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26 negative subjects.

Objective: To assess the prevalence of allergic sensitization to titanium and nickel in
orthodontic patients and to evaluate alterations of smell and taste.

Subjects and Methods: A total of 250 subjects were invited to participate, 245 ac-
cepted. The age range was 11-45 years, 68% were females and 52% adolescents. An
epicutaneous patch test was performed. Of the positive subjects in the patch test,

26 participated in the taste and smell testing and were matched by age and sex with

Results: The prevalence of hypersensitivity to titanium and/or nickel in orthodon-

Croatia tic patients was 15.5%. Taste and smell were more impaired in sensitized subjects
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1 | INTRODUCTION

Dental treatment introduces titanium- and nickel-containing bioma-
terials (implants, crowns, bridges and orthodontic appliances) which
can induce a late hypersensitivity reaction.

A nickel allergy occurs more frequently than allergies to other
metals altogether.? Due to its high biocompatibility, titanium was
previously considered to have no allergic potential; however, tita-
nium can erode when it co-exists with other metals or is exposed to
fluoride ions in the acidic environment, such as in the oral cavity‘3’4

The aims of this study were to assess the prevalence of the al-

lergic sensitization to titanium and nickel in patients undergoing

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

(P = .025), taste was more affected than smell and the tastes most affected were sour
and bitter tastes, while the sweet taste was least impaired.
Conclusion: The allergic sensitization to titanium is more uncommon than to nickel,

with altered smell and taste related to those hypersensitivities.

nickel, orthodontics, smell, taste, titanium

orthodontic treatment with fixed appliances containing titanium and
nickel and to evaluate whether subjects experiencing hypersensitiv-

ity have an altered sense of smell and taste.

2 | MATERIALS AND METHODS

A total of 250 subjects undergoing orthodontic treatment in three
orthodontic offices in Croatia were invited to participate and 245 ac-
cepted. Assuming a prevalence of hypersensitivity of 15%-20% (95%
confidence intervals 10%-25%) and precision of 5%, the estimated

sample size was calculated to be 196-246. The inclusion criterion

Orthod Craniofac Res. 2020;23:517-522.
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was treatment with a fixed orthodontic appliance, while exclusion
criteria were subjects affected by diabetes, endocrine and autoim-
mune diseases, and subjects practising water sports. All three or-
thodontic offices used the same kind of orthodontic brackets (Ortho
Classic) and nickel-titanium wires (GAC International). The age range
was 11-45 years (median 18, interquartile range 16-22), 68% were
females and 52% adolescents.

The allergy testing included an epicutaneous patch test to nickel
sulphate, titanium, titanium dioxide, titanium oxalate, titanium ni-
tride and petrolatum as a control (Chemotechnique Diagnostics).
Testing was performed on average 4 months after bonding the fixed
appliance. The upper arm skin was cleaned by medical petrol, and the
patch test was applied for two days. For confirmation of any aller-
gic reaction, skin reactions were evaluated and documented on the
second, fourth and seventh day after applying patch tests. If the skin
reactions together with itching were exacerbated during the period
of evaluation, this was considered as an allergic reaction, otherwise,
reactions which lessened over time were regarded as irritations.

Of the preliminary 38 patch test positive subjects, 26 subjects
(68.4%) were non-smokers and consented to participating in fur-
ther testing of taste and smell. They were matched by age and sex
with 26 patch test negative subjects, also non-smokers. Therefore,
the sample included 52 subjects (75% female, 39% adolescents)
within the age range of 15-46 years (median 20, interquartile range
18-24). Testing of the sense of taste was performed using the Taste
Strips (Burghart Messtechnik, Wedel, Germany). Testing was per-
formed on average 6 months after bonding of the fixed appliance.
Subjects did not eat or chew chewing gum one hour before test-
ing. The testing consisted of 18 flavoured strips (16 with taste and
two tasteless controls). Before each new flavour strip, the subjects
rinsed their mouth with water. The taste strips were applied to
the middle of the anterior third of the tongue. Subjects chose be-
tween sweet, salty, sour, bitter and tasteless strips. The result of
the test was the sum of the correct answers; each correct answer
was awarded one point, while the tasteless strips were not graded.

The Sniffin' Sticks test (Burghart Messtechnik, Wedel, Germany)
was used for examination of odour disorders. The test consisted of

Allergic sensitization N %
nickel and/or titanium 38 15.5
nickel 83 13.5
only nickel without titanium 27 11
compounds
titanium compounds 11 4.5
pure titanium 1 0.4
titanium dioxide 2 0.8
titanium nitride 3 1.2
titanium oxalate 7 2.7
only titanium compounds without 5 2
nickel
both nickel and titanium 6 2.5

12 containers with individual odours and associated answer cards
representing four possible answers for each container, and the sub-
jects had to choose the card they believed was correct. The subjects
did not consume food or drink for a period of 15 minutes before
testing. The result of the test was the sum of the correct answers.

The prevalence of allergic sensitization was estimated with 95%
confidence intervals (Cl). To compare differences in the sense of
taste and smell between sensitized and non-sensitized subjects,
the Mann-Whitney test was used. The effect size was calculated by
the formula r = Z/v/N. For interpretation, the following criteria were
used as follows: 0.1-0.3 = small effect size, 0.3-0.5 = medium, 0.5-
0.7 = large and >0.7 very large.

All procedures performed in this study involving human partic-
ipants were in accordance with the ethical standards of the institu-
tional and national research committee and with the 1964 Helsinki
declaration and its later amendments. The local Ethics Committee
also approved the study (No. 003-05/15-1119 and 003-08/15-
01/24), and informed consent was obtained from all individual par-
ticipants included in the study.

3 | RESULTS

The prevalence of allergic sensitization to titanium and/or nickel
in patients undergoing orthodontic treatment was 15.5% (95% Cl
11.5%-20.6%). The prevalence of allergic sensitization to nickel was
13.5% (95% Cl 9.8%-18.3%) and to titanium compounds was 4.5%
(95% Cl 2.5%-7.9%). The frequency of hypersensitivity to particular
compounds is listed in Table 1.

The sense of taste and smell was more impaired in subjects ex-
periencing hypersensitivity to titanium and/or nickel, sense of taste
was more affected than sense of smell, and the most affected tastes
were sour and bitter tastes, while the sweet taste was least impaired
(Table 2).

In order to control the homogeneity of the sensitized group,
sub-analyses of subjects tested for taste and smell were carried out.
The subgroup of subjects sensitized only to nickel without titanium

TABLE 1 Results of patch test in
preliminary study assessing prevalence of
hypersensitivity to titanium and nickel

95% ClI
11.5%-20.6%
9.8%-18.3%
7.7%-15.6%

2.5%-7.9%
0.1%-2.3%
0.2%-2.9%
0.4%-3.5%
1.4%-5.8%
0.9%-4.7%

1.1%-5.2%
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compounds comprised 18 persons. They were matched in terms of
age and sex with same number of subjects from the control group.
Of the total of N = 36 (69% females and 53% adolescents), the age
range was 15-46 years (median 20, interquartile range 18-23.75).
The senses of taste and smell were more impaired in subjects expe-
riencing hypersensitivity to nickel while the sense of bitterness was
most impaired, followed by sourness (Table 3).

The subgroup with sensitization to titanium had eight subjects
and half of them were sensitized to both titanium and nickel. When
matched with eight subjects from the control group by age and sex,
the age range was 15-23 (median 19, interquartile range 16.5-21.75),
87.5% were females and 56% were adolescents. There was evidence
of impairment in both cases, with regard to the sense of taste and
smell in subjects sensitized to titanium; however, of the total score
of taste, only the sweet and bitter tastes indicated statistical signifi-
cance, the salty taste being mostly impaired (Table 3).

Lastly, the subgroup of subjects with hypersensitivity to titanium
compounds only, without nickel (N = 4), was matched by age and sex
with the control group and analysed. The age range of those eight
subjects was 15-23 (median 19, interquartile range 15.5-21.75), all
of them were females and 50% were adolescents. Taste was signifi-
cantly impaired in subjects sensitized only to titanium, primarily salty

tastes, followed by sour tastes (Table 3).

4 | DISCUSSION

Allergic sensitizations to titanium and nickel in patients under-

going orthodontic treatment are not very frequent; titanium

TABLE 2 Comparison of sense of
taste and smell between sensitized to
nickel and/or titanium and non-sensitized
subjects

Sensitized

Non-sensitized

©-WiLEY-

hypersensitivity is more uncommon than that of nickel, and altera-
tions of the senses of taste and smell accompany them.

A recent meta-analysis reports an average prevalence of nickel hy-
persensitivity of 19% in orthodontic patients,” while our study found
a somewhat lower prevalence. On the other hand, a low incidence of
allergic reactions during orthodontic treatment is reported, ranging
between 0.03% and 0.3%.%7 This implies that the majority of subjects
were sensitized to nickel before starting orthodontic treatment. Nickel
allergy is frequently associated with reactivity to other metals, as a
result of cross-reactivity or multiple sensitizations.® Present research
demonstrated that 18% of subjects experiencing nickel hypersensitivity
also had titanium hypersensitivity, while 55% of those sensitized to tita-
nium were sensitized to nickel at the same time. Titanium hypersensitiv-
ity prevalence ranges from 0.6% up to 4%, and our estimate is similar.”°

Previous data also suggest that gustatory impairment and other
sensatory dysfunctions may be the symptoms of oral contact al-
lergy.!! Sense of taste was more impaired than sense of smell in
subjects sensitized to nickel and titanium in this research, probably
due to the anatomical seating of the receptors. Since taste buds are
located mostly on the tongue, the pathological mechanism of oral
contact allergy could affect them directly, leading to destruction.?
Certain areas on the tongue are more sensitive than others to spe-

cific tastes'>'*

which may explain why the sour and bitter tastes
seem to be the most frequently affected, while the sweet taste was
the least affected. Sub-analyses indicate that nickel could be more
responsible for reducing the bitter taste, titanium for reducing the
salty taste, while both nickel and titanium are equally responsible
for the deterioration of a sour taste. Titanium also affects the sense

of smell less than nickel. However, because of the small titanium

Sweet score (range O (low)-4 (high))

Sour score (range 0 (low)-4 (high))

Sensitized

Non-sensitized

Salty score (range O (low)-4 (high))

Sensitized

Non-sensitized

Bitter score (range O (low)-4 (high))

Sensitized

Non-sensitized

min-
Mean £ SD Median (IQR) 95% CI max P r
3.2+0.8 3(2-4) 2.9-3.5 2-4
3.5+0.6 3.5(3-4) 3.2-3.7 2-4 .202 -0.177
2.0+0.9 2(1-2) 1.6-2.3 1-4
29+1.0 3(2-4) 2.5-3.3 0-4 .001 -0.480
28+1.1 3(2-4) 2.3-3.2 0-4
3.5+0.7 4 (3-4) 3.3-3.8 1-4 .006 -0.378
25+1.1 2.5(2-3.25) 2.1-3.0 1-4
3.5+0.6 4 (3-4) 3.2-3.8 2-4 .001 -0.465

Taste score (range O (low)-16 (high))

Sensitized

Non-sensitized

10424
13.5£1.7

Smell score (range O (low)-12 (high))

Sensitized

Non-sensitized

9714
10.4 £0.8

11(8.75-12.25)  9.5-11.4 6-14
14 (13-14) 12.8-141  7-16 <001 -0.655
10 (9-11) 9.1-10.2 7-12
10 (10-11) 10.1-10.7 9-12 .025 -0.310
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TABLE 3 Comparison of sense of taste and smell between subgroups

Sweet score (range O (low)-4 (high))
Sensitized only to Ni
Non-sensitized

Sour score (range O (low)-4 (high))
Sensitized only to Ni
Non-sensitized

Salty score (range O (low)-4 (high))
Sensitized only to Ni
Non-sensitized

Bitter score (range O (low)-4 (high))
Sensitized only to Ni
Non-sensitized

Taste score (range O (low)-16 (high))
Sensitized only to Ni
Non-sensitized

Smell score (range O (low)-12 (high))
Sensitized only to Ni
Non-sensitized

Sweet score (range 0 (low)-4 (high))
Sensitized to Ti
Non-sensitized

Sour score (range 0O (low)-4 (high))
Sensitized to Ti
Non-sensitized

Salty score (range O (low)-4 (high))
Sensitized to Ti
Non-sensitized

Bitter score (range O (low)-4 (high))
Sensitized to Ti
Non-sensitized

Taste score (range 0 (low)-16 (high))
Sensitized to Ti
Non-sensitized

Smell score (range O (low)-12 (high))
Sensitized to Ti
Non-sensitized

Sweet score (range O (low)-4 (high))
Sensitized only to Ti
Non-sensitized

Sour score (range 0 (low)-4 (high))
Sensitized only to Ti
Non-sensitized

Salty score (range O (low)-4 (high))

Sensitized only to Ti

Mean = SD

29+0.8
3.5+0.5

2.0+0.8
27+1.0

29+1.2
3.4+0.8

24+11
3.6+0.6

10.2+£2.7
13.3+1.9

97+1.4
10.6 £0.7

3.6+0.7
4.0+0.0

19+1.0
2.6+0.7

25+09
4.0+0.0

29+1.0
3.8+0.5

10.9£1.9
144+ 0.9

9.5+13
10.1 £0.6

3.5+1.0
4.0+0.0

1.5+0.6
3.0+0.8

23x0.5

Median (IQR)

3(2-4)
3.5(3-4)

2 (1-2.25)
3(2-3.25)

3(2-4)
4(3-4)

2(1.75-3.25)
4(3-4)

11 (8-13)
14 (12.75-14)

9.5(9-11)
10.5 (10-11)

4(3.25-4)

2(1-2)

2.5(2-3)

2.5(2-3)
4

3(2.25-3.75)
4(3.25-4)

11 (9.5-11.75)
14 (14-15)

10 (8.5-10)
10 (10-10.75)

4(2.5-4)

1.5(1-2)

3(2.25-3.75)

2 (2-2.75)

95% CI

2.6-3.3
3.2-3.8

1.6-2.4
2.2-3.2

2.3-3.5
3.1-3.8

1.9-2.9
S3EY

8.9-11.6
12.3-14.2

9-10.4
10.3-11

3-4.3

1-2.7

2-8,3)

2.3-3.5

2-3.7

3.4-4.1

9.4-12.4
13.6-15.1

8.4-10.6
9.6-10.7

1.9-51

0.6-2.4

1.7-4.3

1.5-3.1

min-
max

2-4
3-4

1-4
0-4

6-14
7-16

7-12
10-12

2-4

1-4
3-4

8-14
13-16

7-11
7-11

12
2-4

2-3

.031

.024

159

.001

<.001

.034

144

.062

.001

.037

.002

.364

.317

.036

-0.361

-0.377

-0.235

-0.536

-0.607

-0.353

-0.365

-0.466

-0.816

-0.520

-0.779

-0.227

-0.354

-0.741

(Continues)
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TABLE 3 (Continued)

Mean £+ SD Median (IQR)
Non-sensitized 4.0+0.0 4
Bitter score (range O (low)-4 (high))
Sensitized only to Ti 25+1.0 3(1.5-3)
Non-sensitized 3.8+0.5 4(3.25-4)
Taste score (range O (low)-16 (high))
Sensitized only Ti 9.8+1.5 10 (8.25-11)
Non-sensitized 14.8+1.0 14.5 (14-15.75)
Smell score (range O (low)-12 (high))
Sensitized only to Ti 9.5+1.0 10 (8.5-10)
Non-sensitized 10.3+0.5 10(10-10.75)

hypersensitivity sample, the allergic sensitization to the metals may
in fact be manifested by the same disruption of smell and taste, re-
gardless of the type of metal. Even though the majority of orthodon-
tic patients show no clinical signs of allergy to nickel and titanium,
perhaps an impaired sense of taste may be worthy of note.

Smell receptors are located away from the oral cavity and, there-
fore, are not directly affected by an oral contact allergy. Given the mul-
tisensory nature of flavour perception,15 itis possible that the common
pathological mechanism underlies both smell and taste disorders. Since
the gustatory and olfactory systems are considered phylogenetically
among the oldest in the encephalon, they react together in processing
chemical substances in the oral and nasal cavities. Therefore, smell and
taste impairments occur simultaneously when a chemical substance is
present in the oral and nasal cavities. Some studies consider atopic
diseases and allergic contact dermatitis to be closely related'”!® due to
environmental or hereditary predispositions, or because of the inter-
section of pathophysiological mechanisms underlying type | and type
IV hypersensitivity.)” Therefore, people with an atopic disease are
more prone to contact allergies. Their allergic rhinitis and chronic nasal
congestion can also cause smell and taste disorders.'® Some nickel al-
lergies can also be directly associated with rhinitis and nasal obstruc-
tion, inducing or contributing to an alteration in smell.?°

5 | CONCLUSION

Allergic sensitization to titanium is more uncommon than sensiti-
zation to nickel with an altered sense of smell and taste related to
those sensitizations. These findings could shed some light on a po-
tential clinical manifestation of titanium and nickel hypersensitivity
in orthodontics, since the majority of patients show no clear clinical

signs of allergy to nickel and titanium.
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min-
95% CI max P r
4 4 .011 -0.894
0.9-4.1 1-3
3-4.6 3-4 .040 -0.727
7.4-12.1 8-11
13.2-16.3 14-16 .019 -0.826
79-11.1 8-10
9.5-11.1 10-11 186 -0.468
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