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Aim. This study evaluated the behavior of oral epithelial cells in contact with orthodontic appliances. 
Methods. Oral epithelial cells of clinically normal buccal mucosa were obtained by liquid-based exfoliative cytology 

from 22 orthodontic patients. The following regions were evaluated: a) oral mucosa exposed to friction from ortho-
dontic brackets; b) oral mucosa exposed to friction from the tube on the orthodontic band, and c) oral mucosa not 
exposed to friction (control area). Nuclear (NA) and cytoplasmic (CA) areas and NA/CA ratio were assessed by an 
image analysis system. Cell morphology and cellularity were also analyzed by Papanicolaou technique. 

Results. The NA of the cells in contact with orthodontic brackets and bands were smaller than the control area. 
Cells in contact with the brackets showed the greatest reduction in CA in comparison with the cells subjected to friction 
from the tube, and the control group. Smears classified as type I predominated in all regions analyzed, although type II 
were predominant, together with superficial epithelial cells, mainly in the oral mucosa in contact with the band tube. 

Conclusion. Preclinical alterations in the epithelial cells of oral mucosa, caused by orthodontic appliances, are 
reduction in NA, increase in cell keratinization and inflammatory features, especially in the band tube area.

INTRODUCTION

The oral mucosa is a mucous membrane that covers all 
structures inside the oral cavity except the teeth. Its struc-
ture varies depending on its location in the oral cavity and 
the function of the corresponding area1. The integrity of 
mucosa membrane is fundamental for the maintenance 
of oral health2. However, epithelial cells may change due 
to oral diseases, infections, traumatic agents or metabolic 
conditions, resulting in several clinical alterations and 
neoplasms3.

Most oral lesions are a reaction to local irritation, and 
are not a cause for concern. Rarely, they can be an early 
sign of more serious mouth conditions. In general, the 
most common oral lesions are associated with trauma4,5. 
An ill-fitting, rough, or broken orthodontic appliance, a 
removable dental prosthesis, or a fractured or irregular 
tooth surface can affect the adjacent soft tissues. Acute or 
intense trauma to the oral tissues can induce changes with 
a deeper involvement, and produce hematoma, erosion, 
or ulcer. When a trauma agent acts slowly or is applied in 
low intensity on the tissue, the result is a reactive lesion6.

During orthodontic treatment, pain and discomfort in 
the oral mucosa can be experienced as a result of trauma 
from the appliances caused by increased friction between 
mucosal tissue and the surface of the brackets and tubes7. 
Proliferative and ulcerated lesions can appear as a result 
of this insult. Meanwhile, epidemiologic and histologi-

cal studies on this issue in orthodontics patients are very 
scarce. The aim of this study, therefore, was to assess the 
effect of the friction of brackets and tubes on the epithe-
lial cells of clinically normal oral mucosa using cytological 
and cytomorphometrical techniques.

MATERIAL AND METHODS

The experimental protocol of the present study was 
approved by Ethics Committee on Human Research at 
Pontifícia Universidade Católica do Paraná – PUCPR 
(Protocol number: CEP 604).

Subjects
This study was carried out with 22 male subjects aged 

17 to 42 years from a private dental clinic. All the subjects 
were using a fixed orthodontic appliance for two years 
without any history of oral lesions. These patients were 
treated by straight wire technique. The fixed appliances 
consisted of an average of 4 to 8 bands and 20 bonded 
brackets. Metallic brackets and tubes (Morelli ™, straight 
wire Roth, slot .22 x .030) were produced by Morelli 
Ortodontia (Morelli Dental Company, Sorocaba/SP, 
Brazil). The arch wires used in this study were a chrome-
nickel alloy (Morelli Dental Company™, Sorocaba/SP, 
Brazil). Subjects did not consume any type of drug prior 
to the study include alcohol and tobacco. A full blood 
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count was taken to exclude anemia for each patient. 
Name, age, occupation, and relevant medical history were 
recorded.

Cells collection 
Oral exfoliated cells of the clinically normal buccal 

mucous membrane were obtained by liquid-based exfolia-
tive cytology. Initially, the mouth was rinsed with water 
to remove excess of debris and bacteria within the oral 
cavity. Smears were collected from three distinct regions: 

Region 1 – Oral mucosa subject to friction from or-
thodontic brackets;

Region 2 – Oral mucosa subject to friction from the 
tube on the orthodontic band;

Region 3 – Oral mucosa under no friction, bottom 
area of the vestibule (control area).

The squamous epithelial cells were collected using cy-
tobrush and kit UCM™ (Universal Collection Medium of 
DNA-Citoliq System, Digene Brazil).

Cytological preparations
An aliquot of 200 μl of UCM was filtered through 

filtrogene polycarbonate membrane filters™ (Digene, 
Brazil), pore size 5 μm, diameter 25 mm placed in pre-
pgene press™ (Digene, Brazil) attached to glass slides. 
Glass slides were immediately fixed in absolute alco-
hol for 20 min. Smears were then stained with routine 
Papanicolaou stain.

Cytomorphometrical analysis
Each slide was assessed using the light microscopy by 

binocular Olympus BX50 microscopy™ (Olympus, Japan). 
Fifty randomly selected cells were measured in a stepwise 
fashion. Cell images were captured for digitalizing by Sony 
CCD Iris Color Video Camera™ (Sony Model DXC-107A, 
Japan) at x400 magnification. The nuclear (NA) and cy-
toplasmic (CA) areas were obtained by drawing around 
areas the nuclear and cell boundaries using the digitizer 
cursor and measuring mode of Image-Pro Plus™ image 
analysis system (Media Cybernetics, Silver Spring MD, 
USA), version 4.5.029 for Windows 98/NR/2000.

Cytomorphological analysis
Each slide was assessed using the light microscopy 

by binocular Olympus BX50 microscopy™ (Olympus, 
Japan). All cellular features were coded according to 
Papanicolaou system classification: normal, inflamma-
tory, reactive, degenerative and neoplasic conditions of 
oral epithelial cells. The type of predominant cell (cel-
lularity) in each smear was analyzed by counting.

Statistical analysis
Numerical data were analyzed using normality test of 

Kolmogorov-Smirnov, homogeneity of variance of Levene, 
multiple comparisons using ANOVA, Tukey, and Games-
Howell. The Chi-square test was used to test if there was 
a relation between the predominance of cell and regions. 
Differences were considered statistically significant when 
p<0.05. All data were tabulated and statistical tests were 

performed with SPSS for Windows 13.0 (SPSS Inc., 
Chicago, Illinois, USA).

RESULTS 

A total of 3,300 epithelial cells were assessed. There 
was statistically significant difference between the mean 
values of the nuclear area according to the regions. The 
nuclear area of the cells in the mucosal region under fric-
tion with orthodontic brackets (region 1) and tube on 
the orthodontic band (region 2) was diminished in com-
parison with the control (region 3). This reduction was 
statistically significant (p<0.01). Oral epithelial cells that 
came into contact with the mandibular incisor brackets 
showed the largest reduction in the nuclear area, when 
compared with the other regions assessed. However, this 
reduction was not statistically significant when compared 
with those in contact with the band tube (p>0.05), as 
shown in (Table 1).

Mean values in the cytoplasmic area showed statis-
tically significant difference according to the regions 
(p<0.01). The mucosal region in contact with the man-
dibular incisor brackets showed the greatest reduction in 
area in comparison with the cells under friction from the 
tube, and the control group. However, the cytoplasmic 
area in the region 2 showed an increase in comparison 
to the control area. Nevertheless, this increase was not 
statistically significant (p>0.05) (Table 1).

There was no statistically significant difference in the 
mean values of the NA/CA ratio between the regions 
(p>0.05). The mean values and their respective stand-
ard deviations for all the studied variables are shown in 
(Table 1).

There was a predominance of class I smears in all 
regions analyzed.  The number of class II type smears (in-
flammatory) was higher in the mucosal area in contact 
with the band tube. The number of class II type smears 
observed in this region was more twice as high as that of 
the control region, although this difference is not statisti-
cally significant (Table 2). A predominance of nucleated 
cells of the superficial layer in the oral mucosa region in 
contact with the band tube was found compared to the 
other two regions (Table 3). 

DISCUSSION

This research investigated 3,300 oral epithelial cells 
from patients undergoing orthodontic treatment by means 
of cytological and cytomorphometrical analysis. The re-
sults demonstrated that the NA of the cells in contact 
with brackets bonded to the incisors and the band tube 
diminished in comparison with the control. In addition, 
the mucosal region in contact with the mandibular incisor 
brackets showed the greatest reduction in CA in compari-
son with the cells under friction from the tube, and the 
control group. Although there was no alteration in the 
NA/CA ratio in regions 1 and 2 in comparison with the 
control, the cells presented some preclinical histological 
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Table 1. Cytological measurements in epithelial cells of different oral regions from orthodontics patients.

Groups
Variable

Bracket region
Mean ± SD

Tube region
Mean ± SD

Control region
Mean ± SD

P value

NA* 52.39 μm² ± 16.86 53.09 μm² ± 18.32 63.06 μm² ± 19.46 0.0000Ψ

CA** 1668.71 μm²±578.81 1884.85 μm² ± 675.03 1810.66 μm² ± 663.55 0.0001Ψ

NA/CA*** 0.03 ± 0.06 0.03 ± 0.06 0.03 ± 0.01 0.3230

*NA: nuclear area; **CA: cytoplasmic area; ***NA/CA: nuclear/cytoplasmic area ratio; Ψ Statistics diff erence (P<.01)

Table 2.  Characterization of smears by Papanicolaou system classification.

Papanicolaou
classification

Bracket
n

Region
%

Tube
n

Region
%

Control
n

Region
%

Class 1 19 86.3 17 77.2 20 90.9

Class 2 3 13.6 5 22.7 2 9.0

Class 3 0 0 0 0 0 0

Class 4 0 0 0 0 0 0

Class 5 0 0 0 0 0 0

Total 22 100 22 100 22 100

Table 3. Type of predominant cell in oral smears of different regions from orthodontics patients.

Region

Enucleated
superficial layer 

cells
n    %

Nucleated 
superficial 
layer cells

n    %

Intermediated 
layer cells

n    %

Basal layer
cells

n    %

Total

Bracket 0      0 11    50 11    50 0      0 22

Tube 0      0 19    86 03    14 0      0 22

Control 0      0 10    45 12    55 0      0 22

Total 0      0 40    60 26    40 0      0 66

Chi-square test: P value = 0.0097

reaction to the presence or the friction from the appli-
ance. 

The contact of metal and ceramic brackets in the oral 
cavity induces cellular alterations. In 2009, Pereira et al.8 
observed that the placement of brackets in the buccal 
cavity caused decrease of the nucleus, increase in the cy-
toplasm, and a lower nuclear/cytoplasmic ratio of oral 
epithelial cells that were in contact with the brackets. 
Similarly, the results of our study demonstrated that me-
tallic brackets can irritate the epithelial cells and induce 
changes, mainly, to the nucleus.

Measurements of NA and CA have been used as im-
portant parameters for detecting alterations in the epithe-
lial tissues9-14. In our study, two situations were present: 
i) a reduction in both NA and CA (region 1), and ii) a 
reduction only in the NA (region 2). In relation to the 

reduction in both, NA and CA (region 1), histological-
ly, this cellular reaction may be recognized as atrophy. 
Atrophy represents an adaptive response that allows cells 
to suspend their differentiated functions, reducing the en-
ergy requirements to a minimum. This process presents 
various causes, among them: diminished blood supply, 
inadequate nutrition, hypoxia, and compression6. Due to 
those effects, cell atrophy may progress to the point where 
the cells are injured and die15. In the region 2, besides 
the NA decrease, the reduction in the CA might be in 
progress, maybe by the fact brackets are more aggressive 
physical agents to cause chronic tissue irritation. Thus, 
these results suggest that mechanical friction might also 
represent a potential cause for alterations in NA and CA.

With regard to the morphological analysis, the results 
showed that there was a predominance of class I smears in 
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all regions analyzed. The number of class II type smears 
(inflammatory) was higher in the mucosa region in con-
tact with the band tube. Although there was more than 
twice the prevalence of inflammatory cells than in the 
control region, the number of class II smears is small in 
all the three regions, and this could solely represent the 
inflammatory response of the mucosa to the biological 
and physical stimuli inside the mouth. 

The smears obtained by exfoliative cytology generally 
exhibit a scarcity of basal layer cells when the oral epi-
thelium is intact. This indicates that this technique does 
not remove cells from the deeper layers of the epithelium, 
but the small number of these cells in the smears does 
not necessarily reflect a limitation of this technique11. On 
the other hand, Silverman et al.16 reported that in the 
oral mucosa, there are predominantly intermediate layer 
cells. In the area in contact with the mandibular incisor 
brackets, and in the bottom area of the vestibule (con-
trol region), there was a balance between the superficial 
and intermediate layer cells. The results obtained in the 
quantitative assessment showed a predominance of cells 
of the superficial layer from the oral mucosa subject to 
friction with the band tube. Possibly, this occurs because 
there is thickening of the cornea layer and, consequently, 
greater predominance of superficial cells. Kwon et al.15 
also found that chronic irritation produces a greater 
number of superficial layer cells, due to keratinization 
of the mucosa, although in that study the irritation was 
caused by tobacco and not physical trauma. Zimmermann 
and Zimmermann17 also found that oral mucosa smears 
from smokers showed a larger number of keratinized cells. 
Pereira et al.8 observed an increase in the number of cells 
in the corneum stratum of the epithelium in contact with 
metallic brackets. 

Clinically, some patients under orthodontic treatment 
might develop small white patches in the oral mucosa in 
contact with brackets and bands18. Those white patches 
are a natural reaction of the oral mucosa to the physical 
trauma induced by the appliance. This condition is termed 
frictional keratosis. Acanthosis (an augment in the thick-
ness of the spinous layer) and hyperkeratosis (an augment 
in the thickness of the corneous layer), usually orthokera-
tosis, are the hallmarks of frictional keratosis. The cells of 
the spinous layer often demonstrate intraepithelial edema 
and occasional vacuolated cells with pyknotic nuclei.  
According to Regezi and Sciubba19, traumatic agents of a 
mechanical nature may induce frictional keratosis. In the 
present study, white patches were not observed. Besides, 
none of the individuals had ulcerations in the mucosa 
resulting from friction with the orthodontic appliance. 

Several studies have reported the effect of different 
types of diseases and aggressive agents on oral mucosa, 
such as alcohol, and tobacco10,12,20-25. However, studies re-
porting physical trauma associated to use of orthodontic 
appliances are still scarce8. Although biopsy is still the 
gold-standard technique for a precise diagnosis, oral cy-
tological examination is non-invasive, very sensitive for 
detection of cell alteration26. Thus, liquid-based cytology 
may be a useful tool for the assessment of cellular changes 
in apparently normal mucosa27. 

Considering that i) brackets and band tubes are ag-
gressive physical agents that have the potential to cause 
damage to oral soft tissues, and ii) the mucosal area in 
contact with the brackets and the band tube are similar 
histologically, one may conclude that the augmentation of 
cells from the superficial layer, and smears Class II type, 
found in the mucosal area in contact with the band tube 
may be explained by the fact that the area under friction 
is larger in contact with the tube. Moreover, although less 
probable, difficulty in terms of hygiene access could not 
be discharged.

Fixed orthodontic appliances usually include brackets, 
bands, and arch wires made of stainless steel, nickel-tita-
nium, or nickel-cobalt alloys, and these can release metal 
ions. Although the metal devices used in orthodontic 
treatments are manufactured to be highly resistance to 
corrosion, they may still suffer some localized corrosion 
resulting from the oral cavity conditions. The corrosion 
causes the release of metals from the alloys used for their 
manufacture. In this context, some studies have shown 
that contact of orthodontic appliances with the oral mu-
cosa is unable to cause cytotoxicity or genotoxicity28-30.

White patches and ulcerations reflect extensive tissue 
injury upon orthodontic treatment. Thus, periodic evalu-
ations by means of liquid-based exfoliative cytology could 
represent a precious diagnostic tool to evaluate cell dam-
age before clinical signs appear. 

Our cytological findings represent evidence for pre-
clinical alterations. Orthodontic appliances should be fab-
ricated to cause the least “disturbance” in the epithelium 
in contact.

CONCLUSIONS

Based on the findings of this study, it can be suggested 
that the main preclinical alterations in the epithelial cells 
of oral mucosa, caused by orthodontic appliances, are re-
duction of the nuclear area, cell keratinization and inflam-
matory features, especially in the band tube area. In this 
context, liquid-based exfoliative cytology may represent a 
useful preclinical tool to evaluate cell damage.
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