Immunohistochemical Analysis of Gingival Proliferative
Processes Associated with Fixed Orthodontic Therapy
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Our study started from the hypothesis that the gingival volume growth associated with fixed orthodontic
treatment appeared during the use of leveling and aligning archwires, without any inflammatory signs, as a
result of the mechanical stress and periodontal remodeling during the orthodontic dental movement.We
selected and included in the study 35 patients (13 females and 12 males) between 12 and 38 years of age, all
suffering from gingival overgrowth, diagnosed during the active treatment with fixed orthodontic appliances
(braces). For each patient, two tissue samples were taken: one in the early stages of the lesion, coinciding
with the use of leveling and aligning archwires and another in the late stages of the lesion, coinciding with
the use of finishing archwires. The samples were taken from the same site in the oral cavity. Out of 35
gingival biopsies taken from patients, 8 cases showed no significant changes in the gingiva, while in the
remaining 27 cases, significant changes were found after the histopathological exam.Out of 27 gingival
biopsies, 16 cases presented a significantly greater number of T cells. In addition, a greater number of B
cells were observed in the granulation tissues than in the gingiva. The relative number of B cells (CD20), T
cells and dendritic cells (CD8) has been expressed, both in the early and the late stages of the gingival
lesions. Our results revealed that the proportion of T lymphocytes and dendritic cells was greater in the
early stages rather than at the late stages. The B cells showed a higher count in the late stages.

Keywords: immunohistochemistry, histopathology, gingival overgrowth, fixed orthodontic treatment

Orthodontic treatment-induced gingival overgrowth shows a specific fibrous and thickened gingival appearance,
different from fragile gingiva with marginal gingival redness which is seen in allergic or inflammatory gingival
lesions [2]. However, there is no clear definition on its initiation and histopathology. Gingival overgrowth (GO)
during the orthodontic treatment was traditionally considered as an inflammatory reaction consecutive to bacterial
plaque accumulation because of difficult hygiene in those patients.

In this complex and adaptive immune process there are some special cells, like dendritic cells which play an
important role and they can be potent antigen-capturing cells and antigen-presenting cells [3,5].

The dendritic cells are involved in the immune homeostasis process they are susceptible to determine the
dysregulation of chronic infections with severe systemic consequences [7,8].

In several immuno-inflammatory diseases, including periodontal disease, intracellular pathogens exploit the
dendritic cells and escape degradation by avoiding autophagy [9,10].

Orthodontic appliances induce mechanical stress in the periodontium, through the forces generated by the
orthodontic archwires during active treatment [11].

Experimental part

Our study started from the hypothesis that the gingival volume growth associated with fixed orthodontic treatment
appeared during the use of leveling and aligning archwires, without any inflammatory signs, as a result of the
mechanical stress and periodontal remodeling during the orthodontic dental movement. For the patients in whom the
gingival overgrowth was noticed, a gingivectomy was performed and the samples obtained were used for histologic
and immunohistochemical examination.
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Materials and methods

In the present study, we selected and included 35 patients (13 females and 12 males) aged between 12 - 38. The
selected subjects were suffering from gingival overgrowth, covering one third or to two thirds of the clinical tooth
crown, diagnosed during the active treatment with fixed orthodontic appliances (braces). For each patient, two tissue
samples were taken: one in the early stages of the lesion, coinciding with the use of leveling and aligning archwires
and another in the late stages of the lesion, coinciding with the use of finishing archwires. The samples were taken
from the same site in the oral cavity.

All the patients underwent orthodontic treatment either in the Department of Orthodontics, Faculty of Dental
Medicine, “Victor Babes” University of Medicine and Pharmacy of Timisoara, Romania or in the private dental office.

All the patients signed the informed consent and samples were collected under the approval of the Ethical
Committee of “Victor Babeg” University of Medicine and Pharmacy Timisoara. The selected patients were healthy,
did not have any systemic diseases and none of them had taken medications that could affect their periodontal status.

Clinical procedures

The inclusion criteria- the absence of general diseases that may be associated with periodontal lesions with or
without gingival overgrowth (GO) (e.g. diabetes, hematologic diseases, HIV infection, hypovitaminosis).

The patients that received, in the last month, general treatment with antibiotics, anti-inflammatory drugs,
antiepileptic drugs and calcium antagonistswere excluded from the study.

Orthodontic examination

All the patients were diagnosed with dento-maxillary anomalies and were treated with fixed orthodontic appliances
for a period of 1 to 3 years. For the orthodontic treatment we used a Roth prescription of Mini 2000 brackets
(ORMCO), with a slot size of 0.022 inch. In the alignment phase we used 0.012-0.016-inch x 0.022-inch NiTi arch
wires (ORMCO) and in the correction and finishing phase we used Sentalloy (Super Elastic Nickel Titanium Alloy,
DENTSPLY GAC) and stainless-steel arch wires (ORMCO).

Periodontal examination

All the patients had good oral hygiene. The oral hygiene was assessed using the Simplified Oral Hygiene Index
(OHI-S - Green and Vermillion, 1964). The Gingival Index (Gl - Loe and Silness, 1963) and the Eastman Interdental
Bleeding Index (EIBI) showed a normal gingival status for all the examined patients.

Tissue sampling

The patients underwent dental prophylaxis and were instructed to maintain proper oral hygiene. After a week, the
patients were called for tissue sampling. The gingiva was cleaned and disinfected with a sterile compress moistened
with 70% ethanol. A local anesthetic of Lidocaine 10% spray was applied.

The excision of the interdental papillae or the volume-modified tissues (hyperplasic or hypertrophic tissues) was
performed using a ceramic soft tissue trimer (Precicut, DFS DIAMON), similar to a high-speed dental FG bur. No
water cooling was used. The soft tissue trimmer was inserted into a dental turbine and used at an operating speed of
300 000 rpm. At high speeds, because of the friction between the tip of the instrument (made out of yttrium-stabilized
nano-structure zirconia) and the tissue, the generated heat produced rapid tissue coagulation and almost complete
hemostasis, without burning the tissue. The recovery time was much lower, and no healthy tissue was lost.

Histopathology

The samples were placed in hermetically sealed, sterile containers, in a 4% solution of formalin, after which they
were stored in the refrigerator at a constant temperature of 4°C. The samples were processed according to the paraffin
inclusion technique. We performed the sections of the paraffin block, the deparaffinization, rehydration (or antigenic
demasking in the case of immunohistochemistry technique) and the staining of smears.

The deparaffinization protocol involved carrying out three successive benzene baths, 5 minutes each, followed by
two successive 100% ethanol baths, one 95% ethanol bath and one 70% ethanol bath, 2 minutes each.

The rehydration was performed by rinsing the samples with distilled water in two successive baths.

Hematoxylin/Eosin (H&E) stain protocol was used for the histopathological examination.

Staining, regardless of the chosen technique, is followed by dehydration in three ethanol baths in increasing
concentrations and by clarification in three benzene baths.

Immunohistochemistry
The specimens were fixed in 10% buffered formalin for 48 hours and embedded in paraffin. The paraffin-
embedded tissues were cut into 5 um sections. All the samples were stained using the H&E stain protocol. We

Rev. Chim. ¢ 72 ¢ no. 2 ¢ 2020 ¢ https://revistadechimie.ro 303 https://doi.org/10.37358/RC.20.2.7929


https://revistadechimie.ro/

performed an enzyme pretreatment (Bond Enzyme Pretreatment Kit, Leica Biosystems, Newcastle upon Tyne, UK)
for 10 minutes. Endogenous peroxidase blocking was done with 3% hydrogen peroxide for 5 minutes. This step was
followed by incubation for 15 minutes with CD8 and CD20 (Novocastra, Newcastle upon Tyne, UK, rabbit polyclonal
antibodies, ready to use) as primary antibodies. We utilized a set of clusters of differentiation (CD) antigen-specific
monoclonal antibodies to detect different cell types within the tissues. These included anti-CD20 (B cells), anti-CD8
(suppressor T cells and dendritic cells).

The Bond Polymer Refine Detection System (Leica Biosystems, Newcastle upon Tyne, UK) was used for
visualization. The 3.3-diaminobenzidine-dihydrochloride was applied as chromogen and we used hematoxylin for
counterstaining. The entire immunohistochemical procedure was developed with Leica Bond-Max (Leica Biosystems,
Newcastle upon Tyne, UK) autostainer. Image acquisition and analysis were performed using Nikon Eclipse E600
microscope and Lucia G software for microscopic image analysis.

Results and discussions

Out of 35 gingival biopsies taken from patients, 8 cases showed no significant changes in the samples, while in the
remaining 27 cases, significant changes were found after the histopathological exam.

The histopathological examination of the gingival specimens, in 27 cases, revealed a parakeratinized surface
epithelium of the attached gingiva of variable thickness in different parts, connective tissue stroma formed of
longitudinal bundles of hyalinized delicate collagen fibrils, which showed various distributions, either dense or finely
arranged. They were interspersed with a heavy chronic inflammatory infiltrate (mainly lymphocytes and plasma cells)
and a significant number of dilated blood vessels. Orthodontic treatment-induced gingival overgrowth showed firm
and pink tissue enlargements with no tendency to bleeding. Histological examination of the gingiva showed a well-
structured and thickened epithelium, with elongated and very thick papillae inserted in fibrous connective tissue. The
connective tissue showed thick collagen fiber bundles.

The histopathological examination showed a dense band of subepithelial collagenous fibrous tissue. We also
observed a zone heavily infiltrated with chronic inflammatory cells packed with plasma cells, lymphocytes and fewer
dilated blood vessels.

Out of 27 gingival biopsies, 16 cases presented a significantly greater number of T cells. In addition, a greater
number of B cells were observed in the granulation tissues than in the gingiva.

In this type of progressive lesions induced by orthodontic treatment, the relative number of B cells (CD20), T cells
and dendritic cells (CD8) has been expressed, both in the early and the late stages of the gingival lesions. Our results
revealed that the proportion of T lymphocytes and dendritic cells was greater in the early stages rather than in the late
stages (Fig. 1 and 2). The B cells showed a higher count in the late stages (Fig. 3 and 4).

The dendritic cells migrated from the basal stratum towards the epidermal superficial stratum.

Fig. 1. Dendritic cells and T lymphocytes,
CD8+ exhibited a diffuse distribution,
immunostaining, ob. x20

Fig. 2. Dendritic cells from the basal layer
of the epithelium and T lymphocytes,
CD8+, immunostaining, ob. x40
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Orthodontic therapy-induced gingival overgrowth was associated with a prominent epithelial proliferation
response. This process was supported by increased collagen fiber bundles, resembling several overgrowth types such

as drug-related gingival enlargement [6,7,12,13].

Some differences have been observed between the analysis of gingival overgrowth and chronic inflammatory
gingival enlargements associated with plagque accumulation around orthodontic appliances. Gingival overgrowth lacks
exudative and proliferative characteristics of chronic inflammation [14].

Orthodontic therapy-related gingival overgrowth was characterized by fibrous, thick and pink tissues that showed
no tendency to bleeding, compared to the clinically observed deep red, soft, fragile, easily bleeding lesions, which are
common in allergic or inflammatory gingival enlargements [2,13,14].The biopsies were taken from the buccal part of
the interdental papilla, whom inflammation is a very common symptom during orthodontic treatment. Banded molars,
during the orthodontic treatment showed more clinical signs of gingival inflammation than those of untreated
individuals. Moreover, major risk factors identified included the presence of plague and the presence of subgingival

band margins [1,4].

Orthodontic treatment may initiate oral clinical manifestations, such as labial desquamation [15], gingival
enlargement [16,17,18], multiform erythema [19] and gingivitis [20].
These manifestations are usually associated with the inflammatory response induced by the corrosion of
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Fig. 3. CD20+ (B lymphocytes)
cell distribution was present
predominantly in groups in

inflammatory infiltrate,
immunostaining, ob. x20

Fig. 4. CD20+ (B
lymphocytes) cell distribution
was predominantly in a focal
distribution, immunostaining,

ob. x40

orthodontic appliances and the nickel release has been considered of great importance [21].

The inflammatory response to nickel is considered type IV hypersensitivity and is manifested as nickel allergic
contact stomatitis [22,23]. Gingival enlargement is a more common side effect of orthodontic treatment than other
manifestations in the oral cavity [14,17], but the fibrous gingival enlargements associated with fixed orthodontic

appliances seem to be transitory [13].

Conclusions

In our study we observed that in early stages of progressive lesions during orthodontic treatment, T and dendritic

cells numbers were increased, while in the late stages we noticed a higher count of the B cells.
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