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Nickel and Chromium Leves in the Saliva and Serum of

Patients With Fixed Orthodontic Appliances

Gulnseli Agaoglu, DDS, PhD?; Tilin Arun, DDS, PhD®; Belgin izgu, MDse; Aysen Yarat, MD¢

Abstract: The aim of this study was to evaluate the concentrations of nickel and chromium ions in
salivary and serum samples from patients treated with fixed orthodontic appliances. A second aim of this
study was to determine any significant changes in these concentrations during any period of the treatment
time. Saliva and blood samples were collected from 100 patients ranging in age from 12 to 33 years.
Twenty samples from each group were obtained. The groups were as follows: In the first group, saliva
and blood samples were collected before insertion of the fixed appliances. In the second, third, fourth, and
fifth groups, samples were collected at 1 week, 1 month, 1 year, and 2 years after appliance insertion. The
serum was prepared by centrifuging the blood samples at 3000 rpm for 10 minutes. The fixed appliances
consisted of an average of 4 bands and 20 bonded brackets. No palatal or lingual appliances welded to
bands or extraoral auxiliary appliances were used. The spectrophotometric determinations were carried out
using electrothermal atomic absorption spectrophotometry. The results indicated certain differences in the
amounts of nickel and chromium released from fixed orthodontic appliances during different periods of
treatment. The Mann-Whitney U-test from the SPSS statistics program was used to analyze the significance
of the differences between no-appliance samples and those obtained with the appliances present. In the
serum, there were statistically significant increases in ion concentration in the second-year groups. In saliva
samples, nickel and chromium reached their highest levels in the first month and decreased to their initial
level in the rest of the groups. It can be concluded that fixed orthodontic appliances release measurable
amount of nickel and chromium when placed in the mouth, but this increase doesn’t reach toxic levels for
nickel and chromium in the saliva and serum. (Angle Orthod 2001;71:375-379.)
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INTRODUCTION

The stainless steel used for orthodontic brackets, bands,
and wires contains approximately 18% chromium (Cr) and
8% nickel (Ni). Nickel and chromium have dermatological,
toxicological, and possibly mutagenic effects. Nickel is the
most common cause of metal-induced allergic contact der-
matitis.*® Chromium allergy is estimated at 10% in male
subjects and 3% in female subjects.” Blanco-Dalmau et al®
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found 31.9% of the women and 20.7% of the men in a
population of 403 showed a positive reaction to a patch test
with nickel sulfate. Jones et a® reported a positive skin
patch test to nickel sulfate in 20% of the female patients
and 2% of the male patients in a population of 100 dental
patients. Therefore, there is the possibility that nickel and
chromium released from stainless steel orthodontic bands,
brackets, and wires might elicit an allergic reaction. Nickel
allergy reactions to orthodontic appliances have been re-
ported after the use of facebow and neck straps'®** and also
after the insertion of orthodontic arch wires.*213

The most significant human exposure to nickel and chro-
mium occurs through the diet. The average dietary intake
for these metals has been estimated to be 200-300 wg/d
for nickel® and 50-200 wg/d for chromium.** The known
cancer risk presented by nickel, chromium, and their com-
pounds has been documented in the literature.3”

In the oral environment, biodegradation of metals occurs
usually by electrochemical breakdown.’*° The in vitro re-
lease rate from full-mouth orthodontic appliances was re-
ported to be 40 pg/d for nickel and 36 wg/d for chromi-
um.® Kerousuo et al? found that, during the first month of
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treatment, fixed orthodontic appliances did not significantly
affect nickel and chromium concentrations of saliva. The
release of nickel from fixed orthodontic appliances was re-
ported to be related to both the composition and the method
of manufacture of the appliances but not to be proportional
to the nickel content.* Barrett et a? concluded that the
release rates of nickel or chromium from stainless steel and
nickel-titanium arch wires were not significantly different.

The purpose of this study was to determine if there was
a significant increase in serum and salivary levels of nickel
and chromium in patients having fixed orthodontic treat-
ment and to evaluate the concentrations of nickel and chro-
mium ions present following different durations of ortho-
dontic treatment time.

MATERIALS AND METHODS

The patients in this study were treated in the Department
of Orthodontics, Faculty of Dentistry, University of Mar-
mara. Saliva and blood samples were collected from 100
patients (67 females and 33 males) ranging from 12 to 33
years of age, with an average age of 19.5 years. Salivary
and blood samples were taken from patients who were
treated using fixed orthodontic appliances. Orthodontic ap-
pliances consisted of an average of 4 bands and 20 bonded
brackets manufactured by Unitek (Monrovia, California),
nickel titanium wires manufactured by Ormco (Glendora,
California), and stainless steel wires manufactured by Un-
itek.

Criteria of patient inclusion were as follows:

* Patients were in the permanent dentition period,

* Patients did not have any amalgam fillings and metal res-
torations, which could any galvanic corrosion in the
mouith,

* Patients had standard edgewise brackets on the incisors,
canines, and premolars and standard edgewise bands on
the first molars,

* Patients did not have any palatal or lingual appliances
welded to the bands (ie, rapid maxillary expansion ap-
pliance) or extraoral auxiliary orthodontic appliances (ie,
headgear).

In order to determine salivary and serum nickel and chro-
mium levels during different periods of treatment, 20 sam-
ples from each group were obtained. The groups were as
follows: In the first group, saliva and blood samples were
collected before insertion of the fixed appliances. In the
second, third, fourth, and fifth groups, samples were col-
lected 1 week, 1 month, 1 year, and 2 years after appliance
insertion, respectively.

All saliva samples were collected in the morning before
breskfast. The patients rinsed their mouths thoroughly with
deionized and distilled water before the collection. Saliva
was sampled for 5 minutes with the mouth closed without
stimulation and transferred to plastic test tubes. Blood was
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TABLE 1. Salivary Cr and Ni Levels in Different Periods of Fixed
Treatment Time (ppb)

Groups? Mean SD
Cri 0.76 1.43
Cr2 0.53 0.57
Cr3 1.53 3.31
Cr4 0.91 1.03
Cr5 0.54 0.67
Ni 1 4.45 2.87
Ni 2 4.12 2.65
Ni 3 11.53 9.24
Ni 4 7.01 7.15
Ni 5 4.44 4.00

aCr 1 and Ni 1, mean collection before insertion of the appliance;
C2 and Ni 2, mean collection at end of the first week; C3 and Ni 3,
mean collection at end of the first month; C4 and Ni 4, mean col-
lection at end of the first year; and C5 and Ni 5, mean collection at
end of the second year.

obtained from the antecubital fossa of the arm and centri-
fuged at 3000 rpm for 10 minutes in order to prepare the
serum. Acid-washed plastic containers were used for stor-
age of saliva and serum samples. The samples were kept at
—20°C until they were processed.

The spectrophotometric determinations were carried out
using an electrothermal atomic absorption spectrophotom-
eter in Uludag University Faculty of Medicine (Unicam 90
Graphite Furnace, ATl Unicam 929 AAYS). Before the anal-
ysis, samples were centrifuged at 3000 rpm for 10 minutes
to settle particulate matter. A calibration curve was made
from the results obtained with standard solutions prepared
with the same reagents as those used for the serum samples.
Synthetic saliva was used for the calibration curve made
for the salivary analysis. Each test was analyzed 3 times
and the average was used as the result. Before each test, 1
distilled water sample was processed in order to prevent
possible contamination. The insoluble precipitate was not
included in the analysis because of the problem of particles
causing variation in the results.

The Mann-Whitney U-test from the SPSS statistics pro-
gram was used for statistical analysis of the results. The
statistically significant differences were analyzed in 5 dif-
ferent periods of treatment time for the 4 main groups,
which included chromium in saliva, nickel in saliva, chro-
mium in serum, and nickel in serum.

RESULTS

The results indicate certain differences in the amounts of
nickel and chromium in saliva and serum of the patients
with fixed orthodontic appliances during different periods
of treatment time. In our study, release of chromium in
saliva was 0.53-1.53 ppb and nickel in saliva was between
4.12 and 11.53 ppb (Table 1). Levels of nickel serum were
found to be between 7.87 and 10.27 ppb, while levels of
chromium serum were found to be between 6.16 and 10.98
ppb (Table 2).
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TABLE 2. Serum Cr and Ni Levels in Different Periods of Fixed
Treatment Time (ppb)

Groups? Mean SD
Crl 6.21 21.30
Cr2 6.23 21.62
Cr3 7.02 21.43
Cr4 6.16 20.76
Cr5 10.98 29.28
Ni 1 8.36 11.20
Ni 2 9.03 10.45
Ni 3 8.53 10.81
Ni 4 7.87 12.08
Ni 5 10.27 14.17

aCr 1 and Ni 1, mean collection before insertion of the appliance;
C2 and Ni 2, mean collection at end of the first week; C3 and Ni 3,
mean collection at end of the first month; C4 and Ni 4, mean col-
lection at end of the first year; and C5 and Ni 5, mean collection at
end of the second year.

TABLE 3. Mann-Whitney U-Test for Salivary Cr and Ni Levels

Parameter (Cr) Test (P) Parameter (Ni) Test (P)
Group 1-2 .7319 Group 1-2 .8190
Group 1-3 .0220* Group 1-3 .0531*
Group 1-4 .1423 Group 1-4 .5400
Group 1-5 .2608 Group 1-5 5723
Group 2-3 .0356* Group 2-3 .0564*
Group 2-4 .1416 Group 2-4 .6336
Group 2-5 .5625 Group 2-5 .5947
Group 3-4 .8085 Group 3-4 .1760
Group 3-5 .0115* Group 3-5 .0454*
Group 4-5 .0463* Group 4-5 .3954

*P < .05, * P < .01, ¥ P < .001.
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FIGURE 1. Cr and Ni levels in serum during different periods of
treatment time.

In salivary samples, Ni and Cr values increased in the
first-month group compared with the initial and the first-
week groups. The decrease in the values of the second-year
group was also statistically significant when compared with
the first-month group (Table 3, Figure 1).

In serum samples, there was a statistically significant in-

TABLE 4. Mann-Whitney U-Test for Serum Cr and Ni Levels

Parameter (Cr)  Test (P) Parameter (Ni) Test (P)
Group 1-2 .1086 Group 1-2 .1563
Group 1-3 .9514 Group 1-3 .8554
Group 1-4 .8721 Group 1-4 .0432*
Group 1-5 .0071** Group 1-5 .5634
Group 2-3 .0414* Group 2-3 1961
Group 2-4 .1889 Group 2-4 .0018**
Group 2-5 .0007*** Group 2-5 .3367
Group 3-4 .8547 Group 3-4 .0230*
Group 3-5 .0327* Group 3-5 7679
Group 4-5 .0138* Group 4-5 .0093**
* P < .05, * P < .01, ** P < .001.
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FIGURE 2. Cr and Ni levels in saliva during different periods of treat-
ment time.

crease in the amount of chromium in the second-year group
in comparison with the other groups (Table 4, Figure 2).
There was no relationship between serum and salivary nick-
el levelsin different periods of fixed orthodontic treatment.
In the first month of fixed orthodontic treatment, salivary
and serum Cr levels were found to be increased in com-
parison with the values of the first-week group.

DISCUSSION

Most of the metals used in the oral cavity can be ex-
pected to undergo some type of corrosion. Severa previous
studies have reported on the corrosive behavior of ortho-
dontic wires, brackets, bands, or appliances separately. In
our study, we didn’t separate the appliance components un-
der in vitro conditions because, in orthodontic treatment,
wires, brackets, and bands are used together in the oral
environment. In thisinvestigation, the aim was to determine
the corrosion during different periods of standard fixed or-
thodontic treatment. The main reason for choosing cross-
sectional material was to analyze many patients. The cri-
teria would limit the material if the patients were included
longitudinally.
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Previous studies have not investigated the corrosion
caused by fixed orthodontic appliances in the oral cavity
over the long term. Most studies have also used artificia
salivary solutions. Saliva has a dynamic composition that
may be affected by many physiologic variables such asdiet,
salivary pH, health conditions, and salivary flow rate?® In
order to standardize the material, the saliva was collected
from patients who did not have any health problems or any
caries in the mouth. All the samples were taken in the
morning before breskfast and the patients rinsed their
mouths thoroughly with deionized and distilled water be-
fore the collection.

In this study, we preferred to use saliva samples obtained
from orthodontic patients in order to analyze the release in
the dynamic oral cavity environment. Artificial salivary so-
lutions are not commonly used in long-term studies based
on their precipitation disadvantage. Fixed orthodontic treat-
ment generally lasts about 2 years, so there was a necessity
for long-term research of the release from the fixed ortho-
dontic appliances. The purpose of this study was to deter-
mine if there was a significant increase in the amounts of
nickel and chromium in the serum and saliva of patients
having fixed orthodontic treatment over 5 different periods
of treatment time.

The spectrophotometric determinations were carried out
using electrothermal atomic absorption spectrophotometry
with a graphite furnace. Thisis a common method used for
trace element analysis in the literature.21520-2224-31

The concentrations of salivary nickel and chromium
show large variations in the literature. According to the
different reports, the mean concentration of chromium is
between 1 and 61 ppb??4? and the mean concentration of
nickel is between 1 and 55 ppb.>?#?6 In our study, the re-
lease of chromium in saliva was between 0.53 and 1.53 ppb
and the release of nickel in saliva was between 4.12 and
11.53 ppb. These levels are within the normal ranges and
are far below the average daily dietary intake of 300 g
nickel and 50-200 g chromium.34

In the literature, the levels of nickel and chromium in
serum were found to be approximately 0.2 ppb.2-%° In our
study, the levels of nickel in serum were between 7.87 and
10.27 ppb and the levels of chromium in serum were be-
tween 6.16 and 10.98 ppb. The higher values found in se-
rum might be the result of contamination from the stainless
steel venipuncture needle.

In serum samples, there was a statistically significant
increase of chromium values in the second-year group in
comparison with the other groups. No data are available
in the literature to compare with our results for long pe-
riods of treatment. Our short-term findings for serum val-
ues are in accordance with the study by Bishara et al,3*
who aso did not find any differences of blood nickel
amounts in 4-5 month periods of time.

In the salivary samples, Ni and Cr values were in-
creased in the first-month group in comparison with the
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initial and the first-week groups. The decrease in the val-
ues of the second-year group was also statistically sig-
nificant when compared with the first-month group. Our
findings for the first-week group are consistent with the
findings reported by Kerousuo et al? but are in contrast
with the first-month results of the same study. There are
no data available with which to compare our results for
long periods of treatment, as our data related to serum
samples.

CONCLUSION

Our findings indicate that measurable amounts of nick-
el and chromium can be found in the serum and saliva
of the patients wearing fixed orthodontic appliances but
that these values might change during different periods
of orthodontic treatment. It can be concluded that there
could be arelease from the fixed appliances when placed
in the mouth but that the values in any period of the
treatment don’t reach toxic levels of salivary and serum
nickel and chromium and are similar to those found in
healthy individuals.
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