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Introduction: Feline chronic gingivostomatitis (FCGS) is a debilitating and highly

painful inflammatory disorder of the feline oral cavity. Evidence suggests that

feline chronic gingivostomatitis (FCGS) induces systemic e�ects that extend

beyond localized oral pathology, contributing to overall health decline in a�ected

cats. The aim of this study was to investigate the potential impact of FCGS on the

lower respiratory tract.

Methods: This is a prospective study, that included 42 cats with clinical signs

of FCGS and five healthy control cats exhibiting no signs of oral disease. All cats

underwent physical, oral, and endoscopic examinations of the lower respiratory

tract. Radiological evaluation of the thorax was also performed. Lesions in the

respiratory tract detected upon endoscopy and the oral cavity were recorded

and scored. In cats with FCGS biopsies from bronchial mucosa were obtained

from sites showing endoscopic evidence of inflammation.

Results: Respiratory lesions were identified in all FCGS cats included in the

study. Specifically, secretions were detected in 42 out of 42 (100%) cats,

bronchial mucosal edema in 33 out of 42 (78.6%), a granular appearance in

14 out of 42 (33.3%), and hyperemia in 11 out of 42 (26.2%). Histopathological

examination revealed mucosal and submucosal inflammation in 30 out of 36

(83.3%) cats andmucosal edema in 25 out of 36 (69.4%). Additionally, fibrosis was

observed in 25 out of 36 (69.4%) samples, hyperplasia, or dilatation of bronchial

glands in eight out of 36 (22.2%), and vascular wall thickening in 11 out of

36 (30.5%). Bronchial smooth muscle hypertrophy was present in 22 out of 36

(61.1%) examined samples. An attempt to correlate oral and respiratory lesion

severity found no statistically significant correlation between stomatitis index,

tracheobronchoscopy, or histopathological scores.

Discussion: FCGS appears to coexist with lower respiratory tract disease. During

FCGS management, it might be essential to address any underlying respiratory

disorder, as it may favor the outcome of the primary disease, while remaining

unattended it may increase the likelihood of FCGS recurrence.

KEYWORDS

oral inflammatory disease, feline chronic gingivostomatitis, tracheobronchial disease,

bronchial secretions, lower respiratory tract
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Introduction

Feline chronic gingivostomatitis (FCGS) is a highly painful and

severe inflammatory condition that affects the oral cavity of cats.

It presents as either diffuse or localized lesions, which may be

ulcerative or hyperplastic, with variable distribution throughout

the oral cavity (1–6). Clinically, cats with FCGS exhibit reduced

appetite, excessive drooling, halitosis, and significant pain, often

leading to behavioral changes, including decreased grooming and

social interaction (3, 4, 7, 8). Histopathological studies have

shown that FCGS lesions are characterized by a pronounced

lymphoplasmacytic infiltration, while neutrophils and mast cells

are less frequently observed (3, 5, 7). Transcriptomic analyses

indicate that the inflammatory response is significantly mediated

by interleukin-6 (IL-6), suggesting a crucial role for this cytokine

in the disease’s pathogenesis (6, 8–10). Although the exact cause of

FCGS is unknown, it is believed to involve an abnormal immune

response (1, 2, 5, 11), possibly triggered by oral microbial antigens

(3, 12, 13).

Due to the anatomical continuity between the oropharynx

and the lower respiratory tract, the associated oropharyngeal

microbiome or its metabolites may extend to other parts of

the respiratory system, including the lungs (14). To maintain

respiratory sterility, several physical and immune defense

mechanisms—such as the mucociliary apparatus, alveolar

macrophages, and a tightly regulated immune system—work

concurrently (14–16). In human medicine, inflammatory diseases

of the oral cavity, such as periodontitis, have been reported as

important causes of systemic disorders, including respiratory

diseases (17). This occurs due to the aspiration of oral secretions

into the lungs, making periodontitis an important source of lung

infections (17–19). Additionally, salivary enzymes from infected

periodontal tissues contribute to the pathogenesis of respiratory

inflammation (18).

Approximately 30% of cats with FCGS are resistant to

recommended treatment (1, 8, 20). It is assumed that the

coexistence of respiratory inflammation and the influence of

pro-inflammatory cytokines on the oral mucosa and respiratory

system may trigger immunological mechanisms that exacerbate

FCGS and affect its outcome. The primary aim of the present

study was to investigate the potential impact of FCGS on the

lower respiratory tract and to describe the lesions detected during

endoscopy and histopathology, an area not previously explored in

the international literature. Additionally, an attempt was made to

assess the correlation between the severity of both conditions.

Materials and methods

Study population

This study was approved by the Ethics committee, School

of Veterinary Medicine (Approval No: 199866(810)/14/4/2021).

All participating cat owners signed a written form allowing their

pets to undergo general anesthesia and participate in the study.

The study included 42 client-owned cats with FCGS, along with

five healthy cats admitted for ovariohysterectomy or orchiectomy.

A detailed history was meticulously recorded for each cat, with

particular attention to clinical signs, including the manifestation

patterns of oral pain, anorexia, and salivation. Additionally, any

information concerning prescribed medication, such as antibiotics,

steroids, non-steroidal anti-inflammatory drugs, and treatment

for tracheobronchial disease was also recorded. Both groups

underwent a comprehensive physical and oral examination. To

further assess their health status, a complete blood count (CBC) and

serum biochemistry were performed.

Inclusion and exclusion criteria

Cats with FCGS displaying oral symptoms both at the time

of admission and prior to tracheobronchoscopy and surgery were

requires to be off medication for at least 15 days (45 days for

those previously treated with methylprednisolone acetate). FCGS

was confirmed through both macroscopic and histopathological

examination. These cats had no history of upper or lower

respiratory disease and showed no clinical signs suggestive of

respiratory involvement at the time of evaluation. The control

group included young, healthy, and adult cats without any

visible oral pathology or prior medical history of upper or

lower respiratory disease. Cats with concurrent diseases, such

as cardiac disease, immune-mediated disorders, neoplasia, upper

and lower respiratory tract infections, urinary tract infection, and

diabetes mellitus, were excluded from the study. These conditions

were ruled out through thorough investigation of previous

medical records, current owner history, physical examination

findings, as well as complete blood count (CBC) and serum

biochemistry examination. Feline leukemia virus (FeLV) and feline

immunodeficiency virus (FIV) status were evaluated using a Snap

FeLV/FIV Combo Test (IDEXX).

Study design

Tracheobronchoscopy was consistently conducted prior to

major surgery in both groups. Food was withheld for 12 h and water

for 2 h before general anesthesia. The animals were anesthetized by

the same anesthesiologist and the anesthetic protocol was identical

for all cats: acepromazine maleate (0.02 mg/kg, Acepromazine,

Alfasan, Nederland B.V.) and butorphanol (0.5 mg/kg, Dolorex,

Intervet International, Holland) intramuscular for premedication,

followed by propofol (Propofol MCT/LCT/Fresenius 1%,

Fresenius Kabi, Greece) intravenous for total intravenous

anesthesia until the tracheobronchoscopy was completed. Before

thracheobronchoscopy, thoracic radiography (ventrodorsal, right

lateral, and left lateral views) was performed and evaluated

by a single board-certified radiologist who was blinded to the

medical history of the cats. Oxygen was supplemented to each

cat with an oxygen mask before tracheobronchoscopy and was

continued throughout the procedure through the endoscopy

channel. During tracheobronchoscopy, total intravenous

propofol to effect was administered to maintain an appropriate

anesthetic depth. After the tracheobronchoscopy, cats were

intubated and connected to an isoflurane system with 100%

oxygen supply.
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Tracheobronchoscopy

Tracheobronchoscopy was conducted using a sterilized

Olympus BF-PE2 flexible bronchoscope (Olympus Corp., Tokyo,

Japan). The bronchoscopic appearance of the bronchial mucosa

lesions like hyperemia, edema, and mucosal granularity, along

with their distribution and the presence and type of secretions

were recorded. A modified scoring system based on Thompson

et al. (21) and Kavarnos et al. (22) was applied to assess hyperemia,

edema, and granularity of the bronchial mucosa, as well as the

amount of bronchial secretions. Scoring ranged from 0 to 3, based

on the presence and severity of lesions for each cat, while mucosal

granularity was scored as either present (1) or absent (0). Lesion

distribution was categorized as localized (1) or diffuse (2). The

overall bronchoscopic appearance of the bronchial mucosa for

each cat was calculated by summing these points, resulting in a

total endoscopic score ranging from 0 (normal) to 18. According

to the severity of endoscopic lesions, the cats were classified

into four groups: normal (0), mild (1–6), moderate (7–12), and

severe (13–18).

Following macroscopic inspection, two biopsy samples of the

bronchial mucosa were collected from cats with FCGS. The samples

were fixed in 10% neutral buffered formalin and then sent for

histopathological examination. Paraffin-embedded tissue blocks

were sectioned at 5µm thickness and stained with hematoxylin and

eosin. A single pathologist performed a blinded histopathological

examination. A structured scoring system was developed to better

reflect the observed pathological findings. According to this scoring

system, the bronchial mucosa was evaluated for inflammatory cell

infiltration, fibrosis, and edema, as well as for bronchial gland

hyperplasia and thickening of the vessel walls and bronchial smooth

muscle. Each parameter was scored as absent (0) or present (1).

Inflammatory cell infiltration, fibrosis, and bronchial mucosal

edema were further graded based on their extent and severity as

follows: 1 (mild) and 2 (moderate). The total histopathological

score for each cat was calculated by summing these individual

parameters, resulting in a cumulative score ranging from 0

(normal) to 12. Based on the overall severity of histopathological

lesions, cats were classified into three groups: normal (0), mild

(1–6), and moderate (7–12).

Oral examination

Cats from both groups were assessed using the periodontal

disease stage (23). Furthermore, all FCGS cats received a detailed

dental examination, including the modified Stomatitis Disease

Assessment Index (SDAI) (24). The SDAI measures the severity of

oral inflammation as evaluated by the veterinarian, captures the

owners’ perceptions of the syndrome’s impact on their cats, and

combines these two indicators into a score sheet. Subsequently,

intraoral radiographs were taken for all cats with FCGS (Progemy,

Midmark Corporation, U.S.A). Before the surgical procedures, such

as partial or full mouth extractions and CO2 laser treatments,

biopsies were taken from the palatoglossal folds area. These

specimens were prepared and fixed similarly to the respiratory

specimens and examined blindly by the same pathologist. Based

on the criteria by Harley et al. (25), histological samples from

the oral mucosa were graded as follows: Grade 0: normal,

Grade 1: mild inflammation, Grade 2: moderate inflammation,

and Grade 3: severe inflammation. Post-surgery, the medications

administered were specific to each cat’s requirements and

included meloxicam (0.1 mg/kg, Metacam, Boehringer Ingelheim

Animal Health, Canada), tramadol (2 mg/kg, Tramal, Grünenthal

GmbH, Germany), buprenorphine (0.02 mg/kg, Bupredine,

Dechra Pharmaceuticals, United Kingdom), and clindamycin (10

mg/kg, Clindamycin/Anfarm, Anfarm Hellas S.A., Greece). Based

on the tracheobronchoscopical appearance of the respiratory

tract observed during tracheobronchoscopy, doxycycline (10

mg/kg, Ronaxan, MERIAL, France) was administered if needed

(26).

Statistical analysis

Both descriptive and inferential statistics were applied. Linear

regression coefficient (b) and the Pearson correlation coefficient

(r) were estimated to evaluate the linear relationship between two

continuous variables, i.e., FCGS and tracheobronchoscopy scoring,

as well as histological bronchial and oral mucosa scoring. The

linear regression coefficient quantifies the relationship between

predictor variable and the response in a regression model. The

Pearson coefficient quantifies the degree to which changes in one

variable predict changes in another, based on their covariation.

The coefficient indicates the strength and direction of the

relationship and ranges from −1 (strong negative correlation) to

1 (strong positive correlation) (27). The statistical analysis was

performed using SPSS (Version 29, provided by the Aristotle

University of Thessaloniki, Greece) and significance was declared at

≤0.05 significance level. To specifically investigate the correlation

between the clinical severity of oral inflammation and respiratory

findings, the SDAI scores, as well as a modified bronchoscopic

scoring system of the respiratory tract, were incorporated into

the statistical analysis. Pearson correlation coefficients were

calculated to evaluate associations between SDAI clinical scores

and both bronchoscopic and histopathological scores of oral and

respiratory mucosa. This integrative approach combined clinical

and pathological data to thoroughly assess potential links between

oral and respiratory disease in cats with FCGS.

Results

Demographic data

Among the 239 cats presented to the clinic with FCGS,

between March 2021 and October 2022, 42 met the inclusion

criteria in order to be included in the study population, of which

24/42 (57.1%) were male and 18/42 (42.9%) female. Purebred cats

represented a minority, comprising 2/42 (4.8%) cases, including

Maine Coon 1/42 (2.4%) and Siamese 1/42 (2.4%). The remaining

40/42 (95.2%) cats were European Shorthair Breed. The median

age at presentation was 5 years (range 1–12 years), with a median

bodyweight of 4 kg (range 2–6.6 kg). Among 42 FCGS cats included

in the study, FeLV infection was detected in 18 cats, while FIV

infection was detected in 10 cats.
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Five healthy cats were included in the control group, of

which 4/5 (80%) were male and 1/5 (20%) female. Control

group cats were European Shorthairs. The median age at the

presentation was 3 years (range 2–4years), and their median

body weight was 4 kg (range 3.6–5.1). Among the five healthy

control cats, two were FeLV-positive and one tested positive

for FIV.

Thoracic radiography findings

Thoracic radiographs of all FCGS cats in this study revealed

mild bronchial pattern lesions, whereas no pathological signs

were observed in the control group. In all examined cases,

peribronchial infiltration was recognized in both right and left

lateral recumbency. This was clearly visible in end-on views as a soft

tissue cuff around the affected bronchus, giving the characteristic

“doughnut” appearance. These areas of infiltration, along with

occasional bronchial calcification, were most commonly observed

in the upper lung fields. Except for the larger bronchi near the

hilus, the bronchial pattern was predominantly evident in the upper

caudal lung fields.

TABLE 1 Tracheobronchoscopic findings in 42 cats with feline chronic

gingivostomatitis.

Lesions observed by
tracheobronchoscopy

n (%)

Bronchial secretions 42 (100)

Edema 33 (78.6)

Hyperemia 11 (26.2)

Granular appearance 14 (33.3)

Tracheobronchoscopy findings

Tracheobronchoscopy was performed on all 42 cats diagnosed

with FCGS and on five healthy control cats. Examination of the

trachea revealed no macroscopic abnormalities in either group.

In both healthy control cats and those affected by FCGS, the

trachea appeared normal, apart from the consistent presence of

secretions in the FCGS group. No macroscopic abnormalities of

the lower respiratory tract were observed in the control group.

In contrast, all cats with FCGS (100%) exhibited macroscopic

lesions in the lower airways (Table 1), most notably characterized

by the presence of increased bronchial secretions (Figure 1). The

secretions were classified as serous, mucoid, or mucopurulent in

nature. Examination of the trachea in FCGS-affected cats revealed

no abnormalities apart from the presence of secretions, which were

consistently observed in all cases. The severity of the bronchoscopic

findings detailed in Table 2, with bronchial secretions and mucosal

edema being the most common findings.

The severity of macroscopic lesions of the respiratory system is

presented in Table 2, with the majority of cats showing moderate

lesions in 28/42 cats (66.7%).

No statistically significant correlation was observed

between the intensity or chronicity of FCGS lesions and the

severity of macroscopic abnormalities in the respiratory tract.

The results of the correlation analysis (Table 3), which are

consistent with those obtained from the regression analysis,

TABLE 2 Classification of lesions observed via tracheobronchoscopy in

42 cats with feline chronic gingivostomatitis.

Classification n (%)

Mild 11 (26.1)

Moderate 28 (66.7)

Severe 3 (7.2)

FIGURE 1

Bronchoscopy images of cats with feline chronic gingivostomatitis. (A) Generalized hyperemia of the bronchial mucosa and increased bronchial

secretions. (B) Edema of the bronchial mucosa. (C) Granularity of the bronchial mucosa.
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TABLE 3 Linear correlation results of the macroscopic findings in the oral

cavity (stomatitis INDEX) and tracheobronchoscopy score, as well as

between histopathological findings in the oral mucosa and bronchi.

Variables n Pearson r p-Value

Stomatitis

index—bronchoscopy

score

42 −0.176 0.265

Bronchial score—oral

mucosa

36 0.073 0.671

TABLE 4 Classification of lesions observed in oral cavity in 42 cats with

feline chronic gingivostomatitis.

Classification n (%)

Mild 3 (7.14)

Moderate 31 (73.81)

Severe 8 (19.05)

revealed a negative correlation between the stomatitis index

and tracheobronchoscopy findings (r = −0.176; p = 0.265).

This p-value exceeds the conventional threshold for statistical

significance (p < 0.05), indicating that the observed relationship is

not statistically significant.

Oral examination

An oral cavity examination was performed in all FCGS cats

and control cats. The severity of lesions in FCGS cats was assessed

using the SDAI scoring system, with severity grades determined as

outlined in Table 4 (Figure 2) (24). In the cohort of 42 FCGS cats

evaluated, moderate lesions were the most common, observed in

31/42 cats (73.81%), followed by severe lesions in 8/42 cats (19.05%)

and mild lesions in 3/42 cats (7.14%).

Histopathological examination

Bronchial biopsies were obtained from all 42 FCGS affected

cats, but 36 samples were successfully evaluated histopathologically

due to technical difficulties in tissue handling (Table 5). Mucosal

and submucosal inflammation was the most common finding,

observed in 30/36 cats (83.3%). Mucosal and submucosal

inflammatory cell infiltration, consisting predominantly of

mononuclear cells (lymphocytes and plasmacytes) and/or

neutrophils, was commonly observed. Intraepithelial lymphocytes

were also identified in some instances. Mucosal edema and fibrosis

were each present in 25/36 cats (69.4%). Mucosal edema was

characterized by intracellular edema of the surface epithelium,

occasionally accompanied by dissociation of epithelial cells, and

by thickening of the submucosa due to interstitial edema, leading

to separation of submucosal structures. Bronchial smooth muscle

hypertrophy was detected in 22/36 cats (61.1%), vascular wall

thickening in 11/36 cats (30.5%), and hyperplasia or dilatation of

bronchial glands in 8/36 cats (22.2%). Based on histopathological

scoring (Table 6), the majority of lesions were classified as mild

(23/36, 63.9%), while moderate lesions were recorded in 13 cases

(36.1%; Figure 3).

Oral mucosal biopsies were collected from all 42 FCGS-affected

cats. Histopathological lesion, based on the criteria described by

Harley et al. (25), is detailed in Table 7. Severe lesions were the most

commonly observed, affecting 23/42 cats (54.8%), while moderate

lesions were noted in 14/42 cats (33.3%), and mild lesions in 5/42

cats (11.9%; Figure 4).

No statistically significant correlation was found between the

histopathological severity of FCGS-associated oral inflammation

and the degree of bronchial tissue alterations. These findings

suggest that the extent of oral mucosal involvement in FCGS does

not reliably reflect or predict the severity of concurrent lower

airway changes. The correlation analysis results (Table 3), which

are consistent with those from the regression analysis, showed no

meaningful association between the tracheobronchial score and

oral mucosal histopathology (Pearson’s r = 0.073; p = 0.671). This

near-zero correlation coefficient and non-significant p-value (p >

0.05) confirm the absence of a statistically significant relationship

between these parameters.

Discussion

The etiopathogenesis of FCGS remains controversial and is

considered multifactorial (4, 12, 28). In this prospective study,

respiratory lesions were investigated in 42 cats diagnosed with

FCGS with the aid of tracheobronchoscopy and histopathological

evaluation of bronchial mucosa. Five healthy cats were included as a

control group. The primary tracheobronchoscopic finding in FCGS

population was the increased bronchial secretions in 100% of cats.

The most significant histopathological observation was mucosal

and submucosal inflammation of bronchial mucosa in 83.3% of

cats. Our findings suggest that the inflammatory component in the

oral cavity of cats with FCGS, along with the observations of Kouki

et al. (2), where esophageal involvement was reported in 98% of

affected cats, a systemic effect maybe suspected.

The respiratory tract is safeguarded by a mucosal defense

system composed of epithelial cells forming physical barriers.

These epithelial cells possess cilia that move within a mucus

layer, trapping particles and pathogens, facilitating their removal

from the lungs (29). Additionally, the cough reflex aids in

expelling inhaled foreign bodies (16, 30). The innate immune

system contributes antimicrobial substances released by phagocytes

and the airway epithelium, which, along with macrophages

and neutrophils, work to neutralize microorganisms. Alveolar

macrophages, essential cells in maintaining healthy airways, clear

debris, and dead cells, thereby strengthening respiratory defenses

(16, 31, 32). Adaptive immunity also plays a crucial role,

with T-cells governing cellular immunity and B-cells producing

antibodies to support humoral immunity. Together, innate and

adaptive immune responses coordinate an integrated defense

against lower respiratory system threats.

All cats with FCGS included in this study were evaluated

for associated pathological findings in the respiratory system.

Endoscopy of the respiratory tract revealed increased bronchial

secretions in all cases, 42/42 cats (100%). In human medicine,

bronchopneumonia due to aspiration of oropharyngeal secretions

Frontiers in Veterinary Science 05 frontiersin.org

https://doi.org/10.3389/fvets.2025.1624016
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Lorida et al. 10.3389/fvets.2025.1624016

FIGURE 2

Clinical manifestation of feline chronic gingivostomatitis (FCGS). (A) A patient with refractory ulcerative FCGS. (B) Concurrent inflammation of the

gingiva, alveolar, and buccal mucosa. (C) Ulceration and proliferation a�ecting both palatoglossal folds and sublingual mucosa. (D) A case exhibiting

both ulceration and proliferation, with notable proliferation of the buccal mucosa.

TABLE 5 Histopathological findings in the bronchial mucosa in 36 cats

with feline chronic gingivostomatitis.

Histopathological findings n (%)

Mucosal and submucosal inflammation 30 (83.3)

Mucosal edema 25 (69.4)

Fibrosis 25 (69.4)

Hyperplasia or dilatation on bronchial

glands

8 (22.2)

Vascular wall thickening 11 (30.5)

Bronchial smooth muscle hypertrophy 22 (61.1)

in Intensive Care Unit patients with mechanical aspiration

events is relatively common, occurring in 23% of cases (15). In

veterinary medicine, however, limited research exists on this topic;

only one study reports a small percentage of dogs affected by

bronchopneumonia due to aspiration following general anesthesia

(33). Given this risk, appropriate pre-anesthetic treatment was

selected to minimize bronchial secretions and ensure the safety of

each cat during the procedure. Cats with FCGS often exhibit severe

salivation, leading to the saliva accumulation in the oropharyngeal

region (1). Excessive drooling may increase the risk of aspiration

of oropharyngeal secretions in cats suffering from FCGS. However,

according to owner report, none of the cats presented to the clinic

TABLE 6 Classification of histopathologic lesions of the bronchial

mucosa in 36 cats with feline chronic gingivostomatitis.

Classification n (%)

Mild 23 (63.9)

Moderate 13 (36.1)
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FIGURE 3

Histopathological findings of bronchial samples in cats with feline chronic gingivostomatitis. (A, B) Mild bronchial gland and smooth muscle

hyperplasia, interstitial edema and inflammatory cell infiltration in the submucosa. Lymphocytes and plasmacytes predominate. Also a few glands

show dilatation. (C, D) Moderate smooth muscle hyperplasia, with intersected bundles of muscle fibers and interstitial edema. Inflammatory cells,

mostly lymphocytes as well as plasmacytes and neutrophils in the submucosa among bronchial gland acini and smooth muscle fibers. Dilated

vessels are also observed. (E) Bronchial mucosa is characterized by intraepithelial and lamina proprial edema and mild mucosal and submucosal

mononuclear cell infiltration. (F) Bronchial gland hyperplasia consisting mostly of foamy, mucous acinar cells with flattened nuclei. Foci with fibrosis,

sometimes periacinar, and a few mononuclear cells are shown in the interstitial tissue. H-E, original magnification (A, C) 40×, (B, D, F) 100×, and (E)

200×.

had a history of lower respiratory disease. These findings highlight

the potential relevance of respiratory system evaluation in cats

with FCGS, even in the absence of overt clinical signs of lower

respiratory disease.

In humans, another direct link between the respiratory system

and oral inflammatory diseases, such as periodontal disease, is

the migration of microbes from the oral cavity, which can trigger

respiratory epithelial cells to secrete inflammatory markers and

proteases (18, 19, 34, 35). Additionally, the microbiome present in

saliva may contribute to the secretion of pro-inflammatory markers

in respiratory epithelial cells in FCGS-affected cats following

aspiration of these secretions (2, 13).

Literature suggests a link between the respiratory system and

oral health through indirect mechanisms in humans. Notably,

periodontitis, a condition that induces low-grade inflammation,

TABLE 7 Classification of histopathologic lesions of the oral mucosa in 42

cats with feline chronic gingivostomatitis.

Classification n (%)

Mild 5 (11.9)

Moderate 14 (33.3)

Severe 23 (54.8)

appears to impact respiratory health (18, 19). Cytokines and

chemokines generated in periodontal tissues can travel via the

bloodstream and exacerbate respiratory diseases, primarily by

contributing to endothelial dysfunction (19, 36, 37). According to

Peralta et al. (8), the transcriptional profile of oral mucosal tissues

in cats with FCGS reveals a heightened presence of genes and

pathways involved in immune response and inflammation, with IL-

6 playing a central role in these processes (5). Recently, a research

has further examined IL-6 impact on chronic respiratory diseases

and respiratory inflammation. Dawson et al. (38) indicate that IL-6

family cytokines are key immunity regulators, helping to eliminate

pathogens and combat viral infections (38, 39). However, excessive

activation of these cytokines can lead to pathological states such

as fibrosis and hyperinflammation. IL-6 also promotes CD4+

Th2 and Th17 responses by modulating T-cell differentiation and

is released by both immune cells and lung epithelial cells in

response to allergens (40). In summary, elevated levels of these pro-

inflammatory cytokines may influence the immune function in cats

with FCGS as a whole, with the IL-6 family playing a critical role in

respiratory immune responses.

Macroscopic findings from airway endoscopy indicated

changes consistent with certain respiratory pathologies. According

to a study by Johnson and Vernau (41), bronchial secretions were

the most common finding in cats with lower respiratory diseases,
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FIGURE 4

Histopathological findings in cats with feline chronic gingivostomatitis. (A) Hyperplasia of squamous epithelium with features of degeneration, a few

intraepithelial lymphocytes and presence of sparse neutrophils among epithelial cells. In the lamila propria edema and inflammatory cell infiltration

of moderate degree, consisting mostly of plasmacytes and lymphocytes are also seen. (B) The gingiva shows focal ulceration and stratified squamous

epithelium hyperplasia and degeneration. Among epithelial cells, numerous inflammatory cells (mostly neutrophils, lymphocytes, and macrophages)

are observed. Severe inflammatory cell infiltration, mostly lymphocytic/plasmacytic, expands to the lamina propria, the submucosa, as well as the

adjacent degenerated striated muscle. H-E, original magnification (A, B) 100×.

observed in 83% of cases. Similarly, our research aligns with these

findings, as 100% of cats with FCGS exhibited bronchial secretions.

The second most frequent observation, found in 78.6% of cases,

was mucosal edema. This edema appears to be a precursor to

bronchial collapse, either preceding or following aspiration, and

is also characteristic of inflammatory respiratory conditions such

as asthma and chronic bronchitis in cats (41–43). In 33.3% of the

cats included in the present study, a granularity of the bronchial

mucosa was observed, aligning with key findings of Johnson and

Vernau’s research (41). Finally, hyperemia was also observed in

26.2% of cases. In contrast, tracheobronchoscopy in the control

group cats revealed no significant lesions, but only a mild increase

in bronchial secretions, primarily from the oropharynx at the end

of the procedure.

Histopathological examination of the bronchial mucosa was

successful in 36 out of 42 cats. Histopathological lesions were

classified as mild in 23/36 (63.9%) and moderate in 13/36 (36.1%).

Control samples were not obtained as there were no macroscopic

lesions and ethical considerations precluded the sampling of

healthy tissue. Mild chronic inflammation similar results in

histopathological examination has been reported by Arafah et al.

(44) and Cosio et al. (45) in humans suffering from chronic

respiratory diseases. In the present study, inflammation of the

mucosal and submucosal tissue of the bronchi was present, with a

high incidence, observed in 30/36 cats (83.3%) aligning with Arafah

et al. (44) and Furusawa et al. (46), who reported a similar high

rate in patients with chronic lung diseases. The present study also

found bronchial smooth muscle hypertrophy in 22/36 cats (61.1%)

and hyperplasia or dilation of bronchial glands in 8/36 cats (22.2%).

Mucosal edema, fibrosis, and vascular wall thickening were seen in

25/36 cats (69.4%), 25/36 (69.4%), and 11/36 (30.5%), respectively.

This chronic inflammation may be linked to the ongoing effects of

FCGS. These findings align with existing literature on respiratory

diseases in cats, though in the majority of the existing studies, tissue

samples were collected surgically or post-mortem rather than by

tracheobronchoscopy (41, 47–49).

Study limitations include the small sample number of cats in

the control group and limited sample size for histopathological

analysis. Additionally, no histopathological examinations were

performed on healthy cats due to ethical considerations and

animal welfare concerns. To address this limitation in future

research, the use of post-mortem samples from ethically sourced

healthy controls could be considered, where appropriate, to better

delineate disease-specific histopathological changes. Moreover, it

should be noted that calicivirus screening was not performed in

this cohort, representing a potential area for further investigation

that could yield valuable information in future studies. A follow-

up tracheobronchoscopy after treatment could be beneficial in

assessing treatment effectiveness. While endoscopy is considered

a safe diagnostic tool for lower airway conditions, it remains

an invasive procedure for cats and is therefore not routinely

recommended by the authors. However, in cases of persistent

symptoms or multiple recurrences, a repeat tracheobronchoscopy

may be required. Finally, future studies comparing the respiratory

system in cats with respiratory disease and in cats with respiratory

symptoms but without clinical signs of FCGS—both clinically

via bronchoscopy and histopathologically—would be valuable in

further clarifying potential associations.

Conclusions

According to the results of the present study, cats with FCGS

exhibit a high incidence of mild to severe chronic inflammatory

lesions in the lower respiratory tract, albeit without obvious clinical

signs. Therefore, in these cats, the lower respiratory system should

be assessed to determine the extent and severity of inflammation,

enabling more targeted and personalized treatment. While the

systemic impact of FCGS has been recognized, larger studies are

needed to clarify the mechanisms involved. Such researches will

deepen the understanding of FCGS pathogenesis and support the

development of more effective therapeutic approaches.

Frontiers in Veterinary Science 08 frontiersin.org

https://doi.org/10.3389/fvets.2025.1624016
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Lorida et al. 10.3389/fvets.2025.1624016

Data availability statement

The datasets presented in this study can be found in

online repositories. The names of the repository/repositories

and accession number(s) can be found in the

article/supplementary material.

Ethics statement

The animal studies were approved by Animal Ethics and

Welfare Committee of the School of Veterinary Medicine,

Aristotle University of Thessaloniki. The studies were conducted

in accordance with the local legislation and institutional

requirements. Written informed consent was obtained from

the owners for the participation of their animals in this study.

Author contributions

OL: Writing – review & editing, Writing – original draft.

AK: Writing – review & editing. GB: Writing – review & editing.

GK: Writing – review & editing. PP: Writing – review & editing.

AM: Writing – review & editing. KA-M: Writing – review &

editing. SP: Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.

Acknowledgments

The authors thank Virginia Papageorgiou DVM, MSc, PhD

of the Unit of Anesthesia for her assistance in endoscopical and

surgerical procedures.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no impact

on the peer review process and the final decision.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Arzi B, Mills-Ko E, Verstraete FJM, Kol A, Walker NJ, Badgley MR,
et al. Therapeutic efficacy of fresh, autologous mesenchymal stem cells for
severe refractory gingivostomatitis in cats. Stem Cells Transl Med. (2016) 5:75–
86. doi: 10.5966/sctm.2015-0127

2. Kouki MI, Papadimitriou SA, Psalla D, Kolokotronis A, Rallis TS. Chronic
gingivostomatitis with esophagitis in cats. J Vet Intern Med. (2017) 31:1673–
9. doi: 10.1111/jvim.14850

3. Nakanishi H, Furuya M, Soma T, Hayashiuchi Y, Yoshiuchi R, Matsubayashi M,
et al. Prevalence of microorganisms associated with feline gingivostomatitis. J Feline
Med Surg. (2019) 21:103–8. doi: 10.1177/1098612X18761274

4. Arzi B, Peralta S, Fiani N, Vapniarsky N, Taechangam N, Delatorre U, et al.
A multicenter experience using adipose-derived mesenchymal stem cell therapy for
cats with chronic, non-responsive gingivostomatitis. Stem Cell Res Ther. (2020)
11:115. doi: 10.1186/s13287-020-01623-9

5. Soltero-Rivera M, Goldschmidt S, Arzi B. Feline chronic gingivostomatitis
current concepts in clinical management. J Feline Med Surg. (2023)
25:1098612X231186834. doi: 10.1177/1098612X231186834

6. Soltero-Rivera M, Shaw C, Arzi B, Lommer M, Weimer BC. Feline chronic
gingivostomatitis diagnosis and treatment through transcriptomic insights. Pathogens.
(2024) 13:192. doi: 10.3390/pathogens13030192

7. Rolim VM, Pavarini SP, Campos FS, Pignone V, Faraco C, Muccillo
MS, et al. Clinical, pathological, immunohistochemical and molecular
characterization of feline chronic gingivostomatitis. J Feline Med Surg. (2017)
19:403–9. doi: 10.1177/1098612X16628578

8. Peralta S, Grenier JK, Webb SM, Miller AD, Miranda IC, Parker JSL.
Transcriptomic signatures of feline chronic gingivostomatitis are influenced by
upregulated IL6. Sci Rep. (2023) 13. doi: 10.1038/s41598-023-40679-4

9. Harley R, Helps CR, Harbour DA, Gruffydd-Jones TJ, Day MJ. Cytokine mRNA
expression in lesions in cats with chronic gingivostomatitis. Clin Diagn Lab Immunol.
(1999) 6:471–8. doi: 10.1128/CDLI.6.4.471-478.1999

10. Lommer MJ. Efficacy of cyclosporine for chronic, refractory stomatitis in cats:
a randomized, placebo-controlled, double-blinded clinical study. J Vet Dent. (2013)
30:8–17. doi: 10.1177/089875641303000101

11. Silva M, Fernandes M, Fialho M, Mestrinho L. A case series analysis of dental
extractions’ outcome in cats with chronic gingivostomatitis carrying retroviral disease.
Animals. (2021) 11:3306. doi: 10.3390/ani11113306

12. Tsang W, Linde A, Krumbeck JA, Wu G, Kim YJ, Lushington GH, Melgarejo
T. Occurrence of antimicrobial resistance genes in the oral cavity of cats with chronic
gingivostomatitis. Animals. (2021) 11:3589. doi: 10.3390/ani11123589

13. Anderson JG, Rojas CA, Scarsella E, Entrolezo Z, Jospin G, Hoffman SL,
et al. The oral microbiome across oral sites in cats with chronic gingivostomatitis,
periodontal disease, and tooth resorption compared with healthy cats. Animals. (2023)
13:3544. doi: 10.3390/ani13223544

14. Genco RJ, Sanz M. Clinical and public health implications of
periodontal and systemic diseases: an overview. Periodontol 2000. (2020)
83:7–13. doi: 10.1111/prd.12344

15. Dear JD. Bacterial pneumonia in dogs and cats: an update. Vet Clin North Am
Small Anim Pract. (2020) 50:447–65. doi: 10.1016/j.cvsm.2019.10.007

16. Vientós-Plotts AI, Ericsson AC, Reinero CR. The respiratory microbiota and its
impact on health and disease in dogs and cats: a one health perspective. J Vet Intern
Med. (2023) 37:1641–55. doi: 10.1111/jvim.16824

17. Kalhan AC, Wong ML, Allen F, Gao X. Periodontal disease and systemic
health: an update for medical practitioners. Ann Acad Med Singap. (2022) 51:567–
74. doi: 10.47102/annals-acadmedsg.2021503

Frontiers in Veterinary Science 09 frontiersin.org

https://doi.org/10.3389/fvets.2025.1624016
https://doi.org/10.5966/sctm.2015-0127
https://doi.org/10.1111/jvim.14850
https://doi.org/10.1177/1098612X18761274
https://doi.org/10.1186/s13287-020-01623-9
https://doi.org/10.1177/1098612X231186834
https://doi.org/10.3390/pathogens13030192
https://doi.org/10.1177/1098612X16628578
https://doi.org/10.1038/s41598-023-40679-4
https://doi.org/10.1128/CDLI.6.4.471-478.1999
https://doi.org/10.1177/089875641303000101
https://doi.org/10.3390/ani11113306
https://doi.org/10.3390/ani11123589
https://doi.org/10.3390/ani13223544
https://doi.org/10.1111/prd.12344
https://doi.org/10.1016/j.cvsm.2019.10.007
https://doi.org/10.1111/jvim.16824
https://doi.org/10.47102/annals-acadmedsg.2021503
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Lorida et al. 10.3389/fvets.2025.1624016

18. Moghadam SA, Shirzaiy M, Risbaf S. The associations between
periodontitis and respiratory disease. J Nepal Health Res Counc. (2017)
15:1–6. doi: 10.3126/jnhrc.v15i1.18023

19. Molina A, Huck O, Herrera D, Montero E. The association between respiratory
diseases and periodontitis: a systematic review and meta-analysis. J Clin Periodontol.
(2023) 50:842–87. doi: 10.1111/jcpe.13767

20. Soltero-Rivera M, Hart S, Blandino A, Vapniarsky N, Arzi B. Mesenchymal
stromal cell therapy for feline chronic gingivostomatitis: long term experience. Front
Vet Sci. (2023) 10:1171922. doi: 10.3389/fvets.2023.1171922

21. Thompson AB, Daughton D, Robbins RA, Ghafouri MA, Oehlerking M,
Rennard SI. Intraluminal airway inflammation in chronic bronchitis. Characterization
and correlation with clinical parameters. Am Rev Respir Dis. (1989) 140:1527–
37. doi: 10.1164/ajrccm/140.6.1527

22. Kavarnos I, Pardali D, Brellou GD, Papadopoulos E, Kritsepi-Konstantinou
M, Adamama-Moraitou KK. Bronchoscopy and lung fine-needle aspiration for
antemortem evaluation of pulmonary involvement in dogs with naturally occurring
Canine Leishmaniosis. Pathogens. (2022) 11:365. doi: 10.3390/pathogens11030
365

23. Perry R, Tutt C. Periodontal disease in cats: back to basics – with an eye on the
future. J Feline Med Surg. (2015) 17:45–65. doi: 10.1177/1098612X14560099

24. Johnston N. An updates approach to chronic feline gingivitis stomatitis
syndrome. Dentistry. (2012) 44:34–8.

25. Harley R, Gruffydd-Jones TJ, Day MJ. Immunohistochemical characterization
of oral mucosal lesions in cats with chronic gingivostomatitis. J Comp Pathol. (2011)
144:239–50. doi: 10.1016/j.jcpa.2010.09.173

26. Lappin MR, Blondeau J, Boothe D, Breitschwerdt EB, Guardabassi L, Lloyd
DH, et al. Antimicrobial use guidelines for treatment of respiratory tract disease
in dogs and cats: antimicrobial guidelines working group of the international
society for companion animal infectious diseases. J Vet Intern Med. (2017)
31:279. doi: 10.1111/jvim.14627

27. NorusisMJ. IBM SPSS Statistics 19. Guide to Data Analysis. Boston,MA: Addison
Wesley (2011) - References - Scientific Research Publishing. Available online at: https://
www.scirp.org/reference/referencespapers?referenceid=3102711 (accessed November
3, 2021).

28. Winer JN, Arzi B, Verstraete FJM. Therapeutic management of feline chronic
gingivostomatitis: a systematic review of the literature. Front Vet Sci. (2016)
3:54. doi: 10.3389/fvets.2016.00054

29. Moise NS, Wiedenkeller D, Yeager AE, Blue JT, Scarlett J. Clinical, radiographic,
and bronchial cytologic features of cats with bronchial disease: 65 cases (1980-1986). J
Am Vet Med. (1989) 194:1467–73. doi: 10.2460/javma.1989.194.10.1467

30. Hill DB, Button B, Rubinstein M, Boucher RC. Physiology and
pathophysiology of human airway mucus. Physiol Rev. (2022) 102:1757–
836. doi: 10.1152/physrev.00004.2021

31. Hussell T, Bell TJ. Alveolar macrophages: plasticity in a tissue-specific context.
Nat Rev Immunol. (2014) 14:81–93. doi: 10.1038/nri3600

32. Allard B, Panariti A, Martin JG. Alveolar macrophages in the resolution
of inflammation, tissue repair, and tolerance to infection. Front Immunol. (2018)
9:1777. doi: 10.3389/fimmu.2018.01777

33. Ovbey DH, Wilson D V, Bednarski RM, Hauptman JG, Stanley BJ, Radlinsky
MG, et al. Prevalence and risk factors for canine post-anesthetic aspiration
pneumonia (1999-2009): a multicenter study. Vet Anaesth Analg. (2014) 41:127–
36. doi: 10.1111/vaa.12110

34. Li Q, Pan C, Teng D, Lin L, Kou Y, Haase EM, et al. Porphyromonas
gingivalis modulates Pseudomonas aeruginosa-induced apoptosis of respiratory

epithelial cells through the STAT3 signaling pathway. Microbes Infect. (2014) 16:17–
27. doi: 10.1016/j.micinf.2013.10.006

35. Bernasconi L, Ramenzoni LL, Al-Majid A, Tini GM, Graber
SM, Schmidlin PR, Irani S. Elevated matrix metalloproteinase levels in
bronchi infected with Periodontopathogenic bacteria. PLoS ONE. (2015)
10:e0144461. doi: 10.1371/journal.pone.0144461

36. Hayata M, Watanabe N, Tamura M, Kamio N, Tanaka H, Nodomi
K, et al. The periodontopathic bacterium Fusobacterium nucleatum induced
proinflammatory cytokine production by human respiratory epithelial cell lines
and in the lower respiratory organs in mice. Cell Physiol Biochem. (2019) 53:49–
61. doi: 10.33594/000000120

37. Parvaneh M, Witting PK, Ku J, Moradi T, Eroglu E, Freedman B,
et al. Periodontitis induces endothelial dysfunction in mice. Sci Rep. (2021)
11:14993. doi: 10.1038/s41598-021-94418-8

38. Dawson RE, Jenkins BJ, Saad MI. IL-6 family cytokines in respiratory health and
disease. Cytokine. (2021) 143:155520. doi: 10.1016/j.cyto.2021.155520

39. Velazquez-Salinas L, Verdugo-Rodriguez A, Rodriguez LL, Borca MV.
The role of interleukin 6 during viral infections. Front Microbiol. (2019)
10:1057. doi: 10.3389/fmicb.2019.01057

40. Gubernatorova EO, Gorshkova EA, Namakanova OA, Zvartsev RV., Hidalgo
J, Drutskaya MS, et al. Non-redundant functions of IL-6 produced by macrophages
and dendritic cells in allergic airway inflammation. Front Immunol. (2018)
9:2718. doi: 10.3389/fimmu.2018.02718

41. Johnson LR, Vernau W. Bronchoscopic findings in 48 cats with spontaneous
lower respiratory tract disease (2002-2009). J Vet Intern Med. (2011) 25:236–
43. doi: 10.1111/j.1939-1676.2011.00688.x

42. Kirschvink N, Leemans J, Delvaux F, Snaps F, Clercx C, Gustin P. Functional,
inflammatory and morphological characterisation of a cat model of allergic airway
inflammation. Vet J. (2007) 174:541–53. doi: 10.1016/j.tvjl.2006.11.004

43. Grotheer M, Hirschberger J, Hartmann K, Castelletti N, Schulz B.
Comparison of signalment, clinical, laboratory and radiographic parameters
in cats with feline asthma and chronic bronchitis. J Feline Med Surg. (2020)
22:649–55. doi: 10.1177/1098612X19872428

44. ArafahMA, Raddaoui E, Al Kassimi F, Alhamad EH, Alboukai AA, Alshedoukhy
AA, et al. Endobronchial biopsy in the final diagnosis of chronic obstructive pulmonary
disease and asthma: a clinicopathological study. Ann Saudi Med. (2018) 38:118–
24. doi: 10.5144/0256-4947.2018.118

45. Cosio BG, Shafiek H, Iglesias A, Mosteiro M, Gonzalez-Piñeiro A, Rodríguez
M, et al. Validation of a pathological score for the assessment of bronchial biopsies
in severe uncontrolled asthma: beyond blood eosinophils. Arch Bronconeumol. (2023)
59:502–9. doi: 10.1016/j.arbres.2023.05.014

46. Furusawa H, Cardwell JH, Okamoto T, Walts AD, Konigsberg IR, Kurche
JS, et al. Chronic hypersensitivity pneumonitis, an interstitial lung disease with
distinct molecular signatures. Am J Respir Crit Care Med. (2020) 202:1430–
44. doi: 10.1164/rccm.202001-0134OC

47. Norris CR, Griffey SM, Samii VF, Christopher MM, Mellema MS. Thoracic
radiography, bronchoalveolar lavage cytopathology, and pulmonary parenchymal
histopathology: a comparison of diagnostic results in 11 cats. J Am Anim Hosp Assoc.
(2002) 38:337–45. doi: 10.5326/0380337

48. Evola MG, Edmondson EF, Reichle JK, Biller DS, Mitchell CW, Valdés-Martínez
A. Radiographic and histopathologic characteristics of pulmonary fibrosis in nine cats.
Vet Radiol Ultrasound. (2014) 55:133–40. doi: 10.1111/vru.12106

49. Reinero CR, Masseau I, Grobman M, Vientos-Plotts A, Williams K. Perspectives
in veterinary medicine: description and classification of bronchiolar disorders in cats. J
Vet Intern Med. (2019) 33:1201–21. doi: 10.1111/jvim.15473

Frontiers in Veterinary Science 10 frontiersin.org

https://doi.org/10.3389/fvets.2025.1624016
https://doi.org/10.3126/jnhrc.v15i1.18023
https://doi.org/10.1111/jcpe.13767
https://doi.org/10.3389/fvets.2023.1171922
https://doi.org/10.1164/ajrccm/140.6.1527
https://doi.org/10.3390/pathogens11030365
https://doi.org/10.1177/1098612X14560099
https://doi.org/10.1016/j.jcpa.2010.09.173
https://doi.org/10.1111/jvim.14627
https://www.scirp.org/reference/referencespapers?referenceid=3102711
https://www.scirp.org/reference/referencespapers?referenceid=3102711
https://doi.org/10.3389/fvets.2016.00054
https://doi.org/10.2460/javma.1989.194.10.1467
https://doi.org/10.1152/physrev.00004.2021
https://doi.org/10.1038/nri3600
https://doi.org/10.3389/fimmu.2018.01777
https://doi.org/10.1111/vaa.12110
https://doi.org/10.1016/j.micinf.2013.10.006
https://doi.org/10.1371/journal.pone.0144461
https://doi.org/10.33594/000000120
https://doi.org/10.1038/s41598-021-94418-8
https://doi.org/10.1016/j.cyto.2021.155520
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.3389/fimmu.2018.02718
https://doi.org/10.1111/j.1939-1676.2011.00688.x
https://doi.org/10.1016/j.tvjl.2006.11.004
https://doi.org/10.1177/1098612X19872428
https://doi.org/10.5144/0256-4947.2018.118
https://doi.org/10.1016/j.arbres.2023.05.014
https://doi.org/10.1164/rccm.202001-0134OC
https://doi.org/10.5326/0380337
https://doi.org/10.1111/vru.12106
https://doi.org/10.1111/jvim.15473
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Clinical and histopathological investigation of the possible occurrence of tracheobronchial disease in cats with chronic gingivostomatitis
	Introduction
	Materials and methods
	Study population
	Inclusion and exclusion criteria
	Study design
	Tracheobronchoscopy
	Oral examination
	Statistical analysis

	Results
	Demographic data
	Thoracic radiography findings
	Tracheobronchoscopy findings
	Oral examination
	Histopathological examination

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


