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Abstract Many in vitro studies have confirmed the cor-
rosion of dental alloys. However, in vivo corrosion
studies, for example, recording of the release of metal
ions into saliva, are scarce, and data on the repeatability
of the metal content measurements of saliva are lacking.
The present study examined the metal content of saliva of
patients with and without metal restorations and assessed
the repeatability of these data. The composition of each
patient’s oral cast alloys was analyzed using the energy-
dispersive X-ray analysis of metal biopsy specimens and
was compared to the metals found in saliva. Saliva
analysis was performed using atomic absorption spec-
troscopy. Chemical analysis comprised the metals Ag,
Au, Co, Cr, Cu, Fe, Ga, In, Ni, Pd, Pt, Sn, and Zn. The
metals Ag, Cr, Cu, Fe, Ni, and Zn were found in saliva of
patients without metal restorations, but these data showed
statistically significant differences in the metal content
between consecutively performed samples per patient.
The metals Ag, Au, Cr, Cu, Fe, Ni, and Zn were identified
in saliva of patients with metal restorations being higher
in concentration than in control patients. In 77% of the
cases at least one metal of the restoration was found in the
patient’s saliva. However, the metal content showed sta-
tistically significant differences between replicate sam-
ples of the same patient taken at different times. The
metal content of saliva is affected among other things by
intraoral metal restorations, but present data do not sup-
port the idea that it is a reliable indicator for the systemic
exposure to metals released from dental alloys.
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Introduction

Dental cast alloys left in the oral cavity for a prolonged
period of time may cause adverse effects as a conse-
quence of corrosion [8, 9]. The corrosion products can
accumulate in the oral tissues and reach the gastrointes-
tinal tract via saliva [13, 14]. The release of metal ions
from various alloys by corrosion has been thoroughly
investigated in vitro [9, 12]. However, in vitro corrosion
tests do not necessarily reflect the in vivo situation. Bi-
ological factors such as bacteria, saliva composition,
food, and wear may contribute to corrosion of dental cast
alloys [2, 9]. In vivo corrosion tests with saliva as the
prime corrosion medium better reflect the complex in-
traoral conditions [12]. Using atomic absorption spec-
troscopy (AAS) in a study group of 32 patients with
dental alloys, Wirz et al. [15] found correspondence be-
tween the components of the alloys and the metal content
of saliva. The amounts of Ag, Au, Pd, Cu, Sn, Co, and Cr
were higher than those in a control group without metal
restorations. De Melo et al. [5] measured the metal release
from Co-Cr partial dentures in 30 patients. More than
80% of the saliva samples showed higher amounts of Cr
and Co with the denture inserted in the mouth than
without the denture; newer dentures released more than
older ones and larger dentures more than smaller ones.
Directly after insertion of Ni-Cr-Mo alloys in 36 patients,
Pfeiffer and Schwickerath [11] found an increased sali-
vary concentration of Ni. After 7 days the amounts for
most alloys decreased to those before insertion. Some
authors (http://www.amalgam-info.ch/tastu2.htm) even
claim that saliva metal content can be used for a quanti-
tative measurement of metal exposure of the patient.
However, only few in vivo studies have been published
on the corrosion behavior of dental alloys. This may be
due to the wide variety of alloys on the market today [4]
and to the fact that the components of the alloys inserted
may be unknown. Furthermore, there is a lack of infor-
mation on the repeatability of the metal content mea-
surements of saliva, and therefore the diagnostic value of
saliva analysis has not yet been demonstrated.
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Therefore the aim of the present study was to examine
the metal content of saliva of patients with and without
metal restorations and to investigate the repeatability of
these data. Furthermore, the composition of all oral cast
alloys was analyzed to compare the metals found in saliva
to those of the cast alloys. The patients with metal res-
torations formed a patient group of a defined geographical
area (eastern Bavaria, Germany) claiming local adverse
effects from dental alloys.

Materials and methods

Patients

In 1995 all dentists in eastern Bavaria, an area with about one
million inhabitants, were asked to refer patients with suspected
adverse effects from dental alloys, except amalgams, to the De-
partment of Operative Dentistry and Periodontology of the Uni-
versity of Regensburg. Over the next 3 years 250 persons contacted
our Department by telephone. Of these, 86 fulfilled the selection
criteria and participated in the study. Selection criteria were in-
traoral complaints or symptoms, including gingivitis, taste irrita-
tion, dry mouth, and burning mouth in relation to metal restora-
tions, except amalgams. Patients with exclusively general (nonoral)
symptoms were excluded. Standardized anamnesis questionnaires
and clinical examination procedures have been described in detail
previously [7]. Of the 86 patients 85 provided saliva samples
comprising the study group including three smokers. As a control
group saliva samples of 20 patients without metal restorations (one
smoker) were used for background metal content determination.
Age matching was not possible because age-matched patients
without metal restorations were not available. The study protocol
was approved by the ethics committee of the University of Re-
gensburg in accordance with the Declarations of Helsinki (1975)
and Tokyo (1983). All participants gave informed consent.

Saliva and alloy analysis

From each patient of the study group (n=85) and control group
(n=20) 1–2 ml unstimulated saliva was collected in the morning
before breakfast, tooth brushing, and smoking using polypropylene
(PP) tubes (Greiner, Frickenhausen, Germany). In the study group
the procedure was repeated once after 2 days. In the control group
11 patients collected one saliva sample and 9 collected saliva three
times on 3 consecutive days. The samples were then transferred into
perfluoralkoxy bottles (AHF, T�bingen, Germany) and solubilized
with about the same volume of 69.5% nitric acid (TraceSelect,
Fluka, Neu-Ulm, Germany). After a storage period of 3 days at
room temperature the saliva solution was diluted for technical rea-
sons to about 1:10. The AAS analysis of the metals Ag, Au, Co, Cr,
Cu, Fe, Ga, In, Ni, Pd, Pt, Sn, and Zn in saliva and the alloy analysis
using a modification of the method of Wirz et al. [16] have been
described in detail previously [8].

Data treatment and statistical analysis

Saliva data treatment

The data treatment of the AAS values is thoroughly described for
the analysis of biopsy specimens adjacent to dental alloys else-
where [8]. As the same saliva volume was collected from each
patient, the detection limit for a single metal did not vary with the
sample size. The measured metal contents (micrograms of metal
per gram of tissue) were transformed to an ordinal scale by a
logarithmic transformation resulting in scores, designated S. Where

xg and xppm denote the detection limit and the measured metal
content, respectively, the score S was assigned as follows:

S ¼ 0; if xppm < xg

m; if m > 1 and 2 m�1ð Þxg < xppm < 2mxg

�

The metal content of the study group samples was defined as ele-
vated if the metal content in scores was higher than the highest
score of the metal content of the control group.

Alloys data treatment

To identify metals in intraoral alloys three randomly selected par-
ticles of each alloy biopsy sample were analyzed. A metal was
defined as present if it was detected in at least one of the particles.

Statistical analysis

Medians with 25th and 75th quantiles were used to describe the
central tendency and the variations of values. The c2 test was used
to analyze the repeatability of the metal content per patient in
consecutive saliva samples and to analyze differences between
groups at the a=0.05 level of significance.

Results

Original data

The original data from the AAS pooled for all patients
and all times for all measured values not below the de-
tection limit are summarized in Table 1. The total
number of cases was 170 for the study group (2 samples
of 85 patients), and 38 for the control group (3 samples
of 9 patients, 1 sample of 11 patients). The detection
limit varied from 2.0 �g metal per gram of saliva for Ag
to 500.0 �g Sn. All values of the control group were
below the detection limit for Au, Co, Ga, In, Pd, Pt, and
Sn. For the other metals tested the number of cases in the
control group not below the detection limit ranged from
12 (Ni) to 38 (Cu, Fe, Zn). For the study group the
number of cases not below the detection limit ranged
from 1 (Ga) to 170 (Fe, Zn). The maximum value of
the study group was measured for Sn (13410.0 �g metal
per g saliva). The maximum value of the control group
was measured for Fe (8410.0 �g). The medians of the
study group ranged from 8.0 (Cr) to 8875.0 (Sn). The
medians of the control group ranged from 2.0 (Ag) to
631.0 (Zn).

Metal content of saliva of the control group

The median metal content in scores of the control group is
presented in Fig. 1. The metals Ag, Cr, Cu, Fe, Ni, and Zn
were detected in saliva. The scores of these metals ranged
from 0 (Cr and Ni) to 3.5 (Fe). The scores for Cu and Zn
were 3, and for Ag 0.5. The metal content of the three
consecutive samples in scores is shown as an example in
Fig. 2 (A) for one randomly selected individual (control
s). This shows the wide variation between the repeated
measurements, for example, the scores of Cr varied from
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score 1 (detection limit <metal content � twofold detec-
tion limit) to score 3 (eightfold detection limit) and the
score of Ni ranged from score 0 (value below detection
limit) to score 4 (16-fold detection limit). Statistical
analysis on the repeatability showed significant differ-
ences in metal content between the three tests performed
for all controls.

Metal content of saliva of the study group

The median metal content in scores of the study group is
shown in Fig. 1. The metals Ag, Au, Cr, Cu, Fe, Ni, and
Zn were detected. The scores (median) of these metals
ranged from 0 (Ni) to 4 (Fe and Zn). The metal content in
scores for Cu and Ag was 3 and 2, and for Au and Cr the
value was 1. The metal content of the two consecutive
samples in scores is shown as an example in Fig. 2 (B) for
one randomly selected patient (patient 24). In this ex-
ample the metal content differed significantly between the
two tests. Again, this figure shows the wide variation
between repeated measurements, for example, the scores

of Ag and Au varied from score 0 to score 6 (Ag) and to
score 5 (Au). In 82 of the 85 patients in the study group
the metal content again differed significantly between the
two tests.

Fig. 1 Metals detected in the control (n=20) and study (n=85)
group

Fig. 2 Metals detected in consecutive samples. Examples from the
control group (control s, A) and from the study group (patient 24,
B). Shown are the metal contents in scores of all metals analyzed

Table 1 Original data from
AAS (micrograms of metal per
gram of saliva) pooled for all
patients and all times for all
measured values not below the
detection limit (n number of
cases not below the detection
limit, – all data below detection
limit)

Metal Detection
limit

Study group (n=170) Control group (n=38)

n Median Range n Median Range

Ag 2.0 126 11.0 2.0–771.0 16 2.0 2.0–8.0
Au 20.0 98 77.0 20.0–663.0 – – –
Co 10.0 8 18.5 11.0–90.0 – – –
Cr 4.0 93 8.0 4.0–33.0 21 9.0 5.0–26.0
Cu 15.0 168 97.5 16.0–4663.0 38 68.5 18.0–3611.0
Fe 35.0 170 458.0 54.0–7770.0 38 252.0 50.0–8410.0
Ga 10.0 1 27.0 27.0–27.0 – – –
In 25.0 7 50.0 26.0–83.0 – – –
Ni 30.0 40 54.0 30.0–210.0 12 118.5 30.0–247.0
Pd 20.0 18 59.0 20.0–167.0 – – –
Pt 70.0 2 256.5 230.0–283.0 – – –
Sn 500.0 2 8875.0 4340.0–13410.0 – – –
Zn 100.0 170 1363.5 150.0–8310.0 38 631.0 165.0–5630.0
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Comparison of saliva of control and study group

The metal content of saliva was uniformly higher in the
study than in the control group (Fig. 1). The c2 test re-
vealed a significant difference between control and study
group. The frequency distribution of metals with elevated
metal content in the study group (scores higher than
maximum score in control group) is presented in Fig. 3.
Metals with elevated scores in study group were pre-
dominately Au (59%) and Ag (48%) followed by Pd, In,
Co, Zn, Cr, Sn, Pt, Cu (� 8%), and Fe, Ga, Ni (0%).

Comparison of the metal content of saliva
and intraoral alloys

The frequency distribution of the number of metals de-
tected in the intraoral alloys and that were elevated in
saliva samples in the study group is shown in Fig. 4. In

23% of 85 cases no metal was a component of the cast
alloys and was also elevated in saliva. In 77% of 85 cases
at least one of the metals was a component of the cast
alloys and was also elevated in saliva. In 39% at least two
and in 9% at least three metals were components of the
cast alloys and were elevated in the saliva samples.

Discussion

The metal content of saliva showed wide variations be-
tween the patients in the present study. These variations
have also been found in previous reports [5, 10, 15]. The
detection limit varied for each analyzed metal. Therefore
the metal contents were transformed to an ordinal scale by
a logarithmic transformation resulting in scores to com-
pare data from different metals. The data treatment of the
AAS values and the inherent limitations of the AAS are
thoroughly discussed earlier [8]. According to informa-
tion of the manufacturer the measurement error of the
AAS device is within 3–5% (relative standard deviation).

An age-matched control group would have been de-
sirable in the present study. This was not possible, how-
ever, because older patients (50–59 years) predominated
in the study group [7], and no age-matched control group
without metal restorations was available.

The effect of smoking on the metal content of saliva is
controversial [3, 6]. To be on the safe side, in the present
study the patients were asked to avoid smoking before
saliva collecting. Furthermore, the number of smokers
was very low (three in the study and one in the control
group), and therefore the results of the metal content
analysis are not separately presented for smokers and
nonsmokers.

In saliva samples of the control group (without any
metal restorations) the metals Ag, Cr, Cu, Fe, Ni, and Zn
were found, indicating that other factors than metal res-
torations may affect saliva metal content. The composi-
tion and properties of saliva may be affected by many
physiological variables such as nutrition, diet, and sali-
vary flow [10, 11]. According to Edgar and O’Mullane
[6], hormones, drugs, and various diseases also influence
saliva composition. Furthermore, concerning the data on
Fe it should be considered that Fe may be released from
hemoglobin and thus can be regarded as endogenous. The
data for the ubiquitous metal Zn is an uncontrolled vari-
able because of its possible contamination, for example,
through air, despite a thorough hygiene regimen. In
agreement with our data, Wirz et al. [15] found the metals
Ag, Cr, Cu, Ni, and Zn in the saliva of a control group of
33 individuals without metal restorations. In contrast to
the data of the present study, the authors [15] also de-
tected Au, Co, In, Pd, and Sn in saliva samples of the
control group (the AAS analysis did not include Fe, Ga,
and Pt). Using AAS for Au analysis Bj�rkman et al. [1]
did not find Au in samples from individuals without gold
alloys in contrast to the patients with gold alloys, which is
in line with our data. In summary, metals are present in

Fig. 3 Frequencies of metals with elevated scores in the study
group (n=85)

Fig. 4 Frequencies of numbers of metals detected in intraoral al-
loys and elevated in saliva samples in the study group (n=85)
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the saliva of patients without metal restorations, depend-
ing on a number of variables.

In saliva samples of the study group the metals Ag, Au,
Cr, Cu, Fe, Ni, and Zn were detected, and the metal
content was significantly higher than in the control group.
The comparison of the metal content of saliva and the
intraoral cast alloys revealed that in most cases (77%) at
least one metal was a component of the alloys and was
also elevated in saliva compared to the control group.
These data indicate that components of dental alloys are
released into saliva. In this context amalgam fillings in
the oral cavity of the study group patients must be con-
sidered as an additional source of metal exposure as well.
With the AAS Wirz et al. [15] found higher values for Ag,
Au, Cr, Cu, Pd, Sn, and Co in a study group of 32 patients
with dental alloys than in a control group without metal
restorations. For Ag, Au, Cr, and Cu these data are in line
with the results of the present study. The authors [15]
concluded that metal analysis of saliva makes sense, and
that the detected metals give information on the compo-
sition of the incorporated alloy. Using AAS De Melo et al.
[5] measured Co and Cr in saliva of 30 patients with and
without Co-Cr partial dentures. In more than 80% of the
patients the amounts of Co and Cr increased when the
dentures were incorporated. The median increase in Cr
was approximately twice that of Co. Stenberg [13] de-
termined the release of Co from a Co-Cr alloy construc-
tion in ten patients. In contrast to the data of the present
study AAS revealed an increase in the median Co con-
centration after insertion of the alloy construction. The
data of all these studies show that saliva metal content is
influenced by the intraoral metal restorations, although a
direct estimation of the composition of the intraoral alloys
is not possible from the metal content of saliva.

However, considering the metal content of consecutive
saliva samples a wide variation was shown per individual
in the present study, despite standardizing saliva collec-
tion as consistently as possible. As ruled out above, a
possible error of the AAS device may not explain these
variations. The metal contents differed significantly be-
tween consecutive samples per individual in the control
group and in the study group. These variations are diffi-
cult to explain and may have the same causes as discussed
above for the variation in metal content of patients
without metal restorations. Furthermore, it can be spec-
ulated that factors such as temporary bruxism affect the
metal content of saliva. However, such variations com-
plicate the use of metal analysis for metal exposure esti-
mation of patients. This implies that saliva metal analysis
does not add relevant information for the diagnosis and
treatment of patients claiming adverse effects from dental
alloys. Furthermore, the method of chemical analysis
(AAS) does not distinguish between organic and inor-
ganic metal compounds and does not provide information
on the electric charge and oxidation level, which, as de-
scribed earlier [8], affect the biological activity of the

metal. For saliva no data are available on the concentra-
tion limit for a safe exposure. As a consequence, the
determination of the metal content in saliva being advo-
cated in the literature appears as a rather unreliable
method so far.

Conclusion

Even in patients without metal restorations metals can be
found in saliva. In patients with metal restorations the
saliva metal content is significantly higher, and alloy
components can be found in saliva. However, repeata-
bility of the recorded data is so low that, including other
aspects, metal analysis of saliva is still considered to be a
rather unreliable indicator for the metal exposure of pa-
tients with metal restorations.
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