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An experimental study of the dissemination of
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Metallic implants can generate and release titanium oxide (TiO,) and zirconium oxide (ZrO,)
to the tissues. These products can accumulate locally or disseminate systemically.

The aim of the present study was to assess the distribution of TiO, and ZrO, administered
intraperitoneally to rats.

We used male Wistar rats of approximately 100 g body weight throughout the study. An
intraperitoneal injection of a suspension of TiO, or ZrO, (16, 1600 and 16 x 10° mg/kg body
weight) was administered. The animals were killed at 5-10 months post-administration by
ether overdose. Samples of peritoneum, liver, kidney, lung and spleen were taken, fixed in
formalin and routine processed for embedding in paraffin. One set of sections was stained
with hematoxylin and eosin and another set was prepared unstained. The presence of
titanium in the tissues was detected by X-ray diffraction crystallography.

The histological analysis revealed the presence of abundant intracellular aggregates of
metallic particles of Ti and Zr in peritoneum, liver, lung and spleen. The crystallographic
study revealed the presence of anatasa. The dissemination of metallic particles from
orthopedic or odontological implants would not be restricted to a local phenomenon. The
particles also target vital organs. The distribution of these deposits over lengthy periods

deserves meticulous attention given the clinical relevance of this phenomenon.

© 2002 Kluwer Academic Publishers

Introduction
The use of different metals in the construction of
odontological and orthopedic implants has become
widespread [1].

The implant is placed in bone tissue and gives rise to
the process of osseointegration [2].

There may be a material between the metal and the
tissue. Such is the case of hip prostheses cemented with
methyl methacrylate, where osseointegration does not
occur. Areas of the metal implant may interact with one
another or with plastic material such as high impact
polyethylene [3] resulting in the formation of metallic or
plastic debris. The debris falls into the articular cavities
and ultimately reaches the tissues and induces a
granulomatous reaction [4].

Of all the materials from which implants are made,

titanium and zirconium are the most frequently used in
direct contact with tissue, be it bone or otherwise. These
metals (atomic weight of Titanium (Ti): 47, atomic
weight of Zirconium (Zr): 91) have a feature in common.
On exposure to air or liquid such as water they develop a
layer of oxide that makes them unreactive [5, 6]. This is
the layer that effectively comes into contact with the
tissue when these materials are used as implants.

It is thus of interest to study the behavior of titanium
oxide (TiO,) and zirconium oxide (ZrO,) in contact with
tissues. It is particularly relevant to study their
dissemination in the body and their deposition in critical
organs such as liver, lung, kidney and spleen. The aim of
this study was to develop a model to assess the
distribution of these oxides (TiO, and ZrO,) adminis-
tered intraperitoneally to the rat.
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Materials and methods

Male Wistar rats of approximately 100g body weight
were used throughout. We followed the NIH Publication
#85-23 (rev. 1985) for the care and use of laboratory
animals. A single intraperitoneal injection of a suspen-
sion of TiO, (anatasa, Sigma Chemical Company)
(n=14) or ZrO, (Fluka Chemie AG-Switzerland)
(n=9) was administered at doses of 16, 1600 or
16 x 10° mg/kg body weight.

The sizes of the TiO, and ZrO, particles were about
1p, and they showed a sphere-like shape. A control
group of animals (n=10) was given an intraperitoneal
injection of equivalent volumes of saline solution to
evaluate the effect of the vehicle. Both groups were
allowed to live for 5—10 months. The animals were then
killed by ether overdose. Systematic autopsies of all the
animals were performed. Samples of peritoneum, liver,
kidney, lung and spleen were fixed in 10% neutral
buffered formalin, embedded in paraffin and sectioned.
One set of sections was stained with hematoxylin and
eosin and another set was prepared unstained. In all the
cases, the sections were treated with a saturated solution
of picric acid to remove formalin pigments. In the cases
in which the macrophages were loaded with metallic
particles the sections were stained with PAS.

Samples of liver, lung, peritoneum, kidney and spleen
were submitted to enzymatic digestion with trypsin to
evaluate the presence of titanium and perform the
corresponding crystallographic characterization. The
sediment obtained by enzymatic digestion was submitted
to crystallographic analysis by X-ray diffraction.

Results
None of the experimental or the control animals showed
alterations in body weight, behavior or general health.
The analysis of the necropsies of the animals injected
with low doses (16 and 1600 mg/kg body weight) of TiO,
or ZrO, failed to reveal alterations. The peritoneum of
the animals injected with the higher dose
(16 x 10° mg/kg body weight) exhibited whitish deposits
in the case of TiO, and gray deposits in the case of ZrO,.
We failed to detect areas of adherence between
peritoneum and intestine. None of the cases showed
granulation tissue. Liver, spleen and lung failed to reveal
macroscopic alterations.

Histological studies
Formalin pigments were not detected.

Peritoneum. Aggregates of macrophages loaded with
particles that occupied most of the cytoplasm were
detected, regardless of the dose and oxide injected.
Despite the fact that the deposits were abundant, there
was no formation of giant cells or significant neovascu-
larization activity.

Liver. In all the cases under study, macrophages
loaded with particles were a frequent finding, regardless
of the dose of oxide administered (Fig. 1(A), (B)). Most
of the macrophages were found in the vicinity of the
sinusoid capillaries and in the Kiernan spaces. The liver
surface failed to exhibit macrophages. In some of the
animals injected with the highest dose (16 x 10° mg/kg
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Figure I (A) Liver: Aggregates of material diffusely distributed can be
observed (TiO,) (H-E). (B) At a higher magnification macrophages
loaded with particles can be clearly identified in the vicinity of sinusoid
capillaries.

body weight) of TiO, or ZrO, a greater macrophagic
activity was detected at 5 months in the Disse space.

Lung. Foci of alveolar macrophages loaded with
particles were found (Fig. 2). In one of the cases injected
with TiO, (16g/kg body weight) we observed an
inflammatory reaction in an area of lung parenchyma
adjacent to the area occupied by macrophages.

Spleen. Foci of macrophages were detected, particu-
larly in the splenic cords of Billroth (Fig. 3).

Kidney. The tissue appeared normal.

Figure 2 Lung: Alveolar macrophages densely loaded with particles
can be observed (H-E).



Figure 3 Spleen: Abundant macrophages can be observed in the
splenic cords of Billroth (H-E).

Figure 4 SEM: Note the presence of particles of TiO, that result from
the enzymatic digestion of the tissues under study.

The macrophages loaded with particles exhibited an
intense PAS reaction.

X-ray diffraction

The study of the sediment obtained after enzymatic
digestion of the tissues revealed the presence of TiO,
(anatasa) (Figs. 4 and 5).

Discussion

The use of Ti and Zr is accepted in orthopedic and
odontological rehabilitation. In this context, the data
presented herein pose queries regarding the possibility of
the dissemination of the Ti and Zr oxides to critical
organs.

Urban et al. [7] showed dissemination of metallic and
plastic particles from hip and knee replacements to
organs such as liver, spleen and lymph nodes in 27
autopsies. Furthermore, the same authors state that
“‘there have been several epidemiological studies of
cancer incidence in the first and second decades
following total hip replacement’’ [7].

Other studies report the presence of macrophages or
granulation tissue in the vicinity of failed prostheses, be
they orthopedic or odontological [8—13].

We have previously shown that titanium particles are

released by a large proportion of the odontological
implants that have failed due to mobility. These titanium
particles are phagocytosed by macrophages in the
periprosthetic soft tissues [14].

We herein present an experimental model that involves
dissemination and deposition of TiO, and ZrO, particles
in liver, lung, spleen and peritoneum. We particularly
draw attention to the presence of particles in the lung
given that this issue could be explored clinically.

The literature on other metals such as nickel,
chromium and cobalt describe transport mechanisms
that involve binding of these metals to blood cells and/or
proteins, particularly albumin [15, 16]. Aluminum has
been reported to disseminate in plasma bound to
transferrin [17].

Different possible mechanisms of dissemination have
been described in the literature for titanium, i.e. systemic
hematogenous dissemination, either in solution or as
particles [18]; via the lymphatic system as free particles
or phagocytosed within macrophages [7, 19]; dissemina-
tion to bone marrow via circulating monocytes or as
small particles in the blood stream [20]. There are
hypotheses regarding the mechanisms of dissemination
of titanium. However, little is known about the valency
with which titanium interacts, the organic or inorganic
nature of its ligands and its potential toxicity [21]. The
present study demonstrates that the injected TiO, is
deposited as such in the organs examined and preserves
identical crystallographic characteristics (anatasa). The
liver surface fails to show macrophages, thus suggesting
that the deposition of TiO, or ZrO, in the parenchyma of
this organ would occur via vascular dissemination. The
presence of these oxides in alveolar macrophages would
occur by the same mechanism.

The usual way in which metals are deposited is
classically associated to the production of mucoproteins
as revealed by the PAS-positive reaction of the
macrophages analyzed herein.

Titanium and Zirconium undoubtedly disseminate
actively in the body. However, these deposits do not
seem to trigger short-term granulomatous reactions.

These data show that the dissemination of metallic
particles from orthopedic or odontological implants is
not a purely local concern. Moreover, dissemination is
not restricted to vascular transport and elimination
through the kidney, i.e. these products are deposited in
target organs. In this context, future studies on the long-
term follow-up of these deposits and their ultimate fate
are warranted.
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Figure 5 X-ray diffraction pattern showing the presence of TiO2
(anatasa) in the particles analyzed.
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