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Zirconium [chemical symbol: Zr] is a so-called transition metal that is added to alloys used
in the production of items of high durability and corrosion resistance, such as surgical
instruments, dental implants, and endoprostheses. It can be found in alloys used to make
wristwatch cases. The high reactivity of zirconium with oxygen is exploited in some detonators
and primers of explosives, as well as in pyrotechnic compositions — as an amorphous powder
it may ignite spontaneously and burn with explosive violence, but can be rendered non-
pyrophoric for use in cosmetic products (and in numerous other industrial processes) by a
process of "passivation”. In the past, zirconium was also used in disposable flashlights, in
which the flash was produced by burning the material. It is also used in the production of
electron tubes. Zirconium is a by-product of titanium and tin mining and smelting. Commercial
zirconium typically contains 1-3% hafnium, another transition metal that can cause
sensitization.

Synonyms and names in other languages
CAS 7440-67-7; Circonio; Cyrkon; EC 231-176-9; EC 933-703-4; Zirconio; Zirkonium

Confusion may arise because of the existence of a number of similar-sounding names that
refer to different chemical entities:

e  zirconium (Polish: cyrkon) - a metal, atomic number 40

e  zircon (Polish: cyrkon) - a naturally occurring mineral that consists mainly of zirconium
silicate (ZrSiQ,), CAS 1344-21-4 or CAS 10101-52-7, used primarily as an opacifying agent
in the production of decorative ceramics, and also in refractory (fire proof) materials and
foundry molds.

e  zirconia (Polish: cyrkonia) - a ceramic material consisting predominantly of zirconium dioxide
(ZrO,), CAS 53801-45-9, which, depending on dopants and physical conditions in the
production process, can take the form of a colourless, transparent synthetic ornamental
stone referred to as cubic zirconia that is used in jewellery as an imitation of diamonds, or a
white ceramic mass of high hardness used as a material in the production of implants and
artificial dental crowns.
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Zirconium in dentistry

Zirconia implants seem to be an emerging alternative to titanium with osseointegration
comparable to the latter and a superior soft-tissue response, biocompatibility, and aesthetic
features (Zreaqat et al. 2017, Sivaraman et al. 2018, Fawakhiri et al. 2023). Successful dental
restorations with zirconia-based implants and crowns have been reported in patients with
titanium allergy (Oliva et al. 2010). The zirconia used as a material in dental implantology and
prosthetics always contains admixtures of other complexed metals, such as yttrium (Y),
hafnium (Hf), aluminum (Al), or calcium (Ca). Therefore, when analyzing the risk of allergic
reactions to zirconia crowns and implants, it is important to consider not only zirconium but
also other metals (Peng et al. 2019).

Zirconium in endoprostheses

Zirconium-based artificial joints are considered as a promising, however not entirely
challenge-free, alternative to traditional steel, nickel, chromium and cobalt-based alloys, as
well as titanium alloys (Munazzam et al. 2025). Oxiniume is the brand name (Smith+Nephew)
of a zirconium-based material used for hip and knee replacement in which a zirconium alloy
of the implant transitions into a hard ceramic outer surface formed by zirconium oxide. It was
shown to be non-inferior to traditional artificial joints made of other materials, including
titanium alloys, and was suggested as an alternative material for use in patients with metal
hypersensitivity (Hofer & Ezzet 2014, Puente Reyna et al. 2018, Bulaid et al. 2022, D'Ambrosi
et al. 2023). However, cases of metallosis and failure of oxidized zirconium implants have
been reported in literature, demonstrating that metallic zirconium can be released from such
implants into surrounding tissues (Frye et al. 2021, Ludwig et al. 2024].

Clinical symptoms of zirconium allergy

Historically, the first reported cases of zirconium hypersensitivity, referred to as "zirconium
granuloma" were due to zirconium-containing deodorants and zirconium-based treatments
for Rhus dermatitis (Hurley & Shelley 1958, Epstein et al. 1962, Epstein et al. 1963, LoPresti
& Hambrick 1965, Elias & Epstein 1968, Skelton et al. 1993). A case of "contact allergic
gastritis" has been reported with itchy gingival lesions surrounding ceramic crowns on a metal
bridge that emerged within 2 weeks after their placement, accompanied by nose swelling and
gastrointestinal symptoms (gastric and colic pain, diarrhoea) and gastroscopy-confirmed
eosinophilic gastritis. On patch tesing, the patient reacted to gold, palladium and zirconium
which were the components of the bridge and crowns, and their replacement resulted in a
rapid spontaneous remission of the symptoms (Pfohler et al. 2012). An atypical allergic
reaction after total hip replacement with the use of an alumina-zirconia ceramic head in a
woman who developed paresthesia throughout the entire right lower extremity, swelling, and
ecchymosis within the first week after the surgery, followed with polyarthralgia and continued
diffuse swelling and sensitivity in the right lower extremity that eventually involved most of
her body, as well as hair fall (alopecia areata) and impaired vision. The implanted
endoprosthesis remained functional over the entire observation period. The diagnosis of
zirconium allergy was based on the lymphocyte stimulation test (stimulation index of 8.6), a
method with debatable diagnostic value. Nevertheless, the symptoms completely resolved
within a week following the replacement of the alumina-zirconia ceramic head and the patient
remained symptom-free during following 24 months (Dawson-Amoah et al. 2020).
Immunoreactivity to zirconium was also observed in a subgroup of sarcoidosis patients with
a specific, fibrotic phenotype (Beijer et al. 2020, Beijer et al. 2021). This condition, also
referred to as sarcoid granulomatosis may take a course with multiple organ involvement
after zirconium exposure (Werfel et al. 1998).
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Zirconium in cosmetic products / toiletries

Globally, zirconium and its compounds are used in cosmetics and toiletries, their ascribed
functions including antiperspirant, astringent, bulking, deodorant, opacifying (in sunscreen
products), and skin conditioning. In Europe, restrictions and prohibitions apply. According to
entry 391, Annex Il (List of Prohibited Substance in Cosmetic Products) of Regulation (EC)
No 1223/2009 on cosmetic products, zirconium and its compounds are prohibited "with the
exception of the substances listed under reference number 50 in Annex Ill, and the zirconium
lakes, pigments or salts of the colouring agents when listed in Annex IV". More specifically,
Aluminium zirconium chloride hydroxide complexes, and AlxZr(OH)yClz and the aluminium
zirconium chloride hydroxide glycine complexes are allowed in antiperspirants, and the
various substances identified by their Cl number are allowed as colourants. The following

INCI names have been registered with the Personal Care Products Council:

INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:
INCI:

Zirconium Bis(Hydrogen Phosphate) - prohibited in the EU
Zirconium Chlorohydrate - prohibited in the EU

Zirconium Dioxide - ?prohibited in the EU

Zirconium Oxide Acetate Trimesicate - ?prohibited in the EU
Zirconium Powder - prohibited in the EU

Zirconium Silicate - prohibited in the EU

Zirconium Silver Phosphate - prohibited in the EU

Zirconium Terephthalate - prohibited in the EU

Zirconyl Chloride - prohibited in the EU

Aluminum Iron Calcium Magnesium Zirconium Silicates - ?prohibited in the EU

Aluminum Zirconium Octachlorohydrate
Aluminum Zirconium Octachlorohydrex Gly
Aluminum Zirconium Pentachlorohydrate
Aluminum Zirconium Pentachlorohydrex Gly
Aluminum Zirconium Tetrachlorohydrate
Aluminum Zirconium Tetrachlorohydrex Gly
Aluminum Zirconium Tetrachlorohydrex Peg
Aluminum Zirconium Tetrachlorohydrex Pg
Aluminum Zirconium Trichlorohydrate
Aluminum Zirconium Trichlorohydrex Gly
Calcium Magnesium Zinc Zirconium Phosphosilicate - ?prohibited in the EU
Ceramic Extract - ?prohibited in the EU
Diallyloxyneohexyl Zirconium Tridecanoate - prohibited in the EU
Cl 10316 / Acid Yellow 1

Cl 12085 / Pigment Red 4

CI 15510/ Acid Orange 7

Cl 15630 [Red]

Cl 15850 / Pigment Red 57

Cl 15865 / Pigment Red 48

Cl 15985 [Yellow]

Cl 16255 / Acid Red 18

CI 17200 / Acid Red 33 [Red]

Cl 19140/ Acid Yellow 23

Cl 42051 / Acid Blue 3

Cl 45370/ Solvent Red 72

Cl 45380 / Acid Red 87

Cl 45410 / Acid Red 92

Cl 45430 / Acid Red 51 ; erythrosine
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Numerous zirconium-containing cosmetic products and toiletries are to be found listed on
INCIDecoder

INCI: International Nomenclature of Cosmetic Ingredients — In the UK, the European Union, and in other global
regions, manufacturers of cosmetic products are legally required to list ingredients on product labels / packaging
using standardised INCI nomenclature. The Personal Care Products Council cautions that "The designation of an
INCI name for a cosmetic ingredient is an essential part of ingredient identification; however, the assignment of an
INCI name does not mean that the ingredient has been approved for cosmetics."

ClI: Colour Index, a unique number of a dye in the Colour Index™ International (Cl) reference database, published
online by the Society of Dyers and Colourists and American Association of Textile Chemists and Colorists.

Available diagnostic methods and materials

At present, the only validated method of detecting zirconium allergy is patch test performed
in line with the current guidelines by national or international scientific societies, e.g.,
European Society of Contact Dermatitis (Johansen et al. 2015). Patch test material available
for testing includes:

e Zirconium(IV) chloride 1% pet. [Chemotechnique Diagnostics, cat. number Z-008]
e  Zirconium Dioxide 0.1% pet. [Chemotechnique Diagnostics, cat. number Z-009]

Please note: Blood tests for zirconium allergy (mostly advertised as "lymphocyte
transformation tests"), although popular in some countries, have not been approved as a
diagnostic tool, and their use in allergy diagnosis is controversial.

Positivity rate
1in 44 (2.2%) patients with suspected metal allergy (Spiewak 2018).
Cross-reactivities, co-positivities, and co-sensitizations

To date, there is insufficient data regarding possible cross-reactivities, co-positivities, and co-
sensitizations of zirconium.
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