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Lack of dental eruption may be accompanied by development of dentigerous cysts and

has also been rarely associated with neoplasia. However, little information is available

on prevalence of unerupted teeth and associated lesions in dogs and cats. The main

objective of this study was to describe the epidemiologic data of canine and feline dental

patients with unerupted teeth, and assess the prevalence of associated dentigerous

cysts and tumors. Secondary aims included the evaluation of possible factors implicated

in cystic development, and description of the histological features of dentigerous cysts.

Medical and dental records, intraoral photographs, intraoral radiographs of client-owned

dogs and cats with clinically missing teeth examined between 2001 and March 2018

were reviewed. Collected data included signalment, reason for presentation, number,

type, depth of inclusion and angulation of unerupted teeth, presence of cystic lesions

or tumors, abnormalities affecting involved teeth, histopathological findings, performed

treatment and outcome. Seventy-three animals (69 dogs and 4 cats) with 113 unerupted

teeth were included. The most frequent unerupted tooth in dogs was the first premolar

teeth (78%), followed by the canine and third molar teeth. Dentigerous cysts were

diagnosed associated with 48 (44.4%) teeth in dogs and one out of five unerupted teeth

in cats. The affected teeth in dogs were predominantly in horizontal inclination (40%)

and in soft tissue inclusion (77%). Brachycephalic canine breeds were overrepresented.

The only unerupted tooth in boxer dogs was the first premolar tooth (32 teeth). Ninety

percentage of boxers with unerupted teeth developed associated lesions (25 dentigerous

cysts and one tumor). Two ameloblastomas (one in a dog and one in a cat) and one

osteosarcoma (in a dog) were diagnosed in association with three unerupted teeth.

Histology was essential in diagnosing two odontogenic cysts not evident on radiographs.

In all cases that were followed-up, treatment (i.e., extraction, extraction and surgical

curettage, or operculectomy) appeared successful. Untreated dentigerous cysts showed

progression at re-examination. None of the unerupted teeth without evidence of cyst at

the time of diagnosis showed incipient cystic development. None of the evaluated factors

were associated with lack of eruption and/or development of associated lesions.
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INTRODUCTION

An unerupted tooth is a tooth that does not emerge into
the mouth within the expected time frame because of lack of
space, malposition, and other physical impediments such as
the presence of a tumor or fibrous tissue along the path of
eruption (impacted tooth), or because of a lack of eruptive forces
(embedded tooth) (1).

Clinical, radiographic and pathological features associated
with unerupted teeth are well-described in humans (2), but only
a few reports are present in the veterinary literature.

In human patients, the prevalence varies considerably in
different countries (from 8 to 38%) (3, 4). The most frequently
affected teeth are the mandibular and maxillary third molar
(up to 68.6% of the cases), followed by the maxillary canine,
mandibular and maxillary premolar teeth, and maxillary central
incisor teeth (5). In humans, 1.4% of unerupted teeth develop
dentigerous cysts (3) and <1% may be associated with tumor
development (6). Unerupted teeth are typically asymptomatic,
but pain may be reported because of inflammation of the
soft tissues surrounding the crown (pericoronitis), or pressure
resorption of adjacent roots (1). Diagnostic imaging (i.e.,
radiography or computed tomography) is required to confirm
the presence of an unerupted tooth in edentulous areas
(3). Extraction is the treatment of choice in case of loss
of bone around the impacted teeth, presence of cysts or
tumors, displacement of the adjacent teeth, or chronic pain
(1). Sometimes, treatment is recommended even in the absence
of clinical or radiographic pathologic findings, as a preventive
method against the development of cystic lesions that can lead
to severe loss of surrounding bone and resorption of adjacent
teeth (7). However, because of the proximity of many unerupted
third molar teeth to the inferior alveolar nerve and the risk
of nerve injury during extraction, in humans coronectomy and
intentional root retention of healthy, unerupted teeth has also
been recommended (8). Furthermore, surgical exposure and
orthodontic treatment may be attempted in select cases (5).

Little information is available on prevalence of unerupted
teeth in companion animals. Only a few cases have been
described in cats (9–12). In dogs, most of the studies and
case reports have focused on the description of associated
dentigerous cysts, with a reported prevalence of 29.1% (13,
14). Brachycephalic breeds (e.g., boxer, Boston terrier, pugs,
and Shi-tzu) have been described as more frequently affected,
but a variety of breeds of different morphology (e.g., Belgian
malinois, German shepherd, Labrador retriever, Dalmatian dog,
and greyhound) have also been reported. Based on the available
information, the permanent first premolar tooth seems to be
the most affected tooth in dogs, followed by the canine teeth
(13, 14). Several criteria, including the presence of a coronal
radiolucency extending apically beyond the cementoenamel
junction, cortication, bone expansion, and root or bone
resorption of adjacent teeth, have been suggested for the
radiographic identification of cystic lesions (14). However, in
absence of more sensitive diagnostic imaging systems such as
cone beam computed tomography (CBCT) or standard CT, the
radiographic diagnosis of cystic development may be difficult to

obtain in case of small lesions. A method comparing the size
of the periodontal ligament space of a reference tooth and the
pericoronal lucency of unerupted teeth has been suggested to
differentiate between small dentigerous cysts and normal dental
follicles (14). Nevertheless, the applicability of this criterion
remains to be confirmed.

Extraction of embedded and impacted teeth is recommended
in veterinary patients when related pathology (i.e., dentigerous
cyst, bone, and root resorption) is diagnosed (14). However,
indications for the correct approach to unerupted teeth in the
absence of clinical and radiographic signs of complications are
lacking in the veterinary literature.

The main purpose of this retrospective study was to describe
canine and feline dental patients with unerupted teeth and assess
the prevalence of associated dentigerous cysts and tumors. As
secondary aim, possible factors implicated in cystic development
were evaluated. Furthermore, the radiographic and histological
features were defined and compared in 10 cases to evaluate
if the size of the pericoronal radiolucency in radiographically
doubtful cases could help reaching a definitive diagnosis of
cystic development.

MATERIALS AND METHODS

Medical and dental records, intraoral photographs and
radiographs of client-owned dogs and cats examined between
February 2001 and March 2018 at different veterinary clinics
in northern Italy were reviewed. All patients were presented
because of an oral or maxillofacial problem, but not necessarily
because of missing teeth. Complete examination of the head
and oral cavity was performed under general anesthesia.
Patients were included in the study if full mouth intraoral
radiographic examination or at least radiographic examination
of all edentulous areas had been performed, and if at least one
unerupted tooth was radiographically present.

Data collected for each patient included: signalment (species,
breed, sex, age, and body weight at the time of diagnosis), main
reason for presentation (i.e., related to missing tooth/teeth or
not), number and type of unerupted teeth, presence or absence
of clinically and/or radiographically visible signs indicative of
cystic lesions (i.e., a well-defined radiolucency around or beside
the crown of an unerupted tooth), presence of neoplastic lesions
associated with unerupted teeth, histopathological findings (for
biopsied lesions), depth of inclusion (i.e., gingival vs. bone
inclusion) and inclination of the unerupted teeth in the jaw,
radiographic abnormalities affecting unerupted tooth/teeth and
adjacent teeth, treatment performed, treatment outcome, and
follow-up findings.

To describe the inclination of the unerupted tooth within
the jaw, the classification system by Winter was utilized in this
study, typically used to score the difficulty of impacted molar
extraction in humans (15). The inclination, measured as the angle
between the long axis of the tooth and the occlusal plane, may
be horizontal (0◦-30◦ in mesial direction), mesioangular (31◦-
60◦ in mesial direction), vertical (61◦-90◦ in mesial direction),
distoangular (91◦-180◦ in distal direction), inverted (negative
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angle < 0◦, with the crown pointing in the opposite direction to
the occlusal plane) (15) (Figure 1).

Teeth were considered in soft tissue inclusion when one side
(normally the side toward the alveolar margin) was covered
only by gingival tissue, and in bone inclusion when they were
completely encased in bone (tooth not visible after cutting
the overlying gingiva and/or radiographically surrounded by
bone) (16).

Treatments performed included: operculectomy (for teeth
in gingival inclusion), extraction of unerupted teeth only (if
cystic lesions were not evident clinically and/or radiographically),
extraction of unerupted teeth and curettage of the cystic lining,
and maxillectomy/mandibulectomy including the unerupted
teeth and cystic lesion (in case of concomitant presence of
neoplasia). In some cases, treatment was not performed, but
radiographic monitoring was recommended.

For histological evaluation, samples were fixed in 10%
buffered formalin and paraffin embedded. Then, 4µ sections
were stained with hematoxylin and eosin, and observed with
an optical microscope (Olympus BX40, Segrate, Milan, Italy).
Mineralized tissues were decalcified after fixation with a rapid
decalcifying solution (Biodec R, Bio-opotica, Milan, Italy). A
single pathologist (SF) examined all histological samples.

Outcome of treatment was evaluated clinically and whenever
possible radiographically at the last follow-up available. The
possible outcomes were: complete healing, absence of healing,
or recurrence. The lesion was classified as completely healed
if, at the time of the last follow-up examination available,
there was absence of swelling or any other type of soft tissue
abnormality [except for the presence of mild inflammation and
suture material along the surgical wound, which was considered
normal in case of short-term (<4 weeks) follow-ups] and, when
available, the radiographic examination showed evidence of new

bone formation and absence of any radiolucent lesions indicative
of a cystic process at the previous surgical site.

Absence of healing at the time of the last follow-up
examination available was determined by clinical evidence of
flap’s dehiscence, presence of swelling, persistent (>4 weeks) soft
tissue inflammation or any other type of soft tissue abnormality at
the surgical site, and/or radiographic persistence of a radiolucent
lesion or a radiopaque, tooth-like material following treatment.

If, following complete soft tissue healing, a radiolucent lesion
was evident at a later time, a recurrence was recorded.

Untreated cases had follow-up evaluations to assess for
development of new, previously absent, cystic lesions (defined as
incipient cysts), progression of pre-existing lesions (progressive
cyst), or if the clinical and radiographic appearance of the
unerupted tooth with or without a previously diagnosed cyst was
unchanged (defined as static or no cyst, respectively).

Finally, it was evaluated if the size of coronal radiolucencies
present around unerupted teeth could predict the nature of
the lesions (i.e., dentigerous cyst vs. dental follicle), as recently
suggested (14). In particular, it was assessed if pathological cystic
lesions always appeared larger than three times the width of
the periodontal space of a normal canine tooth in the same
patient (14).

Statistical Analysis
Descriptive analyses were performed to characterize the
population of dogs and cats if at least five cases per group were
present. Contingency tables were used to verify if the type of
teeth was associated with the presence of a cyst. Chi2 test was
used to identify an association between the type of inclusion
of unerupted teeth and the presence of cysts. The above tests
were also used to identify an association between the type of
inclination of unerupted teeth and the presence of cysts, and to

FIGURE 1 | Angle of inclination of unerupted teeth relatively to the alveolar margin, using a modified Winter classification (15). This example shows an unerupted right

mandibular first premolar tooth (asterisk) in mesioangular inclination. DA, distoangular; H, horizontal; I, inverted; MA, mesioangular; V, vertical; Blue dotted line,

unerupted tooth long axis; Red line, alveolar margin.
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compare the frequency of unerupted teeth between types of teeth.
The overall number of first, second and third incisor, canine, first
and fourth premolar teeth was considered to be 276, assuming
that all of the listed teeth were present in the 69 dogs (i.e., 69× 4
= 276); the overall number of thirdmolar teeth was considered to
be 138, assuming that each of the 69 dogs had 2 third molar teeth
(i.e., 69× 2= 138). To evaluate differences between type of most
frequent unerupted teeth (i.e., canine, first premolar, and third
molar) and body weight, the Kruskal–Wallis test was applied. To
compare the age of dogs with and without dentigerous cysts, the
Mann–Whitney test was applied. Significance was considered
for P < 0.05.

RESULTS

Seventy-three cases [69 (94.5%) dogs and 4 (5.5%) cats] with
a total of 113 unerupted teeth were included in the study
(Supplemental Table 1).

Signalment
Three cats were European short hair and one was a Maine coon.
There were one female and three male cats, all neutered. The ages
at the time of diagnosis were 1, 2.5, 5, and 10 years, respectively.
The body weight was 4, 5 (2 cats), and 8 kg.

Canine breeds included boxer [20 dogs (28.9%)], Labrador
retriever [6 dogs (8.7%)], Maltese, Chihuahua and mix breed
[5 dogs each (7.2%)], pugs [4 dogs (5.8%)], Bernese mountain
dog, Yorkshire terrier, Shih-tzu, spitz, and miniature schnauzer
[2 dogs each (2.9%)], bull terrier, bull mastiff, Czechoslovakian
wolfdog, English setter, Epagneul papillon, French bulldog,
German shepherd, golden retriever, Irish setter, Italian shepherd,
miniature poodle, Pekingese dog, pinscher, pitbull [1 dog
each (1.4%)].

Forty-one dogs (59.4%) were males (38 intact and 3 neutered)
and 28 (40.6%) females (13 intact and 15 neutered).

The mean and median ages at the time of diagnosis in dogs
was 4.4 and 3.6 years, respectively (range from 5 months to
10.5 years).

The mean body weight for dogs was 21.0 kg (median 25 kg,
range from 1.8 to 59.5 kg).

Chief Complaint
The main reasons for dental consultation included the
presence of an oral swelling/mass at or near the area of a
missing (unerupted) tooth [8 cases, including 1 cat (10.9%)],
which could be due to a cystic or neoplastic development,
a missing tooth that was in fact unerupted [7 cases (9.6%],
and discoloration of a tooth near the area of a missing
(unerupted) tooth [1 case (1.4%)]. The remaining 57 cases
(78.1%), including three cats, presented for unrelated reasons
(e.g., periodontal disease, palatal defect, tooth fracture)
and the presence of the unerupted tooth/teeth was an
incidental finding diagnosed during the routine intraoral
radiographic examination.

Number and Type of Unerupted Teeth
In cats, five unerupted teeth were diagnosed in four patients
(Figure 2). In one case, both maxillary second premolar teeth
were unerupted.

In dogs, 108 unerupted teeth were diagnosed: 85 (78.7%)
first premolar teeth, 8 (7.4%) canine teeth, 8 (7.4%) mandibular
third molar teeth, 5 (4.6%) mandibular incisor teeth, 1 (0.9%)
mandibular second molar tooth, and 1 (0.9%) maxillary fourth
premolar tooth (Figure 3).

Multiple unerupted teeth were diagnosed in 29 (42%) dogs
(Table 1).

Lack of eruption was more frequent for first premolar teeth
compared to all other teeth (p < 0.0001, for each contrast),
and for third molar teeth compared to second molar teeth (p =

0.0009), fourth premolar teeth (p= 0.0009), second incisor teeth
(p= 0.0031), and first incisor teeth (p= 0.008) (Table 2).

The median body weight of dogs demonstrating unerupted
canine, first premolar and third molar teeth was 3 (min
2.6–max 18), 28 (min 1.8–max 35), and 5.4 (min 2.7–
max 9.6) kg, respectively. Body weight of dogs with

FIGURE 2 | Number and type of unerupted teeth in cats included in the study.

AA, associated ameloblastoma; DTC, teeth with radiographically or

histologically confirmed dentigerous cyst.
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FIGURE 3 | Number and type of unerupted teeth in dogs included in the study. CAA, associated canine acanthomatous ameloblastoma; DTC, teeth with

radiographically or histologically confirmed dentigerous cyst; OSA, associated osteosarcoma; SN, supernumerary tooth.

TABLE 1 | Multiple unerupted teeth (T/I) in dogs (numbering based on the

modified Triadan system).

Total number of dogs

with multiple T/I

Total number of

T/I

Number of dogs and

location of T/I

2 4 1: 105SN-205SN-305-405

1: 305-311-405-411

5 3 1: 304-305-404

1: 305-311-405

1: 104-204-405

1: 301-301SN-401SN

1: 205SN-305-405

22 2 19: 305-405

1: 204-305

1: 208-411

1: 311-411

SN, supernumerary tooth.

unerupted first premolar teeth was greater than in dogs
with unerupted canine and third molars (p = 0.005 and
p= 0.004, respectively).

TABLE 2 | Comparison of the frequency of unerupted teeth in dogs.

UT PM1 M3 M2 I1 I2

PM1 p < 0.0001* p < 0.0001* p < 0.0001* p < 0.0001*

M3 p < 0.0001* 0.0009X p = 0.008X p = 0.0031X

M2 p < 0.0001* p = 0.0009X NS NS

I1 p < 0.0001* p = 0.008X NS NS

I2 p < 0.0001* p = 0.0031X NS NS

PM4 p < 0.0001* p = 0.0009X NS NS NS

UT, unerupted tooth; * statistically significant for PM1; X statistically significant for M3;

NS, not significant. Statistical test: r × c contingency table.

Neoplastic Lesions and Dentigerous Cysts
A 10-year-old, neutered male, 7.8 kg, domestic short hair
cat presented with an unerupted right maxillary second
premolar tooth associated with a cystic lesion and an
ameloblastoma. This was the only cystic lesion diagnosed
in cats. The other unerupted teeth in cats were not evaluated
histologically, but appeared radiographically negative for
cystic development.
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Concomitant neoplasias and cystic lesions were also
histologically diagnosed in two dogs with unerupted teeth: a
5 months old, intact male, English setter dog with a canine
acanthomatous ameloblastoma (CAA) (associated with an
unerupted right maxillary canine tooth) and a 9 years old, female
spayed, Boxer dog with an osteosarcoma (associated with an
unerupted left mandibular first premolar tooth). Because of the
impossibility to determine if the neoplastic and cystic lesions
developed independently or were related changes, these teeth
were not considered in the following analysis of cases with cysts.

Therefore, apart from these oncological cases, the presence
of a dentigerous cyst was diagnosed in association with 48 teeth
(44.4% of the unerupted teeth in dogs) in 34 canine patients, by
radiography, and/or histology (Supplemental Table 1).

Thirty-four cysts (77.3%) developed in 25 brachycephalic
dogs (boxer, pug, Maltese, Shih-tzu, and Chihuahua dogs), and
14 cysts (22.7%) in nine non-brachycephalic dogs (Labrador
retriever, miniature pinscher, Italian shepherd, Bull terrier,
Czechoslovakian wolf dog, and German shepherd dogs).

Radiographic vs. Histological Diagnosis of
Dentigerous Cyst in Dogs
In dogs, full-mouth radiographs were available for 66 cases, and
partial radiographic examination (including radiographs of all
edentulous areas) for remaining three cases.

Excluding the cases with neoplastic disease, a well-
defined radiolucency compatible with a dentigerous cyst
was radiographically evident for 44 teeth. The diagnosis was
histologically confirmed in 34 (77.3%) of these cases, while in the
remaining 10 cases histology was not performed.

Four teeth were radiographically equivocal (two teeth)
or not evident (two teeth), however cystic lesions were
confirmed histologically.

The presence of a dentigerous cyst was suspected for 19 other
teeth, but the radiolucency was too small to reach a definitive
radiographic diagnosis and histology was not performed.

Finally, the radiographic examination was considered negative
for cystic changes in the remaining 39 unerupted teeth. Only
six of these cases were evaluated histologically, confirming the
absence of cystic tissues.

Six of eight (75%) unerupted canine teeth and 41 of 85 (48.8%)
unerupted first premolar teeth developed a radiographic and/or
histological change confirming a dentigerous cyst (Figure 3). The
remaining cystic lesion was associated with a mandibular third
molar tooth. There was a statistical association between the type
of teeth and the absence of cyst (p = 0.010); in particular, the
mandibular third molar tooth associated with the absence of cyst
(p = 0.038). No statistical association was documented between
the type of teeth and the presence of cyst, although a trend was
observed for canine and first premolar teeth (p = 0.089 and p =
0.094, respectively).

Characteristics of Dogs Showing
Dentigerous Cyst
Dentigerous cysts were diagnosed in 18 of 20 (90%) boxer dogs
(25 cysts), 2 of 6 (33.3%) Labrador retrievers (2 cysts); 2 of 5

Chihuahuas (3 cysts) and Maltese dogs (5 cysts); 2 of 4 pugs (4
cysts), and mix breed dogs (2 cysts); and 1 of 2 Shih-tzu dogs (2
cysts). Each of the single Italian shepherd, German shepherd, bull
terrier, Czechoslovakian wolfdog, and pinscher dogs developed
one cyst each.

Twenty-nine of 48 dentigerous cysts (60.4%) were diagnosed
in intact male dogs, 6 (12.5%) in neutered male dogs, 5 (10.4%)
in intact female dogs, and 8 (16.7%) in female spayed dogs.

The mean age at the time of diagnosis of the dogs showing
dentigerous cysts was 4 years (median 3.3 years; range from 1.2
to 9.2 years).

The mean body weight of dogs with dentigerous cyst was
26.1 kg (median 30.8 kg; range from 3 to 46 kg).

Histopathologic Findings
Histological examination was performed on excised tissues
associated with 47 (40.4%) unerupted teeth (one from a cat and
46 from dogs), including the three neoplastic cases.

Submitted histological samples included: the lining of the
cystic lesion only (nine teeth), the lining of the cystic lesion and
the extracted teeth (29 teeth), soft tissue (i.e., gingiva) covering
the crown of the unerupted teeth (when operculectomy was
performed) (three teeth), gingiva and lining of the cyst (two
teeth), the unerupted tooth only (one tooth), an incisional biopsy
of a suspected neoplastic lesion associated with an unerupted
tooth (one tooth), or the surgical excised maxillary portion
including the neoplastic lesion and the unerupted tooth (two
cases, of which one was a cat).

Three cases presented concomitant cystic and neoplastic
diseases associated with unerupted teeth. One cat had an
ameloblastoma, one dog had a CAA and one dog an
osteosarcoma. Histologic diagnosis of dentigerous cyst was made
for 38 other teeth. All samples showed histological similarities.
The cystic lesions were often multilocular, lined by a variably
thick, multilayered, squamous epithelium with multifocal or
diffuse keratinization and multifocal parakeratosis (Figure 4).
Keratin was scarce or moderate, never filling the lumen. Often
the stratum basale was described as palisading. Occasionally,
apoptosis and superficial cytoplasmic vacuolar degeneration were
present. The epithelium was often multifocally detached, with
hemorrhage and fibrin deposition. The wall was composed
of dense fibrous tissue frequently showing a multifocal, mild
to severe, mononucleated infiltrate (lymphocytes, plasma cells,
macrophages, hemosiderophages), and sometimes cholesterine
crystals (a sign of cellular damage). Neutrophils were sometimes
present. Multifocal, small irregular areas of newly formed
cementum/osseous tissue were also a common finding.

Six of 47 histological samples were negative for cystic or
neoplastic development.

Differentiation Between Small Dentigerous
Cysts and Normal Dental Follicle
Ten of the 62 teeth that were either radiographically equivocal
or negative for the presence of cystic lesions were evaluated
histologically (Table 3).

Four of these samples histologically demonstrated evidence
of a dentigerous cyst, even though the size of their pericoronal
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FIGURE 4 | Histologic representation of a typical dentigerous cyst from one of the canine cases included in the study. (A) The wall of the cyst is lined by multistratified

epithelium (black arrows) surrounded by moderate fibrous stroma with multifocal chronic infiltrates. In some areas the epithelium is detached (white arrows). Black

asterisk, lumen of the cyst. Bar = 100µm. (B) An irregular area of cementum (white asterisk) is visible in the stroma near the cyst. Bar = 100µm. (C) In this field, the

epithelium shows a basilar palisade similar to odontogenic epithelium (black bars). Bar = 25µm. (D) The epithelium is characterized by parakeratotic keratosis

(arrowheads). Black asterisk, lumen of the cyst. Bar = 25µm.

TABLE 3 | Differential diagnosis between small dentigerous cysts and normal dental follicle.

Breed Age (months) Weight (Kg) T/I Pericoronal

space (mm)

PDL space of canine

tooth (mm)

Pericoronal space: PDL

space of canine tooth ratio

Rx Histology

Mix breed 84 25 405 0.9 0.5 1.8 Dubious Cyst

Bull terrier 19 18 204 0.9 0.6* 1.5 No cyst Cyst

Maltese dog 19 5.4 305 0.8 0.4 2 Dubious Cyst

Pinscher 36 4 405 0.3 0.3 0 No cyst Cyst

Mix breed 92 11 305 0.8 0.2 4 No cyst No cyst

Miniature

poodle

8 5.8 305 0.7 0.2 3.5 No cyst No cyst

Miniature

poodle

84 5.8 405 0.6 0.2 3 No cyst No cyst

Boxer 54 46 305 0.5 0.2 2.5 No cyst No cyst

Chihuahua 18 2 405 0.3 0.3 0 No cyst No cyst

Chihuahua 18 2 305 0.3 0.3 0 No cyst No cyst

Width of pericoronal radioluncency and periodontal ligament space of a reference tooth [the adjacent or contralateral (*) canine tooth] for radiographically dubious or negative teeth

evaluated histologically. Numbering based on the modified Triadan system. Rx, radiographic diagnosis for cystic lesion; T/I, unerupted tooth.

radiolucency was equal or less than three times the width of the
periodontal ligament space of the reference tooth.

Three teeth histologically consistent with dentigerous cysts
demonstrated a pericoronal radiolucency that was in fact three
times or more the width of the periodontal ligament space of the
adjacent canine tooth.

The histological examination of the remaining three teeth
(two with pericoronal radiolucency and periodontal ligament
space of the reference tooth of identical dimensions, one with
a pericoronal radiolucency that was 2.5 times the size of the
periodontal ligament space of the referenced tooth) were negative
for histologic signs consistent with a cyst.
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Depth of Inclusion of Unerupted Teeth
In feline patients, one of five unerupted teeth was in complete
bone inclusion, and four teeth were in soft tissue inclusion,
including one tooth associated with an ameloblastoma (Table 4).

In dogs, 25 (23.6%) of 106 unerupted teeth were in complete
bone inclusion (10 teeth with evidence of cystic development),
and 81 teeth (76.4%) were in soft tissue inclusion at the time
of diagnosis (38 teeth with cystic development) (Table 5). The
remaining two teeth, associated with neoplastic lesions, were also
considered in soft tissue inclusion.

No statistical association was found between the type of
inclusion and the presence of cysts (p= 0.686).

Inclination of Unerupted Teeth
All five unerupted feline teeth were in vertical inclination,
including the tooth associated with the ameloblastoma (Table 4).

In dogs, 43 (39.8%) teeth were positioned horizontally, 31
were angled [30 (27.8%) in mesioangular and 1 (0.9%) in
distoangular direction], 27 (25%) were in vertical position, and
7 (6.5%) were inverted (Table 5). The remaining two teeth,
associated with neoplastic lesions, were in vertical and horizontal
inclination. There was no statistical difference between the teeth

in vertical inclination and the teeth with a different inclination,
and cystic development (p= 0.879).

The radiographic inclination of unerupted teeth that
developed dentigerous cysts was horizontal in 21 cases (43.8%
of teeth with dentigerous cysts; 51.2% of teeth in horizontal
position), vertical in 12 cases (25% of teeth with dentigerous
cysts; 44.4% of teeth in vertical position), mesioangular in 10
cases (20.8% of teeth with dentigerous cysts; 33.3% of teeth
in mesioangular position), and inverted in four cases (8.3%
of teeth with dentigerous cysts; 57.1% of teeth in inverted
inclination); distoangular in one case (2.1% of the teeth with
dentigerous cysts).

There was no statistical association found between the type of
inclination and the presence of cysts (p= 0.484).

Abnormalities Affecting Unerupted and
Adjacent Teeth
External resorption of the canine tooth adjacent to the neoplastic
lesion was evident in the cat with ameloblastoma associated with
an unerupted right maxillary second premolar tooth.

Thirty-six dogs demonstrated abnormal unerupted and/or
adjacent teeth. External root resorption was commonly

TABLE 4 | Inclination and type of inclusion of unerupted teeth with and without confirmed dentigerous cyst in cats.

Tooth inclination Type of inclusion

MA DA V H I Bone inclusion Soft tissue inclusion

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

203 0 0 0 0 0 1 0 0 0 0 0 1 0 0

106–206 0 0 0 0 1* 3 0 0 0 0 0 0 1* 3

Total 0 0 0 0 1 4 0 0 0 0 0 1 1 3

Numbering based on the modified Triadan system. DA, distoangular; H, horizontal; MA, mesioangular; V, vertical; I, inverted; DTC, dentigerous cyst; *tooth associated with cyst

and neoplasia.

TABLE 5 | Inclination and type of inclusion of unerupted teeth with and without confirmed dentigerous cyst in dogs.

Tooth inclination Type of inclusion

MA DA V H I Bone inclusion Soft tissue inclusion

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

With

DTC

Without

DTC

301–401 0 0 0 0 0 1 0 0 0 2 0 0 0 3

302–402 0 0 0 0 0 0 0 2 0 0 0 1 0 1

104–204 0 0 0 0 0 0 4* 1 0 0 1 0 3* 1

208 0 0 0 0 0 1 0 0 0 0 0 0 0 1

304–404 0 0 0 0 0 0 3 0 0 0 0 0 3 0

105–205 0 0 0 0 0 0 2 1 0 0 0 0 2 1

305–405 10 20 1 0 13* 8 12 13 4 0 9* 11 31 31

310–410 0 0 0 0 0 0 0 2 0 0 0 2 0 0

311–411 0 0 0 0 0 4 1 2 0 1 0 1 0 6

Total 10 20 1 0 13 14 22 21 4 3 10 15 39 44

Numbering based on the modified Triadan system. DA, distoangular; H, horizontal; MA, mesioangular; V, vertical; I, inverted; DTC, dentigerous cyst; *tooth associated with cyst

and neoplasia.
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associated with large cystic lesions or tumors (42 teeth). Four
unerupted teeth were malformed. One dog was affected by
generalized dentin dysplasia, also involving the unerupted tooth.
Three teeth that were secondarily involved by the expanding
cystic lesion were non vital. Three teeth adjacent to unerupted
teeth were missing and 15 teeth showed morphological
abnormalities (i.e., fused roots).

Thirty-three dogs did not have evidence of morphological or
structural abnormalities of unerupted or adjacent teeth.

Treatment
In cats, two unerupted teeth were extracted from the same
patient, and two unerupted teeth (with no signs of associated
complications) were left untreated, with the recommendation
to radiographically monitor it over time. Partial maxillectomy
including the unerupted tooth was performed for treatment of
the ameloblastoma.

In dogs, operculectomy was performed to treat seven (6.5%
of unerupted teeth) first premolar teeth, one of which showed
radiographic and histological signs of cystic development. Forty-
seven (43.5%) teeth without signs of dentigerous cyst were
simply extracted, 38 (35.2%) teeth were extracted and curettage
of the cystic lining was performed, and one (0.9%) tooth was
excised during a rostral maxillectomy performed to treat a
CAA. The remaining 15 (13.9%) unerupted teeth (four with
radiographic signs of cystic development and one associated with
an osteosarcoma) were not treated. The large OSA was treated by
palliative intralesional excision and radiation therapy.

Outcome of Treatment
In cats, clinically complete soft tissue healing was evident at
the last follow-up visit for three teeth (two extracted teeth,
1 month follow-up; one tooth included in a maxillectomy
procedure, 2 months follow-up). The clinical and radiographic
re-examinations on two untreated teeth, performed in other two
cats 3 months and a 3 years following diagnosis, showed no
changes on the affected tooth or nearby bone or teeth.

In dogs, only clinical (43 teeth), clinical and radiographic
(35 teeth), or clinical and tomographic (one tooth) follow-ups
were available. Follow-ups were not available for the remaining
29 teeth.

Follow-up visits were performed from 1 to 68 months
(mean 8 months; median 1.5 months) following diagnosis
and/or treatment.

In 62 of 85 cases treated by extraction and/or curettage,
treatment appeared successful with complete healing of soft
tissues and (in cases where diagnostic imaging was performed)
new bone formation at the surgical site (100%) (Figure 5). No
cases of recurrence were reported. The remaining 23 extracted
teeth were lost to follow up.

Short-term follow-up re-examination was available for four
teeth that were treated by operculectomy: a 1-month clinical re-
examination in two cases and 3-month clinical and radiographic
re-examination in other two cases. The procedure appeared
successful (the crown of the treated tooth being still exposed
above the gingival margin at follow-up), however further
eruption was not apparent.

In the dog with an osteosarcoma associated with an unerupted
left mandibular first premolar tooth, the untreated dentigerous
cyst associated with its right mandibular first premolar tooth
showed progression at the 3-month radiographic follow-up, but
treatment was again refused by the owner. Another untreated
cyst associated with a mandibular first premolar tooth showed
progressive changes at the 6-month follow-up, and surgical
excision was then performed. All other nine untreated unerupted
teeth did not show clinical evidence of an incipient cyst, but none
was radiographically re-examined.

The cases with the remaining four untreated unerupted teeth
(two with dentigerous cyst) were lost at follow-up.

The 12-months follow-up of the dog with OSA showed
significant radiographic enlargement of the neoplasia and
the associated cystic lesion, despite palliative treatment. The
maxillectomy site of the dog with CAA at the 1-month follow-up
appeared clinically healed.

DISCUSSION AND CONCLUSIONS

Tooth eruption is the axial movement of the tooth from its
non-functional position in the bone to functional occlusion
(17). It is a multifactorial, not yet fully understood process,
starting from the reduced enamel epithelium (REE) covering
the crown of the developing tooth, which fuses with the
gingiva during the process. The REE produces proteases
that, by breaking down connective tissue, decrease the tissue
resistance to eruption. The dental follicle is also essential in the
creation of an eruptive pathway for the tooth by modulating
bone remodeling. It produces growth factors promoting the
differentiation of monocytes into osteoclasts, that create a path
to eruption. At the same time the production of osteoblasts from
mesenchymal stem cells is accentuated at the base of the alveolar
crypt (17).

Teeth may fail to erupt because of mechanical obstruction
by a physical barrier (e.g., gingiva, bone, neoplastic tissue, and
tooth crowding) (defined as tooth impaction), or because of an
impaired mechanism of eruption [e.g., a dysfunction of REE cells
(18)] (defined as dental retention, or embedded teeth) (19). In
humans a discrepancy between jaw and tooth size is described
as a possible cause of the frequent impaction of the third molar
teeth (5).

It is interesting to note that 6 of 8 unerupted canine
teeth (in Maltese and Chihuahua dogs) and 7 of 8 unerupted
mandibular third molar teeth (in Yorkshire terrier, Maltese, Shih-
tzu, Epagneul papillon, and pug dogs) in the present study
were diagnosed in small breed dogs. The reason could be
related to the limited jaw size typical of these breeds, frequently
also showing congenitally missing third molar and other
teeth (20).

In agreement with the literature, in the present study it
was also found that brachycephalic dogs were overrepresented
(40 dogs; 57.9%). Boxer dogs in particular accounted for
28.9% of the canine study population. Interestingly, they only
showed unerupted first premolar teeth, and 18 out of 20 boxer
dogs developed at least one dentigerous cyst. Furthermore,
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FIGURE 5 | (A) Intraoral radiograph showing a dentigerous cyst (arrowheads) developed around the right mandibular first premolar tooth (asterisk) in a 3-years-old

boxer dog. (B) Intraoral radiograph at the 1-year follow-up visit, following extraction of the right third incisor, canine, first and second premolar teeth, and cystic lining

curettage.

the only three unerupted maxillary first premolar teeth (all
being supernumerary teeth) were found in this breed. Another
interesting finding was the high prevalence of dentigerous cyst
formation in boxer dog (78% of unerupted teeth in this breed
developed a cyst, and overall 52% of cysts associated with
unerupted teeth were diagnosed in boxers).

Moreover, in the entire study period a total of 39 boxer dogs
were anesthetized and evaluated radiographically by the dental
and oral surgery departments of the involved veterinary clinics
(data not shown). Therefore, it is notable that more than 50% of
boxers presented for various dental and oral problems had at least
one unerupted tooth (20 dogs), and that most of these developed
associated lesions (18 dentigerous cysts and 1 OSA).

Brachycephalic dogs often show tooth rotation, tooth
crowding, and reduced interproximal spaces. However, in
the cases described here most unerupted teeth were located
at normally wide interproximal spaces. Also, the gingival
tissues appeared clinically normal in consistency and thickness,
the alveolar bone did not seem abnormally dense, either
radiographically or during extraction, and only in a few cases
dental crowding (six unerupted teeth being supernumerary) or
the presence of neoplastic tissues over the affected teeth could
justify a mechanical obstruction to eruption. Therefore, other
pathogeneticmechanismsmay have been involved. Histologically
normal gingival tissues overlying numerous impacted teeth were
described in a 7-month-old Bedlington terrier dog (21).

A genetic basis is hypothesized for the primary failure of
eruption (PFE) in humans. PFE is a non-syndromic condition
that occurs without any obvious evidence of obstruction, most
commonly affecting non-succedaneous teeth (i.e., the molar
teeth) (22). This condition seems to be linked to a mutation
of the PTH1R (parathyroid hormone receptor 1) gene that,

in association with the parathyroid like hormone, seems to be
able to affect number, quality and function of osteoclasts and
osteoblasts (23, 24). Reduced bone resorption by osteoclast cells
and bone formation by odontoblasts could contribute to dental
eruption failure (23). Genetic studies would be necessary to
evaluate if a similar mechanism could be involved in particular
for failure of eruption of the first premolar and molar teeth (non-
succedaneous teeth) in dogs and if a genetic breed predisposition
exists. In the present study all cases with multiple unerupted
teeth showed lack of eruption in the same jaw (mandibles
or maxillae), or unilaterally and isolated to one side. Only
one of 29 cases demonstrated unerupted teeth in diagonally
opposite jaws (left maxillary fourth premolar tooth and right
mandibular third molar tooth). These findings may support
the potential for an underlying genetic influence contributing
to the condition.

One of the important limitations of the present study is the
lack of data of the general population visited during the same
period of time at the same veterinary clinics. It is therefore
difficult to demonstrate definite associations between lack of
eruption and development of associated lesions (i.e., cysts and
tumors), and breed, age, body weight, sex, and neutering status
of the animals.

However, based on data provided by the Italian kennel club
(ENCI) on dogs registered in Italy in the last 5 years, the
distribution ratio between boxers and Labrador retrievers in
the country is greatly in favor of the latter breed (1 boxer: 2.6
Labrador retrievers) (ENCI)1. Therefore, the present findings
(few unerupted teeth in a few Labrador retrievers, despite their
wide distribution in the country, and numerous unerupted teeth

1http://www.enci.it/
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in a relatively large number of boxer dogs, in spite of their limited
distribution) may support a genetic predisposition in boxers.

Similarly to the cases published in the veterinary literature
(13, 14, 20, 21, 25–61), the first premolar tooth was by
far the most frequently unerupted tooth, followed by the
maxillary/mandibular canine teeth. In our study population, the
mandibular third molar tooth was also frequently affected.

Also, the great majority of unerupted teeth in dogs in
this study were mandibular teeth (91%), similarly to the
epidemiologic data reported in humans (4, 62, 63).

Tooth inclination and depth of inclusion into hard or
soft tissues in human patients are important features used by
surgeons to predict the degree of difficulty of surgical extraction
of unerupted teeth (15). Seventy-five percentage of impacted
mandibular third molar teeth are reported in mesioangular and
horizontal inclination, but the inclination of those developing
into dentigerous cysts is mainly vertical (64%) or horizontal
(41%) (64, 65).

In the present study, unerupted teeth in dogs were also mainly
in horizontal (41%) and mesioangular (30%) inclination, with a
total of 75.9% of teeth in a position different from the physiologic
(vertical) inclination. Considering how the tooth germs normally
develop and erupt following an axial path, it could therefore
be speculated that tooth inclination may represent a possible
predisposing factor to eruption failure (66, 67). However, tooth
inclination at the time of diagnosis may reflect the original
(abnormal) position of the tooth germ (i.e., representing a cause
for eruption failure) or be a result of an attempt of eruption
against a physical barrier (e.g., gingiva or bone) forcing the tooth
in a different position. Therefore, this hypothesis remains to
be elucidated.

The development of dentigerous cysts is commonly associated
with unerupted teeth in humans and animals (68, 69). Several
veterinary case reports (21, 25, 28–30, 32–34, 37, 42, 50, 52–
54, 57, 60, 70) and a few retrospective studies (13, 14, 20)
describe dentigerous cysts associated with unerupted teeth in
dogs. Cysts may develop by accumulation of fluid between the
REE and enamel, or between the layers of enamel epithelium
itself, but the exact pathogenetic mechanism remains unclear
(71). Inflammation affecting a deciduous tooth has also been
involved in the development of dentigerous cysts around the
corresponding unerupted permanent teeth and in causing a
volume increase of the cyst by exudate formation in humans (71–
73). None of the cases reported here had history of trauma or
other lesions affecting the deciduous dentition, but they can not
be completely excluded.

In humans, the prevalence of DTC associated to unerupted
third molar teeth (the most commonly unerupted teeth) is low,
ranging from 1.4 to 2.31% (74, 75). Babbit et al. reported a 29.1%
prevalence (62 teeth) for dentigerous cysts development in a
selected canine population of 136 patients with unerupted teeth
(14). A radiographic study performed in 233 small breed dogs
to determine the prevalence of dental abnormalities described
25 unerupted teeth (0.3% of the total number of existing
teeth) with a 32% prevalence of cystic development (8 teeth,
the 0.1% of the total number of existing teeth) (20). In this
publication all dentigerous cysts were diagnosed associated with

mandibular first premolar teeth in Shih-tzu dogs (20). In the
present study, a higher prevalence (44.4% dentigerous cysts
formation) was reported. This difference could be related to
the study methodology (i.e., diagnosis based on radiographic as
well as histologic findings), and possibly to epidemiologic factors
(e.g., possible predisposition in certain breeds, that may be more
common in Italy as compared to the USA or Korea).

Most teeth (76.4%) were found in soft tissue inclusion, and
almost half of these developed dentigerous cysts. However, cystic
lesions enlarge over time, causing progressive bone resorption.
Therefore, these teethmay have originally been in bone inclusion,
and it can not be determined if depth of inclusion is actually a
predisposing factor to cyst development.

Also, there was no statistical association between inclination
angle and the presence of cystic lesions.

In the present study the mandibular first premolar tooth was
not only the most commonly diagnosed unerupted tooth (85 of
108 unerupted teeth), but was also most commonly associated
with cyst development (41 of 48 dentigerous cysts). This is also
in agreement with the data extrapolated from the literature,
with cysts described in association with 49 out of 71 (69%)
reported unerupted first premolar teeth (13, 14, 20, 29, 50, 54,
57, 58, 60, 70). Interestingly, six of eight unerupted canine teeth
in the present study were associated with a cystic lesion, one
with a neoplastic lesion, and one showed a radiographically
equivocal pericoronal appearance. However, only one of eight
unerupted third molar teeth had a radiographically evident
and histologically confirmed cyst, and another one had a
radiographically equivocal appearance. Even though it could be
speculated that the high prevalence of cyst formation at the
canine teeth as compared to mandibular third molar teeth could
be related to the greater REE surface of larger teeth, the high
prevalence of cysts associated with first premolar teeth would
contradict this theory.

Typical histological characteristics of dentigerous cysts
associated with unerupted teeth were repetitively observed.
However, the diagnosis is sometimes challenging, particularly in
case of small biopsy samples, or because of the cystic nature of
the tissues, that can be difficult to sample or may be incorrectly
oriented. Also, the lining epithelium may be partially lost from
the samples. In these cases, it is important to look for and evaluate
other typical characteristics, like the presence of a cystic space
combined with the presence of fibrin or cholesterin crystals,
keratin, and/or cementum/osseous tissue in a fibrotic wall, and/or
a chronic infiltrate. Finally, as always, histopathological findings
should be correlated to the radiological and clinical presentation.

In humans, tumors may be associated with unerupted teeth
with or without dentigerous cysts (75, 76). The epithelial
component seems to be essential for neoplastic transformation,
but the exact pathogenetic mechanism is still unclear (74, 75).
Odontomas are among the most common associated tumors (77,
78), and are mainly diagnosed in the second decade of life (77,
79). In about one fourth of these patients, dentigerous cysts are
also present (76). Surgical excision of the tumor and extraction
of the associated unerupted teeth is the recommended treatment,
however tumor excision and denudation of the unerupted teeth,
followed by orthodontic treatment, is sometimes possible (78).
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The risk of developing tumors within the wall of a dentigerous
cyst in humans is rare (6, 75). Ameloblastomas, ameloblastic
fibromas, fibro-odontomas and fibrosarcomas, adenomatoid
odontogenic tumors, keratocystic odontogenic tumors, calcifying
epithelial odontogenic tumors, mucoepidermoid carcinomas,
odontogenic carcinomas, and squamous cell carcinomas have
been described associated with dentigerous cyst, with a 0.14–2%
incidence (3, 6, 74, 80–82). In these cases, chronic inflammation,
keratin metaplasia or the continuous intracystic pressure are
suggested as possible causes of tumor development (83–85).

Neoplastic lesions associated with unerupted teeth have
previously been described in 16 dogs: 13 odontomas (7
compound odontomas, 1 ameloblastic odontoma, 1 ameloblastic
fibro-odontoma, and 4 non-specified odontomas), 1 squamous
papilloma, 1 peripheral odontogenic fibroma, and 1 squamous
cell carcinoma (14, 26, 31, 32, 38, 39, 44, 47, 52, 56, 59, 86).
Only in six out of 16 cases (37.5%) a cystic component was also
described (32, 39, 59, 86). The dogs with reported age were all
very young (<12 months), except for a 4 years old dog with
a cystic peripheral odontogenic fibroma. When reported, the
treatment involved surgical excision of the tumor, including the
unerupted tooth.

In our study, two ameloblastomas and one osteosarcoma were
diagnosed closely associated with unerupted teeth. In all three
cases cystic lesions were also present. In the 5 month-old dog,
lack of eruption could have been secondary to the presence of the
neoplastic tissue, with secondary cyst formation. On the other
hand, canine ameloblastoma is an epithelial tumor of the adult
age (87). Therefore, the development of this lesion in such a
young patient may support the hypothesis of a direct origin
from the DTC. In the other two cases the tumors developed
at an older age, several years after tooth eruption should have
taken place, and the presence of the neoplastic tissue was unlikely
the cause of tooth impaction. Moreover, the possibility for the
osteosarcoma, a mesenchymal tumor, to originate from the
epithelial elements of a DTC is very low and the two lesions were
likely independent entities.

Histologically, it is difficult or often impossible to determine if
a neoplastic lesion is concomitant (but independent from) or if it
is directly associated with the adjacent cyst. It is reported that if
there is a direct connection between the wall of the cyst and an
epithelial neoplasia, the latter arises from the cyst (85). However,
to reveal a potential connection between the cyst and the tumor
it would be necessary to histologically examine the entire cystic
wall, which is rarely possible.

Unerupted teeth have rarely been reported in cats. A
prevalence of 2.3% teeth was described in a study on value of
full mouth radiography in 115 cats (88). Unerupted teeth (4
maxillary canine teeth and 1 maxillary third incisor tooth) were
also reported in 5 of 50 brachycephalic cats in a prospective
study on oro-dental anomalies in Persian and Exotic cats (12).
Dentigerous cysts were not described in these studies. Two
clinical cases described the development of dentigerous cysts
associated with unerupted canine teeth (9, 10). One further
case report described multiple unerupted teeth in a cat with
abnormal eruption of the entire dentition, supposedly due to
regional odontodysplasia (11). Retained and persistent deciduous

(and permanent) teeth are also a relatively common feature in
cats showing atraumatic patellar fracture, possibly caused by
a still undefined primary bone disorder [the so called “Knees
and Teeth Syndrome” (KaTS) or “Patellar Fracture and Dental
Anomaly Syndrome” (PADS)], but these teeth do not seem
to develop dentigerous cysts (89–91). Finally, three cases of
feline inductive odontogenic tumors associated with unerupted
canine teeth have been published (92–94). In the present study
only an unerupted maxillary second premolar tooth developed
a cystic lesion, which was histologically associated with an
ameloblastoma and which exact origin could not be determined.
The other four unerupted teeth in the remaining three cats did
not show evidence of cystic development. However, given the
extremely small feline study population, no conclusion can be
drawn on incidence and possible predisposing factors to cystic
development in this species.

In humans, a higher incidence of tooth impaction is reported
in women (3, 4, 63). This could be explained by the smaller
size of the jaws as compared to men (63). On the other hand, a
male predisposition is described in developing dentigerous cysts
associated with unerupted third molar teeth (68, 69). Sex and/or
neuter status have not been reported to be associated with either
lack of eruption or cystic development in veterinary patients,
and this observation was confirmed by the present study. The
relatively high number of intact male dogs reported is likely due
to the uncommon habit of neutering male dogs in Italy.

The relatively older age of the animals at the time of diagnosis
in this study may be explained by the fact that dogs and cats are
rarely brought to veterinary attention because of a missing tooth
(13). In fact, the main reason for presentation in this study was
related to the unerupted teeth (i.e., clinical absence of a tooth,
presence of an oral tumor or a visible cyst in an edentulous area)
in only 22% of the cases. In most instances the diagnosis was
incidental, following routine intraoral radiographic examination.
Furthermore, it must be considered that even if a full dentition
is clinically present, unerupted supernumerary teeth may be
present. Therefore, this study highlights the usefulness of a
complete radiographic examination in all dental patients, to
obtain an accurate and early diagnosis. The use of more advanced
diagnostic imaging modalities (CT or CBCT) may also be
indicated to assess the presence of cystic lesions that may be too
small to diagnose radiographically.

One of the main aims of this study was to try to elucidate
if unerupted teeth should always be extracted or if conservative
treatment is an acceptable approach in those cases that at the
time of diagnosis do not show clinical or radiographic signs
of pathology. In humans, indications for extraction are the
presence of pathology of the dental follicle (cysts and tumors),
recurrent pericoronitis, cellulitis, abscessation, resorption of
adjacent roots or pain (95). As expected, in the present study
the few cases initially diagnosed with dentigerous cysts but left
untreated showed enlargement of the lesion at the follow-up
visit performed up to 6 months after diagnosis. On the other
hand, in two adult cats teeth that at the time of diagnosis
were radiographically negative for cystic formation did not show
any changes at the 3 months (1 tooth) and 3 years (1 tooth)
follow-ups. In dogs, 9 teeth without radiographic evidence of
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dentigerous cyst were left untreated. However, they were only
followed-up clinically rather than radiographically. Therefore,
even if there was not clinical evidence of complications, these can
not be completely excluded.

A large debate exists regarding the prophylactic extraction
of asymptomatic unerupted third molars in humans, because
of the high risk of iatrogenic injury to the inferior alveolar
and lingual nerves, as well as the morbidity associated with
the surgical procedure (1, 95). Coronectomy with intentional
root retention is suggested in some of these cases (8). The
guidelines by the American Association of Oral andMaxillofacial
Surgeons (AAOMS) recommend the extraction of unerupted
teeth showing evidence of or at risk of developing pathology,
and strict clinical and radiographic control of untreated teeth
(95). However, 50% of radiographically normal impacted
teeth show histological evidence of cystic lining (64). In the
present study, only 40.4% of unerupted teeth were submitted
for histological evaluation, because of owners’ preference or
surgeon’s recommendation (based on lack of radiographic
changes). The prevalence of cystic development could therefore
be higher than reported. In fact, histology revealed the presence
of dentigerous cysts in two radiographically negative and
two radiographically equivocal cases, based on the definition
proposed by the available literature (14). Therefore, relying only
on the radiographic examination to diagnose the presence of
dentigerous cysts for the diagnosis may be misleading. Thus,
extraction and histological evaluation of all unerupted teeth
is recommended by the authors. The limited diagnostic yield
of radiology and the risk of not treating asymptomatic teeth
should also be discussed with the owners, and radiographic (or
tomographic) follow-ups should be recommended in these cases.

The mean age of the dogs without clinical and radiographic
evidence of cystic development was 4.8 years, which was
statistically not significantly different from the animals with
diagnosed dentigerous cysts (data not shown). Also, the age of the
oldest dogs with and without cysts was very similar (9.2 and 10
years, respectively). Therefore, no conclusion can be drawn about
the likelihood of cystic development based on age. However,
it may be reasonable to consider radiographic surveillance of
unerupted teeth diagnosed in older dogs if complications are
not visible and extraction is considered complicated. Clear
indications on appropriate follow-ups intervals are not available

in the literature, but the authors in these cases recommend yearly
re-checks. More frequent radiographic re-evaluations may be
indicated in situations considered at higher risk (e.g., unerupted
first premolar teeth in boxer dogs).

Few reports describe operculectomy as a treatment modality
for unerupted teeth (21, 33). In the present study, the four
cases treated this way and for which a follow-up re-examination
was available showed a successful outcome. However, because of
the small number of patients treated with this procedure and
their short follow-up, definitive conclusions of the validity of
this treatment can not be determined. Therefore, the risk of
applying such non-standard approach should be discussed with
the owners.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

This study reviewed data and treatments offered to client-
owned dogs and cats accordingly to the current guidelines for
treatment of cases affected by unerupted teeth. Each procedure
was performed after obtaining an informed consent from the
owners as indicated in the Legislative decree of 4 March 2014 No.
16, art. 2 and subsequent law No. 17710 from 26 July 2017 on
non-experimental Veterinary Clinical Practices.

AUTHOR CONTRIBUTIONS

EB: collection and interpretation of data, and draft of the
manuscript. MG: study design and critical revision of the
manuscript. SF: evaluation and interpretation of histological
samples and critical revision of histopathological part of the
study. EZ: statistical analysis of the data.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2019.00357/full#supplementary-material

REFERENCES

1. Juodzbalys G, Daugela P. Mandibular third molar impaction: review of

literature and a proposal of a classification. J Oral Maxillofac Res. (2013) 4:e1.

doi: 10.5037/jomr.2013.4201

2. Santosh P. Impacted mandibular third molars: review of literature

and a proposal of a combined clinical and radiological classification.

Ann Med Health Sci Res. (2015) 5:229–34. doi: 10.4103/2141-9248.

160177

3. Mortazavi H, Baharvand M. Jaw lesions associated with impacted tooth:

a radiographic diagnostic guide. Imaging Sci Dent. (2016) 46:147–57.

doi: 10.5624/isd.2016.46.3.147

4. Chu FCS, Li TKL, Lui VKB, Newsome PRH, Chow RLK, Cheung LK.

Prevalence of impacted teeth and associated pathologies a radiographic study

of the Hong Kong Chinese population. Hong Kong Med J. (2003) 9:158–63.

5. Kaczor-Urbanowicz K, Zadurska M, Czochrowska E. Impacted teeth:

an interdisciplinary perspective. Adv Clin Exp Med. (2016) 25:575–85.

doi: 10.17219/acem/37451

6. Adeyemo WL. Do pathologies associated with impacted lower third

molars justify prophylactic removal? A critical review of the literature.

Oral Surg Oral Med Oral Pathol Oral Radiol Endod. (2006) 102:448–52.

doi: 10.1016/j.tripleo.2005.08.015

7. Rakprasitkul S. Pathologic changes in the pericoronal tissues of unerupted

third molars. Quintessence Int. (2001) 32:633–38.

Frontiers in Veterinary Science | www.frontiersin.org 13 November 2019 | Volume 6 | Article 357

https://www.frontiersin.org/articles/10.3389/fvets.2019.00357/full#supplementary-material
https://doi.org/10.5037/jomr.2013.4201
https://doi.org/10.4103/2141-9248.160177
https://doi.org/10.5624/isd.2016.46.3.147
https://doi.org/10.17219/acem/37451
https://doi.org/10.1016/j.tripleo.2005.08.015
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Bellei et al. Unerupted Teeth in Dogs and Cats

8. Leung YY, Cheung LK. Safety of coronectomy versus excision of wisdom teeth:

a randomized controlled trial. Oral Surg Oral Med Oral Pathol Oral Radiol

Endod. (2009) 108:821–27. doi: 10.1016/j.tripleo.2009.07.004

9. Surgeon TW. Surgical exposure and orthodontic extrusion of an impacted

canine tooth in a cat: a case report. J Vet Dent. (2000) 17:81–5.

doi: 10.1177/089875640001700203

10. Gioso MA, Carvalho VG. Maxillary dentigerous cyst in a cat. J Vet Dent.

(2003) 20:28–30. doi: 10.1177/089875640302000103

11. Hoffman S. Abnormal tooth eruption in a cat. J Vet Dent. (2008) 25:118–22.

doi: 10.1177/089875640802500213

12. Mestrinho LA, Louro JM, Gordo IS, Niza MMRE, Requicha JF, Force JG,

et al. Oral and dental anomalies in purebred, brachycephalic Persian and

Exotic cats. J Am Vet Med Assoc. (2018) 253:66–72. doi: 10.2460/javma.

253.1.66

13. Verstraete FJ, Zin BP, Kass PH, Darren P, Cox DP, Jordan RC. Clinical signs

and histologic findings in dogs with odontogenic cysts: 41 cases (1995–2010).

J Am Vet Med Assoc. (2011) 239:1470–76. doi: 10.2460/javma.239.11.1470

14. Babbitt SG, Krakowski Volker M, Luskin IR. Incidence of radiographic cystic

lesions associated with unerupted teeth in dogs. J Vet Dent. (2016) 33:226–33.

doi: 10.1177/0898756416683490

15. Almendros-Marqués N, Berini-Aytés L, Gay-Escoda C. Evaluation of

intraexaminer and interexaminer agreement on classifying lower third molars

according to the systems of Pell and Gregory and of Winter. J Oral Maxillofac

Surg. (2008) 66:893–99. doi: 10.1016/j.joms.2007.09.011

16. Balaji SM. Impaction. In: Balaji SM and Balaji PP, editors. Textbook of Oral and

Maxillofacial Surgery. 2nd ed. New Delhi: Elsevier Press (2013). p. 230–54.

17. Nanci A, editor. Physiologic tooth movement: eruption and shedding. In: Ten

Cate’s Oral Histology. 8th ed. St. Louis, MO: Elsevier Press (2012). p. 233–52.

18. Bath-Balogh M, Fehrenbach M, editors. Tooth development and eruption. In:

Dental Embriology, Histology, and Anatomy. 3th ed. St. Louis, MO: Elsevier

Saunders Press (2011). p. 49–76.

19. SaalimM, Karjodkar FR, Sansare K, Sharma S, Mehra A, Johaley S. Embedded

tooth - radiographic images and case report. Int J Med Health Sci Res.

(2018) 8:302–3.

20. Kim CG, Lee SY, Kim JW, Kim JW, Park HM. Assessment of dental

abnormalities by full-mouth radiography in small breed dogs. J Am Anim

Hosp Assoc. (2013) 49: 23–30. doi: 10.5326/JAAHA-MS-5830

21. Carle D, Shope B. Soft tissue tooth impaction in a dog. J Vet Dent. (2014)

31:96–105. doi: 10.1177/089875641403100206

22. Ahmad S, Bister D, Cobourne MT. The clinical features and aetiological

basis of primary eruption failure. Eur J Orth. (2006) 28:535–40.

doi: 10.1093/ejo/cjl033

23. Frazier-Bowers SA, Simmons D,Wright JT, ProffitWR, Ackerman JL. Primary

failure of eruption and PTH1R: the importance of a genetic diagnosis for

orthodontic treatment planning. Am J Orthod Dentofacial Orthop. (2010)

137:160 e1–7. doi: 10.1016/j.ajodo.2009.10.019

24. Frazier-Bowers SA, Roads SG. Primary tooth resorption and its role in

the normal tooth eruption process. Endodontic Topics. (2012) 23:73–8.

doi: 10.1111/etp.12001

25. Field EA, Speechley JA, Jones DE. The removal of an impacted maxillary

canine and associated dentigerous cyst in a Chow: a case report. J

Small Anim Pract. (1982) 23:159–63. doi: 10.1111/j.1748-5827.1982.tb0

1653.x

26. Valentine BA, Lynch MJ, May JC. Compound odontoma in a dog. J Am Anim

Hosp Assoc. (1985) 186:177–9.

27. Howard PE, Sheels JI. What is your diagnosis? J Vet Med Assoc.

(1989) 195:159–63.

28. Manfra-Marretta S, Patnaik AK, Schloss AJ, Kapatkin A. An iatrogenic

dentigerous cyst in a dog. J Vet Dent. (1989) 6:11–3.

29. Lobprise HB, Wiggs RB. Dentigerous cyst in a dog. J Vet Dent. (1992) 9:13–5.

30. Anderson JG, Harvey CE. Odontogenic cysts. J Vet Dent. (1993) 10:5–9.

31. Smith KC, Brearley MJ, Jefferey ND. Odontoma in a juvenile boxer: clinical,

radiographic and pathological findings. J Small Anim Pract. (1993) 34:142–5.

doi: 10.1111/j.1748-5827.1993.tb02635.x

32. Kramek BA, O’Brien TD, Smith FO. Diagnosis and removal of a dentigerous

cyst complicated by ameloblastic fibro-odontoma in a dog. J Vet Dent.

(1996) 13:9–11.

33. Stapleton LB, Clarke LL. Mandibular canine tooth impaction in a young dog

treatment and subsequent eruption: a case report. J Vet Dent. (1999) 16:105–8.

doi: 10.1177/089875649901600301

34. Sitzman C. Dentigerous cyst in a dog. J Vet Dent. (1999) 16:186–7.

35. Luskin IR. Reconstruction of oral defects using mucogingival pedicle flaps.

Clin Tech Small Anim Pract. (2000) 15:251–9. doi: 10.1053/svms.2000.21044

36. Hawke GH. Unerupted permanent canine tooth in a Dalmatian dog. Clin

Update. (2001) 10–1.

37. Mendoza KA, Marretta S, Behr MJ, Klippert RS. Facial swelling associated

with impaction of the deciduous and permanent maxillary fourth premolars

in a dog with patent ductus arteriosus. J Vet Dent. (2001) 18:69–74.

doi: 10.1177/089875640101800203

38. Smith MM, Mask CS. Squamous cell carcinoma associated with extraction

of a maxillary canine tooth in a dog. J Vet Dent. (2001) 18:193–6.

doi: 10.1177/089875640101800403

39. Boyd RC. Ameloblastic fibro-odontoma in a German shepherd dog. J Vet

Dent. (2002) 19:148–50. doi: 10.1177/089875640201900305

40. Wilcken R, Huskamp B, Thiesen F. Die Behandlung von knochenzysten im

corpus mandibulae eines Boxerrüden. Kleintierpraxis. (2002) 61S:105–8.

41. Baxter CJK. Bilateral mandibular dentigerous cysts in a dog. J Small Anim

Pract. (2004) 45:210–2. doi: 10.1111/j.1748-5827.2004.tb00227.x

42. Watanabe K, Kadosawa T, Ishiguro T, Takagi S, Ochiai K, Kimura T,

et al. Odontogenic cysts in three dogs: one odontogenic keratocyst and two

dentigerous cysts. J VetMed Sci. (2004) 66:1167–70. doi: 10.1292/jvms.66.1167

43. Collados J. Removal of a dentigerous cyst: two case reports in dogs. In:

Proceedings, 14th European Veterinary Dentistry. Ljubljana (2005). p. 79–80.

44. Papadimitrou S, Papazoglou LG, Tontis D, Tziafas D, PapaionnnouN, Patsikas

MN. Compound maxillary odontoma in a young German shepherd dog. J

Small Anim Pract. (2005) 46:146–50. doi: 10.1111/j.1748-5827.2005.tb00305.x

45. Lemmons MS, Gengler WR, Beebe DE. Diagnostic imaging in

veterinary dental practice. J Am Vet Med Assoc. (2006) 228:1023–4.

doi: 10.2460/javma.228.7.1023

46. Taney KG, Smith MM. Surgical extraction of impacted teeth in a dog. J Vet

Dent. (2006) 23:168–77. doi: 10.1177/089875640602300306

47. Klima LJ, Goldstein GS. Surgical management of compound odontoma in a

dog. J Vet Dent. (2007) 24:100–6. doi: 10.1177/089875640702400206

48. Bellezza E, Angeli G, Leonardi L, Rastrelli P, Di Mari W, Palazzoli G. A case

of mandibular dentigerous cyst in a German shepherd dog. Vet Res Commun.

(2008) 32:S235–7. doi: 10.1007/s11259-008-9150-y

49. Doran I, Pearson G, Barr F, Hotston-Moore A. Extensive bilateral

odontogenic cysts in the mandible of a dog. Vet Pathol. (2008) 45:58–60.

doi: 10.1354/vp.45-1-58

50. KuyamaK, Hayashi K, Fufita SF, Satoh I, YamamotoH. Immunohistochemical

analysis of a dentigerous cyst in a dog. J Vet Dent. (2009) 26:106–9.

doi: 10.1177/089875640902600205

51. Soukup JW, Lawrence JA, Pinkerton ME, Schwarz T. Computed

tomography–assisted management of a mandibular dentigerous cyst in

a dog with a nasal carcinoma. J Am Vet Med Assoc. (2009) 235:710–4.

doi: 10.2460/javma.235.6.710

52. Walker KS, Lewis JR. Diagnostic imaging in veterinary dental practice. J Am

Vet Med Assoc. (2009) 235:1279–81. doi: 10.2460/javma.235.11.1279

53. Boutoille FF, Hennet PR. Diagnostic imaging in veterinary dental practice. J

Am Vet Med Assoc. (2011) 238:1251–3. doi: 10.2460/javma.238.10.1251

54. MacGee S, Pinson DM, Shaiken L. Bilateral dentigerous cysts in a dog. J Vet

Dent. (2012) 29:242–9. doi: 10.1177/089875641202900405

55. Domnik ED. Diagnostic imaging in veterinary dental practice. J Am Vet Med

Assoc. (2014) 245:281–3. doi: 10.2460/javma.245.3.281

56. Krakowski Volker M, Luskin IR. Oral osteoma in 6 dogs. J Vet Dent. (2014)

32:88–91. doi: 10.1177/089875641403100204

57. MacGee S. Endodontic therapy of a mandibular canine tooth with

irreversible pulpitis secondary to dentigerous cyst. J Vet Dent. (2014) 31:30–9.

doi: 10.1177/089875641403100104

58. Honzelka SR, Kressin DJ, Chamberlain TP. Modified conservative treatment

of an extensive dentigerous cyst in a dog. J Vet Dent. (2014) 31:249–54.

doi: 10.1177/089875641403100405

59. Hoyer NK, BannonKM, Bell CM, Soukup JW. Extensivemaxillary odontomas

in 2 dogs. J Vet Dent. (2016) 33:234–42. doi: 10.1177/0898756417690051

Frontiers in Veterinary Science | www.frontiersin.org 14 November 2019 | Volume 6 | Article 357

https://doi.org/10.1016/j.tripleo.2009.07.004
https://doi.org/10.1177/089875640001700203
https://doi.org/10.1177/089875640302000103
https://doi.org/10.1177/089875640802500213
https://doi.org/10.2460/javma.253.1.66
https://doi.org/10.2460/javma.239.11.1470
https://doi.org/10.1177/0898756416683490
https://doi.org/10.1016/j.joms.2007.09.011
https://doi.org/10.5326/JAAHA-MS-5830
https://doi.org/10.1177/089875641403100206
https://doi.org/10.1093/ejo/cjl033
https://doi.org/10.1016/j.ajodo.2009.10.019
https://doi.org/10.1111/etp.12001
https://doi.org/10.1111/j.1748-5827.1982.tb01653.x
https://doi.org/10.1111/j.1748-5827.1993.tb02635.x
https://doi.org/10.1177/089875649901600301
https://doi.org/10.1053/svms.2000.21044
https://doi.org/10.1177/089875640101800203
https://doi.org/10.1177/089875640101800403
https://doi.org/10.1177/089875640201900305
https://doi.org/10.1111/j.1748-5827.2004.tb00227.x
https://doi.org/10.1292/jvms.66.1167
https://doi.org/10.1111/j.1748-5827.2005.tb00305.x
https://doi.org/10.2460/javma.228.7.1023
https://doi.org/10.1177/089875640602300306
https://doi.org/10.1177/089875640702400206
https://doi.org/10.1007/s11259-008-9150-y
https://doi.org/10.1354/vp.45-1-58
https://doi.org/10.1177/089875640902600205
https://doi.org/10.2460/javma.235.6.710
https://doi.org/10.2460/javma.235.11.1279
https://doi.org/10.2460/javma.238.10.1251
https://doi.org/10.1177/089875641202900405
https://doi.org/10.2460/javma.245.3.281
https://doi.org/10.1177/089875641403100204
https://doi.org/10.1177/089875641403100104
https://doi.org/10.1177/089875641403100405
https://doi.org/10.1177/0898756417690051
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Bellei et al. Unerupted Teeth in Dogs and Cats

60. Tjepkema J. Diagnostic imaging in veterinary dental practice. J Am Vet Med

Assoc. (2017) 250:847–50. doi: 10.2460/javma.250.8.847

61. Thatcher G. Oral surgery: treatment of a dentigerous cyst in a dog. Can Vet J.

(2017) 58:195–9.

62. Miranda da Rosa F, Oliveira MG, Palmeira da Silva V, Rados PV, Sant’Ana

Filho M. Relationship between the positions of impacted third molars and the

presence of dentigerous cysts. Gen Dent. (2015) 63:43–6.

63. Al-Zoubi H, Alharbi AA, Ferguson DJ, Zafar MS. Frequency of

impacted teeth and categorization of impacted canines: a retrospective

radiographic study using orthopantomograms. Eur J Dent. (2017) 11:117–21.

doi: 10.4103/ejd.ejd_308_16

64. Baykul T, Saglam AA, Aydin U, Başak K. Incidence of cystic changes
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