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Titanium Hypersensitivi

A Hidden Threat for Dental Implant Patients?
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ABSTRACT

Titanium and its alloys have been widely used for den-
tal prosthetic devices because of their superior me-
chanical properties and biocompatibility. However,
the incidence of titanium hypersensitivity or allergy
is still unknown and the discussion about its existence
is ongoing. Unexplained implant failures have also
forced dental clinicians to investigate the possibility
of titanium hypersensitivity or allergy. This review
focuses on the potential of dental implant-related
titanium hypersensitivity or allergic reactions. It in-
cludes an examination of the existing scientific litera-
ture and current knowledge. Evidence-based data and
studies related to titanium hypersensitivity in dental

implant patients are also discussed.

Titanium (Ti) and Ti alloys have been widely used in several fields
of clinical medicine and dentistry during the last three decades.
There are also Ti-Aluminum (Al)-vanadium (V) alloys (Ti-Al-V),
Ti-Cobalt (TiCo) and other alloys under an assortment of trade
names on the market today. Also “pure Ti” may be used in im-
plant materials and spectacle frames." Ti and Ti alloys have an in-
traosseous use in the medical field.> In dentistry, Ti and Ti alloy
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dental implants have been used with success as root forms that
are left under mucosa for several months before they are used to
support a prosthesis. Ti alloys also have a wide range of uses in
cast denture frameworks or orthodontic brackets.®

Ti is a highly reactive metal and a thin, stable protective ox-
ide film layer is formed spontaneously on its surface. It has been
claimed that this oxide layer provides a high corrosion resistance
and excellent biocompatibility.>” In a recent in vitro corrosion
study, it was shown that a pure Ti surface is instantly passivated
in contact with salivary proteins and exhibits a highly stable be-
havior.® Because of these favorable properties, it has been previ-
ously stated that as a biologically and chemically inert material,
Ti does not cause reactions in the body, with specific emphasis on
allergic reactions.®’! The low dissolution rate and near chemi-
cal inertness of Ti dissolution products allow bone to thrive and,
therefore, osseointegrate with Ti.® Therefore, Ti is generally con-
sidered the material of choice for both dental and orthopedic im-
plantation.

Contrary to the belief that Ti and Ti alloys are non-aller-
genic, many questions have been raised about its biocompat-
ibility. Ti hypersensitivity has been described in deodorant and
cosmetics users,”'? after local reactions to pacemakers,'»13-18 in
patients with bronchopulmonary pathology through exposure to
Ti powder,"”?3 in monitored hip prosthesis patients,?* in failed
hip and knee prostheses?>?¢ and in patients with Ti plate osteo-
synthesis.?”?® Although Ti and Ti alloy implants have corrosion



rates that are markedly less than other metallic implants, they
do release Ti into the body.® Degradation products of metallic
biomaterials, including Ti, may mediate metal hypersensitivity or
allergic reactions in the body. Many clinical reports of incompat-
ibility reactions regarding contact dermatitis or granulomatous
reactions to Ti materials, including dental implants, have been
published.”1317-20,26,27,30-33 Dyjscussion about the existence of Ti
allergy is ongoing.

This article describes the potential mechanism of possible
hypersensitivity reactions caused by dental implant-related Ti
and Ti alloys in the human body and examines current scientific
knowledge about Ti hypersensitivity.

Mechanism of Hypersensitization

An allergic reaction, or hypersensitization, is defined as an exces-
sive immune reaction that occurs when coming into contact with
a known antigen.3*

A hypersensitivity reaction to a metal depends upon the pres-
ence of released ions following ingestion, skin or mucosal con-
tact, or from implant corrosion processes.>”>3¢ Identification of
the exact process responsible for released metal ion levels and
their clinical effects are difficult to assess, depending on such fac-

tors as the material, the environment or clinical symptoms.3¢-3?

Metal ions are released from prostheses by numerous mecha-
nisms, including corrosion, wear and mechanically assisted elec-
trochemical processes, such as fretting corrosion, stress corrosion
and corrosion fatigue. Released ions or the implant metal degra-
dation products bind with native proteins,® acting as haptenic
antigens (allergens) and cause hypersensitivity reactions by acti-
vating the immune system.34°

Placing permanent metal dental implants might provoke
such hypersensitivity reactions. Hypersensitivity might be either
an immediate (within minutes) humoral response (initiated by
an antibody or antibody-antigen complexes of Type I, II and III
reactions) or a delayed (within hours to days) T cell-mediated
response (Type IV reaction) after exposure to the immunogen.°
Implant-related metal hypersensitivity reactions are reported to
be generally of Type IV delayed hypersensitivity.34° In cases in-
dicating hypersensitivity reactions susceptible to Ti implants, de-
layed Type IV hypersensitivity reactions have previously been re-
ported.?®3141 Type IV hypersensitivity reactions, with Ti particles
inside the macrophage lysosomes have been shown in previous
reports. 32729304244

In cases of Ti hypersensitivity or allergy, the medical litera-
ture has described cases showing symptoms of urticaria, eczema,
edema, redness and pruritus of the skin or mucosa, either local-
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ized, at distant sites or generalized.1%1216.2845-48 Iny special cases,
allergic reactions have been associated with more serious prob-
lems, such as atopic dermatitis,’? impaired healing of fractures,?
pain, necrosis and weakening of orthopedic implants** and toler-
ance phenomena.*’ Facial erythaema'®?*? and non-keratinized,
edematous, proliferative hyperplastic tissue>® have been also re-
ported in dental implant patients.

Animal studies have also shown that after placing dental im-
plants, an increased presence of Ti ions both in peri-implant tis-
4930 and in the regional lymph nodes and in the lungs have
been found.>*%°152 In one of the studies where two implants had
failed without any infection, the related patients revealed a 2.2- to
3.8-times higher presence of Ti in the lungs, and 7- to 9.4-times
higher in the lymph nodes, which were enlarged.?

Due to its poor solubility,?”** a significant rise of Ti levels in
blood was not detected when three dental implants were placed
in humans.* On the other hand, a significant rise of Ti levels in
blood has been shown in patients with failed, loose Ti hip pros-
thesis, compared with controls.?’

In mucosa, the number of Langerhans’ cells, which act as an-
tigen-presenting cells, is much smaller;*>*”>* thus, oral mucosa
must be exposed to allergen concentrations 5- to 12-times greater
than the skin in order to cause tissue reactions. Concentrations
of between 100 ppm and 300 ppm have been discovered in peri-
implant tissues, often accompanied by discolorations, which can
be well tolerated.'®273%5>-57 Moreover, contact between the metal
and the host is not continuous, as the implant and prosthetic
structures in the oral cavity are coated with a layer of salivary
glycoproteins, which act as a protective barrier.>*

sues

Diagnosis of Ti Allergy
The diagnosis of metal allergy is typically based on the patient’s
medical record, clinical findings and results from epicutaneous
patch tests.”**® It has been suggested that the susceptibility to
metal is probably genetic.”

Metal sensitivity is conventionally diagnosed using a patch-
test where an allergen is applied to the skin for a few days. A
positive response is considered when an erythematous reaction is
observed. However, this test is unreliable, as it may give false-pos-
itive or false-negative results because of the exceptional protective
and sealing qualities of the skin against direct contact.’” From an
immunological point of view, oral mucosa and the skin behave
very differently due to the influence of specific immune systems
for each, such as skin-associated lymphoid tissue and mucosa-
associated lymphoid tissue. A practical application is that the
number of Langerhans’ cells, acting as antigen-presenting cells,
is much smaller in mucosa.*%4”3

Epicutaneous tests, which are considered standard proce-
dures,*” are widely used to assess Type IV hypersensitivity reac-
tions to Ti.'®1%2829,32,343540,4658 These tests are acceptable as
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proof of sensitivity to a specific allergen®* and can also be used in
combination with the intra-dermal inoculation of the antigen'®
to assess Type I hypersensitivity reaction.

Blood tests have also been used, the most common being the
lymphocyte transformation test (LTT),82>283637:4857.60 the mem-
ory lymphocyte immunostimulation assay (MELISA)*® and the
lymphocyte migration inhibition test (LMI or LIF).242%36

Dentists should consider that most of their patients can suf-
fer from multiple allergies and individuals with previous reactions
to metals or jewelry have a greater risk of developing a hypersensi-
tivity reaction to a metal implant.3®

Discussion

The discussion about the existence of Ti allergy or hypersensitiv-
ity is a popular one in dental implantology, because there are few
clinical reports of dental implant failures arising from suscepti-
bility to Ti.1927304143,61 These reports were only suggestions, not
confirmed by skin or blood tests. A recent clinical study®? reported
a positive hypersensitivity reaction to Ti in 9 patients out of 1,500
with a prevalence of 0.6% in the post-implant insertion period,
by the use of epicutaneous tests.

Scientific evidence of the clinical features of metal allergy
should be based on cohort studies, case series and isolated clini-
cal cases. It is estimated that cutaneous hypersensitivity to metals
ranges between 10% and 15%.3%37 Studies that have used epicu-
taneous tests have indicated that the percentage of individuals
with Ti hypersensitivity was 1% to 3%.3%% Another study that
used LMI blood test reported a finding of 4%,%* while those per-
formed with the MELISA test fluctuated between 1.5% and 28%,
indicating that an increase in sensitization was observed in the
majority of the recent studies.*® An in vitro study reported no
significant differences between MELISA and conventional LTT in
terms of sensitivity and specificity and suggested that these tests
are not useful in the diagnosis of metal-related contact allergy
because of the high number of false-positive results.®> However,
in this study, no direct comparison in a single patient was given
to directly compare these two tests. The only thing shown was the
mean for the whole group, which we think is not a precise way to
present such data. Direct comparison between MELISA and LTT
has been described in a more recent study,*® which showed data
on the effect of the lymphocyte concentration in LTT tests. ME-
LISA uses one million cells per well, while conventional LTT uses
200,000 cells per well. Thus, the sensitivity in MELISA was found
to be much higher. Although MELISA is the only standardized
and widely published LTT test, it is not yet approved as routine for
testing Ti hypersensitivity.®

Many of the investigations on the Ti hypersensitivity topic
have been carried out with Ti orthopedic implants; therefore,
it is not certain to what extent the findings should be extrapo-
lated to the oral cavity and dental implants. Since reports of



Ti hypersensitivity or related pathology after dental implant in-
sertion are scarce, the percentage for the possibility of a den-
tal implant-related hypersensitivity reaction is suspected to be
low.?’ Although there are various case reports with symptoms
reminiscent of Ti hypersensitivity after insertion of orthopedic
metal implants, the number of reported cases for dental implant
patients is limited. This situation might depend upon the dif-
ferences between dental or orthopedic implants. The intraos-
seus contact surface is much smaller in dental implants than
in orthopedic implants,>%* which may be particularly important
when considering that bone has a very low reactivity potential.*°
Besides, the mechanisms that lead to degradation or release of
Ti ions from orthopedic implants, such as wear or fretting cor-
rosion, is not valid for dental implants.

The failure of dental implants has been widely studied, ¢’
as has their use in compromised patients,®®¢’ with the primary
causes being infection, impaired healing and overloading.’” How-
ever, not all failures can be explained by these three factors; some
are more difficult to explain, such as implant spontaneous rapid
exfoliation’® and other situations in which the effect of a possible
hypersensitivity reaction to Ti should be taken into consideration.
It was reported that unexplained pain, troublesome skin rashes,

eczema or dermatitis, impaired wound healing and sterile osteo-
myelitis can be observed?®3¢ and that Ti hypersensitivity could
be responsible for unexplained successive failure cases of dental
implants in some patients (named “cluster patients”).”! Consid-
ering the large numbers of dental implants inserted each year in
the world, the extremely low number of clinical reports seems to
suggest a negligible threat. As a routine practice, a failed dental
implant is substituted with a new one either immediately or af-
ter a certain waiting period. Although there are numerous clini-
cal studies reporting implant failures, probable causes of failures
and percentages of implant success, there are no studies reporting
symptoms of a hypersensitivity reaction after the replacement of
a dental implant. On the other hand, there are no reported cases
where all inserted implants somehow failed. In a case having true
Ti hypersensitivity, it can be expected that all inserted dental im-
plants would fail.

Considering the clinical experience in our university clinic,
reevaluating the roughly 1,500 implants placed in the last de-
cade, no exact hypersensitivity case has been identified. All failed
implants have been replaced by new implants; they have shown
a noteworthy 100% success rate. In a hypersensitivity condition,
those and also other implants in the same patient would have
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failed a second time. However, the probability that Ti can elicit
a hypersensitivity reaction in patients still cannot be neglected.
It is advisable that clinicians carry out allergy tests for such pa-
tients before placing Ti and Ti alloyed dental implants. It should
be pointed out that there is a need for long-term clinical and ra-
diographic follow-up of all dental implant patients with a history
of metal allergy.

There are no epidemiological studies on the prevalence rate
of Ti hypersensitivty in the general population, although the fact
that external exposure to Ti is so important. Immune sensitiv-
ity may manifest at some distance from the implant, and may
even demonstrate a systemic reaction that remains unnoticed or
may be incorrectly interpreted.?*”? A hypersensitization reaction
may take months or even years to develop*® and, along with the
infrequency and uncertainty of the symptomatic expression, it
might be hard to recognize.3%3 This situation creates difficulty
in performing studies about Ti allergy. Unless there are reports
or case series indicating such hypersensitivity reactions, the topic
will remain controversial. Further clinical studies are suggested
for this purpose.

Conclusion

Since evidence-based data or studies related to Ti hypersensitivity
in dental implant patients is lacking, Ti as a dental implant ma-
terial cannot currently be considered a clinical threat. However,
the probability that Ti or Ti alloy dental implants can elicit a hy-
persensitivity reaction should always be kept in mind. When un-
explained successive failures of dental implants are encountered,
the patient should also be medically consulted for a hypersensitiv-
ity reaction to Ti. ~#

Queries about this article can be sent to Dr. Geckili at geckili@istanbul.edu.tr.
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