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A R T I C L E

OBJECTIVES: This study was carried out to investigate the potential of titanium to
induce hypersensitivity in patients chronically exposed to titanium-based dental or
endoprosthetic implants.
METHODS: Fifty-six patients who had developed clinical symptoms after receiving
titanium-based implants were tested in the optimized lymphocyte transformation test MELISA® against 10 metals including titanium. Out of 56 patients, 54
were patch-tested with titanium as well as with other metals. The implants were
removed in 54 patients (2 declined explantation), and 15 patients were retested in
MELISA®.
RESULTS : Of the 56 patients tested in MELISA®, 21 (37.5%) were positive, 16
(28.6%) ambiguous, and 19 (33.9%) negative to titanium. In the latter group, 11
(57.9%) showed lymphocyte reactivity to other metals, including nickel. All 54
patch-tested patients were negative to titanium. Following removal of the implants,
all 54 patients showed remarkable clinical improvement. In the 15 retested patients,
this clinical improvement correlated with normalization in MELISA® reactivity.
CONCLUSION: These data clearly demonstrate that titanium can induce clinicallyrelevant hypersensitivity in a subgroup of patients chronically exposed via dental or
endoprosthetic implants.
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Abbreviations & Units
CFS
– chronic fatigue syndrome
LTT
– lymphocyte transformation test
MCS
– multiple chemical sensitivity
MELISA®
– memory lymphocyte immunostimulation assay
SI
– stimulation index

Introduction
The use of titanium (Ti) in medicine and dentistry
increased during the last three decades. Ti alloys have
been widely used for dental implants, endoprostheses,
pacemakers, stents, orthodontal brackets, and eyeglass
frames. An oxide film is immediately formed on the
surface of this highly reactive transition metal, and this
has been claimed to result in good corrosion behavior
and high biocompatibility [10]. Therefore, Ti has been
considered to be particularly suitable for use in both dental and prosthetic implantation. Nevertheless, sporadic
cases of intolerance have been reported [1, 3, 5, 13–15,
18, 26–28, 30–32]. At the same time, no standard patch
test for Ti has so far been developed, and positive reactions to Ti have therefore only rarely been demonstrated
with skin testing [1, 13, 18]. Patch testing in general has
been validated only for epidermal antigen contact, may
itself induce sensitization of naive T lymphocytes, and is
relevant primarily for detecting dermal effects of hypersensitivity (contact dermatitis) [12]. In vitro testing with
the lymphocyte transformation test (LTT), on the other
hand, can detect both dermally and non-dermally sensitizing allergens (e.g. beryllium [Be]). As an in vitro test,
LTT cannot sensitize the patient. It has been used successfully to detect hypersensitivity leading to both local and
systemic effects, for example those resulting from drug
allergies [7, 16, 22, 33]. In addition, several groups have
documented the sensitivity, specificity, reproducibility,
and reliability of this approach for detecting metal sensitization, in particular in the optimized version of LTT
called memory lymphocyte immunostimulation assay
(MELISA®) [2, 6, 23, 24, 28–30]. Therefore, MELISA®
was selected for investigating hypersensitivity to Ti in
this study.

Material & Methods
Patients
Fifty-six patients (17 male, 39 female; mean age 53.8
years, range 14.3–84.1 years) were included in this study.
All had developed health problems such as muscle, joint,

and nerve pain, chronic fatigue syndrome (CFS), neurological problems, depression, multiple chemical sensitivity (MCS), dermatitis, and acne-like facial inflammation
after receiving Ti-based dental and/or endoprosthetic
implants (Table 1). Patients with other well-known diseases (polyarthritis, rheumatological disorders, diabetes,
metabolic diseases, etc.) were excluded.
MELISA® testing
The MELISA® test was performed on all patients before and on 15 patients also after removal of the implants.
MELISA® is a test method developed by Stejskal et al.
[23] and validated by Valentine-Thon [28–30]. Patient
lymphocytes were tested against titanium dioxide (TiO2)
and nine of the following metals, requested by the physician: Be, cadmium (Cd), chromium (Cr), cobalt (Co),
copper (Cu), gold (Au), indium (In), inorganic mercury
(HgCl2), lead (Pb), nickel (Ni), palladium (Pd), platinum
(Pt), and tin (Sn). A Stimulation Index (SI) was defined
as the quotient of test counts per minute (cpm) and
average negative control (background) cpm. SI ≥ 3 was
considered positive (i.e. indicative of specific sensitization), SI ≥ 2 but < 3 ambiguous, and SI < 2 negative. For
quality control, morphological analysis was additionally
performed to confirm the presence of lymphoblasts in
positive reactions and to exclude cytotoxicity in negative
reactions.
Patch Testing
Patch testing was performed on most (54) patients
using the standard metal series from HAL Allergie GmbH
(Düsseldorf, Germany) as well as for Ti (Titanium-IVoxide 0.1% ointment) [13].

Results
MELISA® testing
Of the 56 patients tested, 21 (37.5%) were positive to
Ti (average SI = 6.3, range SI = 3.1 to 47.5), 16 (28.6%)
were ambiguous to Ti (average SI = 2.4, range SI = 2.1
to 2.8), and 19 (33.9%) were negative to Ti (SI < 2). In
addition, a total of 12 (21.4%) reacted to Ni (10 patch
test positive), 8 (14.3%) to HgCl2 (2 patch test positive),
6 (10.7%) to Cd, 3 (5.4%) to Au (all patch test negative),
and 2 (3.6%) each to Pd (1 patch test positive), Pt, and Sn.
In the Ti-negative group, 11 patients (57.9%) reacted to
one or two other metals, primarily Ni (4 patients).
Morphological analysis confirmed the presence of
lymphoblasts in all positive results as well as the presence

Table 1. Titanium-based dental or prosthetic implants in 56 patients.
Implant type

Number of patients

Dental implants
35
Endoprostheses
18
Gold alloys containing titanium
2
Orthodontic bracketing
1
One patient with both dental and endoprosthetic implants is included in the “Endoprostheses” group.
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Figure 1 Morphological analysis of metal-induced lymphocyte proliferation in MELISA®
Titanium hypersensitivity
Morphological analysis of metal-induced lymphocyte proliferation in MELISA®

A

B

Figure 1. Morphological analysis of Ni-stimulated (A) and Ti-stimulated (B) patient lymphocytes after rapid differential
B
haematology staining of cytospin preparations of 5-day-old cell cultures.
In A: three lymphoblasts (one in anaphase), one macrophage, and several resting lymphocytes visisble.
In B: one lymphoblast, two macrophages (one totally engorged with Ti particles), and a few resting lymphocytes visible.

A

of Ti-engorged macrophages in Ti-containing cultures
(Fig. 1). None of the metal solutions were cytotoxic.
Lymphocytes from all patients responded strongly (SI
> 30) to stimulation by Pokeweed Mitogen as positive
control.
Removal of the implants resulted in dramatic clinical improvement in all 54 cases (2 patients chose not to
undergo the procedure). In the 15 patients retested in
MELISA® following explantation, clinical improvement
correlated with a normalization of Ti reactivity (average
SI = 1.5, range SI = 1.1 to 2.6). Two typical cases are
described below.
Patient 1 (Fig. 2) A 54-year-old man had Ti dental
implants and 4 Ti screws in his cervical vertebra (due
to an accident 1.5 years previously) and presented with
CFS, cognitive impairment, Parkinson-like trembling,
and severe depression. The severity of his symptoms
®
Figure
2. MELISAemployment.
reactivity in a 54-year-old
man before and
after removalto
of Ti-based
precluded
MELISA®
reactivity
Ti was
dental implants and screws
100

strongly positive (SI = 47.5). Patch testing to Ti was
negative. Six months after removal of the dental implants
and screws (2 of which were so corroded that the heads
were separated from the bases), MELISA® reactivity to Ti
became negative (SI = 1.5), and the patient’s symptoms
improved to such an extent that he was able to return to
work.
Patient 2 (Fig. 3) Six months after being fitted with
Ni-free Ti brackets spanning the front teeth in both the
upper and lower jaw, a 14-year old girl developed inflammatory lesions of the face and jaw mimicking acne indurata. In addition, she complained of physical and mental
exhaustion. She was previously completely healthy with
no signs of acne. The typical local treatments for acne
were ineffective. Endocrinological dysfunctions could be
excluded. MELISA® testing showed a positive response to
Ti (SI = 6.9), while responses to the other metals tested,
Figure 3. MELISA® reactivity in a 14-year-old girl before and after removal of Ti-based
including Ni, were negative. Patch testing to Ti was
brackets
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Figure 2. MELISA® reactivity in a 54-year-old man before and after
removal of Ti-based dental implants and screws.
See text for details. X-axis: metals tested; y-axis: Stimulation Index
(SI ≥ 3 positive).
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Figure 3. MELISA® reactivity in a 14-year-old girl before and after
removal of Ti-based brackets.
See text for details. X-axis: metals tested; y-axis: Stimulation Index
(SI ≥ 3 positive)
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negative. The brackets were removed and replaced with
a metal-free synthetic material. Toothpaste containing
TiO2 (E171) was avoided. Within nine months the facial
lesions healed almost completely (slight postinflammatory hyperpigmentation remained), and the patient was
once again healthy and active. Her lymphocyte reactivity
to Ti normalized (SI = 1.7).
Patch testing
All 54 patch-tested patients were negative to Ti.

Discussion
In this study we investigated the potential of Ti to
induce hypersensitivity or other immunological dysfunctions. The 56 patients described here all developed
severe health problems after receiving Ti-based dental
and/or endoprosthetic implants. Removal of the Tibased devices, in most cases with no additional therapy
such as chelation, led to remarkable recovery within six
to nine months. In those patients previously reactive to
Ti in MELISA® from whom follow-up samples could be
obtained, all showed negative reactivity post removal,
as described in detail for two typical cases. In all cases,
however, patch testing for Ti was negative.
These results demonstrate two important facts. First,
while Ti generally appears to be biocompatible for most
individuals, a certain subgroup of people seems to be capable of developing a clinically-relevant hypersensitivity
to this metal. Sporadic reports supporting this concept
have been published since the 1980s, most of which,
however, have lacked laboratory evidence both pre- and
post-implant removal [1, 3, 13, 18, 26, 31, 32]. Recently,
Thomas et al. [27] demonstrated LTT reactivity to Ti in
a patient suffering from impaired fracture healing and
eczema following implantation of a Ti miniplate and
screws; both clinical symptoms and LTT reactivity decreased after removal of the implant. Several similar cases
are described by Valentine-Thon et al. in a concomitant
article in this issue [30].
To explain this apparent sensitivity to Ti, several
hypotheses have been proposed. Under unfavorable conditions (acidic pH, mechanical friction, close contact to
amalgam or gold restorations, etc.), Ti implants may
corrode and release ions or micro-particles which can
induce inflammation in affected tissues [4, 8, 9, 11, 14,
34]. This mechanism has been suggested to play a role
in the loosening of implants [17]. Furthermore, Ti, like
other transition metals, has a high affinity to proteins; Tibound cell membrane proteins (neo-antigens) may induce
autoimmune reactions, whereas Ti-bound intra-cellular
proteins may disrupt normal cell physiology [25]. Finally,
Ti has been reported to activate macrophages, either
directly or subsequent to phagocytosis [14, 17]. The in
vitro phagocytic uptake of Ti by macrophages was clearly
shown in this study (Fig. 1). Such activated macrophages
may secrete both pro- and anti-inflammatory cytokines,
an imbalance of which has been implicated in various
disease processes [5, 19].
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Alternatively, in those symptomatic Ti-exposed
patients who did not show hypersensitivity (MELISA®
reactivity) to Ti, the possibility of an immune reaction to
contaminating metals must be considered. In this study,
57.9% of such patients reacted to other metals, including
Ni. As reported by Schuh et al. [20], Ti alloys may contain
low levels of Ni which can induce or exacerbate allergic
reactions. In a case described by Valentine-Thon et al.
[30], a Ni-allergic patient developed chronic severe joint
pain after inadvertently receiving a Ni-containing Ti knee
endoprosthesis. In MELISA® her lymphocytes reacted
strongly to Ni but not at all to Ti. After explantation, her
lymphocyte reactivity to Ni decreased and her pain subsided. Four similar cases of Be-contaminated Ti implants
have likewise been observed (Müller, unpublished data).
The second fact demonstrated by the results of this
study is the current inadequacy of patch testing for detecting sensitivity to Ti. Only very few studies have reported a
positive patch test result with Ti, one of which combined
Ti in an ointment to facilitate dermal penetration [13]. As
patch testing has been validated only for dermally-sensitizing antigens, its relevance for systemically-sensitizing
antigens, such as Ti (mucosal) or Be (aerosol), will be
limited. In the USA, the “golden standard” for detecting
a type IV hypersensitivity to Be is not patch testing but
a Be-lymphocyte proliferation test [21]. In analogy, the
standardized and validated MELISA® Test, accredited in
Germany since 2001, should be considered for patients
with suspicion of Ti allergy.
In conclusion, the data presented here demonstrate
that Ti can induce clinically-relevant hypersensitivity and other immune dysfunctions in certain patients
chronically exposed to this reactive metal. Ti should no
longer, therefore, be considered biologically inert.
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