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Abstract 
The fixed orthodontic measures taken induce significant stress to the gingival growth process during arch wire maneuvers of aligning and 
leveling. We observed, for a period of one to four years, fixed orthodontic devices in 80 human subjects. From these, we selected 44 subjects 
(22 women and 22 men) where the inflammatory process exhibited following the orthodontic fixed treatment, and with vacuum-formed orthodontic 
retainers (VFR) succeeding to fixed treatment. Samples were collected from each patient and histological and immunohistochemical (IHC) 
methodology was made to analyze the cytoarchitecture. Statistics were made after one-way analysis of variance (ANOVA), with the 
Bonferroni’s correction. The IHC examination performed in the early stage revealed the presence in the inflammatory infiltrate of CD8-type 
T-lymphocytes, and of dendritic cells in large numbers. The examination performed in the late stage revealed the presence in the inflammatory 
infiltrate of CD20-type B-lymphocytes, which are mature cells capable of immunoglobulin synthesis, their activation being an important step 
in the maturation of the antibody response. The stress generated by arch wires in both genders was significantly higher than in the case of 
VFR. This observation was pointed out also by the cytohistological investigation outcome but was also based on an original scale conceived by 
our research team, following gingival hyperplasia evaluation. Also, with statistical significance, the comparative obtained values for men 
(p=0.01) and for women (p=0.001) illustrate clinical observations, allowing to affirm that, in our case, men were more stressed in bearing 
arch wire devices (AWD) and VFR, in comparison with women. 
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 Introduction 
The oral cavity is a natural open system. All factors of 

this medium are interacting and, the medium’s composition 
fluctuations have direct repercussions on its fixed components. 
Orthodontic treatments generally have no inflammatory side 
effects but can sometimes induce excessive gingival growth 
[gingival overgrowth – GO], manifested as an obvious 
fibrous and dense structure, dissimilar to the delicate 
gingival tissue with reddish margins, characteristic for 
allergic or inflammatory lesions. These observations, 
however, do not point to a clear in-depth estimate of the 
origin and histopathology of this process [1, 2]. 

GO induced by orthodontic treatment has traditionally 
been considered an inflammatory reaction following 
bacterial plaque buildup due to poor hygiene, but we 
must also consider the mechanical stress induced by 
orthodontic retainers [3–5]. 

For this purpose, in the developed adaptive immune 
process, some special cells were found, such as dendritic 
cells, which play a vital part, being considered strong 

antigen-capturing cells and/or antigen-presenting cells 
(APCs) [6–8]. Dendritic cells are associated during immune 
homeostasis and are sensitive to the stabilization of the 
disorder of chronic infections, with serious systemic 
effects [9–11]. 

In common immunoinflammatory disorders, such as 
periodontal disorders, intracellular pathogens use dendritic 
cells and prevent decay by evading autophagy [12, 13]. 

Orthodontic devices, fixed and mobile, can induce 
mechanical stress in the periodontium due to constrains 
produced by the orthodontic arch wire devices (AWD) 
and vacuum-formed orthodontic retainers (VFR), during 
the orthodontic therapy [14]. Orthodontic appliances also 
often act as retentive factors for plaque biofilm, so strict 
hygiene is essential throughout orthodontic therapy. 
Orthodontic therapy is no longer the prerogative of 
young patients; it can be applied at any age, especially 
therapy with fixed devices [15, 16]. 

Other periodontal risks in patients with orthodontic 
appliances are gingival retractions and root resorptions. 
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That is why it is very important to periodically examine 
these patients and periodically evaluate them during 
maintenance therapy, for the necessary therapeutic 
intervention [17]. 

The present survey initiated from our earlier observations 
shows that the inflammatory processes were spotted (always) 
in the same place of gingival tissue from where we gathered 
samples [18]. 

Aim 

The aim of this research was to evaluate the stress  
of gingival proliferative processes associated with fixed 
orthodontic therapy and VFR, mirrored by the cyto-
architecture of gingival tissue using histological and 
immunohistochemical (IHC) methodologies. 

 Patients, Materials and Methods 
This study was endorsed by the Ethics Committee of 

the Victor Babeş University of Medicine and Pharmacy, 
Timişoara, Romania (Certificate No. 17/26.06.2018), and 
all patients included gave their written consent. The study 
group consisted in healthy patients, without any acute or 
systemic disorders; none of the patients had taken any 
medication that would impact their periodontal condition 
during the study period. The orthodontic treatment was 
accomplished in the Clinic of the Department of 
Orthodontics, Faculty of Dental Medicine, Victor Babeş 
University of Medicine and Pharmacy, Timişoara, and 
in a specialized private Dental Office from Timişoara. 

The studied subjects 

From 80 initially monitored human subjects, 44 patients, 
aged 18–45 years (22 women and 22 men) were selected 
and included. All subjects displayed varying degrees of 
inflammation generated using AWD for aligning and 
leveling, and afterwards, of VFR, that followed AWD  
in orthodontic therapy. The patients suffered from GO, 
affecting 1/3 or 2/3 of each patient’s clinical tooth crown. 

Applied criteria 

Exclusion criteria – we excluded patients who had been 
administered, within the last month, by their attending 
physician, overall treatment with anti-infective, anti-
inflammatory, anti-epileptic medication, and/or calcium 
antagonists. 

Inclusion criteria – we included patients who did not 
suffer from any disorders that could be related to 
periodontal lesions with or without GO [e.g., diabetes, 
blood disorders, human immunodeficiency virus (HIV) 
infection, hypovitaminosis, etc.]. All the patients included 
in our study had appropriate oral hygiene, which was 
initially assessed using the classical simplified oral hygiene 
indices (IH-S) [19], the gingival index (GI) [20], and the 
Eastman interdental bleeding index (EIBI) [21], showed 
a normal gingival condition. Also, sampling of thickened 
gum sections was not performed during the women’s period. 

Orthodontic examination 

All the participants were diagnosed with initial 
dentomaxillary irregularities and were treated with fixed 
orthodontic devices with brackets for a period of one to 
four years. Following this, a Roth prescription – Mini 

2000 brackets was used (Ormco, Germany), with a slot 
size of 0.022 inch. During alignment, 0.012–0.016-inch 
× 0.022-inch nickel–titanium arch wires were used (Ormco, 
Germany) and for correction, we opted for Sentalloy 
(Super Elastic Nickel Titanium Alloy, Dentsply Sirona, 
USA). After the fixed treatment, for maintaining the results, 
we used the Essix VFRs (Dentsply Sirona, USA) for a 
three-month period. 

Tissue sampling 

The patients went through oral prophylaxis programs 
and were instructed to maintain adequate oral hygiene by 
brushing at home (or at work). Samples were taken from 
each patient in the same gingival area. The technique 
used is a specific dental technique consisting in taking 
two tissue samples: one being taken in the early stages of 
inflammation, which coincided with the use of leveling 
and alignment of the arch and the other, corresponding to 
the late stages of the injury, which coincided with using 
VFR. 

The first moment of tissue sampling was considered in 
the fixed orthodontic treatment, when the patient accused 
maximum gingival pain associated with the inflammatory 
process and the final tissue sampling was accomplished 
at three months after the appliance of VFR devices. The 
gum was cleaned and disinfected with a sterile compress 
imbued with 70% ethanol and sprayed with 10% Lidocaine. 

Interdental papillae (hyperplastic/hypertrophic) were 
excised with a trimmer with ceramic cutting edges, 
especially devised only for soft tissues (Precicut DFS-
Diamon, Germany) similar to a filler cutter/enamel/bone, 
which acts at very high speeds friction grip (FG). No 
water or saline was used for cooling. The ceramic cutter 
(trimmer) was introduced into a handpiece with an operating 
speed of 300 000 rpm. 

At such high speeds, the contact between the tip of 
the ceramic tool and the tissue causes heat. At that time, 
the tissue will coagulate rapidly leading to hemostasis, 
without damaging the tissue. Also, the recovery time was 
shorter than if the papilla would bleed, and one of the 
great advantages is that no healthy tissue was lost. 

Tissue samples preparation for histological 
examination 

Fragments of gingival mucosa with an area of about 
2–3 mm2 were collected, and after 48 hours 10% neutral 
buffered formalin solution fixation they were embedded in 
paraffin, using the standard histopathological protocol. The 
biological material was then sectioned at the microtome, 
obtaining serial sections with a thickness of 4 μm that 
were stained with Hematoxylin–Eosin (HE). 

For immunohistochemistry studies, the sections of 
biological material were taken on poly-L-lysine slides to 
increase the adhesion of the biological material to the slide, 
then the working protocol of polymeric amplification with 
Horseradish Peroxidase (HRP) was applied. For the detection 
of the IHC reaction, we used 3,3’-Diaminobenzidine (DAB), 
and the contrast of the nuclei was performed with Mayer’s 
Hematoxylin. 

In our study, we used antibodies: anti-cluster of 
differentiation (CD) 45RO (monoclonal mouse anti-human 
CD45R0, UCHL1 clone, 1/100 dilution, Dako) to highlight 
lymphocytes; anti-CD68 (monoclonal mouse anti-human 
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CD68, KP1 clone, 1/100 dilution, Dako) for selective 
highlighting of macrophages; anti-CD3 (monoclonal mouse 
anti-human CD3, F7.2.38 clone, 1/50 dilution, Dako) for 
the study of T-lymphocytes; anti-CD20 (monoclonal mouse 
anti-human CD20cy, L26 clone, 1/50 dilution, Dako) for 
the study of B-lymphocytes and anti-CD34 (monoclonal 
mouse anti-human CD34 Class II, QBEnd 10 clone, 1/100 
dilution, Dako). 

Statistical analysis 

The values we obtained were expressed as mean ± 
standard error of the mean (SEM), and for assessing the 
difference between groups, one-way analysis of variance 
(ANOVA) with the Bonferroni’s correction tests were 
utilized, with statistical differences ranging between the 
following values: *p<0.05, **p<0.01 and ***p<0.001, 
respectively. The software used was GraphPad Prism 6.0 
for Windows (GraphPad Software, San Diego, USA). 

 Results 
Clinical observations 

The stress generated by arch wires, in all studied 

cases, and in both genders was significantly higher than 
in the case of the employment of VFR. This observation 
was pointed out also by the cytohistological investigation 
outcome but was also based on an original scale conceived 
by our research team, following gingival hyperplasia 
evaluation in the subjects included in this study. For a 
clear inspection, we displaced the orthodontic devices 
when photos were made. The images revealed what we 
identified also as cytoarchitecture in the histological study. 

Figures 1 and 2 show images from different male 
subjects during AWD and VFR therapy. 

Tissues cytoarchitecture 

GO induced by the orthodontic treatment that we applied 
appeared as firm and pink enlargements of the tissue in the 
gingival status, without bleeding tendency. Histological 
examination of the inflamed gum, in our patients, presented 
a well-structured and thickened epithelium, with elongated 
and very thick papillae inserted in the fibrous connective 
tissue. At the same time, analyzing the tissue, we observed 
an area strongly infiltrated with chronic inflammatory cells 
full of plasma cells, lymphocytes, and fewer dilated blood 
vessels. 

 

 
Figure 1 – Image of gingival mirror from a male subject 
during arch wire devices (AWD) therapy. 

Figure 2 – Image of gingival mirror from a male subject 
during vacuum-formed retainers (VFR) therapy. 

 

Male subjects 

The histological investigation in men subjected to 
arch wires presented nucleated epithelial cells from the 
superficial layer of the gingival mucosa, with pyknotic 
and elongated nuclei, which indicate the installation of 
parakeratosis. Also, certain epithelial cells from the stratum 
granulosum were enlarged. However, the predominant 
cytohistological aspect was highlighted by the presence 
of inflammatory infiltrate, whose cells have invaded the 
subjacent connective tissue and perivascular and para-
basal locations. In the connective tissue, the collagen 
fibers were thicker and grouped, forming boundless or 
fascicles. The presence of this infiltrate is a defense 
reaction designed to anticipate, intercept, and protect the 
area against the causative agent. 

Vasodilator phenomena at the level of the lamina 
propria induced massive diapedesis, making possible 
the appearance of leukocytes. Inflammatory leukocyte 
infiltrate usually has neutrophils, lymphocytes, and 
monocytes. 

Neutrophils are the first leukocytes to move to the 
site of inflammation or infection, being the fastest cells 
in locomotion, and have a function of micro phagocytes. 

T-lymphocytes recognize the self and non-self proteins 

of the body in which they are found, and macrophages, 
the mature form of monocytes, are the secondary line of 
immune defense. In some cases, the inflammatory cells 
cross and invade the epithelium. 

In the case of VFR, in male subjects, the inflammatory 
features were mildly expressed, even if they were still 
present. Thus, the lamina propria maintained the 
inflammatory infiltrate, localized especially around the 
blood vessels, and the vascular dilatations. Under the 
stratum basale, the collagen fibers become thinner, giving 
a rarefied appearance of this zone. 

Female subjects 

In women subjected to arch wires, the cytoarchitectural 
aspects presented the same elements, as in the case of 
men, but mentioning the fact that the leukocyte infiltrate 
was not limited perivascularly but, on the contrary, was 
diffuse, extending throughout the connective tissue of the 
lamina propria. Also, in the connective tissue the presence 
of small, newly formed blood vessels was found. In 
addition, there were no changes in the epithelium of  
the gingival mucosa. In the diffuse leukocyte infiltrate, 
we also found the presence of plasma cells, which are 
antigenically stimulated B-lymphocytes, involved in the 
synthesis of antibodies. In women with VFR, the cyto-
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architecture presented the same elements as in the case of 
male subjects, but were expressed much more moderately, 
with slight diffuse leukocyte infiltrate, without structural 
changes in the epithelium. All these cytoarchitectural 

observations are indicative of a better supportability of 
these devices by the women subjects. 

Figures 3–8 present the most important cytoarchitecture 
modifications of gingival epithelium found in our study. 

 

 
Figure 3 – Microscopic image of the gingival mucosa 
showing its overall hypertrophy. On the surface, there 
is a thickened gingival epithelium, with deep epithelial 
ridges, acanthosis, and hyperkeratosis in the superficial 
layers. HE staining, ×40. 

Figure 4 – In the deep areas of the gingival epithelium, 
the widening of the intercellular spaces was noticed with 
the highlighting of the intercellular “spines” (desmosomes) 
because of an edema present both in the epithelium and 
at the level of the lamina propria (gingival chorion). HE 
staining, ×200. 

 

 
Figure 5 – Image of abundant inflammatory infiltrate 
in the papillae of the lamina propria. HE staining, ×100. 

Figure 6 – Microscopic image from the deep area of the 
gingival epithelium showing the presence of an intra-
epithelial edema and infiltration with lymphocytes and 
neutrophilic granulocytes. HE staining, ×200. 

 

 
Figure 7 – Image of papilla from the lamina propria, 
with numerous vessels of angiogenesis, congested and 
moderately inflammatory infiltrate, consisting mainly of 
lymphocytes. HE staining, ×200. 

Figure 8 – Abundant inflammatory infiltrate in an 
area of the lamina propria, associated with vascular 
congestion. HE staining, ×200. 
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Immunohistochemistry 

Early stages (arch wires) 

The IHC examination performed in the early stage 
revealed the presence in the inflammatory infiltrate of 
CD8-type T-lymphocytes, and dendritic cells in large 
numbers. Dendritic cells are mobile, APCs capable of 
synthesizing cytokines, along with T-lymphocytes. Also, 
the dendritic cells can express the major histocompatibility 
complex (MHC) Class II molecules, having thus a co-
stimulating activity. 

Cytokines will induce the synthesis of neuropeptides 
that will cause vasodilatation in blood vessels located  
in connective tissue. In response, there is diapedesis of 
neutrophils and the appearance of mobile macrophages, 
mast cells, which can induce histamine dilation of blood 
vessels and plasma cells. 

T-lymphocytes were classified into two categories, 
depending on the expression on the surface of the cell 

membrane of either the CD4+ molecule or the CD8+ 
molecule. CD4+ lymphocytes are considered helper T-
lymphocytes involved in the synthesis of many chemicals, 
such as cytokines, interleukins, interferon-gamma, and 
others, that increase the cell-mediated immune response. 
CD8+ lymphocytes or toxic lymphocytes are immune 
effectors involved in the synthesis of cytokines, similar 
to those produced by helper T-lymphocytes. 

Late stages (vacuum-formed orthodontic retainers) 

The IHC examination performed in the late stage 
revealed the presence in the inflammatory infiltrate of 
B-lymphocytes (CD20), which are mature cells capable 
of immunoglobulin synthesis, their activation being an 
important step in the maturation of the antibody response. 
Thus, B-lymphocytes will divide in B-lymphocytes with 
memory and plasma cells. Also, they can act as APCs. 

Figures 9–15 present the main findings consecutive 
to the immunohistochemistry investigation. 

 

 
Figure 9 – The area of the lamina propria is strongly 
infiltrated with lymphocytes. Immunolabeling with anti-
CD45RO antibody, ×200. 

Figure 10 – Gingival chorion infiltrated with numerous 
inflammatory cells, but with a relatively low macrophage. 
Immunolabeling with anti-CD68 antibody, ×200. 

 

 
Figure 11 – Superficial gingival chorion image with a rich 
inflammatory infiltrate but a relatively small number of 
T-lymphocytes. Immunolabeling with anti-CD3 antibody, 
×200. 

Figure 12 – Gingival chorion area rich in T-lymphocytes. 
Immunolabeling with anti-CD3 antibody, ×200. 
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Figure 13 – Deep gingival chorion infiltrated with a 
moderate amount of B-lymphocytes. Immunolabeling 
with anti-CD20 antibody, ×200. 

Figure 14 – Superficial chorion area infiltrated with 
lymphocytes, especially B-lymphocytes. Immunolabeling 
with anti-CD20 antibody, ×100. 

 

 
Figure 15 – Superficial chorion with numerous 
angiogenesis vessels. Immunolabeling with anti-CD34 
antibody, ×200. 

Our observations/evaluations analyzed statistically 
using ANOVA with the Bonferroni’s correction tests 
(considered by us to be the most suited in these kinds of 
clinical evaluations), confirmed with certainty what we 
clinically observed. 

Also, with statistical significance, the comparative 
obtained values (p=0.01) for men and (p=0.001) for 
women illustrate our clinical observations, allowing us 
to affirm that, in our case, the men were more stressed 
in bearing AWD and VFR, in comparison with women, 
these obtaining in majority of cases inferior clinical 
evaluation grades compared with men. 

The scale of the gingival hyperplasia clinical evaluation 
and ANOVA statistics for observed patients is revealed 
in Figure 16. 

 
Figure 16 – The scale of gingival hyperplasia clinical evaluation and ANOVA statistics for observed patients (where: 
**p=0.01 is statistically significant and ***p=0.001 is highly statistically significant). ANOVA: Analysis of variance; 
FixedO: Fixed orthodontics; M: Men; ns: Not significant; VFR: Vacuum-formed retainers; W: Women. 
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 Discussions 
The gingival fissure is a location prone to heavy 

bacterial exposure due to its fine epithelium and its 
proximity to a complex biofilm structure present on  
the tooth surface. The gingival environment is also of 
particular interest because it is highly susceptible to 
common inflammatory diseases such as periodontitis,  
as well because of orthodontic maneuvers [22, 23]. 

GO induced by orthodontic treatment has been 
associated with severe epithelial proliferation response. 
This process is reinforced by increased packets of collagen 
fibers, similar to several types of GO, such as in orthodontic 
and gingival maneuvers, confirming data from the literature 
[9, 10, 24, 25]. 

Some differences were observed in the analysis of 
GO, two stages of gingival cytoarchitecture having been 
identified, associated with the use of AWD and VFR 
orthodontic appliances [26]. To this end, we agree that 
the increase in gingival volume associated with fixed 
orthodontic treatment becomes visible shortly after the 
brackets have been attached to the teeth, due to high 
mechanical stress and periodontal remodeling during 
orthodontic maneuvers, which initially did not exhibit 
any signs of inflammation. 

We are also following the affirmation that compa-
ratively, the VFR after three months of treatment is less 
stressful (and the noticed grades for inflammation were 
net inferior) to the arch wires. Also, men felt greater pain 
compared to women in both stages (AWD and VFR). 

GO has no exudative and proliferative characteristics 
of chronic inflammation [27]. 

GO related to orthodontic therapy has been characterized 
by fibrous, thick, pink tissues without bleeding tendency, 
versus clinically observed bright red, soft, brittle, prone 
to bleeding lesions, which characterize allergic or 
inflammatory GO [2, 25, 27]. 

Orthodontic treatments may have, in the background, 
oral clinical manifestations which cannot be seen on 
radiographs, such as labial desquamation [28], gingival 
enlargement [29–31], erythema multiforme [32] and 
gingivitis [33]. 

These effects are usually associated with the inflam-
matory response of the gum triggered by the actuating 
force of orthodontic appliances, as well as with the 
release of nickel from the springs [34]. 

The inflammatory response of the gingival tissue to 
the nickel in the arches is considered by specialists as a 
type IV hypersensitivity and the clinical manifestation  
is in the form of allergic contact stomatitis to nickel  
[35–37]. 

Increased interdental gingival tissue is a side effect 
that does not develop in all patients but occurs more 
frequently during orthodontic treatment than as a side 
effect during other manifestations in the oral cavity  
[27, 30]. The advantage in these situations indicates that 
the fibrous gingival enlargements associated with fixed 
orthodontic appliances appear to be transient [25]. 

We observed that in these types of orthodontic 
treatment-induced progressive damage the relative number 
of B-cells (CD20), T-cells and dendritic cells (CD8) was 
expressed both in the early and late stages of gingival 

lesions. Our results showed that the proportion of  
T-lymphocytes and dendritic cells was higher in the 
early stages than in the late stages, and B-cells showed  
a higher number in the late stages [18]. 

Another study following the increased exposure to 
microbial attack, revealed a major T-cells rich inflam-
matory infiltrate, with negligible B-cells, a great quantity 
of neutrophils and a distinct APC network primed to 
control local immunity. In this study, and similar to our 
observations, comparisons of the immune cell network 
between the gingival and oral mucosa showed a higher 
abundance of inflammatory cells in the gingival 
environment, but, unlike this study, the most notable 
cell difference was the significantly lower presence of 
neutrophils in gingival tissue after orthodontic therapy 
than in the case of bacterial plaque [38]. 

 Conclusions 
We noticed that in the early stages of orthodontic 

treatment-induced progressive damage, T-cells and dendritic 
cells were predominant, while in the late stages B-cells 
predominated. At the same time, the level of lesion 
extension was much more elevated and included evident 
cytoarchitecture features in the case of arch wires compared 
to VFR cyto-immune aspects. Also, we observed that 
men are more subjected to the stress/pain generated by 
gingival proliferative growth stress related with fixed 
orthodontic therapy compared to women dismantling the 
myth of “stone” men resistance. 
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