0.5 0.005 2.2 0.5 0.001
Difficult to concentrate 4.5 0.4 2.8 0.4 <0.001 2.6 0.5 0.001

  Anxiety/depression 2.4 0.4   0.9 0.4 <0.001 0.7 0.4 <0.001

* Delta method.

(0.57), ‘sensitivity to cold and wind’ (0.54), ‘worries – restlessness’ 
(0.53), and ‘irritability’ (0.52); and significant reduction of inten-
sity of symptoms was shown (Supplemental Table S1). Moderate 
ESs (around 0.4) were found for items ‘feeling of walking next to 
oneself’, ‘arrythmia’, ‘diarrhea’, ‘increased urge to toilet’, ‘indeci-
sion’, ‘abdominal pain’, ‘lack of concentration’, ‘fluctuating mood’, 
‘anxiety’, and ‘burning sensation in tongue’, all being statistically 
significant (Supplemental Table S1).

MUPS cohort

For the MUPS cohort no significant changes were observed for 
GHC (Supplemental Table S2). Data for local complaints were 
not available for the MUPS cohort.

Healthy cohort

For the Healthy cohort there were no significant changes for 
local and GHC (Supplemental Table S3). 

Effects associated with age and gender

Explorative analyses of the Amalgam cohort including age and 
gender in the mixed effects model indicated significant effects 
from both age and gender for the item ‘pain from muscles and 
joints’. Women had, at an average, a higher overall intensity of 
‘pain from muscles and joints’ (mean 1.8; 95% confidence interval 
[CI] from 0.4 to 3.4, p = 0.016). An increase of 10 years of age was 
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associated with lower intensity of ‘pain from muscles and joints’ 
(mean 1.3; 95% CI from 0.2 to 2.3; p = 0.014). Significant effects 
from age, but not for gender, were observed for the symptoms 
‘fatigue’, ‘intraoral stiffness/paresthesia’, and ‘pain from temporo-
mandibular joints’. An increase of 10 years of age was associated 
with a lower ‘fatigue’ symptom intensity (1.5; 95% CI from 0.4 to 
2.6; p = 0.008), lower ‘intraoral stiffness/paresthesia’ (0.6; 95% CI 
from 0.2 to 1.0; p = 0.005), and lower ‘pain from temporomandib-
ular joints’ (1.3; 95% CI from 0.4 to 2.2; p = 0.005).

Discussion

The main finding – mean intensity of all symptoms decreased

The main finding of this study was that all mean values for both 
local complaints and GHC were reduced in the Amalgam cohort 
1 year after removal of amalgam restorations (Figures 3 and 4). 
The largest reductions (ES about 0.6) were observed for intraoral 
pain/tenderness, taste disturbance, cardiovascular complaints, 
difficulty concentrating, and anxiety/depression (Figure 5). In 
the comparison cohorts, there were no significant changes over 
time, and the mean ESs were around 0. To our knowledge this is 
the first study to explore the specific types of symptoms that 
change after removal of amalgam restorations in patients with 
MUPS who had all their amalgam restorations replaced with 
other restorative materials. 

Consistent results at both follow-ups

The reduction of complaint intensity in the Amalgam cohort 
was still seen at the second follow-up 5 years after amalgam 

Figure 4.  Mean difference and 95% confidence interval in intensity of local and general health complaints. A) Baseline – 1-year follow-up (Q1–Q2) and B) 
Baseline – 5-year follow-up (Q1–Q3) in the Amalgam cohort. Positive value indicates improvement of symptoms after removal of amalgam restorations. The 
dashed line indicates zero change.

removal (Table 4). In the comparison cohorts, mean values at 
the second follow-up were not significantly different from base-
line values (Supplemental Tables S2 and S3). 

Consistencies between items

The Munich Amalgam Scale is based on scores from 0 to 3 (not 
at all – a little – quite a lot – very much) for each of the 50 items, 
while the 23 items in the Health Complaints Scale are based on 
scores from numeric rating scales from 0 to 10. Seven items were 
partly overlapping between the Munich Amalgam Scale 
(Fatigue, Lack of concentration, Headache, Dry mouth, Metallic 
taste, Visual disorders, Skin rash; see Supplemental Table S1) and 
the Health Complaints Scale (Fatigue, Difficult to concentrate, 
Headache, Dry mouth, Taste disturbances, Visual disturbances, 
General skin problems; see Table 2). The ESs found for the seven 
overlapping items in MAS were plotted against the ESs found for 
the corresponding items included in the Health Complaints 
Scale. The correlation coefficient was 0.659 (p = 0.108), and there 
was an acceptable agreement between the items from the 
scales. The scale differences (coded 0–3 in MAS and coded 0–10 
in the Health Complaints Scale) could probably explain the far 
from perfect correlation.

Effect sizes and clinical relevance

Effect size helps in understanding the magnitude of difference 
found and is effective in determining the clinical meaningful-
ness of the finding [29]. In this study, it is noteworthy that ESs 
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were medium to large for several items suggesting clinically 
meaningful results along with statistically significant results.

Other studies

The same 23 items (the 12 general complaints and the 11 local 
complaints) were used in a previous study which showed reduc-
tion of health complaints for 20 out of 23 health complaints and 
statistically significant reductions were observed at follow-up 3 
years after the removal of amalgam fillings for ‘taste disturbance’, 
‘pain from muscles and joints’, ‘symptoms from ear, nose and 
throat’, and ‘difficulty concentrating’. In our study, reduction in 
symptoms was observed for all 23 health complaints and signif-
icant results were obtained for 14 out of 23 health complaints at 
the first follow-up (Q2) and 15 out of 23 health complaints at the 
second follow-up (Q3). This disparity in intensity of symptoms 
could be due to the difference in sample size and follow-up 
period; the present study was based on a larger sample size 
compared with the previous study and the follow-up time in the 
two studies was different [30].

The results of this study correspond well with other studies, 
where marked reduction of health complaints attributed to 
dental amalgam were observed after replacement with other 
restorative materials [12, 31, 32]. In some studies, associations 
between symptoms and markers of mercury exposure were 
reported suggesting a possible causal effect from mercury 
exposure [15, 33]. Similarly, a study conducted by Lindh et al. 
supported the hypothesis that metal exposure from dental 
amalgam can cause ill health in the susceptible population [34]. 
More than 70% of the responders who were given replacement 

Figure 5.  Effect size (ES) (standardized response mean) for all 23 symptoms 
after amalgam restoration removal in first follow-up period (Q1–Q2). 

of the metal restoration and proper oxidative therapy showed 
improvement of the symptoms [34].

Strengths and limitations

This study is best defined as a prospective cohort study with 
three non-equivalent groups, since the intervention was not 
assigned by us (the researchers) or by the study office, and the 
cohorts were only observed over time. Alternatively, the study 
design could be described as a quasi-experimental study or a 
controlled before-and-after study, but in these designs the 
researcher usually controls the allocation to the groups. The pro-
spective cohort study design allowed us to follow the groups 
over time and collect data both at baseline and follow-ups.

In the Amalgam cohort, 22 of 32 participants could be 
followed up at Q3. The use of linear mixed models that calculate 
estimates taking non-response into consideration, minimizes 
the potential risk of selection bias due to loss of follow-up. Even 
though the sample size was relatively small, there was adequate 
power to show changes in intensity of several symptoms after 
removal of amalgam restorations [24]. Results are mainly based 
on ES and change score calculation to illustrate changes before 
and after treatment which is clinically meaningful.

To minimize possible information bias (like desirability bias) 
and a potential Hawthorne effect, there were no physical meetings 
between participants and investigators and responses were 
based only on postal questionnaires. To minimize recall bias, 
measurement of response was done at three specific times during 
the study, first at baseline and then at a follow-up 1 and 5 years 
after removal of the amalgam restorations. Thus, we measured 
point prevalence of intensity of symptoms without delay in time.

Since the study could not be blinded and both participants 
and investigators were aware of the type of intervention given, 
effects from placebo cannot be ignored. However, the changes 
of complaint intensity are the sum of both specific treatment 
effect (reduction of exposure) and possible effects from placebo, 
expectations, general care, etc. The aim of the study was not to 
quantify the effect from reduced exposure to amalgam, but to 
quantify possible changes of health after removal of amalgam 
restorations. In addition, randomization of participants was not 
feasible due to the nature of the study (scientific evaluation of a 
treatment project initiated by a national health authority, with 
high risk of drop out of patients randomized to a control group 
with no amalgam removal).

We used items from the GHC index as a tool to measure 
change of symptom intensity before and after removal of 
amalgam restorations in patients with MUPS. It has been shown 
that both the GHC index and the Munich amalgam scale are 
valid and responsive instruments for assessment of symptom 
load in MUPS patients attributing their health complaints to 
amalgam fillings and undergoing amalgam removal [25].

Health complaint intensity was measured by numeric rating 
scales. The measure was based on subjective interpretation of 
symptoms by patients and was self-reported, and there were no 
uniform objective assessment criteria. In addition, there may be 
chances that reduction in intensity of symptoms follows a 
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natural course of recovery. The design allowed us to control for 
natural recovery and usual care by using the MUPS cohort with 
symptoms similar to the comparison group. No significant 
change in intensity of symptoms was observed for the MUPS 
cohort at the follow-ups. In addition, five items regarding local 
complaints (‘intraoral burning sensation’, ‘intraoral pain and 
tenderness’, ‘taste disturbance’, ‘dry mouth’, and ‘facial stiffness’) 
and seven items regarding general complaints (‘pain from 
muscles and joints’, ‘cardiovascular complaints’, ‘fatigue’, 
‘dizziness’, ‘memory problems’, ‘difficulty to concentrate’, and 
‘anxiety/ depression’) showed significant change both at 1 and 5 
years follow-up which may reduce the probability of placebo as 
the only cause of symptom reduction (Table 4).

External validity

Due to the use of inclusion and exclusion criteria, generalizabil-
ity is limited to patients having MUPS and attributing symptoms 
to dental amalgam and those who fulfilled the inclusion and 
exclusion criteria. The initial screening of patients for eligibility 
in the study based on their medical condition was done by their 
local physician and dentists, and this could result in further limi-
tations of generalizability. Thus, the sample population is not 
representative for the general Norwegian population. 

Could the reduction of health complaints be caused by 
reduced exposure to mercury? 

In the Amalgam cohort, both intensity of GHC and concentra-
tion of inorganic mercury in the serum were significantly 
decreased after amalgam removal [35]. Experiences from occu-
pational exposure to higher levels of mercury vapor than those 
associated with exposure to dental amalgam have indicated 
that symptoms caused by exposure to mercury vapor are char-
acterized as a non-specific, asthenic-vegetative syndrome 
involving symptoms such as weakness, fatigue, anorexia, loss of 
weight, and disturbance of gastrointestinal functions, some-
times called ‘micromercurialism’ [6]. Anxiety/depression, fatigue, 
memory problems, and visual disturbance have also been asso-
ciated with long-term exposure to high doses of mercury [36]. 
Symptoms are more prevalent in exposed groups than control 
groups with lower exposure [6]. A lack of association on the indi-
vidual level between dose and effects is well-known and it is 
proposed that this is partly due to individual variability in genet-
ically determined sensitivity to mercury [6]. Thus, it is not possi-
ble to exclude that the reduction of symptoms was caused by 
the reduced exposure even though there was no statistically 
significant association between the reduction of symptoms and 
the reduction of inorganic mercury in serum [35]. 

Are mercury symptoms reversible?

After a slight poisoning by mercury vapor, symptoms of the poi-
soning are reduced and could disappear when exposure has 
ceased [6]. After overt poisoning by high levels of mercury 

vapor, some severe cases with long-term exposure could have 
persistent symptoms and effects even after ceased exposure 
[37, 38]. Thus, it could be expected that symptoms of a slight 
poisoning (‘micromercurialism’) could disappear when the 
exposure has ceased [6].

Causality, association, genetic polymorphism, and mercu-
ry toxicity

In this study reduction of the intensity of symptoms after 
removal of amalgam restorations was observed, which suggests 
a possible dose–response relationship. The finding of the cur-
rent study suggests an association between removal of amal-
gam restorations and improvement of subjective health 
complaints in the amalgam cohort. However, for conclusions 
about causality there is generally a need for higher levels of evi-
dence and, in addition, support from laboratory-based objec-
tive findings. Moreover, to support the findings from the present 
study additional data from studies with designs providing 
higher levels of evidence, like randomized controlled trials (pref-
erably blinded), would be useful. One of the practical challenges 
is the design of a randomized controlled trial considering the 
ethical aspect and the obvious challenge of implementing 
blinded clinical procedures (amalgam removal) further ques-
tions the possibility of producing studies with higher level of 
evidence. Thus, more studies are warranted to determine the 
underlying susceptibility of individuals towards mercury toxicity, 
considering individual genetic differences within the population. 

Novel studies could test a causal relationship based on the 
concepts (‘as a rule of thumb’) such as strength, consistency, 
specificity, temporality, biological gradients, plausibility, 
coherence, experiment, and analogy as suggested by Hill [39] for 
establishing causal relationship between exposure (interrupted 
exposure to amalgam) and outcome (improvement of health 
complaints) [40]. In summary, studies on changes of health 
complaints after removal of amalgam restorations show 
strength (medium to large ES for GHC [31, 32, 41]), consistency 
(published studies show similar results [15, 32, 33, 41, 42]), 
specificity (Hg causes symptoms from mainly CNS [6]), 
temporality (effect after treatment), dose–response (see [15, 42, 
43]), plausibility (mercury is toxic [6]), coherence (mercury from 
dental amalgam is found in the brain and other organs [44]), 
experiment (removal of a potentially harmful exposure reduces 
symptoms [15, 32, 33, 41, 42]), and analogy (other toxic metals 
causes toxic effects as well). Within the limitations of these 
criteria and applying reservations and exceptions [40], a causal 
relationship cannot, however, be disregarded. 

Conclusion

This study supports the hypothesis that reduction of intensity of 
symptoms, which could be caused by mercury, occurs after 
removal of amalgam restorations in patients with MUPS attrib-
uted to amalgam. Since the study was not blinded, there is a 
possibility of both specific treatment effects (due to reduced 
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exposure to dental amalgam) and non-specific treatment effects 
(e.g., placebo based on expectations and general care given to 
patients). 
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