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chel is a potentially allergenic material. It is one
of the most common causes of allergic contact dermati-
tis, particularly in women.'*> Nickel can also be consid-
ered an occupational allergen. Nickel contact dermati-
tis is common among industrial workers, especially in
those industries that use nickel as a raw material. It has
been demonstrated that U.S. 5-cent coins contain
approximately 25% nickel and that they can induce
eczematous contact dermatitis.*® A great number of
daily use objects that contain nickel and can therefore
cause contact dermatitis have been reported.>*? 1

It has been demonstrated also that nickel-containing
metallic orthopedic implants are linked to the produc-
tdon of sensitization dermatitis."""> The “nickel itch”
dermatitis caused by jewelry worn on the body or by
occupation in nickel industries such as electroplating
represents about 5% of all eczema in humans.™

As these alloys become more popular in dentistry,
the frequency of allergic reactions should become more
significant in the susceptible population and may result
in inconvenience and expense for the patient who
wears a prosthesis that contains the allergenic sub-
stances.

The ability of a metal to induce dermatitis appears to
be related to its pattern and mode of corrosion. All base
metals corrode. In vitro investigations have shown that
most nickel-based alloys have relatively high rates of
corrosion compared with dental gold alloys. Products
that result from this corrosion could produce a soft
tissue inflammation reaction and thereby initiate a
sensitization dermatitis. Implants that contain nickel
and chromium, with the exception of those fabricated
from stainless steel, corrode in tissue fluids and facili-
tate migration of nickel and chromium to the surround-
ing tissue.'""

Many studies concerning nickel hypersensitivity
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have been reported."”” Numerous authors agree that
there is a great variety of factors that can influence the
development of hypersensitivity to nickel. The most
important are mechanical irritation, skin maceration,
individual susceptibility, temperature, climate, and
intensity and duration of exposure.”*** ' Mechanical
irritation and skin maceration promote sensitivity. An
increase in temperature causes increased sweating and
the chloride ion present in perspiration ionizes the
nickel present in the alloys. In this way nickel salts are
formed that induce skin hypersensitivity reactions.’

IMMUNOLOGIC MECHANISM

Allergenic contact dermatitis is a prototype of the
delayed hypersensitivity reaction, mostly a cellular
one.”” This disorder has two phases: the induction
phase and the ellicitation phase. The induction phase is
the period from initial contact with a chemical until the
lymphocytes recognize and respond to the chemical.
The ellicitation phase is the period from reexposure to
the chemical until the appearance of the dermatitis.
Nickel compounds stimulate this type of immune
response by their entrance through the connective
ussue of the host on direct contact with the skin or
mucosa.

The diagnosis of nickel allergy is usually based on
patient history, clinical findings, and results of patch
testing.” Some authors” have proposed a lymphocyte
transformation test (in vitro method) to complement
the patch test to detect nickel sensitivity.

Because of the increased price of gold, new alloys
have been developed as alternatives to gold alloys and
many of them contain nickel in large amounts (60% to
80%). Persons who wear prostheses that contain nickel
may develop allergic reactions to the material. Many
patients do not know if they are allergic to nickel. If
nickel is to be used in dental practice, a study to
determine the incidence of allergic responses to the
material is indicated.

The purposes of this study were as follows:

1. To determine the incidence of an allergic
response to nickel by patch testing in a group of
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Table I. Distribution of study population

Relative
Absolute frequency
Department frequency (%)
Public Health 82 20.3
School of Dentistry 52 129
Pharmacy 24 6.0
School of Medicine 6 1.5
Allied Health Professions 20 5.0
Nonstudents 219 54.3
Total 403 100

Table II. Patch test results of allergic reaction
to nickel

Relative
Absolute frequency
Reaction frequency (%)
Negative 288 715
Positive 115 28.5
Total 403 100

students, faculty members, and employees of the Med-
ical Sciences Campus of the University of Puerto
Rico

2. To investigate if differences exist in the incidence
of nickel hypersensitivity between sexes

3. To determine if there is a relationship between
incidence of nickel hypersensitivity and age

4. To determine if there is a relationship between
previous allergic history and nickel hypersensitivity

MATERIAL AND METHODS

The patch test is used routinely by dermatologists
and allergists to determine allergic responses. It is a
well established and approved method for detection of
sensitivity to different substances, and it is a helpful
procedure to start the ellicitation phase of the delayed
hypersensitivity reaction previously described. The
procedures for patch testing for this project were as
follows. 13,20,22,23

A small amount of 5% nickel sulfate on a petroleum
base was applied in the center of a test patch (A1 Test
Patch, Imeco AB, Sweden; distributed by Dome Hol-
lister Stier International, Spokane, Wash.) that was
free from sensitizers and provided air tight occlusion.
The patch was covered by a 5 X 5 cm piece of tape
(Scanfor, Norgesplaster, Norway; distributed by Dome
Hollister Stier International). The patch was applied
to the medial aspect of the upper arm, which had been
cleaned with alcohol. A control patch without reagent
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Table I1L. Patch test results of allergic
reaction to nickel according to degree of
reaction

Relative
Degree of Absolute frequency
reaction frequency (%)
No reaction 263 65.3
Erythema 25 6.2
Erythema and 76 18.9
papules
Erythema, papules, 32 7.9
and vesicles
Marked edema with 7 17
vesicles
Total 403 100

Table IV. Classification of allergic reaction
to nickel according to sex

Relative
frequency
Sex Negative Positive (%)
Men 96 25 20.7
Women 192 90 31.9
Total 288 115 52.6

Chi square = 5.26; p < .05.

was placed next to the first patch. The patches were left
in place undisturbed for 48 hours. Subjects were
instructed not to wet the arm or remove the patch
during this time, with the exception of those who
develop extreme itching or pain.

Mild itching and erythema were determined as
inadequate primary criteria for patch test reactions.
Therefore, the presence of erythema alone was consid-
ered a negative reaction. Patch testing was avoided in
skin that was infected, macerated, or gave evidence of
any rash.

The preparation of the 5% nickel sulfate petroleum
base, the categories used for recording the test reac-
tions, and the dimethylglyoxime test were described
previously.” The population studied consisted of 403
subjects of which 121 were men (30%) and 282 were
women (70%), who were students, personnel, and
faculty members of the University of Puerto Rico,
Medical Sciences Campus (Table I).

RESULTS

Results of the patch test survey are presented in
Table II. One hundred fifteen subjects developed an
allergic response to nickel. Therefore, the incidence of
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Table V. Relationship of previous allergic history and reaction to nickel

Reaction to nickel No allergic history Jewelry Penicillin Aspirin Other Raw total
Negative 201 7 26 6 48 288
Positive 58 30 10 P 15 115

I'otal 259 37 36 8 63 403

Che sguare = 5303 p < 00!

Table VI. Classification of previous allergic Table VII Distribution of population
history according to sex in subjects with according to age
ositiv T io ickel T T .
positive pateh test reacion fonickel
Relative Age group Absolute frequency
No allergic Allergic  frequency (yrs) frequency (%)
Sex history history (%) 17 to 20 25 6.2
Men 19 A 105 21 to 30 220 54.6
Women 39 51 89.5 31 to 40 101 251
Column total 58 57 100 41 to 50 37 9.2
e U 51 to 65 20 5.0

Ul sguare = A5, £ < 01

positive patch test reactions to nickel was found to be
28.5%; conversely, 288 persons (71.5%) showed no
positive reactions.

Table TH shows results of the patch test by the
degree of reaction. The number of subjects with no
reaction was 263 (65.3%); those with erythema, 25
{6.2%); erythema and papules, 76 (18.9%), erythema,
papules, and vesicles, 32 (7.9%); and marked edema
with vesicles, 7 (1.7%}).

In classifying patch test reactions as positive or
negative the following criteria were considered. Ery-
thema alone (redness) was considered a negative reac-
tion. This was done to eliminate false positives that
might be due to primary irritant reactions. Primary
irritant reactions are not due to allergy but are caused
by direct inherent skin-damaging properties of the
substance that is applied or the tape that is used.
Erythema and papules, as well as erythema, papules,
and vesicles, were regarded as positive reactions. The
interpretation of the patch test was based on the
severity of the inflammatory reaction of the skin.

When the incidence of nickel hypersensitivity was
compared by sex, it was found that women had a
higher rate than men. Table IV shows that there was a
striking difference in nickel hypersensitivity by sex. Of
all women tested, 31.9% showed a positive reaction to
nickel, while 20.7% of the men tested showed the same
reaction. This difference in the incidence of nickel
hypersensitivity between sexes was analyzed by the chi
square test and was found to be statistically significant
{h < .05).

{18

Total 403 100

Table V shows that 81.1% of the subjects who had a
history of allergy to jewelry were hypersensitive to
nickel, while only 18.9% of the subjects who had a
history of allergy to jewelry were not. This table shows
that in the population studied there is a significant
relationship (p < .001) between a history of allergy to

jewelry and nickel hypersensitivity. In other words,

individuals with a history of reaction to jewelry are
more likely to have a positive reaction to a nickel patch
test than those with no such history.

Table VI shows the classification of previous allergic
history according to sex in subjects with a positive
patch test reaction to nickel. From the total subjects
with a previous allergic history, including 21 different
categories of allergies, 89.5% were women while only
10.5% were men; thus, women are more likely to have
an allergic history than men. This difference was
analyzed by the chi square test and found to be
statistically significant (p < .01).

The age range in the study population varied from

7 to 65 years of age. The mean or average was 30.196
years, the median was 27.083 years, and the mode 22
years. Table VII shows the distribution of the popula-
tion according to age. No definite age-related patterns
of patch test reactivity were found. A linear regression
analysis was performed, which demonstrated that there
is no relationship between age and nickel hypersensi-
tivity.

In regard to medications taken by the subjects during
the study, only nine (2.2%) were taking corticoste-
roids.
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DISCUSSION

It has been shown that nickel is a potential allergen
and is one of the most common causes of allergic contact
dermatitis. Nickel is present in most jewelry, and there
are a great number of objects in daily use that contain
nickel; therefore, nickel may be considered a potential
hazard to the public health. With the use of nickel in
dental restorations, the hazard is increased consider-
ably.

The incidence of positive patch test reactions to
nickel was found to be 28.5% in the population studied.
This suggests that the true incidence of nickel hyper-
sensitivity in the general population is sufficiently high
as to encourage further attention to this problem. The
finding that nearly three of 10 individuals were sensi-
tive to nickel is disturbing.

There is a striking difference in the incidence of
nickel hypersensitivity between sexes. Of all the
women tested, 31.9% showed a positive reaction to
nickel, while 20.7% of the men showed the same
reaction. This is possibly due to the fact that women
contact nickel more by wearing jewelry that contains
this metal, so they have been sensitized at an early
age.

There is no relationship between age and nickel
hypersensitivity. Some investigators have postulated
that nickel hypersensitivity increases with age, but in
this study no such relationship was found.

There is a positive correlation between a previous
allergic history and nickel hypersensitivity. Of the
subjects who had a previous history of allergy to
jewelry, 81.1% were hypersensitive to nickel, while
only 18.9% were not. This suggests that the histories
were valid and useful in that they were in a sense
predictive to contact sensitivity to nickel.

CONCLUSION

A standardized patch test should be performed on
every patient who is to be treated with a prosthesis that
contains nickel to detect nickel sensitivity. A patch test
should also be performed on industrial workers or
employees who may be exposed to nickel.

We would like to thank Dr. Julio Lavergne, Ph.D. of the
Microbiology and Medical Zoology Department of Medicine, Uni-
versity of Puerto Rico, Medical Sciences Campus, for his valuable
information on the immunologic component of this article.

REFERENCES

1. Aas, K.: The Allergic Child. Springfield, Iil., 1971, Charles C
Thomas, Publisher, pp 60-64.

THE JOURNAL OF PROSTHETIC DENTISTRY

10.

11.

12.
13.

15.

16.

17.

20.

21,

22.

23.

Gaul, L. E.: Development of allergic nickel dermatitis from
earring. J Am Med Assoc 200:176, 1967.

Gell, P. G. H,, and Coombs, R. R. A.: Clinical Aspects of
Immunology. Boston, 1973, Blackwell Scientific Publications,
pp 768, 770.

Speer, F., and Dockhorn, A.: Allergy and Immunology in
Children. Springfield, Ill., 1973, Charles C Thomas, Publish-
er, pp 297, 535.

Speer, F.: The Allergic Child. New York, 1963, Paul B.
Hoeber, Inc., Medicai Book Division of Harper & Row,
Publishers, p 224.

Fisher, A. A., and Shapiro, A.: Allergic eczematous contact
dermatitis due to metallic nickel. J Am Med Assoc 161:717,
1956.

Husain, S. L.: Nickel coin dermatitis. Br Med J 2:998,
1977.

Rothman, S.: Hypersensitiveness to metal coins. J] Am Med
Assoc 97:336, 1931.

Rostenberg, Jr., A., and Perkins, A. J.: Nickel and cobalt
dermatitis. J Allergy 22:446, 1951.

Barriere, H., Boiteau, H. L., and Gerautc, M. C.: Housework
cleansings and nickel allergies. Excerpta Medica: Occupational
Health and Industrial Medicine 10:441, Section 35, 1980.
Barranco, V. P., and Solomon, H.: Eczematous dermatitis from
nickel. ] Am Med Assoc 220:1244, 1972.

Editorial: Metal sensitivity. Lancet 1:677, 1976.

Samitz, M. H., and Kein, A.: Nickel dermatilis hazards from
prosthesis. ] Am Med Assoc 223:1159, 1973.

Baer, R. L., Ramsey, D. L., and Biondi, E.: The most common
contact allergens. Arch Dermatol 108:74, 1973.

Prystowsky, S. D., Allen, A. M., Smith, R. W., Nonomura, ]J.
H., Odom, R. B., and Akers, W. A.: Allergic contact hypersen-
sitivity to nickel, neomycin, ethylenediamine, and benzocain.
Arch Dermatol 115:959, 1979.

Kligman, A. M., and Leyden, J. J.: Reactions to standard
patch test materials. Acta Derm Venereol (Stockh) (Suppl 89)
59:101, 1979.

Veikko, P., and Heikki, J.: Sensitization to cobalt and nickel in
cement eczema. Acta Derm Venereol 45:9, 1965.

Keil, H.: ‘The preplacement patch test, present status in
industry. Industrial Medicine 14:18, 1945.

Dahl, M. V.: Clinical Immunolodermatology. Chicago, 1981,
Year Book Medical Publishers, Inc., pp 194-202.

Fisher, A.: Contact Dermatitis, ed 2. Philadelphia, 1973, Lea
& Febiger, Chaps 1 and 6.

Al-Tawil, N. B., Marcusson, J., and Mailek, E.: Lymphocyte
transformation test in patients with nickel sensitivity: An aid to
diagnosis. Acta Derm Venereol 61:511, 1981.

Engelman, M. A., and Blechner, C.: Nickel-chromium alloy: A
technique to produce clinically acceptable castings. NY J Dent
48:41, 1978.

Blanco-Dalmau, L.: The nickel problem. J ProsTHET DENT
48:99, 1982.

Reprint requests to:

Dr. Luis BLanco-DaLmau
UNIVERSITY OF PUERTO RiCO
ScHooL oF DENTISTRY

GOP Box 5067

SaN Juan, PR 00936

119



