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The composition of metallic pigmentations in gingiva and dental roots was determined by means of transmission electron
microscopy with energy dispersive x-ray microanalysis. The systemic immune response to the metals found in the oral cav-
ity was evaluated in 10 patients by using a modified lymphocyte proliferation test. Immunological results were compared
with a group of five controls without metallic materials and pigmentation. Dense particles of various shapes and sizes, as
well as of diverse extracellular and intracellular localization patterns, were detected in the pigmented lamina propria
gingivae. Metallic deposits consisted predominantly of silver accompanied by selenium or sulfur or both. Besides, Ag, Au,
Cr, Ni, Fe, Hg, Cu, and Ti were identified in dentinal tubules of teeth reconstructed with dental alloys. Nine patients with
metallic pigmentations had a positive lymphocyte proliferative response to one or more metals present in their own metal

reconstructions.
a significant risk to immunologically susceptible patients.

Results of this study thus indicated that dental alloys—by virtue of their corrosion process—might pose
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INTRODUCTION

Dental alloys are composed of a wide array of mate-
rials—from precious alloys containing gold, platinum,
and palladium to non-precious alloys containing Ti,
Cr, Co, Mo, Ni, and Fe. The corrosion properties of
an alloy are influenced by several factors: metal com-
position and metallurgy of the alloy, buffering capac-
ity and composition of saliva and crevicular fluid,
microbial activity of dental plaque, alimentation hab-
its, oral hygiene, etc.'”.

Corrosion products released in the oral cavity
from the surfaces of dental alloys can be swallowed
with the saliva, with further possibility of intestinal
resorption. Alternatively, it could be due to
crevicular corrosion in the area of gingival sulcus or
corrosion of metal post and core reconstructions. In
both of these cases, corrosion products diffuse into
adjacent tissues and blue-gray pigmentation of
gingiva and root dentin may develop?. The
mechanism of biological interactions occurring be-
tween corrosion products, metals, and human tissues
1s still not fully understood. Notwithstanding, in
studies related to contact sensitivity and hypersensi-
tivity reactions, three possible fronts are generally
considered: skin surface (associated with direct con-
tact, piercing, etc.), mucosal surfaces of gastrointesti-
nal tract (associated with consumed food), and
mucous membrane of oral cavity (associated with
amalgam fillings and dental alloys).

Although most humans tolerate metals well,

adverse immune reactions appear in some individuals.
Metals in direct contact with the skin can lead to
contact dermatitis™, while corrosion products of den-
tal alloys in the oral cavity and gastrointestinal
tract can give rise to local reactions™®.  The
immunological consequence is cellular, delayed hyper-
sensitivity occurring either locally or systemically.
Physiological interaction of foreign materials (includ-
ing metal ions) with mucosal tissue can lead to oral
(mucosal) tolerance induction®. However, a minor-
ity of humans evince an intense reaction to metal
dental reconstructions. Immunological response may
occur locally, including oral discomfort and local re-
actions of varying intensities (e.g., stomatitis,
lichenoid reaction). This local reaction could be ac-
companied by a systemic reaction, such as one char-
acterized by the presence of cells sensitized to the
metal ions. This state of delayed hypersensitivity
could influence the overall immunological reactivity
of the affected patients, thereby predisposing them to
the development of immunologically mediated dis-
eases, e.g., autoimmune diseases'.

Pertaining to local tissue reactions and the long-
term adverse effects, amalgam tattoos have been the
subject of several studies™. On the other hand,
similar studies concerning pigmentation around den-
tal casting alloys are scarce. The aim of this study,
therefore, was to determine the metal composition of
oral pigmentations in gingiva and dental roots and
to evaluate the systemic immune response to the
metals found in the oral cavity.



VENCLIKOVA et al. 97

MATERIALS AND METHODS

Patients and controls

Eleven patients (all referred by district dentists dur-
ing the period of 2005-2006) with metallic
pigmentations in oral cavity were included in the
present study. They were six females and five males,
aged 22 to T4 years (mean age was 58.8 years). For
each patient, an extensive case history as well as ear-
lier contacts with health care institutions were re-
corded. The patients were also asked to fill in a
questionnaire regarding possible clinical metal hyper-
sensitivity such as intolerance to metal earrings,
wrist watches, and jeans buttons. After being in-
formed of the purpose of this study, they gave their
informed consent. One patient, however, rejected
blood taking.

Control group consisted of five persons (two fe-
males and three males, mean age was 38.3 years)
without substantial health problems and pigmenta-
tions in the oral cavity.

Examination of the oral cavity focused on the lo-
calization and number of pigmented areas as well as
the number of restored teeth, and a panoramatic X-
ray was performed. The composition of dental alloys
found in the oral cavity of the patient was verified

Table 1 List of alloys and analyzed biopsies.

Inserted period of

from the individual’s dental record.

Transmission electron microscopy (TEM) with energy
dispersive x-ray microanalysis (EDX)

Ten biopsies of pigmented gingiva (about 1 mm?®)
were obtained from nine patients with distinctly pig-
mented gingival areas adjacent to the metallic resto-
rations.  Details on metal restoration, exposure
duration, and number of biopsies are given in Tables
1 and 2.

The biopsy samples were surgically removed
under local anesthesia and immediately fixed in buff-
ered 2.5 glutaraldehyde for two hours. One half of
the sample was postfixed in buffered 2  OsO,, but
with the second half OsO, was omitted. A standard
method was used for further Epon 812 embedding
and TEM processing. Semi-thin and ultra-thin sec-
tions were prepared using glass knives. The semi-
thin sections were stained with toluidine blue. Ultra-
thin sections were mounted on standard copper grids
or special plastic grids, where those on copper grids
were contrasted with uranyl acetate and lead citrate
for control.

After viewing with a JEOL 100B electron micro-
scope, selected samples with dense particles were ex-
amined with a Philips CMI12/STEM electron
microscope equipped with an EDAX DX4 X-ray
analysis system. Analysis was carried out in the
STEM bright-field mode at 80 kV, spot size of 10
nm, and low background C2 aperture (70 gy m) using

Alloy alloy(s)(exposure time) Ngirgbg;;f DXAuto application. The strategy of EDX spectra
in years P acquisition was as follows. First, the image of an
Amalgam 20 1 ulltréi—th(iin sectiotr.l | of gingiva(li ; ti.ssue With
electrondense particles was recorded in scanning
Alloy A + Alloy C S ! transmission electron microscopy (STEM) bright-field
10 2 (BF) mode at a resolution of 1024x 800 pixels. The
6 1 EDX spectra were subsequently recorded in spot
Alloy A + acrylic 5 2 mode (10-nm spot) from selected particles with a live
7 1 time of 300 seconds. Kach STEM BF image was du-
Amalgam + Alloy E 9 1 pli.cated, apd each measured particle was mgrked in
.. this copy immediately after spectrum recording. In
Ti implant 1 1 . . . .
this manner, the original image was designated for
Table 2 Metal composition of the examined amalgam, alloys, and Ti implant.
Au Pd Ag Cu Sn Hg Zn mixing ratio
wt. wt. wt. wt. wt. wt. wt. alloy:Hg
o alloy A 90 9 1
b B alloy B 84 16
S8 | alloy C 65 4 20 10 1
< alloy D 20 20 45 14
amalgam 70 4 22 4 1:1
Cr Co Mo Ni Fe Ti Nb
wit. wt. wi. wt. wi. wt. wi.
o alloy E 23 10 65 1
=] alloy F 28 63 6
g8 | alloy G
= to
= (wire) 19 8 73
Ti implant 99.5
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Fig. 1 Analysis of pigmented gingiva.
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A: STEM image of contrasted ultra-thin section.

Damaged fibroblast with loss of organellar structure and presence of many dark
ovoid particles; B-D: X-ray mappings of Ag (B), S (C), and Se (D); E: Characteristic
X-ray spectrum from one selected dark particle; F: Background spectrum (control).

morphology description and its duplicate copy was
marked with labeled particles of corresponding spec-
trum records.

Area scanning analyses were performed with
1DX module of EDAX DX4 software package. A ma-
trix of 256x 200 pixels was used for acquisition of
images and elemental X-ray maps, while a matrix of
512x 400 pixels was used optionally for high-
resolution data. Area scanning analyses were carried
out at 80 kV with spot size of 10 nm, dwell time of
50 ms, and time constant of 40 ns. Recording time
was about one hour for low-resolution images (256
x 400 pixels) and about four hours for high-

resolution (512x 400 pixels) images.

Three nearly eliminated teeth with pigmented
roots were also examined in two patients. The alloys
used for the tooth reconstructions were as follows:
Tooth 1 - amalgam (20 years), alloy A (12 years), al-
loys D, F, and G (four years); Tooth 2 - alloys B and
C (six years); Tooth 3 alloys A and D (five years).
These teeth were surgically removed under local an-
esthesia, immediately fixed in 2.5  glutaraldehyde
for four hours, and subsequently demineralized in 0.5
M EDTA (pH 7.4) at room temperature for eight
weeks.  Further post-fixation and processing on
small-block specimens of sectioned demineralized
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Fig. 2 Analysis of pigmented alveolar mucosa.
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A: STEM image of an osmium postfixed

sample with needle-like dark deposits; B: Typical Ti X-ray spectrum from dark par-
ticle (arrow); C: Background control spectrum (asterisk).

roots were the same as for the soft tissue. Thirty to
thirty-five small blocks were thus prepared and ex-
amined from each pigmented root.

Response of peripheral blood lymphocytes to metal
ons

In a modified lymphocyte proliferation test using
MELISA® **  lymphocytes isolated by centrifugation
on Ficoll gradient were partly depleted of monocytes
before cultivation in 48-well cultures (1x 10° lympho-
cytes per well) with various metal salts for five days.
Control cultures were cultivated in the absence of
metal salts. After cultivation, lymphocyte cultures
were pulsed with °H-thymidine for four hours and
radioactive DNA was harvested with a cell harvester.

Amount of incorporated radioactivity was evaluated
with a liquid scintillation counter (MicroBeta Trilux,
Wallac, Denmark). Increase in “H-thymidine incorpo-
ration in metal-treated lymphocytes was expressed as
a stimulation index (SI), which was defined as counts
per minute (cpm) in metal-treated cultures divided by
mean cpm in control untreated cultures. SI value = 3
were regarded as positive. Statistical analysis of
data was performed using Fisher’s exact test for
quadruple tables.

RESULTS

Patients
Blue-grey pigmentation of the oral soft tissues was
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Table 3 Occurrence of individual elements in analyzed particles in percents.

Element Alloy A+Alloy C Alloy B Amalgam
Ag* 63.5 49.5 33.3
Ti 1.6 17.2 111
Sn 4.8 0.0 44.4
Cu 0.0 2.2 111
Fe 254 10.8 0.0
Al 7.9 8.6 0.0
Mg 3.2 1.1 0.0
Ca 0.0 8.6 0.0
Zn 7.9 0.0 0.0
Cr 1.6 0.0 0.0
Mn 1.6 0.0 0.0
Si 11.1 6.5 0.0
Se* 31.7 46.2 22.2
S* 46.0 37.6 111

Total number of 63 93 9

analyzed particles

The numbers in columns headed by alloy codes used for dental restoration and amalgam represent the fre-
quency of particles (in per cents) containing the specific element. In other words, 63.5 % of 63 particles found
in discolored gingival tissue in patients with metallic restorations made of alloy A and alloy C contained sil-
ver, etc. Details on elements marked with an asterisk are given in Table 4.

Table 4 Detailed data on particles containing Ag.

Alloy A+Alloy C Alloy A+(acrylic) Amalgam
Particle Particle Particle Particle Particle Particle
composition counts composition counts composition counts
Ag 1 1,6 Ag 0 - Ag 0
Ag, S 19 30, 1 Ag, S 3 3,2 Ag, S 1
Ag, Se 10 15,9 Ag, Se 11 11, 8 Ag, Se 2
Ag, S, Se 10 15,9 Ag, S, Se 32 34, 4 Ag, S, Se 0

observed in the vicinity of nine teeth and one Ti im-
plant. Seven teeth were endodontically treated with
cast post and core reconstructions (Table 2, alloy A).
These teeth were subsequently reconstructed in three
cases with acrylic crowns and in four cases with
crowns made from alloy C. In the remaining two
teeth, cement and amalgam fillings were used as re-
storative materials. In one of these teeth, alloy E
was used for the fixed appliance (Table 2). Amalgam
tattoo developed in the form of a pigmentation patch.

All examined teeth with pigmented roots were
reconstructed with cast post and core and crown.
Alloys B and C were used in one tooth while alloys
A and D were employed in the remaining teeth.
Amalgam fillings or other appliances, made from
materials mentioned in Table 2, were usually found
mesially, distally, or occlusally from the teeth with
adjacent pigmented tissues.

Stratified squamous epithelium with underlying

lamina propria was seen on semi-thin sections.
Exceptionally large and dark aggregations, probably
of metal origin, were observed in biopsies stained
with toluidine blue. Dense particles of various
shapes and sizes, as well as of diverse localization
patterns, were detected in lamina propria on ultra-
thin sections. These particles occurred alone or in
clumps, extracellularly or intracellularly, in the tis-
sue. Extracellular appearance of dense particles was
seen in the matrix among collagen fibrils and in
close proximity of the lamina basalis of gingival epi-
thelium. An increased number of mast cells and
macrophages was also found in the tissue near the
dense deposits. On the other hand, intracellularly lo-
calized particles were found mainly in fibroblasts,
and rarely in macrophages and endothelial cells. In
particular, fibroblasts with dense inclusions often
displayed various signs of cell damage, such as the
occurrence of lipid vacuoles in the cytoplasm with
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A: Dental radiograph of nearly eliminated tooth
(arrow); B: Same tooth after extraction exhibiting
remarkable darkened part.

Fig. 3

characteristic spherical shape and a virtually absent
structure, enlarged mitochondria, or loss of typical
cell structure with distinct remnants of cytoskeleton
(Fig. 1A). Dense particles of ovoid shape were typical
of silver content (Figs. 1A and 1B), while particles of
needle-like shape were characteristic of Ti-containing
inclusions (Figs. 2A and 2B).

Detailed results of EDX microanalysis of eight
gingival pigmentations are summarized in Tables 3
and 4. With one titanium implant, the metal was
found in dark alveolar mucosa.

Particles containing silver, sulfur, selenium, and
silicon were detected in one special case, when the
crown was fabricated from alloy E with underlying
amalgam filling.

Dental radiograph of a nearly eliminated tooth
revealed that a dark part of the root corresponded
with the length of the metallic post (Figs. 3A and
3B). Dentin with abundant dentinal tubules was seen
on semi-thin sections. Dense particles were observed
in dentinal tubules of pigmented roots on ultra-thin
sections. EDX microanalysis showed the presence of
copper in dentinal tubules in the tooth reconstructed
with alloys B and C (Fig. 4A) and of silver near the
root surface. Both elements fitted the compositions
of alloys B and C (Table 2), which were used for
prosthodontic restorations.  Similarly, gold, chro-
mium, nickel, iron, mercury, copper, and titanium
were identified in the dentinal tubules of the tooth
reconstructed with alloys A and D and fitted with
removable appliances fabricated from alloys F and G
(Table 2).

Results indicated that the nine patients with oral
metallic pigmentations had a positive lymphocyte
proliferative response (SI = 3) to one or more metals
present in their own metal reconstructions. One pa-
tient with oral pigmentations did not react in vitro.
As shown in Table 5, the responses to Hg, Ni, Cd,

Ti, and Pd were most frequent. Based on anamnestic
data, various kinds of allergic reaction (four pa-
tients), autoimmune thyreoiditis, endocrine diseases
(goiter, diabetes mellitus), asthma  bronchiale,
Parkinson’s syndrome, neurovegetative disorders, re-
current aphthous ulcers, ulcus duodeni (two patients),
inflammatory disease of urinary system, prostatic
hypertrophy, coxarthrosis, arthrosis genus, glau-
coma, tinnitus, and hypertension were reported by
seven patients with positive SI. Some patients suf-
fered from multiple illnesses. Two patients with
positive SI did not report any health problems. Gout
and hypertension were recorded in the anamnesis of
one patient with negative SI.

Controls

In the group of control persons (without oral
pigmentations and metallic reconstructions), intact
dentition was recorded in three individuals. One to
three composite fillings were used as a restorative
material in two persons. Weak positive lymphocyte
proliferative responses to Ni and Mo were noted in
two persons (Table 5). In terms of medical history,
four persons were healthy (two persons were blood
donors) and one person reported gout and
periodontitis.

DISCUSSION

Interaction between dental alloys and the oral cavity
results in the release of corrosion products which
may cause problems if they accumulate in the human
body. They can be deposited locally in the soft tis-
sue, teeth, or alveolar bone as a blue-gray pigmenta-
tion, or swallowed with further possibility of
intestinal resorption. According to Geurtsen® ,
knowledge about the mechanism of biological interac-
tions between metallic dental restorations and oral or
systemic tissues is still very fragmentary. Therefore,
there is an imperative need to clarify the release of
cations from metallic dental restorations in the oral
environment and determine the biological interactions
of released metal components with oral and systemic
tissues.

As shown in Tables 3 and 4, metallic inclusions
found in the gingiva in the present study composed
mainly and frequently of silver. Silver is a basic
component of amalgam as well as the main constitu-
ent of many dental alloys used for prosthetic
reconstructions in our patients. These factors thus
accounted for its frequent occurrence in the tissue.
Furthermore, our results corresponded with those of
Garhammer et al*, whereby silver was frequently
identified in dried samples of tissue adjacent to metal
restorations. The presence of silver in our patients
was always accompanied with sulfur or selenium or
both. Sulfur is one of the basic elements of organic
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Analysis of decalcified dentin from dark area of the tooth shown in Fig. 3B. A: STEM image of dentinal

Fig. 4

tubules filled with dark material in ultra-thin contrasted section.

F

The insert shows a detail of one tubule;

B: STEM image of ultra-thin non-contrasted section; C: X-ray copper map; D: X-ray chlorine map; E: X-ray
phosphorus map; F: Typical X-ray spectrum of dark material in dentin tubules shown in A (upper), X-ray
spectrum of sample shown in B (middle), and that of control background (bottom).

substances 1n the tissue, and silver sulfide was
formed due to its high affinity for silver. The same
was probably true for selenium (in view of its posi-
tion in the periodic table of elements). Selenium pre-
sent in the particles had to be of endogenous origin,
since no medication with selenium was reported by
the patients. The importance of selenium in the de-
toxification of heavy metals is often discussed in as-

sociation with amalgam tattoos and argyria®™®.

Similarly, the finding of silver sulfide was also re-
ported in studies related to amalgam tattoos and me-
tallic pigmentations™*.

Titanium was detected in the alveolar mucosa of
a patient with endosteal Ti implant, which was fabri-
cated from cp Ti. Most of the titanium needle-like
deposits (Fig. 2A) were found in the extracellular ma-
trix around fibroblasts and macrophages. In a study

on biodegradation of titanium implants, similar
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Table 5 Reactivity of lymphocytes to metal ions in 10 patients and five controls.

ion Hg2+ Pb2+ Cd2+ Ti4+ NiZ+ Cr3+ Ag+ MOG+
patients 7 3 4 3 6 1 1 0
controls 0 0 0 0 2 0 0 1

Only positive results (SI =3) are shown

finding was reported by Jonas et al® after osteo-
synthesis of upper and lower jaws with titanium
miniplates and screws. Likewise, titanium oxide par-
ticles embedded in avascular encapsulation around Ti
plates were mentioned by Marx and Stern® .
Interestingly, titanium was also identified in the tis-
sue even when it was absent in dental alloys. This
phenomenon can be explained by the junctional
leakiness of epithelium and the frequent use of TiO,
in cements, composites, acrylics, and toothpastes for
color adjustment. TiO; is known as titanium white
and is also used as a food additive (E171).

Additionally, lipid vacuoles and enlarged mito-
chondria in some fibroblasts with metal deposits
were found on ultra-thin sections.  Accumulated
metal particles in cells with a loss of organellar
structure but a distinct cytoskeleton were seen as
well (Fig. 1A). Both these signs suggested that de-
generative processes occurred in the cells. The pres-
ence of macrophages and mast cells in the lamina
propria of gingivae indicated certain immunological
reactivity around the pigmentations. This finding
differed from the data of Aoyagi and Katagiri®” con-
cerning amalgam tattoos, whereby observed Ag,S
particles did not induce any host reaction. Similarly,
very weak chronic inflammation with only a sprin-
kling of histiocytes and lymphocytes was observed by
Jonas et al” in the soft tissue surrounding Ti
miniplates.

Metal deposits found in the dentinal tubules cor-
responded with either cast post and core restorations
(Ag, Cu) or with the alloys used for the fabrication
of the crown and removable appliance (Au, Cr, Ni,
Fe). Some of them (Ti, Hg) could be present in con-
nection with previous restorative and endodontic
treatments.  Physiologically, dentinal tubules are
filled with the cell processes of odontoblasts. This
state represents a moist milieu highly suitable for
the development of the corrosion process. It was
highly probable that such pigmented roots could
serve as the reservoir and release source of metal
ions in the human body.

The possible roles of local reaction and systemic
immune response were tested with lymphocyte
proliferative response. The results indicated that
nine patients with oral metallic pigmentations had a
positive lymphocyte proliferative response (SI_ 3) to
Hg, Ni, Cd, Ti, and Pd. Positive responses to only
Ni and Mo were recorded exclusively in the group of
control persons (Table 5). In our patients, inorganic

mercury was the most frequent sensitizer, probably
due to the widespread use of amalgam fillings in the
Czech population. The detection of nickel in exam-
ined and control groups might point to an exogenous
origin of Ni other than dental alloys, such as atmos-
phere (environment), tap water, foodstuffs, and ciga-
rettes. As for the positive SI responses to Cd, Ti,
and Pd, these results were in agreement with the
data of Valentine-Thon and Schiwara®, who reported
Cd, Ti, and Pd to be among the most common sensi-
tizing metals that frequently induce positive allergic
reactions. As for the single positive response to Mo
in one control person, no explanation could be
offered presently.

Based on anamnestic data, five out of nine SI-
positive patients with oral pigmentations suffered
from allergies, autoimmune and endocrine disorders.
A local reaction in the oral cavity may cause sys-
temic reaction by sensitizing lymphocytes to metal
ions. Metal-induced inflammation could affect the
overall immunological reactivity of these patients and
therefore predispose them to the development of
immunologically mediated diseases such as allergy
and autoimmune disease.

At present, in vitro lymphocyte transformation
test and modified lymphocyte proliferation test,
MELISA®, along with dermal, intradermal, and
intraoral in vivo tests have been used to detect the
allergenic potency of metals or casting alloys. Since
there are several drawbacks in the traditional patch
test including the risk of actively sensitizing pa-
tients, the development of fast and reliable new tests
would be very beneficial. On this note, innovative
methods have been introduced recently. For example,
by means of microarray technology, a total of 26 dif-
ferentially expressed genes were identified as diag-
nostic markers for contact sensitivity”. Besides,
detection of cytokines produced by mononuclear cells
in patients with hypersensitivity to nickel and mer-
cury chlorides was also used”.

According to our experience supported by a pre-
vious work”, the development of oral pigmentations
was closely connected with the occurrence of corro-
sion of dental alloys. To circumvent this problem,
the prudent choice of dental material (in conformity
with the results of careful and thorough anamnesis)
is necessary. When doubt prevails concerning a pa-
tient’s tolerance to metal alloys, it 1s advisable to
carry out a reliable immunological test to determine
the actual immune response. Then, in patients with
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metal allergies and autoimmune diseases, it is recom-
mended to avoid metal appliances and to employ
inert metal-free materials instead.
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