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The purpose of this study was to examine the association of dental materials with oral lichen planus
(OLP) and, particularly, the effects of amalgam, amalgam corrosion status, gold and dissimilar
metals in continuous contact. A case-control study was performed with 43 OLP cases from the Oral
Medicine Clinic at the School of Dentistry, University of Washington and 78 controls from a general
dental care-screening clinic, also at the School of Dentistry, University of Washington. Health
histories and oral examinations were obtained. Current metal or metal-based restorations were
charted, along with corrosion status of amalgams and the presence of dissimilar metals in
continuous contact. Adjusted odds ratios (ORs) and 95% confidence intervals for the following
potential risk factors were found to be: (1) number of teeth with amalgam, OR¼ 1�02 (0�92, 1�13);
(2) total surfaces of amalgam, OR¼ 0�96 (0�92, 1�0); (3) number of teeth with gold, OR¼ 1�12 (0�95,
1�31); (4) mean amalgam corrosion score, OR¼ 5�74 (2�34, 14�1); (5) presence of dissimilar metals in
contact (per quadrant), OR¼ 1�25 (0�81, 1�92). These findings suggest that although the presence of
amalgam or gold themselves is not associated with increased risk of OLP, corrosion of amalgams
and the presence of a ‘galvanic effect’ from dissimilar dental materials in continuous contact
(bimetallism) are associated with an increased risk of OLP.
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Oral lichen planus (OLP) is a relatively common
mucocutaneous disease affecting about 0�1–4%
of population, depending on the study population
(1, 2). OLP is primarily a disease of adults (3) and
is more common in women, with a female to male
prevalence of about 2 : 1 (4). OLP is most often
present on the buccal mucosa, gingiva and
tongue. It presents as a number of forms including
reticular, erosive, atrophic, plaque type, papular
or bullous. More than one form may be present
at the same time and in the same location.
Known aetiologies for OLP include drug expos-

ures (2, 4, 5), hepatitis C or chronic liver disease
(6, 7), other systemic diseases such as diabetes (8)
and psychosocial factors such as stress (9). Asso-
ciations of OLP with dental material exposures,
particularly dental metals, have been investigated
by assessing allergic responses in patients via
cutaneous patch testing (10–18). Most researchers
have found increased incidence of allergic
response to commonly used dental materials in
patients with OLP over patients without mucosal
disease.

Other investigators have attempted to explore
the contribution of dental materials to oral liche-
noid reactions or OLP lesions by removing dental
restorations and following the course of the
lesions following removal (18–23). In most cases,
a positive patch test to the material, which was
removed, and/or with immediate proximity of the
oral lesion to the metal, was associated with
improvement of the lesion following removal.
A few reports have investigated the potential

associations of corrosion (oxidation) and oxida-
tion by-products of dental materials with OLP
as well as those of intraoral galvanic effects
(24–28). These few studies have been primarily
non-clinical or case-based, and no actual clinical
trials have been reported which primarily examine
these associations.
Likewise, to date, there are no reports of inves-

tigations of the effect on OLP or oral lichenoid
lesions and of the removal, specifically, of
restorations in which dissimilar metals are in con-
tact (bimetallism). Thus, multiple ‘before–after’
case series show the resolution of lichenoid lesions
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after amalgam restoration removal; however, when
using this type of uncontrolled study design, one
cannot tell how many lesions would have resolved
without restoration removal. To our knowledge, no
other controlled studies have quantitatively and
systematically evaluated these potential associations.
The specific aims of this study were to use case-

control methodology to:

(1) assess the association of OLP with the number
of amalgam surfaces and restorations present in
the mouth;
(2) assess the association of OLP with the presence
and quality of ‘corroded’ (oxidized) amalgams;
(3) assess the association of OLP with the pre-
sence of other dental materials in the mouth
including the effect of ‘bimetallic’ contact;
(4) determine what role demographic factors,
including stress levels, may play in the presence
of OLP.

Patients and Methods

Patients attending the University of Washington
Oral Medicine Clinics for the treatment of OLP
during a 3-month period were recruited. All
patients for whom records were considered
‘active’ were asked to participate. Patients who
had been examined and/or treated within the last
2 years were considered ‘active’. These patients
were initially contacted by telephone and invited
to participate. The study protocol was reviewed
and approved by the Human Subjects Review
Board of the University of Washington, and all
participants were recruited through approved
informed consent procedures. A free examination
was the only incentive for participation. One
known aetiology for OLP is drug-induced lesions.
Each subject case had been evaluated and treated
for his/her OLP and was being managed by oral
medicine specialists. As a routine part of their
treatment, the possibility of drug-induced lesions
had been considered and managed. Therefore, the
patients in this study may be considered to have
cases of OLP that were not drug induced. Control
subjects were recruited from amongst patients
who were screened through the Oral Medicine
Service, for inclusion in the School of Dentistry
predoctoral clinic patient pool. Controls were
limited to those patients at least 30 years of age,
as the onset of OLP rarely occurs before this age.
Age matching was not utilized as a strategy,
because the intention was to control for age in
the analyses. Each subject completed a question-
naire for demographic and health information.
Because stress is thought to play a role in the
development, maintenance and flaring of OLP, a
simple assessment of psychosocial distress was

utilized, with 5 questions asking for self-report
on unhappiness, irritation, nervousness, nervous
exhaustion and being upset. This score was con-
structed for this study and is intended to be only a
simple estimate of recent and currently perceived
stress. Each positive response was scored as a
single point, and the summed stress score could
range from 0 to 5. The dentition of each subject
was charted via a clinical oral examination,
with all metal or metal-containing restorations
recorded for type, location and surfaces involved.
Mucosal lesions were charted by quadrant. The
corrosion status of all amalgam restorations was
recorded according to a ‘corrosion state’ scale.
A scale with only 3 ‘corrosion states’ was utilized
to maximize reliability and minimize misclassifica-
tion. Corrosion status was scored 0–2, based on
the following descriptors: 0 – amalgam is not
corroded, surface is silver in colour and shiny;
1 – amalgam appears grey or slightly darkened,
not shiny and may show slight pitting or marginal
breakdown; 2 – amalgam is dark, discoloured,
surface appears rough and/or pitted and may
show severe marginal breakdown. No attempt
was made to score each surface of an amalgam
for corrosion status. We based the determination
of corrosion status on the most affected visible
surface of a restoration. All oral examinations
were performed by 1 of 2 examiners. Although
these examiners were (by clinical practicality) not
blinded to the OLP status of the subject, no
attempt was made by the examiner to determine
the OLP status of the subject until the status of the
dentition was charted. Both examiners were oral
medicine specialists who were trained with a
standardized set of clinical photographs to score
the presence of 1 of the 3 corrosion states of the
dental amalgam restorations. Prior to the restora-
tion evaluations, triangular paper saliva shields
(Dri Aids1, Young Dental Co., Earth City, MO,
USA) were placed bilaterally against the buccal
mucosa to further ‘blind’ the examiners to the
presence of buccal OLP lesions.
2 examiners performed all examinations and

restoration evaluations. An evaluation of inter-rater
reliability was performed for amalgam corrosion
score using 85 amalgam restorations in 12 subjects.
The weighted k was 0�81 (SE¼ 0�08), indicating a
high level of concordance for this measure.
Scores for number of amalgams, amount of

gold present, corrosion status of amalgams and
the degree of bimetallic contact were calculated
for each subject. Definitions for these variables
are as follows: bimetallism – 2 dissimilar metals in
proximal contact, e.g. amalgam and gold; oppos-
ing contact is not considered to fit the definition
and this variable was measured as number of
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quadrants in which the condition existed; mean
corrosion score¼ corrosion score for each amal-
gam divided by number of amalgams; mean
weighted corrosion score¼ corrosion score for
each amalgam multiplied by the number of
surfaces divided by number of amalgams; stress
score¼ sum of yes answers to 5 questions utilized
to assess current stress (yes¼ 1).
An attempt was made for each case to deter-

mine whether or not the case had been ‘biopsy-
confirmed’ by a pathology service. Analyses were
conducted separately for all cases and for the
biopsy-confirmed cases only.
Analyses were conducted utilizing SPSS-PC soft-

ware. t-tests, ANOVA and regression analyses were
performed as appropriate.

Results

43 of 85 cases invited to participate chose to partici-
pate for a response rate of 51%. The predominant
reasons given for non-participation were ‘no time’
and ‘difficulty in travelling to the clinic’. The partici-
pation rate for controls (whowere already present in
the clinic at the time of recruitment) was 86%. The
predominant reason given by controls for non-
participation was ‘no time’. The mean age of the
controls (53�5 years) was significantly younger than
that of the cases (61�0 years) and of the biopsy-
confirmed cases (58�8 years), but the mean age of
cases was not significantly different from biopsy-
confirmed cases. Significantly, more cases (72�1%)
were female than controls (51�3%), as were biopsy-
confirmed cases (70�0%). No significant differences
between cases and controls were seen for occupation
classification or for self-described health status. No
significant differences were found between cases and
controls for diabetes, hypertension or other systemic
diseases. Cases scored significantly higher on the
simplified stress measure than controls (mean, 0�90
versus 0�46) but both showed lowmean stress scores,
with values <1 on a scale of 0–5. Biopsy-confirmed
cases scored even higher (0�96).
In univariate analyses, the mean corrosion

score was significantly higher for all cases (1�1)
than for controls (0�6) and slightly higher yet for
biopsy-confirmed cases (1�2) (Table 1). The mean
weighted corrosion score showed similar results

(Table 1). The mean number of quadrants in
which bimetallism occurred was significantly
higher amongst cases (1�2) than in controls
(0�74) and, again, higher yet in biopsy-confirmed
cases (1�5) (Table 1). The mean number of teeth
with amalgam was not significantly different
in controls and all cases (Table 2) or in biopsy-
confirmed cases. Likewise, the mean number of
total surfaces of amalgam was not significantly
different in controls and either all cases or biopsy-
confirmed cases alone (Table 2). The mean number
of teeth with gold, however, was different between
controls (1�6) and all cases (3�5) and also in
biopsy-confirmed cases alone (2�8) (Table 2).
Because age, sex and stress scores were found

to be different between controls and cases, and
may have introduced confounding in the univari-
ate analyses, multivariate analyses were con-
ducted using these factors as covariates (to
adjust for their potential effects) and resulting in
adjusted odds ratios (ORs) for a priori factors of
interest. These are presented in Table 3. No
increase in risk of OLP is seen for number of
teeth with amalgam or for total surfaces of amal-
gam. A small increase in risk is seen for number
of teeth with gold present, but this increase does
not reach statistical significance. The mean corro-
sion score of amalgams shows significant
increases in risk of OLP, both for all cases and
biopsy-confirmed cases only, with increases in
risk of between 6 and 10 times than that of con-
trols. The mean weighted corrosion score, which
attempts to ‘even out’ the effect of isolated
severely corroded amalgams and avoid overesti-
mation of the potential contribution of amalgam
corrosion to OLP, still showed significant
increases in risk of about 50–60% for all cases
and biopsy-confirmed cases, respectively. The
presence of bimetallism in a quadrant was found
to be associated with an increase in risk of OLP
by 25–60% per quadrant, although the confi-
dence intervals for these ORs included 1�0.

Discussion

We believe this is the first controlled study to
demonstrate a strong association between corroded
dental amalgams and OLP, although control-
ling for the potentially confounding effects of age,

Table 1. Comparison of mean scores for corrosion: all cases and biopsy-confirmed cases only

Variable Controls (n¼ 78) All cases (n¼ 43) P value
Biopsy-confirmed
cases (n¼ 23) P value

Mean corrosion score (SD), t-test 0�60 (0�51) 1�1 (0�55) 0�000 1�2 (0�50) 0�000
Mean weighted corrosion score (SD), t-test 1�3 (1�5) 2�3 (1�3) 0�001 2�4 (1�1) 0�001
Bimetallism: number of quadrants (SD), t-test 0�74 (0�97) 1�2 (1�1) 0�03 1�5 (1�2) 0�01
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sex and psychosocial distress. As in other studies
of OLP, positive associations between OLP and
increased age, female sex and increased stress
were found. In addition, there appeared to be an
increased risk of OLP associated with the pres-
ence of continuous bimetallic or dissimilar
metal contact, although the confidence interval
included 1.0, indicating that this finding may
have occurred by chance. There is also an indica-
tion that there is an increased risk of OLP asso-
ciated with the presence of gold restorations.
When biopsy-confirmed cases alone were com-
pared with all cases, the risks of OLP associated
with amalgam corrosion and bimetallism
increased. The simple presence or quantity of
amalgam, however, did not appear to make a
contribution to increased risk of OLP with either
all cases or biopsy-confirmed cases alone. The
only other epidemiological study of which we
are aware, which evaluated the association of
corroded dental amalgams with increased risk
for OLP, found a similarly strong association.
Using their data, we calculated the crude OR to
be 6�8, close to our finding of 5�7 (26).
Although other studies have reported ‘local

associations’ between individual lesions and fill-
ings, we have chosen not to analyse the data in
this way for this study. It is important to realize
that the ‘cases’ in this study were all patients with
OLP and not isolated lichenoid lesions. As such,
essentially all of the cases had tissue changes that
were widespread throughout the oral mucosa.
Additionally, most of the cases had a substantial
number of teeth with either gold or amalgam, and
these teeth were spread throughout most quad-
rants of the mouth. Many of the OLP lesions were
in the region of the buccal mucosa, making an

assessment of the proximity to restorations more
difficult. These factors would render any attempt
determining a local association between the filling
materials and the lesions highly questionable.
Finally, case-control studies are not designed to
evaluate associations within cases only. That is,
with this type of study design, we cannot assess
the association between OLP location and
restoration location, as the controls do not have
lesions.
Some of the strengths of this study should be

noted. An analysis of only biopsy-confirmed
cases in a subset of the subjects was possible,
and this plausibly increased the observed associa-
tions. In addition, our exposure measure of cor-
rosion was shown to be highly reliable.
Furthermore, we were able to control the poten-
tially confounding effects of age, sex and per-
ceived stress in the analyses. Finally, because
our study had controls, we are more certain
than uncontrolled studies that the lesions were
associated with corroded restorations and that
the relationships were not due to the natural his-
tory of lichenoid lesions resolving without specific
treatment.
It is important to realize that these findings of

associated increased risk of OLP with the various
risk factors are only that: an association. This
association does not imply causation without cer-
tain other criteria being met. Biological rationale
and temporal association, amongst others, are
needed to increase our confidence that there is a
cause and effect relationship between OLP and
these factors. In this study, one weakness is the
lack of temporal information. It is not known
how long the various metals were present, or, in
many cases, whether they predated the onset of

Table 2. Comparison of mean scores for number of teeth and surfaces with amalgam and gold: all cases and biopsy-confirmed cases
only

Variable Controls (n¼ 78) All cases (n¼ 43) P value
Biopsy-confirmed
cases (n¼ 23) P value

Number of teeth with amalgam (SD), t-test 6�9 (4�9) 6�3 (3�5) 0�48 7�2 (3�6) 0�72
Total surfaces amalgam (SD), t-test 15�9 (13�9) 13�2 (9�2) 0�24 15�4 (10�7) 0�88
Number of teeth with gold (SD), t-test 1�6 (2�6) 3�5 (3�6) 0�003 2�8 (2�6) 0�06

Table 3. Association of dental metal variables and oral lichen planus: odds ratios* and 95% confidence intervals

Variable All cases (n¼ 43) Biopsy-confirmed cases (n¼ 23)

Number of teeth with amalgam 1�02 (0�92, 1�13) 1�05 (0�93, 1�18)
Total surfaces amalgam 0�96 (0�92, 1�0) 0�59 (0�90, 1�02)
Number of teeth with gold 1�12 (0�95, 1�31) 1�10 (0�92, 1�30)
Mean corrosion score 5�74 (2 34, 141�) 9�60 (2�94, 31�2)
Mean weighted corrosion score 1�52 (1�06, 2�18) 1�59 (1�03, 2�43)
Bimetallism 1�25 (0�81, 1�92) 1�60 (0�98, 2�61)

*Adjusted for age, sex, stress score and number of teeth with metal restorations.
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OLP. Hence, cause and effect relationships
remain unclear. In the case of the association of
amalgam corrosion status with OLP, for example,
it is possible that some currently unknown factor
may be at work that causes both OLP and the
oxidation of amalgams.
In the case of bimetallic contact, the galvanic

process itself is probably facilitating the progress
of restoration corrosion as well as causing the
release of increased numbers of metal ions. It is
unknown whether this increased presence of
metal ions itself produces the localized tissue
effects and/or perhaps the increased allergic sen-
sitization found by authors referenced in the
introduction, but there is a biological rationale
for increased sensitization with increased expo-
sure. It is additionally possible that the low-level
current produced by the galvanic effect itself
causes localized tissue changes. However, in the
case of isolated restorations with no dissimilar
metallic contact, this effect would not explain
localized tissue effects.
To address these questions, further case-control

studies are needed which have dental treatment
histories for each subject. If funding is available,
large cohort studies could be performed to evalu-
ate definitively the temporal association between
OLP and dental restorations. We conclude that
there are apparent associations between OLP, the
corrosion status of amalgams, the presence of
bimetallism and the presence of gold in the
mouth, all of which warrant further investigation.
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