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ABSTRACT

Objective: To determine the immune response related to nickel and nickel-free orthodontic appliances 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. Histopathologic 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 differences 
between groups.

Conclusions: Nickel did not promote significant adverse biological effects.
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The action of the immune system against an antigen leading to sensitivity in the human body is called a hypersensitivity reaction. The 
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body exposed to this antigen 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 hypersensitivity 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 prosthesis production and orthodontic appliances. However, 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 orthodontic appliances. Adverse 
responses have been reported occasionally such as stomatitis, gum hyperplasia, cheilitis, labial desquamation, and erythema 
multiforme.5–6 Metal-sensitive patients can present symptoms ranging from contact allergy to autoimmune disease.7 

Nickel contact dermatitis is common among orthodontic patients. During orthodontic treatment, nickel-sensitized patients can present 
higher risks of discomfort in the mouth, making treatment and hygiene difficult.6 Besides, patients with nickel orthodontic appliances 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) quantification and histopathologic analysis in rats after subcutaneous implantation of orthodontic 
brackets.
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Sample

The sample comprised 35 Wistar rats, weighing approximately 250 g. The rats were randomly distributed into three groups (A, B, and C) 
according to the timetable 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 sacrificed. 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 
received 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 leukocytes.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 counted.

After the total number of leukocytes quantification, the differential analysis was executed using one drop of blood on a lamina stained 
with May-Grünwald Giemsa.10 The number of neutrophils, eosinophils, basophils, 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 “vacutainers”  without EDTA. The tubes were centrifuged to separate 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 embedded in paraffin. Sections of 5 μm 



were cut, mounted on glass slides and stained with hematoxylin and eosin (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 leukocytes 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.
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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 implantation are shown in Table 2 .

There were significant differences between the number of leukocytes for the nickel-implanted animals when compared with 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. 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 respectively. The results showed no significant differences (P > .05) according 
to the time of implantation and removal of the bracket for the total number of leukocytes, number of monocytes, and IgA quantification. 
However, the number of neutrophils was reduced significantly (P < .05) in groups A3 (58.0%), B (46.0%), and C (27.0%); and the number 
of lymphocytes increased in groups A3 (33.0%), B (47.0%), and C (63.0%).

Histopathologic Findings

The histopathologic findings of the analyzed material showed: 

● Group A1: All cases showed an inflammation composed of neutrophils, macrophages, and lymphocytes, 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 inflammation 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 granulomatous 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 fibroblasts and some blood vessels was noticed.

● Group C: Occasional inflammatory cells were found and the wound healing could be observed (Figure 1D ).
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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 sensitizer, 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 nickel-free (A2) and control (A1) groups. An immune response induced by nickel appliances is considered Type 
IV hypersensitivity.

In this context, nickel binding to endogenous macromolecules can stimulate macrophages and cytotoxic cells, up-regulating the 
expression of adhesion molecules.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-γ 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. Circulating 
monocytes represent cells that have not fully differentiated. Further evolution occurs at various tissue sites where the monocytes have 



deposited. These cells play pivotal roles in both humoral and cell-mediated 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 before the action of the lymphocytes B and T can occur.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 decrease 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 neutrophils and an 
increase in the percentage of lymphocytes as the time following appliance removal increased. 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 infiltration with lymphocytes. Typical 
sensitization can be caused by nickel present in dental appliances. Once the antigen is removed, the reaction disappears in approximately 
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 appliance removal can be 
justified by the fact that the antigen (nickel) was removed. Neutrophils are most commonly present at the initial inflammatory response. 
This concerted effort by the wounded cell layers is accompanied by, and might also be partially regulated by, a robust inflammatory 
response. This inflammatory response shows neutrophils first and then macrophages with mast cells emigrating from nearby tissues and 
from the circulation.24 As time elapses after the surgical 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 contact 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 response using the present 
methodology.

The release of nickel from alloys or devices is, among other things, related to the surface area, exposure 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 modulate 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 associated with the immune response.6 

The nickel allergy comprises Type IV hypersensitivity reactions which are cell-mediated by T lymphocytes.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 accumulation of macrophages, and other effector cells in response to T cell cytokines.26 The 
efficiency of metallic nickel or nickel compound phagocytosis by the macrophages or giant cells depends on the size and surface 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 inflammatory 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 vessels was observed. After this period, the inflammatory cells were gradually changed by fibroblasts and connective 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 individuals.8 It 
can be suggested that the nickel in the orthodontic 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 
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● The total number of leukocytes increased when nickel 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 between the groups.
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Click on thumbnail for full-sized image. 

Figure 1. (A) Microphotography showing chronic inflammation with macrophages, lymphocytes, and plasma cells (H&E, ×200). (B) 
Microphotography 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)  
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