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Original Article

Cellular, Humoral, and Histopathologic Analysis in Rats Implanted with
Orthodontic Nickel Brackets

Cássio Vicente Pereiraa; Estela Kaminagakurab; Paulo Rogério Ferreti Bonanb;
Renata Avelar Bastosc; Luciano José Pereirad

ABSTRACT
Objective: To determine the immune response related to nickel and nickel-free orthodontic ap-
pliances using cellular (total and differential leukocytes) and humoral (IgA) quantification.
Materials and Methods: Thirty-five Wister rats were randomly distributed into three groups (A,
B, and C). In the A group, the animals were subdivided into three subgroups (A1: control, without
brackets; A2: nickel-free brackets; and A3: nickel brackets) with seven animals in each group; the
animals were sacrificed after 14 days. Groups B and C received only nickel brackets and were
kept for 14 days. After this period, the implants were removed and the rats were sacrificed. In
group B, the animals were sacrificed 2 days after the appliance removal (16 days in total); and
in group C, the animals were sacrificed 7 days after the brackets removal (21 days in total). Total
and differential leukocyte number, IgA quantification and histopathologic analysis were done. His-
topathologic analysis of subcutaneous tissue related to the orthodontic brackets was done as well.
Results: There were significant differences between the number of leukocytes for the nickel-
implanted animals and the nickel-free and control groups after 14 days of implantation (P � .05).
However, there was no significant difference among groups A1, A2, and A3 for the differential
number of leukocytes and for the IgA quantification, except for the number of monocytes, which
was three times higher in the nickel group (A3). The histopathologic findings did not show differ-
ences between groups.
Conclusions: Nickel did not promote significant adverse biological effects.
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INTRODUCTION

The action of the immune system against an antigen
leading to sensitivity in the human body is called a
hypersensitivity reaction. The body exposed to this an-
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tigen becomes specifically sensitized to this antigen,
and this contact can result in pathologic reactions.1

Nickel is the most common cause of contact allergy.
Epidemiologic data indicate that the number of nickel-
sensitive people has increased, especially among
younger age groups. The frequency of nickel hyper-
sensitivity in young women has recently been reported
to be around 20%, which is almost 10 times higher
than that reported for young men.2–4

Nickel materials are used in dentistry largely in pros-
thesis production and orthodontic appliances. How-
ever, few studies have been conducted to determine
the real action of this agent in the mouth and the tissue
response when in contact with this substance. There
has been concern about hypersensitivity reactions of
nickel-allergic subjects in association with metallic or-
thodontic appliances. Adverse responses have been
reported occasionally such as stomatitis, gum hyper-
plasia, cheilitis, labial desquamation, and erythema
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Table 1. Animal Distribution According to the Implantation Period
and Group

Group Time n Type of Brackets

A1 14 d 7 None (control)
A2 14 d 7 Nickel-free
A3 14 d 7 Nickel
B 16 d 7 Nickel
C 21 d 7 Nickel

multiforme.5–6 Metal-sensitive patients can present
symptoms ranging from contact allergy to autoimmune
disease.7

Nickel contact dermatitis is common among ortho-
dontic patients. During orthodontic treatment, nickel-
sensitized patients can present higher risks of discom-
fort in the mouth, making treatment and hygiene diffi-
cult.6 Besides, patients with nickel orthodontic appli-
ances show concentrations of this substance in the
saliva and also in the blood. This fact suggests that
nickel ions are delivered to the organism leading to
allergic responses.8

In clinical practice the professional should be aware
about the possibility of hypersensitivity, especially to
nickel.9 Thus, the aim of the present research was to
determine the immune response related to nickel and
nickel-free orthodontic brackets using humoral (IgA)
and cellular (total and differential leukocytes) quantifi-
cation and histopathologic analysis in rats after sub-
cutaneous implantation of orthodontic brackets.

MATERIAL AND METHODS

Sample

The sample comprised 35 Wistar rats, weighing ap-
proximately 250 g. The rats were randomly distributed
into three groups (A, B, and C) according to the time-
table of the experiments (implantation). In the A group,
the animals were subdivided into three groups (A1:
control, without brackets; A2: nickel free brackets; and
A3: nickel brackets) with seven animals in each; they
were sacrificed after 14 days.

The animals in groups B and C received only nickel
brackets and were kept for 14 days. After this period,
the implants were removed and the rats were sacri-
ficed. In group B, the animals were killed 2 days after
appliance removal (16 days in total); and in group C,
the animals were sacrificed 7 days after the brackets
were removed—21 days in total (Table 1).

Bracket Implantation

All the animals received intraperitoneal anesthesia
(ketamine, 50 mg/kg, and xylazine, 10 mg/kg) and had
their backs shaved (4 � 4 cm). The brackets were
implanted in the subcutaneous tissue following a small

incision. The incision was sutured and the animals re-
ceived an analgesic injection (sodic dipyrone, 0.3 mL/
100 g weight). The animals were sacrificed according
to the predetermined timetable, and the blood samples
were collected using ‘‘vacutainers’’ in the renal artery.

Total and Differential Leukocyte Number

Samples containing 5 mL of blood and heparin were
used to count the total and differential number of leu-
kocytes.10 The counting was done by one calibrated
examiner, who was blind to the origin of the samples.
After the dilutor liquid was added to the blood sample
and homogenized (glacial acetic acid and methylene
blue), the sample was transferred to a Neubauer
chamber where the number of leukocytes was count-
ed.

After the total number of leukocytes quantification,
the differential analysis was executed using one drop
of blood on a lamina stained with May-Grünwald Gi-
emsa.10 The number of neutrophils, eosinophils, ba-
sophils, monocytes, and lymphocytes was determined.
The resulting values were expressed in percent per
mm3. In this phase, duplicates were done.

IgA Quantification

Blood samples of 1 mL were collected in ‘‘vacutain-
ers’’ without EDTA. The tubes were centrifuged to sep-
arate the serum, and the IgA quantification was carried
out (Kit Biotécnica/turbidimetry for IgA).

Biopsies and Histopathologic Analysis

All tissues removed from the bracket implantation
sites were fixed in 4% buffered formalin and embed-
ded in paraffin. Sections of 5 �m were cut, mounted
on glass slides and stained with hematoxylin and eo-
sin (H&E). The samples were analyzed independently
by three observers and the results were compared.

Statistical Analysis

The total number and the differential count of leu-
kocytes and the IgA quantification were compared
among groups using analysis of variance (ANOVA)
(SPSS 9.0; SPSS, Chicago, Ill) followed by a Tukey
test for determination of contrasts.

RESULTS

The total (mm3) and differential (%) quantification of
leukocytes and the amount of IgA (mg/dL) in the A1,
A2, and A3 groups after 14 days of bracket implanta-
tion are shown in Table 2.

There were significant differences between the
number of leukocytes for the nickel-implanted animals
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Table 2. Mean Values for the Total and Differential Quantification
of Leukocytes and the Amount of IgA in Groups A1, A2, and A3 after
14 Days of Bracket Implantationa

Leukocytes/
mm3

Neutrophils,
%

Monocytes,
%

Lymphocytes,
%

IgA,
mg/dL

A1 4200.0a 63.0a 3.0a 34.0a 60.0a

A2 4470.0a 66.0a 3.0a 31.0a 52.0a

A3 9170.0b 58.0a 9.0b 32.0a 54.0a

a IgA indicates immunoglobulin A; pairs of values having different
superscript letters in the same vertical line are significantly different
(P � .05).

Table 3. Mean Values for the Total and Differential Quantification
of Leukocytes and the Amount of IgA (mg/dL) in Groups A3, B, and
Ca

Leukocytes/
mm3

Neutrophils,
%

Monocytes,
%

Lymphocytes,
%

IgA,
mg/dL

A3 9170.0a 58.0a 9.0a 33.0a 58.40a

B 8810.0a 46.0b 7.0a 47.0b 64.70a

C 11,940.0a 27.0c 10.0a 63.0c 59.90a

a IgA indicates immunoglobulin A; pairs of values having different
superscript letters in the same vertical line are significantly different
(P � .05).

when compared with the nickel-free and control
groups after 14 days of implantation (P � .05). How-
ever, there was no significant difference among
groups A1, A2, and A3 for the differential number of
leukocytes and for the IgA quantification, except for
the number of monocytes. The monocytes were three
times more prevalent in the nickel group (A3) when
compared with the other two groups. There were no
significant differences in the number of neutrophils and
lymphocytes among the nickel (A3), nickel-free (A2)
and control groups (A1) (P � .05).

In Table 3 the values for the total and differential
number of leukocytes and IgA quantification are
shown for the groups after 14, 14 � 2, and 14 � 7
days of implantation, ie, groups A3, B, and C respec-
tively. The results showed no significant differences (P
� .05) according to the time of implantation and re-
moval of the bracket for the total number of leuko-
cytes, number of monocytes, and IgA quantification.
However, the number of neutrophils was reduced sig-
nificantly (P � .05) in groups A3 (58.0%), B (46.0%),
and C (27.0%); and the number of lymphocytes in-
creased in groups A3 (33.0%), B (47.0%), and C
(63.0%).

Histopathologic Findings

The histopathologic findings of the analyzed mate-
rial showed:

• Group A1: All cases showed an inflammation com-
posed of neutrophils, macrophages, and lympho-
cytes, and many blood vessels.

• Group A2: In five cases, chronic inflammation was
found with macrophages, lymphocytes, and some
plasma cells (Figure 1A). In two cases the inflam-
mation response was similar to the control group.

• Group A3: All samples exhibited an intense chronic
inflammation with macrophages, lymphocytes, and
some plasma cells, however, without a granuloma-
tous organization (Figure 1B).

• Group B: Inflammation was observed in six cases
with the majority showing few chronic inflammatory

cells (Figure 1C). In all cases the presence of fibro-
blasts and some blood vessels was noticed.

• Group C: Occasional inflammatory cells were found
and the wound healing could be observed (Figure
1D).

DISCUSSION

A large variety of metallic alloys are routinely used
in dentistry.11 The percentage of nickel in the alloy
varies from 8%, as in stainless steel, to more than
50%, as in the nickel-titanium alloys.12 The discharge
of nickel ions, which is a strong immunologic sensitiz-
er, may result in contact hypersensitivity.13

In the present study, the results shown in Table 2
indicated an increase in the total number of leukocytes
in the nickel group (A3) when compared with the nick-
el-free (A2) and control (A1) groups. An immune re-
sponse induced by nickel appliances is considered
Type IV hypersensitivity.

In this context, nickel binding to endogenous mac-
romolecules can stimulate macrophages and cytotoxic
cells, up-regulating the expression of adhesion mole-
cules.14–16 The differential quantification of leukocytes
in the current research shows that the difference in the
total number of leukocytes was caused by an increase
in the number of monocytes. It has been reported that
low-dose exposure to nickel can alter the metabolism
of human monocytes.17 Additionally, nickel induces T
lymphocytes to produce several cytokines, including
interferon IF-� and interleukin IL-2, IL-5, and IL-10,
and stimulates cellular proliferation.18 The A group rats
were killed after only 14 days of implantation. The
monocytes are cells which originate macrophages and
both form the first line of defense in the organism. Cir-
culating monocytes represent cells that have not fully
differentiated. Further evolution occurs at various tis-
sue sites where the monocytes have deposited. These
cells play pivotal roles in both humoral and cell-medi-
ated immune reactions to pathogens.19 It has been
stated that antigens associated with macrophages are
greater sensitizers than free antigens. In addition, it is
necessary that the antigen is linked to macrophages
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Figure 1. (A) Microphotography showing chronic inflammation with macrophages, lymphocytes, and plasma cells (H&E, �200). (B) Micropho-
tography showing macrophages, lymphocytes, and plasma cells (H&E, �200). (C). Microphotography showing few chronic inflammatory cells
(H&E, �100). (D) Microphotography showing fibroblasts, some blood vessels, and few inflammatory cells (H&E, �200).

before the action of the lymphocytes B and T can oc-
cur.20

The nickel-free group (A2) did not present significant
differences when compared to the control group (A1)
with respect to the blood components evaluated after
14 days of implantation. This fact suggests that a de-
crease in the amount of nickel in the orthodontic alloys
may reduce immune reactions.21–23

The results obtained for the groups A3, B, and C
showed that the total number of leukocytes did not
differ among the groups after removal of the nickel
bracket. However, in the differential quantification a
decrease was observed in the percentage of neutro-
phils and an increase in the percentage of lympho-
cytes as the time following appliance removal in-
creased. It has been reported that dermatitis usually
peaks at about 48 hours. It is caused by small

amounts of antigen, and it is characterized by infiltra-
tion with lymphocytes. Typical sensitization can be
caused by nickel present in dental appliances. Once
the antigen is removed, the reaction disappears in ap-
proximately 10 days.19 However, in the present study
the rats were killed after only 2 (B) and 7 (C) days.
This fact explains the higher amount of lymphocytes
in the C group, followed by B and A3 groups. The
decrease in the number of neutrophils after the appli-
ance removal can be justified by the fact that the an-
tigen (nickel) was removed. Neutrophils are most com-
monly present at the initial inflammatory response.
This concerted effort by the wounded cell layers is ac-
companied by, and might also be partially regulated
by, a robust inflammatory response. This inflammatory
response shows neutrophils first and then macrophag-
es with mast cells emigrating from nearby tissues and
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from the circulation.24 As time elapses after the surgi-
cal removal of the bracket, the inflammatory response
tends to decrease and consequently, so does the
number of neutrophils.

Although human beings have been sensitized, the
induction of contact allergy in experimental animals is
difficult, which implies that nickel is not the potent con-
tact allergen that has been anticipated.4 In this way,
there was no difference in the amount of IgA among
groups, suggesting that the nickel in the orthodontic
appliances was not enough to create a humoral re-
sponse using the present methodology.

The release of nickel from alloys or devices is,
among other things, related to the surface area, ex-
posure time, and environment; but there seems to be
no exact knowledge of the type and duration of oral
exposure needed to elicit the induction of tolerance or
reaction.4 The continuous exposure to nickel alloys
might lead to oral tolerance mechanisms that modu-
late nickel sensitivity, as evidenced by the lower cell
proliferation index in patients undergoing orthodontic
treatment over 24 months. However, further studies
are needed to clarify the major cell phenotype asso-
ciated with the immune response.6

The nickel allergy comprises Type IV hypersensitiv-
ity reactions which are cell-mediated by T lympho-
cytes.25 These cells are an important component of the
immune response to many intracellular pathogens and
some nondegradable antigens.25 These reactions are
initiated by CD4� T lymphocytes with the accumula-
tion of macrophages, and other effector cells in re-
sponse to T cell cytokines.26 The efficiency of metallic
nickel or nickel compound phagocytosis by the mac-
rophages or giant cells depends on the size and sur-
face changes of the nickel particles.25 These cells are
also of central importance in the induction of antigen-
specific T lymphocyte activation.25 Microscopically, in
this study there were no differences between the in-
flammatory cells found in the groups with brackets that
contained or did not contain nickel. At 14 days after
bracket implantation, the presence of neutrophils,
macrophages, and lymphocytes, and many blood ves-
sels was observed. After this period, the inflammatory
cells were gradually changed by fibroblasts and con-
nective tissue. Probably, the presence of inflammatory
cells in the wound is related to insertion and removal
procedures.

Authors have reported that the concentration of
nickel liberated from orthodontic apparatus does not
reach cytotoxic levels,27 and its concentration in serum
and saliva from patients who wear fixed orthodontic
appliances is similar to those found in healthy individ-
uals.8 It can be suggested that the nickel in the ortho-
dontic appliances was not enough to create a humoral
response using the present methodology. Nickel has

a long-standing history of successful use in dentistry,
and there are no significant reports of biological effects
attributed to nickel-containing dental appliances and
restorations.25

CONCLUSIONS

• The total number of leukocytes increased when nick-
el apparatuses were subcutaneously implanted in
rats.

• The difference in the total number of leukocytes was
caused by an increase in the number of monocytes,
which is characterized by hypersensitivity Type IV.
There was no difference in the levels of IgA among
the groups.

• The total number of leukocytes did not differ among
the groups after removal of the nickel bracket. In the
differential quantification, an increase was observed
in the percentage of lymphocytes, and a decrease
was observed in the percentage of neutrophils as
the time following appliance removal increased. The
histopathologic findings did not show differences be-
tween the groups.
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