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To the editor,
Titanium is used in numerous medical, dental devices and implants. It is considered a “hypoallergenic” alternative when there
is concern for hypersensitivity to other metals (1-4). Nevertheless, titanium hypersensitivity (TH) reactions have been reported in association with cardiac pacemakers and dental, cardiac,
orthopedic, cardiovascular and neurosurgical implants (4-12).
Metal allergy is traditionally considered a type IV hypersensitivity reaction. Type I hypersensitivity to metals is rare, but such
reactions have been reported, including to titanium (13-16).
This case series highlights the diagnostic dilemmas associated
with TH and emphasizes that a high index of suspicion for TH
is required for prompt diagnosis and management of postoperative complications associated with TH reactions.

A retrospective review of four patient records with postoperative
reactions following insertion of a titanium-containing implant
was performed. The study complied with the ethical standards
established in the Declaration of Helsinki of 1946.
Case 1
A 53-year-old African American female was referred for patch testing for suspected metal allergy to lumbar metal implants placed
for degenerative disc disease. Three months after her procedure,
she experienced worsening lower back pain, bilateral leg pain and
paresthesias, as well as erythema, warmth and tenderness overlying
the midline surgical scar. Lumbar computed tomography (CT)
myelogram and magnetic resonance imaging (MRI) were unremarkable. Laboratory results including complete blood count,

© 2021 Associazione Allergologi Immunologi Italiani Territoriali e Ospedalieri - AAIITO. Published by EDRA SpA. All rights reserved.

K. Heitmiller, M. Innes, V. Zollo, et al.

44

tissue cultures and erythrocyte sedimentation rate were also within normal limits. Synthes titanium alloy (TAN) rods and screws
(titanium, 6% aluminum, 7% niobium and 0.02% nickel) had
been used for the spinal fusion. Patch testing with the standard
North American Contact Dermatitis Group (NACDG) standard
series and Chemotechnique extended metal series was not tolerated due to an asthmatic reaction with facial angioedema within
24 hours of patch placement, requiring an emergency room visit
for treatment with systemic corticosteroids. Limited patch tests
to nickel and titanium were subsequently performed. Titanium
nitride 5% (Chemotechnique extended metal series) was placed
on the patient’s right forearm and nickel sulfate 2.5% (NACDG
standard series) was placed on the left forearm. After 72 hours, the
patient demonstrated a 1+ reaction to nickel and no reaction to
titanium; however, the patient reported a symptomatic reaction
(pruritus) at the titanium patch test site prior to her visit. Thus,
prick testing was also performed to assess immediate hypersensitivity to nickel and titanium. The skin on the right upper arm was
pierced in three spots, patches were applied (nickel 2.5%, titanium
10%, and petrolatum, a control) and the patient was monitored
for one hour. Urticarial reactions were observed at both the nickel
and titanium sites, but not at the petrolatum control site. Prick
testing of a healthy control to the same metals (nickel 2.5%, titanium 10%) was negative. The patient later disclosed a history of suspected metal allergy after a failed left foot bunionectomy required
removal of titanium screws used during the procedure, although
testing to evaluate for metal allergy had not been performed.
After confirming the presence of a metal allergy, the spinal implant was removed and replaced with bone morphogenic protein.
Prior to wound closure, gram stain, cultures, and tissue samples
from the wound and hardware were obtained and were negative.
Pathology of the tissue samples revealed fragments of necrotic
bone with inter-trabecular fibrosis and chronic lymphocytic inflammation, consistent with aseptic lymphocyte dominated vasculitis associated lesion (ALVAL, not shown). Following implant
removal, the patient experienced resolution of her symptoms.
Case 2
A 42-year-old Caucasian female presented for evaluation for metal
hypersensitivity reactions to cervical metal implants due to persistent neck pain and erythema of the anterior neck with delayed
wound healing along the posterior incision site one year after the
procedure. There was a history of multiple cervical spinal fusions/
reconstructions due to pseuduoarthrosis and hardware failure. CT
of the cervical spine demonstrated lucency around the hardware,
suggestive of hardware failure. Globus Coalition titanium alloy
(TAV) implants (titanium, 6% aluminum, and 4% vanadium) had
been used for the anterior cervical discectomy and fusion. Synthes
titanium alloy (TAN) rods and screws (titanium, 6% aluminum,
7% niobium and 0.02% nickel) were used for the posterior spinal

fusion and a Synthes SynMesh vertebral body replacement device
was inserted anteriorly. Patch testing was performed using solid
metal samples (i.e. discs) of the Synthes plate and rod and the Globus plate. The discs were placed on the skin after cleaning with an
alcohol pad and covered with cloth tape. At 24 and 48 hours, no
reactions were observed. At 72 hours, few erythematous macules
were observed under the Synthes and Globus plate samples. At one
week, small, grouped, pruritic erythematous papules were observed
under the Globus plate sample. No reaction was observed with the
titanium rod sample. Patch testing with these plates on a healthy
control did not result in any reactions. The allergy testing suggested
a hypersensitivity to the Globus implant and the location of these
implants appeared to be consistent with the anterior neck erythema
the patient had developed postoperatively. The patient underwent
removal of the Globus implants, which were replaced by structural
allograft spacers, and recovered without complication.
Case 3
A 57-year-old Caucasian female was referred for evaluation for
metal hypersensitivity to a cervical metal plate, which had been
placed for degenerative disc disease. She developed erythema and
edema of the face, neck, and upper chest shortly after the procedure, along with shortness of breath from a pleural effusion
that began at the same time. Her symptoms did not resolve with
antibiotics or systemic corticosteroids and she subsequently required multiple thoracenteses, which repeatedly revealed a highly eosinophilic transudate. The cervical plate used was a standard
alloy composed of titanium, 6% aluminum and 4% vanadium
(Ti6Al4V, TC4). Patch testing to NACDG standard series and
Chemotechnique metal series showed only a positive 1 + reaction
to gold sodium thiosulfate. Prick testing to an arbitrarily selected
titanium salt (titanium IV oxide 10%/Chemotechnique) revealed
an urticarial reaction within one hour. Repeat prick testing was
performed using six titanium preparations (titanium IV oxide
0.1%, titanium 1%, titanium III nitride 5%, titanium III oxalate
decahydrate 5%, titanium 10%, titanium dioxide 10%) as well as
aluminum and vanadium. This revealed urticarial reactions to five
of the six titanium salts (no reaction to titanium dioxide 10%).
Prick testing with these titanium salts in healthy controls (N = 20)
was negative. The patient was diagnosed with type I hypersensitivity to titanium and subsequently underwent removal of the plate
in her neck with resolution of her symptoms within two months.
The patient remains symptom free more than four years later.
Case 4
A 61-year-old Caucasian male presented for evaluation of a pruritic rash on his right knee (figure 1 a). The patient had developed
the rash shortly after undergoing a right total knee replacement
six months prior to presentation. He had been experiencing per-
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sistent right knee pain since the surgery, longer than the expected period of postoperative pain. A Triathlon Titanium implant
(cementless) was used, a highly porous metal biologic fixation
technology created using 3D-printing technology during which
multiple layers of titanium powder are melted together. Physical
exam demonstrated an ill-defined erythematous plaque localized
around a well-healed linear scar on the right knee (figure 1 a).
Patch testing to the NACDG standard series, Chemotechnique
extended metal series, and dental series showed a positive +/reaction to titanium III oxalate decahydrate at 48 hours and 1+
reaction at 72 hours (figure 1 b). The patient was diagnosed
with TH secondary to recent implantation and was given triamcinolone 0.1% cream for symptomatic relief. The patient was
counseled on the diagnosis and replacement of the implant was
recommended. He declined revision of the knee replacement to
avoid an additional surgical procedure. He has continued to experience chronic dermatitis with recurrent flares, controlled with
topical corticosteroids, but has persistent knee pain.
We report four cases of suspected TH, including two cases of
type I hypersensitivity reactions. The clinical manifestations
consistent with metal hypersensitivity, positive allergy testing,
absence of a more likely diagnosis, and dramatic resolution of
symptoms with explanation (in three of the four cases) support
the diagnosis of TH. Additionally, for Case 1, there was peri-im-
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plant tissue for histologic study at the time of implant revision,
which revealed the presence of ALVAL, one of the histologic
biomarkers of metal hypersensitivity reactions (17, 18).
The prevalence of TH is difficult to assess due to lack of reliable
detection methods; however, it is estimated to be 0.2 to 1% (16,
19, 20). In a study by Sicilia et al. (16), 35 patients at a dental
clinic with symptoms consistent with TH and underwent patch
testing and prick testing. The majority of patients with positive
allergy testing had developed both type I and type IV hypersensitivity (positive patch and/or prick test) reactions to their titanium implants (16). The results of this study, in addition to the
present cases, suggest TH reactions may be different compared
to that of other metals.
While patch testing is considered the standard method for detecting metal allergy, its use for TH is not as well accepted (1-3).
Positive patch test reactions to titanium are rare and a negative
patch test may not exclude a diagnosis of TH. Current patch test
formulations of titanium salts may not be adequate for the detection of type IV hypersensitivity to titanium because of low epidermal penetration (19, 21). Patients with a negative reaction to
titanium on patch testing may still be diagnosed with TH based
on positive reactions on other diagnostic tests and/or resolution of
postoperative symptoms after removal of the titanium-containing
implant (1, 3-5, 7, 9, 12, 14, 15) Case 4 was the only patient who

Figure 1 - (a) Subacute dermatitis on the knee, adjacent to and overlying surgical scar seen in Case 4. (b) Patch test reaction to titanium
(III) oxalate decahydrate at 72 h, revealing a 1 + reaction.

(a)

(b)
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demonstrated a positive reaction to titanium with standard patch
testing, allowing for the unambiguous diagnosis of TH. Case 2
was diagnosed via patch testing, although samples of the metal
implant itself (discs) were used. The positive skin test to the disc
and the resolution of signs and symptoms after removal suggest
that the titanium allergy was relevant to the patient’s favorable
outcome. Testing with metal discs has been discouraged because
of concerns about false negative patch testing (22). Despite these
concerns, this patient exhibited a type IV hypersensitivity reaction to the disc, which was the basis for implant removal.
Thyssen et al. (23) proposed ten objective criteria that support implant-related metal hypersensitivity, four of which are considered
major criteria: (1) eruption over the implant; (2) positive patch test
to metal; (3) chronic dermatitis; (4) resolution of symptoms after
removal of the implant. Three of the cases presented in this series
did not fulfill all of the major criteria needed for the diagnosis
of implant-related metal hypersensitivity, but, underwent implant
removal with resolution of symptoms, supporting the diagnosis of
TH. We suspect the patient in Case 4 would have also experienced
improvement and/or resolution of symptoms with explantation,
but the patient refused an additional procedure. Therefore, while
these criteria are helpful in diagnosing implant-related metal hypersensitivity in general, they may or may not apply to TH and
may be less sensitive for type I hypersensitivity.
This series adds to the literature on metal hypersensitivity reactions to titanium, suggesting that patch testing alone may be insufficient to confirm TH, and that prick testing should be considered to confirm the diagnosis of TH. We propose prick testing
or alternative type I hypersensitivity testing methods for patients
who present with type I hypersensitivity-like reactions or when
patch testing is negative. As titanium presents unique challenges
in patch testing, these additional testing methods may increase the
sensitivity of allergy testing and allow for more reliable diagnosis.
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