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Abstract

Malocclusions negatively influence dental function, physical well-being, and quality of life. According to data provided by the World Health
Organization (WHO), malocclusions represent the third most widespread oral health problem, after dental caries and periodontal diseases.
In recent years, more and more people call for orthodontic treatment with fixed braces that aim at establishing a dental, aesthetic, and functional
balance, compatible with a normal life. Our study assessed the histopathological and immunohistochemical changes that occurred in superficial
marginal periodontal components, in a number of 23 patients diagnosed with malocclusions, as a result of orthodontic treatment with fixed metal
braces. The purpose of the study was to evaluate the remodeling of the tissues in the superficial periodontium during orthodontic migration,

microscopic aspects that are essential to evaluate the effectiveness of the orthodontic treatment.

Keywords: fixed orthodontic appliances, dental shifting, histopathological changes, superficial periodontium.

=& Introduction

Malocclusions are caused by a complex of factors
(hereditary and environmental) that can damage the occlusal
harmony and negatively influence the dental function,
physical well-being, and quality of life [1-4]. World Health
Organization (WHO) estimates malocclusions as the third
most widespread oral health problem, after dental caries
and periodontal diseases [5, 6].

Hereditary factors are considered causing factors, because
they exert their influence during growth and, therefore, can
lead to the development of a malocclusion, in the absence
of associated factors. Genetic family inheritance has a strong
influence on skeletal craniofacial dimensions, most commonly
contributing to the occurrence of malocclusions [7, 8].

Environmental factors are more numerous, being
represented by some bad habits, such as the finger sucking
that may occur in infants and small children, or the obstruction
of the nasal airways associated with oral breathing (caused
by adenoid hypertrophy or palatal tonsils, rhinitis, nasal
corneal hypertrophy, etc.), hormonal imbalances and disorders,
such as gigantism induced by pituitary adenomas, cranio-
facial trauma, premature loss of primary teeth, congenital
anatomical defects (e.g., lip split, palatal split), etc. [9—13].

The prevalence of malocclusion differs between different
age groups, countries, and ethnic groups. Studies in recent
years showed that only in the USA it affects 45% of children
aged 8-11 years old and about 65% of adults [14]. It is
also estimated that about 57-59% of people affected by
malocclusion require orthodontic treatment.

The orthodontic treatment with fixed appliances aims at
dental and facial balancing from an esthetic and functional
point of view in patients with various degrees of impairment
of structures that compose the dental-maxillary apparatus.
Malocclusions require a detailed analysis of the data obtained
by clinical and paraclinical examinations, to obtain a correct
diagnosis and to develop a treatment plan in accordance
with the therapeutic possibilities, the wishes, and possibilities
of the patient. The treatment is performed with orthodontic
appliances that, by exerting forces on the periodontal tissues,
produce dental shifts followed by their alignment.

Aim
The purpose of this study was to evaluate the
histopathological (HP) changes that occur in the marginal

periodontium, as part of a complex process, triggered with
the initiation of fixed orthodontic treatment.
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= Patients, Materials and Methods

This study was approved by the Ethics Committee of the
University of Medicine and Pharmacy of Craiova, Romania
(Approval No. 55/11.04.2022), in accordance with ethical
guidelines and national and European legislation on human
subjects. The clinical study included a number of 51 patients,
aged between 14 and 30 years old, diagnosed with Angle
Class I and Angle Class Il malocclusions, examined within
the Clinics Mandas Dental, Andent Smile and Petrident
Orthodontics Medical Office between May 1, 2022 and
May 31, 2022, in whom there was applied an orthodontic
treatment with fixed braces, the straight wire technique.

To highlight the microscopic changes caused by
orthodontic appliances in some patients, we proposed a
HP and immunohistochemical (IHC) study to explain the
clinical aspects.

The HP study included a number of 23 fragments of
gingival tissue harvested from patients under treatment with
fixed metallic orthodontic appliances, for about one year
and six months, who presented at periodic clinical control
with phenomena of hypertrophy, hyperplasia and gingival
erosions. The fragments of gingival mucosa harvested after
local anesthesia with 3% Mepivacaine hydrochloride were
placed immediately in a 10% neutral buffered formalin fixing
solution, after which they were included in histological
paraffin, using the standard HP protocol. The collected
samples of gingival mucosa were sent for HP and THC
examination in the Research Center for Microscopic
Morphology and Immunology within the University of
Medicine and Pharmacy of Craiova. Using the Microm HM
350 rotary microtome (equipped with a section transferring
on water bath and Peltier cooling system), 4 pum thick sections
were obtained, which were stained with Hematoxylin—Eosin
(HE) and Goldner—Szekely (GS) trichrome, for an overall
analysis of tissue and cellular changes present at the level
of the marginal periodontium, in some orthodontic patients
with fixed metallic appliances.

To highlight some particular aspects of the marginal
periodontium, we propose to perform an IHC study, for
completing the HP study.

For the THC study, the histological sections were placed
immediately after sectioning on poly-L-lysine covered slides
to increase the histological adherence. After removing
excess water, the samples were left in the thermostat, at
37°C, for 24 hours to increase the material adhesion on
the histological slides.

For our study, we used the following antibodies: anti-
cluster of differentiation (CD)45RO (monoclonal mouse
anti-human CD45RO, clone UCHL1, 1/100 dilution, Dako);
anti-CD3 (monoclonal mouse anti-human CD3, clone
F7.2.38, 1/50 dilution, Dako); anti-CD20 (monoclonal mouse
anti-human CD20cy, clone L26, 1/50 dilution, Dako); anti-
CD68 (monoclonal anti-human CD68, clone KP1, 1/100
dilution, Dako); anti-tryptase (monoclonal mouse anti-
human mast cell tryptase, clone AA1, 1/500 dilution, Dako);
anti-matrix metalloproteinase (MMP)-1 (monoclonal mouse
anti-human tissue inhibitor of MMP-1, clone VT7, 1/100
dilution, Dako); anti-MMP-9 (polyclonal rabbit anti-human
MMP-9, 1/100 dilution, Dako); anti-MMP-13 (monoclonal
mouse anti-human recombinant collagenase-3 protein, clone
NB110-5919, 1/100 dilution, Novus).

We mention that all the participants or parents/legal
guardians of the patients included in the study group
expressed their informed consent for collecting biological
samples and the HP and THC study.

& Results

The orthodontic treatment performed by us was addressed
to young people, aged between 14 and 30 years old, with
Angle Class I malocclusions caused by carious processes
and early tooth extractions from the Korkhaus area, with
Angle Class II Subdivision 1 malocclusions caused by the
predominantly oral breathing and vicious habits of finger
sucking during childhood and Angle Class II Subdivision 2
malocclusions caused by genetic factors, patients also having
other family members with the same malocclusion.

Clinical examination was performed periodically in all
patients to perform the necessary corrections of orthodontic
appliances and to prevent or treat any complications induced
by the orthodontic treatment. Of the 51 patients included in
our study, 19 presented a good oral hygiene, the remaining
32 patients having deficient oral hygiene with abundant
deposits of mineralized bacterial plaque (tartar), but also new
deposits. These were found especially around the brackets
and other elements that make up the orthodontic system.

A number of 14 patients reported that they had
intermittent gingival bleeding during the gingival-dental
brushing, but also during the mastication of more consistent
foods. In them, we identified bleeding at examining time
of the dental ditch with the dental probe and while applying
the air spray from the dental unit.

In patients with deficient oral hygiene, the clinical
examination found areas with congested gums, sensitive
to pressure and even gingival hyperplasia characterized by
abnormal gum increases (Figures 1-4), especially in the
interdental spaces, most likely due to local inflammatory
processes induced by changes in the bacterial plaque,
because of the application of orthodontic appliances.

The microscopic analysis of HP samples showed the
presence of important morphological changes of the gingival
mucosa structure in some patients with fixed orthodontic
appliances. Gingivitis caused by the orthodontic appliances
had different aspects and intensities from one patient to
another, which shows that in the etiopathogenesis of
gingivitis there are factors related to the host reactivity.
Morphological changes in the superficial (covering)
periodontium were identified both in the gingival epithelium
and in the underlying connective tissue. Most often, in
the gingival epithelium there were highlighted areas of
hypertrophy and hyperplasia, characterized by increase
of the gingival epithelium thickness, on account of the
spiny layer (Figure 5). In other patients, the microscopic
examination showed a reduction in the thickness of the
gingival epithelium, sometimes associated with intra-
epithelial edema, the widening of the intercellular spaces,
the vacuolization of the cytoplasm of the epithelial cells
and even cell necrosis (Figure 6). Other times there were
highlighted areas of gingival epithelium with extended cell
necrosis (Figure 7).

The gingival chorion was frequently the headquarters of
an acute inflammatory process, characterized by accumulation
of increased amounts of inflammatory cells, especially
granulocytes (Figures 8 and 9) or chronic inflammation,




Clinical, histopathological and immunohistochemical changes of the superficial marginal periodontium...

433

characterized by the accumulation of round and macrophage
mononuclear cells (Figure 10). The arrangement of the
inflammatory infiltrate was totally heterogeneous, being
identified on the same HP sample strongly infiltrated
chorion areas with inflammatory cells, but also areas with
moderate or even poor content of inflammatory cells.
Most often, chronic infiltrates were associated with the
development of an angiogenesis network, necessary to
develop tissue regeneration processes. Although there was
not identified any a cause to explain the heterogenous
distribution of inflammatory cells, we believe that this
would be due to the presence of antigens represented
by bacteria in the subgingival plaque or other antigens
synthesized by them.

Other microscopic changes highlighted on some HP
samples were the tissue edema present more frequently in
the papillary chorion (Figure 11) or the intensification of
collagen fibrosis processes, in the deep chorion (Figure 12).

IHC study allowed us to highlight the types of
inflammatory cells present in the superficial periodontium,
as well as the activity of some MMPs, in individuals wearing
orthodontic braces.

Specific marking of inflammatory cells once again
showed that their distribution in the connective tissue of
the superficial periodontium was totally heterogenous.
Of all the inflammatory cells, the most numerous were
CD3+ lymphocytes and T-lymphocytes with CD45RO+
memory (Figures 13 and 14), which shows that the
gingival inflammatory reaction caused by orthodontic

;\‘.\.\fﬁ&w&..\éﬁ' [

braces is dominated by cellular immunity. Compared to
T-lymphocytes, B-lymphocytes and macrophages were
less numerous in the connective tissue of the superficial
periodontium (Figure 15), showing that humoral immunity
is less involved in the immune defense mechanisms. Also,
the presence of macrophages (Figure 16) indicates the
existence of antigens in the periodontal structure, even of
bacteria or cellular or tissue residues subject to the local
phagocytosis process. Mastocytes (Figure 17), specifically
highlighted by the anti-tryptase antibody, were detected
in a higher number around the blood vessels and at the
limit between the epithelium and the gingival chorion.

Regarding the MMPs reaction, it correlated with the
intensity of the inflammatory process, especially with the
number of lymphocytes and macrophages present in the
inflammatory foci. Of the three MMPs investigated by us
(MMP-2, MMP-9, MMP-13), the most intense reaction was
for MMP-1 (interstitial collagenase) that was highlighted
in both inflammatory infiltrate cells, as well as in the
fibroblasts (Figure 18). MMP-9 or collagenase IV was
intensely positive in some inflammatory cells (lymphocytes,
neutrophils), moderately positive in cells of vascular
endothelium and poorly positive in the fibroblasts (Figure 19).
MMP-13 (collagenase III) generally had a less intense
expression, being detected in both inflammatory cells
(lymphocytes, macrophages, granulocytes) and also free
in the extracellular environment (Figure 20). The positive
reaction of these MMPs highlights the restructuring processes
of the intracellular conjunctive matrix.

-
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Figure 1 — Inflammatory  Figure 2 — Gingival hyperplasia  Figure 3 — Inflammatory
gingivitis immediately after at the lower arch during gingivitis and bacterial plaque
the removal of a fixed metallic treatment with a fixed metallic ~ at the upper and lower arches
orthodontic appliance in a orthodontic appliance in a during treatment with a fixed
16-year-old patient. 26-year-old patient. metallic orthodontic appliance

in a 15-year-old patient.

Figure 4 — Inflammatory
gingivitis and bacterial plaque
at the upper and lower arches
during treatment with a fixed
metallic orthodontic appliance

in a 15-year-old patient.
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Figure S — Overall image of the gingival mucosa where we
observe the increase of the thickness of the cover epithelium.
Hematoxylin—Eosin (HE) staining, x100.

Figure 6 — Swollen gingival epithelium, with the broadening
of the intracellular spaces, cytoplasmic vacuoles, and cell
necrosis. HE staining, x200.
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Figure 7 — Image of gingival epithelium with extended Flgure 8 - thgtval chorwn strongly infiltrated w1th
areas of epithelial necrosis. HE staining, % 100. inflammatory cells of lymphocyte and granulocyte type.
HE staining, x100.
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Figure 9 — Image of acute, abundant tnﬂammatary Flgure 10 - Chronic, moderate inflammatory infiltrate,
infiltrate mainly made up of granulocytes, present in the made up of lymphocytes, plasmocytes and macrophages,
gingival chorion. HE staining, x200. associated with the development of a dense network of

angiogenesis vessels. HE staining, x200.
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Figure 11 — Moderate tissue edema inthe paplllaiy chorion Figure 12 — Collagen fibrosis occurring in the deep chanon
and gingival epithelium. HE staining, x200. Goldner—Szekely (GS) trichrome staining, %200.
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Figure 13 — Chronic, abundant inflammatory infiltrate Figure 14 — Image of highly infiltrated superficial
with a relatively high content of CD3+ T-lymphocytes. periodontium with lymphocyte cells, where a large part
Anti-CD3 antibody immunomarking, x200. CD3: Cluster of the cells are T-lymphocytes with CD45R0O+ memory.
of differentiation 3. Anti-CD45RO antibody immunomarking, x200. CD45R0O:
Cluster of differentiation 45RO.
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Figure 15 — Strongly infiltrated gingival chorion with Figure 16 — Gingival chorion infiltrated with inflammatory
mononuclear round cells, in which CD20+ B-lymphocytes cells, where macrophages are in a relatively small number.
have a moderate representation. Anti-CD20 antibody Anti-CD68 antibody immunomarking, x200. CD68: Cluster
immunomarking, x200. CD20: Cluster of differentiation of differentiation 68.
20.
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Figure 17 — Image of gingival chorion, where the presence Figure 18 — Gingival chorion area, strongly infiltrated

of mastocytes is observed in an increased number around with inflammatory cells, with an intense reaction to

blood vessels and the junction between the epithelium and MMP-1. Anti-MMP-1 antibody immunomarking, x200.

the gingival chorion. Anti-tryptase antibody immuno- MMP-1: Matrix metalloproteinase-1.

marking, x200.




Mahmoud Katta et al.

Figure 19 — Gingival chorion with a positive reaction of
the lymphocytes and endothelial cells for MMP-9. Anti-
MMP-9 antibody immunomarking, x200. MMP-9: Matrix
metalloproteinase-9.

= Discussions

Currently, due to the increase of facial and oral aesthetic
standards, fixed orthodontic appliances became highly used
in the treatment of malocclusions. Through the orthodontic
treatment with fixed appliances, the bone and dental changes
that occur at the level of the maxillary dental system are
corrected. Simultaneously with solving malocclusions, there
also improves the gingival health, resulting in obtaining an
aesthetic—periodontal harmony [15, 16].

Remodeling of tissues surrounding teeth are essential for
the efficiency of the orthodontic treatment. This remodeling
is due to the exertion of orthodontic forces. Thus, changes
in the bone, dental and periodontal tissues are produced,
particularly including the periodontal ligaments, the alveolar
bone, and the gum. By exposure to forces with a different
amplitude, frequency and mechanical force, these tissues
respond through clinical and HP changes [17, 18]. It is
shown that the orthodontic movement of teeth depends
on the exerted force and the biological response from the
surrounding tissues [17, 19]. The loading and compression
forces, caused by the orthodontic braces, change the
periodontal blood flow, resulting in a local inflammatory
process that ensures a favorable microenvironment for
the deposit or resorption of the alveolar bone, eventually
leading to the movement of the teeth [20].

The exertion of mechanical forces on the teeth will lead
to the adaptation of the cells in the area, to maintain and
repair both the bone structure and the odontoideum and
the periodontium. Thus, dental shifts are achieved through
dynamic resorption and bone apposition processes [21].

Bone remodeling involves a balance between the activity
of osteoblasts and osteoclasts. This process is regulated by
a series of proteins interacting through complex mechanisms.
Dental shifts for orthodontic purposes are dependent on
the response of bone tissue to the forces exerted by the
orthodontic appliances. During orthodontic treatment, the
connection between bone remodeling and exerted orthodontic
forces is extremely important [21, 22].

Dental position changes for orthodontic purposes can
be made rapidly or slowly. The dental shifting speed varies
according to the characteristics of the force, the response
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Figure 20 — Microscopic image of a supetrficial periodontal
area, where inflammatory cells have a moderate or weak
reaction for MMP-13. Anti-MMP-13 antibody immuno-
marking, x200. MMP-13: Matrix metalloproteinase-13.

of the periodontal ligament, but also the biological response
of the patient [17, 23].

Numerous studies showed that in the use of fixed
orthodontic appliances there always appears an associated
degree of trauma, including the use of low intensity
orthodontic forces, which affect both the hard and soft
tissues. Research performed on laboratory animals showed
that the periodontal ligament subject to orthodontic stress
had an intense cellular activity, involving fibroblasts,
endothelial cells, osteoblasts, osteocytes and cementoblasts
[17].

The exertion of orthodontic forces causes vascularization
and blood flow changes, as well as the synthesis and release
of key molecules for remodeling phenomena, such as
neurotransmitters, cytokines, growth factors and metabolites
of arachidonic acid in the periodontal ligament [17].

A microscopic study on the marginal periodontium in
cases of dental trauma unrelated to orthodontic treatment
showed the presence of necrosis areas associated with vascular
congestion and hemorrhage. Also, many macrophages,
T-lymphocytes, angiogenesis vessels, as well as a moderate
number of B-lymphocytes were observed during the IHC
study [24].

Cellular and tissue reactions begin within the first 24—
48 hours after applying the orthodontic appliances, when
the dental shifting in the alveoli occur rapidly. As a result of
the compression and elongation of the periodontal ligament
fibers, in the pressure and tension areas, respectively, the
process of recruiting osteoclasts and osteoblasts begins, as
well as the extravasation and chemotactic activity of the
inflammatory cells. The presence of hyalinization portions
presented right from this initial stage [17, 25, 26].

During the next stage (stage 2), which lasts between
four and 20 days, the dental shifting stops, due to the
disturbances in the bloodstream and the presence of the
hyalinization areas. Only the removal of necrotic tissue and
bone resorption from adjacent trabecular spaces (indirect
resorption) and from the direction of viable periodontal
ligament (undermining resorption) allow the retake of dental
shifting. This complex process requires the presence of
macrophages and osteoclasts. These cells act in tandem to
remove the necrosis tissues from the compressed areas of
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the periodontal ligament and the adjacent alveolar bone.
In areas subject to tension, osteoblasts increase and begin
the production of bone matrix (osteoid). New progeny cells
from the fibroblast-like population are recruited (pericytes).
These cells proliferate and migrate to the alveolar bone
surface, along the Sharpey elongated fibers. Simultaneously,
fibroblasts in the areas of the periodontal ligament in
tension begin the multiplication process and reshape the
surrounding matrix [17, 27].

Stages 3 and 4 of the orthodontic dental shifting, also
known as the acceleration stage and the linear stage,
respectively, begin about 40 days after the initial exertion
of forces. In the pressure areas, there are observed collagen
fibers without orientation and irregular bone areas indicating
a direct bone resorption. Tension areas have a bone apposition,
and bone remodeling in these stages are performed at a certain
rate, regardless of the intensity of the force [17, 25].

The initial stage of the orthodontic dental shifting is
characterized by predominantly exudative acute inflammatory
phenomena, with periodontal vasodilation and with the
migration of capillary leukocytes. A few days later, the acute
phase is remitted, being progressively replaced by a chronic
predominantly proliferative inflammation, which involves
fibroblasts, endothelial cells, osteoblasts, and cells originating
in the red bone marrow. Also, leukocytes continue to migrate
from the capillaries and modulate the remodeling process
[17,26].

Adverse reactions that may occur at the periodontal
level during orthodontic shifting include hypertrophy and
gingival hyperplasia, retractions, invaginations, and gingival
erosions [16].

Normally, the increase of the gingival volume was
considered an inflammatory reaction following the
accumulation of bacterial plaque [16, 28].

Our study analyzed the microscopic and IHC changes
that occurred in patients wearing orthodontic appliances
for a longer time. We believe that microscopic changes in
our group are caused by both the mechanical force caused
by the orthodontic appliances, but also by the bacterial
plaque. It is known that the use of orthodontic brackets leads
to changes in the composition of the bacterial plaque, both
quantitatively and qualitatively, also increasing the risk
of periodontal infection [29, 30]. By preventing access to
good oral hygiene and creating microbial niches, orthodontic
brackets prevent good oral hygiene, resulting in a serious
threat to periodontal health [31]. The accumulation of
gingival plaque then induces inflammatory changes in the
gingival tissues.

We mentioned that the inflammatory responses to this
aggression represented by the orthodontic appliances vary
greatly from one individual to another. We consider, like
other authors, that these answers may depend on the quality
and/or quantity of the bacterial biofilm, but also on the
host’s immune response [32, 33].

& Conclusions

Through the remodeling initiated at the level of the
superficial periodontal components, orthodontic treatment
with fixed appliances can induce major HP changes in these
tissues, showing different aspects depending on the patient’s
reactivity, oral hygiene, as well as the accuracy of the
orthodontic treatment. The superficial periodontium is the
core of a chronic inflammatory process and tissue remodeling

that can persist throughout the entire period of orthodontic
treatment. The cellular and molecular response is extremely
complex and explains the clinical changes of the gingival
mucosa and periodontium as a whole.
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