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Abstract

Introduction: Fixed orthodontic treatment involves the use of materials, including metals that 
can cause cell damage such as genetic alterations during cell division, some of which include 
the presence of micronuclei (mn), oxidation of deoxyribonucleic acid (dna) and its degradation. 
Objective: To evaluate the genotoxic damage caused by fixed orthodontic therapy with met-
als. Material and methods: Oral epithelial cells of 51 patients were evaluated before and one 
year after placement of fixed orthodontic treatment with Equilibrium® 2 stainless steel brack-
ets. mn frequency was analysed by Feulgen staining, dna extraction was performed with the 
DNeasy® Blood & Tissue Kit and dna degradation was observed by electrophoresis. In addition, 
dna oxidation was assessed by quantifying the 8-hydroxydeoxyguanosine (8-OHdG) molecule 
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using enzyme-linked immunosorbent assay (elisa). Results: An increase in the frequency of mn 
was detected in oral epithelial cells when comparing before (0%) and after treatment (18%) (p< 
0.004). dna degradation also increased, detecting 45% of samples degraded before treatment to 
88% after treatment (p=0.002). The concentration of 8-OHdG increased approximately two-fold 
after treatment (13.6 ± 1.2 ng/mL) compared to the before-treatment condition (5.8 ± 0.49 ng/
mL) (p=0.04). Conclusions: The results presented here demonstrate dna damage after one year 
of metal-based fixed orthodontic therapy. 
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INTRODUCTION

Fixed orthodontic treatment using materials made from metals involves the generation of cor-
rosion of these materials in the oral cavity, which can cause effects on oral epithelial cells that 
include damage to deoxyribonucleic acid (dna), which represents a significant impact since it 
can initiate malignant lesions1.

Metal damage to the dna molecule can be caused directly by hydrolysis of the phosphodi-
ester bond, generating fragmentation of the molecule2-4, or indirectly by inhibiting dna repair 
mechanisms5 or by oxidation processes that generate reactive species that oxidize the dna6-7. 
Oxidative damage causes lesions in dna, the most frequent being oxidation of its nitrogenous 
bases, especially guanine, which is more easily oxidized to form 8-hydroxydeoxyguanosine (8-
OHdG). This molecule is considered one of the most significant biomarkers for oxidative dna 
damage8. Buljan et al.9 demonstrated an increase in 8-OHdG in mouse cell lines exposed for 48 
h to materials used in orthodontic treatments. In vivo studies in humans investigating oxidative 
dna damage induced by fixed orthodontic treatment and 8-OHdG quantification are limited, 
controversial, and only evaluate shorter periods of time and up to 6 months after treatment10-12. 
Guler et al.10 demonstrated an increase in 8-OHdG in saliva of children after 3 months of fixed 
orthodontic treatment with metals and different adhesive materials. In contrast, Atuğ Özcan 
et al.11 did not detect changes in 8-OHdG levels in saliva and gingival crevicular fluid after 6 
months of orthodontic treatment. Similarly, Esenlik et al.12 evaluated 7 days after orthodontic 
treatment with metals and did not detect changes in 8-OHdG levels.

At the cellular level, small nuclei or micronuclei (mn) are formed from chromosomes or 
fragments of these when they are not incorporated into one of the nuclei of the daughter cells 
during cell division; the presence of these mn is one of the most used tests to evaluate dna dam-
age13. A recent review explored the average increase in mn due to the use of fixed orthodontic 
treatment and found that the increase in mn was 3 times greater as compared to oral epithelial 
cells without orthodontic treatment14. Regarding the time of exposure to the procedure, mn 
have been analysed from 7 days to 6 years after treatment, observing that the damage begins 
from the first week of placement, but suggests that it may decrease with exposure time15,16.

At the institutional level, in the Mexican Secretariat of National Defence, the orthodontic 
treatment used in the last 15 years in the Dental Specialties Unit (ueo for its acronym in Span-
ish) is Fixed Orthodontic Appliances based on the MBT technique. The MBT philosophy belongs 
to the third generation of pre-adjusted appliances, created from the knowledge and clinical 
experience of doctors Richard McLaughlin and John Bennet17. The present study evaluated dna 
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damage by mn frequency analysis, visualization of dna degradation by electrophoresis, and quan-
tification of the 8-OHdG molecule before and after one year of fixed orthodontic placement.

MATERIAL AND METHODS

Patients who attended the Orthodontic Service of the ueo in the Mexican Secretariat of Na-
tional Defence were included. Patients selected as candidates for orthodontic treatment were 
51, aged between 12 and 36 years, without caries, without previous orthodontic treatments, 
without periodontal disease and without metal restorations. The orthodontic supplies provided 
by the ueo based on 0.022” MBT were used and included: stainless steel brackets (Equilibrium® 
2, Dentaurum GmbH & Co. KG, Ispringen, Germany), buccal tube bands (3MTM UnitekTM, Vic-
tory SeriesTM Bands, 3MTM, Minnesota, usa) with anatomical stainless steel contour, stainless 
steel bonding mini tubes (3MTM Victory SeriesTM Mini Tubes, 3MTM, Minnesota, usa), nitinol 
heat-activated archwires (3MTM UnitekTM Nitinol Heat-Activated Archwire, 3MTM, Minnesota, 
usa) sizes: 0.014”, 0.016”, 0.016x0.022” and 0.019x0.025”, 0.019x0.025” stainless steel archwire, 
0.019x0.025” multifilament stainless steel braided archwires (Dentaflex®, Dentaurum GmbH & 
Co. KG, Ispringen, Germany), 0.010” stainless steel wire ligature, 0.021” brass wire, and nitinol 
opening spring.

Patients and legal guardians of minor patients voluntarily agreed to participate in the study 
and signed the informed consent letter, and minors signed an informed assent letter. The ueo 
institutional committee at the Mexican Secretariat of National Defence approved the protocol 
and informed consent (approval number 19CI09016025). Two samples of oral epithelial cells 
were taken from each patient using a cytological brush. One sample was used for mn analysis 
and another for dna extraction. Sample collection was performed before treatment placement 
and after one year after the procedure.

Oral epithelial cell samples were obtained after rinsing the oral cavity with water, gently 
scraping the right and left cheek with the cytological brush. For mn analysis, the sample was 
spread on a clean slide and fixed with ethanol for 10 minutes. Finally, Feulgen staining was 
performed. After staining, the cells were examined under a light microscope (VE-B2 Binocular 
Microscope, velab Co., Texas, usa). Slides were prepared in triplicate for each patient, and in 
the same way, 2000 epithelial cells were counted for each patient to evaluate mn frequency. 
For dna extraction, the commercial kit (DNeasy® Blood & Tissue Kit, qiagen, Hilden, Germany) 
was used; the extraction protocol was followed considering the manufacturer’s instructions. 
The dna concentration was measured in a spectrophotometer (NanoDrop 1000, Thermo Fisher 
Scientific Inc., Delaware, usa) and adjusted to 50 ng/μL, and electrophoretic runs of the dna 
were then performed in 1.5% agarose gels to value its integrity. dna oxidation was measured 
in the dna samples by quantifying the 8-OHdG molecule using enzyme-linked immunosorbent 
assay (elisa) with a commercial kit (dna damage elisa kit, Enzo® Life Sciences Inc., New York, 
usa), following the protocol and all the manufacturer’s instructions. The detection range was 
0.94 to 60 ng/mL.

Statistical analysis was performed using ibm® spss® Statistics 23 software, version 23.0. 
The McNemar’s test was used to evaluate differences in mn frequencies and dna degradation 
before and after one year of treatment. A comparison of the means of the concentration lev-
els of the 8-OHdG molecule before and after one year of treatment was performed with the 
Student’s t-test for related samples to determine the difference. Values of p<0.05 indicated 
statistical significance.
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RESULTS

The study included 30 women and 21 men with an average age of 15.8 ± 4.8 years, 86% of the 
patients presented Class I Malocclusion and 14% presented Class II Malocclusion. Oral epithe-
lial cells were sampled and evaluated for the presence of mn (Figure 1). No mn-containing cells 
were detected in the 2000 oral cells examined from any patient prior to orthodontic therapy. 0 
to 1 cell with mn was detected out of 2000 buccal cells examined in 9 patients after treatment. 
The percentage of patients who presented mn before (0%, control) and after one year of treat-
ment (18%) showed a significant difference (p=0.004) (Table 1).

After dna extraction, the concentration was adjusted and electrophoresis was performed. The 
most representative electrophoretic scans of some samples studied before and after one year of 
orthodontic treatment are shown (Figure 2). dna degradation was detected in 45% of samples 

Table 1. Frequency of patients who presented micronuclei (mn) in oral epithelial cells before and 
after one year of fixed orthodontic treatment

Variable Before treatment After treatment p value

Presence of mn  0 / 51 (0%) 9/ 51 (18%) 0.004*

Absence of mn 51 / 51 (100%) 42/51 (82%)

* McNemar’s test, p<0.05 shows statistical significance

Figure 1. Oral epithelial cells stained with Feulgen stain. The nucleus is stained pink-purple, the 
cytoplasm remains colourless or with a slight pinkish hue. The arrows indicate a cell with a normal 

nucleus and a cell with a micronucleus (mn). Observed under a light microscope with a 40x objective.
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before orthodontic treatment placement. This degradation was visualised only as a slight scan 
along the entire lane, without loss of high molecular size dna. However, after treatment, the 
degradation was more evident and around 88% of the samples presented fragments of smaller 
sizes. In addition, a decrease in high molecular size dna was observed in some samples. Sta-
tistical analysis shows significant difference in dna degradation before and after orthodontic 
treatment studied by electrophoresis (Table 2).

Analysis of oxidative dna damage was assessed by quantifying the 8-OHdG molecule in dna 
samples extracted from oral epithelial cells. The data, which indicate the average of the values 
before and after one year of treatment, show a statistically significant increase in dna oxidation 
after one year of treatment when comparing the averages (Table 3).

Table 2. dna degradation assessed by electrophoresis in buccal cells before and after fixed orthodontic 
treatment

Variable Before treatment After treatment p value

n=51 n=51

Presence of degradation 23/51 (45%) 45/51 (88%) 0.002*

Absence of degradation 28/51(55%) 6/51 (12%)

* McNemar’s test, p<0.05 shows statistical significance

Figure 2. Representative samples of dna degradation derived from oral epithelial cells evaluated in 
this study. Representative dna samples 1-8 are shown. Agarose gel at 1% with molecular size marker 
(M). a) Before and b) After one year of fixed orthodontic therapy. The arrows indicate the presence 
of dna fragments, marked with the arrowhead. They are observed in greater numbers after therapy.

Table 3. Levels of 8-OHdG in DNA extracted from buccal epithelial cells before and after one year of 
fixed orthodontic treatment

8-OHdG level ng/mL Before treatment After treatment p-value

Mean ± standard deviation 5.8 ± 0.49 13.6 ± 1.2 0.04*

T-test for related samples p<0.05 shows statistical significance
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DISCUSSION

In our study we evaluated oxidative damage to dna before and after the application of fixed 
orthodontic treatment. The patients mostly presented Class I Malocclusion, coinciding with 
prevalence reports in the world and in America that place this type of Malocclusion in first 
place18. Concerning the frequency of mn, the data are similar to those by Flores-Bracho et al.19 
in which they demonstrate increases in the frequency of mn after 4 years of treatment, while 
they differ from the report by Goncalves et al.20 in which no damage is detected after 1 year 
of treatment. In both studies, they used stainless steel brackets from the Morelli Sorocaba Sp® 
Brazil brand, and explored long periods after treatment placement. But the differences ob-
served in the results between them may be mainly due to the wide difference in the times at 
which the damage was evaluated. Also, differences could be due to specific requirements of the 
mechanical force exerted during treatment on patients, which participate in both environmen-
tal alteration and dna damage21.

In relation to dna degradation analysed by electrophoresis, a two-fold increase was de-
tected after one year of treatment placement. The electrophoresis assay has low sensitivity, 
compared to studies in the literature that examine degradation mainly by gel electrophoresis 
analysis in single cells or comet assay, a technique described as one of the most sensitive22-26. 
Fernández-Miñano et  al.23 compared the before and after one month of application of the 
therapy, and demonstrated dna damage with stainless steel, titanium and nickel materials. 
Faccioni et al.24 reported damage to oral epithelial cells in patients with fixed orthodontic ther-
apy with different metals for a period of 2-4 years when compared to the population without 
orthodontics, but did not evaluate the before and after in the same population. In contrast, 
other authors using the same comet assay to evaluate damage do not describe changes after 
performing evaluations after 10 and 30 days, and up to 6 months of application of orthodontic 
treatment with the same type of metals25, 26. Although the discrepancy in the results can be ex-
plained by the variation in the time evaluated, it could also be due to slight differences in metal 
concentration resulting from the variation in the brands of the materials. This is supported by 
reports such as that of Buljan et al.9, which have shown different degrees of damage in mouse 
gingival fibroblast cultures when exposed to different orthodontic materials like ceramic and 
metal. Similarly, Loyola-Rodríguez et al.27 demonstrated different damage in human gingival 
fibroblasts due to exposure to brackets of different brands and materials.

Our study detected an increase in the level of 8-OHdG molecule of approximately 2 times 
more after one year of treatment placement. The changes detected in 8-OHdG values are sim-
ilar to those described by other authors who studied mouse fibroblast cells after 48 hours 
of exposure to different materials used in orthodontics including stainless steel, ceramic and 
polyurethane, when compared with unexposed fibroblasts9. In addition, in vivo studies detected 
increases in 8-OHdG of approximately 1.5 times more in the saliva of children after 1 and 3 
months of orthodontic treatment with metals10. However, there are authors who, using metal 
treatment, did not detect changes in the levels of 8-OHdG in samples of saliva and gingival 
crevicular fluid before and after 6 months of treatment11. Similarly, Esenlik et al.12, using metals 
in the treatment, did not show changes in 8-OHdG levels in short periods of 4-5 h and 7 days 
post-treatment. The variation in results between studies can be justified both by the different 
types of samples considered, as well as by the different examination times after orthodontic 
therapy. We consider that variation in sampling is essential since saliva and gingival crevicular 
fluid may have a lower concentration of metabolites than the direct analysis of oral epithelial 
cells, because the fluids reflect products derived from the cellular epithelium.
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With respect to the time of exposure to metals, recent studies from a meta-analysis show 
that the maximum release of metals occurs after one month of starting treatment and de-
creases after two and three months of treatment28, and accordingly the levels of dna damage 
are higher in the first months of treatment29. Our research group reported previous work 
evaluating dna damage through capillary electrophoresis analysis of fragments obtained by 
polymerase chain reaction of short tandem repeat (STRs) sequences at shorter times (3 months 
after treatment). dna degradation and loss of stability were detected, although the data were 
not statistically significant30. Therefore, we consider that dna damage is due to many factors 
including the release of metals, damage resulting from inflammation and stress caused by the 
mechanical force exerted in orthodontics21, or by the change in the oral environment caused 
by the bacterial microbiota that commonly increases during orthodontic treatment due to the 
difficulty of hygiene and the irritating effects of the materials31.

The results presented here are for consideration by orthodontists, since the continuous 
improvement of the materials used in the treatment and the duration of the treatment can 
contribute to reducing the dna damage that occurs during orthodontic treatment. The initial 
malocclusion problem and the particular conditions of each patient will always be a priority for 
the orthodontic specialist who will determine the techniques, times, materials, among other 
factors that will define the patient’s treatment.

CONCLUSIONS

The results presented here demonstrate dna damage. For now, there are studies that are eval-
uating levels of antioxidant enzymes that could indicate whether oxidative damage is being 
counteracted and detected as a process of biological adaptation.
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