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Background: Oral exfoliative cytology is a diagnostic
method that involves the study of cells exfoliated from the
oral mucosa. Ions/particles released from metallic implants
can remain in the peri-implant milieu. The aim of the present
study is to assess the presence of metal particles in cells exfo-
liated from peri-implant oral mucosa around titanium dental
implants.

Methods: The study comprised 30 patients carrying tita-
nium dental implants, who had neither a metallic prosthesis
nor metal restorations in neighboring teeth. Individuals un-
dergoing orthodontic therapy and those who had oral piercing
were also excluded from the study. The study sample included
patients with and without peri-implantitis. Cytologic samples
of the peri-implant area were collected. Samples of the mar-
ginal gingiva on the contralateral side of the implant were
taken from the same individuals to serve as control. Cyto-
logic analysis was performed using light microscopy. Tita-
nium concentration was determined using inductively
coupled plasma-mass spectrophotometry.

Results: Metal-like particles were observed inside and
outside epithelial cells and macrophages in cytologic
smears of peri-implant mucosa of both patients with and
without peri-implantitis. No particles were found in the
control cytologic samples. The concentration of titanium
was higher in the peri-implantitis group compared with
the group without peri-implantitis; no traces of titanium
were observed in controls.

Conclusions: Regardless of an inflammatory response,
ions/particles are released from the surface of the implant
into the biologic milieu. Exfoliative cytology is a simple
technique that may be used to detect metal particles in
cells exfoliated from the peri-implant mucosa. J Periodontol
2013;84:78-83.
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O
ral exfoliative cytology is a di-
agnostic method that involves
the study and interpretation of

the features of cells exfoliated from the
oral mucosa.1 It is a simple, minimally
invasive, and painless technique; it is
well tolerated by patients; and it allows
establishing an initial diagnosis of a
number of pathologies. During the past
years, it has been used as a predictive
diagnostic method as well as to monitor
patients with potentially malignant and
cancerous lesions. It is also used to di-
agnose non-cancerous lesions, such as
vesicular/bullous lesions.1-5

Titanium is the most common bio-
material used in endosseous dental
implants because of its excellent bio-
compatibility properties in physiologic
conditions.6-9 Such biocompatibility
is attributable to the formation of a
protective titanium dioxide layer that
avoids direct contact between the bi-
ologic milieu and the metal, thus re-
ducing metal reactivity.10 However, no
metal or alloy is completely inert in vivo
because the metal and the organic fluids
interact, releasing metallic particles as a
result of electrochemical processes.11,12

The in situ degradation of a metal im-
plant is detrimental because the pro-
cess of corrosion not only alters the
structural integrity of the implant but
also causes metal ions to be released
and remain in the peri-implant milieu
and/or migrate systemically.13-23 The
drop in pH in the electrolytic milieu as
a result of local inflammatory processes
would seem to stimulate the process
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of corrosion.24 Numerous case reports in the liter-
ature describe histologic evidence of inflammatory
response and the presence of metallic ions/particles
in the tissues adjacent to orthopedic prostheses of
titanium or titanium-based alloys.11 Studies on the
local effect of corrosion conducted at our laboratory
have shown the presence of macrophages loaded
with titanium particles, an indication of corrosion,
in both peri-implant tissue of failed human dental
implants16 and reactive lesions of the peri-implant
mucosa.23 In addition, we evaluated tissue response
of human oral mucosa adjacent to titanium cover
screws and found metal particles in the tissues
studied; such particles may have been the result of
electrochemical corrosion.25

Lothar et al.26 reported that titanium does not
withstand a large number of chemical substances.
These substances may be in foods, saliva, tooth-
pastes, and prophylactic agents; they decompose
foodstuffs, change plaque metabolism, and cause
corrosion.26,27

Abraham et al.28 demonstrated the presence of
titanium in saliva and gingival fluid of patients car-
rying titanium dental implants. According to the
authors, the highest titanium levels corresponded
to patients carrying implants over longer periods
of time, thus indicating that titanium accumulates
in peri-implant gingival tissue.28

To the best of our knowledge, there are no data in
the literature describing the presence of particles in
peri-implant mucosa cells.

Based on the above and considering that epi-
thelial tissue has the ability to desquamate, the aim
of this descriptive pilot study is to use exfoliative
cytology to analyze the presence of particles in cells
exfoliated from inflamed and non-inflamed peri-
implant oral mucosa around titanium dental implants.

MATERIALS AND METHODS

Patients
The study population comprised 30 patients who
were non-smokers, in good general health and had
no history of systemic diseases, nine (30%) of whom
were males and 21 (70%) females, with an age range
of 25 to 64 years. Each patient carried one titanium
dental implant (grade IV). The population of patients
studied was recruited from an implant cohort pre-
senting for follow-up in January 2011.

The implants corresponded to system Ii implants,
system II¶ implants, and system III# implants, and all
of them were second-stage implants. None of the
patients had a metallic prosthesis in place or metal
restorations in neighboring teeth. Most patients car-
ried cement-retained, single ceramic crowns; four
had acrylic crowns; and none of the patients had

zirconium crowns. Individuals with orthodontic
therapy and those who had oral piercing were ex-
cluded from the study.

According to the clinical records, a variety of con-
ditions were found to be associated with the teeth
replaced by an implant, including caries lesions,
amalgam and/or composite restorations, endodontic
treatment, metal posts, and metal–ceramic crowns.
None of the cases exhibited clinical signs of metal-
losis in the mucosa before implant placement.

After clinical and radiographic examination, the
patients were divided into two groups. In the first
group, patients with healthy implants (n = 15), the
patients presented no clinical signs or symptoms of
inflammation of the peri-implant mucosa, no im-
plant mobility, and no signs of bone loss. The oral
hygiene of the patients was optimal, with no mi-
crobial plaque accumulation. In the second group,
patients with peri-implantitis (n = 15), the patients
presented inflammation of the peri-implant mucosa,
no implant mobility, minimal horizontal bone re-
sorption, and early signs of vertical resorption. Pa-
tients in this group received no treatment that could
affect the surface of the implant and be a source for
titanium particles, such as scaling or subgingival
curettage, before the onset of the study.

All patients signed an informed consent form
before the onset of the study. The Statement of Ethics
Principles of the Faculty of Dentistry, University of
Buenos Aires (Res [CD] 325/02) was observed. The
study was approved by the local Ethics Committee.

Cytologic Study
Using amicrobrush** (regular size, 2.0mm) (Fig. 1),
cytologic samples of the peri-implant mucosa were
collected at the level of union of the sulcular epi-
thelium and the buccal epithelium. Length of time
between implant placement and sample collection
ranged from 3 to 63 months.

Cytologic samples of the marginal gingival on the
contralateral side of the implant were taken from
the same individuals to serve as control. Cytologic
samples were collected by rotating the microbrush
over the surface of the mucosa, doing so with care to
avoid causing damage to the tissue. The epithelium
was brushed to obtain the largest amount of cells
from the different epithelial strata.

Two cytologic smears were obtained per case
and were spray fixed†† and stained using the Papa-
nicolau method. The smears were mounted on mi-
croscope slides using Canada balm.‡‡ The slides were

i Evolution, Odontit Implant Systems, Buenos Aires, Argentina.
¶ Hex, Rosterdent, Buenos Aires, Argentina.
# B&W, Buenos Aires, Argentina.
** Microbrush International, Grafton, WI.
†† Citospray, Innovatek Medical, Delta, British Columbia.
‡‡ Canadax, Biopur, Rosario, Argentina.

J Periodontol • January 2013 Olmedo, Nalli, Verdú, Paparella, Cabrini
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analyzed under transmitted light microscopy using
a ·40, 0.65 numerical aperture microscope objective.§§

The cytologic study was performed by three calibrated
researchers (DO, GN, MP) in a masked manner. Inter-
observer agreement among the readers was evaluated
usingtheCohenk test.Akvalueof>0.81wasconsidered
to represent almost perfect agreement, and values
from 0.61 to 0.80 and 0.41 to 0.60 represent sub-
stantial and moderate agreement, respectively.

Microchemical Analyses
To determine the chemical concentration of tita-
nium, part of the cytologic sample of each patient
was pooled with samples corresponding to the same
group.

The pooled material was suspended in 2 mL
sterile phosphate-buffered saline (pH 7.2 to 7.4) in
an Eppendorf tube. The suspensions were centri-
fuged at 4,000 rpm for 20minutes. The supernatant
and sediment were analyzed microchemically using
inductively coupled plasma-mass spectrophotome-
try (ICP-MS).ii Titanium concentration was measured
in parts per billion.

RESULTS

Cytologic Study
All cytologic smears of patients with and without
peri-implantitis exhibited metal-like particles vary-
ing in quantity, shape, and size. The particles were
found inside both epithelial cells and macrophages
and outside cells and showed different distribution
patterns, either separate or clustered (Fig. 2). The par-
ticles were predominantly observed in acidophilic epi-
thelial cells of the superficial layers of the epithelium.

Smears corresponding to patients with peri-
implantitis also showed microbe colonies and acute
and chronic inflammatory cells, mainly polymorphous

nuclear neutrophils. The cytologic smears corre-
sponding to controls showed microbe colonies but
did not present metal-like particles. Inter-observer
agreement among the three readers was almost
perfect (k = 0.86).

Microchemical Analyses
ICP-MS showed traces of titanium (parts per billion)
in both the supernatant and the sediment of the
material obtained from mucosae with and without
peri-implantitis. No traces of titanium were observed
in the control group (Table 1). The concentration of ti-
tanium was higher in the peri-implantitis group com-
pared with the group without peri-implantitis. It is
noteworthy that the concentration of titanium was
higher in the sediment than in the supernatant in both
groups.

DISCUSSION

The use of titanium biomaterials has revolutionized
clinical oral implantology, and titanium is currently
the implant material of choice.29 Williams and
Williams30 established that, ‘‘Whether noble or pas-
sivated, all metals will suffer a slow removal of ions
from the surface, largely because of local and
temporal variations in microstructure and environ-
ment. This need not be continuous and the rate may
either increase or decrease with time, but metal
ions will be released into that environment upon
prolonged implantation.’’ Implant corrosion, with the
ensuing release of ions/particles to the milieu, is one
of the possible causes of implant failure.14,16,23,25,31,32

Previous works performed at our laboratory dem-
onstrated the presence of titanium particles, an in-
dication of corrosion, in peri-implant tissue around
failed human dental implants,16 as well as in ex-
perimental models.15 Other work reported by our
group23 includes two cases of reactive lesions of
peri-implant mucosa associated with titanium den-
tal implants and with histologic evidence of metal-
like particles, suggesting corrosion as a possible
etiologic agent. More recent studies conducted at
our laboratory evaluated tissue response of human
oral mucosa adjacent to titanium cover screws and
showed that 41% of mucosa biopsies exhibited ti-
tanium metal particles in different layers of the
section thickness.25

ICP-MS is a very sensitive method and can
quantify element values at levels of parts per tril-
lion.33 It must be kept in mind that part of the
material obtained from each patient was used to
prepare a cytologic smear, and another part served
for microchemical detection of titanium. Thus, be-
cause of the small amount of material remaining

Figure 1.
View of a dental implant (grade IV titanium) and microbrush used to
collect cytologic samples of the peri-implant area.

§§ Eclipse E400, Nikon, Tokyo, Japan.
ii Elan DRC II, PerkinElmer Life and Analytical Sciences, Shelton, CT.
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for the latter study, the material corresponding to
each group was pooled together. The results show
that, regardless of the inflammatory response, ions/
particles are released from the surface of the implant
into the biologic milieu. It must be pointed out that
the control samples showed no traces of titanium,
whereas samples of the peri-implantitis group had

higher traces of titanium than
mucosae without peri-implan-
titis when comparing both the
sediments and the supernatants
(Table 1). Both epithelial cells
and macrophages located in
the peri-implant area are able
to capture these titanium parti-
cles. Lupi et al.34 performed
cytopathologic and chemico-
physical analyses of mucosa
surrounding oral piercing and
posited that keratinocytes may
play a role in the transport of
ions released from piercing de-
vices. Likewise, in the present
work, the particles observed in
epithelial cells may have been
transported intracytoplasmi-
cally or intercellularly. Regard-
ing the particles observed in the
cytologic smears outside cells,
they may have been in the gin-
gival fluid or in cells that were
destroyed during the cytologic
procedure.

Two-stage implants are an-
alyzed in the present study, so
that corrosion of the cover
screws and/or placement and
removal of the impression post
and abutment may be a source
for the titanium particles. As
mentioned above, a previous

study performed at our laboratory evaluating re-
sponse of human oral mucosa adjacent to titanium
cover screws showed the presence of metal particles
in mucosal tissue covering the cover screws. Such
particles may have been the result of electrochem-
ical corrosion. It is possible that titaniumparticlesmay
alsobepresent in tissueperipheral to thebiopsiedarea.
Thus, the particles found in exfoliated cells could come
from those peripheral areas. Using one-stage implants
would eliminate this issue and would allow ruling out
other potential contributing factors, such as placement
and removal of the impression post and abutment.

It could be thought that the presence of titanium
particles in the cells obtained by exfoliative cytology
might not be associated with a corrosion process but
with exogenous sources. In this regard, it holds true
that titanium dioxide is widely used in food products,
toothpastes, prophylaxis pastes, and abrading and
polishing agents, which have been reported in oral
biopsies.35 However, titanium was not detected in
control samples in the present study, thus ruling out
the aforementioned possibility.

Table 1.

Concentration of Titanium in the Pooled
Samples (ICP-MS)

Studied samples

Supernatant

(ppb)

Sediment

(ppb)

Control 0 0

Group with peri-implantitis 2.02 2.44

Group without peri-
implantitis

0.41 0.88

ppb = parts per billion.

Figure 2.
Cytologic smears of peri-implant mucosa. A and B) Cytologic smear corresponding to a patient with peri-
implantitis. A large number of intracytoplasmic particles can be observed inside an acidophilic cell (*)
and inside a macrophage (**) (Papanicolau stain, original magnification ·1,000). C) Cytologic smear
corresponding to a patient without peri-implantitis. Particles can be seen outside cells (<) and inside an
acidophilic epithelial cell (*) (Papanicolau stain, original magnification ·1,000). D) Cytologic smear
corresponding to a patient with peri-implantitis. Note the presence of particle aggregates (<) among
epithelial (*) and inflammatory cells (s) (Papanicolau stain, original magnification ·400).
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It has been reported that saliva leaking between
the suprastructure (nickel–chrome–molybdenum al-
loy) and the implant (made of pure titanium) may
trigger a corrosion process (galvanic corrosion) as
a result of differences in electrical potential. This
generates the passage of ions, such as nickel or
chrome, from the alloy of a crown or bridge to the
peri-implant tissues, with consequent bone resorp-
tion, and may compromise the stability of the im-
plant and lead to its subsequent fracture.32 To rule
out the occurrence of galvanic corrosion, only im-
plants without metallic crowns are included in the
present study so as to avoid the possible presence
of particles resulting from this mechanism.

The method used to analyze cells loaded with
particles was exfoliative cytology, which is a simple,
non-invasive, well-tolerated technique. The chem-
ical concentration of titanium in the cells was
determined by ICP-MS, which is a very sensitive
method. However, there are other methods that can
be used to analyze exfoliated cells loaded with
metal particles. In this regard, scanning electron
microscopy and energy dispersive x-ray analysis
could feasibly be used to analyze the study material.
As used in a previous study conducted at our labo-
ratory,13 microincineration could be used to identify
titanium particles. Polarized light is another method
that could be used to identify particles.

CONCLUSIONS

To the best of our knowledge, there are no data in
the literature describing the presence of particles
in peri-implant mucosa cells obtained by exfoliative
cytology. In this regard, the present exploratory work
is a pilot study. Prospective studies must be con-
ducted in larger study populations, including indi-
viduals with different types of implants and varying in
length of time since implantation, to assess variations
in the concentration of traces of metals through time.
Exfoliative cytology is a simple, non-invasive, well-
tolerated technique that may prove useful to detect
metal particles in cells exfoliated from the peri-im-
plant mucosa and would seem to be a useful method
to monitor dental implant corrosion.
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