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Objectives: To explore clinicopathological features of peripheral odontogenic fibromas in dogs and risk 

factors for their diagnosis.

Materials and Methods: Data of cases with a histopathological diagnosis of peripheral odontogenic fi-

bromas were obtained from a UK-based diagnostic laboratory and retrospectively reviewed. Prevalence 

amongst all biopsy submissions was assessed using binomial tests and Clopper–Pearson intervals. 

Age at diagnosis was assessed using t-test for independent samples. Lesion location, sex, and neuter 

status were assessed using χ2 and post hoc binomial tests. Breed odds ratios were calculated using 

univariable logistic regression modelling.

Results: The prevalence of peripheral odontogenic fibromas amongst all biopsy submissions was 2.8% 

(1001 of 35,328, 95% confidence interval [CI]: 2.7 to 3.0). The mean (sd) age was 8.1 (±2.7) years. 

The most affected quadrant was the rostral maxilla (40.1%). The ratio of maxillary to mandibular le-

sions was 1.3:1 (95% CI: 1.1 to 1.5), and for cases of multiple peripheral odontogenic fibromas the 

ratio of maxillary to mandibular lesions was 2.4:1 (95% CI: 1.1 to 5.6). Males had 1.2 times the odds 

of suffering of peripheral odontogenic fibromas compared to females (odds ratio [OR]: 1.2, 95% CI: 1.1 

to 1.4). Neutering was associated with an increased risk of diagnosis (OR: 1.6, 95% CI: 1.3 to 1.9). 

Breeds with increased odds of peripheral odontogenic fibromas compared to crossbreed dogs included 

boxers (OR: 3.78, 95%  CI: 2.80 to 5.09), border terriers (OR: 3.21, 95% CI: 2.10 to 4.91) and Basset 

Hounds (OR: 3.18, 95% CI: 1.58 to 6.44). Breeds with increased odds of multiple simultaneous periph-

eral odontogenic fibromas compared to crossbreed dogs included: Boxers (OR: 12.02, 95% CI: 7.13 

to 20.24), border terriers (OR: 5.05, 95% CI: 2.32 to 11.43) and Staffordshire Bull terriers (OR: 2.42, 

95% CI: 1.33 to 4.41).

Clinical Significance: Knowledge of clinicopathological features and at-risk breeds for peripheral odonto-

genic fibroma development can assist clinicians with making a diagnosis. The identification of risk fac-

tors provides targets for future research investigating peripheral odontogenic fibroma pathogenesis.
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INTRODUCTION

Canine peripheral odontogenic fibroma/fibromatous epulis of 
periodontal ligament origin (POF/FEPLO) is a common, benign, 
gingival lesion in dogs (Murphy et al. 2019). Despite the extensive 
development of odontogenic tumour catagorisation within vet-
erinary pathology over the last half a century, this lesion remains 
highly contentious in both name and classification. Authors 
occasionally combine the terms POF and FEPLO and refer to 
this tumour/tumour-like lesion as POF/FEPLO (Murphy et al.  
2019). This somewhat unwieldy contraction has come about due 
to inferences implied by each individual term. Use of the word  
“epulis” has generally fallen out of favour due to its lack of specific-
ity as to the underlying pathology it describes. For example, canine 
acanthomatous ameloblastoma, an invasive neoplasm, was histori-
cally termed an “epulis”, as were foci of gingival fibrous hyper-
plasia. To remedy this, some authors advocate reservation of the 
word “epulis” strictly for use within the context of FEPLOs (Uzal  
et al.  2016), however, this approach has yet to be adopted by 
the wider veterinary community The alternative name for this 
lesion, peripheral odontogenic fibroma, suggests these lesions 
are neoplastic in origin, a fact contested by some pathologists 
(Murphy et al. 2019). As a result, neither designation is widely 
accepted. Further studies investigating the fundamental histo-
genesis and pathogenesis of these lesions are required before any 
consensus on terminology within the community is likely to be 
reached. Peripheral odontogenic fibroma/fibromatous epulis of 
periodontal ligament origin will be referred to as POF through-
out this paper.

In the most comprehensive clinicopathological studies in 
dogs to date, POF represented 19% to 21% of all oral cavity 
tumour and tumour-like lesions submitted for histopatho-
logical evaluation (Svendenius & Warfvinge  2010, Mikiewicz 
et al.  2019). Macroscopically POF present as variably sized, 
pink to white, roughened, cauliflower-shaped to nodular, 
exophytic masses originating from the tooth alveolus. They 
often displace teeth and can appear aggressive macroscopi-
cally, but do not invade bone or metastasise. Lesions can be 
solitary or multiple; multiple, coalescing, broad-based POF 
can give a generalised appearance. This generalised form of 
coalescing POF is anecdotally most common in boxer dogs. 
It often occurs admixed with the familial form of gener-
alised gingival hyperplasia unique to boxers, potentially lend-
ing weight to the argument that POF represent a reactive, 
rather than neoplastic, process (Burstone et al. 1952, Murphy  
et al. 2019). POF most commonly occur in middle aged to older 
dogs (Fiani et al. 2011, Wingo 2018, Mikiewicz et al. 2019), 
and appear to have a propensity for development within the 
rostral maxilla (Fiani et al.  2011). Data regarding sex predis-
position for POF diagnosis in the literature is conflicting, 
with overrepresented males (Fiani et al. 2011), overrepresented 
females (Svendenius & Warfvinge 2010) and no difference in 
distribution of affected sexes all reported (Wingo 2018). Data 
regarding breed predisposition are scarce, with rare subjective 
observations reported which reference breeds as overrepresented 

(golden retrievers, boxer dogs), but which lack statistical confir-
mation (Fiani et al. 2011, Mikiewicz et al. 2019 respectively), 
often due to small sample sizes.

The present study aimed to explore the epidemiological fea-
tures of canine POF utilising data obtained from a commercial 
diagnostic veterinary laboratory that provides diagnostic services 
to both first opinion and referral practices, largely within the 
United Kingdom and Ireland. The specific objectives were (1) to 
characterise the prevalence amongst surgical biopsy submissions, 
age at diagnosis, and most common position(s) of POF lesions 
within the oral cavity, (2) to examine the association between sex, 
neuter status, and breed on risk of POF laboratory diagnosis, (3) 
to investigate the reported anecdotal predisposition for boxer dogs 
to show the multiple/multifocal form of POF and (4) to describe 
the gross appearance of POF.

MATERIALS AND METHODS

Medical record search and data extraction
A search of the medical records database of a UK-based diagnostic 
laboratory was conducted to identify dogs in which POF were 
diagnosed by histopathology, during a 158-day period (January 1, 
2019 to June 7, 2019). Keyword/trigger phrases used to identify 
cases were “peripheral odontogenic fibroma”, “fibromatous epulis 
of periodontal ligament origin” and “ossifying fibromatous epu-
lis”. Dogs in which any/several of these keyword phrases appeared 
in the diagnosis or comment as the definitive or primary differen-
tial diagnosis were included. Data collected included breed, sex, 
neuter status, age at diagnosis and position of the lesion within the 
oral cavity. All identifiers for each case submission were removed 
and a unique identifier given to each case before analysis.

An additional search was also conducted within the same data-
base and time period for all canine histopathology submissions; 
breed, sex, neuter status and age at diagnosis data were collected 
from non-POF submissions to act as a control population for the 
distribution of the POF population.

Information regarding the size, shape, consistency and colour 
of POF lesions, alongside the presence or absence of ulceration, 
patient interference, tooth displacement and pedunculation, were 
also gathered from the POF population histories to characterise 
the clinicopathological features most identified by clinicians dur-
ing submission.

Lesion position in the oral cavity
For classification of tumour location, the oral cavity was divided 
into four anatomic regions based on oncological surgical princi-
ples for mandibulectomy and maxillectomy (Verstraete 2005, Ver-
straete et al. 2019). The rostral aspect of the maxilla and mandible 
extended from the level of the first incisor tooth to the level of the 
second premolar tooth. The caudal aspect of the maxilla and man-
dible was defined as the region of the dental arcade caudal to the 
second premolar tooth. Rare lesions which were located within the 
gap between, or spanned, the second premolar and third premolar 
(i.e., borderline lesions) were not included in the analysis.
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Statistical analysis
Commercially available software was used for the statistical 
calculations (Excel [Microsoft Office Excel 2013; Microsoft 
Corp.] and IBM SPSS Statistics 27). Both graphical obser-
vation and the Shapiro–Wilk test for normality were used to 
determine data distribution (parametric versus non-parametric 
data). Continuous, normally distributed data were summarised 
as mean ±sd.

Prevalence amongst biopsy submissions and associated confi-
dence intervals were calculated using a binomial test and Clop-
per–Pearson interval. The mean age at diagnosis was compared 
between POF and non-POF submissions using a t-test for inde-
pendent samples. The distribution of POF within the oral cav-
ity of the sample population was compared to an expected equal 
distribution between the four regions of the oral cavity (i.e., 25% 
within each area) using the χ2 goodness-of-fit test; where a statisti-
cally significant result was obtained (P<0.05), post hoc analysis 
using individual binomial test comparisons, with Bonferroni cor-
rection for multiple analyses, were conducted amongst the four 
oral regions. The maxillary to mandibular distribution and ros-
tral to caudal distribution were compared to an expected equal 
distribution (i.e., 50:50 split) using a binomial test. Sex, neuter 
status and reproductive status (sex and neuter status combined) 
distribution of the POF population was compared to non-POF 
canine histopathology submissions during the same period using 
the χ2 test of independence, with post-hoc individual binomial test 
comparisons and Bonferroni correction for multiple analyses as 
indicated. Effect size for reproductive status (male neutered versus 
female neutered versus male entire versus female entire) was cal-
culated using Cramer’s V (Cohen 1988). All other effect sizes are 
given as odds ratios (ORs; Szumilas 2010). An alpha (α) value of 
0.05 was selected for all tests (i.e., values of P<0.05 were consid-
ered statistically significant).

To streamline statistical analysis to the most clinically relevant 
breeds, breeds were included for analysis if they fulfilled one of two 
criteria: greater than 500 total submissions during the time period 
(to include the most common breeds), or greater than 100 total 
submissions with a POF prevalence amongst all biopsy submis-
sions (within that breed) of more than 5% (thereby including less-
common breeds that may be markedly predisposed). Breeds were 
only included in analysis for “multiple POF” risk if their preva-
lence for multiple POF was more than 1% of all biopsy submis-
sions within that breed; this lower inclusion threshold was selected 
due to the comparative rarity of multiple POF cases compared to 
POF occurrence in general. Breeds could not qualify for multiple 
POF inclusion on total submission numbers alone. Breeds that 
did not meet inclusion criteria were combined and categorised as 
“all other breeds” for analysis. A “crossbreed” category was used as 
the reference population for OR calculations (O’Neill et al. 2020). 
Univariable logistic regression modelling was then used to iden-
tify breeds whose risk of POF diagnosis differed significantly from 
the reference population (crossbreed dogs), and to calculate the 
specific OR of POF diagnosis for these breeds compared to the 
reference population.

Ethical approval was provided by University College Dublin, 
Animal Research Ethics Committee (AREC E 21 33 Kelly).

RESULTS

Peripheral odontogenic fibromas

Prevalence

There were 1001 confirmed cases of POF diagnosed from 35,328 
canine histopathology submissions between January 1 to June 7, 
2019; yielding a prevalence for POF of 2.8% [95% confidence 
interval (CI): 2.7 to 3.0] amongst all biopsy submissions.

Age

The age at diagnosis of POF was available for 982 of 1001 
(98.1%) cases. Age distribution within the POF dog population 
was normally distributed. The mean (sd) age of affected dogs was 
8.1 (±2.7) years.

The age at diagnosis was available for 33,255 of 34,342 
(96.8%) of non-POF submissions. Age distribution within the 
non-POF dog population was normally distributed. The mean 
(sd) age of non-POF submissions was 8.1 (±3.3) years. There was 
no significance difference in mean age at diagnosis between POF 
and non-POF submissions.

Position in the oral cavity

“Maxillary or mandibular” lesion position data was available in 
627 of 1001 (62.6%) cases; the ratio of maxillary to mandibular 
lesions was 1.3:1 (95% CI: 1.1 to 1.5, P=0.003). “Rostral or cau-
dal” lesion position data was available in 514 of 1001 (51.3%) 
cases; the ratio of rostral to caudal lesions was 1.9:1 (95% CI: 1.6 
to 2.3, P<0.001). Complete lesion position data was available for 
465 of 1001 (46.5%) cases. The distribution of POF differed 
within the four regions of the oral cavity (rostral maxilla, caudal 
maxilla, rostral mandible, caudal mandible) (P<0.001), with the 
highest proportion (40.1%) located within the rostral maxillary 
arcade (Fig 1).

FIG 1. Distribution, as a percentage, of POF/FEPLO in the oral cavities of 
dogs (n=466)
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Sex, neuter status and reproductive status

Sex data was available for 34,304 of 35,329 (97.1%) of all biopsy 
submissions. The sex distribution of POF submissions (n=980) 
differed significantly from non-POF histopathology submissions 
(n=33,324) during the same period; Males had 1.2 times the 
odds of suffering POF compared to females (OR: 1.2, 95% CI: 
1.1 to 1.4, P=0.001). Neuter status data was available for 31,115 
of 35,329 (88.1%) of all biopsy submissions. Neutered dogs had 
1.6 times the odds of being diagnosed with POF than enire dogs 
(1.6, 95% CI: 1.3 to 1.9, P<0.001). Combined sex and neuter 
status (i.e., reproductive status) data was available in 31,115 of 
35,329 (88.1%) of all biopsy submissions; neutered male dogs 
were overrepresented and female entire dogs were underrepre-
sented with a small effect size (Cramer’s V=0.037, <0.06=small 
effect size, P<0.001) (Table 1).

Breed

Of the 15 breeds that were individually included in the analysis, 
seven showed increased odds of being diagnosed with any number 
of POF compared to crossbreed dogs: boxers (OR: 3.78, 95% CI: 
2.80 to 5.09, P<0.001), border terriers (OR: 3.21, 95% CI: 2.10 
to 4.91, P<0.001), Basset hounds (OR: 3.18, 95% CI: 1.58 to 
6.44, P=0.001), flat-coated retrievers (OR: 2.97, 95% CI: 1.57 
to 5.63, P<0.001), Staffordshire Bull terriers (OR: 2.08, 95% CI: 
1.59 to 2.71, P<0.001), Lurchers (OR: 2.04, 95% CI: 1.16 to 
3.60, P=0.014) and Border Collies (OR: 1.54, 95% CI: 1.01 to 

2.33, P=0.044). Two breeds showed reduced odds of any POF 
diagnosis compared to crossbreed dogs: Labrador retrievers (OR: 
0.63, 95% CI: 0.46 to 0.86, P=0.004) and West Highland white 
terriers (OR: 0.13, 95% CI: 0.03 to 0.54, P=0.005) (Table 2).

Descriptive macroscopic features

Information regarding the size, shape, consistency of the lesion, 
presence/absence of ulceration, pedunculation, tooth displace-
ment or patient interference was noted in 26.5% of submission 
histories (265 of 1001).

An estimation of size was provided in 85 cases, the vast major-
ity of POF were between 5 and 50 mm in diameter (78 of 85). 
Gross description of shape was noted in 43 of the cases, with 12 
being described as smooth (12 of 43), eight cauliflower-like (eight 
of 43), six as irregular (six of 43), four as nodular (four of 43), 
four as rounded (four of 43), three as flat (three of 43), three as 
dome-shaped/circular (three of 43), one as roughened (one of 43), 
one as multilobed (one of 43) and one as protruding (one of 43). 
Pedunculation/narrow-based architecture was documented in 38 
of 41 cases. Reported consistencies of POF were provided in 88 
cases; with firm, hard or bony being the most common (59 of 
88); only six of 88 were noted to be soft or friable. The reported 
colour of lesions was noted in 37 cases and ranged from pink/
gum coloured (18 of 37) to red (eight of 37) to pigmented (eight 
of 37). Ulceration was commonly reported (23 of 34). Presence 
or absence of tooth displacement was noted in 12 cases, with 10 
confirming tooth displacement; of these, the specific tooth/teeth 
affected was given in seven cases (six incisors and one premolar). 
Patient interference or perceived pain were rare (four of 12).

Multiple peripheral odontogenic fibromas

Prevalence

Of the 1001 confirmed cases of POF, 150 dogs had multiple, 
simultaneous POF, yielding an overall prevalence for multiple 
POF amongst total biopsy submissions of 0.4% (95% CI: 0.4% 
to 0.5%).

Table 1. Observed versus expected reproductive status 
distribution of dogs with POF/FEPLO diagnosis (n=883) 
compared to non-POF/FEPLO diagnoses (n=30,232)

Reproductive 
status

Expected 
count

Observed 
count

Difference in observed 
versus expected count

Male entire 135 108 −27
Male neutered 308 383 75
Female entire 114 66 −48
Female 

neutered
327 326 −1

Table 2. Logistic regression results for breed as a risk factor for POF/FEPLO diagnosis

Breed Cases Total Odds ratio 95% Confidence interval P value

Crossbreed 126 4717 Base
Boxer 74 788 3.776 2.8 to 5.09 <0.001
Border terrier 28 346 3.208 2.10 to 4.91 <0.001
Basset hound 9 112 3.184 1.57 to 6.44 0.001
Flat-coated retriever 11 146 2.969 1.57 to 5.63 0.001
Staffordshire Bull terrier 101 1873 2.077 1.59 to 2.71 <0.001
Lurcher 14 264 2.040 1.16 to 3.56 0.014
Border Collie 28 692 1.536 1.01 to 2.33 0.044
Golden retriever 24 643 1.413 0.91 to 2.20 0.128
Springer spaniel 34 1011 1.268 0.86 to 1.86 0.227
Shih-tzu 20 614 1.227 0.76 to 1.98 0.403
Cocker spaniel 39 1606 0.907 0.63 to 1.30 0.598
Jack Russel terrier 27 1199 0.839 0.55 to 1.28 0.415
All other breeds 181 9064 0.742 0.59 to 0.93 0.011
German shepherd dog 13 678 0.712 0.40 to 1.27 0.249
Labrador retriever 58 3427 0.627 0.46 to 0.86 0.004
West Highland white terrier 2 554 0.132 0.03 to 0.54 0.005

P<0.05 are considered significant
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Age

Age distribution within the multiple POF dog population was 
normally distributed. The mean (sd) age of affected dogs was also 
8.1 (±2.7) years. There was no significance difference in mean 
age at diagnosis between the multiple POF population and all 
other submissions in the same period.

Position in the oral cavity

“Maxillary or mandibular” lesion position data was available in 
34 of 150 (22.7%) of cases that had multiple POF; the ratio of 
maxillary to mandibular lesions was 2.4:1 (95% CI: 1.1 to 5.6, 
P=0.026). No significant difference was present between rostral 
and caudal lesion distribution, or in POF distribution between 
all four regions of the oral cavity.

Sex, neuter status and reproductive status

The sex distribution of POF submissions with multiple simul-
taneous POF (n=145) did not differ significantly from all other 
submissions during the same period. The proportion of neutered 
dogs which were diagnosed with multiple POF simultaneously 
was significantly higher than sexually entire dogs (OR: 2.6, 95% 
CI: 1.6 to 4.2, P<0.001). Neutered male dogs were overrepre-
sented and female entire dogs were underrepresented with a small 
effect size (Cramer’s V=0.022, <0.06 = small effect size, P=0.02).

Breeds

Four breeds had a prevalence of more than 1% for multiple POF 
diagnosis, amongst all biopsy submissions within that breed, and 
thus qualified for inclusion in analysis. Three of these breeds 
showed increased odds of being diagnosed with multiple simul-
taneous POF compared to crossbreed dogs: boxers (OR: 12.02, 
95% CI: 7.13 to 20.24, P<0.001), border terriers (OR: 5.05, 
95% CI: 2.32 to 11.43, P<0.001) and Staffordshire Bull terriers 
(OR: 2.42, 95% CI: 1.33 to 4.41, P=0.004).

DISCUSSION

This study utilised statistical analysis to examine the clinicopatho-
logical features of peripheral odontogenic fibromas (n=1001) diag-
nosed via histopathological evaluation of samples submitted by 
first opinion and referral practices. Previous related studies (Sven-
denius & Warfvinge 2010, Fiani et al. 2011, Wingo 2018, Mikie-
wicz et al. 2019) commonly included POF as a small subcategory 
of tumours within a broader examination of oral lesions, and were 
often descriptive in nature (i.e., lacked statistical analysis). One 
study which did benefit from statistical analysis was underpow-
ered (n=47) and was only examining a referral population (Fiani 
et al. 2011). Given that the vast majority of POF are dealt with 
in a first opinion setting and would rarely, if ever, be referred for 
specialist care unless there were a concern over more aggressive dif-
ferential diagnoses, the data from the aforementioned study (Fiani 

et al.  2011) may be self-selecting for more aggressive appearing 
lesions grossly, which may not be applicable to POF more broadly.

Prevalence data regarding POF within the literature are typi-
cally reported as a proportion of oral lesion biopsy submissions 
(i.e., when a dog develops an oral lesion, what is the preva-
lence of POF amongst those oral lesions), rather than as a pro-
portion of biopsy submissions for any reason (Svendenius & 
Warfvinge 2010, Mikiewicz et al.  2019). This study examined 
the prevalence of POF diagnoses amongst all biopsy submissions, 
not just oral lesion submissions, during a defined time period, 
and found an overall prevalence amongst those submissions of 
2.8% (95% CI: 2.7 to 3.0). The reliance on biopsy submissions 
as a sampling method likely underestimates the potential preva-
lence of POFs amongst biopsy submissions as, in practice, an 
unknown number of grossly diagnosed “epulides” would either 
be removed and not submitted for histopathological examination 
or would be left untreated. A large proportion of these epuli-
des would be POF given the prevalence reported amongst oral 
lesions biopsy submissions in previous studies. An additional 
limitation of relying on biopsy submissions for diagnosis is that 
there is a potential selection bias for more aggressive appearing 
lesions to have an increased likelihood of being submitted com-
pared to more benign appearing lesions. One potential approach 
to counteract these limitations would be to use a data-mining 
program and centralised database of first opinion practice medi-
cal records to capture all presentations of POF, so that even POF 
that are identified but not treated, or removed but not submitted 
for histology, are included in the data. However, the limitation 
with this approach is that POF are indistinguishable grossly from 
several other very common lesions (gingival hyperplasia, early-
stage canine acanthomatous ameloblastoma), and so definitive 
diagnosis is not possible without histopathological evaluation; as 
a result, the investigators would only gain an understanding of 
“epulis” prevalence, and not POF prevalence specifically.

The age at diagnosis of POF reported in this study (8.1 
±2.7 years) closely resembles previous descriptive studies which 
included age at POF diagnosis 8.0 ±2.6 years (Mikiewicz  
et al.  2019), 8.5 ±2.9 years (Fiani et al.  2011), 8-year mean age 
((Wingo 2018) – no standard deviation reported), and there was 
no significant difference in mean age of POF and non-POF sub-
missions. Interestingly, the age at diagnosis for multiple POF in 
this study was also 8.1 ±2.7 years, suggesting risk for diagnosis of 
multiple POF compared to POF generally is not temporal (i.e., 
“multiple POF” cases are not simply being diagnosed later in the 
disease process and more likely to develop multiple POF as a result).

The position of POF lesions within the oral cavity revealed a 
significant predilection for diagnosis within the rostral maxilla, 
which is consistent with previous reports regarding POF lesion 
distribution within the oral cavity (Fiani et al. 2011). There was 
a 2:1 rostral to caudal distribution and 1.3:1 maxillary to man-
dibular ratio, with multiple/multifocal POF presentations hav-
ing an even greater risk of being diagnosed within the maxilla 
(2.4:1 maxillary to mandibular ratio). The rostral predilection of 
POF generally was not mirrored in the “multiple” POF caseload 
specifically, likely due to underpowering of the “multiple” sub-
category for which location was given (n=25) compared to the 
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general POF population (n=514). A predilection for occurrence 
within the rostral oral cavity is not unique to POF; all of the most 
common odontogenic lesions (canine acanthomatous ameloblas-
toma, gingival hyperplasia, POF/FEPLO) appear to occur more 
commonly in the rostral cavity (Fiani et al. 2011). It is not clear 
whether there is a genuine predilection within the rostral com-
partments of the oral cavity for odontogenic tumour formation, 
or if rostral lesions are simply more readily observed by the owner 
(and consequently presented for investigation and treatment). A 
prospective study with regular examination of all four quadrants 
of the oral cavity, over an extended time period and utilising an 
appropriate number of dogs to ensure sufficient study power, 
would be required to differentiate these potential causes for over-
representation of odontogenic tumours and tumour-like lesions 
within the rostral oral compartment.

Data regarding sex predisposition for diagnosis of POF 
in the literature is conflicting, with overrepresented males 
(Fiani et al.  2011), overrepresented females (Svendenius & 
Warfvinge  2010) and no difference in distribution of affected 
sexes (Wingo 2018) all reported. In this study, POF was diag-
nosed slightly more often in male dogs compared to female 
dogs; this sex difference was not detected in the “multiple POF” 
subcategory, likely due to a combination of the small effect size 
detected in the POF population generally (and by extension, the 
anticipated small effect size for multiple POF diagnosis), and 
relatively small numbers in the “multiple” population (n=145). 
More notably, neutered dogs were at a significantly increased risk 
of POF diagnosis compared to unneutered dogs; this increased 
risk was even more dramatic for “multiple POF” cases. Male 
neutered dogs were overrepresented and female entire dogs were 
underrepresented (with a small effect size) in both the POF pop-
ulation generally and the “multiple POF” subcategory. The only 
other study to date examining both sex and neuter status of POF 
affected dogs reported a similar over-representation of male neu-
tered dogs and underrepresentation of female entire dogs within 
a dental referral population, but without the benefit of an effect 
size calculation (Fiani et al. 2011). The manner in which neuter-
ing affects POF predisposition is not understood at this stage; a 
more intimate knowledge of POF pathogenesis, which is notably 
lacking in the literature, and the role of neutering on potentially 
implicated pathways is required. Consensus on the fundamental 
nature of POF, neoplastic versus reactive, has yet to be reached 
within the veterinary community; until POF pathogenesis and 
histogenesis is better understood, interpretation and understand-
ing of risk factors and their influence remains challenging.

In the current study seven breeds were shown to have increased 
odds of POF diagnosis compared to crossbreed dogs: boxers, bor-
der terriers, Basset hounds, flat-coated retrievers, Staffordshire Bull 
terriers, Lurchers, and Border Collies all showed variable degrees of 
increased risk. Two breeds showed reduced odds of POF diagnosis 
compared to crossbreed dogs: Labrador retrievers and West High-
land white terriers. Three breeds had increased odds of being diag-
nosed with multiple simultaneous POF compared to crossbreed 
dogs: boxers, border terriers, and Staffordshire Bull terriers. Breeds 
with increased (and decreased) risk for POF diagnosis in this study 
do not appear to span a particular body size, morphology or coat 

type, and so extricating a possible common predisposing factor 
amongst these breeds is not possible. Currently, except for the pres-
ent study, there are no publications in the literature which have 
confirmed breed as a risk factor for POF diagnosis. One study used 
statistical analysis to attempt to assess the impact of breed on risk of 
POF diagnosis; the study size was relatively small and so no associa-
tions were detected (Fiani et al. 2011). Several studies have made 
subjective observations regarding particular breeds having a pos-
sible predisposition for POF diagnosis, including boxers (Mikie-
wicz et al. 2019) and golden retrievers (Fiani et al. 2011), but none 
provided statistically significant evidence for such claims. Notable 
amongst the results presented in this study was the increased risk 
of boxer dogs to have a diagnosis of POF compared to crossbreeds; 
boxers had the highest OR for POF diagnosis amongst all breeds 
examined, they also had the highest OR for diagnosis of multiple 
POF by a notable margin. As discussed earlier, the histogenesis of 
POF (neoplastic versus reactive) is not well understood. Boxer dogs 
are predisposed to gingival hyperplasia, and suffer from a familial, 
generalised form of the disease (Burstone et al. 1952). Commonly 
this generalised form of gingival hyperplasia appears to occur in 
tandem with POF development, and the markedly increased risk of 
boxers (12 times the risk of crossbreed dogs) to be diagnosed with 
multiple POF identified in this study supports this hypothesis. It 
could also be argued that this finding lends weight to the claim that 
POF are reactive rather than neoplastic in origin, although more 
direct studies into POF pathogenesis are required to confirm or 
refute this hypothesis (Murphy et al. 2019).

The notable discrepancy in reporting rates of gross descriptors 
by submitting clinicians prohibited statistical evaluation of these 
features, as the risk of an inherent false negative or false positive 
during data collection was too high; however, they are included for 
descriptive purposes. The majority of descriptive, macroscopic fea-
tures identified during data collection simply confirm the widely 
accepted appearance of POF documented in numerous textbooks 
and papers. However, one trait of interest warrants discussion in 
this study: tooth displacement, and, more specially, which teeth are 
displaced. While tooth displacement is well documented in POF, 
the apparent propensity for incisors being, by far and away, most 
affected is a novel finding. It is possible that POF near incisors 
are fundamentally different in terms of their development, and so 
displace teeth more often, although this is considered unlikely. Far 
more likely, is that this apparent predilection for incisor displace-
ment is a combination of two independent factors (1) the apparent 
propensity for POF to occur within the rostral oral cavity and (2) 
the specific anatomy of incisors, having only a single, shallow root 
and thereby being more prone to instability. Statistical confirma-
tion of this subjective observation would require a larger sample 
size, specifically relating to tooth displacement, in which submit-
ting clinicians would be required to comment on the absence or 
presence of tooth displacement and which teeth were affected.

This study of data obtained from dogs diagnosed with a POF 
revealed an overall prevalence of 2.8% amongst all biopsy sub-
missions, highlighting the relatively high proportion of biopsy 
submissions for which this single disease entity is responsible. 
It also characterised the typical age at diagnosis for POF (8.1 
±2.7 years). This study confirms previous observations regarding 
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the propensity for POF to be diagnosed in the rostral maxilla 
(40.1%), and the maxilla generally (OR: 1.3:1), as well as iden-
tifying a previously unreported predilection within the rostral 
oral cavity (OR: 2:1). This study clarified previous conflicting 
data regarding sex predispositions for POF diagnosis and found 
a male to female ratio of 1.2:1. It also highlighted the associa-
tion between neutering and POF risk (1.6:1) and multiple POF 
risk (2.6:1), as well as identifying male neutered dogs as particu-
larly predisposed, whilst entire female dogs appeared relatively 
spared (Cramer’s V=0.038=small effect size). Finally, it examined 
breed related risk, from which two conclusions can be drawn: 
(1) No common feature is immediately evident across all breeds 
with increased risk (size, morphology, coat type etc.), suggesting 
breed related propensity for POF occurrence is multifactorial, or 
at least more complex than a single genetic defect and (2) boxer 
dogs have the highest risk of POF diagnosis of any breed, and 
have a marked predisposition for diagnosis of the generalised/
multifocal form of POF, suggesting they would serve as a good 
model for further POF studies and may have a unique pathway 
regarding POF pathogenesis.
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