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The increased use of Palladium (Pd) for biomedical applications, which has more than doubled in
the last ten years, appears to be associated with an increased frequency of adverse reactions to Pd. The
aim of this study is to investigate the relationship between the implant of a biomechanical apparatus
containing Pd and the setting of a hypersensitivity to Pd by determining the levels of the metal released
in biological fluids, assessing the effects of Pd on peripheral blood mononuclear cell (PBMC) cytokine
production and exploring the clinical setting of skin sensitization. Of a total of 3,093 subjects examined
in 2006, sensitization to Pd alone or in association with nickel (Ni) was observed in 1.6% and 13.03% of
the individuals, respectively. Of these, a group of six subjects positive to Pd and negative to Ni at patch
testing were selected on the basis of the oral clinical symptoms in order to measure both the levels of Pd
in biological fluids and the degradation of the dental prostheses. Specific Pd measurements were carried
out on salivary fluid, urine and serum samples by High Resolution Inductively Coupled Plasma-Mass
Spectrometry. In addition, the degradation of the dental prostheses was assessed by both a "leaching
test" and an analysis of the micro morphology of orthodontic prostheses. The induction of IFN-y
production by Pd was assessed in PBMC by the ELISpot assay. Skin sensitization to Pd was evaluated by
patch testing and clinical examination. Ten healthy subjects were comparatively tested as controls. We
found a specific induction of an IFN-y response by Pd in PBMC collected from all the subjects positive
to Pd at patch testing. On the contrary, control subjects did not show any response to Pd as assessed by
IFN-y ELISpot assay or by skin testing. Remarkably, the levels of Pd in all biological samples (saliva,
sera, urine) were significantly higher in Pd-sensitized patients than in those collected from controls,
reaching the highest concentrations in the urine. The leaching studies gave additional evidence that the
dental appliances can release measurable levels of Pd in saliva. Oral clinical symptoms in patients with
Pd dental prostheses were associated with measurable levels of Pd in the biological fluids, the induction
of Pd-specific IFN-y responses in PBMC and the clinical evidence of skin sensitization to Pd. These data
suggest that dental appliances may represent an active source of Pd in the body, and this, in turn, can
favour the clinical setting of a hypersensitivity to this metal.
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Palladium, a metal of the platinum group,
represents a widely-used component in most cast
dental restorations and amalgams (dental alloys may
contain up to 10% Pd) (1-4). Due to its relatively
low cost and the relatively simple and cost-effective
processing procedures, the use of dentistry alloys
containing Pd has more than doubled during the past
ten years (5). Indeed, Pd appears more resistant to
the effects of mechanical wearing (6), and data on
local (7) and systemic toxicity (8) confirm its safety
for use in dental appliances. In addition, such an
increasing demand of Pd is also attributable to the
release of the European Nickel Directive 94/27/EC
(9) which restricted the use of Ni in all industrial
products for limiting the consumer's contact with
a well-recognized allergen. This prompted the
exploitation of different metal compounds for
medical destinations such as the alloys used in
orthopaedics and in dental appliances (10).

At present, Pd is considered a low-risk metal for
use in dentistry on the basis of the reported very low
rate of dissolution (6). Nevertheless, the frequency
of dermatitis caused by Pd, which was previously
considered a rare occurrence (3), has recently
increased (1, 11-12). In addition, a significant
fraction of patients with an allergic reaction to Ni
sulphate has also been shown positive to Pd chloride
at patch-testing (13). In the last decade, sensitivity to
Pd has been described by several reports. The most
common symptoms are generally related to a contact
allergy of the oral mucosa: cheilitis, stomatitis,
burning mouth, lichenoid reactions, oral-facial
granulomatosis, or swelling of the lips and cheeks,
dizziness, asthma and chronic urticaria (11, 14-16).
In some reports, the clinical symptoms ceased after
replacing the Pd-containing appliances with Pd-free
constructions (17).

Epidemiological data indicate a sensitization
rate of 8% in Europe (18), with similar frequencies
at different locations, being 9.4% in England (19),
and 8.3% in unselected eczema patients in Austria
(12). In Italy, the results of a 10-year evaluation
study (1991-2000) showed an increasing trend
to sensitization to Pd chloride, that reached the
highest frequency (9.7%) in the year 2000 (11).
These data may indeed represent an indicator of an
emerging medical problem. Therefore, supported
by the evidence that some patients suffering from

burning mouth syndrome had a positive patch test
to Pd, starting from the year 1996, we included Pd
in the routine patch testing panel for the clinical
assessment of contact dermatitis. The results of
this perspective screening indicated that of a total
of 3,093 subjects examined at the end of 2006,
sensitization to Pd alone or in association with Ni
was 1.6% and 13.03%, respectively.

In fact, several studies in vivo indicate that dental
alloys are prone to corrosion and can release metal
components in the oral cavity (20-21). Based on this
evidence, in this study we evaluated a group of six
subjects affected by a suspected adverse reaction
to dental prostheses caused by sensitization to Pd
to determine whether the degradation of the dental
prostheses is associated to Pd hypersensitivity as
assessed by patch testing and by the determination
of T cell immune response to Pd using the ELISpot
technique. The degradation of the dental prostheses
was assessed by analysis of the micro morphology
of orthodontic prostheses as well as by a "leaching
test". In addition, the presence of Pd concentrations
in body fluids was measured by a High Resolution
Inductively Coupled Plasma-Mass Spectrometry
(HR-ICP-MS) technique, a well established and very
powerful analytical method for the determination
of trace and ultra-trace elements in environmental
and biological samples (22). Since polyatomic and
isobaric interference could represent a bias for the
analysis of very low Pd levels in such matrices, an
interference study was performed to quantify such
bias and apply due corrections.

MATERIALS AND METHODS

Patients
Among the subjects consecutively patch tested at

the Department of Allergy in 2006, six patients with oral
symptoms including gingivitis, taste irritation, dry mouth,
and burning mouth associated to the presence of metal
restorations, except amalgams, and with a positive patch
test to Pd were selected for this study. Detailed medical
history, including any previous metal exposure and use
of metal dental prostheses, was collected. In one case,
we were able to collect the biological specimens before
and one month after the removal of the dental prostheses,
respectively, having therefore the opportunity to compare
the levels of Pd in the presence and in the absence of Pd
prosthesis. Ten subjects with negative patch test to Pd
and without any type of metal restorations or amalgams
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were studied to provide background data for metal content
determinations. All subjects gave informed consent.

Patients nos. 1, 4 and 5 were women, aged 57, 64
and 69, respectively, who came to our outpatient clinic
suffering from a sense of burning and dryness in the
mouth. The symptoms had started I to 3 years earlier, after
having a fixed, palladium-based framework supporting 3
ceramic dental crowns (patients nos.1 and 5) or 5 ceramic
dental crowns (patient no. 4) implanted. In all cases,
the symptoms were initially localized at the tip of the
tongue, becoming more intense with the time. The oral
swabs performed to detect the presence of a Candida
albicans infection were negative. None had any evidence
of clinical depression or anxiety. Mouth-rinse, vitamins,
anti-mycotic therapy and drugs for neuropathy did not
improve the clinical condition. Blood tests did not reveal
any additional alterations. Subjects nos. 1 and 4 refused to
remove the dental alloy, while patient no. 5 consented to
remove the palladium crowns, which were replaced with
provisional acrylic crowns. This procedure was associated
with a dramatic improvement of the symptoms.

Patient no. 2 was a 77-year-old woman who came to
our clinic referring a chronic soreness ofthe lower lip. The
patient had been asymptomatic until the previous year.
At that time a full crown was placed on the mandibular
canines to serve as abutment for a removable partial
denture.

Patient no. 3 was a 71-year-old woman who reported
a history of sensitization to common allergens such as
pollen, but no previous sensitization to any metal. She
developed a severe inflammation of the mucosa at sites
in close contact with a porcelain partial denture alloy
that she had worn for the previous 3 months. The fixed
partial denture was removed and replaced by a provisional
acrylic resin restoration with a progressive remission ofall
the clinical signs.

Patient no. 6 was a 59-year-old woman, with no history
of allergy, who presented recurrent swelling and pain of
the oral mucosa. Clinical examination showed a marked
swelling and ulceration of the mucosa in close contact
with a metal crown in place since 2005. The patient
refused to remove the dental appliance.

Patch testing
The skin patch tests were performed using the

European standard patch test series (Hermal Trolab,
Reinbeck, Germany) supplemented with palladium
chloride 1% (PdCI2) in petrolatum, using Finn Chambers
on Scampor (Epitest Ltd Oy, Tuusula, Finland). The
allergens were placed on unaffected upper-back skin.
Readings were performed on days 2 and 3. In subjects
positive only to Pd we performed further two readings
on days 4 and 7. A homogeneous redness and infiltration

in the entire test area was classified as a I+ reaction;
homogeneous redness, infiltration and vesicles in the
test area were classified as a 2+ reaction; homogeneous
redness, infiltration and coalescing vesicles in the test area
was a 3+ reaction. A 1+, 2+, or 3+ reading was interpreted
as a positive response (23).

ELISpot assay
The setting of the immune response against Pd was

further assessed in vitro by investigating the presence
and quality of IFN-y producing T cells elicited by metal
compounds by the ELISpot assay as previously described
(24). These studies were performed on the six patients
with positive patch test to Pd and in control subjects
(negative patch test to Pd).

Briefly, PBMC were isolated from 5 to 10 ml of
heparinized blood, collected 48 h after skin testing,
by standard Ficoll density-gradient centrifugation
(Lympholyte-H solution Cederlane, Ontario, Canada)
and washed twice with PBS. Cell aliquots were frozen
in 90% heat inactivated Fetal Bovine Serum (FBS,
Euroclone) and 10% DMSO (Dimethylsulphoxide,
Sigma) and kept in liquid nitrogen until tested by the
ELISpot assay. PBMC were plated at 2.5 X105 / well, to
a final volume of 200 Ill/well of complete medium. The
metal salts used for in vitro assays were: nickel sulphate
hexahydrate (NiSO4x6Hp, 20 ug/ml), palladium chloride
(PdCI2, 2.5 ug/ml) and rhodium acetate Rh(CH3COO)2'

5 ug/ml) (Merck AG, Darmstadt, F.R.G). Before use,
metals were dissolved in sterile saline solution at 2 mg!ml
(Bioindustria, Novi Ligure, Italy). These stock solutions
were found negative for LPS contamination by the
Limulus assay (BioWhittaker, Cambrex Company, USA).
Red spots were analysed by the Automated ImmunoSpot
Image Analyzer Software (AELVIS Technologies, TEMA
Ricerche, Italy). The results were expressed as mean
values of spot forming cells, for triplicate wells, detected
upon stimulation.

Biological samples for Pd content analysis
Salivary fluid, urine and serum samples were collected

for the analysis of Pd content in biological matrices.
Saliva (l m!) was collected in polyethylene (PE) tubes
(Greiner, Frickenhausen, Germany) before breakfast,
tooth brushing, and smoking, and this procedure was
repeated after 2 days. The samples were treated with 1
ml of ultra-pure concentrated HN0

3
(Carlo Erba, Milan,

Italy) in a microwave oven (FKV Milestone, Bergamo,
Italy) for 2 h at 80°C. After digestion, samples were
diluted up to 10 ml with deionised water (EasyPure, PBI
International, Milan, Italy) and subsequently analysed.
Serum and urine samples were collected in the morning in
PE tubes and diluted 1:5 (v/v) with deionised water.
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It should also be noted that the individual difference
of saliva production, the regional pH value (in the
surrounding area of the prostheses), diet (presence of
proteins from food binding the released metals), personal
habits (chewing gum use) and hygiene were all considered
since these elements may influence the corrosion and
metal ion release from the dental appliances (25). For
these reasons, subjects with amalgams were excluded to
avoid metal contamination from materials different from
prostheses (26). Recommendation to avoid eating, tooth
brushing or smoking (27) before saliva collection concurs
in limiting the individual variability between subjects and
in standardizing the procedure of saliva collection as
consistently as possible.

Pd content analysis
Measurements of Pd content in all biological

samples were performed by HR-ICP-MS. The
technical characteristics and settings of the analytical
instrumentation are summarized in Table I. The main
disadvantage of this technique is the polyatomic and
isobaric interference, which required a quantification
and specific correction. Specifically, the analytical mass
spectra were investigated at medium resolution (m/Am
3000) to evaluate in detail molecular ions interference.
Increasing concentrations of the interfering elements
were added to each matrix to match and even exceed their
expected ranges of concentration.

The calibration of the test was performed adopting the
standard addition mode: diluted single-element standards
were added to the analytical solutions ofsaliva, serum and
urine. To compensate the instrumental drifts and matrix
effects, Indium was added as internal standard (IS) to each
sample.

Figures ofmerit
Limits of detection (LoDs) were calculated on the

basis of the 3-0" criterion. Blanks for saliva, urine and
serum were obtained from non-exposed subjects. The
same samples, spiked as needed, were used for the within­
series imprecision tests. Because of the lack of reference
materials with certified levels of PGEs for the matrices
under study, recovery tests were carried out to assess the
accuracy of the method: a solution containing Pd was
spiked to biological samples, with aliquots of 10, 50 and
100 ng 1-1 of the analyte prior to pre-analytical treatment
and then analyzed.

Leaching experiments
A leaching test on orthodontic prostheses was

performed in order to evaluate the release of Pd in saliva.
Two different metallic pivots and bridge-work crowns
were left in contact with samples of saliva - obtained

from two subjects of the control group not-exposed to
Pd-containing prostheses - in a thermostatic bath at 37°C
for 24 h. After incubation, saliva samples were digested
and analyzed as mentioned above. Samples were tested
in duplicate.

3D imaging ofdental prostheses
Using computerized X-ray micro tomography,

analysis of the external and internal micro morphology
of the orthodontic prostheses was performed in order to
examine their degradation. The hardware device used in
this study was a desktop X-ray micro-focus CT scanner
(SkyScan 1072, SkyScan bvba, Aartselaar, Belgium).
Statistical analysis

The unpaired t test was used to compare IFN-y
responses between groups of subjects. A P value < 0.05
was considered to be statistically significant. Statistical
analysis was performed with GraphPad Software, version
4.00 (San Diego California USA).

RESULTS

Patch testing and clinical observations
The patch testing performed on 3,093 patients

during the entire year 2006, revealed a mono­
sensitization to Pd in 15 out of 928 positive
individuals (1.6%), while 121 subjects (13.03%)
had a positive patch test response to both Ni and
Pd. Overall, the clinical evaluation of the 15 patients
that had a positive patch test to Pd showed oral
symptoms such as cheilitis, perioral dermatitis
and periodontitis (5/15). Burning mouth syndrome
is characterized by symptoms of pain or burning
sensation of the tongue in the absence ofany clinical
evidence of eczema and/or blistering at clinical
evaluation (5/15); glossodynia was also reported (5/
15), sometimes associated with the burning mouth
syndrome. At the clinical observation, the mucositis
and stomatitis found in 4 of these patients were
relevant. In 5 patients, hand dermatitis and diffuse
eczema were prevalent. Anamnestic data showed
that all patients monosensitized to Pd were wearing
dental prostheses.

Among these subjects, six patients showing a
positive patch test reaction to Pd and oral symptoms
including gingivitis, taste irritation, dry mouth, and
burning mouth associated to the presence of metal
restorations, except amalgams, were selected for
a more in depth biochemical, immunological and
clinical exploration, including the measurement of
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Fig. 1. IFN-y responses induced by metal ions or PHA. ELISpot assay was performed to assess IFN-y producing PBMC
(2.5 xlO'/well) in response to stimulation with Pdtll; (2.5 ug/ml), NiS0

4
(20 pg/ml), Rh(CH

3COO)2
(5 ug/ml) or PHA

(1 ug/ml). The results were expressed as number ofspot forming cells (SFC)/well. The mean values of triplicate wells
were calculatedfor each subject. Black circle represents subjects with positive patch test to Pd and oral symptoms (six
individuals); white circle represents healthy controls (ten individuals). The statistical analysis was performed using the
unpaired t test.

Pd released in biological fluids and the assessment
of the T cell immune response against Pd. A detailed
medical history ofpatients, including history ofmetal
exposure and wearing of metal dental prostheses, is
detailed in Materials and Methods. As mentioned,
in one case we were able to collect the body fluids
before and after the prostheses removal, therefore
having the opportunity to gather comparative data.

Determination of Pd sensitization in vitro by
assessing T cell immune response to Pd

Fig. 1 shows the basal levels of IFN-y-producing
cells as compared to those elicited by Pd salts or
PHA in different tested subjects. Results are depicted
as scatter plots of individual spot-forming cells. All
six of the patients with a positive Pd patch test had
a strong T cell-mediated IFN-y immune response
to Pd, which was highly specific since they did not
raise any measurable response against Ni or Rh
(P<O.OOOl). On the other hand, all subjects with
negative patch test did not show any IFN-y T cell
response to Pd nor to Ni or Rh. It should be noted that
a preliminary functional validation of such testing
was performed by assessing the induction of IFN-y­
producing T cells by a standard stimulus (PHA). The

Fig. 2. Interferences profile on mass 108Pd at medium
resolution mode (m/l1m=3000).

data confirmed that PHA stimulated lymphocytes
from all subjects, including patients and controls,
significantly increased the number of IFN-y­
producing T cells as compared to their unstimulated
counterparts (P<O.OOOl) with no differences among
the individuals examined (patients and controls).
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Table I. High Resolution Inductively Coupled Plasma-Mass Spectrometry (HR-ICP-MS). Specifications on
instrumental settings and data acquisition parameters.

Apparatus

RF power

Sample introduction

Internal standard

Analytical Masses

Interface

Gas flow rates (I min-I)

Resolution (m/Am)

Acquisition mode

Number of scans

Element (Thermo-Finnigan, Bremen, Germany) equipped with the

Guard Electrode device

1200-1250 W

Nebulizer: concentric, Meinhard glass type;

Spray chamber: Scott-type, water-cooled

Pt cones

Cooling, 14; auxiliary, 1.00; nebulizer, 1.10

Medium Resolution = 3000

Electric scan

15

Table II. Range ofPd content (ng/L) in the different biological samples as assessed by HR-ICP-MS.

Specimens Saliva Serum Urine

(5ng/L)* (12 ng/L)* (8 ng/L)*

Patients (n=6) 19-1140 12-180 250-580

Controls (n=lO) 5-13 12-17 8-25

*Limit ofdetection

PD Quantification In Body Fluids
Method validation and analytical performance

In order to validate the method for Pd
determination in biological specimens, a specific
"interference" study was performed to identify the
most appropriate isotope mass of Pd in order to
overcome the influence ofmass interferences. Among
Pd isotopes, a mass equal to 108 was considered
optimal since its signal is hampered by 68Zn 4°Ar

and 108Cd only (Fig. 2). Operating at medium
resolution, the interference of the Zn polyatomic
species can be physically shifted, whereas for the
isobaric interference of 108Cd on 108Pd the use of a
mathematical correction was deemed necessary as
follows:

l108Pd = 1108 - [I lllCd x IR]
where I means the intensity (counts) and IR is the
isotopic abundance ratio between the masses 108Cd
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Fig. 3. The Micro-CT 3D images provided direct evidence of the corrosion and the structural defects in the micro
architecture of the prostheses as assessed in patient no. 5. Panel A represents the dental appliance obtained from the
patient, while panel B shows a matched control, consisting ofa brand-new dental appliance.

and IIlCd, chosen to quantify the Cd intensity.
Studies on the limit of detection (LoD),

repeatability and recovery were performed in order
to validate the measurements of Pd in biological
fluids. The detection power achieved by HR-ICP­
MS, equipped with a pneumatic nebulizer, was
adequate to analyze the expected concentrations of
Pd in the studied matrixes. In particular LoDs of 5,
12 and 8 ng 1-1 was reached for saliva, serum and
urine respectively. The reliability of the test was
further proven by the repeatability obtained on ten
measurements well within the limits of confidence.
At a concentration of 50 ng 1'1, precision varied from
5.2 for the digested solutions (saliva) to 6.8 and
7.9 for water-diluted solution (serum and urine). In
the latter case, the presence of organic matter may
account for a higher (although acceptable) instability
in the analytical signal, which cannot be fully
counterbalanced by the use of the internal standard.
The results of the recovery studies were consistent
with the added amounts for all matrixes (l0, 50 and
100 ng 1-1). In saliva the recovery varied from 95 to
105%, in serum from 98 to 103% and in urine, from
96 to 105%.

Pd levels in biological specimens
Pd content in saliva, serum and urine samples

from the six patients wearing dental appliances and
from the control group is shown in Table II. Pd was
detected in all biological samples. The levels were
always higher in urine as compared to those found
in saliva or in sera. In all the samples collected from

the six patients, the levels of Pd were significantly
higher than those collected from control subjects.
Remarkably, one patient, who had the dental
prostheses removed due to severe oral symptoms,
showed a dramatic reduction of Pd content in saliva
(250 ng 1-1 vs 150 ng 1-1), serum (120 ng 1-1 vs 50 ng
1'1) and urine (570 ng 1-1 vs 280 ng 1-1) as compared to
the levels measured before the removal.

Leaching experiments results
During the leaching experiments no colouring of

saliva was noticed in any sample. Measurable levels
of Pd were released in the healthy saliva by all the
dental appliances with the following differences: the
mean values of Pd released from the two metallic
implanted pivots (730 ± 60 and 790 ± 50 ng 1-1) were
higher than those released by the two bridge-work
crowns (120 ± 30 and 190 ± 20 ng 1,1).

Microcomputed tomography results
The Micro-CT 3D imaging provided precise

evidence ofstructural defects in themicro architecture
of the dental prostheses obtained from the patient
suffering from oral symptoms who decided to
restore the dental appliance after participating in
this study (Fig. 3). This analysis confirmed that the
dental appliance can be susceptible to corrosion.

DISCUSSION

Hypersensitivity to different metals represents a
frequently emerging problem because ofa significant
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morbidity. Pd is a precious metal used in jewellery,
industry and in most cast dental restorations (2,
5). Even if this metal is generally safe for most
medical uses, positive patch test reactions and
hypersensitivity to Pd chloride have been reported
(28). It has been suggested that Pd sensitization in
humans may be induced by a chronic exposure to
low doses of Pd, as documented by Stejskal et al.
(29) in patients suffering from local and systemic
symptoms attributed to dental restorations. However,
contact allergy in patients presenting with a burning
mouth syndrome have not been adequately assessed
in previous studies, also considering that in earlier
tests potentially relevant allergens such as Pd were
not included, therefore in some cases the cause of
sensitization might have remained unrecognized.

Despite it being well-known that hypersensitivity
to Pd is generally related to a simultaneous
sensitization to other metals such as Cobalt,
Potassium dichromate (~Crp7) and Nickel (3,
11, 13, 23), in our experience the frequency of
mono-sensitizations to Pd increased from 0.11%,
considering the years 1996 and 1997, to 1.6% in
2006. This tendency was confirmed by the frequency
of 1.8% of mono-sensitizations to Pd calculated on
a total of 5350 subjects analysed in the years 2007
and 2008, suggesting that this metal, which has often
been used as a substitute for Ni in the last ten years,
is becoming a "novel" potential allergen.

.Interestingly, in the present study, all patients
mono-sensitized to Pd (positive with patch test and
IFNy ELiSpot) had intra-oral symptoms and were
wearing dental prostheses at the time of the clinical
evaluation. This is consistent with previous case
reports showing that restorative materials can be a
cause of allergic contact mucositis (2, 30). Indeed,
Pd is a very common component of various dental
appliances, therefore the local mucosa, lateral tongue
and gingiva in contact with the dental restoration
represent the most proximal site that can be affected
by contact allergic reactions (31). Even if the Au­
Pt-Pd dental alloys are considered the most resistant
materials to electrochemical and chemical corrosion,
numerous parameters are not always controllable,
such as the quality of the restoration and the lifestyle
of the patients. In fact, the level of Pd biologically
available in the form of Pd ions depends on the type
of corrosive environment present in the mouth (25).

In accordance with others (26, 32), the leaching
experiments performed in the present study,
confirmed that elemental release of metal ions
from various types of dental casting alloys could
be possible. In addition, we also confirmed the
presence of defects in the dental appliances by the
microcomputed tomography imaging.

The concomitant occurrence of oral symptoms,
hypersensitivity to Pd and presence of dental
appliances prompted us to analyse the presence of
Pd in biological fluids in a group of selected patients.
The HR-ICP-MS offers a powerful approach for
the simultaneous analysis of different elements in
biological matrixes due to its very high sensitivity.
In respect to other analytical techniques, such as
ETV-AAS or ICP-AES, this method offers limits
of quantification much lower than one order of
magnitude, operating at the highest resolution.
A set of appropriate interference studies and
implementation of validation procedures allows the
highest accuracy. Also, for these reasons, the levels
of Pd found in this study are much lower than those
previously found with other analytical techniques
(26). In fact, problems ofmass interference affecting
the determinations obtained by ICP-MS are mostly
solved by the HR-ICP-MS by operating at increasing
steps of resolution.

The clinical assessment of Pd in saliva samples
showed higher levels in the group of patient than in
the control subjects, although Pd content in saliva
showed little variations among the six patients.
These results support data from Garhammer et al.
(26), showing that components of dental alloys are
released into saliva and to the adjacent soft tissue of
the oral cavity.

Regarding serum concentrations, Pd levels were
found at very low concentrations in patients and did
not reflect those found in saliva and urine. These
data offer an indirect confirmation of the results
obtained in rats that, after receiving a sub-acute oral
dose of Pd, did not show an increase in serum Pd
concentration according to the administered dose
(33).

The highest mean values of Pd levels were
detected in urine samples. This result is in agreement
with a previous study (34) and strongly suggests that
also in humans Pd is subjected to a predominant
kidney excretory pathway as described in small
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