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ABSTRACT

Context: Stainless Steel Crowns (SSC) are stable and durable restorations and a valuable
technique in repairing deciduous teeth with extensive caries. Nickel and chromium are the
main composing elements of SSCs, i.e. released in the oral environment; they can cause allergic
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and their application, nickel allergy released from crowns, and their symptoms were included in
this study. After the abstract screening, we recalled relevant studies for full-text review.

Results: We are exposed to nickel every day in various forms; some individuals present
hypersensitivity reactions when exposed to the slightest amounts of this metal. Nickel is
a base metal and among the elements used in SSCs. Nickel is released from SSCs during the
corrosion process in the oral environment. Excessively released nickel ions cause chronic fatigue
syndrome, sensitive lymph nodes, muscle aches, and headaches.
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1. Context

espite advances in community health, den-

tal caries remains a serious health issue

worldwide (1). Treating caries in children

varies depending on the size of the lesion

and the child’s behavior. Among restorative

materials used in pediatric dentistry, Stain-
less Steel Crowns (SSC), or prefabricated metal crowns
can provide a definitive restoration for primary molars
(2). SSCs were first introduced to pediatric dentistry by
Humphrey in 1950. These restorations are durable, re-
sistant to darkening, and have little technical sensitivity
during placement. Besides, they are a valuable restor-
ative technique for the treatment of decayed deciduous
teeth, i.e. superior and durable over multilevel amal-
gam restorations and other restorations when restoring
deciduous teeth (3). These crowns present numerous
advantages, like a relative lack of sensitivity to saliva
during placement (4).

The chemical composition of SSC is similar to numer-
ous orthodontic braces and wires, including 65%-75%
iron, 17%-20% chromium, 13%-18% nickel, and <2%
manganese, silicon, and carbon (5). The widespread use
of SSCs in dentistry is due to their desirable mechani-
cal properties, high strength, favorable biocompatibil-
ity, cost-effectiveness, and good corrosion resistance
(6). An element released from SSC is nickel, i.e. a solid,
silver-white, malleable metal with an atomic number of
28 (7). Adding nickel and chromium to stainless steel in-
creases corrosion resistance (6). Nickel causes allergies
in almost 10% of the population and was identified as a
mutagenic and carcinogenic agent in some studies (8,
9). The longer stainless steel metals are exposed to sa-
liva and the oral environment, the more nickel ions will
be released (10). The amount of nickel in dental alloys
varies from very low to >60% (11).

Studies suggested that the average prevalence of
nickel allergy in Eastern Europe and North America is
approximately 8.6% (0.7%-27.8%); it is more preva-
lent in females (12). Investigations also indicated that
1.1. Millions of American children are potentially al-
lergic to nickel (13). It has also been reported that 8%
to 10% of children and adolescence in the European
general population present nickel allergy (14); howev-
er, this prevalence was about 23.7% in the children of
North America between 1994 to 2014 (15). Nickel ion
is a common cause of contact allergies and hypersen-
sitivity reactions (16). Nickel released from appliances,
like orthodontic braces causes allergic reactions and
reduces the strength of appliances (17). The symptoms
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of an allergic reaction to nickel-containing alloys include
inflamed hyperplastic gum tissue around the crown or
space-maintainer; the loss of alveolar bone; as well as
the edema of the gums, palate, and throat (11).

Many studies have evaluated the release of nickel ions
from orthodontic brackets. However, given the wide-
spread use of SSCs in pediatric dentistry, little is known
about the release of nickel from such restorations; ac-
cordingly, concerns remain about the biological effects of
this release (18, 19). Our study aimed to review the previ-
ous studies on nickel allergy. We also intended to provide
appropriate information to dentists and specialists about
this allergy in children and suggested methods to man-
age and reduce nickel sensitivity-induced damages.

2. Evidence Acquisition

Sources and search strategy: the required data were
extracted from articles published until September 2020
using “Nickel, allergy, and SSCs” keywords, collected
from online databases (Scopus, PubMed, Google Schol-
ar, & Science direct) and documents published from
different international institutions until 15 September
2020. The search was restricted to articles published
in English and Persian languages. Topics discussed in
this review were as follows: the indications of SSCs,
SSCs components, Nickel, and its use in dentistry, al-
lergy, and management methods to nickel. After the
abstract screening, the full text of the related studies
was reviewed. The following types of studies were ex-
cluded from this review: in vitro studies, animal studies,
studies published in languages other than English and
Persian, case reports, narrative reviews, medical record
reviews, meeting abstracts, historical articles, editori-
als, letter-to-editors, and commentaries. The included
studies concerned those in which authors published in-
formation on SSCs and their application, nickel allergy
released from crowns, and their symptoms.

3. Results and Discussion
Carries and its complications

Caries is the most frequent chronic disease in children
that lack proper and timely treatment; this condition re-
sults in the loss of deciduous teeth before the time of
permanent teeth eruption (20, 21). The premature loss of
deciduous teeth can disrupt the balance of the neuromus-
cular system of the oral cavity, chewing, and beauty (22).
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Treating caries in deciduous teeth

SSCs are used to repair all posterior teeth of young pa-
tients with a high risk of caries and multiple proximal
lesions. Otherwise, these teeth are restored with amal-
gam or cosmetic restorations (23).

SSCs

SSCs, also known as prefabricated metal crowns (23),
is the most effective and durable restorations for main-
taining deciduous molars. Some retrospective studies
have compared the durability of SSCs with amalgam
restorations. Accordingly, they all have demonstrated
the superiority of SSC over multilevel amalgam restora-
tions (24). These crowns are used as selective restora-
tions in cases, like restoring deciduous teeth following
pulpotomy or pulpectomy, restoring broken deciduous
molars, and for the protection of teeth that have lost
large structures (25).

Nickel

Nickel is an element in row 4 and group 2 of the pe-
riodic table, with a melting point of 1455°C. Nickel is
cheaper than precious metals, such as silver, gold, plati-
num, and palladium; therefore, nickel and its alloys are
extensively used in the manufacture of dental appli-
ances. In dental alloys, nickel is usually alloyed with 4
other conductive metals as well as several other metals,
and to a lesser extent with non-metals. Nickel is a base
metal. In other words, its reactivity with other elements
is high, compared to noble metals (26, 27).

The highest amount of human exposure to nickel is
through diet, the average exposure to which ranges be-
tween 200 and 600 ug/d through diet (28). The maxi-
mum amount of nickel in water is about 0.04 mg/d. Se-
rum nickel released from SSCs is below toxic levels but
exceeds daily intake levels (29). The average nickel con-
tent of some nutrients is presented in Table 1. Nickel can
also be found in medicines and vitamins. For example,
each Acunol tablet prescribed to treat acne contains 0.5
mg of ionized nickel (30).

Nickel is added to stainless steel alloys to improve bio-
chemical properties, such as durability and hardness,
and to decrease the cost of the alloy. Nickel is essential
for certain plants and animals. Nickel compounds are
found everywhere. They are considered as a part of the
usual diet in foods, like vegetables, and are among the
main components of enzyme systems in humans (7).
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Applying nickel in dentistry

In dentistry, most nickel-containing alloys are nickel-
based, including stainless steel. Furthermore, they are
used in orthodontic wires, brackets, crowns, as well as
endodontic files and tools. Additionally, due to the high
elastic modulus of nickel, compared to gold and palla-
dium, nickel alloys are applied in the manufacture of
dental prostheses (32). Nickel-Titanium alloys are wide-
ly used in orthodontic archwires. Besides, due to their
suitable clinical function, these archwires are the first
choice in orthodontic treatment (33).

Older generations of SSC had up to 72% nickel; howev-
er, the newer generations of SSC contain 12%-9% nickel.
Nickel released from orthodontic appliances made of
nickel-titanium and stainless steel, increases, then de-
creases during the first week after placement (16). Stud-
ies revealed that using 8 SSCs for deciduous teeth along
with 4 space maintainers does not pose a risk of nickel
toxicity to the child. However, it is better to take a patch
test from the patient before selecting nickel-containing
alloys; accordingly, an alternative alloy can be used if
necessary (11).

The release of nickel from dental alloys

Although nickel alloys are used in dentistry, the cor-
rosion process occurs in the oral environment due to
biochemical conditions. For example, intraoral bacterial
biofilm can decline the pH of the alloy surface and sig-
nificantly increase corrosion and ion diffusion (34). Nick-
el is released from SSCs during corrosion. Among SSC
corrosion products, the release of nickel and chromium
ions has attracted more attention in studies. This could
be due to their adverse effects, which include allergies,
dermatitis, gingivitis, and damage to tooth enamel (35).
Studies reported no association between the release of
nickel ions and the nickel content of orthodontic wires;
however, the same was correlated with the nature of
the alloy and the method of the appliance manufacture
(36). Studies highlighted that blood samples gathered
from 31 individuals who underwent dental treatment
presented no measurable accumulation of nickel, com-
pared to pre-orthodontic nickel levels (8).

Allergy to nickel-containing alloys

Nickel allergy is a reaction that develops after the first,
or a short, or repeated long-term contact with nickel
or nickel-containing substances, depending on the in-
dividual’s sensitivity. The degree of reaction also varies
among individuals (37). Nickel allergy, in particular, is a
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Figure 1. The application of nickel in dentistry

contact allergy, i.e. an allergic skin reaction in response
to contact with an allergen or a nickel-like stimulant.
Nickel allergy can occur at any age and usually occurs as
eczema a few days after the first contact, appearing as
itchy, red, pigmented, dry, dry skin rashes with watery
blisters. The affected area is usually limited to the con-
tact area; however, it may appear in other parts of the
body (38). Studies demonstrated that of the 391 chil-
dren who underwent a patch test between 2001 and
2004 to test for nickel allergies, 28% tested positive (30).

The amount of nickel ions, i.e. enough to cause aller-
gies varies from person to person. Temperature, pH,
scratches, the presence of other allergic conditions,
race, gender, and age may be determinants that affect

Table 1. Mean nickel content of different types of food [31]
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the rate of nickel sensitivity (39). Few studies suggested
that individuals with oral nickel allergy receive >5000 pg
of nickel as a dose of a skin allergy reaction. A dose of
1-2 mg of intravenous nickel causes acute skin allergies
in sensitive patients (40).

The mechanism of allergy

Allergic reactions are mediated by the immune system.
In a sensitive person, allergic reactions can start with a
small amount of allergen. For example, if nickel ions are
released from a nickel-plated substance, allergies de-
velop following direct and prolonged contact with the
skin. The individual first becomes sensitive to the aller-
gen (37). Subsequent exposures, if large enough, may

Type of Food Mean Nickel Content (ug/g)
Cheese 0.1
Fish 0.04
Egg 0.05
Apple 0.01
Tea 0.05
Coffee 0.02
Canned fruits 0.31
Cauliflower 0.3
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cause an allergic reaction. Some allergens, i.e. stud-
ied in clinical dental studies include eugenol, mercury,
nickel, chromium, cobalt, resin-based materials, and so
on. Most dental allergies, including allergic reactions to
nickel-containing alloys, arise from type IV hypersensi-
tivity reactions induced by T lymphocytes (41). Allergies
initiate at the age of 2-5 years and reach their maximum
level in 10-15 years (16).

The ability of a metal or alloy to cause allergic reac-
tions depends on its corrosion pattern; the extent of
corrosion in an alloy depends on the metal compounds
of the alloy, the variables used to make the alloy, such
as temperature and oral environment conditions, espe-
cially the pH of the alloy (7).

The mechanism currently understood from nickel al-
lergy in humans is that Ni* is not antigenic by its self;
however, nickel accumulations containing histidine or
protein, bind to Langerhans cells. These cells, located
in the basal layer of the epidermis, actively help regu-
late and monitor skin immunity. Furthermore, they are
responsible for antigen processing and antigen delivery
to lymphocyte cells. Langerhans cells are transported to
regional lymph nodes, antigen processing takes place,
and eventually, a population of altered T-lymphocytes is
formed and translocated and may to even enter periph-
eral tissues, including the skin. At this stage, the subject
becomes allergic. In an individual with hyper-sensitivity,
when specific T-lymphocytes are exposed to the antigen,
they release lymphokines; these are proteins that cause
widespread action in other cells, including macrophage-
stimulating cells and the natural killer cell. These actions
in inflamed tissues and other allergic responses try to
destroy the foreign body. This integrated response is a
factor that causes allergic dermatitis (42). Nickel allergy
is a contact allergy, in which an allergic skin reaction oc-
curs in response to exposure to a contact allergen or a
stimulant, like nickel. Nickel allergy can occur at any age,
usually within a few days after the first contact, in the
form of eczema (allergic contact dermatitis). Besides, it is
an itchy, scaly, rough, red, pigmented skin rash with juicy
blisters (38). The reaction of hypersensitivity to metals is
observed in 10% to 15% of the population and its preva-
lence is higher in women (10%) than men (2%) (42).

The clinical signs of allergy

Excessively released nickel ions cause CFS (chronic fa-
tigue syndrome), tracheal ulcers, sensitive lymph nodes,
muscle aches, headaches, insomnia, food allergies, odor
sensitivity, noise, light, miscellaneous foods, severe
periodontitis, gastrointestinal disorders, and other un-
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known diseases (38). Clinical signs attributed to nickel
include allergic dermatitis, asthma, and mucosal ulcers,
and at the cellular level, toxicity along with altered cell
function (43). The clinical signs of nickel allergy in the
oral cavity also include inflamed hyperplastic gingival
tissue around the restoration or space maintainer, al-
veolar bone loss, and gingival edema (11).

The diagnosis of nickel allergy

Patch-test (on the upper back area) is mainly used to
diagnose this type of allergy; however, other examina-
tions, such as macrophage migration tests and lympho-
cyte transformation tests can also be employed. For
patch-testing, in Europe, patches containing 2 mg of
nickel sulfate (5% nickel sulfate) per square centimeter,
and in North America, patches containing 2.5% nickel
sulfate, are implemented. It is recommended to check
for allergic reactions several times during the second,
fourth, and seventh days after allergen exposure (14).
Some groups, including children, present severe hyper-
sensitivity reactions to even small amounts of nickel
ions. If these populations are identified by nickel sen-
sitivity tests in the early stages, alternative dental treat-
ment approaches could be used.

4. Conclusion

We are exposed to allergens, like nickel every day in
various forms. One example is the entry of nickel in den-
tal restorations into the bloodstream through a corro-
sion reaction. The threshold of tolerance to nickel differs
in various populations. The amount of nickel released
from SSCs is less than the number of other sources;
thus, the immunological reactions of a large percentage
of the population to this excess level of nickel ions in the
bloodstream cause no severe problems.
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