Metal particles and tissue changes adjacent to miniplates

A retrieval study
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Peri-implant soft tissue and bone from 12 patients undergoing removal of stainless steel miniplates and
screws after healing of jaw fractures were studied with regard to histomorphology and metal content. Three
patients with titanium plates were also included. Light microscopy and scanning electron microscopy with
energy-dispersive X-ray microanalysis were used. Non-osseous tissue adjacent to devices of both materials
showed fibrosis, including areas of mild chronic inflammation. The ceHular picture was dominated by
fibroblasts with small aggregates of lymphocytes and scattered macrophages. A connective tissue collar
was found between the bone tissue and the screws of both stainless steel and titanium. Bone formation was

also evident adjacent to screws of both materials. Stainless steel or titanium particles 5-50 pm in diameter
- were found in both soft tissue and bone next to implants of their corresponding bulk material. The amount

of metal impregnation varied between individual sections, and fewer particles were found in the bone
specimens than in soft tissue. The mild inflammatory changes were not restricted to areas of metal
impregnation. [J Biomaterials, adverse reactions; metallosis; stainless steel; titanium
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The biocompatibility of metallic materials for internal
fixation is under discussion (1). Stainless steel has so far
formed the backbone of osteosynthetic devices; however,
the introduction of titanium has reduced the use of Ni-
Cr-containing alloys. Still, no implant material can be
judged as inert. The major elements of stainless steel
are iron (Fe), chromium (Cr), and nickel (Ni), whereas
commercially pure titanium consists of more than 99%
titanium (Ti). Corrosion and wear products from stain-
less steel may accumulate in the tissue surrounding
implants and contribute to local tissue changes (2-9).
Similar conditions may occur around titanium implants
(3-13). The possible reactions to metal implants and
their degradation products by the biologic environment
may involve both local and generalized reactions
(1, 4, 14). Both nickel and chromium are elements sus-
pected of causing hypersensitivity (1,15). Recently,
titanium has also been found to be capable of eliciting
immune reactions in humans (14, 16). Most of these
studies have been performed on orthopedic implants.
At present there is a lack of information about local
tissue changes around maxillofacial fixation devices. It
was the objective of this study to evaluate hisiomor-
phologically the tissue surrounding maxillofacial mini-
plates and screws of both stainless steel and titanium
and to ascertain the nature of the particulate material
observed within the tissue at the implant bed.

Materials and methods

Soft tissue and bone in contact with miniplates and

screws were obtained at removal of the implants from
the mandible of 12 patients with stainless steel devices
and 3 patients with titanium ones. Soft-tissue specimens
were taken from all the patients, whereas bone tissue
was harvested from six patients with stainless steel
implants and from two patients with titanium implants.
The mean age of the patients was 29 years (16-75 years)
in the stainless steel group, which comprised 10 males
and 2 females. The mean age of the patients, 2 males
and | female, with titanium osteosynthesis was 30 years
(16-54 years). All patients but one were fully dentate;
the latter was edentulous. Seven patients with body
fractures and five with angle fractures were treated by
stainless steel fixation. The titanium plate/screw devices
were used in two patients with body fracture and one
patient with angle fracture. Four-hole plates with two
screws on both sides of the fracture line were used
(Fig. 1). The plates and screws of both materials were
manufactured by Martin Medizin-Technik, Tuttlingen,
Germany. The fixation devices had been inserted in the
mandible by experienced surgeons as an aid to stabilize
fractures. The time elapsed between fracture and treat-
ment was less than 48 h in all cases. Rigid intermaxillary
fixation was used during the operation, except for the
edentulous case. Intermaxillary elastics were often used
for about a week postoperatively. Primary compli-
cations, presenting as minor occlusal instability,
occurred in two patients with stainless steel fixation
devices. Routine removal of the stainless steel implants
was performed 1547 weeks (mean, 34 weeks) post-
operatively. Titanium plates and screws are not rou-
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Fig. 1. Size and shape of plates and screws together with soft tissue
and bone specimens.

tinely removed in our hospital. The titanium implants
included in this study were removed after 3941 weeks
{(mean, 40 weeks) on the patient’s request. The fixation
devices were removed by one operator {S. Torgersen).
Bony union was found at all the fracture sites on re-
moval of plates and screws. No clinical complications
were observed in relation to the implant devices at
removal. All the patients were healthy. The procedures
were approved by the Regional Committee of Medical
Research Ethics.

A soft-tissue biopsy specimen about 3 mm thick was
taken from the area overlying the plate before the
implant was removed and fixed in 4% formaldehyde
(Fig. 1). The biopsy specimens were divided longi-
tudinally, and about half of each specimen was assigned
for a future immunohistochemical study (Fig. 1). After
screw removal, a trephine bur (Meisinger, Germany;
diameter, 4 mm) was used to obtain bone biopsy speci-
mens surrounding and including a screw hole (Fig. 1).
The bone specimens were fixed in 4% formaldehyde
and decalcified in 18% formic acid (Merck) for 14 days.
Both soft tissue and decalcified bone were embedded in
paraffin, sectioned to a thickness of 6 um, and stained
with hematoxylin (Shandon Instant Hematoxylin).
Staining with Preussian blue was used to disclose hemo-
siderin {blood-derived ferric ion). The soft-tissue speci-
mens were sectioned parallel to the surface of the plates,
enabling evaluation of the tissue in contact with the
implant. The bone specimens were cut perpendicular
to the long axis of the screws. The stained sections
of both soft tissue and bone were examined by light
microscopy (Ernst Leitz Wetzlar, Germany; mag-
nification, 35X, 100X, 450X ). The area of the sections
was measured with a light microscope connected to an
image analyzer unit (Cue2 Image Analyzer, Olympus).
The mean size of the soft-tissue sections from stainless
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Fig. 2. Fibrous tissue adjacent to a titanium miniplate. Note the
accumulation of metal particles (black areas).

steel cases was 15 mm? and from titanium cases 18 mm?2.

The mean size of the bone section was 7 mm?
Soft-tissue sections (7 um thick) from six stainless
steel specimens and from the three titanium specimens
were prepared for metal content analysis. The speci-
mens chosen for this purpose displayed macroscopically
visible discoloration. The sections were stretched in
water at 40°C for a few seconds, subsequently fixed to
carbon discs (Nordiska Baltzers A/B, Gentofte,
Denmark), and subjected to drying for 3 min at 60°C.
The tissue sections were then sputter-coated with
carbon. A scanning electron microscope (SEM) (JSM
6400, Jeol Ltd., Tokyo, Japan) in the back-scatter mode
was used for energy-dispersive X-ray microanalysis
(EDXA) (Series I1 X-ray Analyzer, provided with SQ
Standardless Quantitative Analysis Program; Tracor
Northern, Middleton, Wisc., USA), and the informa-
tion was processed by a particulate recognition and
characterization software (PRC; Tracor Northern). The
magnifications used were 100X and 200X. Elements
with atomic number higher than 5 (boron) could be
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Fig. 3. Fibrous tissue with proliferation of capillaries next to a stainless
steel miniplate. Accumulation of metal particles in the tissue (m). A
mild perivascular lymphocyte infiltration is observed together with
small metal particles in the vicinity of the vessels (some of which are
indicated by arrows).

identified, and particles with an average diameter of
2 um and greater could be characterized. The diameter
of the particles was measured by calculating the mean
equivalent circle diameter (MECD) of the particles
(17). No contamination of relevant metals was found
by atomic absorption spectrophotometry of the reagents
used for preparation or by screening the paraffin wax
by EDXA before use.

The chi-square test was used to test for statistical
significance (Minitab Inc., State College, Pa., USA).
A p value of 0.05 or less was considered statistically
significant.

Results

At removal of the implants, firm and fibrous-appearing
soft tissue was found to cover the plates and screwheads
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in 13 of 15 cases. Highly vascular, loose connective
tissue was observed in association with stainless steel
plates and screws in two patients, of whom one had a
total loosening of the multicomponent device. Single
loose screws were found in five patients with stainless
steel implants. One of the titanium plates was partly
covered by bone, whereas no stainless steel device
showed bone overgrowth.

Macroscopically visible discoloration, postulated to
be metal impregnation of the tissue, appeared adjacent

- to the implants in six patients with stainless steel plates

and in all three patients with titanium plates. Neither
loose implant components nor implant time in situ could
be related to the presence of tissue discoloration at the
implant bed (p > 0.1).

Sofi-tissue specimens

The most consistent findings were those of dense
connective tissue or collagen with black discoloration
regardless of the implant material (Figs. 2 and 3).
Histologic examination of the 15 soft-tissue specimens
confirmed the macroscopic observation of a fibrous or
collagen capsule, which separated the normal tissue
from the implant in 13 (87%) of the cases. Fibrous
tissue covered the implants of both materials. The
remaining two cases were dominated by granulation
tissue. There were in general no substantial differences
in the soft-tissue morphology between specimens taken
adjacent to stainless steel and titanium implants. Both
the density of fibroblasts and the presence of collagen
fibers varied between individual specimens.

Proliferation of capillaries and small aggregates of
perivascular lymphocytes was sometimes observed in
the fibrous capsule around stainless steel devices (Fig.
3). Edema of the vessel walls occurred occasionally. All
specimens contained lymphocytes, and macrophages
were present in most specimens from tissue covering
both stainless steel implants and titanium ones. Multi-
nucleated giant cells were absent.

On a microscopic level black particles, found to be
stainless steel or titanium material by EDXA, were
apparent in all the sofi-tissue specimens (Figs. 2 and
3). There were no differences in the particle distribution
between stainless steel and titanium. Hemosiderin was
not observed in the tissue sections. The metal deposits
were localized nearby small vessels (Fig. 3) or embedded
in the fibrous tissue (Figs. 2 and 3). Particles localized
perivascularly were regularly associated with lympho-
cyte aggregates, but the lymphocytes were not only
restricted to the areas of metal impregnation (Fig. 3).
Small particles could be observed within the cytoplasm
of fibroblasts and macrophages in the soft tissue next to
both materials. Large particles had been encapsulated
by the connective tissue, and a mild or no cellular
reaction was present in the surrounding tissue (Fig. 2).
In areas with a high concentration of metal particles,
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Fig. 4. Bone tissue specimen taken from the surroundings of a stainless
steel screw. Fibrous tissue next to the screw (f). Bone formation in
the periphery of the screw hole (distance between black arrowheads),
with vital bone (vb) bridging (black arrow) between the newly formed
bone and an area of non-vital bone (nb), tending to replace the non-
vital bone. Metal impregnation (white arrows) in the fibrous tissue
next to the screw, in the postoperatively formed bone, and distant
frofn the screw, in the preoperative bone.

the black deposits masked the cellular structure of the
tissue (Fig. 2).

Bone specimens

Production of connective tissue was evident in the
periphery of screwholes next to both the stainless steel
screws and the titanium screws (Fig. 4). The amount
of fibrous tissue between screw and bone varied from
specimen to specimen. The mean width was 0.44 mm
in ‘the stainless steel specimens and 0.07 mm in the
titanium ones. Inflammatory cells were rare, except in
the cases of loose screws, in which lymphocytes and
macrophages occurred frequently. Osteoblastic activity
with osteoid and bone formation adjacent to the screws

ACTA ODONTOL SCAND 53 (1995)

Fig. 5. Scanning electron microscopy of the soft tissue next to a
stainless steel miniplate showed metal particles accumulated in the
tissue (white areas). Energy-dispersive X-ray microanalysis showed
that the particles had the same composition as the implant material.

was observed in five of the six specimens associated with
stainless steel screws and in the two with titanium. Vital
and mature bone tissue with a normal histomorphology
was found in the vicinity of both stainless steel and
titanium screws (Fig. 4). However, non-vital bone with
loss of osteocytes in the lacunae was frequently found
in restricted areas around stainless steel screws (Fig. 4).
The bone formation next to the screws tended to replace
the surrounding non-vital bone tissue (Fig. 4).

All specimens taken around screws included metal
particles, regardless of the material (Fig. 4). Particles
were observed in the periphery of the screw holes and
in the marrow spaces of the bone tissue distant from the
screw hole (Fig. 4). The amount of metal particles in
the bone specimens was less than in the soft-tissue
specimens. Rather than dense deposits of metal, the
particles were scattered throughout the connective tis-
sue and bone surrounding the screw holes. Metal par-
ticles could be identified intracellularly in fibroblasts in
the connective tissue or in macrophages, similar to what
was seen in the soft-tissue specimens.
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Metal analysis

By SEM small and scattered deposits of metal par-
ticles were detected throughout the soft-tissue sections
and in the periphery of the screw holes in the bone
sections. The particles were irregular in shape, and
the diameter (MECD) ranged from 5 to 49 um (mean,
15 um) for stainless steel particles (Fig. 5) and from 9
to 20 um (mean, 13 pm) for the titanium ones (Fig. 6).
Some titanium particles with a greatest diameter of 100~
200 um occurred in the soft-tissue specimens obtained
from positions next to titanium implants (Fig. 6). Par-
ticles of that size were never seen in the specimens
next to stainless steel devices. EDXA analysis of these
deposits showed iron (Fe), chromium (Cr), nickel (Ni),
and molybdenum (Mo) in the tissue in contact with
the stainless steel devices (Fig. 5). Titanium (Ti) and
aluminium (Al) were found next to the commercially
pure titanium devices (Fig. 6). The chemical composi-
tion of the particles resembled that of the bulk material
of the plates and screws. Large amounts of metal par-
ticles (covering >50% of the section area) were found
in the soft-tissue specimens from two patients, one
from each material group.

Discussion

All implant materials interact with the biologic envi-
ronment they are exposed to. The present study dem-
onstrates metal particles and changes in the tissue in
contact with miniplates and screws of stainless steel and
titanium designed for use in the maxillofacial region.
Metal impregnation could be present and visible on the
microscopic level despite the absence of macroscopic
tissue discoloration, a finding that is supported by the
results of a recent report (12). Differences were observed
between individual specimens with regard to the amount
of metal particles in the tissue, and the amount of metal
content varied independently of implant time in situ
(2, 5,9, 10). Asreported previously, bone overgrowthofa
titanium plate was observed, whereas in none of the 12
patients with stainless steel devices did bone tissue cover
the implant (10). However, because of the small number
and selection of patients, the results dealing with the
titaniumcasesshould beinterpreted with caution.

A connective tissue capsule containing metal particles
in most cases covered the surface of the devices of both
stainless steel and titanium implants. A fibrous capsule
is believed to be formed as a non-specific response to
the implant solely as a foreign body regardless of the
material implanted (4, 8). The thickness of the fibrous
tissue or the pseudomembrane surrounding the implant
has been proposed to reflect the biocompatibility of the
material (3, 6, 18). The cellular and vascular changes
most clearly observed with stainless steel implants may
represent a mild chronic inflammation, occasionally
with a stenosing vasculitis (4, 6, 8).

Perivascular infiltrates of mononuclear cells, as found
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Fig. 6. Scanning electron microscopy of the soft tissue next to a
titanium miniplate showed metal particles accumulated in the tissue
(white areas). Energy-dispersive X-ray microanalysis showed that the
particles had the same composition as the implant material.

in the soft-tissue specimens around stainless steel
implants, were more than a decade ago associated with
a delayed-type hypersensitivity reaction (19). The mild
tissue alterations found in this study do not fully agree
with the changes observed next to orthopedic implants,
where macrophages were a constant feature and multi-
nucleated giant cells appeared regularly (4, 6, 7, 8). The
discrepancy might be due to the fact that many of the
orthopedic studies have been performed on failed metal
implants, such as loosened fixation devices and loosened
hip joint prostheses. The present study, on the other
hand, was carried out on a non-symptomatic popula-
tion. The longer time elapsed between insertion and
removal of the orthopedic implants compared with the
maxillofacial fixation devices may also be taken into
consideration when discussing differences in tissue re-
actions. The amount of metal implanted together with
different loading conditions in the maxillofacial skeleton
compared with that of long bones may contribute to a
different biologic response (8). It should also be borne
in mind that a tissue response in the vicinity of plates
and screws may be due to factors other than the bio-
compatibility of the implant material. Tissue trauma,
hematoma, healing processes with scarring, and insta-
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bility between the implant and the surrounding tissue
may be partly responsible for the histologic changes
observed in the tissue (4,20, 21). The original bone-
biomaterial interface is distorted by separation of the
implant devices from the biopsy specimens before
removal, thereby hampering the possibility of studying
the cellular picture at the interface.

A study comparing the tissue response to stainless
steel and titanium showed significantly more lym-
phocytes in the connective tissue around stainless steel
plates than with pure titanium ones, and the cells near
stainless steel had a greater volume (6). No such dif-
ferences could be outlined from the present study, in
which scattered areas of lymphocytes were observed
close to both materials.

The postoperative bone formation in the periphery of
screwholes in the vicinity of both implant materials was
in most cases separated from the screws by a fibrous
zone. The osseoadaptation by deposition of bone on the
screw surface may not be dependent on the implant
material but rather on the stability of the implant during
heaiing and on the roughness of the implant surface (20,
22,23). In contrast, animal experiments have shown
that stainless steel implants present a wider soft-tissue
interface than titanium ones {18).

Corrosion and wear of implant devices cause metal
particle impregnation of tissues adjacent to stainless
steel or titanium fixation devices (2-13, 16). Stainless
steels for implantation are susceptible to crevice cor-
rosion (4, 5, 7, 8). In addition, fretting between different
components of the devices or between plate/screws and
cortical bone may occur both with stainless steel and
titanium multicomponent devices (4,5). It has been
suggested that instability between bony fragments and
delayed fracture healing give rise to increased fretting
and more metal deposits in the tissue than does a stable
fixation with primary bone healing (5). The observation
of metal particles located intracellularly or in association
with vessels may represent a biologic response aimed at
eliminating the foreign material (4, 5,9, 10, 13).

Metal particles of variable size were found in the
the tissue. It is most likely that metal particles form
aggregates in the tissue, making it difficult to measure
the actual particle size (Figs. 5 and 6). Small particles
may be phagocytized by macrophages (4,6,9). The
particle size and the amount and reactivity of the ions
released may be essential for the development of the
host response. It has been proposed that the local tissue
reaction and the potential of eliciting an immune reac-
tion could be dependent on whether the degradation
products are released in oxidized or ionized form and
on the protein adhesion on the surface of the metal,
rather than on the chemical composition of the material
liberated to the tissues (5).

Direct osteofixation with miniplates and screws in the
maxillofacial region has been of great advantage to the
patient, especially due to the shortening of inter-
maxillary fixation period. Changes in the tissue at the
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implant bed are most likely direct or indirect con-
sequences of plate and screw insertion. The observed
histomorphologic changes of the soft tissue and bone
may, however, not be of clinical importance. Despite the
release of potentially bioactive degradation products, it
appears that both the stainless steel and the titanium
devices studied are well tolerated by adjacent tissue.
Possible consequences of long-term implantation have
not been evaluated. Implants that are meant to be left
permanently in the host must be thoroughly analyzed
for potentially adverse reactions. The present study did
not disclose local tissue changes that speak in favor
of handling patients with stainless steel and titanium
implants differently with regard to removal or not of
plates and screws.
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