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This study aimed to describe the dogs’ gingival tumors in Estonia and Finland. It 

investigated predisposing factors to gingival tumors in dogs and also briefly reviewed the 

classification of the dogs’ gingival tumors. 

The total data included 92 samples of material from 90 dogs altogether. There were two 

populations, Finnish and Estonian. The Finnish population had 32 samples and 30 dogs. In 

the Estonian population, there were 60 dogs and 60 samples. 

The Estonian gingival tumors were examined at the Estonian University of Life Sciences. 

They were submitted to be examined all around Estonia between 2012 to 2021. 33 dogs’ 

gingival tumors were removed in Animal hospital Tammisto Evidensia in Vantaa from 2011 

to 2021 and were evaluated histopathologically. This study aimed to analyze retrospectively 

gingival tumor-like lesions that had been removed from dogs. The goal was to determine if 

there is a breed or sex or neutering status disposition and if there were differences between 

tumors in the average sex and age. Peripheral odontogenic fibroma was most prevalent in 

both populations. With a p-value of 0,05 or lower was found that mixed breed dogs were 

more predisposed to squamous cell carcinoma than pedigree dogs in the Finnish population. 

Other predispositions were not found (with a p-value >0.05). Results vary from previously 

made similar studies, but there isn’t a study with the same population, and the population in 

the other studies were larger. They differed somewhat from the aims of the study and the 

methods used.  It is known that some neoplasms are distributed differently depending on 

geography. The end statement about classification was that it does need changes and more 

studies that it can be possible. 
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Selle uuringu eesmärk oli kirjeldada koerte igemekasvajaid Eestis ja Soomes. Selles uuriti 

koerte igemekasvajaid soodustavaid tegureid ja vaadati lühidalt üle ka koerte 

igemekasvajate klassifikatsioon. 

Andmeid koguti 92 materjaliproovist, mida võeti kokku 90 koeralt Eestist ja Soomest. 

Soomes koguti 32 proovi 30-lt koeralt ja Eestis 60 proovi 60-lt koeralt. 

Eestis võetud igemekasvajaid uuriti Eesti Maaülikoolis. Üle Eesti kogutud proovid jõudsid 

uuringutele aastatel 2012–2021. Vantaas Tammisto Evidensia loomakliinikus eemaldati 

aastatel 2011–2021 33 koera igemekasvajat, mis hinnati patohistoloogiliselt. Selle uuringu 

eesmärk oli analüüsida tagasiulatuvalt koerte igemetest eemaldatud kasvajataolisi 

kahjustusi. Eesmärgiks oli kindlaks teha, kas esineb seos tõu või soo või steriliseeritusega 

ning kas kasvajate esinemisel on erinevad sugu ja keskmine vanus. Perifeerne 

odontogeenne fibroom oli mõlemas populatsioonis kõige levinum. Kui p-väärtus oli 0,05 

või madalam, leiti, et Soome populatsioonis oli eelsoodumus segaverelistel koertel 

lamerakulise kartsinoomi tekkeks kui tõukoertel. Muid eelsoodumusi ei leitud (p-väärtusega 

>0,05). Tulemused erinevad varem tehtud sarnastest uuringutest, kuigi sama 

populatsiooniga uuringut ei ole võrdluses ning analoogsetes uuringutes oli populatsioon 

suurem. Need erinesid mõnevõrra uuringu eesmärkides ja kasutatud meetodites. On teada, 

et mõned kasvajad jaotuvad sõltuvalt regiooniti erinevalt. Klassifitseerimise kohta on 

kokkuvõttes viited, et see vajab muudatusi, kuid on vaja rohkem uuringuid selle 

teostamiseks. 
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LIST OF ABBREVIATIONS 

 

CA – conventional ameloblastoma 

CAA – canine acanthomatous ameloblastoma  

COM – cemento-osseous matrix  

CPV-1 – canine papillomavirus one 

FEPLO – fibromatous epulis of periodontal ligament origin 

FSA – fibrosarcoma 

high‐low FSA – histologically low-grade, biologically high-grade fibrosarcoma 

OFSA – oral fibrosarcoma 

HE – hematoxylin and eosin stain 

LP – lamina propria 

MES – mesenchyme 

MM – malignant melanoma 

OE – odontogenic epithelium 

PDL – periodontal ligament 

POF – peripheral odontogenic fibroma 

SCC – squamous cell carcinoma 

OSCC – oral squamous cell carcinoma 
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INTRODUCTION 

 

Oral cavity tumors are common in dogs and cats, and their diagnosis and classification require 

histopathological examination (Todoroff and Brodey, 1979). The number of patients with oral 

tumors has increased over the last few decades (Rivera 2010; Cray et al., 2020). It is estimated 

that a quarter of dogs over the age of two die from cancer (Paoloni and Khanna 2007). Dog 

owners are increasingly willing to put increasing amounts of money into their dog’s treatment, 

and dogs’ dental diseases are discussed more and more (Kirk, 2019). As a result, the average 

life expectancy of a dog’s lifetime has risen (Paoloni and Khanna 2007). This, in turn, promotes 

the prevalence of geriatric patients in veterinary medicine. One common health problem in the 

elderly and middle-aged animals is different types of tumors. Neoplasms are one of the top 

reasons for the euthanizing dog (Brønden et al., 2009). Wiggs and Lobprise (1997) reported 

that 80% of dogs have periodontal disease by just two years of age. Two more recent studies 

using different methods revealed that all the patients in the study were infected (Queck et al., 

2018; Wallis et al., 2018). According to (Cray et al., 2020), 6-7% of all canine cancer has been 

reported to be oral neoplasia. Oral melanoma is the most aggressive one, with a high 

prevalence, accounting for 30–40% of all oral cancers (Bergman, 2007; Liptak et al., 2013).  

Tumors in the mouth are often uncomfortable and even painful for the dog. They may entrap 

debris and have a higher risk of trauma, thus predisposing them to infections. Lesions can be 

assessed clinically and radiographically, but histological examination is the only way to get the 

most accurate answer. It is recommended to send every oral mass for pathological evaluation. 

Careful evaluation of the mouth, local lymph nodes, and thoracic radiographs are also indicated 

(Reiter and Gracis, 2018). 
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1. LITERATURE REVIEW 

 

1.1. Odontogenic epithelium 

 

The oral mucosa consists of stratified squamous epithelium. It is bordered by the lips and the 

tonsils and covers the oral cavity (Lobprise and Dodd, 2018). All odontogenic tumors virtually 

include rapidly growing odontogenic epithelium (Murphy et al., 2020). The oral mucous 

membranes are divided into three categories. They are specialized mucosa, masticatory 

mucosa, and lining or general mucosa. The specialized mucosa is found on the dorsum of the 

tongue (Lobprise and Dodd, 2018; Murphy et al., 2020) The masticatory mucosa is generally 

parakeratinized or keratinized, and it is located on the hard palate and gingiva. The lining 

mucosa consists of the rest of the oral mucosa. It ranges from non‐keratinized to 

parakeratinized epithelium. The connective tissue under it contains collagen fibers noticeably. 

These give support, but they still permit considerable movement of the epithelium (Lobprise 

and Dodd, 2018). 

Diagnosing odontogenic neoplasms often begins with a critical histologic observation of the 

proliferative epithelium within the lesion odontogenic in origin (Murphy et al., 2020). With 

some tumors, there is still an argument about the origin of tissue. Pathologic odontogenic 

epithelium may appear as primitive, thin branching cords reminiscent of the dental lamina or 

may demonstrate some degree of enamel organ differentiation. The odontogenic epithelium will 

usually present at least some characteristic of histologic or cytologic features. One of the 

cardinal features is the palisading of the basilar epithelium. The palisading epithelial cells also 

have antibasilar nuclei, meaning the nuclei are located at the apical pole. The third feature is 

that the palisading cells can have a basilar clear zone within the cytoplasm. Finally, the 

odontogenic islands comprise polygonal cells with long intercellular desmosomal bridges 

centrally. The desmosomal bridges are reminiscent of the stellate reticulum, referring not to the 

palisading ameloblasts but the centrally located cells of the differentiated enamel organ. 

Importantly, this fourth cardinal feature is stellate reticulum-like cells. Pathogenic lesions may 

not demonstrate any cardinal features” (Murphy et al., 2020). Due to this, you can not only rely 

on these features for identifying the diagnoses. Immunohistochemistry studies designed to 

identify the epithelium of odontogenic origin for definitive identification have been 

disappointing in non-human animals (Arzi et al., 2011; Fulton et al., 2014). The architectural 
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arrangement of the epithelium can provide a valuable clue to its odontogenic origin itself 

(Murphy et al., 2020). 

Odontogenic epithelium typically has one of four architectural arrangements: thin plexiform 

ribbons, round follicles, broad anastomosing trabeculae, or it is arranged as unique "ink drop" 

structures (Murphy et al., 2020). Although some of these epithelial architectures can be found 

in other pathologic lesions (e.g., plexiform ribbons in squamous cell carcinoma), others are 

essentially pathognomonic for odontogenic epithelium (e.g., "ink drop" structures). 

Odontogenic epithelium arranged as plexiform ribbons (dental lamina-like) or spherical 

follicles (odontogenic rest-like) often lacks some or all the cardinal odontogenic features 

(Murphy et al., 2020). At the same time, anastomosing trabeculae and "ink drop" structures 

generally exhibit most or all cardinal features. It is also true that odontogenic proliferative 

lesions often demonstrate multiple architectural arrangements of the epithelium within a single 

lesion (Murphy et al., 2020). 

 

 

1.2. Normal structure of dogs’ gingiva 

  

The gingiva is classified under masticatory mucosa according to its function. Masticatory 

mucosa endures the impact produced by chewing (Kulmar, 2011). To be able to bear this, it 

does not stretch, and it is fixed to the bone (Niemiec, 2012). The epithelium in gingiva varies 

from parakeratinized to keratinized (Lobprise and Dodd, 2018). The gingiva covers both the 

jaws. It is separated from the alveolar mucosa by the mucogingival junction (Kulmar, 2011; 

Lobprise and Dodd, 2018). The mucogingival junction can be seen clinically in most dogs as 

the sulcus separates the two mucosae (Kulmar, 2011). The mucogingival junction is most well-

defined on vestibular surfaces and less evident on lingual and palatal surfaces (Lobprise and 

Dodd, 2018). 

According to Attsrön et al. (1975), “the typical dog’s gingival tissue is characterized clinically 

by the absence of gingival fluid flow and by a minute amount of crevicular leukocytes. A 

gingival sulcus is most often absent. The connective tissue composition adjacent to the 

junctional epithelium differed from that of more central connective tissue fractions.” 
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1.2.1. Macroscopic structure of gingiva 

  

The gingiva can be separated into attached gingiva, interdental papilla, and free gingiva (Figure 

1). The free gingival groove separates the free gingiva and attached gingiva (Figure 1). It is not 

always detected macroscopically (Kulmar, 2011; Lobprise and Dodd, 2018). If a histological 

section is taken to run parallel to the margin of the gingiva, it is seen as a low V-shaped notch. 

The free gingival groove is most likely due to a functional impact on it. There is no free gingiva 

in the absence of a sulcus (Kulmar, 2011). The attached gingiva is a level epithelial layer 

covering the alveolar bone. The attached gingiva and underlying periosteum are referred to 

together as mucoperiosteum. The gingiva is attached to the periosteum's alveolar bone, making 

it relatively static. It directly binds to the cementum coronal (Lobprise and Dodd, 2018; Murphy 

et al., 2020). The free gingiva is not connected to the tooth or alveolar bone (Lobprise and Dodd, 

2018). It is composed of the unconnected edges of the mucoperiosteum. The free gingiva 

attaches near the cementoenamel junction of the tooth (Gorrel et al., 2013).  

The interdental papilla is a peak of gingiva found between proximal teeth. It plays a principal 

part in preventing food and debris from building up between the teeth and maintaining gingival 

health (Murphy et al., 2020). The col is the gingiva's peak or valley that may lie in the middle 

of the lingual and vestibular sides of the interdental papilla. Only parts of the masticatory 

mucosa epithelium that are typically non-keratinized are the col, junctional epithelium, and 

sulcus. (Lobprise and Dodd, 2018).  

The free gingiva doesn't exist before tooth eruption since its inner surface originates from the 

dental follicle and reduced enamel epithelium (Gorrel et al., 2013). Its inner surface’s 

embryological base is gingiva (Murphy et al., 2020). 

“The sulcular epithelium has features of odontogenic epithelium, and the fibrovascular 

connective tissue under the sulcular epithelium is more like a periodontal ligament than a 

fibrous gingival stroma. At the sulcus base, the attachment site is particularly rich in fibers. It 

is similar to the attachment interface between gingival stroma and periosteum. The epithelium 

of the sulcus also attaches to the tooth at the base of the crown. This attachment is less obvious 

histologically, but some sections will show a thin epithelium reflecting onto the tooth surface.” 

states Gorrel et al. (2013). 



 

   
 

10 
   
 

 

Figure 1. Macroscopic structure of gingiva (author of the photo Aino-Maria Salo). 

 

A stippled surface characterizes the gingiva, i.e., the sections of epithelium seem to be raised, 

and between the raised areas, there are shallow dents. They are probably functional adaptations 

to the mechanical impacts. The number of stipples differs between individuals; the sex and age 

of the animal also affect the level of stripping. Females have less stippled gingiva than males. 

Stippling can be present or absent in gingival tissue, non-depending on how healthy it is and 

therefore is not a good meter of gingival health (Greene, 1962; Hurt, 1967; King, 1945; Orban, 

1948). “The gingiva appears slightly flat between the teeth, corresponding to the depression in 

the alveolar process between eminences of the sockets. The gingiva sometimes forms slight 

vertical folds called interdental grooves” says Niemiec, (2012).  

The attached gingiva differs from the attached epithelium so that it encloses the alveolar bone, 

but the attached epithelium continues to the base of the sulcus and anchors the gingiva to the 

bottom of the crown (Gorrel et al., 2013). 

The part of the gingiva that is between two teeth next to each other is called the interdental 

papilla. “The oral and vestibular areas are high when the interdental papilla is tent-shaped, 
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whereas the central part is like a valley. The main concave area fits below the contact point, 

and this depressed part of the interdental papilla is called the col” states Kulmar (2011).  

 

 

1.2.2. Histological structure of gingiva 

 

The lamina propria of the gingiva does not contain large vessels, and it composes of dense 

connective tissue. (Kulmar, 2011) The fibrous stroma of the gingiva extends from the epithelial 

basement membrane to the periosteal surface of the underlying alveolar bone, so there isn’t 

distinct lamina propria or submucosa. (Gorrel et al., 2013) Few lymphocytes, plasma cells, and 

macrophages are found in the connective tissue under the sulcus, and they are involved in 

defense and repair. “A few isolated inflammatory cells can be present in the junctional 

epithelium and the adjacent connective tissue. There are no aggregates of inflammatory cells 

forming an infiltrate that could be observed (Attsrön et al., 1975). “Stereologically, the gingival 

tissue comprised 48% epithelium and 52% connective tissue. The junctional epithelium 

occupied 10% of the gingival tissue and included a fraction of 2.8% occupied by leukocytes. 

The latter, by volume, comprised 50% neutrophilic granulocytes and mononuclear cells each. 

The connective tissue shall consist of 67% collagen fibers, 14% free cells, and 19% residual 

tissue.” was found out by Attsrön et al. (1975). The connective tissue has many lengthy and 

slim papillae. The fibrous stroma is mainly composed of densely composed bundles of fibrillar 

collagen. It doesn’t have many cells in it. Gingival stroma has a hardly defined conversion to 

the periosteum. Gingiva is connected to the periosteum firmly copious extracellular fibers. 

(Gorrel et al., 2013) The tissues in lamina propria have only some elastic fibers, and, most of 

them are found on the blood vessels. Oxytalan fibers, which are elastic, are also present 

(Kulmar, 2011). These fibers are centralized within the cervical portion of the attached gingiva 

and are often organized parallel to collagen fiber bundles. (Gorrel et al., 2013) The gingiva is 

firmly attached to the periosteum of the alveolar bone with the fibers, and that makes it 

immovable (Lobprise and Dodd, 2018). It is regularly referred to as mucoperiosteum due to this 

arrangement (Niemiec, 2012; Lobprise and Dodd, 2018). Gingival fibers occur as bundles that 

are unequally spread within the tissues. The fiber bundles are centralized between the cervical 

portion of the tooth and the gingiva and where a ligamentous attachment is required between 

the gingiva and the alveolar bone. The gingiva is innervated well, it gets its blood supply mainly 
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from the branches of the alveolar arteries. These braces anastomose with the superficial 

branches of the arteries that supply the oral and vestibular mucosa in the gingiva. (Kulmar, 

2011). The dermal papilla is an interlock that exists between the epithelium and the underlying 

connective tissue. The rete ridges or pegs are the pegs of epithelium that insert into the 

connective tissue. The rete pegs are the cause of gingival stippling (Lobprise and Dodd, 2018). 

There are no rete pegs in the junctional epithelium (Kulmar, 2011). The length of the pegs 

determines how well the epithelium is attached to the underlying connective tissue. The 

masticatory mucosa has well‐developed rete pegs, and the gingiva is one of the most important 

support structures for the tooth (Lobprise and Dodd, 2018).  

 

 

1.3.  Histopathological classification of dog’s gingival tumors 

 

The classification systems for human and veterinary odontogenic lesions have changed 

throughout history. For veterinary species, two of the most widely utilized classification 

systems are 2003 WHO Histological Classification of Tumors of Odontogenic Origin in 

Domestic Animals and the 2005 and 2017 WHO Classification of Tumors - Pathology & 

Genetics Head and Neck Tumors: Odontogenic Tumors (humans) (Head et al., 2003; Barnes et 

al., 2005; El‐Naggar et al., 2017). Recent reviews have concluded that the 2005 human 

classification scheme may have the most utility for animals. While the 2003 WHO classification 

system for animals includes tumors specific to animals, it fails to accommodate some of the 

uncommon and complex odontogenic tumors that occur in animals (Bell et al., 2014). The 

classification (2003) system was created so long ago that understanding animal odontogenic 

tumors has transpired since (Dubielzig, 1979). Not all the odontogenic tumors identified in 

humans have been identified in veterinary species, and not all the odontogenic tumors described 

in veterinary species have been identified in humans (Barnes et al., 2005; Murphy et al., 2020). 

Dogs’ gingival tumors can be malignant or benign (Lobprise and Dodd, 2018; Murphy et al., 

2020). Many are locally invasive (Lobprise and Dodd, 2018; Murphy et al., 2020). Lesions can 

be assessed clinically and radiographically, but the only way to get the most accurate answer is 

through histological examination (Reiter and Gracis, 2018). While not diagnostic of the tumor 

type, radiography will provide information about how much bone has involved with oral 

neoplasms. In conjunction with the histopathologic diagnosis, such information is essential in 
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planning tumor management. (Gorrel et al., 2013) Evaluation of the mouth, local lymph nodes, 

and thoracic radiographs help with the diagnosis (Reiter and Gracis, 2018). But it is important 

to remember that demineralization may not show on radiographs before more than 40% of the 

bone has demineralized (Bender,1982). Oral tumors can originate from odontogenic or non-

odontogenic tissues. Also, non-neoplastic lesions like infective conditions and swellings can 

present macroscopically as neoplasia. On the other hand, oral neoplasms may seem like non-

healing ulcerative lesions rather than tumors. Malignant neoplasms of the mouth and pharynx 

comprise 5–7% of all canine tumors (Verstraete, 1992). The ruling malignant tumors are 

malignant melanoma (30–35%), squamous cell carcinoma (20– 30%), and fibrosarcoma (1–

20%) (Lobprise and Dodd, 2018; Verstraete 1995).  

For example, malignant oral tumors in dogs are squamous cell carcinoma, fibrosarcoma, 

melanoma, osteosarcoma (lymphosarcoma, hemangiosarcoma, mastocytoma), and benign 

tumors are papillomas, canine acanthomatous ameloblastoma (Dent, 1996; Verstraete et al., 

2019).  

Fibromatous, ossifying, and acanthomatous epulis have traditionally been termed epulids. 

Fibromatous and ossifying epulids are classified as peripheral odontogenic fibromas nowadays, 

and acanthomatous epulis is reclassified as canine acanthomatous ameloblastoma (Verstraete 

et al., 2019). As the term “epulis” is a clinical term, non‐specific, it is used to characterize 

tumors and tumor-like masses of the gingiva. In human literature, any focal growth of the 

gingiva is used to express by the term “epulis.” Within the veterinary literature, the term has 

been used unsystematically in several contexts, and Lobprise and Dodd (2018), as well as 

Murphy et al. (2020), think that the term “epulis” should be avoided and instead of more specific 

descriptions should be used. 

Tumors and tumor-like lesions of the maxillofacial region can also be broadly defined as non‐

odontogenic. The World Health Organization (WHO) (2003) establishes odontogenic tumors 

as “lesions derived from epithelial, ectomesenchyme, and mesenchymal elements that still are, 

or have been, part of the tooth‐forming apparatus.” Tumors that don’t arise from odontogenic 

tissues are non‐odontogenic (Dubielzig, 1979; Lobprise and Dodd, 2018; Murphy et al., 2020). 

Another classification is based on “neoplastic tissue (epithelial or mesodermal) type and 

whether they are inductive or non-inductive” is thought by Gorrel et al. (2013). 
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1.4.  Development of oral neoplasia 

 

Neoplasia occurs due to genetic perturbations within a particular tissue, likely initiating within 

the genome of a single cell (Murphy et al., 2020). Studies in human dentistry have linked 

chronic periodontal disease to increased oral cancer risk (Wen et al., 2014). This is most likely 

due to the chronic inflammatory state that exists with periodontitis. Also, the rough surface of 

tartar creates long‐term mechanical irritation. That causes erosion and ulceration and potentially 

acts as a cancerogenic factor (Lobprise and Dodd, 2018). There is a chance that multiple tissues 

of the developing tooth germ simultaneously become neoplastic (e.g., collision tumor), but the 

more likely etiopathogenesis of complicated multilineage odontogenic tumors is through 

induction (Murphy et al., 2020). Induction is a formation whereby the development of one tissue 

influences the fate of another (Hoskin, 2020). This influence is mediated through cell-to-cell 

signaling. Induction plays a critical role in tooth formation as the presence of odontogenic 

epithelium-derived ameloblasts induces the aggregation, proliferation, and differentiation of 

subjacent ectomesenchymal cells to become the dental pulp and papilla. This inductive process 

is similar to what takes place in a scirrhous carcinoma (Hoskin, 2020). In scirrhous carcinoma, 

neoplastic epithelium induces the neighboring mesenchyme to proliferate into a scar-like 

stroma, which provides a blood supply and support to the epithelial component of the tumor 

(Murphy et al., 2020). There is evidence that this inductive process results in epigenetic changes 

in the genome of the mesenchymal cells, resulting in their proliferation and stroma formation. 

However, in odontogenic neoplasms, the tumor-associated mesenchyme can become much 

more than superficial fibrous tissue (Hoskin, 2020; Murphy et al., 2020). 

Most odontogenic tumors involve a component of odontogenic epithelium. In some lesions, the 

neoplastic odontogenic epithelium may not be capable of inducing the differentiation of the 

ectomesenchyme of the dental papilla. Instead, the epithelium may cause the formation of a 

superficial fibrovascular stroma lacking the histological features of odontogenic pulp 

ectomesenchyme. However, if the neoplastic odontogenic epithelium can induce the 

development of dental papilla-like ectomesenchyme, the resulting lesion is a mixed tumor 

(Murphy et al., 2020). If the differentiated dental papilla further develops into odontoblasts 

capable of synthesizing and secreting mineralized dental matrix, the odontogenic lesion 

includes the term odontoid in its name. Once a dental matrix is formed, it can influence the 

neoplastic ameloblasts to produce enamel through mutual induction. Through this winding 
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chain of events, the various odontogenic tumors are derived. Masses within the gingival mucosa 

may have originated within the jaw (Lobprise and Dodd, 2018; Murphy et al., 2020). 

 

 

1.5.  Canine papilloma 

  

Several viruses can cause papilloma growths on the epithelium, including gingiva (Brooks, 

2001). Sometimes there is no evidence of papilloma being produced by the virus. (Gardner, 

1995). The most common cause is canine papillomavirus 1 (CPV-1) (Murphy et al., 2020). 

Papillomas are benign, multiple verrucous growths that typically affect young dogs (Lobprise 

and Dodd, 2018; Murphy et al., 2020). They tend to be self-limiting and usually resolve 

spontaneously (Reiter and Gracis, 2018; Lobprise and Dodd, 2018; Murphy et al., 2020). 

Sometimes, these lesions can appear throughout the mouth, interfering with normal chewing 

and swallowing. In this case, they require to be removed surgically or with a laser (Brooks, 

2001). Severe cases in old animals succeed in the presence of lymphoma or another 

immunocompromising disease (Lobprise and Dodd, 2018). Colloquially, these lesions have 

been referred to as warts and occur as solitary, or more frequently, as multifocal masses; the 

disease is called oral papillomatosis. Oral papillomatosis occurs in the labial mucosa, gingiva, 

buccal mucosa, tongue, palate, pharynx, and esophagus. From non-human animals, dogs and 

cattle are most frequently affected (Murphy et al., 2020). 

Some authorities subdivide oral papillomas into virus-associated papillary lesions (viral 

papilloma) and virus-independent papillary lesions (squamous papilloma). Some have argued 

that viral papillomas are non-neoplastic/ hyperplastic lesions, while squamous papillomas 

represent benign neoplasms (Gardner, 1995; Murphy et al., 2020). 

 

 

1.6.  Ameloblastoma 

 

Ameloblastomas are a group of tumors that grow slowly, they are locally invasive, and they 

originate from the odontogenic epithelium (Lobprise and Dodd, 2018). In humans, the WHO 

currently recognizes four distinct biologic subtypes of ameloblastoma. These are unicystic 
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ameloblastoma, solid/multicystic ameloblastoma, peripheral ameloblastoma, and desmoplastic 

ameloblastoma (Barnes et al., 2005).  

 

 

1.6.1. Canine acanthomatous ameloblastoma 

 

In dogs, there is a distinct, unique biologic subtype known as canine acanthomatous 

ameloblastoma (CAA) (Gardner and Baker, 1991; Gorrel et al., 2013; Lobprise and Dodd, 

2018; Murphy et al., 2020). It shares histological features biological behavior, and radiological 

features with the human acanthomatous histologic variant of the solid/multicystic 

ameloblastoma and the peripheral ameloblastoma (Gorrel et al., 2013; Lobprise and Dodd, 

2018; Murphy et al., 2020). However, the actual relationship between CAA to these tumors is 

not clear (Verstraete et al., 1992; Ohmachi et al., 1996; Gorrel et al., 2013; Murphy et al., 2020). 

CAA is histologically and functionally distinct from both (Gorrel et al., 2013; Murphy et al., 

2020). However, the CAA may arise either peripherally within the gingiva or stem centrally 

from the tissues of the periodontal ligament adjacent to tooth and bone in dogs, whereas in 

humans, the peripheral ameloblastoma always occurs peripherally and never invades bone 

(Gardner, 1995; Gorrel et al., 2013; Murphy et al., 2020). 

The CAA is one of the more common oral tumors in dogs, with one study reporting a prevalence 

of 45% of all odontogenic tumors biopsied (Fiani et al., 2011). However, other studies have 

reported a lower prevalence (Verstraete et al., 1992; Yoshida et al., 1999). The gingival form is 

more common (Gorrel et al., 2013; Murphy et al., 2020). Although technically a benign lesion 

that does not metastasize, CAA can behave locally aggressively, often requiring a surgical 

resection involving both bone and soft tissues to achieve a cure. CAA seems to result in 

extensive osteolysis and tooth loss. CAA is less likely to invade soft tissues. (Gorrel et al., 2013; 

Murphy et al., 2020). 

CAA is earlier known as basal cell carcinoma and acanthomatous epulis of periodontal 

ligament origin, peripheral ameloblastoma, and adamantinoma (Lobprise and Dodd, 2018). 

CAA is believed to originate from odontogenic epithelium since it is ameloblastoma. CAA 

has varyingly present cardinal histologic features of odontogenic epithelium and the 

architectural arrangement of the neoplastic epithelium (Regezi et al., 2008; Murphy et al., 

2020). Most CAA have long intercellular desmosomal attachments that are reminiscent of 

stellate reticulum (Murphy et al., 2020). 
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An internal sheet of interlinking polygonal epithelial cells reminiscent of the epithelial cells 

of the stratum spinosum of the oral mucosa. CAA is more homogenic histologically than 

conventional ameloblastoma. The subepithelial stroma of CAA lesions is reminiscent of the 

dental follicle-derived periodontal ligament (PDL). A cemento-osseous matrix is possible due 

to the periodontal ligament-like. CAA may have central epithelial degeneration with cyst 

formation and be somewhat keratinized (Murphy et al., 2020).  

 

 

1.7.  Peripheral odontogenic fibroma; fibromatous epulis of periodontal 

ligament origin 

 

Peripheral odontogenic fibroma (POF) was in the past known as fibromatous epulis or ossifying 

fibromatous epulis (Gorrel et al., 2013; Lobprise and Dodd, 2018; Murphy et al., 2020), while 

others argue that the correct naming would be fibromatous epulis of periodontal ligament origin 

(FEPLO) (Murphy et al., 2020). The etiology of the POFs is not fully understood yet (Lobprise 

and Dodd, 2018; Murphy et al., 2020). POFs are thought to be benign odontogenic tumors or 

tumor-like reactive changes. (Murphy et al., 2020). Some argue that FEPLO should be split into 

two “distinct” lesions – the POF, neoplastic pathogenesis, and focal fibrous hyperplasia (FFH), 

thought to be a hyperplastic/reactive lesion (Fiani et al., 2011; Gardner and Baker, 1991). POFs 

tend to be slowly growing masses that contain primarily fibrous tissues (Gorrel et al., 2013; 

Holmstrom, 2018; Lobprise and Dodd, 2018). The POFs do not possess invasive features, but 

they may lead to secondary periodontitis (Gorrel et al., 2013; Lobprise and Dodd, 2018). But 

since there are two types of POFs, fibrous and osseous, the lesion may undergo osseous 

metaplasia when mineralization is seen within the center of the lesion, and this may be 

continuous with the underlying alveolar bone in more extensive lesions (Dubielzig et al., 1979; 

Holmstrom, 2018; Lobprise and Dodd, 2018) 

POFs do not grow into periodontal ligament space and destroy the jawbone Murphy et al. 

(2020). Murphy et al. (2020) argue that POF lesions originate from periodontal ligament space, 

while Lobprise and Dodd (2018) suggest that they emanate from the periosteal surface of the 

alveolar crestal bone near the cementoenamel junction with no involvement of the periodontal 

ligament proper. POF can occur as a single lesion or multifocal (Murphy et al., 2020). 

Especially boxer dogs with diffuse gingival hyperplasia often have concurrent, multifocal POF 
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lesions. This supports the theory of POFs being reactive tumor-like lesions (Murphy et al., 

2020). 

Due to the lesions' nature, local removal is typically curative if the removal is complete. The 

ossifying forms may be more challenging to remove due to bone involvement (Gorrel et al., 

2013; Holmstrom, 2018).  

Greene (1962) did not find any apparent predilection for age, sex, breed, or jaw location. 

According to Murphy et al. (2020), it is a typical lesion in dogs of any age, but it is generally 

found in dogs older than three years of age. They also recognize that POF arises from the tooth‐

associated gingiva, with an anatomic predisposition for the rostral maxilla and caudal mandible 

(Greene, 1962; Murphy et al., 2020). 

The POF lesion has three common histological features: some amounts of the odontogenic 

epithelium (OE), organized as scattered follicles or conjoining plexiform ribbons, and 

changing between dense and proliferative mesenchymal cells embedded in a collagenous 

stroma reminiscent of periodontal ligament (PDL)/gingival ligament, and interlinking 

trabeculae or islands of a variably mineralized cemento-osseous matrix (Murphy et al., 

2020). POF is initially a lesion of proliferative mesenchymal cells with features of PDL-

derived fibroblasts. The bulk of the lesion is fibrous mesenchyme but it can possibly become 

mineralized later. The minimal criterion that must be present in every POF lesion is extensive 

fibrous mesenchyme (Murphy et al., 2020). 

The fibrous mesenchyme includes regular and densely arranged, angular, small, kite-shaped 

to stellate fibroblast-like cells (Murphy et al., 2020). They are immersed within a collagenous 

stroma reminiscent of the PDL and gingival ligament (Murphy et al., 2020). The matrix is 

rich in finely fibrillar collagen. The collagen fibers do differ from the large, coarse collagen 

fibers of the normal subepithelium of the gingiva (Regezi et al., 2008; Murphy et al., 2020). 

The cemento-osseous matrix (COM) within a POF lesion emerge focally or multifocally from 

areas of fibrillar matrix overturning within the exophytic gingival mass. Chronic lesions have 

larger areas of organized intralesional COM which can be connected to the underlying 

jawbone. The OE embedded within the POF is usually organized as round follicles or 

plexiform ribbons that are only a few cells thick (Murphy et al., 2020).  
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1.8.  Squamous cell carcinoma 

 

Papillomaviruses may develop into squamous cell carcinoma. Squamous cell carcinoma is a 

malignant neoplasm of dogs that can arise in various locations. It is one of the most regularly 

seen types of oral cancer in both dogs and cats (Anonymous, 2022). The gross appearance of 

SCC can be variable and nonspecific (Munday et al., 2017; Reiter and Gracis, 2018; Verstraete 

et al., 2019). Often these tumors are inflamed and ulcerated, which can cause significant oral 

pain (Supsavhad et al., 2016). SCC generally appears as a pink or red, ulcerated mass that 

bleeds easily. SCC may be present as ulceration of the soft tissues with no evidence of an 

apparent mass. SCC may cause loose tooth or teeth, and that’s why it may be mistaken for 

periodontal disease (Lobprise and Dodd, 2018). SCC is locally invasive to the bone, and it may 

have metastases to the local lymph nodes. SCC has poor prognoses and often results in a 

lessened quality of life and shortened survival time (Supsavhad et al., 2016). In dogs, the 

metastatic rate is higher for lingual and tonsillar tumors and lower for rostral tumors. In a 

multicentre study of tonsillar SCC “showed a median survival time of 179 days” found out Mas 

et al. (2011). As clinical signs, lethargy and anorexia are significantly associated with a poor 

prognosis (Mas et al., 2011). Histological subtypes of SCC recognized in dogs are 

conventional, papillary, basaloid, spindle cell, and adenosquamous (Murphy et al., 2020). 

Radiographs of OSCC will reveal a osteolytic process of the underlying bone with a hard to 

defined borders, it may resemble osteomyelitis radiographically (Todoroff and Brodey, 

1979). Also, most OSCC have some degree of keratinization (Murphy et al., 2020). OSCC 

are bordered by basal cells that differentiate into polygonal keratinocytes (Regezi et al., 2008; 

Murphy et al., 2020). They are constructed of epithelium islands and conjoining epithelial 

sheets. Neoplastic keratinocytes often connect with desmosomes, so they are referred to as 

"prickle cells". Due to SCC is a carcinoma, it must have some level of invasion of the 

basement membrane into the subjacent stroma (Murphy et al., 2020). 

 

 

1.9.  Fibrosarcoma 

  

Fibrosarcoma (FSA) is the third most common malignant oral and maxillofacial tumor in dogs 

(Lobprise and Dodd, 2018). It primarily affects medium to large-sized middle-aged dogs 
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(Martano et al., 2018; Lobprise and Dodd, 2018). FSA is most likely to occur caudally in the 

mouth. FSA often appears as a broad-based mass, generating a diffuse dense swelling (Lobprise 

and Dodd, 2018). FSAs may be misdiagnosed histopathologically since it is not always 

sufficient to discriminate undifferentiated fibrosarcomas from other poorly differentiated 

malignant mesenchymal tumors occurring at the same site (Martano et al., 2018; Lobprise and 

Dodd, 2018). Sometimes FSA appears benign histologically, and this may lead to 

misdiagnosing it as a fibroma or a low‐grade FSA. This may happen even with large incisional 

biopsies since they don’t necessarily show typical histopathological criteria of malignancy 

(Ciekot et al., 1994).  

The survival rate for dogs with oral FSA is 247-743 days (Martano et al., 2018). The primary 

concern in the clinical management of canine oFSA is the high local recurrence rate due to their 

diffuse nature (Martano et al., 2018; Lobprise and Dodd, 2018). Metastasis and regional lymph 

node involvement occur only in a small percentage of affected dogs late in diagnosis (Verstraete 

et Tsugawa, 2015; Martano et al., 2018; Reiter and Gracis, 2018; Verstraete et al., 2019). 

Fibrosarcomas arise from the connective tissue cells underneath the mouth's soft tissues. They 

tend to grow by diffusing cancer cells into the tissues around them. (Anonymous, 2022). 

Histologically low-grade, biologically high-grade FSA (also known as “high‐low FSA”) is an 

essential variant of the typical fibrosarcoma. This is a highly aggressive form of FSA that may 

look benign on biopsy. Golden retrievers are predisposed to high-low FSA (Ciekot et al., 1994). 

By the time of diagnosing, these tumors are sometimes invaded so much of the normal tissue 

that surgery is impossible (Anonymous, 2022). If a “Low-High FSA” is caught early on, there 

can be a good prognosis if radical surgery is possible (Martano et al., 2018; Lobprise and Dodd, 

2018; Murphy et al., 2020). If there is a change in post-surgical radiation therapy, the changes 

are even better (Lobprise and Dodd, 2018). However, the prognosis is generally poor, with a 

12–16-month survival time with aggressive treatment (McEntee, 2012). Ciekot et al. (1994) 

found that the “prevalence of pulmonary metastasis in dogs with high–low FSA was 12%, and 

regional lymph node metastasis was 20%.” High–low FSAs infiltrate the bones, so dental 

radiographs are essential (Niemiec, 2011; Niemiec et al., 2017). 

FSA is comprised of neoplastic, spindloid fibroblasts, and variable amounts of interspersed 

collagenous matrix. FSA can manifest as a well-differentiated neoplasm or as a highly 

anaplastic sarcoma, and anywhere in between (Regezi et al., 2008). Neoplastic fibroblasts are 

often large, and may maintain a fusiform spindle shape, ovoid shape, stellate, or even 

multinucleate. Nuclei are large and may demonstrate anisokaryosis with multiple large 
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nucleoli. Although the numbers vary, mitotic figures are more commonly identified in FSA, 

as opposed to fibroma. As is true for many oral lesions, the final diagnosis should be based 

upon all the features of the case including signalment, clinical/gross/surgical appearance, 

radiographic imaging, anatomic location, and histologic features of the lesion (Regezi et al., 

2008; Murphy et al., 2020). 

All sarcomas arise from transformed mesenchymal cells. Often, these neoplastic 

mesenchymal cells have a relatively pleomorphic cytology, regardless of histogenesis. In 

sarcomas that produce a distinct and recognizable extracellular matrix. oFSA may produce 

very little extracellular matrix (Murphy et al., 2020). 

If the sarcoma produces very little extracellular matrix (which is often the case for oral FSA) 

the diagnosis can become a bit more dicey. The interstitium of FSA may stain pink (collagen) 

or a bit more basophilic (proteoglycan-rich) (Murphy et al., 2020).  

Frequently, oral FSA is arranged as tight, parallel bundles of mesenchymal cells oriented 

orthogonally to adjacent bundles of mesenchymal cells.  

Some oral FSA have an interwoven chevron or herringbone architectural pattern, 

recapitulating the structure of dense connective tissue in a ligament or tendon (Regezi et al., 

2008; Murphy et al., 2020). In the longitudinal plane, the extracellular collagen fibers have an 

undulating, wavy pattern that is best revealed by stopping down the microscope's condenser 

to make the image more refractile. Oral FSA can also form diffuse sheets of mesenchymal 

cells; it is not uncommon for sarcomas to demonstrate multiple architectural arrangements in 

different regions of the same tumor (Murphy et al., 2020).  

Neoplastic mesenchymal cells often intercalate into the adjacent connective tissue which can 

make separating the neoplasm's edge from the adjacent tissue difficult. This creates a problem 

in determine the adequacy of surgical excision. It is possible that there is granulation tissue 

inflammation covering the tumor partially or completely especially incase of ulceration 

(Murphy et al., 2020). 

 

 

1.10.  Melanocytic tumors 

 

The oral cavity’s melanocytic tumors are melanoma and melanocytoma. These tumors 

originate from melanocytes. Oral melanocytomas are benign versions of melanomas. 
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Melanocytomas are rare in dogs and even rarer in other animals. Oral melanocytomas are often 

small, less than one centimeter in diameter (Murphy et al., 2020). Esplin (2008) found out in a 

study that “oral melanomas respond well to marginal or wide excision rather than radical 

mandibulectomy or maxillectomy”. It is suggested that melanocytomas evolve as melanomas 

(Meuten, 2020). Melanoma is the most common malignant oral tumor in dogs Lobprise and 

Dodd, 2018). Oral melanoma has been considered an extremely malignant tumor with a high 

degree of local invasiveness and high metastatic propensity (Reiter and Gracis, 2018; 

Verstraete et al., 2019). Histologically malignant melanomas (MM) may lack differentiation 

and therefore be diagnosed as an undifferentiated malignant tumor or anaplastic sarcoma. 

(Lobprise and Dodd, 2018). “Primary tumor size has been found to be extremely prognostic”, 

says Bergman (2007).  

Most predisposed breeds include Golden retrievers, Dachshunds, Scottish terriers, and 

poodles (Reiter and Gracis, 2018; Verstraete et al., 2019). Breeds with pigmented oral 

mucosa appear predisposed to MM (Lobprise and Dodd, 2018). They are predominantly 

pigmented; a small percentage may be non-pigmented (Reiter and Gracis, 2018; Verstraete et 

al., 2019). Melanoma is often ulcerated and easily bleeding due to its being friable. They are 

often pigmented but not always. It is relatively common for MM to be amelanotic. Necrosis 

is common in more extensive tumors (Lobprise and Dodd, 2018). Melanoma has a high rate 

of metastasis to the lymph nodes and lungs. Surgery to remove the primary tumor with an 

appropriately wide margin of normal tissue can result in a good long-term outcome for this 

melanoma. Alternative therapy can include radiation therapy and chemotherapy (Reiter and 

Gracis, 2018; Verstraete et al., 2019). Oral MM has a variable metastatic rate, with metastasis 

to the nodes and lungs being common with progressed tumors. There seems to be a great 

degree of variation in the survival time in dogs treated for MM (Lobprise and Dodd, 2018). 

Melanocytomas and melanomas are thought to arise at the epithelial/subepithelial junction. 

Melanocytes are generally found near the junction in normal tissue. Infiltrating into 

epithelium is often seen (Regezi et al., 2008). Invasion and proliferation cause thickening of 

the epidermis and formation of more rete pegs (Murphy et al., 2020). This may cause 

ulceration and papillary proliferation of the epithelium (Murphy et al., 2020). Malignant 

melanocytes exhibit a wide range of cytologic and architectural features (Regezi et al., 2008). 

Canine oral melanoma can have the same histological features as carcinomas, anaplastic 

sarcomas, lymphomas, and even osteogenic tumors. Neoplastic melanocytes can present a 

range of cytological shapes: spindloid cells, epithelioid cells, and a mixture of these two cell 
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types (Murphy et al., 2020). Some other cell types have been reported but they are rarer. 

Cytoplasmic melanization varies greatly (Lobprise and Dodd, 2018). Several architectural 

cellular arrangements – sheets, organoid clusters, and streams, are possible, these can mimic 

an epithelial tumor. Cells and nuclei are often variable sizes (Murphy et al., 2020). 

 

 

1.11.  Osteosarcoma 

 

Osteosarcoma is cancer that develops from the bone cells (Regezi et al., 2008). Oral and 

maxillofacial osteosarcoma appears to have less aggressive behavior than appendicular 

osteosarcoma (Reiter and Gracis, 2018; Verstraete et al., 2019). Radiologically, osteosarcomas 

tend to be poorly defined and radiolucent (Regezi et al., 2008). However, these can still spread 

to the lungs and other bones and be very aggressive cancers. Local cancer control is usually 

achieved with wide surgical resection with tumor-free margins. Failure of local control is the 

most common contributor to poor prognosis (Fargas, 2014; Reiter and Gracis, 2018; Verstraete 

et al., 2019).  

 

 

1.12  Risk factors for gingival neoplasia 

 

Large-breed dogs, especially Chow Chows and Chinese Shar-Peis, were at increased risk for 

lingual lesions of melanoma (Dennis et al., 2006). Samoyeds, Poodles, and Labrador Retrievers 

were more likely to have squamous cell carcinomas in a study by Dennis et al. (2006) about 

lingual lesions in dogs. Females in general were predisposed to lingual SCC (Dennis et al., 

2006). Border Collies and Golden Retrievers were found to be predisposed to 

hemangiosarcomas and fibrosarcomas (Dennis et al., 2006). The German Shorthaired Pointer, 

Weimaraner, Golden Retriever, Boxer, and Cocker Spaniel breeds had significantly higher risk 

of oral tumors (Dorn and Priester, 1976). Dachshunds and Beagles were considered to be at a 

lower risk, as compared with all other breeds in the study combined (Dorn and Priester, 1976). 

In a study by Mikiewicz et al. (2019) 19.12% of the dogs had peripheral odontogenic fibroma. 

The demographics of sex and breed of dogs with oral tumors were found out in study by Cray 

et al., (2020) are presented in (Table 1-2). Most of the animals were neutered, castrated males 
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being the biggest group (Table 1). Mix breed dogs were most presented and after them Labrador 

retrievers (Table 2). “Male dogs had significantly greater risk of developing fibrosarcoma and 

melanomas than did female dogs.”, was found by Dorn and Priester (1976). 

 

Table 1. Sex demographics of the study population (Cray et al., 2020). 

sex n % 

intact female 5 1.1 % 

intact male 10 2.3 % 

sterilized 188 42.4 % 

castrated 237 53.5 % 

Values are presented as subjects (%). 

 

Table 2. Frequency and percentage of most reported canine breeds with oral tumors (Cray et 

al., 2020). 

Breed Frequency (%) 

Mixed Breed 469 (26.0) 

Labrador retriever 234 (13.0) 

Golden retriever 201 (11.1) 

German shepherd 41 (2.3) 

Cocker spaniel 41 (2.3) 

Rottweiler 32 (1.8) 

Shih tzu 28 (1.6) 

Miniature schnauzer 27 (1.5) 

Border Collie 25 (1.4) 

Other breeds 712 (39.3) 

Values are presented as subjects (%). 

 

The risk of a dog getting a melanoma becomes higher as the dog ages (Dorn and Priester, 1976). 

The risk of SCC and FSA stays about the same throughout the dog’s lifespan (Dorn and 

Priester, 1976). 
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2. AIMS OF THE STUDY 

 

This study aimed to analyze retrospectively gingival tumor lesions in Estonian and Finnish 

dogs. The aims of this study were to find out what kinds of tumors were diagnosed in these 

dogs. The aim was also to determine whether there are breed or sex distribution differences 

within tumors. It was also evaluated if some tumors are more likely affected by neutered or 

unneutered animals. It was determined whether some type of tumor is more common on bigger 

or smaller dogs. Also, the histopathology and classification criteria of these tumors were briefly 

discussed. 
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3. MATERIALS AND METHODS 

  

3.1.  Collection of samples 

  

The samples in the Estonian population were collected from tumors that were removed 

during dental procedures from the dogs and sent to the Estonian University of Life Sciences 

Institute of Veterinary Medicine and Animal Sciences Chair of veterinary biomedicine and 

food hygiene pathohistology laboratory for histopathological examination. And from dogs’ 

gingival tumors removed in Animal Hospital Evidensia Tammisto, 20.01.2011 — 02.03.2022 

were studied in Patovet or FACIT – Veterinary pathology or IDEXX Laboratories. The dogs 

where the tumors were removed were from Uusimaa, Kanta-Häme and Päijät-Häme. The 

samples analyzed in Estonia were collected between 14.09.2012. — 19.01.2022. The material 

came from animal clinics in Tartu, Harju, Pärnu, Saare, Rapla and Viljandi counties. The 

study included 90 samples of material from 92 dogs altogether. 

 

The neoplasms examined were surgically removed with marginals, or a tissue sample of them 

was taken, and the tissue sections were fixed in 10% neutral aqueous formalin. The 

consignment notes accompanying the material generally contained the animals' age, sex, and 

breed; the animal's weight was also known in the Finnish population. Some of the submission 

forms in the Estonian population were missing the animal's age at the removal, animals’ sex, 

or breed. If the breed was not mentioned, they were grouped as a mix-breed dogs. If the 

animal got the same diagnosis again from the exact location due to a partially removed tumor, 

it was put in the data only when the tumor was initially removed. Information was collected 

on the number of reformists in the dog, consistency, and the location in the gingiva. Some of 

the tumors were classified using the older classification standards in the Estonian population. 

The diagnoses were changed after the newest classification criteria to make the comparison 

of the populations possible. The database for this work was created based on all the features 

described above.  
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3.1.1 Permits and approvals required for the thesis 

 

3.1.1.1 Animal Testing License/Permit 

The samples used were collected primarily to treat the animals, not for the study so a 

specially requested animal testing license was not needed. routine diagnostics 

3.1.1.2 Permission from the data owners 

Patient data and pathology results were used anonymously with the permission of the 

animals’ owners and the owners of the data, Estonian small animal clinic, and Animal 

hospital Tammisto Evidensia. 

3.1.1.2 Conflict of interest 

There is no conflict of interest. 

 

 

3.2.  Histopathological examination 

  

The 10% neutral formalin aqueous solutions fixed to form the cut sections were dehydrated, 

and paraffin was added for pathohistological examination. Contain six μm thick histological 

sections stained with hematoxylin and eosin (HE). When necessary, bleaching or special dyes 

were used (for melanomas). The obtained prepares the study using a light microscope Axiostar 

plus (Carl Zeiss Micro-Imaging GmbH) for pledge diagnoses. The pictures in the work were 

taken with a microscope Zeiss Axiophot 2 (Carl Zeiss MicroImaging GmbH), with 200 times 

magnification. The diagnosis of neoplasms was based on the WHO Classification of Tumors - 

Pathology & Genetics Head and Neck Tumors: Odontogenic Tumors (humans) classification, 

which is generally used for dogs’ gingival tumors at the moment in literature. The samples 

taken in Finland were sent to the laboratories mentioned above and processed similarly. 
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3.3.  Statistical analyses 

 

Data analysis is performed using MS Excel for Mac version 15.33. and Google Sheets. The 

results were considered statistically significant, with p≤0.05 properly. A chi-square was used 

to compare if the animals’ sex or neutering status or breed caused a statistically significant 

difference in the tumor it had. It was done if the data included two or more of the same tumor 

or dog breed. 

One-way analysis of variance was used to compare the mean ages and weights of dogs with 

different types of tumors. The one-way analyses included only tumors that occurred in the data 

at least three times to get big enough groups for the analyses. If there was a difference analyses 

were continued to find out between which tumor groups the difference was. Melanocytic tumors 

were grouped together to make data analyses possible. 

The dog was presumed to have a single gingival formation unless the consignment note stated 

otherwise. If a dog had several changes in the gingiva with the same diagnosis, they were treated 

as one, but they were all marked separately in the case of different neoplasms. As a result, more 

formations than animals are included in the study. There were some incomplete removal cases 

where the same animal had the same diagnoses in the same place at different times. These were 

missed from the data, the age when the animal first got the tumor was used. The information 

on age was indicated only in whole years, but the date of birth was specified in some cases. The 

age was calculated in this case. 
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4. RESULTS 

 

4.1. Basic information 

 

4.1.1. Estonian population 

 

 

The Estonian study group included 60 samples from 60 animals. 

 

Table 3. Sex distribution in the Estonian population 

sex of a dog n % 

intact female 19 31,7% 

intact male 35 58,3% 

castrated male 0 0,0% 

neutered female 5 8,3% 

n=number of dogs, %=percentual part of all the dogs in the Estonian study sample. 

 

Most of the dogs were males in the Estonian population and most of them were intact (Table 

3). The youngest animal was 2 years during the tumor's removal, the oldest was 14 years old, 

and the average age was 7,8 years with a median of 8 years.  
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Figure 2. Dogs by breeds that took part in the study in Estonia. 

 

The largest breed group in the data was mixed-breed dogs (Figure 2). 

 

Table 4. Tumors in the Estonian population 

Tumor Number 

of tumors 

% 

CAA 10 16,7 % 

POF 34 56,7 % 

Fibrosarcoma 4 6,7 % 

Melanocytoma 1 1,7 % 

Melanoma 4 6,7 % 

SCC 7 11,7 % 

 

%=percentual part of all the dogs in the Estonian study sample. 

 

The most common gingival tumor lesion was found to be a peripheral odontogenic fibroma, the 

rarest that was found was melanocytoma (Table 4). 
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4.1.2. Finnish population 

 

The Finnish study population included 32 samples and 30 dogs.  

 

Table 5. Sex distribution in the Finnish population 

sex n % 

intact female 5 15.6 % 

intact male 8 25.0 % 

sterilized 10 31.3 % 

castrated 9 28.1 % 

n=number of dogs, %=percentual part of all the dogs in Finnish study sample. 

 

The sample consisted of 17 (53.1 %) males and 15 (46.9 %) females. Most of the animals 

were neutered (Table 5). The youngest animal included in the study was a year old, and the 

oldest was 15 years old. The average age was 8,2 years, and the median was eight years.  

 

 

Figure 2. Dogs by breeds that took part in the study in Finland. 

 

Mixed-breed dog was the most common in Finnish population also (Figure 3). 
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Table 6. Different tumors found in the Finnish population. 

Tumor number of tumors % 

CAA 3 9.4 % 

amelanotic melanoma 2 6.3 % 

baso-squamous carcinoma 1 3.1 % 

fibrosarcoma 1 3.1 % 

melanoma 3 9.4 % 

papilloma 1 3.1 % 

POF 19 59.4 % 

SCC 2 6.3 % 

%=procentual part of all the dogs in Finnish study sample. 

 

Most common tumor in the Finnish population was POF, the rarest were papilloma, baso-

squamous carcinoma and fibrosarcoma (Table 6). 

 

 

4.2.  The connection between a certain type of tumor and the sex of the dog 

 

 

Figure 4. Sex distribution by tumors in the study in Estonia. 

 

From (Figure 4) it seems like POF, melanocytic tumors and SCC are more common in males 

than females.  
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Table 7. Chi-square value of the significancy of sex distribution. 

tumor chi-square p-value 

CAA 0.51 

POF 0.82 

melanocytic 

tumor 

0.97 

SCC 0.90 

 

There was no statistically significant difference (Table 7). 

 

 

Figure 5. Sex distribution by the tumors in Finnish populations. 

From (Figure 5) it seems like POF, melanocytic tumors and CAA are more common in males 

than females.  

 

Table 8. Chi-square value of the significance of sex distribution. 

tumor chi-square p-value 

CAA 0.62 

POF 0.31 

melanocytic 

tumor 

0.52 

 

0

2

4

6

8

10

12

14

CAA POF melanocytic tumour

N
u

m
b

er
 o

f 
d

o
gs

Males females



 

   
 

34 
   
 

There were no statistically significant differences in sex distribution (Table 8). 

 

4.3.  The connection between a certain type of tumor and the neutering status 

of the dog 

 

 

Figure 6. Distribution by the neutering status of the dogs. 

From (Figure 6) it seems like being intact is a predisposing factor. 

 

Table 9. Chi-square value of the significance of neutering status. 

tumor chi-square p-value 

CAA 0.15 

POF 0.85 

melanocytic 

tumor 

0.48 

SCC 0.39 

 

There was no statistically significant difference in neutering status as predisposing factor (Table 

9). 
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4.4.  The connection between a certain type of tumor and the breed of the dog 

 

In the Estonian population, 3 boxers of 4 had POF and 12 mix-breed from 18 had POF. Also, 2 

mix-breed dogs from 18 had a melanocytic tumor. 

Boxers were not predisposed to POF lesions with a p-value of 0.44. Neither were mix-breed 

dogs with a p-value of 0.31. Mix-breed dogs weren’t also predisposed to melanocytic tumors 

with a p-value of 0.61. 

In the Finnish population, both Parson Russel terriers had POF and 2 mix-breed from 6 had 

POF. Also, 2 mix-breed dogs from 6 had a SCC. Both Welch corgi cardigans had POF lesions. 

Parson Russel terriers nor Welch corgi cardigans were not predisposed to POF lesions with a 

p-value of 0.23. Neither were mix-breed dogs with a p-value of 0.15. But mix-breed dogs were 

found to be predisposed to SCC with a p-value of 0.009. 

 

 

4.5.  The difference in age the tumor was detected between a certain type of 

tumor 

 

Table 10. Differences between tumors between ages they were sampled in Estonian population 

Groups Count Sum Average Variance 

CAA 9 67 7.44 9.28 

POF 33 264 8.00 8.88 

FSA 4 23 5.75 1.58 

Melanocytic tumors 5 54 10.80 2.70 

SCC 7 59 8.43 16.29 

 

There are some differences between the mean ages of when the tumors were sampled for the 

histopathological examination (Table 10). 

 

 

 

 



 

   
 

36 
   
 

Table 11. One-way ANOVA results of age difference between tumors. 

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 63.36 4 15.84 1.78 0.15 2.55 

Within Groups 471.49 53 8.90    

       

Total 534.84 57         

 

There was no significant difference in the Estonian population (Table 11). 

 

Table 12. Differences between tumors between ages they were sampled in the Finnish 

population 

Groups Count Sum Average Variance   

POF 19 135 7.11 11.10   

Melanocytic tumors 4 47 11.75 8.25   

CAA 4 33 8.25 6.92   

 

There are some differences between the mean ages of when the tumors were sampled for the 

histopathological examination (Table 12). 

 

Table 13. Results of the ANOVA. 

Groups Count Sum Average Variance 

POF 19 135 7.11 11.10 

melanoma 4 47 11.75 8.25 

CAA 4 33 8.25 6.92 

 

There was a significant difference in the Finnish population between average ages (Table 13). 

The test was continued to find the groups that between the difference is and it was found that 

peripheral odontogenic fibromas are on average in younger animals than melanocytic tumors 

with a p-value of 0.017. 
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4.6.  The difference in weight of the animal the tumor was detected between a 

certain type of tumor 

 

Table 14. Mean weights in different tumor groups. 

 

Groups Count Sum Average Variance 

POF 19 427.90 22.52 190.49 

melanocytic tumors 5 61.65 12.33 33.00 

CAA 3 97.60 32.53 47.57 

 

There seems to be a difference between the weights of the animals, Lager animals seem to be 

more predisposed to CAA and smaller animals to melanocytic tumors (Table 14).  

 

Table 15. Results of the ANOVA 

       

Source of 

Variation SS df MS F P-value F crit 

Between Groups 803.82 2 401.91 2.64 0.09 3.40 

Within Groups 

3655.9

7 24 152.33    

       

Total 

4459.7

8 26         

 

 

There was no difference between weights of the animals and what tumor they would have 

(Table 15). 
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4.7   Microscopic images that were taken for the study 

 

 

 

Figure 7. Peripheral odontogenic fibroma, The proliferative mesenchyme (MES), mineralized 

cemento-osseous matrix, a follicle of the odontogenic epithelium (OE); HE, x200. 

 

 

In this slide the classical features of peripheral odontogenic fibroma are clearly seen (Figure 

7). 
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Figure 8. Canine acanthomatous ameloblastoma; HE, x200.  

 

The epithelium penetrates deeper into the lamina propria with trabeculae, and the 

trabeculae, which originated in the epithelium, are intertwined. Lamina propria is rich in new 

blood vessels. Some sites have extravascular red blood cells and cellular detritus (necrosis) 

(Figure 8). 
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Figure 9. Melanoma; HE, x200.  

 

Most neoplastic cells are polygonal with clear borders, they are arranged densely. Some cells 

are more separated and have a more of a dendritic shape. Anisokaryosis is seen and vacuolar 

cytoplasms. Few mitoses are seen. There is some cellular detritus (necrosis). The 

pigmentation and the histological pattern vary throughout (Figure 9). 

 

 

 

 

 

 

 

 

 

 



 

   
 

41 
   
 

 

Figure 10. Squamous cell carcinoma; HE, x200. 

 

Tumor cells flow closely together in tracts or trabeculae in moderate amounts in the 

collagenous stroma and are oval, polygonal to polyhedral cells with indistinguishable cell 

contours, low erosive eosinophilic fibrillar cytoplasm, and pleomorphic oval to pleomorphic 

oval to granular chromatin. Anisocytosis and anisokaryosis are moderate (Figure 10). 
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Figure 11. Fibrosarcoma; HE, x200. 

 

Neoplastic fibroblasts travel irregularly in the abundant collagenous stroma, and spindeloids, 

with an elongated nucleus. Nuclear pleomorphism is minimal have moderate atypia and 

anisokaryosis. Mitosis is not seen. Mild epidermal hyperplasia. Tumor cells are densely 

packed (Figure 11). 
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5.  DISCUSSION 

 

Exactly similar studies do not exist so comparing is difficult. There has not been found a clear 

predisposition of whether the animal was neutered or not or sex predisposition. Neither was 

found in this study. Generally, when neutering is linked as a predisposing factor it has a greater 

effect on what younger the animal is when it is done. In my data was no information about how 

young the neutered animals were neutered. Also, there is no known link between sex hormones 

and gingival tumors. 

In a study by Cray et al. (2020) the sex and neutered status distribution differs greatly from 

what it was in this study. This might be due to differences in animal welfare laws and owners’ 

preferences to neuter their animals. Male dogs were not found to be in greater risk of developing 

fibrosarcoma and melanomas like in Dorn and Priester (1976) study. 

The most common malignant dog gingival tumors are melanoma, squamous cell carcinoma and 

fibrosarcoma (Lobprise and Dodd, 2018; Verstraete 1995). Papilloma are globally very 

prevalent but you don’t come across them that often in Finland. Low number of papilloma in 

the data may be also that they don’t get sampled that often because of the unique macroscopic 

appearance and the young age of patience the diagnosis is suspected. Because it often is self-

limiting it is given time to declare before rushing to sample taking. 

Breed predispositions that were found by Dennis et al. (2006) and Dorn and Priester (1976). 

Where not found in this study, but Dennis et al. (2006) study was about lingual lesions and 

Dorn and Priester (1976) were about oral and pharyngeal tumors. 

Mikiewicz et al. (2019) had smaller percentage of dogs with peripheral odontogenic fibroma 

(19.12%) than in this study (Estonian 56,7%, Finnish 59,4%) (Table 4 and 6). 

There are some studies about breed predisposition. I did not come across one where mix breed 

dogs are not proven to be prevalent to SCC before, like in the Finnish population. This is a 

possible false result due to small sample size. 

Dorn and Priester (1976) found that the dog is more likely to develop melanoma the older it 

gets. The average age for melanocytic tumors were also older in Finnish population. 

Boxers are thought to be prevalent in POF lesions (Murphy et al., 2020) and it seemed like that 

in the Estonian population but was not statistically significant. There can be differences between 

populations and again the sample size was small. 
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The breed distribution has some differences and some similarities with Cray et al. (2020). 

Mixed breed dogs are the largest group. So are they this study population, also Labradors are 

well presented. There is more than one Jack Russel terrier in both Finnish and Estonian 

population, but it is not well presented in Cray et al. (2020) study. 

The size of the animal has not clearly been linked to any tumor predisposition. Small breed 

dogs are more predisposed on periodontal disease than larger dogs and periodontal disease is 

linked in humans’ cancer predisposition (Wen et al. 2014; Niemiec, 2021). So there possibly 

could be a connection but with these samples it was not found. 

The submission forms submitted to the Estonian University of Life Sciences had no weight of 

the animal on them and somewhere missing the sex and age of the animal as well. This may 

cause statistical error with this small study population. 

 

In the pictures (Figure 7-11) there were found similarities with the histological descriptions of 

the tumors (Murphy et al., 2020) but not all of them. Especially the example CAA (Figure 8) 

and SCC (Figure 10) differ from the description. In (Figure 7) the kite-shaped cells are visible. 

It is not as dense as usually POF lesions are in some places. COM and embedded OE are clearly 

visible. In (Figure 8) the typical long intercellular desmosomal attachments are there but not as 

noticeable as usually. Many cells have antibasilar nuclei. In (Figure 9) there are typical 

melanocytes seen. Malignant changes are visible like anisokaryosis and vacuolar cytoplasms, 

also some mitoses are seen. There are some cells even with three nuclei seen. This picture is 

rather typical gingival melanoma. In (Figure 10) there are already so many carcinogenic 

features like the borders of tumors are not well separated, that their characteristic SCC features 

are hard to differentiate. In (Figure 11) spindloid fibroblasts are clearly visible with some 

amounts of collagen. Nuclei are large, which is typical (Murphy et al., 2020). Mild 

anisokaryosis is visible which is also typical (Murphy et al., 2020). 
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6. CONCLUSION 

 

My results vary somewhat from previously made similar studies. There is no similar study with 

the same aims and population and these populations were relatively small.  

There is no one good classification for dogs' oral neoplasia. Most of the dogs' oral neoplasms 

involve epithelium and if they are formed on dental arches, they include gingiva. It is not known 

for all the neoplasia what is their originating tissue. With some tumors in this study, it is also 

still in debate whether they are neoplastic changes in the first place. Sometimes there can be 

difficulty in differentiating the correct histological diagnoses. 

In the Estonian population, there is missing information. The age, breed, and sex were missing 

from some animals. The weights of the animals were not known in the Estonian population. 

The two populations are collected differently. They are of different sizes and from a different 

time scene. In Finnish samples were used by several different pathologists which may cause 

some error. 

Because the classification recommendations keep changing and are not accurate, I had to 

change some of the diagnoses to the newer names. In the Estonian population, there were many 

diagnoses like ossifying epulis and astomatous epulis and this may cause some error. 

There are definitely needed some more studies to create a working classification system for 

animal’s oral neoplasms. 

The histological slides may sometimes be misleading almost about the diagnoses. 

If there is a lesion that resembles bad gingivitis, like hyperplasia and ulceration, it can possibly 

be neoplastic change. Wise versa tumor resembling lesion may end up being e.g. inflammatory 

change. To get as close to the right diagnosis as possible precise macroscopic description with 

anamneses is needed, preferably with radiographs. And the pathologist needs to consider all the 

possible differential diagnoses and be precise with the perception. 
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