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Dental, oral and maxillofacial diseases are the most common conditions seen in small animal veterinary 

practice. They may not only create significant pain but also infection. As such, the World Small Animal 

Veterinary Association believes that un- and undertreated oral and dental diseases pose a significant an-

imal welfare concern. Dentistry is an area of veterinary medicine, which is still undertaught and thus is 

subject to many myths and misconceptions. Effective teaching of veterinary dentistry in the veterinary 

curriculum is the key to progression of the discipline. This will greatly improve the health and welfare for 

all our patients globally. The guidelines were created to provide veterinarians with the necessary founda-

tions to provide gold standard therapy as well as define realistic minimum standards of care. Using the 

three-tiered continuing education system of World Small Animal Veterinary Association (based on the 

World Bank), the guidelines make global equipment and therapeutic recommendations  

and highlight the anaesthetic and welfare requirements for small animal patients worldwide. This docu-

ment contains information on common oral and dental disease as well as basic diagnostic procedures 

and treatments. Sections on anaesthesia and pain management for dental procedures, home dental 

care, nutritional information and recommendations on the role of the universities in improving veteri-

nary dentistry are also included. A discussion of the deleterious effects of anaesthesia-free dentistry is 

included, as this procedure is ineffective at best and damaging at worst. Finally, the negative effects of 

undiagnosed/not treated dental disease are discussed under the scope of animal welfare issue. The  

guidelines from 2019 have been revised to reflect the advances in diagnosis and treatment. New 
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sections in this revision include sections on trauma, the nurses’ role in veterinary dentistry, juvenile  

pathology, ergonomics and an extended section on radiographic interpretation.
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INTRODUCTION

The World Small Animal Veterinary Association (WSAVA) is 
an “association of associations” with over 200,000 small animal  
veterinarians globally represented by over 116 member associa-
tions. Utilising guidelines assists the entire healthcare team to 
understand, embrace and enact practice standards to improve 
quality of care for all patients.

Like those before it, the Global Dental Committee was estab-
lished to develop a universally relevant document that would 
take into consideration the worldwide differences in educa-
tional background, access to equipment, substances, drugs and  
treatment modalities. The guidelines committee encompasses 
members from diverse veterinary specialties, emphasising the 
multimodal approach necessary to provide proper dental health 
services. Authors representing advanced training in dentistry,  
nutrition, anaesthesia, analgesia, nurses and animal welfare have 
come together to each highlight the importance of oral and den-
tal diseases, treatment and prevention for our patients from vari-
ous areas of veterinary care.

The WSAVA sincerely hopes these guidelines will empower 
members of the global healthcare team to recognise and treat 
oral and dental diseases, further promote and guide inclusion of  
dentistry in the veterinary university curriculum and increase the 
level of confidence in the need for proper veterinary dental care  
for patients worldwide.

USE OF THIS DOCUMENT

Oral and dental diseases know no geographical boundaries, and 
as such the guidelines were developed to assist practitioners from 
around the world. The only limiting factors to proper dental ther-
apy are awareness of its prevalence or impact on patient health and  
welfare, education on the subject, and a commitment to include 
oral and dental assessment in every physical examination. These 
guidelines were created with easy to implement fundamentals at 
their core. Their purpose is to guide the general practitioner towards 
successful detection, diagnosis and therapy of the most common 
oral and dental conditions. While continued research is required in  
all areas represented in these guidelines, a distinct effort has been 
made to provide peer reviewed evidence-based recommendations 
in all areas. Where veterinary dental research is unavailable or lack-
ing, additional human dental literature may be cited. Each section  
contains an extensive reference list should the practitioner require 
additional information. There is additional reference material avail-
able on the WSAVA website (www.​wsava.​org).

Throughout this document, the WSAVA’s continuing education 
three-tiered system has been utilised to make recommendations for 
the various member associations. It is understood that even within  
countries, there is great variability in standards of care, and this doc-
ument should be viewed as it was intended, as guidelines to improve 
dental care. Tiering where appropriate should be used to guide the 
practitioner to minimum acceptable practices in their represented 
countries but is by no means meant to recommend an interested 
practitioner stop there in their provision of service or pursuit of edu-
cational goals. Tier 3 could also be considered best practice interna-
tionally, Tier 2 minimal standard in a less economically developed 
country, and falling below the Tier 1 standard unacceptable any-
where in the world. Acknowledgement of the vast differences in the 
availability of analgesic and anaesthetic drugs is made, and practi-
tioners are guided to the Global Pain Council’s guidelines (2013) 
available in JSAP and on the WSAVA website for further guidance.

SECTION 1: ORAL ANATOMY AND COMMON 
PATHOLOGY

Oral and dental anatomy and physiology

Bones of the maxilla and mandible

The upper jaw consists of paired maxillae and incisive bones. Their 
alveolar processes contain alveoli for the incisor (incisive bone), 
canine, premolar and molar teeth (maxillary bone) (Fig 1). The  
lower jaw is formed by the two mandibles, which are joined at the 
symphysis. Each mandible has a body with the alveoli for incisor, 
canine, premolar and molar teeth and a ramus consisting of the 
angular, coronoid and condylar processes. The condylar process  
of the mandibular ramus articulates with the temporal bone at 
the temporomandibular joint (Hermanson & de Lahunta, 2018; 
Lewis & Reiter, 2010) (Fig 2).

There are six clinically important foramina in the jaws present  
bilaterally (Lewis & Reiter, 2010)

•	Maxillary foramen: directly dorsal to the caudal aspect of the 
maxillary fourth premolar tooth, this is the entrance for the  
infraorbital nerve and blood vessels into the infraorbital canal.

•	Infraorbital foramen: dorsal to the interdental space of the third 
and fourth maxillary premolar tooth, this is where the infraor-
bital nerve and blood vessels exit the infraorbital canal.

•	Mandibular foramen: on the medial surface of the mandibular 
ramus, this is the caudal opening of the mandibular canal and 
serves as the entrance for the inferior alveolar nerve and blood 
vessels into the mandibular canal.
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•	Caudal, middle and rostral mental foramina: these are the ros-
tral openings of the mandibular canal. The caudal foramen is 
located at the level of the mesial root of the mandibular third 
premolar, the middle at the mesial root of the second premo-
lar and the rostral at the second incisor tooth. The caudal and 
middle foramina may coalesce into one.

Innervation, blood supply and muscles of 
mastication

Innervation of the maxillofacial region, oral cavity and tongue is pro-
vided by the trigeminal nerve (V), facial nerve (VII), glossopharyn-
geal nerve (IX), vagus (X) and hypoglossal nerve (XII). Blood supply 
comes through the maxillary artery. The branches of the maxillary 
artery which are most commonly encountered during oral and max-
illofacial surgery are the minor palatine artery, infraorbital artery, 
descending palatine artery (this later gives rise to the major palatine 
and sphenopalatine arteries) and inferior alveolar artery (Evans & de 

Lahunta, 2013; Lewis & Reiter, 2010). The facial artery arises from 
the external carotid artery (Guzu et al., 2021) (Fig 3).

There are four groups of muscles of mastication – masseter, 
temporal, lateral and medial pterygoid and digastricus. Apart  
from the digastricus, which opens the mouth, the other three 
muscle groups close the mouth (Evans & de Lahunta,  2013;  
Lewis & Reiter, 2010) (Fig 4).

Saliva

Oral fluid (mixed saliva) is formed by secretions of the major sali-
vary glands (parotid gland, mandibular gland, sublingual gland 
and zygomatic gland in the dog, plus a lingual molar salivary 
gland in the cat), minor glands, desquamated oral epithelial cells,  
microorganisms and their by-products, food debris, serum com-
ponents and inflammatory cells from the gingival crevice. Normal  
production of saliva is of extreme importance for oral health (Lewis 
& Reiter, 2010; Nanci, 2013a).

FIG 1. (A) Cat maxilla dorsal view. (B) Dog maxilla ventral view.

FIG 2. (A) Dog mandible. (B) Cat skull lateral.
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Lymph drainage

There are three lymph centres draining the oral cavity, head and 
neck. These are the parotid, mandibular (with buccal lymph  
nodes) and retropharyngeal lymph centres. Pathways of lymphatic 
drainage are unpredictable, but the main lymph draining cen-
tre or the head is the retropharyngeal lymph centre, which con-
sists of a medial and sometimes a lateral lymph node (Evans & de  
Lahunta, 2013; Lewis & Reiter, 2010; Skinner et al., 2016).

Oral cavity proper and dentition

The limits of the oral cavity are the hard and soft palate dorsally, the 
dental arches and teeth rostrally and laterally, and the floor of the  
oral cavity consisting of the tongue and ventral oral mucosa. The 
teeth are located in the upper and lower dental arches, each consist-
ing of two quadrants. Teeth are best described using their anatomical  
designation. With the modified Triadan system, it is also possible to 
number the teeth (Floyd, 1991) (see Recording section).

The dental formula of a dog is 2× I 3/3: C 1/1: P 4/4:  
M 2/3 = 42. In puppies, the dental formula is 2× i 3/3: c 1/1:  
p 3/3 = 28; in adult cats 2× I 3/3: C 1/1: P 3/2: M 1/1 = 30 and 
kittens 2× i 3/3: c 1/1: p 3/2 = 26 (Fig 5).

The occlusion describes how the teeth meet, and six points 
should be evaluated – incisor, canine, premolar and caudal  
premolar/molar teeth occlusion, as well as head symmetry and the  
presence/position of the individual teeth (AVDC Nomenclature 
Committee, 2024; Lewis & Reiter, 2010).

Dogs and cats have diphyodont (two generations of teeth), anelo-
dont (teeth do not grow continuously), brachydont (roots are lon-
ger than crowns and crowns are fully covered by enamel) dentition. 
Permanent incisor teeth are small single-rooted teeth. Canine teeth are 
the largest single-rooted teeth. The apex (end of the root) of the man-
dibular canine tooth lies lingual to the middle mental foramen and 
occupies a large portion of the mandible. There is only a thin plate 
of bone between the root of the maxillary canine tooth and the nasal 
cavity; therefore, this is a common location for oronasal fistulation. In 
dogs, roots of the maxillary premolar and molar teeth are very close to 
the nasal cavity and infraorbital canal and roots of the mandibular pre-
molar and molar teeth to mandibular canal (Green et al., 2022; Littles 
et al., 2022).

In dogs and cats, the number of the roots generally varies from  
single to three, although further variations are possible. Thus, 
imaging is mandatory prior to any oral/dental surgery to fully 
evaluate the anatomy and pathology.

In dogs, the premolar teeth vary in size and number of roots. First 
premolar teeth (maxillary and mandibular) are small, single-rooted 
teeth, the maxillary fourth premolar tooth is a large three-rooted  
tooth, and the rest of the premolar teeth are two-rooted. Roots of indi-
vidual maxillary premolar and molar teeth are close to the infraorbital  
canal, nasal cavity and orbit. Maxillary molar teeth in the dog are three 
rooted with a flat occlusal surface palatally. The mandibular first molar 
is a large two-rooted tooth with roots close to the mandibular canal 
(AVDC Nomenclature Committee, 2024; Lewis & Reiter, 2010). In  
small dogs, the mandibular first molar tooth is proportionally larger 
relative to the mandibular height compared to larger dogs (Gioso 

FIG 4. (A) Orofacial musculature – dog. (B) Cross section – vessels and muscles.

FIG 3. (A) Nerves, dog skull lateral. (B) Blood supply, dog skull lateral. (C) Blood supply, dog skull, ventral view of maxilla. A) Trigeminal nerve 
branches 1. maxillary, 2. infraorbital, 3.palatine, 4. mandibular, 5. mental and relevant foramina A. maxillary, B. infraorbital, C. alveolar mandibular, 
D. mental. B and C) relevant arteries 1. carotid, 2. maxillary, 3. descending palatine, 4. minor palatine, 5. major palatine, 6. sphenopalatine, 7. 
infraorbital, 8. mandibular, 9. facial.
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et  al.,  2003). The mandibular second and third molar teeth are  
similar, with the second having two roots and the third one root.

In cats, the maxillary second premolar tooth is a small, single-
rooted tooth (rarely two-rooted). The maxillary third premolar  
tooth is a two-rooted (possibly three-rooted) tooth, and there 
is a larger three-rooted maxillary fourth premolar tooth. The  
mandible bears only two (third and fourth) premolar teeth with 
two roots each, which lie close to the mandibular canal.

There is a small single-rooted or two-rooted maxillary molar 
tooth and a large two-rooted mandibular molar tooth in the cat.  
For the most part, the two-rooted teeth are symmetrical, with 
roots being relatively the same size. A notable exception to this 
is the mandibular first molar, which has a large mesial and very  
small distal root (Niemiec, 2022).

Deciduous teeth are smaller, slimmer and sharper compared 
to the permanent teeth; however, they have proportionally longer 
roots (Lewis & Reiter, 2010). Exfoliation starts around 3 months  
in dogs and cats, starting from central incisors. Some factors 
influence exfoliation, namely breed in dogs. However, approxi-
mately all incisors exfoliate between 3 and 5 months, canine teeth  
around 4 to 6 months and definitive dentition is complete for 
most animals around 8 months of age (Hale, 2005).

Structure of the teeth and tooth supporting 
apparatus

The majority of the (adult) tooth is comprised of dentine, which is 
formed by odontoblasts at the periphery of the pulp. Primary dentine is 
formed during tooth development (up to closure of root tip apexogen-
esis), while secondary dentine is laid down after root formation is com-
plete and signifies normal ageing of the tooth (Fig 6). Tertiary dentine 

is formed as an attempt at repair. The central portion of the tooth  
(pulp cavity) is occupied by dental pulp. Dental pulp contains nerves, 
blood and lymphatic vessels, connective tissue and odontoblasts. Dental 
pulp communicates in dogs and cats with the periodontal ligament at 
the apical delta and lateral canals in adult animals. In young animals, the 
apical opening is large, and it closes into an apical delta in the process of 
apexogenesis. The coronal portion of the tooth is covered by enamel, 
which is the hardest and most mineralised tissue in the body. Enamel 
is formed by ameloblasts only prior to the tooth eruption (Lewis & 
Reiter,  2010; Nanci,  2013b; Pashley & Liewehr,  2006). Enamel 
thickness varies from 0.1 to 1 mm in cats and dogs (Crossley, 1995). 
The root of the tooth is covered by cementum, which is mineralised 
connective tissue similar to bone, formed by cementoblasts (Lewis & 
Reiter, 2010; Nanci, 2016; Pashley & Liewehr, 2006) (Fig 7).

The tooth supporting apparatus is the periodontium, which con-
sists of the gingiva, periodontal ligament, cementum and alveolar 
bone. Gingiva is divided into attached and free parts. The gingival  
sulcus is the area between the tooth and the free gingiva, and its nor-
mal depth is 0 to 1 mm in cats and 0 to 3 mm in dogs. The floor of 
the gingival sulcus is formed by junctional epithelium. Below it lies  
the major connective tissue attachment of the tooth – the periodontal 
ligament. The periodontal ligament is anchored into the cementum 

FIG 5. (A) Puppy deciduous dentition. (B) Adult dog permanent dentition. (C) Kitten deciduous dentition. (D) Adult cat permanent dentition. 
Grey = incisors, Blue = Canines, Red = premoalrs,  Yellow + molars.

FIG 6. Maturation of canine tooth. The root initially lenthens and then the 
canals gradually constrict.
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on one side and the alveolar bone on the other and thus holds the 
tooth in the alveolus (Lewis & Reiter, 2010; Wolf et al., 2005).

Key points

•	Knowledge and understanding of oral and dental anatomy, 
physiology and basic embryology is the key to understanding 
disease processes and other abnormalities of the maxillofacial 
region, oral cavity and teeth.

•	Optimal diagnostic techniques and treatments are impossible  
to achieve without excellent basic anatomy and physiology 
knowledge.

•	Basic anatomy and physiology familiarity includes awareness of 
the structure and function of the maxillofacial bones, muscles  
of mastication, innervation and vascularisation, lymph drain-
age, salivary glands, oral cavity proper and dentition (including 
structure of the teeth and tooth supporting apparatus).

Conditions seen in juvenile patients
A juvenile patient is defined as the one in age between birth 
and complete development of dentition. At this time, the occlu-
sion, maxillofacial skeleton and maturation of the teeth is in 
progress but close to completion (Fulton et al., 2014; Wiggs & 
Lobprise,  1997c). Major areas associated with head injuries in  
juvenile patients are teeth fractures and damages to maxillofacial 
structures (Goldschmidt & Hoyer, 2022).

Persistent deciduous teeth

A deciduous tooth becomes persistent when its normal exfolia-
tion is delayed. Exfoliation occurs after root resorption, usually in 
the presence of an erupting definitive successor but not exclusively 
(Niemiec, 2010a; Wiggs & Lobprise, 1997b). Therefore, the main  
reasons for a deciduous tooth to remain in the arcade are that the 
corresponding permanent tooth followed an incorrect path of erup-
tion (Harvey & Emily, 1993c; Hobson, 2005). On some occasions, 
root resorption of the deciduous tooth still occurs with consequent  
exfoliation. It is critical to note that deciduous teeth are considered 

persistent as soon as the permanent tooth begins to erupt and the 
deciduous tooth is not exfoliating (Hobson, 2005).

The malpositioning of the permanent teeth may have genetic 
tendency, since it is more common in certain breeds and head 
types (Harvey & Emily, 1993c), especially in small and toy breed 
dogs (Hobson,  2005; Wallis et  al.,  2024). The most common 
teeth to be persistent are the canines, followed by the incisors  
and finally premolars, often bilateral (Harvey & Emily, 1993c).

Possible causes of persistent deciduous teeth include impaction 
or ankylosis of the deciduous tooth (Wiggs & Lobprise, 1997c). 
Other causes include nutritional/hormonal imbalances or  
absence of permanent successor (Wiggs & Lobprise, 1997b).

Crowding (Fig 8) and malocclusions (Fig 9) are the immediate 
consequences, followed by periodontal disease (Fig 10) (Harvey 
& Emily, 1993c; Hobson, 2005; Niemiec, 2010c, 2013b).

Considering that permanent dentition typically erupts between 
3 and 6 months, this group of authors recommends monitoring  
eruption weekly during this period and these recommendations 
should be included in the consultation protocol for vaccination  
(Hale, 2005; Wallis et al., 2023; Wiggs & Lobprise, 1997c).

FIG 7. Dental, periodontal and surrounding tissues, cross section.

FIG 8. Persistent deciduous maxillary incisors with crowding.

FIG 9. Persistent deciduous left maxillary canine tooth with malocclusion.
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Extracting deciduous teeth can be challenging due to the consider-
able length and thin walls of deciduous teeth (Hale, 2005; Harvey 
& Emily, 1993c). Further, there is often resorption and/or ankylo-
sis of the persistent deciduous tooth (Fulton et al., 2014). Therefore, 
dental radiographs are critical for proper therapy (Fulton et al., 2014; 
Niemiec, 2010b). Anatomical knowledge and dental radiographs will 
help the practitioner to determine deciduous from permanent teeth, 
exact location of the developing permanent teeth and most impor-
tantly integrity of the deciduous tooth root structure (see Extractions). 
Finally, if the root of a deciduous root is not completely resorbed, 
it must be fully extracted (Fig 11). Once the permanent tooth has 
erupted, there is no impetus for the deciduous to resorb. Thus, persis-
tent deciduous tooth roots may become infected (Fig 12). Complete 
extraction of intact root structure is mandated (Fulton et al., 2014).

Supernumerary teeth

Supernumerary teeth are not an uncommon finding in veterinary 
patients. The incidence of supernumerary teeth was found to be 
3.5%. Large brachycephalic (e.g. Boxers and Mastiffs) are prone to  
supernumerary maxillary first incisors (Wiggs & Lobprise, 1997a) 
(Fig 13). Large mesaticephalic dogs were the second most common 

FIG 10. Persistent deciduous left mandibular canine tooth with 
periodontal disease.

FIG 11. Radiograph of persistent deciduous left mandibular canine tooth. 
Note the severe resorption of the deciduous tooth.

FIG 12. Radiograph showing retained root remnants of deciduous 
left maxillary canine tooth with associated bone lucency, suggesting 
infection.

FIG 13. Supernumerary maxillary incisor.

FIG 14. Supernumerary maxillary left premolar.
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breeds to be affected (Pavlica et  al.,  2001). In fact, some breeds 
(German Shepherds, Doberman Pinchers) may be bred for them. 
Maxillary first premolars (Fig  14) are the most common super-
numerary teeth in these breeds followed by the second incisors  
and finally third premolars (Pavlica et al., 2001). While incisors, 
premolars and mandibular third molars are most common, any 
tooth can develop supernumerary teeth and they are occasionally 
seen in the deciduous dentition (Harvey & Emily, 1993b).

In cats, maxillary second premolars and mandibular third premo-
lars are the most common supernumerary teeth (Fig 15). A study of  
155 adult domestic cats showed a similar prevalence rate as in dogs 
of 3.7% (Verstraete & Terpak,  1997). The most involved teeth 
were the maxillary second and mandibular third premolar teeth,  
with others being exceedingly rare (Verstraete & Terpak,  1997). 
These findings corresponded to the results from previous articles on 
the subject (Roux et al., 2009; Verstraete et al., 1996a).

Supernumerary teeth result from an abnormal tooth bud, 
which results in two teeth instead of one (Wetering, 2011). While  

the aetiology is unknown (Rajab & Hamdan, 2002), the current 
theory is continued proliferation of the primary dental lamina  
produces an additional tooth germ resulting in an additional 
tooth in the arcade (Pavlica et al., 2001). While supernumerary 
teeth may occur due to an event during tooth development, the  
fact that it is often seen in breed lines suggests a genetic compo-
nent (Harvey & Emily, 1993b).

Supernumerary teeth are broken into two types according to 
their shape. If they have a normal shape and size (eumorphic), 
they are termed supplemental teeth. Conversely, teeth with an 
abnormal shape and a smaller size (dimorphic) are designated 
rudimentary (Startup, 2013).

One must also differentiate supernumerary teeth from other 
similarly appearing pathologies such as twinning or bigemination  
(Boy et  al., 2016) (Fig 16). The best way to distinguish two sep-
arate teeth from two crowns sharing a root is via dental radiology  
(Huffman, 2010; Wiggs & Lobprise, 1997c). Some other conditions, 

FIG 15. Supernumerary mandibular right premolar in a cat.

FIG 16. (A)Gemination of the right maxillary first incisor. (B) corresponding radiograph.

A B

FIG 17. Supernumerary left mandibular fourth premolar malformation – 
peg tooth.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

9 

which may appear similar to supernumerary, are persistent deciduous 
teeth (Startup, 2013) and ectopic teeth (Klim et al., 2023).

The most common problem caused by supernumerary teeth is  
periodontal disease (Startup, 2013). This occurs due to crowding 
and secondary loss of normal/natural plaque reduction (Fig 17) 
(Buckley, 1972; DeBowes, 2010). In addition, they can interfere  
with the eruption of surrounding teeth and/or normal occlusion 
as well as soft tissue damage (Startup, 2013).

Early extraction of supernumerary teeth resulting in crowding can 
help slow the progression of periodontal disease (Niemiec, 2013a).  
In addition, it will resolve any trauma from tooth on tooth or soft 
tissue contact. However, if neither crowding nor occlusal trauma 
is occurring, no treatment is required (Harvey & Emily, 1993b;  
Startup, 2013). This is typical with supernumerary premolars in 
large dolichocephalic breeds (Dole & Spurgeon, 1998).

Hyperdontia in cats rarely produces any issues, and thus 
therapy is rarely required (Verstraete & Terpak, 1997). This is  
especially the case with maxillary second premolars. However, 
mandibular third and fourth premolars often create crowning  
and/or occlusal interference, and extraction is mandated (Harvey 
& Emily, 1993b; Verstraete & Terpak, 1997).

Missing teeth

Finding missing (permanent teeth) on the oral examination is 
most often an incidental finding (Fig 18). However, this is an  
important finding, as it may cause problems to the animal. 
Therefore, complete oral examination and dental radiographs  
under general anaesthesia are recommended to determine the 
nature of the problem (Kirby & Miller, 2018; Kuntsi et al., 2018).

Congenitally missing teeth

This condition usually causes no clinical problem to the animal 
and the reason for a missing tooth is mostly unknown but may be  
hereditary. Oligodontia or hypodontia may also be linked to spe-
cific genetic syndromes (Lewis et al., 2010; Moura et al., 2019) 
or diseases (Bittegeko et al., 1995).

Unerupted teeth

The tooth will also be missing clinically, if it has failed to erupt (e.g. 
unerupted tooth, impacted tooth), which is diagnosed by dental 
radiographs (Fig  19). Extraction of an unerupted tooth is usually 
indicated, especially if previous operculectomy has failed or is deemed 
inappropriate. Extraction may be difficult, and it depends on the 
position of the tooth (impacted or abnormally positioned unerupted 
teeth) (Legendre & Reiter, 2018). If an unerupted permanent tooth 
is left in place, chances are this will lead to a formation of a dentig-
erous cyst (Fig 20) or other pathology (Babbitt et al., 2016; Bellei 
et al., 2019; MacGee et al., 2012; Mulherin & White, 2021).

A tooth (deciduous or permanent) may start to erupt but not 
be able to complete eruption if the crown is covered in tough  

FIG 18. Apparently missing left mandibular second premolar tooth.

FIG 19. Radiograph of an unerupted left mandibular first premolar tooth 
with likely dentigerous cyst formation.

FIG 20. Radiograph of an unerupted right mandibular first premolar tooth 
with likely extensive dentigerous cyst formation.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

10

gingival tissue called an operculum (Carle & Shope, 2014). This 
tissue (and sometimes alveolar bone) can be removed (operculec-
tomy) to allow full eruption that will likely occur if the apex of 
the tooth is not closed.

The tooth can also be missing if it has been lost due to severe  
periodontitis (rarely in juvenile dogs and cats) or as a result of 
periodontal trauma (avulsion) (Gracis, 2020).

A tooth may also be clinically missing after it has fractured or 
resorbed, with root remnants possibly persisting in the bone, which 
can be seen on dental radiographs. Retained roots are the source of 
infection and pain and should be removed in the vast majority of 
cases. Complete removal of the roots should be confirmed radio-
graphically (Moore & Niemiec, 2014; Ng et al., 2020).

Another reason for a missing tooth is previous dental extrac-
tion. Healing of the alveolus is rapid and active bone remodelling  
with radiographic evidence of new bone formation is visible in 
6 to 8 weeks, and (radiographic) healing of the extraction site  
is completed after 6 to 8 months. Once the vacated alveolus has 
(radiographically) healed, it is usually impossible to determine the 
reason for a clinically missing tooth (Shetty & Le, 2020).

Key points

•	Lack of presence of the tooth in the oral cavity may be due  
to congenital absence, failure of the tooth to erupt, dental or 
periodontal pathology or previous extraction.

•	Dental radiographs are needed to determine the reason for a  
clinically missing tooth and properly plan treatment if needed.

Malocclusions
A malocclusion is classically defined as any occlusion which is 
not standard for the breed (Roux & Howard, 2010). However,  
the WSAVA Dental Guidelines committee considers any mal-
occlusion, which creates any degree of occlusal trauma to be a 
malocclusion. This includes class III malocclusion (undershot) in  
brachycephalic dogs, which causes significant trauma to the soft 
tissues of the floor of the mouth, mandibular gingival tissues, as 
well as potentially the mandibular canine teeth.

Some malocclusions are only cosmetic, and as such, no 
treatment is recommended. As a matter of fact, therapy of  
non-traumatic malocclusions is prohibited by both the American 
Kennel Club and AVDC. When occlusal trauma is present, it 
creates significant pain and discomfort for the patient. Further,  
if left untreated significant complications such as oronasal fistula 
formation, tooth attrition and/or fracture and potentially tooth 
death may occur (Brine, 1999; Niemiec, 2010b).

It is important to understand that the occlusion can only be 
accurately assigned after skeletal maturity (generally 12 months  
of age). During development, it is not uncommon for the occlu-
sion to change significantly (normal to abnormal and vice versa). 
The occlusion should be evaluated utilising a 6-point evaluation.

Checklist for dental occlusion (Gorrel, 2004):

1.	 Head symmetry
2.	 Incisor relationship
3.	 Canine occlusion

4.	 Premolar alignment
5.	 Caudal premolar/molar occlusion
6.	 Individual teeth positioning

It is well established in human dentistry that most malocclu-
sions are genetic in nature (Lundstrom, 1954; Mossey, 1999). 
In veterinary medicine, jaw length (or skeletal) malocclusions  
(Angle class II, III, IV) are considered genetic or heritable 
(Stockard & Johnson,  1941). Conversely, when the jaw 
lengths are normal and only a tooth is out of position, that is 
non-skeletal discrepancies (class I), it may have a non-genetic 
cause. However, many class I malocclusions are hereditary in 
nature. This includes mesiocclusion of the maxillary canines 
(lance effect) seen in Shetland sheepdogs and Persian cats 
(Bellows,  2004; Gawor,  2013a). In addition, mesioclused 
mandibular canines are anecdotally far more common in doli-
chocephalic dogs.

CLASS I MALOCCLUSION: NEUTROCCLUSION

This is defined as an occlusion where the jaw lengths are normal 
(scissor bite); however, one or more teeth are out of alignment. 
As stated above, these conditions are typically considered non-
genetic; however, the high prevalence of some syndromes in cer-
tain breeds (see above) indicates a genetic predisposition (Lewis & 
Reiter,  2010). Potentially, class I malocclusions may result from 
lip/cheek/tongue pressure (or lack thereof), significant systemic or 
endocrine issues. In addition, infectious (periodontal), neoplastic 
or cystic aetiologies may result in tooth deviation (Anderson & 
Harvey, 1993). Previously, it was supposed that persistent decidu-
ous teeth deflected the permanent dentition. However, it is now 
known that deciduous tooth persistence is typically caused by 
improper eruption of the permanent teeth (Niemiec, 2018b). Class 
I malocclusions include: linguoversion of the mandibular canine 
teeth (Fig 21), mesioversion of the maxillary canines (Fig 22), ante-
rior cross bite or malalignment of the incisor teeth (Martel, 2013; 
Startup, 2013; Thatcher, 2013) (Fig 23) and rarely posterior cross-
bite of the carnassial teeth (Fig 24). Within this category, there is 
also malocclusion in cats causing mandibular soft tissue trauma 
and pyogranuloma (Ziemann et al., 2023).

CLASS II MALOCCLUSION: MANDIBULAR 
DISTOCCLUSION

This may also be called “overshot” or relative mandibular  
brachygnathism. In the EH Angle classification system (bor-
rowed from human dentistry), it is defined as the lower molar  
being positioned caudal to the upper molar (Angle,  1899; 
Niemiec, 2010b). This typically results from a jaw length dis-
crepancy where the mandible is shorter than the maxilla but 
can occur due to an elongated maxilla. This results in the  
mandibular premolars being caudal to the corresponding maxil-
lary (Fig 25). The major complication is the mandibular canines 
generally creating significant occlusal trauma to the palate, 
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gingiva and/or maxillary canine teeth (Fig 26). Therefore, inter-
vention is almost always required (Niemiec,  2010b; Niemiec 
et al., 2020; Storli, 2013).

FIG 21. Linguoversion of mandibular canine tooth (three images).

FIG 22. (A) Mesioversion of maxillary canine tooth – cat. (B) Mesioversion of maxillary canine tooth – dog.

A B

FIG 23. Anterior cross bite.

FIG 24. Posterior cross bite.
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CLASS III MALOCCLUSION: MANDIBULAR 
MESIOCCLUSION

This is also termed “undershot” and is a jaw length discrepancy with 
the maxilla being relatively shorter than mandible (Fig  27). This 
condition is typically caused by line breeding for a specific size and 
shape of the head (Stockard & Johnson, 1941). The great variety in  
the size and structure of the canine jaws and teeth between breeds 
in combination with cross breeding have also resulted in malocclu-
sions. The accepted theory is that these malocclusions occur second-
ary to the degree to which achondroplasia is expressed (Stockard & 
Johnson, 1941). Other potential (non-genetic) causes would include  
early trauma with bone scarring or physeal closure; however, this 
diagnosis should be supported by a history of trauma.

This condition, while quite common and “normal” in brachyce-
phalic breeds, often creates painful soft tissues, gingival and tooth  
trauma (Fig 28). However, as with most oral conditions, it is rare 
for the patient to exhibit clinical signs. Regardless, therapy of all  
traumatic malocclusions is recommended (Yelland, 2013).

CLASS IV MALOCCLUSION: 
MAXILLOMANDIBULAR ASYMMETRY

This is also known as a “wry” bite in layman’s terms. It is a jaw length 
discrepancy where one of the mandibles is shorter than the contralateral, 
which results in a shift of the midline (Fig 29). However, a true class IV 
malocclusion occurs when one mandible is longer than the maxilla and 
the other is shorter. This asymmetry can occur in one of three direc-
tions: rostro caudal, dorsoventral or side to side. This malocclusion 
typically causes palatine, gingival (± tooth) trauma (at least on one side) 
(Fig 30). If trauma is present, therapy is mandated (Hardy, 2013).

Options for therapy
The therapeutic options for malocclusions fall into several  
categories (Martel,  2013; Moore,  2013; Startup,  2013; Storli, 
2013; Thatcher, 2013; Yelland, 2013).

1.	 For purely cosmetic cases no therapy is recommended. In 
fact, it is strongly discouraged by the AVDC, AKC and many  
other organisations for ethical reasons (Gawor, 2013b).

2.	 Surgical – generally consisting of extraction of offending teeth 
(i.e. those causing occlusal trauma) (Angel, 2016). This is likely  
the treatment of choice in tier 1 and 2 countries. Extraction is 
the treatment of choice for traumatic malocclusion of deciduous  
teeth, although this will not necessarily impact the (mal)occlu-
sion of the permanent dentition (Godziebiewski et  al.,  2023; 
Herrmann & Taney, 2022; Ringen et al., 2024).

3.	 Orthodontic: This involves moving the maloccluded teeth into 
the correct or at least a non-traumatic position via the use of  
various appliances (Blazejewski, 2013; Kim et al., 2015). This 
is typically performed in linguoversed mandibular canines. 
However, mild class II malocclusions can potentially be treated 
in this manner (Storli, 2013; Taylor et al., 2023). In cases of  

FIG 25. Premolars in MAL 2.

FIG 26. Mandibular canine teeth traumatising palate.

FIG 27. Soft tissue trauma in MAL 3.
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very mild lingual malocclusion of mandibular canine teeth, 
ball therapy (Verhaert, 1999) may be sufficient to move teeth  
into an appropriate position.

4.	 Coronal amputation and endodontic/restorative. When the 
teeth cannot be easily moved into the correct position (i.e. 
when the opposite tooth blocks the movement), this therapy  

FIG 28. (A–C) Teeth trauma in Class 3.

A C

B

FIG 29. Shift of the midline in Class IV.

FIG 30. Soft tissue trauma in Class IV (2 images).
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can be an alternative to extraction. Typically, the teeth  
creating the trauma are shortened and treated endodontically 
(vital pulp therapy or root canal treatment) (Thatcher, 2013). 
In mild cases, they can be slightly reduced (odontoplasty) and 
then the exposed dentine sealed with a resin.

The latter two techniques are quite challenging and should 
only be attempted by dental specialists (and potentially veterinar-
ians with advanced training).

Key points

•	Malocclusions in veterinary patients typically create occlusal  
trauma which can result in significant morbidity and thus 
require treatment, despite a lack of clinical signs.

•	Most malocclusions have a genetic component, often secondary  
to line breeding for specific traits.

•	Cosmetic malocclusions should not be performed on intact 
patients for ethical reasons.

•	There are several treatment options for traumatic malocclusions;  
however, in most areas of the world, extraction is the most 
expedient and offers the best long-term prognosis.

Enamel hypoplasia/hypocalcification
As stated in the anatomy section, the teeth are made up of three main 
components: pulp, enamel and dentine. The enamel is an exceed-
ingly thin (<1 mm) coating of tooth crowns (Lewis & Reiter, 2010; 
Theuns,  2011). It is critical to note that enamel can only be  
produced before the tooth erupts and cannot be repaired by the 
patient following eruption (Niemiec, 2010b, 2008c; Theuns, 2011).

This condition may be caused by the ameloblast producing 
less enamel matrix producing a tooth with thin enamel that is  
easily damaged, termed enamel hypoplasia (Fig 31). Alternatively, 
enamel hypomineralisation causes enamel pitting, flakiness and 
discolouration (Fig 32) (Lemmons & Beebe, 2019).

Enamel hypoplasia/hypocalcification (EH) results from the dis-
ruption of normal enamel development (Dupont,  2010; Neville  
et al., 2002). There are several potential causes of EH including: 

traumatic, infectious/nutritional and genetic (King et  al.,  2005; 
Lemmons & Beebe, 2019; Niemiec, 2008c, 2010b). There appears  
to be a genetic component for this in the Standard poodle, Italian 
Greyhound and Samoyed (Gandolfi et  al.,  2013; Mannerfelt & 
Lindgren, 2009; Pedersen et al., 2017).

If one or several adjacent teeth are affected, the most likely cause 
is trauma to the unerupted tooth/teeth (Fig 33) (Niemiec, 2014). 
While this can be caused by any trauma (even intrauterine), it can 
also be associated with the extraction of a deciduous tooth (Felz 
et al., 2024). In addition, infection draining from a fractured decid-
uous tooth can also create this pattern of disease (Niemiec, 2010b).

It is well known that a nutritional or systemic infectious issue 
may also create EH. If this was the cause, most, if not all of the  
teeth will be affected. However, only a small part of the crown is 
involved in a circumferential strip, known as Turner’s hypoplasia 
(Niemiec, 2014) (Fig 34). This represents the enamel, which was  

FIG 31. Enamel hypoplasia.

FIG 32. Enamel hypocalcification.

FIG 33. Enamel changes likely due to trauma to the unerupted tooth.
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being created during the offending issue. It is classically assumed 
that canine distemper is a common cause of this presentation, but 
this is not universally believed.

Finally, enamel hypoplasia may result from a hereditary con-
dition known as amelogenesis imperfecta (Hytonen et  al.,  2019; 
Niemiec, 2014). This is caused by a decreased or complete lack of  
the ability for the patient to create the enamel matrix during tooth 
development. In these cases, nearly all teeth are involved on all  
surfaces. In these cases, other conditions can occur, and the roots  
may also be malformed (odontodysplasia) (Niemiec, 2010b).

Areas of EH appear stained tan to dark brown (rarely black), and 
typically appear pitted and rough (Fig 35) (Niemiec, 2014). However, 
when explored, the surface is hard, as opposed to the soft feel of caries.

Dentine exposure results in significant pain for the patient 
(Greenfield, 2012; Trowbridge et al., 2002). In addition, the dentine  
exposure is considered indirect exposure of the endodontic system 
and may on occasion result in endodontic disease. Finally, the rough 
surfaces allow increased plaque and calculus retention, hastening  

the onset of periodontal disease (DeBowes, 2010; Greenfield, 2012; 
Niemiec, 2013a; Perry et al., 2006) (Fig 36).

Due to the significant morbidity created by this condition, 
prompt therapy is mandated. The goals of treatment are resolving  
sensitivity, blocking the dental tubules and preventing endodon-
tic consequences and smoothing the tooth surface to decrease  
plaque accumulation.

Preoperative dental radiographs are required to ensure tooth 
vitality as well as to make sure other comorbidities occur that 
can affect the roots, namely odontodysplasia (Fig  37) (Kot  
et al., 2024). Extraction may thus be the best option for therapy 
of the most severely affected teeth (Dupont, 2010; Holmstrolm  
et al., 1998b; Niemiec, 2008c, 2010b).

The best way to accomplish the treatment goals is placement of 
a composite restoration (Niemiec, 2014) (Fig 38A). This alleviates 
the pain, blocks the potential pathway for infection and smooths the 
tooth. Since there is minimal strength added by composite restora-
tions, if the damage is severe and the client is interested in a permanent 
correction, a cast metal crown can be placed which has been shown 
to be effective in maintaining vitality (Fig 38B) (Brown et al., 2024; 
Niemiec, 2014; Ribka & Niemiec, 2022). When there are financial 

FIG 34. Turner’s hypoplasia.

FIG 35. Pitted and rough appearance of enamel hypoplasia.

FIG 36. Rough surfaces allow faster accumulation of plaque and calculus.

FIG 37. Radiograph of root odontoplasia.
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concerns or in cases of minor teeth, smoothing the tooth and applica-
tion of a bonded sealant is acceptable (Niemiec, 2014) (Fig 39).

Key points

•	EH can be caused by trauma, infection or may have a heredi-
tary cause.

•	The loss of enamel creates sensitivity as well as a roughened 
tooth surface, which increases periodontal disease and may 
result in endodontic infection.

•	Restoration via bonded sealant, composite or cast metal crown 
is recommended.

Oral papillomatosis
Papillomas may present in the oral cavity and on the lips of young 
animals (Fig  40) and are generally viral in origin. Papillomaviruses 
are widespread viruses across different species, with 24 canine 

papillomaviruses (CPV) and 6 feline papillomaviruses (FcaPV) so far 
identified. Majority of the papillomaviruses are highly species specific. 
Also, these viruses are commonly tissue specific but can cause epi-
thelial lesions in different locations/organs, including the oral cavity. 
Papillomaviruses can be low-risk or high-risk with oncogenic potential, 
especially in cats (Chang et al., 2020; Medeiros-Fonseca et al., 2023).

Canine oral papillomatosis

Canine papillomavirus types 1, 2, 3, 4, 6, 8, 13, 17 and 19 can affect 
skin and oral cavity. Canine oral papillomatosis is contagious from 
one dog to another (incubation period of 4 to 8 weeks) and is most  
commonly caused by CPV1. Clinically, single or multiple warts on 
the lips and oral mucosa are usually identified (Fig 41). Clinical signs 
and course of the disease are usually enough to make a diagnosis, but  
biopsy is always recommended, especially if the lesions are atypical 
(Gieger & McEntee, 2020; Medeiros-Fonseca et al., 2023).

FIG 38. (A) Composite restoration for enamel defect. (B) Cast metal crown.

FIG 39. Smoothing enamel defects and placing bonded sealant. FIG 40. Oral papilloma affecting hard palate of a dog.
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Young animals are most commonly affected, and the lesions nor-
mally regress spontaneously within 4 to 8 weeks (Medeiros-Fonseca 
et al., 2023), but it may take up to 1 year (Sancak et al., 2015). Dogs that 
regressed do not develop new oral papillomas due to CPV type-specific 
cell-mediated immunity, marked influx of leukocytes and/or neutralis-
ing antibodies (Ghim et al., 2000; Nicholls et al., 2001), which peak 
around the time of clinical recovery (Sancak et al., 2015). In general, 
these lesions do not pose a major health concern; however, malignant 
transformation has been reported (Regalado Ibarra et al., 2018).

No treatment is usually needed/indicated in most of the dogs. 
However, azithromycin treatment (Yağci et  al.,  2008) or, recently 
described, a combination of homeopathic drugs (Raj et al., 2020) 
may help with earlier recovery (1 to 2 weeks). Also, vaccination can 
protect against the infection (Stanley et al., 2001). Excisional surgery, 
laser surgery or cryosurgery may help in cases with severe lesions that 
interfere with eating (Gieger & McEntee, 2020). Rarely, in older dogs 
or dogs that develop persistent and/or severe oral lesions, underlying 
(immune) disease should be identified (Gieger & McEntee, 2020). 
Response to surgical treatments in these cases may not be satisfactory, 
and evidence on successful use of autogenous or recombinant vaccine 
(Gieger & McEntee, 2020; Kuntsi-Vaattovaara et al., 2003) is scarce; 
humane euthanasia may need to be considered in these cases.

Feline oral papillomatosis

Feline papillomavirus types 1, 4 can affect skin and oral cavity, 
especially the tongue. Similar to dogs, oral warts (although they are  
less frequent) regress spontaneously, although the time to complete  
resolution may be longer (Gieger & McEntee, 2020; Medeiros-
Fonseca et al., 2023; Munday et al., 2015).

Key points

•	Papillomas are mostly of viral origin and mostly affect young 
dogs and cats.

•	Normally, viral papillomatosis is self-limiting in otherwise 
healthy animals.

•	Infection and malignant transformation can occur.

Oral and maxillofacial trauma in juvenile patient

Deciduous teeth injuries

Deciduous teeth are weaker than adult teeth and therefore have 
an increased susceptibility to fracture (Hale, 2005). Combined 
with the fact that the pulp chamber is relatively large, this makes 
pulp exposure a common occurrence. Pulp exposure has negative 
impact because of its inflammation, infection, subsequent pulp  
necrosis and potential abscess which can affect the developing 
permanent tooth. Even though the primary dentition will gen-
erally exfoliate, all injured (fractured or luxated) deciduous teeth  
must be extracted expediently to resolve the pain and potential 
infection (Gawor & Niemiec, 2021a).

Immature permanent teeth injuries

Management of fresh uncomplicated fractures of immature per-
manent teeth is described as dentinal bonding and always requires 
further clinical and radiographic monitoring of the treated teeth 
(Theuns & Niemiec, 2011).

The treatment used for preservation of immature fractured 
teeth with pulp exposure is referred to as a vital pulp therapy. This 
involves amputation of the most coronal part of the pulp and  
placement of dressing material (preferably MTA) directly 
onto the pulp and then restoration of the fracture to pre-
vent ingress of bacteria (Perry,  2017) (Fig  42). This pro-
cedure requires proper skill, materials, equipment and 
instrument station described in trauma chapter. Similar 
to management of uncomplicated crown fractures, vital 
pulp therapy requires monitoring of treated teeth routinely  
recommended at least at 6 to 8 months following surgery. In 
the case of a non-vital tooth with an incomplete apex, advanced 
procedures such as apexification, apexogenesis and regenera-
tive endodontics can be attempted but are best performed by 
specialists (Zacher & Marretta, 2021).

FIG 41. Oral papilloma affecting lip of a dog.

FIG 42. Fractured deciduous right maxillary canine with discoloration and 
likely apical abscess with parulis drainage.
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Dental extraction in juvenile patients

In case of irreversible pulp diseases, severe odontodysplasia (Kot 
et al., 2024) or other irreparable malformation, ectopic teeth (Klim 
et al., 2023) causing problems or comminuted fracture – extrac-
tion is indicated (Goldschmidt & Hoyer,  2022; Hale,  2005). 
Dental extractions must be complete and confirmed by post-
operative radiographic assessment (Gawor & Niemiec, 2021b).

Maxillofacial fractures and their repair

Developing bones and tissue are less resistant to trauma; however, 
they are more prone to regeneration and repair, provided the fixation  
preserves vascularisation and innervation of damaged areas. It is 
also important to allow the development of the facial skeleton and 
occlusion during treatment and not to use techniques that may  
arrest such development (Castejón-González et al., 2022).

In these patients, open reduction techniques should be avoided 
(Snyder,  2020). Preferred methods for management are mini-
mally invasive such as tape muzzle or labial buttons (Goodman & 
Carmichael, 2016) (Fig 43). Alternatively, if enough dental surface 
is available intraoral splints can be utilised (Snyder, 2020; Wolfs 
et al., 2022). The list of potential complications includes: damage 
of developing teeth due to disrupted amelogenesis, incorrect erup-
tion, tooth resorption or pulp necrosis (Niemiec, 2010b). Further 
problems are associated with abnormal development of the jaws 
and occlusion so monitoring must include systematic diagnostic 
imaging of the treated sites (Wolfs et al., 2022).

Key points

•	Dental and maxillofacial trauma in immature patients always 
require action and thorough diagnosis, supported by appropri-
ate imaging techniques.

•	Minimally invasive techniques are imperative in juvenile 
patients, which minimise complications and problems with 
healing, although development of malocclusion is likely.

Oral tumours in juvenile animals
Certain odontogenic tumours can affect the oral cavity of 
young animals (Schmidt et al., 2010a, 2010b). While malignant  
non-odontogenic tumours are rare, these can also affect juvenile 
animals. Therefore, regardless of the age of the patient, biopsy  
(and other staging as indicated) is always warranted to confirm 
the nature of the lesion.

Odontogenic tumours

Odontoma is a type of benign inductive tumour typical for young 
dogs and cats and can also be considered non-neoplastic hamar-
toma (tumour-like malformation due to local cellular hyperac-
tivity during development). Clinically an expansile enlargement  
of the jaw can be observed (Fig 44). If tooth-like structures are 
identified radiographically within the lesion, this is referred to as 

FIG 43. Tape muzzle for conservative management of maxillofacial 
trauma in a kitten.

FIG 44. Odontoma – right mandible of a dog.

FIG 45. Radiograph of the lesion in a dog from FIG 44. - compound 
odontoma with tooth-like structures.
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compound odontoma (Fig 45). Complex odontoma describes a  
conglomerate of disordered dental tissues (Fig 46). Odontoma has 
an excellent prognosis, even with just intracapsular excision (Fiani 
et al., 2020).

Feline inductive odontogenic tumour (FIOT) is a tumour type 
typical for young cats. Clinically a submucosal soft tissue mass of 
the rostral maxilla can be diagnosed (Fig 47). This tumour is locally 
invasive but has no known metastatic potential. Therefore, wide 
surgical excision is recommended and considered curative if clean 
margins are achieved (Fiani et al., 2020; Kim, Kwak, et al., 2023).

Amyloid producing odontogenic tumour (APOT) is a rare tumour 
of ameloblasts that can affect young dogs and cats. It grows by  
expansion and radiographically it may have a cystic appearance. 
The tumour is locally aggressive but without metastatic potential;  

therefore, early diagnosis and surgical removal with clean mar-
gins will result in a cure (Fiani et al., 2020).

Non-odontogenic tumours

Squamous cell carcinoma (SCC) can affect puppies, especially the 
papillary subtype. However, papillary SCC is not unique to young 
dogs (Nemec et  al.,  2014). These tumours are locally invasive  
with prominent bone involvement and can metastasise (Gieger 
& McEntee,  2020), although no metastatic disease was found 
in a cohort of nine young dogs in one study (Soukup, Snyder, 
et  al.,  2013). Recently, viral pathogenesis was confirmed to be  
unlikely (Thaiwong et al., 2018). With radical surgical treatment 
(surgical resection with 1 to 2 cm margins) prognosis is very good 

FIG 46. (A) Complex odontoma. (B) Radiograph of complex odontoma with disorganised dental tissues.

A B

FIG 47. (A–C) FIOT – feline inductive odontogenic tumour and radiographs.

A B

C
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(Soukup, Snyder, et al., 2013). Radiosensitivity is expected as for  
any SCC, but radiotherapy of the maxillofacial area in young dogs 
with prolonged survival may lead to the development of late side 
effects of radiotherapy.

Fibrosarcoma can affect young dogs (and even puppies),  
especially of the large breeds (Gieger & McEntee, 2020).

Undifferentiated malignant tumour of young dogs is a very rare  
entity with an unknown tissue of origin. These lesions are locally 
aggressive with apparently high metastatic potential and poor  
prognosis (Gieger & McEntee, 2020).

Any other non-odontogenic tumour, including those atypical 
(e.g. alveolar rhabdomyosarcoma (Snyder & Michael, 2011)), can  
also affect maxillofacial region of young dogs; therefore, biopsy 
should be recommended as soon as possible even in very young 
animals.

Key points

•	Certain odontogenic tumours can affect the oral cavity spe-
cifically of young animals, while malignant non-odontogenic 
tumours are rare, but not impossible.

•	Biopsy must be performed early also in young animals to rule-
in/-out oral tumours.

Conditions seen in mature patients

Periodontal diseases

Periodontal diseases are one of the most common health prob-
lems in small animal patients (Lund et al., 1999). A study from 
the 1980s reported that by 2 years of age, 70% of cats and 
80% of dogs have some form of periodontal disease (Marshall  
et  al.,  2014). More recent studies have reported the incidence 
of closer to 90% of all patients (Fernandes et al., 2012; Queck 
et  al.,  2018; Stella et  al.,  2018). Small and toy breed dogs are  
particularly susceptible (Hoffmann & Gaengler,  1996) and its 
incidence increases with age (Stella et al., 2018).

Periodontal disease is a collective term used to describe two 
conditions: gingivitis and periodontitis (Stepanuik, 2019; 
Niemiec, 2012a; Wallis, Milella, et al., 2021). Despite the preva-
lence, periodontal disease is underdiagnosed, partially due to lack 
of education, but mostly from the lack of outward clinical signs.  
For these reasons, therapy typically comes very late in the course 
of disease. This lack of diagnosis and prompt therapy may lead 
to progressive periodontal disease, with numerous local and  
systemic consequences.

Pathogenesis: Periodontal disease is generally described as 
gingivitis and periodontitis. Gingivitis is the initial, reversible stage 
in which the inflammation is confined to the gingiva. Gingival 
inflammation is created by microorganisms in the dental plaque 
and may be reversed with a thorough dental prophylaxis and 
consistent homecare (DeBowes,  2010; Loe et  al.,  1965; Silness 
& Loe,  1964). Periodontitis is the later stage and is defined as  
an inflammatory disease of the deeper supporting structures of 
the tooth (periodontal ligament, cementum and alveolar bone) 
caused by microorganisms (Armitage,  1999; DeBowes,  2010; 

Novak,  2006). The inflammation results in the progressive  
destruction of the periodontal tissues, leading to attachment 
loss (Wiggs & Lobprise,  1997a). This can be clinically observed 
as gingival recession, periodontal pocket formation or both. A 
periodontal pocket is diagnosed when there is a pocket at the 
tooth >3 mm in dogs and 0.5 mm in cats. Periodontal bone loss is  
irreversible without advanced reparative surgery (DeBowes, 2010; 
Lee et al., 2023; Shoukry et al., 2007). While bone loss is irreversible, 
proper therapy may arrest its progression, keeping in mind it may 
be difficult to maintain periodontally diseased teeth. It is important  
to note that periodontal attachment loss may be present with or 
without active inflammation (Niemiec, 2013h).

Periodontal disease is initiated by oral bacteria, which adhere 
to the teeth in a substance called plaque (Boyce et  al.,  1995; 
Lindhe et  al.,  1975; Quirynen et  al.,  2006). Plaque is a biofilm,  
which is made up almost entirely of oral bacteria, contained in a 
matrix composed of salivary glycoproteins and extracellular poly-
saccharides (DuPont,  1997; Quirynen et  al.,  2006; Socransky & 
Haffajee, 2002). Plaque will attach to clean teeth within 24 hours  
if not disturbed (Boyce et al., 1995; Holcombe et al., 2014). If a 
plaque control regimen is established, the oral microbiome will 
return to normal within a few days resulting in the resolution of gin-
givitis (Loe et al., 1965; Silness & Loe, 1964). Plaque and calculus 
may contain up to 1011 bacteria per gram (Quirynen et al., 2006; 
Socransky & Haffajee,  2002). More importantly, bacteria within  
a biofilm are 1000 to 1500 times more resistant to antibiotics and 
concentrations of antiseptics up to 500,000 times that which would 
kill singular bacteria (Elder et  al.,  1995; Quirynen et  al.,  2006; 
Socransky & Haffajee, 2002). Moreover, oral bacteria can develop  
resistance to antiseptics (Bartsch et al., 2024).

Periodontal disease is initiated not by increasing numbers of 
bacteria, but by a change in population of the oral microbiome. 
Plaque in healthy sites is almost all aerobic species, with anaero-
bic species constituting most of the population in periodontal  
diseases (Davis, Wallis, et  al.,  2013; Holcombe et  al.,  2014; 
Santibáñez et  al.,  2021). Further, the Davis study (Davis, 
Wallis, et al., 2013) showed the percentage of anaerobes appears 
to increase with worsening disease. It is this change in bacte-
rial species that results in the initiation of gingivitis (Quirynen  
et al., 2006; Wallis, Saito, et al., 2021). Further, Porphyromonas 
gulae was found to be most associated with severe periodontal 
disease in an additional study (Niemiec et al., 2021a). Although 
the disease process is histologically similar between humans and 
dogs, differences between human and canine dental plaque for-
mation and composition have been described (Davis, Wallis,  
et  al.,  2013; Holcombe et  al.,  2014). Dewhirst et  al.  (2012) 
reported that only 16.4% of taxa are shared between humans 
and canines. One difference is that the composition of plaque 
in healthy humans is mostly Gram-positive aerobes, whereas in 
dogs it is predominantly Gram-negative aerobes (Davis, Wallis,  
et al., 2013). Further, the initial colonisers of canine plaque are 
Neisseria and Bergeyella (Holcombe et  al., 2014). A theory for 
the discrepancy in species between human and canine is the rela-
tive alkalinity of canine saliva (Bardow & Vissink,  2015; Lavy 
et  al.,  2012). Be there are other microbes besides bacteria that  
may play a role in periodontitis. Entamoeba gingivalis is a 

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

21 

protozoon of the oral cavity, which is frequently observed in the 
periodontal pockets (Bonner et al., 2018). It drives tissue destruc-
tion and may play a role in the development of periodontitis (Bao 
et al., 2020, 2021). Toxoplasma gondii has also been suggested as 
a periodontal pathogen (Cao et al., 2024; Dubey et al., 2020). 
Finally, a recent study suggests that fungi may be involved in the  
progression of canine periodontal disease. This is because certain 
species (specifically Didymellaceae, Irpicaceae and Pleosporales)  
are significantly associated with the various stages of disease 
(Niemiec et al., 2021b).

Plaque on the visible tooth surface is known as supragingi-
val plaque (Niemiec,  2013a; Teughels et  al.,  2015; Wiggs & 
Lobprise,  1997a). Once it extends under the free gingival mar-
gin and into the gingival sulcus (space between the gingiva 
and the teeth or alveolar bone), it becomes subgingival plaque 
(Niemiec,  2008b; Quirynen et  al.,  2006). Supragingival plaque 
likely affects the pathogenicity of the subgingival plaque in the 
early stages of periodontal disease. However, once the periodon-
tal pocket forms, the effect of the supragingival plaque is minimal 
(Quirynen et al., 2006). Therefore, control of supragingival plaque 
alone is ineffective in controlling the progression of periodontal 
diseases (DeBowes, 2010; Niemiec, 2013a; Westfelt et al., 1998).

The bacteria in the subgingival plaque excrete toxins and met-
abolic products, which create inflammation of the gingival and 
periodontal tissues (Harvey & Emily, 1993a; Stepaniuk, 2019). 
This inflammation causes damage to the gingival tissues, or gingi-
vitis, which eventually may lead to periodontitis, that is the loss of 
periodontal tissues. In addition to directly creating tissue damage, 
the bacterial metabolic by-products also elicit an inflammatory 
response from the animal, which further damages the periodontal 
tissues (Lang et al., 2002; Scannapieco, 2004; Thoden van Velzen 
et al., 1984). White blood cells and other inflammatory mediators 
migrate out of the periodontal soft tissues and into the periodontal 
pocket due to increased vascular permeability and increased space 
between the crevicular epithelial cells. When released into the 
pocket, these enzymes cause further inflammation of the delicate 
gingival and periodontal tissues. The progression of periodontal 
diseases is determined by the virulence of the bacteria combined 
with the host response (Nisengard et al., 2006).

The fact that the patient’s immune system plays a huge role 
in the progression of periodontal disease is critical information. 
This is because it has been well established that periodontal  
disease has a genetic predisposition. This has been studied exten-
sively on the human side (Loos et al., 2008). Further, it is well 
established that certain breeds including Cavalier King Charles 
Spaniels, Greyhounds and most small breed dogs are predisposed 
(Dale et  al.,  2024; Marshall et  al.,  2014; Wallis et  al.,  2019; 
Wallis, Saito, et  al.,  2021). Finally, within breeds, littermates  
can be more or less susceptible to periodontal disease (Wallis 
et al., 2018). Other predisposing factors include retained decidu-
ous teeth, rotated/crowded teeth, roughened tooth surfaces and 
gingival enlargement (Niemiec, 2013a).

The inflammation produced by subgingival bacteria, their 
toxic by-products and host response damages the soft tissue  
attachment of the tooth and ultimately decreases the bony sup-
port via osteoclastic activity (Nisengard et  al.,  2006). Loss of 

periodontal attachment progresses in an apical direction (towards 
the root tip). The end stage of periodontitis is tooth loss;  
however, the disease will have created significant issues prior to 
tooth exfoliation.

Calculus is plaque which has become mineralised by salivary 
interaction. It is critical to note that calculus itself is relatively 
non-pathogenic, providing mostly an irritant effect and creating a  
plaque-retentive surface (Hinrichs, 2006; Niemiec, 2008a; Wiggs 
& Lobprise, 1997a). The level of calculus is not directly related 
to the level of periodontal infection, and this should not be relied 
upon to determine the need for professional care. A more accurate 
method is the level of gingival inflammation but even that misses  
the early cases (Stella et  al.,  2018). Thus, many veterinary den-
tists recommend annual professional periodontal treatments for all 
patients, regardless of the lack of outward signs.

Clinical features

Normal gingival tissues are coral pink in colour (allowing for 
normal pigmentation) and have a thin edge, with a smooth and 
regular texture (Fig  48). There should be no visible plaque or 
calculus.

The first clinical sign of gingivitis is gingival erythema, followed 
by oedema and halitosis (DeBowes, 2010; Fiorellini et al., 2006) 
(Fig  49). However, bleeding on probing, brushing or chewing  
may be noted prior to the colour change (Fiorellini et al., 2006; 
Meitner et al., 1979; Niemiec, 2013a) (Fig 50). A recent study 
showed that general anaesthesia is required to diagnose most peri-
odontal pathology (Stella et al., 2018). Gingivitis is typically asso-
ciated with calculus but is primarily elicited by plaque and thus  
can be seen in the absence of calculus (Fig 51) (Niemiec, 2013a). 
Alternatively, widespread supragingival calculus may be present 
with little to no gingivitis (Fig 52) (Niemiec, 2013a). Therefore, 
the degree of gingival inflammation should be used to judge the 
need for professional therapy, not the level of calculus.

As gingivitis progresses to periodontitis, the oral inflammatory 
changes intensify. The hallmark feature of established periodontitis 

FIG 48. Normal gingival tissue.
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is apically progressive attachment loss. There are two common  
presentations of attachment loss: gingival recession with possibly 
normal probing depth and normal gingival height with periodontal  
pocket formation. When recession occurs, tooth roots become 
exposed, and the disease may be identified on conscious examina-
tion (Fig 53). However, with periodontal pocket (Fig 54) forma-
tion, diagnosis commonly requires general anaesthesia to allow for 
thorough periodontal probing. It is important to note that both  
presentations of attachment loss can occur in the same patient, as 
well as the same tooth (Niemiec,  2008b). Attachment loss may 
ultimately progress to tooth exfoliation. After tooth exfoliation (or 
extraction) occurs, the area generally returns to an uninfected state, 
but the bone loss is permanent.

Local consequences

The most common severe local consequence of periodontal dis-
ease is an oronasal fistula (ONF). ONFs are typically seen in older, 

FIG 49. Gingival erythema.

FIG 50. Bleeding on probing.

FIG 51. Gingivitis with little plaque and calculus.

FIG 52. Significant plaque and calculus with little gingivitis.

FIG 53. Gingival recession and root exposure.
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small and chondrodystrophic dogs (especially Dachshunds); how-
ever, they can occur in any breed as well as in cats (Holmstrom 
et al., 1998a; Marretta, 1998; Smith, 2000). The palatal surface 
of the canine tooth is the most commonly affected (Marretta & 
Smith, 2005; Niemiec, 2010a; Smith, 2000), but it can occur on  
any surface of any maxillary tooth. This results in a communica-
tion between the oral and nasal cavities, creating chronic nasal 
inflammation (rhinitis) (Fig  55). Clinical signs may include 
chronic nasal discharge, sneezing and occasionally anorexia and 
halitosis. Definitive diagnosis of an ONF requires general anaes-
thesia. This is made by introducing a periodontal probe into the 
periodontal space on the affected surface of the tooth (Fig  56). 
ONFs can exist even when other surfaces of the affected tooth are  
apparently healthy (Niemiec, 2008b, 2013b). Appropriate treat-
ment of an ONF requires extraction of the tooth and tension-free 
closure of the defect with a mucogingival flap following debride-
ment of any epithelialised tissue of the fistula (Marretta,  1998; 
Marretta & Smith, 2005; Smith, 2000).

In multirooted teeth, class II perio-endo lesions may occur 
(Niemiec, 2001). This occurs due to periodontal loss progressing 
to the apex of the tooth allowing bacteria to gain access to the end-
odontic system via the previous blood supply. Then, the endodontic 
infection spreads via the common pulp chamber creating periapi-
cal lesions on the other root(s) (Sunitha et  al.,  2008; Varughese 
et  al.,  2015) (Fig  57). In contrast, class I lesions are defined as  
periodontal infection extending from the root canal system 
where the bacteria gained access through the crown of the tooth. 
Finally, class III lesions are true combined lesions (Boyd,  2019; 
Gawor,  2018a). Class I lesions are not a consequence of peri-
odontitis, and class III lesions are exceedingly rare in veterinary 
patients. Class II lesions can be treated by extraction, or if only  
one root is periodontally affected, tooth/root resection and end-
odontic therapy of the other root can be performed (Boyd, 2019; 
Niemiec, 2001; Varughese et al., 2015).

Pathological fractures secondary to chronic periodontitis typi-
cally occur in the mandible (especially the canines and first molars)  
due to weakened bone (DeBowes, 2010; Mulligan et al., 1998a; 
Niemiec,  2013a; Stepaniuk,  2019) (Fig  58). These are far 
more common in small breed dogs, due to their proportionally 

FIG 54. Periodontal pocket probed under general anaesthesia.

FIG 55. Deep palatal pocket at maxillary canine extends into nasal cavity 
– oronasal fistula and rhinitis.

FIG 56. Probe – ONF.

FIG 57. Radiograph of left mandibula with periodontal - endodontic bone 
loss at the first molar.
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larger teeth (especially the mandibular first molar) as compared 
to their jaw size (Fig  59) (Gioso et  al.,  2003; Snyder, Soukup, 
et  al.,  2016). Pathological fractures occur most commonly as a 
result of mild trauma (tooth extraction, play behaviours, eating, 
etc.). Pathological fractures carry a guarded prognosis, especially  
due to the lack of remaining bone, difficulty fixating the caudal 
mandible, damaged blood supply and infection. There are numer-
ous options for fixation, but regardless of the method, the dis-
eased tooth root(s) must first be extracted for healing to occur 
(Niemiec,  2008b; Taney & Smith,  2010) (Fig  60). Awareness  
of the risk of pathological fractures can help the practitioner to 
avoid them.

Severe periodontitis can lead to inflammation close to the 
orbit and potentially blindness due to global rupture (Anthony  
et al., 2010; Ramsey et al., 1996). The proximity of the tooth 
root apices of the maxillary molars and fourth premolars places 
the delicate optic tissues in danger (Fig 61).

Periodontitis is the most common cause of osteomyelitis, 
which can lead to osteonecrosis (Peralta et al., 2015) (Fig 62). In 
the presence of non-vital bone, the lack of blood supply prevents  
penetration of antibiotics in these tissues and surgical debride-
ment in necessary (Marretta, 1998; Niemiec, 2008b; Wiggs & 
Lobprise, 1997b). Osteonecrosis is another possible sequalae of 
dental disease in dogs (Peralta et al., 2015).

While there are currently no studies in the veterinary literature, 
numerous human studies show an increased incidence of oral 
cancer in patients with chronic periodontal disease (Bundgaard  
et al., 1995; Graham et al., 1977; Guha et al., 2007; Kamarajan 
et al., 2020; Maier et al., 1993; Rezende et al., 2008; Rosenquist 
et  al.,  2005; Talamini et  al.,  2000; Wen et  al.,  2014; Zheng 
et al., 1990). The association in this case is likely due to the chronic 
inflammatory state that exists with periodontitis (Trosko, 2001). It  
is unknown at this time whether the significant difference in length 
of life between animals and humans allows for extrapolation.

FIG 58. Radiograph of pathological fracture of the left mandible due to 
periodontal bone loss.

FIG 59. (A) Radiograph of small breed dog mandible. (B) Radiograph of large-breed dog mandible.

A B

FIG 60. Extraction of diseased tooth in fracture region needed.
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Systemic consequences of periodontal diseases

Systemic ramifications of periodontal disease have also been exten-
sively reported in the human literature. While generally comprised  
of correlation (not causation) studies, there is mounting evidence 
in the veterinary literature as to the negative consequences of  
periodontal disease on systemic health (Niemiec, 2012b).

These systemic effects begin with inflammation of the gingiva 
and periodontal tissues. This inflammatory response allows the 
body’s defences to attack the bacteria, but also provides access for the  
bacteria and their associated inflammatory mediators (Takai, 2005) 
to breach the body’s defences (DeBowes et  al.,  1996; Mealey & 
Klokkevold, 2006; Niemiec, 2013f; Scannapieco, 2004). Distant 
effects can also occur secondary to the activation of the patient’s  
own inflammatory mediators (e.g. IL-1 and 6, PGE2, CRP and 
TNF) (Lah et al., 1993; Pavlica et al., 2008; Rawlinson et al., 2011; 
Renvert et al., 1996; Scannapieco, 2004). These mediators have in 
turn been linked to numerous systemic problems such as cardiovas-
cular, hepatic and renal insults.

In the liver, oral bacterial invasion has been shown to increase 
parenchymal inflammation and portal fibrosis (DeBowes 

et  al.,  1996; Dos Santos et  al.,  2019; Harvey,  2022). Pavlica  
et al. (2008) showed a significant relationship between the peri-
odontal disease burden and increased inflammation in the hepatic 
parenchyma. Furthermore, generalised bacteraemias (some of 
which are plausibly oral in origin) have been shown to cause  
cholestasis in dogs (Center, 1990; Taboada & Meyer, 1989).

Periodontal disease has also been proposed as a risk factor for 
the development of chronic kidney disease in dogs and cats (Finch  
et  al.,  2016; O’Neill et  al.,  2013). A large retrospective study 
(Trevejo et al., 2018) showed increased risk of both chronic kid-
ney disease and cystitis incidence with increased periodontal scores. 
These changes are proposed to be due to chronic inflammation and  
secondary scarring of the organ resulting in decreased function over 
time (DeBowes et al., 1996; Pavlica et al., 2008).

In the heart, increases in the incidence of atrio-ventricular 
valve changes have been noted with periodontal disease (Pavlica 
et al., 2008), showing a 6-fold higher risk for endocarditis for dogs  
with stage 3 or greater periodontal disease, compared with healthy 
dogs (Glickman et al., 2009). Pigs and mice also have been shown 
to have increases in cardiovascular issues secondary to inflammation  
created by periodontitis (Brodala et al., 2005; Lalla et al., 2003).

FIG 61. (A) Potential damage to ocular tissues. (B) Radiograph of left maxillary first molar; proximity of roots to optic tissues.

A B

FIG 62. Periodontitis can lead to osteomyelitis and osteonecrosis (A) Clinical picture of severe osteomyelitis of the right mandible in a dog with 
advanced periodontal disease. (B) Dental radiograph of the same patient revealing severe bone remodeing and periosteal reaction.

A B
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It has been well established that Alzheimers and dementia in 
people are increasing in patients with periodontal disease. While 
the results are preliminary and limited to one study, periodontal 
disease has also been shown to be associated with canine cogni-
tive dysfunction in dogs (Dewey & Rishniw, 2021).

A correlation between glycaemic control and periodontal health 
is commonly accepted in the veterinary world. Improvements in 
periodontal health appear to assist in control of diabetes in dogs 
and are frequently recommended in the approach to proper dia-
betic care (Nivy et al., 2024).

Increased systemic inflammatory markers, such as C reactive 
protein, have been noted to be increased with severe periodon-
tal infection (Kouki et al., 2013; McFadden & Marretta, 2013). 
In human medicine, there is extensive interest in “inflammag-
ing”, described as the persistent, sterile inflammation that may 
contribute to age-related diseases such as renal disease, demen-
tia, heart disease or diabetes. On the veterinary side, Rawlinson  
et  al.  (2011) noted significant decreases in both C reactive pro-
tein and creatinine post periodontal disease therapy; however, 
other studies have shown a worsening during therapy in severe 
cases (Hall et al., 2021). Nemec et al.  (2013) noted a transitory 
increase in nitric oxide following appropriate periodontal therapy.  
Dewey’s study suggested that canine cognitive dysfunction can be 
improved with periodontal care (Dewey & Rishniw, 2021).

Lifestyle changes, antioxidants and even the manipulation of 
gut microbiome have been proposed mechanisms to decrease its 
impact on ageing, and management of oral inflammation may 
play a role in senior patient health.

Conclusion

Periodontal diseases are multifactorial conditions leading to 
multiple negative local and systemic effects. The main aetiologi-
cal agent is bacterial plaque, which initiates the inflammatory  
cascade, resulting in periodontal tissue destruction in susceptible 
individuals. Bacterial plaque forms quickly, even after effective 
therapy and leads to chronic inflammation and infection of the 
oral structures. Calculus in itself is not pathogenic.

Proper diagnosis of periodontal diseases requires general anaes-
thesia; however, early symptoms include erythema, swelling and 
increased gingival bleeding that may be noted clinically in con-
scious patients. An accurate diagnosis of the stage of periodon-
tal disease includes a thorough examination and probing and  
radiological examination. Because subgingival plaque is the most 
pathogenic, effective therapy needs to extend under the gumline, 
which cannot be effectively performed without anaesthesia. While 
more research is needed, the correlations between periodontal  
disease and systemic pathology are mounting and include nega-
tive effects on the heart, kidneys and liver. In addition, studies are 
showing that periodontal diseases have a significant negative effect  
on systemic inflammatory markers.

Key points

•	Periodontal diseases are the most common medical conditions 
in small animal veterinary patients.

•	Plaque forms within 24 hours, calculus within 3 days and gingi-
vitis begins as early as 2 weeks.

•	Periodontal inflammation is caused by subgingival plaque; 
therefore, control of plaque needs to address both supra- and 
more importantly subgingival plaque to be effective at control-
ling disease.

•	Calculus is essentially non-pathogenic.
•	The first sign of periodontal disease is bleeding on probing or 

brushing, which occurs prior to a colour change.
•	Periodontal diseases have been linked to numerous systemic 

effects related to systemic inflammation which impact the 
heart, liver and kidney.

•	Periodontal disease has been associated with numerous severe 
local effects including:
◦	Oronasal fistulas
◦	Mandibular fractures
◦	Ocular infection and blindness
◦	Osteomyelitis and osteonecrosis
◦	Class II perio-endo lesions
◦	Possibly oral cancer

Common disorders of the teeth

Tooth wear (abrasion/attrition)

Slow, abrasive loss of enamel and dentine can be classified into the 
type of wear and the degree of pathology. Physiological wear from 
mastication, resulting in loss of enamel, dentine, and in advanced 
cases, pulp exposure is termed dental attrition. If attrition is  
due to malocclusion of teeth, it is termed pathological attrition 
(Dupont, 2010) (Fig 63). Enamel or dentine loss due to an exter-
nal object, such as metal cages, sticks, balls or bones, is termed 
dental abrasion (Dupont, 2010) (Fig 64). If the process is gradual, 
odontoblasts can produce tertiary dentine to protect the under-
lying pulp tissue. However, in cases where attrition or abrasion 
is rapid, it can result in pulp exposure. Both enamel hypoplasia/
hypomineralisation and abrasion/attrition may weaken the tooth  
structurally, leading to a higher chance and prevalence of tooth 
fracture. This is especially true in cases of chronic cage or fence 
chewing (Fig 64B) (Dupont, 2010; Niemiec 2014b).

Tooth fractures

Fractures to the crown and/or root of the tooth are not an uncom-
mon finding in dogs and cats. Fractured teeth have been found 
in 26.2% of companion animals (Soukup, Hetzel, et  al.,  2015). 
Further, 10% of dogs have teeth with direct pulp exposure (Golden 
et al., 1982). A significant number of dogs and cats have access to  
bones, sticks and antlers resulting in injuries caused during chew-
ing; they may be involved in high impact trauma such as car acci-
dents, sporting injuries, that is golf stick/ball, baseball bat; or low 
impact trauma such as fall resulting in tooth fractures. Trauma to 
the tooth may be classified based on the amount of tooth structure  
exposed, that is enamel, dentine or root, as well as whether the pulp 
tissues are directly exposed (Fig 65). It is further classified accord-
ingly as enamel damage or infraction (Figs 66 and 67), enamel loss 

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

27 

with no exposure of dentine (Figs 68 and 69), enamel and dentine 
exposure without pulp exposure (Figs 70 and 71), crown and root  
involvement without pulp exposure (Figs 72 and 73), root fracture 
without crown damage or pulp exposure (Figs  74 and 75), and 
whether there is pulp exposure, isolated to the crown (Figs 76 and 
77) or involving both crown and root (Figs 78 and 79). An injury  
that does not expose the pulp is termed uncomplicated, while pulp 
exposure is termed complicated.

All vital teeth with direct pulp exposure are exceedingly pain-
ful (Bender, 2000; Hargreaves & Kaiser, 2004). Over time, these 
teeth will become non-vital. In most cases, a non-vital tooth which 
is not appropriately treated will become infected (Dupont, 2010). 
Once this occurs, the bacteria gain access to the local tissues via  
the apex, creating local inflammation and/or infection. This 
may be seen on radiographs as periapical rarefaction (Fig 80A). 
Patients with non-vital teeth rarely show signs of the pain and/
or infection, but deleterious effects are present. Those infected  
teeth which are not treated by root canal therapy or extraction 
may result in a draining sinus tract at or near the apex of the 

root. The most common sites for this are adjacent to the medial 
canthus of the eye or lateral bridge of the nose (maxillary canine  
or premolar) or a sinus tract on the lateral or ventral surface of the 
mandible (mandibular canine tooth). The mucogingival junction 
at the affected tooth is another area to look for a draining tract 
(Melnick & Takei, 2024).

However, even teeth without direct pulp exposure (mean-
ing the dentine is exposed) are also known to be quite painful 
(Brynjulfsen et al., 2002; Snyder, 1976). This is due to a change 
in the fluid flow in the dentinal tubules, which will deform the 
A-delta and C-delta fibres and will be perceived by the patient  
as pain or sensitivity (Trowbridge et  al.,  2002). Confirmed 
uncomplicated crown fractures with no radiographic evidence 
of endodontic disease should be treated with a bonded sealant 
(see below). This will resolve the sensitivity, block off the path-
way for infection, improve aesthetics and smooth the tooth to  
decrease plaque accumulation, thus retarding periodontal disease 
(Niemiec, 2013a; Theuns & Niemiec, 2011). Even if there is no 
pulp exposure, 24.3% of fractured maxillary fourth premolar 

FIG 63. (A, B). Dental attrition.

A B

FIG 64. (A, B) Dental abrasion.

A B
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teeth in dogs were radiographically confirmed to have periapical 
lesions (Goodman et al., 2020).

A tooth that has suffered trauma without fracture may result 
in painful pulpitis and eventually pulpal necrosis. Some of these 

teeth will appear dull or discoloured (Fig 80B) (termed intrinsic  
staining), and these require root canal treatment or extraction 
similar to a tooth with direct pulp exposure as they are most likely 
non-vital (see below) (Feigin et al., 2022; Hale, 2001).

Diagnosis: Endodontic examination is incomplete without dental 
exploration and radiographs to confirm or rule out pulp exposure 
and to assess the degree of periapical pathology, respectively, prior 

FIG 65. Line drawings of the American Veterinary Dental College Classification of tooth fractures.

FIG 66. Line drawing of enamel infraction.

FIG 67. Left mandibular canine of a dog demonstrating enamel infraction.
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to treatment. If the fracture exposes the pulp chamber, the pulp 
may appear pink if recent or grey/black if old. In recent fractures, 
the teeth are quite painful, and the patient may resist conscious oral 
examination. Once the pulp is necrotic, there is usually no pain on 
probing; however, there is long-term low-grade pain and infection. 
Pulp tests similar as used in human dentistry were also evaluated 
in dogs and only the electric pulp test appeared useful to a degree 
(Proulx et al., 2022).

Therapy: Treatment options are directly related to the type and 
degree of damage as well as the presence or absence of endodontic 
infection. All teeth with any type of damage should be radiographically 
examined for signs of non-vitality or inflammation. There are three 
major radiographic signs of tooth non-vitality – periapical rarefaction, 
apical root resorption and a larger endodontic system compared to 
the contralateral teeth (Fiani & Arzi, 2010). If there is evidence of this 

on radiology, root canal therapy or extraction is necessary regardless of 
the integrity of the crown.

•	If the defect is confined to the enamel and dentine (an uncom-
plicated crown fracture), without radiographic signs of periapical  
pathology, smoothing any sharp edges and restoration is all that is 
required. Treatment of dentine exposure is always recommended 
to reduce sensitivity, block off the pathway for infection and  
smooth the tooth, thus decreasing periodontal disease (Theuns 
& Niemiec, 2011; Woodward, 2008a).

•	Chronic wear results in the production of tertiary dentine so the 
tooth pulp continues to be protected by a dentinal layer. These 
teeth require no therapy, as long as they are radiographically 
healthy.

•	Any tooth with direct pulp exposure or radiographic signs of 
endodontic disease requires treatment by extraction or appropri-

FIG 68. Line drawing of enamel fracture.

FIG 69. Right maxillary fourth premolar of a dog with an enamel fracture 
(white arrow). Note that the dentin is not directly exposed. (This is a rare 
finding in veterinary patients).

FIG 70. Line drawing of an uncomplicated crown fracture.

FIG 71. Right maxillary fourth premolar of a dog with an uncomplicated 
crown fracture (white arrow). Note that the underlying dentin is stained and 
has a significant amount of dental calculus due to the increased roughness.
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ate endodontic therapy to prevent further periapical pathology 
and subsequent osteomyelitis (Dupont,  2010; Clarke,  2001a; 
Moore, 2011).

•	Vital teeth with direct pulp exposure are quite painful and should 
be treated expediently. If a therapeutic delay is necessary, pain 
management should be provided until surgery. Note, how-

ever, that antibiotics are not indicated in these cases (Luotonen 
et al., 2014; Niemiec, 2012b).

Due to poorer outcome, teeth with advanced periapical lesions 
or root resorption may benefit from extraction over root canal 
treatment (Kuntsi-Vaattovaara et al., 2002; Niemiec, 2005a) espe-
cially in cats (Strøm et al., 2018), but possibly depending on the 
type of the sealer used (Thorne et al., 2020).

FIG 73. Right maxillary fourth premolar of a dog with an uncomplicated 
crown/root fracture. The pulp is not directly exposed, but the fracture 
extends under the gingival margin. Note that the underlying dentin is 
rough. The subgingival fracture and roughened tooth surface predispose 
the tooth to periodontal disease.

FIG 74. Line drawing of a root fracture.

FIG 75. Intraoral dental radiograph of the maxillary incisors of a dog. The 
right second incisor has a root fracture (red arrow).

FIG 72. Line drawing of an uncomplicated crown/root fracture.
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Key points

•	Fractures to the crown and/or root of the tooth are a common 
finding in dogs and cats.

•	A complete endodontic examination requires dental explora-
tion and radiographs to confirm or rule out pulp exposure and 
to assess the degree of periapical pathology, respectively, prior 
to treatment.

•	If the defect is confined to the enamel or dentine, without 
radiographic signs of periapical inflammation, smoothing any 
sharp edges and restoration is all that is required.

•	Any tooth with direct pulp exposure or radiographic signs of 
tooth death/periapical inflammation requires treatment by 
extraction or endodontic therapy.

The following terms and abbreviations from the American Vet-
erinary Dental College are used:

Abbreviation Pathology

T/FX/EI Enamel infraction – Incomplete fracture (crack) of the 
enamel without loss of tooth substance

T/FX/EF Enamel fracture – fracture in which crown substance is 
lost, limited to enamel

T/FX/UCF A fracture of the enamel and dentine not involving the 
pulp. In veterinary species, the types of dental tissue 
involved in a crown fracture can vary with the species 
and can include enamel, cementum and dentine

T/FX/CCF A fracture involving enamel and dentine and exposing 
the pulp

T/FX/UCRF A fracture involving enamel, dentine and cementum, but 
not exposing the pulp

T/FX/CCRF A fracture involving enamel, dentine and cementum and 
exposing the pulp

AB Tooth wear caused by contact of a tooth with a non-
dental object

AT Tooth wear caused by contact of a tooth with another 
tooth

EH Enamel hypoplasia/hypomineralisation

Caries
Caries is the loss of dental hard tissue due to acid produced by 
bacteria. Most dog teeth do not provide a surface for food deposi-
tion due to their conical shape and therefore are rarely affected by 
caries (about 5%). Exceptions to this are the chewing surfaces of 
the molars in dogs. Four factors are needed for caries to develop: 
suitable position, bacteria, substrate (carbohydrates) and time 
(Hale, 1998, 2009). The effect of the acid creates cavities in the 
dental crown, which can reach the pulp chamber (Fig 81).

Tooth resorption
Tooth resorption (TR) is, by definition, the loss of dental hard 
tissues due to odontoclastic activity. TR can be physiological 
(resorption of the root of deciduous teeth) or pathological. In 
these guidelines, only pathological TR is discussed.

FIG 76. Line drawing of a complicated crown fracture.

FIG 77. Right mandibular canine of a dog with a complicated crown fracture. 
Note that the endodontic system (pulp) is directly exposed evidenced by 
bleeding. This is a very painful condition necessitating quick action.

FIG 78. Line drawing of a complicated crown/root fracture.
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TR has been reported in human dentistry (Heithersay, 2004) and 
various species including the dog (Arnbjerg, 1996; Peralta et al., 2010a, 
2010b), feral cat (Verstraete et  al.,  1996b), chinchilla (Crossley  
et al., 1997) and horse (James, 2022; Staszyk et al., 2008). In small ani-
mal veterinary dentistry, it is most common in the domestic cat where  
it occurs quite commonly in older cats, and it is increasingly noted in 
the canine population (Peralta et al., 2010a, 2010b).

Aetiology

The resorptive process is quite well understood (Okuda & 
Harvey, 1992; Shigeyana et al., 1996). However, the aetiology of 
most TRs is not clear (Gorrel, 2015). Resorption was traditionally  
considered a disease of modern civilisation but it has also been 
reported in wild cats (Berger et al., 1996), in a cat from the late 
medieval era (Berger et al., 2004), and in a dog from the Roman  
Empire, 3rd century AD (Schernig-Mráz et  al.,  2023) which 
directly contradicts that theory.

TR is due to an active process where odontoclasts become 
activated. The resorption appears to be a progressive process. It 
generally initiates on the root surface. It then may invade the root 
and spread within the root dentine up into the coronal dentine, 
where it may undermine the enamel (Gorrel, 2015). This loss of 

support may cause the enamel to collapse or break off. Therefore, 
clinical findings (visual or tactile), even if they are very small, 
often represent an advanced stage of the disease (Fig 82).

There appear to be two distinct types of tooth resorption: idio-
pathic and inflammatory (Eikenberg et al., 1998; Peralta et al., 2010b; 
Reiter & Mendoza, 2002). The resorption induced by inflammation 
(periodontal disease or endodontic disease) creates focal or mul-
tifocal lesions while the idiopathic variety of resorption results in  
root replacement by cementum- or bone-like material (DuPont & 
DeBowes, 2002; Farcas, Arzi, et al., 2014). The pulp resists becoming 
exposed by the resorption by the creation of tertiary dentine until late 
in the course of the disease (Gorrel, 2015). Any trauma can create  
resorption of the root surface; however, some of these defects heal 
while others do not (Patel et al., 2024).

Above the gingival margin, smaller defects are often covered by a 
highly vascular granulation tissue, which may be an attempt by the 
body to cover the exposed dentinal tubules (Fig 83) (DeBowes, 2010).

Classification

A distinction is made depending on the localisation of the lesion 
and further classified into inflammatory and non-inflammatory 
resorption. Internal resorption starts within the endodontic 
system and is mostly due to pulpitis. External resorption has 
its origin at the root surface and can have several causes, with 

FIG 80. (A) Radiograph of periapical rarefaction. (B) Tooth appears dull or discoloured.

A B

FIG 79. Right maxillary fourth premolar of a dog with a complicated 
crown/root fracture. Note that the endodontic system (pulp) is directly 
exposed (blue arrow), and that the fracture extends under the gingival 
margin (white arrows). Exposed, inflamed pulp is a very painful condition 
necessitating quick action. FIG 81. Caries of right mandibular molar.
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periodontal inflammation being one of them (Farcas, Lommer, 
et al., 2014; Gorrel, 2015). In an advanced stage, the two forms 
can hardly be distinguished.

TR is classified based on the severity of the resorption (Stages 
1 to 5) and on the radiographic appearance of the resorption. 
Multiple classifications have been used in animals and humans,  
all of which are imperfect and not necessarily exclusive to one par-
ticular species. The AVDC classification system is typically used  
for cats, and for dogs, it is Peralta et al. (2010a, 2010b).

Tooth resorption in cats
The AVDC classification defines inflammatory resorption in cats as 
type 1, idiopathic resorption as type 2 and their combination type 3.

Types of resorption based on radiographic 
appearance in cats

Type 1 (T1): On a radiograph of a tooth with type 1 appearance, 
focal or multifocal radiolucencies are present in the tooth with 
otherwise normal radiopacity and normal periodontal ligament 
space and endodontic system. There is tooth destruction but no 
replacement (Fig 84A).

Type 2 (T2): On a radiograph of a tooth with type 2 appear-
ance, there is narrowing or obliteration of the periodontal  
ligament space in at least some areas and decreased radiopacity  
of at least part of the tooth. There are signs of replacement 
resorption (Fig 84B).

Type 3 (T3): On a radiograph of a tooth with type 3 appear-
ance, features of both type 1 and type 2 are present in the same  
tooth. A tooth with this appearance has areas of normal and  
narrow or lost periodontal ligament space, and there are focal or 
multifocal radiolucencies in the tooth and decreased radiopacity 
in other areas of the tooth (Fig 84C).

Stage of resorption based on radiographic 
appearance in cats (Fig 85)

TR in cats can be further defined by the degree of resorption 
evident radiographically. One system (AVDC Nomenclature  
Committee, 2024) is currently acknowledged and accepted.

Stage 1 (TR1): Mild dental hard tissue loss (cementum or 
cementum and enamel).

Stage 2 (TR2): Moderate dental hard tissue loss (cementum or 
cementum and enamel with loss of dentine that does not extend 
to the pulp cavity).

FIG 82. Tooth resorption of the right mandibular canine in a cat with a small external lesion but extensive radiographic changes of root.

A C

B

FIG 83. Tooth resorptive lesion covered by granulation tissue.
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Stage 3 (TR3): Deep dental hard tissue loss (cementum or 
cementum and enamel with loss of dentine that extends to the 
pulp cavity); most of the tooth retains its integrity.

Stage 4 (TR4): Extensive dental hard tissue loss (cementum or 
cementum and enamel with loss of dentine that extends to the 
pulp cavity); most of the tooth has lost its integrity.

•	TR 4a: Crown and root are equally affected.
•	TR 4b: Crown is more severely affected than the root.
•	TR 4c: Root is more severely affected than the crown.

Stage 5 (TR5): Remnants of dental hard tissue are visible only 
as irregular radiopacities, and gingival covering is complete.

Several types and stages of TR can coexist in the same  
patient.

Tooth resorption in dogs
Idiopathic and inflammatory TR is being seen more com-
monly in canines currently (Arnbjerg,  1996; Dupont,  2010;  
Hamp et  al.,  1984; Peralta et  al.,  2010a, 2010b; Verstraete 
et al., 1998a).

Types of resorption based on radiographic 
appearance in dogs

The radiographic patterns of tooth resorption in dogs are con-
sistent with those previously described in people and include 
(Peralta et al., 2010a) (Fig 86).

•	External replacement resorption: This is the most commonly 
occurring tooth resorption in dogs (34.4%). Radiographs 

FIG 84. (A) Type 1 TR AVDC illustration and radiograph. (B) Type 2 TR AVDC illustration, image and radiograph. (C) Type 3 TR AVDC illustration and 
radiograph.

A1 A2

B1 B2 B3

C1 C2
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reveal an indiscernible periodontal ligament space and remod-
elling of root structure into the alveolar bone.

•	External inflammatory resorption: Nearly 26% of the studied dogs 
were found to have external inflammatory resorption, in which 
inflammation is thought to be the initiating factor. Radiographs 
reveal tooth resorption associated with surrounding bone loss 
secondary to periodontitis or apical periodontitis.

•	External cervical root surface resorption: Just 0.3% of studied  
dogs fell under this classification. Radiographs show the pro-
gression of these lesions beginning at the cervical area of the 
tooth where cementum meets enamel.

•	External surface resorption: Only 0.2% of studied teeth were 
affected by external surface resorption, a condition often unac-
companied by clinical signs and rarely apparent on radiographs.  
When it is seen on radiographs, it appears as shallow discon-
tinuances of the tooth structure on the lateral edges of the root, 
and it only involves the cementum and dentine.

•	Internal inflammatory resorption: This was a very rare finding in 
studied dogs (0.1%). These oval-shaped enlargements, thought  
to result from endodontic disease, are often located in the cer-
vical area of the root canal.

•	Internal surface resorption: This type of resorption was found in 
only one dog in the study that did not have concurrent peri-
odontal or endodontic disease. Mild trauma may be the initiat-

ing factor causing these oval-shaped enlargements found in the 
apical third of the root canal.

•	Internal replacement resorption: Not found in any studied dogs, 
internal replacement resorption is a progressive condition that 
typically presents as an uneven expansion of tunnel-like areas 
near the coronal segment of a root fracture.

Clinical significance
TR is very common in domestic cats and dogs. The prevalence of TR 
in cats is 28.5% to 67% (Clarke & Cameron, 1997; Gorrel, 2015). 
In a study, which investigated the incidence of TR in a clinically  
healthy population of 228 cats using a combination of clinical 
examination and radiography, it was found that the mandibular 
third premolars were the most commonly affected teeth, and the 
pattern of TR development was symmetrical in most cats (Ingham 
et  al.,  2001), while Pistor et  al.  (2023) reported affected teeth  
predominantly in maxillary premolars and mandibular molars. In 
a clinical study in dogs, 53.6% showed radiographic signs of TR  
(Peralta et al., 2010b) with external replacement resorption being 
the most common.

In the human dental literature, it is reported that the process  
does not seem to be painful if it stays below the gingival margin 
(Heithersay, 2004). When the process reaches the cementoenamel 

FIG 85. Stages of TR – AVDC.
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junction or the enamel collapses over the resorbed space, the dentine –  
or even the pulp – is exposed, which results in significant pain as 
well as the possibility of inflammation and/or infection.

Clinical findings
Until the resorptive area is exposed to the oral environment, there 
will be no clinical (visual or tactile) findings. At an early clinical 
stage, the gingival margin may be inflamed, or minor enamel and 
dentine defects will be covered by highly vascular tissue (Fig 87). 
With progressive resorption, partial or even complete loss of the 
crown is possible (Fig 88).

Affected patients may show secondary signs of this dental dis-
order (Furman & Niemiec, 2013) such as:

•	Change of behaviour: decreased grooming, picking at and 
dropping food, pawing at mouth, hiding, lethargy, hypersaliva-
tion.

•	Signs of oral discomfort: sticky mucus on the lips, head shak-
ing, rubbing the mouth on the ground, tooth grinding.

However, the lack of these signs should not be misconstrued 
as evidence that there are no lesions or that they are not pain-
ful (Cohen & Brown, 2002; Holmstrom et al., 1998d; Le Bars 
et  al.,  2001; Niemiec,  2008a; Rollin,  1989). The majority  
of cats affected by this condition show no outward signs of  
discomfort.

Examination and diagnosis
The examination is based on three diagnostic modalities 
(Gorrel, 2015):

•	Visual examination: the visual examination only allows detec-
tion of very late-stage disease, once the crown is involved.

•	Tactile exploration: the entire surface of each tooth must be 
examined with a dental explorer, especially at the gingival mar-
gin. Intact enamel is very smooth. If there is a resorptive lesion 

FIG 86. Radiographs of TR patterns in dogs.Canine tooth resorption. a) Internal inflammatory resorption of a maxillary right fourth premolar. b) Internal 
inflammatory resorption with break through to oral cavity of a left mandibular first molar. c) External cervical surface resorption of a left mandibular 
first molar. d) Internal inflammatory resorption with break through to oral cavity of the left mandibular fourth premolar and external inflammatory 
resorption of the left mandibular first molar of the same individual. e) External replacement resorption of the right mandibular fourth premolar, first and 
second molar of the same patient. f) External root surface resorption of the right mandibular canine.

A B C

D E F

FIG 87. Early clinical stage of TR.
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present, the explorer catches. A rough subgingival surface can 
be a sign of such a lesion or subgingival calculus. If there is any 
doubt as to the aetiology, the defect should be reevaluated fol-
lowing scaling.

•	Dental radiographs: for a complete staging and treatment plan-
ning, dental radiographs are mandatory. It is highly recom-
mended to take a full-mouth radiographic study of all patients 
presented for dental examination.

•	Differential diagnosis: tooth resorption might be mistaken for  
a tooth fracture, abrasion or furcation exposure. Distinguishing 
between TR and furcation exposure can be difficult because both 
lesions have an irregular surface. Furcation exposures are typically  
smooth and TR is generally rough (DeBowes, 2010). Intraoral 
radiography is helpful to differentiate them.

Treatment options
The aim of treatment is pain relief. As TR is a process caused by the 
patient’s own cells (odontoclasts), restoration of the defects is not 
indicated, because it has been shown that restoring affected teeth 
does not stop the resorptive process. The treatment will depend 
on the clinical situation (DuPont, 1995). In case of periodontitis, 
infection control is indicated to prevent further type 1 TR.

Monitoring
If tooth resorption is radiographically diagnosed but has not  
progressed into the oral cavity and/or is not associated with bone 
loss (inflammatory resorption), clinical and radiographic monitor-
ing can be considered. The monitoring recalls must be performed 
on a regular basis at the discretion of the clinician (Dupont, 2010; 
Liang et al., 2003) to ensure that a surgical intervention may be  
performed expediently. If this is not possible, extraction or crown 
amputation is indicated.

Extraction
Best practice is the extraction of the affected tooth. Any lesion with 
oral involvement requires extraction, which is often complicated  
by significant ankylosis (Dupont,  2010). It is important to make 
sure that all roots are removed entirely in teeth affected by inflamma-
tory resorption. This must be confirmed radiographically. Drilling  
or “atomising” the roots with a bur (“root pulverisation”) is strongly 
discouraged (for more information see the Extraction section).

Crown amputation
In replacement resorptions, where the root has been fully or 
partly replaced by bone tissue, extraction can be very difficult if 

FIG 88. (A–C) Progressive resorption with partial or even complete loss of the crown.

A B

C
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not impossible. In such cases, a crown amputation may be indi-
cated (DuPont, 1995) but only when the following criteria are 
fulfilled (Fig 89):

•	No periodontal ligament visible on the dental radiograph.
•	No clinical or radiographic signs of endodontic or periodontal 

pathology.
•	No evidence of caudal stomatitis in cats.

Crown amputation (Fig 90) involves the creation of an envelope 
gingival flap (A), removal of all tooth substance down 1 to 2 mm 
below bone level with a dental bur (B), smoothing the remain-
ing bone (C) and suturing of the gingiva (D). In cases with type 
3 resorption, the type 2 root can be amputated while the type 1 
root should be extracted.

Key points

•	Tooth resorption is a progressive process.
•	This condition may be painful, despite the typical lack of clini-

cal signs.
•	Best practice for treatment is extraction.
•	Crown amputation is only indicated for advanced replacement 

resorption under certain conditions.

•	Clinical findings (visual or tactile) often represent an advanced 
stage of the disease.

Feline chronic gingivostomatitis (FCGS)
Feline chronic gingivostomatitis (FCGS) or feline stomatitis (FS) 
or feline caudal stomatitis as defined in AVDC’s Nomenclature is 
a destructive, ill-defined, painful, severe, immune-mediated, oral 
mucosal inflammatory disease of cats (AVDC website accessed 
1/2024). It is a relatively common disease that affects up to 26% 
of cats and may be more common in feral cats (Healey et al., 2007;  
Kim, Yang, et  al.,  2023; Verhaert & Van Wetter,  2004). The 
cats typically develop extensive ulcerative and/or proliferative 
inflammatory lesions throughout the oral cavity, often extending 
beyond the mucogingival junction and especially the caudal oral 
cavity and the palatoglossal folds. Cats affected with FCGS may  
finally be euthanised due to not responding to any treatment or 
lack of resources (Soltero-Rivera, Goldsmith, et al., 2023).

Aetiology and pathogenesis

Aetiology and pathogenesis are largely unknown, but accord-
ing to recent literature, FCGS is an immune-mediated disease 
(Vapniarsky et al., 2020). The disease probably results due to an 
abnormal immune response to oral antigenic irritation. It has 

FIG 89. Extraction technique determined by radiographic change. (A) Type 1 inflammatory TR – complete root elevation (B) is needed. (C) Type 2 
idiopathic TR – (D) modified extraction/crown amputation appropriate.

A B

C D
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been suggested that systemic pathogens like feline immunode-
ficiency virus (FIV), feline leukemia virus (FeLV), feline herpes 
virus (FHV), feline calicivirus (FCV) and Bartonella spp., dental  
diseases (tooth resorption, periodontal disease) and/or hypersensi-
tivity (to microbial plaque or food allergy) are involved (Druet & 
Hennet, 2017; Knowles et al., 1991; Lommer & Verstraete, 2003; 
Quimby et al., 2008; Tenorio et al., 1991). However, a common 
conclusion is that no statistically significant difference was found, 
between the groups of animals suffering from the disease and 
controls, for any of the microbial agents except FCV. In fact, it  
is becoming undisputed that the immune response is somehow 
related to FCV infection (Fried et al., 2021), although (Druet & 
Hennet, 2017) suggested that the FCV load in the oral cavity is 
not related to the severity of the lesions or the prognosis (other 
than lingual lesions). Puma feline foamy virus was also detected 
in cats with FCGS (Fried et  al.,  2021). Another study showed  
that cats living together with other cats have an increased possi-
bility of developing FCGS and in fact, as the number of animals 
in household increases the possibility of FCGS increases as well 
(Peralta & Carney, 2019).

FeLV-positive cats have significantly less proliferative lesions 
and fewer dental resorptive lesions, though they tend to have 
more lingual ulcers (Silva et  al.,  2021). The severity of the 

disease was significantly associated with tongue lesions (Druet 
& Hennet,  2017). FCV infection in young cats can also lead 
to FCGS, but with the proper symptomatic pharmaceutical 
treatment, the inflammation subsides after a few weeks (Addie 
et al., 2003; Hofmann-Lehmann et al., 2022; Reubel et al., 1992).  
Cats with early-onset gingivitis/aggressive periodontitis may also 
develop stomatitis (Soltero-Rivera, Vapniarsky, et  al., 2023). In 
both earlier and recent studies, it was found that cats suffering from 
FCGS had oral dysbiosis, with a higher rate of anaerobic and Gram-
negative bacteria in their oral cavity than healthy cats (Dolieslager, 
Bennett, et al., 2013; Dolieslager, Lappin, et al., 2013; Krumbeck 
et al., 2021; Rodrigues et al., 2019). In conclusion, the role of 
FCV in FCGS pathogenesis is unquestionable, probably due to  
dysregulation of the immune system, but there is not enough  
evidence for FCV to be considered the sole or main causative 
factor of FCGS.

Dysregulation of the immune system and significant changes 
in various parameters of this system, like neutrophilia, an increase 
in T lymphocytes (CD8+) and pro-inflammatory cytokines in 
the blood circulation were found to play a significant role in the 
pathogenesis of FCGS (Peralta et  al., 2023). In addition, dys-
regulation of genes associated with cytokine production, T- and 
B-cell growth, activity and interaction has been mentioned. The 

FIG 90. Crown amputation (A) envelope flap; (B) removal of tooth substance; (C) smoothing of remaining bone; (D) gingival closure.

A B

C D
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IL17 gene is found to be dysregulated; this particular gene is 
associated with viral infections and immune-mediated diseases. 
An increase in CD8+ lymphocytes in the blood circulation, a  
decrease in the CD4/CD8+ ratio, CD21 and B lymphocytes 
was also found. The production of T and B lymphocytes is regu-
lated by CD4+ cells, while the cells infected with intracellular 
microorganisms are destroyed by CD8 cytotoxic lymphocytes 
(Vapniarsky et al., 2020).

History and clinical signs

The average age of suffering animals is 7 years, regardless of 
gender, breed or vaccinations. Inflammatory, ulcerative and/or 
hyperplastic lesions can be observed in any area of the oral cavity  
mucosa (Fig 91) especially in the caudal oral cavity and on pala-
toglossal folds (Fig 92) but also on the lip and buccal area, gin-
giva, lingual and sublingual tissues (Fig 93), while the soft palate 
and pharynx can also be affected (Verhaert & Van Wetter, 2004; 
Winer et  al.,  2016). Teeth are not affected, but dental (tooth  
resorption) or periodontal disease can coexist (Farcas, Arzi, 
et al., 2014).

Typical clinical signs include severe oral pain, oral dysphagia 
and loss of body weight, reduced grooming behaviour, halitosis 
and salivation. Behaviour changes such as isolation and aggression 
can also be observed (Healey et al., 2007; Jennings et al., 2015; 
Verhaert & Van Wetter, 2004).

As the immune system is dysregulated in FCGS patients, it 
seems that the disease could affect the body as a whole and not 
just the oral cavity. Affected cats may have elevated serum and  
salivary immunoglobulin levels (Harley et  al.,  1998), elevated 
values of the parameters related to a systemic inflammatory 
response (Mestrinho et  al.,  2020), increased expression of pro-
inflammatory serum cytokines, such as interferon-gamma (IFN-γ),  
tumour necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β) 
and IL-6, as well as blood neutrophil counts (Arzi et al., 2016). 
The oesophagus is also one of the organs that can be affected 
(Kouki et al., 2017).

Diagnostic approach

The clinical signs are quite typical and together with history are 
usually sufficient for the diagnosis. FCGS must be differentiated 
from gingivitis, early-onset gingivitis and periodontitis as the 

FIG 92. Caudal oral cavity and palatoglossal folds with inflammation, ulceration and proliferation.

FIG 93. Extensive inflammation on buccal, palatal and sublingual areas.
FIG 91. Feline chronic gingivostomatitis – inflammatory, ulcerative and/
or hyperplastic lesions in any area of oral mucosa.
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inflammation extends over the mucogingival junction and affects 
the oral mucosa (Fig 94), as well as from squamous cell carcinoma 
and eosinophilic complex of the oral cavity, and from metabolic  
diseases. In clinically ambiguous cases, biopsy is essential for the 
diagnosis (Soltero-Rivera, Quinones, et al., 2023; Soltero-Rivera, 
Vapniarsky, et al., 2023). A viral profile is recommended, although 
in the case of a positive test for FIV the FCGS prognosis does  
not change, but FeLV-positive cats show a predisposition to not 
responding to surgical treatment (Silva et al., 2021). Coinfection 
with FCV and puma feline foamy virus was also suggested to 
adversely affect response to treatment (Fried et al., 2021).

Haematological and biochemical profiles are required before 
general anaesthesia. Detailed oral and dental examination and 
full-mouth dental radiographs are mandatory (Farcas, Lommer,  
et  al.,  2014). In a recent study, the authors performed tran-
scriptomic analysis of FCGS patients and suggested caspase-4 
(CASP4), matrix metalloproteinase (MMP8) and prostaglandin-
endoperoxide synthase 2 (PTGS2) as potential biomarkers for  
the prediction of treatment response outcomes (Soltero-Rivera 
et al., 2024).

Therapeutic approach

A significant number of suffering cats (∼30%) do not respond 
to caudal tooth extraction therapy (refractory FGCS) (Jennings 
et al., 2015). The goal of the treatment must be the control of 
the recurrence of the disease, pain management and above all a 
good quality of life. In general, there are two approaches to the 
treatment of FCGS: the surgical and the medical one. However, 
medical treatment on its own usually does not have favourable 
long-term outcomes, making dental extractions, with or with-
out additional medical management, the current standard of care 
(Soltero-Rivera, Goldsmith, et al., 2023).

Surgical therapy

Dental extractions are performed with the aim of reducing anti-
genic irritation and inhibiting or limiting the immune response to 
the irritation (Bellei et al., 2008; Hennet, 1997). It has been dem-
onstrated that up to 90% of cats with FCGS without retroviral dis-
ease will significantly improve following extraction of all premolar 
and molar teeth (Jennings et al., 2015; Silva et al., 2021; Soltero-
Rivera, Goldsmith, et al., 2023; Winer et al., 2016). It seems there 
is no significant difference between the extraction of molars and  
premolars compared to the extraction of all teeth if inflamma-
tion is not involving rostral oral mucosa (Jennings et al., 2015). 
Cats that are not responding to dental extractions within a few 
weeks are considered refractory to surgical treatment, and medi-
cal management is necessary. Cautery of proliferative lesions with  
surgical CO2 Laser (3 to 4 repetitive sessions with an interval of 2 
to 3 weeks) has also been suggested after full-mouth dental extrac-
tions as an effective adjunct therapy (Lewis et al., 2007).

Medical management

Crucial for FCGS patients is the pain management at any stage 
of the disease, when presented, pre and post-operative and 
in refractory cases (Soltero-Rivera, Goldsmith, et  al.,  2023). 
Non-steroidal anti-inflammatory drugs (NSAIDs) are effective  
in pain management and have an anti-inflammatory action so 
they are widely used as an adjunct treatment modality for cats 
with FCGS. Recent studies suggest that NSAIDs may be safe 
on a long-term basis provided proper monitoring and precau-
tions are taken (Taylor et  al.,  2024). Buprenorphine seems to  
be quite effective in managing the pain in cats suffering from 
FCGS. Stathopoulou et  al.  (2018) showed that buprenorphine 
after buccal administration exhibited lower bioavailability and a 

FIG 94. (A, B) FCGS must be differentiated from gingivitis and periodontitis.

A B
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shorter absorption half-life but produced satisfactory analgesic 
effect. Other agents such as amantadine and gabapentin seem 
to aid in chronic pain management (Siao et  al.,  2010; Steagall 
et al., 2018). Interesting finding is the increase in cannabinoid  
receptors in the oral mucosa membrane of cats suffering from 
FCGS (Polidoro et  al.,  2021). Indeed, cannabidiol-containing 
food supplement was shown to be safe to use for 15 days in cats 
with FCGS as an adjunct to other treatments, but the efficacy of 
it was not clearly demonstrated (Coelho et al., 2023).

Although corticosteroids are initially quite effective (Hennet 
et  al.,  2011), their efficiency may be reduced, or they become 
ineffective over time and may also be associated with several  
severe side effects. It has not been proven whether their immuno-
suppressive or anti-inflammatory action is beneficial. Also, longer 
duration of the oral therapy (months) with very slow tapering  
of the dose may yield better results (Blank et al., 2019; Mensah-
Nyagan et al., 2009).

In a study by Lommer (2013), it was reported that cyclospo-
rine was effective in treating cats with refractory stomatitis after  
total mouth tooth extractions, specifically 72.3% showed signifi-
cant improvement after 6 weeks of receiving 2.5 mg/kg cyclospo-
rine orally twice daily. Cyclosporine is effective after about 4 to 
6 weeks and side effects can be observed after long-term use, such  
as renal or hepatic dysfunction, so regular blood tests should be 
programmed every 6 months or even in shorter periods.

Daily oromucosal treatment with 0.1 MU (1/10 solution) of 
recombinant feline interferon omega (rFeIFN-ω) seemed to decrease 
the pain scores in the group of cats receiving rFeIFN-ω, but com-
pared to the group of cats receiving prednisolone, clinical parameters 
were not significantly different (Hennet et al., 2011). Subcutaneous 
administration of rFeIFN-ω in 13 FCV-positive cats at a dose of 
1 MU/kg, once daily on days 1, 2, 3, 7, 8, 9, 14 and 21 led to a sig-
nificant decrease of FCV viral load (Matsumoto et al., 2018).

A combination of bovine lactoferrin oral spray and piroxicam 
was also investigated in a randomised, double-blind clinical trial 
and clinical signs were significantly improved in 77% of the cats  
(Hung et al., 2014). However, the results of the study should be 
seen in the light of the lack of monitoring of these animals and 
the lack of information on the treatment of their dental diseases.

The efficacy of both autologous and allogeneic, fresh, adipose-
derived mesenchymal stem cells (MSCs) administered intra-
venously has been studied in cats with refractory FCGS. The 
immunomodulatory action of MSCs has shown up to 57% and  
71% of FCGS patients exhibiting clinical improvement or remis-
sion after allogeneic and autologous treatments, respectively (Arzi  
et  al., 2016, 2017, 2020; Rivas et  al., 2023). No response was 
seen when treating with MSCs before extraction therapy in a 
pilot study (Arzi et al., 2021).

Treatment of oesophagitis, especially in persistent cases or if 
there is a picture of oesophageal dysphagia, has also been sug-
gested (Kouki et al., 2017).

Key points

•	The aetiology is currently unknown, but FCV apparently plays 
a role.

•	This is an exceedingly painful and debilitating condition.
•	Diagnosis is generally clinical, with severe inflammation caudal 

to the teeth.
•	Treatment can be medical or surgical, but full mouth extrac-

tions are generally recommended.
•	Stem cell therapy is likely the future for resistant cases.

Maxillofacial trauma
Maxillofacial trauma is a common occurrence and can affect both 
the soft and hard tissues (typically both). Patients with maxillofacial 
trauma may present with complaints of facial swelling or distortion, 
oral bleeding, salivation and abnormal closure of the mouth; how-
ever, they often demonstrate minimal to no clinical signs.

At all times, practitioners must be cognisant of the possibility 
of brain oedema and other such non-visible trauma to underly-
ing structures of the head. In addition, the initiating trauma may 
have created cardiothoracic and/or abdominal injuries. Because 
these conditions can be life threatening, they should be evaluated 
for and treated prior to definitive care of the oral cavity/maxil-
lofacial region.

Initial examination may uncover lacerations, especially to the 
lips and/or tongue (Saverino & Reiter, 2018). The oral cavity has 
two advantages when compared to other soft tissues: the pres-
ence of saliva and ample vascularisation. Saliva provides immu-
nological barriers to infection such as IgA, bacteriostatic enzymes  
and a physical cleansing action which flushes out bacteria. These 
actions assist the healing process and provide some protection 
against infection. The high level of vascularisation in the oral 
cavity is helpful with healing, which may allow for decreased 
debridement of diseased tissue (Niemiec, 2012a).

The cosmetic repairs of facial trauma may be of concern to 
the owner. Consideration should be taken to create the most cos-
metic result to facilitate healing. Reconstructive surgery may be 
necessary with respect to the functionality of oral structures in 
order to assist with more aesthetic healing. Comfort and function 
should be the primary aim of reconstruction (Niemiec, 2012a). 
Prognostic factors associated with head trauma have been studied 
and it appears that feline patients have an increased risk of cra-
niofacial trauma (Kelley et al., 2023).

Soft tissue trauma

The most common soft tissue injuries to the mouth caused by 
trauma are:

•	Degloving injuries, especially of the lower lip, caused by high-
speed traumas and vehicular accidents (Fig 95).

•	Lip lacerations due to fighting (Fig 96).
•	Tongue lacerations/damage due to fighting, car accidents, iatro-

genic trauma, epileptic seizures or electrical shock (Fig 97).
•	Gingival lacerations (Fig 98) and periodontal trauma.
•	Hard palate lesions, also as part of high-rise syndrome (Fig 99).
•	Soft tissue trauma from caustic agents or electric shock (Fig 100).

Reparative surgery should be performed expediently for all oral 
soft tissue lesions, if the patient is stable (see above). Diseased/
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FIG 95. (A, B) Degloving injuries, especially of the lower lip, caused by high-speed traumas and vehicular accidents.

A B

FIG 96. Lip lacerations due to fighting.

FIG 97. Tongue lacerations/damage due to fighting, car accidents, 
iatrogenic trauma, epileptic seizures or electrical shock.

FIG 98. Gingival lacerations.

FIG 99. Hard palate lesions, also as part of high-rise syndrome.
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non-vital tissue should be debrided prior to closure (Saverino & 
Reiter, 2018; Swaim, 2012). Closure should be delayed if further 
necrosis is expected (as with injuries due to caustic or electrical 
shock) (Niemiec,  2012a). However, due to the high vascularity,  
moderately damaged tissue can be maintained (Swaim, 2012). One 
important aspect to be taken into consideration is the preservation 
of the attached gingiva during soft tissue surgery. All teeth should 
be covered by at least 2 mm of gingiva where possible; however, 
teeth can be healthy despite less coverage (Lewis & Reiter, 2005; 
Niemiec, 2013e; Takas, 1995; Wolf et al., 2005).

There are many suitable options for suture material when address-
ing oral trauma. The sutures should be simple interrupted and placed 
2 to 3 mm apart (Niemiec, 2008d, 2022) (Fig 101). Absorbable non-
braided sutures are preferred on a swedged-on reverse cutting needle 
and are generally recommended (Silverstein & Kurtzman, 2005), but 
in general, the suture material should be as strong as the apposed tis-
sues (Tutt, 2006b) (see Equipment chapter).

Hard tissue trauma: The various types of hard tissue trauma 
include maxillofacial fractures (Fig  102), TMJ fractures and 
luxations (Fig  103), tooth luxations (Fig  104) and avulsions 
(Fig  105) (Niemiec,  2012a; Soukup, Mulherin, et  al.,  2013; 
Soukup & Snyder, 2014; Taney & Smith, 2010). When teeth or 
bones are affected, always conduct a thorough oral examination. 
Initial examination can be attempted while awake, but a full 
examination and dental radiographs are only possible under 
general anaesthesia.

Maxillofacial fractures: When bones of the face are fractured, 
basic orthopaedic principles must be kept in mind. However, 
there are several major differences between maxillofacial and long 

bone fractures (Boudrieau & Verstraete, 2012). Two of these are 
anatomic: the tooth roots and neurovascular structures within the 
mandibular and infraorbital canal. These two structures cannot  
be injured during therapy (Fig 106). This means that no invasive 
fixation methods (pins or plates) can be inserted into or through 
them. Therefore, external fixation is strongly discouraged for  
maxillofacial fractures, because of the risk of traumatic pin 
placement (Gioso, 2001; Taney & Smith, 2010) (Fig 107). Mini 
bone plates may be useful in certain situations, but care must  
be taken to ensure atraumatic placement of the screws (Arzi & 
Verstraete, 2015; Boudrieau, 2012b) (Fig 108).

FIG 100. Soft tissue trauma from caustic agents or electric shock.

FIG 101. Sutures to repair soft tissue damage should be simple 
interrupted and placed 2 to 3 mm apart.

FIG 102. Image of maxillofacial fractures – hard tissue trauma.
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Another variance between long bone fractures and maxillofa-
cial is the need for maintenance of proper occlusion. Therefore, 
techniques for oral fracture repair must keep occlusion in mind 
or traumatic malocclusion can result.

An additional difference between appendicular and maxil-
lofacial fractures is the commonality of pathological fracture 
(Niemiec, 2013b). These may also occur due to a neoplastic or 
cystic cause (Fig 109), but in the vast majority of cases they are 
secondary to advanced periodontal disease. These fractures typi-
cally occur in the mandible (especially the area of the canines and  
first molars) due to extensive periodontal attachment loss which 
weakens the bone in affected areas (Niemiec, 2008b) (Figs 110 
and 111). This condition is more common in small breed dogs 
(Mulligan et al., 1998b), owing mostly to the fact that their teeth 
(especially the mandibular first molar) are larger in proportion to 
their mandible in comparison to large-breed dogs (Figs 112 and 
113) (Gioso et al., 2003). Therefore, small breed dogs have a very 
minimal amount of bone apical to the tooth root, putting this 
area at high risk of fracture when periodontal bone loss occurs. 
Diagnosis is only generally possible with dental radiography, but 
the best 3D orientation provides CBCT technique.

Pathological fractures (see Periodontal Disease section) carry 
a guarded prognosis for several reasons (Taney & Smith, 2010). 

Adequate healing is difficult to obtain due to lack of remaining 
bone, low oxygen tension in the area, and difficulty in rigidly sta-
bilising the caudal mandible (Niemiec, 2012a, 2008b). There are 
numerous options for fixation, but the use of invasive techniques is 
generally required. Regardless of the method of fixation, the peri-
odontally diseased root(s) must be extracted for healing to occur 
(Niemiec, 2012a; Taney & Smith, 2010) (Figs 114 and 115).

Diagnosis: Standard medical radiography equipment has 
limitations when evaluating oro-maxillo-facial fractures 
(Bar-Am et al., 2008); however, when CT, CBCT and/or dental 
radiographs are not available this modality can provide useful 
information (Gawor, 2018b) (Fig 116). In tier 1 and some tier 2 
countries, they are considered minimally acceptable. However,  
dental radiographs are recommended whenever possible and are 
a minimum requirement in tier 3 countries (Fig 117). However, 
computerised tomography or cone-beam CT (CBCT) scans  
are ideal for maxillofacial fracture diagnosis and treatment 
planning and should be considered a requirement for tier 3 
countries (Foley et al., 2013; Hirsch et al., 2009; Soukup, Drees, 
et al., 2015; Tundo et al., 2019; Winer et al., 2018) (Fig 118). 
CBCT may be also used for 3D printed models (Freeman & 
Southerden, 2023).

FIG 103. TMJ luxation and coronoid process fracture.

FIG 104. Tooth luxations.
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Therapeutic measures: There are invasive (insertions 
into bone) and minimally or non-invasive (intraoral splints, 
tape muzzle) methods of fracture stabilisation. The invasive 
methods include interfragmentary wiring (although this may be 
controversial in cats) (Fig 119), external fixators, mini-plates and 
microplates (Boudrieau,  2012a, 2012b; Tsugawa & Verstraete, 
2012) (Fig 120). Invasive methods should only be used in carefully  
selected cases taking anatomy and occlusion into account. In 
addition, invasive methods require future surgery for removal of 
the implants, unless biocompatible plating material is used (e.g. 
titanium) (Taney & Smith, 2010; Tsugawa & Verstraete, 2012; 
Wiggs & Lobprise, 1997b).

The non-invasive methods utilise interdental or circumman-
dibular wires (Figs 121 and 122) and/or acrylic resins (Fig 123) 
for fracture fixation (Guzu & Hennet, 2017; Niemiec, 2003a; 
Smith & Legendre, 2012; Taney & Smith, 2010). In addition, 
maxilla-mandibular fixation (MMF) (Fig 124) or labial buttons 
(Fig 125) can be utilised (Goodman & Carmichael, 2016). These  
techniques can be cost-effective and easy to learn. A potential 
drawback with non-invasive fixation is that only the coronal 
aspect of the jaw is fixated and not as sturdy as invasive meth-
ods. The reader is directed to Verstraete & Lommer "Oral and 

Maxillofacial Surgery in Dogs and Cats" 1st Ed (2012)  for these 
techniques.

A very simple emergency (and in some cases, especially in 
juvenile animals, also final) treatment is placing a (tape or nylon) 
muzzle or elastic face mask to provide support to the fractured 
bones (Taney & Smith, 2010) (Fig 126).

Tooth luxation/avulsion

An avulsed tooth has been traumatically torn out of the alveolus 
(Gracis, 2012; Niemiec, 2012a; Taney & Smith, 2010). A luxated 
tooth is partially displaced from the alveolus but is still attached. 
The tooth may be luxated in the buccal direction, which usually 
involves fracture of the buccal alveolar wall as well. This most  
commonly occurs with the canine teeth (especially maxillary), 
but incisors can be affected as well (Wiggs & Lobprise, 1997a). 
This typically occurs following dog fights but can also result 
from significant cage chewing or trauma (Gracis & Orsini, 1998; 
Spodnick,  1992). These conditions may also occur following  
other forms of trauma like falls and vehicular trauma (Ulbricht 
et al., 2004). Tooth intrusion (the tooth is traumatically forced 
apically) injuries are severe in that they most commonly result in 
disruption of the neurovascular structures.

Clinical presentation: These patients will either present with 
a swelling on the muzzle or a missing tooth (Niemiec, 2012a).  
Oral examination reveals a displaced tooth or an empty alveolus 
(Figs 127 and 128).

Diagnosis: Skull films are useful, however, are typically not 
detailed enough to diagnose subtle problems such as root 
fractures (Fig 129), periodontal disease (Fig 130) or small areas 
of missing bone (Niemiec, 2011). Therefore, dental radiography 
is recommended prior to fixation (Niemiec,  2012a), and CT 
should be considered also to rule out other maxillofacial trauma 
(Soukup, Drees, et al., 2015).

Where possible, these cases should be referred to a veterinary 
dentist or maxillofacial surgeon as soon as possible for reimplan-
tation and stabilisation. However, if this is not feasible due to  
schedule or the stability of the patient, good results may still be 
possible despite a short delay (ideally within 6 hours of the inci-
dent). The fixation method is typically a figure-8 wire and acrylic 
splint (Gracis, 2012; Niemiec, 2012a) (Fig 131). However, these 
teeth require root canal therapy due to non-vitality secondary to  
disruption of the blood supply (Gracis, 2012). Therefore, if root 
canal therapy is not an option, extraction is preferred. Extraction 
is always performed for luxated/avulsed deciduous teeth.

Key points

•	Initially, minimal debridement is generally recommended for 
oral trauma due to the rich blood supply.

•	Non-invasive methods (acrylic splints and interdental wiring) 
are preferred for fixation of oral fractures. Great care must be 
taken not to damage dental structures when the stabilisation 
implants are applied.

FIG 105. Tooth avulsions.
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•	External fixators should only be used in carefully selected cases.
•	Properly adapted mini-plates or micro-plates may be indicated 

but require advanced equipment and training.
•	Dental radiographs provide critical information in oral trauma 

cases, but advanced imaging is superior.
•	Pathological fractures are common in small and toy breed dogs 

and must be taken into consideration in the management of 
fractures in these breeds.

•	Infected teeth must be entirely or partially extracted from frac-
ture sites.

•	Reimplanted avulsed and luxated teeth require endodontic 
therapy and appropriate follow-ups.

Oral tumours
Tumour means “swelling” or an abnormal growth. When con-
sidering tissue of origin, oral tumours are either odontogenic 
or non-odontogenic. However, by their biological behaviour, 
tumours of the oral cavity can be described as malignant, 
benign but locally aggressive and benign. The term “epulis” has 
been misused for decades as the description of a benign oral 

FIG 106. Tooth roots and neurovascular structures within the mandibular and infraorbital canal cannot be injured during therapy.

FIG 107. External fixation is strongly discouraged for maxillofacial 
fractures because of the risk of traumatic pin placement.

FIG 108. Mini bone plates may be useful in certain situations, but care 
must be taken to ensure atraumatic placement of the screws.
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growth. In actuality, an epulis is any abnormal growth arising 
from the gingiva, which may include malignant tumours (Fiani  
et al., 2020; Gieger & McEntee, 2020; Verstraete et al., 1992). 
The incidence of oral tumours in dogs was recently reported 
to be 0.5%, with most oral tumours being malignant (Cray 
et al., 2020).

Staging of patients with oral tumours

Before any oral tumour treatment is attempted, a patient with an 
oral tumour needs to be properly staged – we need to know what 
the tumour is, how extensive it is, what the biological behaviour 
is, and if there is any metastatic disease.

FIG 109. Pathological fracture may occur due to periodontal, neoplastic 
or cystic bone loss.

FIG 110. Extensive periodontal bone loss can weaken the bone in 
affected areas.

FIG 111. Pathological fractures due to periodontal bone loss are more 
common in small breed dogs, owing mostly to the fact that their teeth 
(especially the mandibular first molar) are larger in proportion to their 
mandible in comparison to large breeds.

FIG 112. The roots of mandibular teeth in small dogs are positioned close 
to the ventral border; periodontally diseased root(s) must be extracted 
for healing to occur.

FIG 113. The roots of mandibular teeth in large dogs have more bone 
proportionally than small dogs.
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FIG 114. The periodontally diseased roots not extracted prior to fixation 
prevent healing to occur.

FIG 115. A) Pre-operative dental radiograh of a pathologic mandibular fracture at the distal root of the first molar. B) The tooth was sectioned and the 
diseased root extracted and the mesial root treated with endodontic therapy (medicated) and the jaw fixated with interfragmentary wires and acrylic 
splint. C) Recheck radiograph after splint removal and the root canal finished.

A B

C

FIG 116. Standard medical radiographs are not optimal, but may be used 
if other means of imaging are not available.
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Local disease

To determine the type of the tumour, either cytology or histopa-
thology are performed. Fine needle aspiration (FNA), fine needle 
insertion (FNI) or impression smear (IS) are the options to har-
vest tumour cells for a reliable cytological evaluation (Bonfanti 
et al., 2015), that may be combined with immunocytochemis-
try (Przeździecki et  al.,  2015). As some tumours may provide 
poor-quality samples and since general anaesthesia is most likely 
needed to obtain these samples, biopsy is still the gold standard  
of diagnosing oral tumours. Biopsy is ideally taken following 
computed tomography (CT) to best plan the biopsy area, to 
avoid superficial inflammation and any areas of necrosis. Most 
commonly an open incisional biopsy is performed. The biopsy 
is ideally undertaken by the surgeon who plans to carry out the 
definitive treatment, otherwise the biopsy site/track must be well 
documented in order to be later included in the surgical or irra-
diation field (Arzi & Verstraete, 2020).

To further evaluate local disease, tumour location is noted (pho-
tographed) and the lesion measured. Diagnostic imaging of the 
local lesion should include pre- and post-contrast CT of the head 
(Arzi & Verstraete, 2020). Skull radiographs and/or intraoral dental  
radiographs will underestimate the extent of the lesion, especially 
the invasion of maxillary tumours into adjacent structures. For 
example, in dogs with maxillary tumours, invasion of adjacent 
structures is identified in 30% of cases with (standard) radio-
graphs, while CT reveals it in 90.4% of cases (Ghirelli et al., 2013). 
Magnetic resonance imaging (MRI) can also be considered,  
especially for oral tumours located in the caudal oral cavity and/or 
oropharynx (Kafka et al., 2004), and PET/CT is becoming available  
in veterinary medicine as well (Randall et al., 2016).

Regional lymph nodes

Evaluation of regional lymph nodes may be challenging and rec-
ommendations on staging vary (Congiusta et al., 2020). Although 
palpation of the mandibular lymph nodes should be routinely 
performed, it is unreliable to detect metastatic disease (Williams 
& Packer,  2003). FNA of the regional lymph nodes may be  
helpful, but reaching the main draining centre of the head – ret-
ropharyngeal lymph nodes – requires an ultrasound-guided 
approach. Generally, a negative FNA result does not rule out 
metastases and lymph node metastases should neither be regarded 
as governors of survival (Arzi & Verstraete, 2020). Evaluation of 
size and contrast-enhancement pattern on post-contrast CT images 
may be helpful in evaluating regional lymph nodes for metastases 
(Arzi & Verstraete, 2020; Menghini et  al., 2023), and PET/CT  
is also very promising (Willcox et al., 2021). Excisional biopsy of 
the lymph nodes is debatable, as complete staging requires removal 
of all lymph nodes of the head and neck as the pathways of lym-
phatic drainage may be unpredictable. Nowadays, preoperative or 
intraoperative techniques to determine the sentinel lymph node 
are being developed and optimised to enable targeted excisional  
biopsy of the lymph node(s) most likely first affected by metastases 
(Goldschmidt, Stewart, et al., 2023).

FIG 117. Dental radiographs are superior to skull radiographs.

FIG 118. Advanced imaging such as cone beam CT is optimal for 
maxillofacial trauma.
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Distant organs

Staging is completed with evaluation of distant organs for possible 
metastatic disease, where chest CT is more sensitive to diagnose  
pulmonary metastasis compared to (three-view) thoracic radio-
graphs (Armbrust et  al.,  2012). Abdominal ultrasound or full 
body CT may be warranted to fully evaluate the patient’s health  
status regardless of the tumour type (Goldschmidt, Soltero-Rivera, 
et al., 2023; Hansen & Kent, 2019).

Treatment options overview

Only once the patient is fully staged and the disease properly clas-
sified using the TNM classification (Arzi & Verstraete,  2020), 
the prognosis and treatment plan can be discussed with the cli-
ent. When creating the optimal treatment plan, a team approach 

should ideally be employed, with an (oral) surgeon, dentist, 
radiation oncologist, medical oncologist, imaging specialist and 
pathologist consulted. With the development of telemedicine, a 
team approach is becoming widely available.

Surgical removal of oral tumours is still considered the gold 
standard of the treatment for operable tumours, but can be  
employed in any situation (e.g. surgery for palliation for inoperable 
tumours), as long as the surgical goal is clearly communicated to  
the client. Function and cosmesis should also be discussed (Boston 
et al., 2020; Lommer et al., 2020; Sarowitz et al., 2017).

Radiotherapy is another commonly employed treatment 
modality for oral tumours, either alone or as a part of a mul-
timodal treatment approach. Radiotherapy is quite effective 

FIG 119. (A, B) Interfragmentary wiring to reduce fractures.

A B

FIG 120. Mini and micro plates for fracture reduction: Mini-plates, micro 
plates.

FIG 121. Circumferential wiring for mandibular symphyseal separation/
fracture.
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for e.g., oral plasmacytomas or canine acanthomatous ame-
loblastoma (CAA), with a palliative effect on several other 
canine malignancies (Evenhuis et  al.,  2023; Thrall,  1984). 
Contemporary radiation therapy is heavily reliant on imag-
ing for treatment planning to identify and map out target vol-
umes and critical normal structures to maximise dose to the 
tumour and minimise dose to the surrounding normal struc-
tures (Hansen & Kent,  2019). With radiation therapy, early 
(e.g., mucositis) and late (e.g., radiation-related osteonecrosis of 
the jaw, secondary tumours) side effects need to be considered 
(McEntee et al., 2004; Mosca et al., 2021; Nemec et al., 2015). 
In addition, guidelines on oral health management in veteri-
nary patients undergoing radiation therapy of the oral cavity 
and head need to be established following the recommenda-
tions in human oral oncology.

Oral tumours are generally poorly responsive to chemother-
apy, but metronomic chemotherapy can be beneficial as pallia-
tive treatment (Milevoj et  al.,  2022). NSAIDs can be used to 

provide analgesia, but piroxicam alone may have some beneficial 
therapeutic effect in oral squamous cell carcinoma (SCC) cases 
(Schmidt et  al., 2001). Electrochemotherapy (ECT) and gene-
electrotransfer therapy (GET) are beneficial especially for small 
SCC and malignant melanoma (MM) not involving the bone, 
and protocols are still being developed (Nemec et al., 2020), as 
are several immunotherapy approaches (especially for canine oral 
malignant melanoma) (Almela & Ansón,  2019) and photody-
namic therapy (McCaw et al., 2000).

Odontogenic tumours

Peripheral odontogenic fibroma (POF)/Fibromatous epu-
lis of periodontal ligament origin (FEPLO) is a common 

FIG 122. Interdental wiring technique for fracture reduction.

FIG 123. Acrylics resins used for splinting.

FIG 124. Maxilla-mandibular fixation with composite bridge across canine 
teeth.

FIG 125. Maxilla-mandibular fixation with labial buttons.
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mesenchymal odontogenic oral tumour in dogs and rare in 
cats (Fiani et al., 2020). Some authors consider POF/FEPLO a 
tumour-like proliferative lesion of the tooth-bearing regions of  
the jaw (Murphy et al., 2020) and some newest reports suggest  
additional variants (Kim et al., 2024). It is slowly growing and 
benign, with minimal osseous destruction (Fig 132); therefore, 
prognosis is excellent with complete surgical removal (i.e., including  
some underlying bone), while recurrence is possible with mar-
ginal excision (Fiani et al., 2020).

Canine acanthomatous ameloblastoma (CAA) is an epithelial 
tumour that commonly affects rostral mandibles of adult dogs and 
commonly presents as an exophytic gingival mass (Fiani et al., 2020; 
Goldschmidt et al., 2017) (Figs 133 and 134). Although CAA is 
highly uniform and predictable with the histological pattern, Ki67 
labelling index is a useful differential marker of CAA from oral 
squamous cell carcinoma when distinction between the two enti-
ties is difficult (Peralta et al., 2019). Additionally, CT may reveal 
two different types of CAA lesions – extraosseous or intraosseous 

(the later with an extensive osteolysis, bone expansion, cortical 
bone lysis). Reliance on diagnostic imaging as a measure of bio-
logical behaviour is recommended (and may potentially lead to a 

FIG 126. Emergency use of a muzzle or elastic face mask.

FIG 127. Clinical presentation of tooth luxation – displaced tooth in the 
alveolus.

FIG 128. Clinica and radiographic presentation of tooth avulsion – 
displaced tooth and an empty alveolus.

FIG 129. Dental radiograph of maxillary incisor tooth root fractures; skull 
fractures may not be detailed enough.
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creation of a variant/grading scheme) and needs to be considered 
when planning the treatment (Goldschmidt et al., 2020). CAA is 
locally invasive, but it does not seem to metastasise, so progno-
sis is excellent with complete surgical removal (Fiani et al., 2020). 
However, a recent study also reported, that no local recurrence was 
noted on oral examination in any patient regardless of post-surgical 
histopathological margins, including margins that were incomplete 
(i.e., with complete margins (>5 mm) there was 0% to 40% chance 
of local recurrence, with narrow margins (1 to 5 mm) 0% to 34.4% 
chance of local recurrence, and with incomplete margins (<1 mm), 
there was 0% to 54% chance of local recurrence) (Goldschmidt 
et  al.,  2017). CAA is also radiosensitive, but due to expected  
long survival post radiation, radiation therapy should be carefully 
recommended in young dogs as they may develop detrimental 
late side effects of radiation therapy (development of secondary 
tumours or osteoradionecrosis) (Fiani et  al.,  2020). Intralesional 
bleomycin and feline interleukin-12 DNA injection combined 
with translesional electroporation, as well as intralesional bleomy-
cin alone have also been used successfully in two reports (Kelly 
et al., 2010; Reed et al., 2010).

Conventional ameloblastoma (central, intraosseous ameloblas-
toma) (CA) is a relatively uncommon epithelial odontogenic 
tumour and commonly presents as a painless swelling of the den-
tate jaws in dogs and cats. Radiographically, osteolytic cyst-like 
lesion can be observed (Clayton et al., 2023; Fiani et al., 2020). 
Histology is usually predictable and most commonly there is no 
aggressive infiltration of adjacent tissues (Fiani et al., 2020). In 
cats, two histological variants have been described (a follicular 
pattern and a keratinising pattern). Wide surgical excision is rec-
ommended and will most likely result in cure (Fiani et al., 2020), 
although no recurrence was observed even in patients with nar-
row surgical margins or treatment by cyst enucleation (Tjepkema 
et al., 2020).

Other odontogenic tumours can be occasionally diagnosed 
in dogs and cats (e.g., odontoma, feline inductive odonto-
genic tumour, amyloid-producing odontogenic). Malignant 
odontogenic tumours are extremely rare, but ameloblastic 

FIG 130. Dental radiograph of mandibular canine periodontal disease with 
subluxation; skull fractures may not be detailed enough.

FIG 131. Figure 8 wire and acrylic splint to stabilise maxillary canines.

FIG 132. (A, B) POF/FEPLO and radiograph.

A B
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fibro-odontoma, odontogenic myxoma and ameloblastic carci-
noma have been described in dogs (Fiani et al., 2020). Recently, 
primary intraosseous squamous cell carcinoma was described as 

an entity in cats (Pavlin et al., 2018). Due to low number of cases 
described in the literature, prognosis is mostly unknown.

Non-odontogenic tumours

Squamous cell carcinoma (SCC) (Figs 135 and 136) is the second 
most common oral tumour in dogs (or the second most common, 
if cases of tonsillar SCC are excluded). In majority of the cases, 
the lesion arises from the dentate jaws of older dogs, but oral 
SCC may also affect puppies. It is an invasive epithelial tumour 
with different histological subtypes (Nemec et al., 2012) which  
metastasises relatively rarely and late. Prognosis is very good, if the 
diagnosis is established early and the treatment is radical (Fulton, 
Fiani, et al., 2013; Fulton, Nemec, et al., 2013) (Figs 137 and 
138). However, lingual and tonsillar SCC have worse prognosis. 
Surgery (including glossectomy in dogs) is the main treatment, 
and it may be combined with radiation therapy, if the margins 
of the resection are not clean (Gieger & McEntee, 2020; Riggs 

FIG 133. Canine acanthomatous ameloblastoma.

FIG 134. Dental radiograph of the left rostral mandible of the dog form 
Fig. 133.

FIG 135. Feline squamous cell carcinoma.

FIG 136. Feline squamous cell carcinoma on CT imaging.

FIG 137. Papillary squamous cell carcinoma in a puppy.
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et  al.,  2018). Radiation therapy may also be used as a mono-
therapy and is the other most common treatment applied (Mosca 
et al., 2021; van der Steen & Zandvliet, 2021). Cyclooxygenase 1 
and 2 overexpression has been demonstrated in oral SCC; there-
fore, piroxicam was suggested to be added in the treatment pro-
tocol (Schmidt et al., 2001). Small non-tonsillar SCC tumours 
not involving the bone are also well responsive to ECT (Simčič 
et al., 2019).

Squamous cell carcinoma is the most common oral tumour in 
cats (Bilgic et al., 2015). It is an invasive epithelial tumour with 
moderate metastatic potential that bears, as opposite to dogs, a 
guarded prognosis, especially for lingual, sublingual and tonsillar 
SCC (Gieger & McEntee, 2020). There is still limited evidence 
on the involvement of papilomaviruses and environmental fac-
tors in the pathogenesis of SCC (Noall et  al.,  2023; Sequeira 
et al., 2022; Zaccone et al., 2022).

Due to lesions being many times detected late, the treatment 
is usually palliative in intent with appropriate pain control and 
feeding support. If lesions are detected in early stages, surgery 
is the main treatment approach (Gieger & McEntee,  2020). 
Anecdotally, cats do not tolerate jaw surgery as good as dogs, 
but this has not been confirmed – although most cats experi-
ence hyporexia after extensive maxillofacial surgery, most of them 
will return to function with an appropriate post-operative man-
agement (Boston et al., 2020; Liptak et al., 2021). SCC in cats 

is also relatively radiosensitive, and radiation therapy has been 
shown to at least improve quality of life in cats affected by oral 
SCC. Although a protocol combining medical anti-angiogenic 
chemotherapy and radiation therapy was shown to result in sig-
nificantly longer median progression-free interval and median 
overall survival time, almost a third of cats experienced severe 
toxicity and the authors concluded, that the protocol cannot be 
routinely recommended (Marconato et al., 2020). New immu-
notherapy approaches are also emerging to combat SCC in cats 
(Giuliano, 2021).

Malignant melanoma (MM) is a malignant invasive tumour 
that metastasises early, mostly into the regional lymph nodes 
and lungs (Proulx et  al.,  2003). Clinically, MM may present  
as a pigmented mass (Fig  139), but other clinical presenta-
tions (e.g. pigmented or non-pigmented masses or ulcers) are 
possible affecting either dentate jaws, tongue or oral mucosa. 
Pathohistology of MM may be complicated, and immunohisto-
chemistry is often indicated (Gieger & McEntee, 2020; Smedley 
et al., 2022). Prognosis is guarded, but with multimodal treat-
ment approaches, MM is becoming a relatively chronic dis-
ease. Also, dogs with tumours smaller than 8 cm3, located on 
the rostral mandible or caudal maxilla, and/or tumours having  
a mitotic index ≤3 have longer remission duration and  
survival regardless of the treatment (Gieger & McEntee, 2020) 
and additional prognostication factors are being researched 
(Smedley et  al.,  2022). Curative-intent surgery is the gold 
standard of local disease control, but surgery may improve sur-
vival times regardless of margins, especially if combined with 
other treatment modalities (Giacobino et  al.,  2021; Gieger & 
McEntee, 2020; Pazzi et al., 2022; Raleigh et al., 2021). Surgery 
may be complemented with radiation therapy or radiation ther-
apy may be used as a sole treatment (Baja et al., 2022; Gieger 
& McEntee, 2020). Malignant melanoma is considered a very  
immunogenic neoplasm, and several immunotherapy approaches 
are being developed, such as canine melanoma vaccine (Gieger 
& McEntee,  2020; Turek et  al.,  2020), electrovaccination 
(Giacobino et  al., 2021; Piras et  al., 2017) or combination of 
immunotherapy with radiotherapy for metastatic disease con-
trol (Deguchi et  al.,  2023). Small MM not involving bone in  
dogs has recently been shown to be well responsive also to ECT 
(Tellado et al., 2020).

FIG 138. Dental radiograph of the left caudal maxilla of the dog from 
figure 139 with a papillary SCC.

FIG 139. (A, B) Oral melanoma of the left rostral mandible and corresponding dental radiograph in a dog.

A B
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Oral MM is an uncommon malignant tumour in cats and 
data on the treatment outcomes (which can generally be simi-
lar to those used in dogs, including the canine melanoma vac-
cine) are scarce (Briggs et al., 2023; Farrelly et al., 2004; Sarbu 
et al., 2017).

Fibrosarcoma (FSA) (Fig 140) is the third most common oral 
tumour in dogs and may affect puppies, especially of the large 
breeds. A “high–low” FSA variant may affect certain dogs, espe-
cially Golden retrievers. This variant is biologically very aggressive,  
yet it looks pathohistologically benign (benign fibrous connective 
tissue). FSA is locally highly invasive; hence, local disease control 
is difficult, which makes the prognosis guarded. Metastases are  
relatively rare (Gieger & McEntee, 2020). Dogs with FSA of the 
maxilla/mandible not involving the palate, stage I FSA, wide resec-
tion, clean margins and low-grade FSA have a better prognosis. 
For FSA, surgery alone results in a relatively high-local recurrence  
rate and radiation therapy plays a role in FSA management – either 
as an adjunct treatment to surgery (prolonging survival) or as a  
monotherapy (Frazier et al., 2012; Gardner et al., 2015; Gieger & 
McEntee, 2020; Martano et al., 2018).

In cats, FSA is the second most common tumour in the oral 
cavity and may be difficult to differentiate from other spindle cell 
neoplasms or even reactive processes (Gieger & McEntee, 2020; 
Harvey et  al.,  2022). Similar to FSA in dogs, this is a locally 
highly invasive neoplasm which metastasises rarely and late in 
the disease course. Prognosis is guarded due to difficulties in con-
trolling the disease locally, as the required margins for surgical 

resection should be at least 2 cm, but preferably wider (Gieger & 
McEntee, 2020; Liptak et al., 2021).

Many other non-odontogenic tumours can affect the oral cav-
ity and maxillofacial region (alone or as a part of systemic disease) 
such as extramedullary plasmacytoma (Evenhuis et  al.,  2023), 
lymphoma (Evans et  al.,  2023; Nemec et  al.,  2012), mast cell 
tumour (Elliott et  al.,  2016), transmissible venereal tumour of 
dogs (Bright et  al.,  1983), osteosarcoma (Farcas et  al.,  2014), 
multilobular osteochondrosarcoma (Banks & Straw,  2004; 
Vedrine, 2023), liposarcoma (Piseddu et al., 2011), hemangiosar-
coma (Dennis et al., 2006), osteoma (Fiani et al., 2011; Volker & 
Luskin, 2014), feline restrictive orbital myofibroblastic sarcoma 
(Bell et al., 2011), and biopsy is always needed to determine the 
nature of the lesion.

Similarly, several non-neoplastic and/or proliferative 
lesions such as gingival enlargement (Fig  141) (Murphy  
et al., 2020; Roy et al., 2020), early-onset (proliferative) gin-
givitis (Soltero-Rivera et  al., 2023), eosinophilic granuloma 
complex (Fig 142) (Mendelsohn et al., 2019; Soltero-Rivera 
et al., 2023), viral papillomatosis and odontogenic cysts can 
affect the oral cavity and maxillofacial region. Neoplastic 
and non-neoplastic lesions can clinically appear very  
similar (Soltero-Rivera et al., 2015). Therefore, biopsy of any 
newly observed lesion has to be performed as soon as possible  
and pathohistology results compared with the clinical and 
imaging appearance of the lesion to reach the final diagnosis 
(Regezi & Verstraete, 2020).

FIG 140. (A, B) Fibrosarcoma of the rostral mandibles and corresponding dental radiograph in a dog.

A B

FIG 141. (A, B) Gingival enlargement (GE) in a cat (A) and dog (B).

A B
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Key points
•	Benign and malignant conditions can appear very similar clini-

cally; therefore, biopsy for histopathology is mandatory and 
clinical-pathological correlations considered.

•	The most common oral malignant tumour in the dog is MM 
followed by SCC.

•	The most common feline oral malignancy is SCC followed by 
FSA.

•	Before any treatment is attempted, complete staging of the dis-
ease is needed.

•	Prompt and aggressive therapy offers the best chance for cure, 
and therefore, regular oral examinations are necessary.

•	Surgical excision is mostly still the primary treatment of choice 
for most oral tumours, with the surgical margins planned based 
on the type of the tumour.

•	Radiation therapy, immunotherapy, electroporation-based 
treatments, photodynamic therapy and/or (metronomic) che-
motherapy are nowadays also used in the multimodal treat-
ment approach to oral tumours.

SECTION 2: ANIMAL WELFARE ISSUES 
CONCERNING DENTAL HEALTH

Introduction
Globally, veterinarians take an oath to promote animal health 
and welfare as a fundamental part of their professional and ethi-
cal responsibilities. Central to evaluating animal welfare are five  
essential principles, commonly referred to as the Five Freedoms. 
These principles emphasise the importance of minimising an ani-
mal’s stress, fear, suffering and pain, as well as allowing them to 
exhibit natural behaviours (Brambell, 1965). Additionally, con-
cerns regarding animals’ quality of life arise when they are sub-
jected to stimuli and physiological challenges beyond their coping 
abilities (Fraser et al., 1997). Providing regular, high-quality dental  
care is crucial for ensuring optimal health and quality of life in 
veterinary patients. If dental and oral conditions are not properly 
treated, they can lead to persistent pain, contribute to severe local 
or systemic diseases (DeBowes et al., 1996; Finch et al., 2003; 
Gawor, 2013b; Niemiec, 2013f; Pavlica et al., 2008) and poten-
tially hinder the natural expression of oral and facial behaviours  
(Palmeira et  al.,  2017). Neglecting to adequately address these 
conditions can significantly impair an animal’s welfare, which 

veterinarians must take into account when determining the 
appropriate level of care for their patients.

Prevalence of dental disease
In the past, it was widely believed that companion animals needed 
minimal, if any, dental care. It is now recognised that dental dis-
ease ranks among the most prevalent medical issues in dogs and 
cats. Research indicates that more than 80% of dogs and 70%  
of cats show signs of periodontitis by the age of two (Fernandes 
et al., 2012; Kortegaard et al., 2008; Lund et al., 1999; Marshall 
et  al.,  2014). Additionally, 10% of dogs experience fractured 
teeth with painful pulp exposure, known as complicated crown  
fractures (Chidiac et al., 2002; Golden et al., 1982). It is further 
estimated that 50% of large-breed dogs have minor fractures, 
termed uncomplicated crown fractures, which expose painful 
dentine (Hirvonen et  al.,  1992) (see Tooth fractures section). 
Bellows  (2010b) also found that oral resorptive lesions clini-
cally affect between 20% and 75% of mature cats, depending 
on the population studied. Within the canine population, preva-
lence of periodontal disease is increased in certain breeds associ-
ated with human created anatomical changes. Notable increased  
periodontal disease occurs in toy breeds, brachycephalic breeds 
and Greyhounds (McLeod, 2021; O’Neill et  al.,  2021; Wallis, 
Milella, et al., 2021). As a result, a significant number of veteri-
nary patients are suffering from considerable pain, infection or 
both daily.

Associations with pain and suffering
Pain is a highly individualised experience, and the behaviours asso-
ciated with pain can vary greatly between species. In humans, it 
is well documented that dental pain can be severe (Bender, 2000; 
Hasselgren, 2000; Hargreaves & Kaiser, 2004). Numerous stud-
ies have linked dental pain in humans to decreased productivity, 
disrupted sleep and significant social and psychological impacts 
(Anil et al., 2002; Choi & Flynn, 2017; Heaivilin et al., 2011; 
Reisine et  al.,  1989). While animals may display fewer behav-
iours directly attributable to oral pain, it is likely that their 
experience of pain and infection is just as significant (Cohen & 
Brown, 2002; Holmstrom et al., 1998d; Niemiec, 2005a), con-
sidering that pain thresholds in humans and animals are quite 
similar (Bennett & Xie, 1988; Rollin, 1989).

Non-human mammals have proven to be excellent models 
for studying dental pain in humans (Le Bars et  al., 2001) and 
have been extensively used in nociception research. In studies 
of human pulpitis – a condition known to cause severe pain – 
small rodents have been found to be effective models. Observable 
and repeatable behavioural changes due to pulpal pain include 
reduced weight gain, longer meal completion times, shaking, 
open-mouthed facial grimaces, freezing and decreased activity 
(Chidiac et  al., 2002; Chudler & Byers, 2005). Dogs and cats 
have also been used to demonstrate behavioural changes associ-
ated with both pulpal and non-pulpal pain (Le Bars et al., 2001). 
Interestingly, despite the common belief among veterinary pro-
fessionals and pet owners that dental pain would lead to a sig-
nificant decrease or complete cessation of appetite, this has not 
been published as of the writing of this paper. Further research 

FIG 142. Eosinophilic granuloma complex in a cat.
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is strongly encouraged to better understand oral pain and how it 
should be assessed in companion animals.

There is a strong belief within the veterinary community that, 
even if it is not always possible to definitively prove that an ani-
mal is in pain, we should always aim to alleviate any suspected 
pain (Matthews et al., 2014). When oral pain is reasonably sus-
pected, it is recommended that effective therapy be administered 
to relieve this pain. While pharmaceuticals may provide tempo-
rary relief, the only definitive way to eliminate pain is to address 
the underlying issue with appropriate dental treatment.

Behaviour changes noted
Behavioural scoring systems designed to evaluate pain are avail-
able for a variety of systems and species (Matthews et al., 2014) 
and are discussed in more detail in the Anaesthesia section. 
However, it is crucial to acknowledge that indicators of dental 
pain are often subtle and nonspecific.

Conditions that may cause oral pain in our patients include 
periodontal disease, fractures of the teeth and jaw, tooth resorp-
tion, caries, traumatic malocclusions, feline orofacial pain  
syndrome and certain oral neoplasms. It is important for prac-
titioners to recognise that the absence of significant behavioural 
changes does not equate to the absence of pain, nor does it dimin-
ish the potential severity of the condition. Many dogs and cats  
do not outwardly exhibit the pain they endure daily in ways that 
are easily noticeable or interpretable by their owners or veterinar-
ians (Merola & Mills,  2016). Behaviours commonly associated 
with dental pain include pawing at the mouth, rubbing the face, 
drooling, alterations in mouth movements and a slight decrease 
in appetite (Rusbridge & Heath, 2015).

Interpreting behavioural signals of oral pain can be challeng-
ing, yet it is a simple fact that animals will continue to eat despite 
experiencing severe and debilitating dental pain. The need for 
nourishment to survive often outweighs the instinct to avoid 
pain. It is important to remember that while many animals will  
still engage in normal oral behaviours, such as playing with toys, 
marking with facial glands or exploring their environment with 
their mouths, despite dental pain, some may be hindered from 
expressing these natural and essential behaviours due to chronic 
discomfort. Furthermore, clients often report greater satisfaction  
when they know their pets are not in pain (McElhenny, 2005). 
Regardless of whether behavioural changes are observed, the 
underlying pain should never be a condition that animals are 
expected to endure, either by the veterinary community or by 
pet owners.

Although a definitive guide for assessing behavioural changes 
due to oral disease and discomfort is not yet available, the 
authors strongly recommend that this is an area that warrants 
further research. On the feline front, a promising opportunity 
for assessing feline oral pain has emerged with the Feline Grimace 
Scale, which can be utilised to assist both veterinary teams and 
pet parents to evaluate post-surgical oral pain and potentially 
ongoing oral discomfort (Evangelista et al., 2019: Evangelista & 
Steagall, 2021; Steagall et al., 2023; Watanabe et al., 2020).

Physiological signs of stress
Endodontic and periodontal diseases can impose a significant bac-
terial burden on the body (DeBowes et al., 1996; Niemiec, 2012b, 
2013f ). Unchecked pain and infection can trigger the body’s 
natural stress responses, potentially leading to harmful conse-
quences (Broom,  2006). While these stress responses may be  
adaptive in the short term, chronic stress can have detrimental 
effects on multiple body systems. The first signs of compromised 
immune function may manifest as an acute stress leukogram, 
progressing to leukopenia and immunosuppressive inflammatory  
cytokine changes with chronicity (Hekman et al., 2014). Several 
publications have linked chronic stress responses to decreased 
ability to eliminate bacterial infection and increased susceptibil-
ity to disease in humans and mice (Biondi & Zannino,  1997; 
Karin et  al.,  2006; Kiank et  al.,  2006). Untreated dental dis-
ease can lead to chronic inflammation and infection of the oral  
tissues (Niemiec, 2013f ). As in other areas of the body, unchecked 
infection is an ethically unacceptable condition to leave without 
appropriate therapy.

Client education matters
As veterinarians, we bear the responsibility of actively diagnosing, 
treating and alleviating pain and suffering in our animal patients.  
When clients resist our proposed treatment plans, further edu-
cation may enhance their understanding of the decreased wel-
fare associated with the animal’s condition and could improve  
compliance with our recommendations. Allowing untreated den-
tal disease to persist, causing ongoing pain, without intervention 
represents a significant concern for animal welfare.

At the practitioner level, a basic questionnaire or discussion 
with the owner during routine health examinations should address 
current oral and facial behaviours and any changes observed, with 
this information documented in the patient’s medical records. 
Although many owners and veterinarians believe that oral pain 
typically leads to decreased appetite (and its absence might result 
in misreporting changes), we urge practitioners to adopt a broader 
perspective on the various changes that can occur as a result of 
oral disease (Table 1) (DeForge, 2009). When collecting a his-
tory from an owner, veterinarians should avoid asking leading 
or closed-ended questions and instead encourage the owner to 
reflect on any changes they might have noticed. Equally impor-
tant is the follow-up on these or any additional changes observed 
by the owner after professional dental treatment. A follow-up at 
2 weeks and again at 2 months is generally recommended to fully 
assess the improvements following therapy.

Welfare implications of veterinary handling 
techniques
The welfare needs of our patients begin the moment they enter 
our practice. Dental procedures must be performed by properly 
trained veterinary professionals, ensuring gentle and humane han-
dling at all times. Low-stress and feline-friendly handling tech-
niques are recommended during the initial examination and the 
administration of anaesthetic agents, with established guidelines 
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available in numerous publications (Carney et al., 2012; Herron 
& Shreyer, 2014; Rodan et al., 2011; Yin, 2009). The human–
animal bond is delicate, and fear experienced during handling 
for veterinary procedures can quickly disrupt this bond (Knesl 
et al., 2016). Educating and committing to reducing stress asso-
ciated with handling during oral examinations and related dental 
procedures must be prioritised when addressing dental disease in 
our patients.

All procedures involving the oral cavity, including professional 
teeth cleaning, should be conducted under general anaesthesia 
with a secured airway (endotracheal intubation). All safety pre-
cautions, monitoring protocols and standards outlined in the 
Anaesthesia section must be followed.

To prevent excessive pain and swelling post-procedure, gentle, 
efficient and thoughtful tissue handling (minimally invasive sur-
gery) is recommended. Additionally, the appropriate choice of, 
or complete avoidance of, mouth gags may help prevent trauma. 
The use of local and regional anaesthetic blocks, as well as ade-
quate pre- and post-operative pain management, is crucial for 
controlling pain that may arise from proper dental therapy.

Welfare implications of anaesthesia–free dentistry
Veterinary organisations worldwide agree that performing dental 
procedures without anaesthesia, referred to here as anaesthesia-
free dentistry (AFD), also known as non-anaesthetic dentistry or 
natural dentistry, offers no medical benefits (Stella et al., 2018). 
Animal welfare experts assert that preventable and predictable 
pain, stress and anxiety should be addressed during veterinary 
care for ethical and moral reasons. Accurate assessment of peri-
odontal health requires thorough periodontal probing, which is 
difficult to perform on an awake animal, particularly on the cau-
dal teeth and all lingual/palatal surfaces due to challenges such as 
animal movement, tongue interference and visualisation difficul-
ties. While such a procedure might cause minimal pain and stress 
in healthy individuals, probing diseased tissues, like resorptive 
lesions, triggers a significant and predictable pain response. It is 

rarely possible to accurately predict which animals will experi-
ence pain during probing based on visual cues alone, making it 
difficult for a practitioner to ensure that the process will not be 
painful or stressful.

Furthermore, those performing dental procedures with-
out anaesthesia cannot carry out a radiological examination of 
the subgingival anatomy, which is considered essential in Tier 
Three countries for a comprehensive evaluation. Without proper 
evaluation of both the supra- and subgingival areas, meaning-
ful treatment cannot be provided, leading to untreated persis-
tent infections, inflammation and pain despite a cosmetically 
improved oral appearance. This not only renders the procedure 
ineffective in alleviating pain and infection but also creates a false 
sense of security for the owner, potentially delaying appropriate 
professional care.

This directly contradicts the welfare benefits and quality of 
life improvements central to these guidelines. Additionally, the 
stress or discomfort associated with this time-consuming cos-
metic procedure is entirely avoidable with the use of appropriate 
anaesthesia, making the practice indefensible from both a medi-
cal and ethical perspective. As such, the WSAVA strongly opposes 
the practice of performing veterinary dental procedures without 
appropriate anaesthesia, as it is inadequate and fails to meet the 
standard of care required, potentially misleading pet owners.

Higher education welfare applications
Veterinary dental care is a crucial component of preventive health-
care, yet it remains largely neglected within the veterinary edu-
cational system. The majority of veterinarians surveyed from 
multiple global geographies spanning most continents identi-
fied that education in dentistry, from both a technique as well as 
the effects of dental and oral diseases on an animals’ welfare and 
behavioural health, is grossly underserved (Endenburg et al., 2022; 
Endenburg & van Lith, 2023). As highlighted in these Guidelines, 
universities play a vital role in educating and promoting opportu-
nities for learning not only diagnostic and therapeutic techniques 
in dentistry but also in recognising oral pain and associated behav-
ioural changes. Without educational reform and prioritisation, the 
welfare and quality of life improvements that could be achieved 
through enhanced dental care will be hindered.

Conclusions
As advocates for humane animal husbandry and veterinary care, 
the veterinary profession must strive to continually improve how 
we safeguard the welfare of our animal patients. We must per-
sist in advocating for optimal oral health in companion animals, 
promoting proper dental care and educating our clients on the 
critical importance of dental health for their pets’ daily welfare. 
By adhering to the five tenets of animal welfare, regular dental 
examinations and appropriate therapy will address infections, 
control pain, relieve suffering and allow for the return of normal 
behaviour.

Key points
•	Modern animal welfare science expects veterinarians to cham-

pion animal health initiatives that reduce pain, stress, suffering 

Table 1. Possible observable changes associated with 
dental pain

•	 Changed patterns of contact: pet with owner
•	 Hypersalivation
•	 Aggression
•	 Withdrawal
•	 Disturbances in sleep pattern
•	 Reduced grooming
•	 Changes in eating behaviour
•	 Change in food preference-hard to soft
•	 Food tossing into mouth: swallowing food whole
•	 Chewing on one side of mouth only
•	 Smacking of lips
•	 Mouth chattering
•	 Tooth grinding: especially in feline
•	 Tongue hanging out of mouth
•	 Change in play behaviour
•	 Blood in food or water bowl
•	 Bloody discharge from nose
•	 Rubbing face or pawing at face
•	 Hair loss noted around muzzle
•	 The feline withdrawing from cheek rubbing for affection
•	 Dropping food outside of the food bowel-reluctance to masticate
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and fear while allowing our patients to express natural behav-
iours.

•	Dental disease is one of the most common medical conditions 
in companion animals, with significant welfare implications if 
left undiagnosed and untreated.

•	Untreated dental disease can lead to chronic pain, persistent 
infections, physiological and immunological stress, severe local 
and systemic disease and hinder natural behavioural expres-
sion.

•	Behavioural changes resulting from oral pain can be subtle and 
nonspecific, often not including appetite loss as commonly 
believed and should be discussed and evaluated with owners 
both before and after dental procedures.

•	Proper handling techniques before, during and after dental 
procedures are vital to maintaining the human–animal bond 
and minimising both physical pain and psychological distress.

•	The WSAVA Dental Guidelines Committee strongly opposes 
anaesthesia-free dentistry, asserting that it provides substan-
dard care that can result in significant welfare and quality of 
life concerns.

•	Veterinarians must change how they discuss dental disease and 
improve advocacy for patients to help clients understand the 
welfare issues associated with inadequate dental care, including 
pain, infection and disease risk in their companion animals.

SECTION 3: ANAESTHESIA AND PAIN 
MANAGEMENT

Introduction
Dental disease is considered one of the most important sources 
of chronic pain in dogs (Bell et  al.,  2014) and cats (Palmeira 
et  al., 2022). These disorders often create significant pain and 
inflammation with an ultimate impact on quality of life (QoL), 
nutritional status and patient welfare. However, outward clini-
cal signs of distress are not always noted, and thus most pets 
suffer unnecessarily (Niemiec,  2012a) (see Oral Anatomy and 
Common Pathology section).

The WSAVA Global Pain Council has published extensive 
guidelines on the prevention, assessment and treatment of pain in 
companion animals. This document can be downloaded at https://​
onlin​elibr​ary.​wiley.​com/​doi/​10.​1111/​jsap.​13566​ (Monterio et al., 
2022) and should be used as supplemental reading material to the 
WSAVA Dental Standardisation, WSAVA Nutritional Assessment 
(Freeman et al., 2011) and WSAVA Welfare (Ryan et al., 2019) 
guidelines.

Oral and maxillofacial disorders require general anaesthesia 
for appropriate clinical and radiographic examination and treat-
ment. Professional oral care, including dental cleanings, is gener-
ally associated with mild pain. More invasive dental procedures, 
such as advanced periodontal therapy, tooth extractions, root 
canal therapy and oral surgeries such as mandibulectomy/max-
illectomy and jaw fracture repair, are typically associated with 
moderate to severe pain. Proper anaesthesia and effective analge-
sia play a crucial role in dentistry.

This section provides recommendations and suggests the best 
practices in anaesthesia and pain management for canine and 
feline patients with oral/dental diseases. Some review articles 
have been published elsewhere with additional information on 
the subject (Beckman, 2013; de Vries & Putter, 2015; Niemiec 
et al., 2020; Woodward, 2008b).

Position on “anaesthesia-free dentistry”

Anaesthesia-free dentistry has been advocated by some lay people 
and veterinarians for routine preventive dentistry. The American 
College of Veterinary Anesthesia and Analgesia has published 
a position statement on this issue (https://​acvaa.​org/​wp-​conte​
nt/​uploa​ds/​2019/​05/​Anest​hesia_​Free_​Denti​stry.​pdf ) which is  
aligned with the standards of the American Animal Hospital 
Association (AAHA), the European Veterinary Dental Society 
(EVDS) and the American Veterinary Dental College (AVDC). In 
addition, the American Veterinary Medical Association (AVMA)  
position statement reported that “when procedures such as peri-
odontal probing, intraoral radiography, dental scaling and den-
tal extractions are justified by the oral examination, they should 
be performed under anaesthesia” (https://​www.​avma.​org/​resou​
rces-​tools/​​avma-​polic​ies/​veter​inary​-​denti​stry). The Australian 
Veterinary Association published a position statement considering 
AFD dentistry as a matter of welfare: “Anaesthesia-free dentistry  
is highly likely to negatively affect the welfare of the animal and 
have negative psychological and behavioural consequences. It also 
poses a risk of injury to the operator. It is not possible to perform 
a professionally thorough and complete dental examination in the  
fully conscious animal; general anaesthesia is required in dogs and 
cats” (http://​www.​ava.​com.​au/​node/​85991​).

The WSAVA Dental Standardisation Committee strongly 
opposes this practice, and reasons are discussed in the welfare and 
prophylaxis area as well as its own section. From an anaesthesia 
perspective, some other reasons are discussed below:

•	The risks of anaesthesia in healthy or even mildly compromised 
pets are low, especially when performed by trained individuals 
and avoiding anaesthesia is not a valid concern.

•	Sedation is not always safer than general anaesthesia and vet-
erinarians/owners are not always aware of this issue. Some 
sedatives that are required for chemical restraint are often 
contraindicated in particular cases. Most importantly, cardio-
pulmonary monitoring may not be easily achieved during seda-
tion.

•	Oral and dental procedures may increase the prevalence of aspi-
ration of blood, saliva and debris, which can occur in animals 
under sedation because the airways are not protected.

•	General anaesthesia allows airway protection, appropriate ven-
tilation and close monitoring of the cardiorespiratory function. 
Anaesthetic protocols can be adjusted on a case-by-case basis.

•	Analgesia is usually not provided in AFD.
•	The goal is to provide great quality of care for animals and cli-

ents. We can do better as a profession and AFD is not part of 
this concept.
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•	General anaesthesia is required for complete diagnosis and 
treatment of dental disease (Wallis et al., 2018).

•	Senior pets may require general anaesthesia for dental care 
procedures. Old age alone is not a contraindication of general 
anaesthesia. If necessary, geriatric pets can safely undergo a 
variety of anaesthesia events (Dhaliwal et al., 2023).

Patient preparation and assessment

Good anaesthetic management starts with good planning. A 
proper pre-anaesthetic examination assesses the suitability of a 
patient for anaesthesia and provides an appreciation of risk fac-
tors. It will help in the prevention of complications and deter-
mine equipment/material requirements. The Association of 
Veterinary Anaesthetists has published a checklist for preparation 
of anaesthesia (http://​www.​ava.​eu.​com/​ information/checklists). 
This includes patient identification, history, signalment, iden-
tification of concomitant diseases and medications, physical 
examination, risks associated with surgical procedures, fasting,  
risk assessment and equipment/material set-up/check-up. In gen-
eral, the risk of anaesthetic-related death in dogs and cats varies 
between 0.05 and 0.3% (Brodbelt et al., 2007, 2008; Monterio 
et  al.,  2022). Morbidity and mortality are greater in patients 
with poor anaesthetic risk assessment (ASA ≥ III) demonstrating 
the importance of pre-anaesthetic assessment and health status  
classification (Brodbelt et al., 2008). If possible, canine and feline 
individuals with coexisting disease should be stabilised before 
general anaesthesia with the administration of fluids and correc-
tion of electrolyte and acid–base disturbances.

Serum chemistry and haematology, and additional imaging 
examination are recommended when abnormalities are identi-
fied from the history and physical examination and in patients 
with coexisting diseases. This may also represent a unique chance 
for the patient to get a “work-up” and a closer investigation into 
its general health. However, results of serum chemistry and hae-
matology will rarely impact anaesthetic protocols, and blood 
sampling can be a significant source of stress for some patients 
(Alef et  al.,  2008). Preoxygenation is recommended for geriat-
ric patients with cardiovascular disease or pulmonary disease 
(Dhaliwal et al., 2023).

Mouth gags in cats

Mouth gags have been reported as a risk factor during anaes-
thesia in cats and as a cause of temporary and permanent post-
anaesthetic blindness following oral procedures (de Miguel 
Garcia et al., 2013; Stiles et al., 2012). Mouth gags apply a con-
tinuous force against the teeth of the maxilla and mandible which 
may compress the maxillary artery which provides blood flow/
oxygenation to the retina and brain in cats. Excessive opening 
of the mouth narrows the distance between the medial aspect of 
the angular process of the mandible and the rostrolateral border 
of the tympanic bulla; the maxillary artery courses between these 
two osseous structures (Barton-Lamb et al., 2013; Martin-Flores 
et al., 2014; Scrivani et al., 2014). This is particularly true with 
spring-loaded mouth gags; therefore, these should not be used. 

Alternative methods such as properly sized plastic gags (e.g. cut 
syringe barrels) may be considered, however, their use should be 
minimised and must be released/removed periodically.

Anaesthetic management

Anaesthetic protocols should be tailored to the patient needs 
based on individual requirements, risk assessment, coexist-
ing disease and drug availability. The goal of premedication is 
to produce anxiolysis, pain relief and muscle relaxation while 
decreasing anaesthetic requirements and providing smooth 
anaesthetic induction and recovery. In addition, it can decrease 
the endocrine stress response to surgery and facilitate intravenous 
catheterisation.

Neuroleptanalgesia is the combination of a sedative/neuro-
leptic with an opioid, and it aims to decrease doses and adverse 
effects of both classes of drugs while maximising their benefi-
cial effects. Protocols for sedation and premedication commonly 
include a combination of an opioid with either acepromazine, 
dexmedetomidine or a benzodiazepine (e.g. diazepam or mid-
azolam); however, the administration of an opioid alone, or in 
combination with a benzodiazepine, is often used in ASA III or 
IV patients with coexisting disease. Suggested indications, advan-
tages and disadvantages of drugs used for sedation and premedi-
cation are described in Table 2.

Anaesthetic induction can be accomplished via administration 
of propofol, alfaxalone, thiopental, etomidate or a combination 
of ketamine/diazepam. Each anaesthetic agent has its own advan-
tages and disadvantages (Table 3) and drugs should be given “to 
effect” to minimise cardiorespiratory depression.

Volatile anaesthetics (e.g. isoflurane and sevoflurane) are the 
preferred method for anaesthetic maintenance. However, high 
concentrations of volatile anaesthetics can produce peripheral 
vasodilation, reduce myocardial contractility and cardiac output, 
which debilitated patients may not tolerate (Park et  al., 2025). 
Hypotension can be best avoided with reduced anaesthetic con-
centrations by using balanced anaesthesia; drugs that decrease 
volatile anaesthetic requirements and provide good haemody-
namic stability and analgesia (e.g. opioid infusions or boluses) 
(Gutierrez-Blanco et al., 2013; Steagall et al., 2015). This is espe-
cially important in cases where geriatric or compromised patients 
are involved. This population has decreased physiological reserves, 
and anaesthetic drugs commonly produce a significant impact in  
body systems, which could have dramatic consequences. Eyes 
should be lubricated on at least an hourly basis since tear produc-
tion is reduced during sedation and general anaesthesia.

In geriatric patients, surgeons are advised to be available dur-
ing anaesthesia induction to minimise the patient’s time under 
general anaesthesia. Titration of the anaesthetic dose is required 
when anaesthetising elderly pets because they may require lower 
doses (Dhaliwal et al., 2023).

Limited drug availability

Volatile anaesthesia is not always available, and opioids may 
be under strict regulation and control to veterinarians in many 
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countries. The WSAVA therapeutic guidelines group have pub-
lished guidelines a global survey on the availability of core essential  
medicines for cats and dogs with the WSAVA member associa-
tions (https://​wsava.​org/​wp-​conte​nt/​uploa​ds/​2023/​04/​A-​GLOBA​
L-​SURVE​Y-​ON-​THE-​AVAIL​ABILI​TY-​OF-​CORE-​ESSEN​
TIAL-​MEDIC​INES-​FOR-​CATS-​AND-​DOGS-​WITH-​THE-​
WORLD​-​SMALL​-​ANIMA​L-​VETER​INARY​-​ASSOC​IATIO​N-​
MEMBE​R-​ASSOC​IATIO​NS.​pdf).

•	Optimal anaesthetic/oral care is still possible with the use of 
injectable anaesthetic protocols (e.g. xylazine, ketamine and 
diazepam combinations, and protocols involving tiletamine-
zolazepam).

•	General anaesthesia requires endotracheal intubation in the 
dental patient.

•	Ideally, the administration of fluid therapy/oxygen and ade-
quate monitoring of anaesthesia and body temperature should 
be performed.

•	Local anaesthetic blocks are widely available and imperative in 
perioperative pain management (see Table 4).

•	NSAIDs are also readily available and play an important role in 
controlling post-operative pain and inflammation when other 
modalities are unavailable.

•	Injectable tramadol is available in many countries in South 
America and Europe and can be an effective alternative if opi-
oids are not available, particularly in cats.

Table 2. Drugs used for sedation, premedication and chemical restraint in dogs and cats*
Drug Dosage regimens** Comments

Acepromazine 0.01 to 0.05 mg/kg im, iv, sc Mild sedation in cats
Higher doses will not necessarily increase magnitude of effects; however, duration of 

action may be increased
Poor absorption after IM administration
Commonly used in combination with ketamine or propofol for anaesthetic induction 

commonly used in combination with ketamine or propofol for anaesthetic induction 
Sedation when (dex) medetomidine not available

Vomiting and nausea are commonly produced
Lower doses are used for sedation and neuroleptanalgesia while high doses are 

administered for anaesthesia in combination with ketamine and opioid (“doggy” or “kitty 
magic”) when volatile anaesthesia is not available

Higher doses may be required for chemical restraint of feral dogs and cats see 
dexmedetomidine

Half-potency of dexmedetomidine (doses are doubled) Buccal administration produces 
excessive salivation in cats

Ketamine may be exceptionally used for sedation/chemical restraint in cats when 
combined with midazolam and an opioid

Oral administration is an option feral cats
Alfaxalone may be exceptionally used for sedation in cats when combined with midazolam 

and an opioid

Diazepam†† 0.2 to 0.5 mg/kg iv
Midazolam†† Xylazine 0.2 to 0.5 mg/kg im or iv

0.2 to 0.5 mg/kg im, iv
Dexmedetomidine 1 to 10 μg/kg im, iv

10 to 20 μg/kg (otm) (cats)
Medetomidine 6 to 20 μg/kg im, iv
Ketamine 3 to 10 mg/kg im or po
Alfaxalone 0.5 to 1 mg/kg im

*Lower doses should be given when the intravenous route is chosen
**Use in dentistry
††Paradoxal sedation is commonly observed after the administration of benzodiazepines in young, healthy patients

Table 3. Drugs used for anaesthetic induction and injectable anaesthesia*
Drug Dosage regimens Comments

Alfaxalone** 0.5 to 3 mg/kg iv Doses are given to effect
Up to 3 to 5 mg/kg 

(unpremedicated iv)
Cardiorespiratory depression can be observed patients

Recoveries can be agitated (see drug’s label)
Propofol** 0.5 to 4 mg/kg iv Higher doses (6 to 8 mg/kg) may be required in cats

Caution in hypovolemia and patients with cardiopulmonary disease
Some formulations have preservatives which promote long shelf-life
Anaesthetic choice in nephropathies and hepatopathies

Ketamine** 2 to 5 mg/kg (induction) iv Commonly used in combination with diazepam or midazolam for anaesthetic induction 2 to 20 μg/kg/
minute (infusion in balanced Should never be administered alone anaesthesia) iv

Anti-hyperalgesic effects via N-methyl d-aspartate (NMDA) receptor antagonism
Good cardiopulmonary stability
Potentially difficult anaesthesia recoveries

Thiopental** 2.5 to 5 mg/kg iv Used when other agents are not available Cardiopulmonary depression
Drug accumulation (e.g. hypothermia, hepatopathy, nephropathy) may lead to prolonged anaesthesia 

recovery
Strictly given IV (otherwise risk of phlebitis and severe skin necrosis)

Tiletamine-
zolazepam**

1 to 2 mg/kg iv Option when volatile anaesthetic is not available
Analgesics should be administered for pain control
Potential prolonged and rough recoveries
Similar pharmacological profile to ketamine

*Specific information on these anaesthetic agents should be found in appropriate text books
**Doses are given to effect. The level of sedation should be assessed before induction of anaesthesia to determine best dosage regimens of each agent. These drugs have all their unique 
advantages and disadvantages

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://wsava.org/wp-content/uploads/2023/04/A-GLOBAL-SURVEY-ON-THE-AVAILABILITY-OF-CORE-ESSENTIAL-MEDICINES-FOR-CATS-AND-DOGS-WITH-THE-WORLD-SMALL-ANIMAL-VETERINARY-ASSOCIATION-MEMBER-ASSOCIATIONS.pdf
https://wsava.org/wp-content/uploads/2023/04/A-GLOBAL-SURVEY-ON-THE-AVAILABILITY-OF-CORE-ESSENTIAL-MEDICINES-FOR-CATS-AND-DOGS-WITH-THE-WORLD-SMALL-ANIMAL-VETERINARY-ASSOCIATION-MEMBER-ASSOCIATIONS.pdf
https://wsava.org/wp-content/uploads/2023/04/A-GLOBAL-SURVEY-ON-THE-AVAILABILITY-OF-CORE-ESSENTIAL-MEDICINES-FOR-CATS-AND-DOGS-WITH-THE-WORLD-SMALL-ANIMAL-VETERINARY-ASSOCIATION-MEMBER-ASSOCIATIONS.pdf
https://wsava.org/wp-content/uploads/2023/04/A-GLOBAL-SURVEY-ON-THE-AVAILABILITY-OF-CORE-ESSENTIAL-MEDICINES-FOR-CATS-AND-DOGS-WITH-THE-WORLD-SMALL-ANIMAL-VETERINARY-ASSOCIATION-MEMBER-ASSOCIATIONS.pdf
https://wsava.org/wp-content/uploads/2023/04/A-GLOBAL-SURVEY-ON-THE-AVAILABILITY-OF-CORE-ESSENTIAL-MEDICINES-FOR-CATS-AND-DOGS-WITH-THE-WORLD-SMALL-ANIMAL-VETERINARY-ASSOCIATION-MEMBER-ASSOCIATIONS.pdf


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

64

Intubation

Endotracheal intubation is mandatory for dental procedures 
even if there is limited availability of drugs and lack of volatile 
anaesthesia.

•	Cuffed endotracheal tubes are used for intubation, provide air-
way protection and means of assisted ventilation. This is par-
ticularly important in oral procedures due to the increased risk 
of aspiration of contents (Fig 143).

•	Oropharyngeal packing is recommended (Fig 144).
•	Endotracheal intubation is required during general anaesthesia 

and veterinarians should avoid cuff overinflation, particularly 
in cats, since it may cause tracheal damage/necrosis especially 
during patient movement (Mitchell et  al.,  2000). Use low-
pressure cuffs and ideally use a manometer to keep the pressure 
below 30 cm H2O.

•	Patients should always be disconnected from the breathing cir-
cuit when turned from one side to the other.

Fluid therapy

Venous access should be established in all patients as part of best 
quality care, ideally using an intravenous catheter. It allows the 

administration of fluids, emergency drugs, antibiotics, analge-
sics and anaesthetics during the perioperative period. The 2024 
AAHA/AAFP fluid therapy guidelines provide comprehensive 
information on this subject in dogs and cats (Pardo et al., 2024).

•	Fluid therapy compensates for ongoing losses, prevents and 
treats dehydration and hypovolaemia and provides a source of 
electrolytes.

•	Most anaesthetic drugs will cause some level of cardiovascu-
lar depression, and the administration of balanced crystalloid 
solution will optimise hydration status and tissue perfusion 
during anaesthesia.

•	The choice will be based on the patient’s needs and require-
ments. In general, it is accepted that lower (2 to 3 mL/kg/
hour) than surgical crystalloid rates (5 mL/kg/hour) are used 
in anaesthetised patients undergoing oral surgery since there is 
less insensible fluid loss.

•	Fluid overload is a risk in dogs and cats, especially considering 
that these procedures could be long in duration. Higher fluid 
rates may be administered if deemed necessary and in cases of 
hypovolaemia without concomitant cardiac disease.

•	Patients with advanced renal disease may benefit from  
preoperative fluid administration to establish proper hydra-
tion.

Table 4. Common local anaesthetics used in veterinary anaesthesia and pain management

Local anaesthetic* Onset (minute) Common 
concentrations (%)

Duration of the  
block (hour)

Relative potency 
(lidocaine = 1)

Suggested maximum doses 
(mg/kg)

Lidocaine 5 to 15 1, 2 1 to 2 1 10 (dogs)
5 (cats)
4 (dogs)
2 (cats)
4 (dogs)
2 (cats)
3 (dogs)

1.5 (cats) 2 (dogs) 1 (cats)

Mepivacaine 5 to 15 1, 2 1.5 to 2.5 1
Bupivacaine 10 to 20 0.25, 0.5, 0.75 4 to 6 4
Ropivacaine 10 to 20 0.5, 0.75 3 to 5 3
Levobupivacaine 10 to 20 0.5, 0.75 4 to 6 4

*Volumes of injection (0.25 to 1 mL) vary according to the size and patient’s anatomy and body weight. Anaesthetic blocks can be repeated according to the duration of procedure, interest of 
post-operative analgesia and using less than maximum recommended doses (see text)

FIG 143. Cuffed endotracheal tube. FIG 144. Oropharyngeal packing.
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FIG 145. Pulse oximetry.

Monitoring

Anaesthetic monitoring is significantly correlated with decreased 
morbidity and mortality. Veterinarians should not blame 
“anaesthesia” itself for accidental deaths in the perioperative 
period since most anaesthetic deaths occur when dogs and cats 
are not being closely monitored or often due to human errors.  
Simple peripheral pulse palpation and pulse oximetry can signif-
icantly decrease the risk of anaesthetic-related death by 80% in 
cats (Brodbelt et al., 2007). The American College of Veterinary  
Anaesthesia and Analgesia has provided recommendations 
for monitoring veterinary patients under procedural seda-
tion or anaesthesia (http://​www.​acvaa.​org; see “Small Animal 
Monitoring Guidelines”).

•	Pulse oximetry can be a challenge to monitor during anaes-
thesia for oral procedures since the probe can be easily dis-
placed; however, it can be placed over the ears and paws  
(Fig 145).

•	Mean blood pressure monitoring should be maintained above 
70 mmHg for appropriate tissue perfusion as per commonly 
applied standards (Fig 146). This is particularly important in 
dogs and cats with chronic kidney disease. Doppler ultrasound 
can be used to measure systolic blood pressure. In cats, blood 
pressure monitoring with the Doppler is closely related to 
mean arterial blood pressure.

•	Respiration should be ideally monitored using a capnograph 
since monitoring of respiratory rate does not provide informa-
tion of the “quality of the respiratory function” (amplitude, gas 
exchange, metabolism, disconnection from anaesthetic breath-
ing system, etc.) (Figure 147A).

•	Body temperature should be maintained between 37 and 38°C 
(98.6 to 100.4°F). It should be monitored in all circumstances 
(Stepaniuk & Brock, 2008). Prevention of hypothermia can be 
accomplished by avoiding contact with cold surfaces, the use 
of heating pads, active heating devices and blankets and work-
ing in a warm environment (Fig 147B). Care needs to be taken 

with heating pads (especially electric) to avoid thermal burns. 
Bubble plastic wrap around the extremities can also be used for 
prevention of hypothermia. This material is cheap and avail-
able worldwide.

Equipment

Anaesthetic equipment including anaesthetic machine, breathing 
systems and endotracheal tubes should be tested before general 
anaesthesia. They should be clean, in good working condition 
and undergo routine maintenance.

Dogs and cats at high risk of anaesthetic-related death (i.e. 
ASA III or higher) ideally should be referred to a veterinarian 
with advanced training in veterinary anaesthesia where avail-
able (e.g. some countries have board-certified veterinarians who 
underwent strict training by the American or European College 
of Veterinary Anaesthesia and Analgesia).

Pain management

General considerations

Pain management is not only important from the ethical and 
welfare points of view but also as a therapeutic strategy to re-
establish organ function, accelerate hospital discharge and mini-
mise financial costs (Mathis et al., 2025; Simon et al., 2017). The  
International Association for the Study of Pain (IASP) has pub-
lished a curriculum outline on pain for human dentistry based 
on entry level (https://​www.​iasp-​pain.​org/​educa​tion/​curri​cula/​
iasp-​curri​culum​-​outli​ne-​on-​pain-​for-​denti​stry-​and-​oral-​health/​ ). 
A similar outline could be adapted and applied in veterinary 
medicine for teaching veterinary students. In veterinary dentistry, 

FIG 146. Blood pressure monitoring.
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clinicians should apply validated methods of pain assessment and 
treat orofacial pain based on available literature and scientific evi-
dence, when appropriate. Principles of pain management for oral 
and maxillofacial disorders are presented below:

•	Pain is the 4th vital assessment, and its assessment and treat-
ment should be part of every patient’s “work-up”. An analgesic 
plan should be in place during the perioperative period and for 
several days to a week after hospital discharge.

•	Analgesic protocols should be created on a case-by-case basis 
and dosage regimens adjusted accordingly. Dental patients 
present with various levels of pain, and a safe and effective  
approach can be challenging. Levels of pain and the anal-
gesia plan should be comprehensive and include drugs for 
post-operative analgesia after patient discharge, taking into  
consideration drug palatability and frequency of administra-
tion for best treatment compliance.

•	Pain management is always best addressed using a preventive 
and multimodal analgesic approach and may be even more 
important in patients with oral disease as they often do not 
show obvious signs of pain (Box 2).

•	The “basic” analgesic protocol includes the administration of 
opioids, local anaesthetic blocks and NSAIDs (Box 1) unless 
contraindicated (see Monterio et al., 2022 for drugs, doses and 
indications).

•	The pros and cons of each class of analgesic should be taken 
into consideration.

•	The administration of adjuvant analgesics is recommended in 
cases of moderate and severe pain and for patient discharge. 
Hospitalisation is recommended for invasive surgical proce-
dures where a patient requires frequent assessment and treat-
ment with opioid and ketamine infusions.

•	While not specifically pain management, decreased surgical 
trauma will decrease post-op pain.

Pain assessment

Pain assessment in dogs and cats represent a challenge for the 
veterinarian since specific instruments/tools for the evalua-
tion of pain in patients with oral disease have not been pub-
lished. An instrument is currently under investigation, and 
it is generally accepted that these animals have pain in most  
cases especially those where a chronic infection or trauma exists 
(Della et al., 2019). Oral disease and associated pain is a welfare 
issue since it impacts quality of life and nutritional status (Box 
2). Dental extractions as well as most other dental therapies 
are clearly associated with pain (Steagall & Monteiro-Steagall, 
2019).

In general, pain associated with oral disease may create 
specific and/or nonspecific clinical signs, which will improve 
after oral treatment. Signs of dental pain include ptyalism,  
halitosis, decreased appetite, rubbing or pawing the face, 
changes in demeanour and reluctance to play with toys. 
Pain recognition and assessment can be performed using the 
Glasgow pain scoring tools for dogs (Reid et  al., 2007) and 
cats (Reid et al., 2017). These instruments have not been spe-
cifically validated for patients with oral disease, but they pro-
vide an idea of the “overall” picture and can be used for any  
medical/surgical condition. The Feline Grimace Scale has 
good to excellent inter-reliability for cats undergoing dental  
extractions and can be used for pain recognition (Watanabe 
et al., 2020). This is a valid, reliable and simple tool for pain 
assessment in cats.

FIG 147. (A, B) Monitoring and maintaining body temperature.

A B

BOX 1.  Opioid, dental nerve block, NSAIDs.

1. Preoperative opioid 2. Intraoperative dental nerve block 3. Post-operative NSAIDs
•	 Reduce anaesthetic requirements
•	 Produce varying levels of sedation
•	 Offer haemodynamic stability

•	 Effective analgesic agent
•	 Reduce anaesthetic requirements
•	 Do not delay recovery from general 

anaesthesia

Pre-anaesthetic assessment
Rule out:
•	 Coagulopathy, liver dysfunction
•	 Unstable renal disease
•	 Hypotension, dehydration
•	 Gastrointestinal clinical signs
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Perioperative pain control (Table 5)

Opioids are the first line of treatment in acute pain management, 
and they have been reviewed in detail elsewhere (Bortolami & 
Love, 2015; Simon & Steagall, 2016).

•	They produce varying levels of sedation (depending on the 
drug and patient’s health status), reduce anaesthetic require-
ments in a dose-dependent manner (dogs) and have the benefit 
of reversibility.

•	Different opioids have variable effects based on their receptor 
affinity, efficacy, potency and individual responses.

•	This discussion is beyond the scope of the guidelines; however, 
most full opioid agonists (e.g. morphine, hydromorphone, 
methadone, fentanyl, remifentanil) will provide dose-
dependent analgesia, increase vagal tone inducing bradycardia 

without changes in systemic vascular resistance or myocardial 
contractility, offering haemodynamic stability.

•	Buprenorphine is a partial agonist of μ-opioid receptors, 
and its use has been reviewed in cats (Steagall et al., 2014).  
Both buprenorphine and methadone can be administered via 
the buccal route and provide significant analgesic effects in 
this species. This is of interest in dental patients; however,  
there might be liability issues of prescribing these medica-
tions to be administered by owners. In a recent study, cats 
with gingivostomatitis showed lower bioavailability and 
shorter absorption half-life after buccal administration of  
buprenorphine when compared with healthy cats. How-
ever, buprenorphine produced an analgesic effect in these 
patients, and inflammation seemed to affect absorption but 
not the overall analgesic efficacy of the drug (Stathopoulou 
et al., 2018).

•	Most oral and maxillofacial disorders and therapies involve 
inflammation and tissue damage/trauma. The administration  
of NSAIDs is strongly recommended in these cases and veteri-
narians should be aware of their approved dosage regimens in 
their countries.

•	Unless contraindicated, NSAID therapy is commonly  
administered for approximately 3 to 7 days depending on type 
of oral disease/procedure.

•	NSAIDs may also be administered to cats for several days 
(Monteiro & Steagall, 2019). This may be particularly impor-
tant after significant oral surgery, such as full-mouth extractions  
due to feline chronic gingivostomatitis. Some NSAIDs are 
licensed for daily long-term administration in cats in Europe 
and they could be an option for these patients.

•	Maxillofacial trauma and invasive and complex procedures (e.g. 
maxillectomy and mandibulectomy) can produce excruciating 

BOX 2.  (a) Preventive analgesia and multimodal 
analgesia.

Preventive analgesia describes all types of perioperative interventions 
and efforts to address and minimise post-operative pain. Administration 
of analgesics is performed at any time and for varying durations in the 
perioperative period to prevent allodynia and central sensitisation. Mul-
timodal analgesia is the administration of two or more analgesic drugs 
with different mechanisms of action. These drug combinations should 
present substantial synergism, which allows the use of lower doses of 
each class of analgesics with minimal adverse effects.
(b) Welfare For example, it is not uncommon to observe increased body 
weight and activity, and better sleeping patterns/quality of life after 
treatment of oral disease. Some animals become friendlier after the 
procedure than before indicating a potential emotional and affective 
component of pain and inflammation. Analgesic management reduces 
pain and suffering and has a welfare benefit (see Welfare section).

Table 5. Perioperative pain control in dogs and cats undergoing treatment of oral disease: examples of protocols with 
different drug availability

Treatment of oral disease will often involve pain and inflammation. An analgesic plan should be in place during the perioperative period and for several 
days to a week after hospital discharge. Please see Tables 3–5 for specific doses. In all cases, local anaesthetic techniques including the infraorbital, 
inferior alveolar mandibular, maxillary, palatine, mental nerve blocks should be used according to the areas of interest

Suggested protocol 
without limited drug 
availability

Premedication: the combination of acepromazine, an agonist of alpha-2 adrenergic receptor (i.e. dexmedetomidine, xylazine, 
medetomidine) OR a benzodiazepine (i.e. midazolam) with an opioid. The choice of opioid (i.e. hydromorphone, methadone, 
morphine, butorphanol or buprenorphine) will be based on the severity of pain

Induction of anaesthesia: propofol (3 to 5 mg/kg), ketamine (5 mg/kg) + diazepam or midazolam (0.25 mg/kg), OR alfaxalone 
(2 to 5 mg/kg) iv to effect

Maintenance of anaesthesia: inhalation anaesthesia with isoflurane or sevoflurane
Post-operative analgesia: NSAID. These drugs should be administered for several days depending on the label and species. 

Doses of opioid may be repeated depending on the severity of pain
Suggested protocol 

without controlled 
drugs

Premedication: the combination of acepromazine OR an agonist of alpha-2 adrenergic receptor (i.e. dexmedetomidine, 
xylazine, medetomidine) and injectable tramadol. If the injectable formulation is not available, tramadol can be given orally

Induction of anaesthesia: propofol (3 to 10 mg/kg), alfaxalone (2 to 5 mg/kg) or tiletamine/zolazepam (1 to 2 mg/kg) iv to 
effect. Induction of anaesthesia can be performed by the intramuscular route of administration when tiletamine/zolazepam 
is administered as premedication

Maintenance of anaesthesia: inhalation anaesthesia with halothane, isoflurane or sevoflurane. Propofol or alfaxalone iv to 
effect. Tiletamine/Zolazepam

Post-operative analgesia: NSAIDs. These drugs should be administered for several days depending on the label and species. 
Metamizole (dipyrone; 25 mg/kg iv every 12 hours) OR acetaminophen (paracetamol; 12.5 mg/kg po every 8 hours) can 
be administered in dogs but not in cats. These two drugs can be administered in combination with NSAID for better post-
operative analgesia when opioids are not available

Suggested protocol with 
limited availability of 
analgesic drugs

Premedication: Xylazine
Induction and maintenance of anaesthesia: pentobarbital (2 to 5 mg/kg), thiopental (2 to 8 mg/kg), propofol (3 to 5 mg/kg) to 

effect iv. Tiletamine/Zolazepam iv or im
Post-operative analgesia: same as suggested protocol without controlled drugs
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pain; they are commonly addressed with balanced anaesthe-
sia/multimodal analgesia (systemic administration of analgesic 
infusions such as opioids, lidocaine and ketamine) during the 
early post-operative period (24 to 48 hours) in combination 
with NSAIDs (Watanabe et al., 2019).

•	Analgesic infusions are important especially when oral admin-
istration of analgesics is not an option due to severe trauma or 
trismus (masticatory muscle myositis), among others.

•	Analgesic prescription for “take-home” is an important part of 
pain management.

•	NSAIDs are ideally combined with oral adjuvant analgesics 
such as tramadol, amitriptyline, gabapentin and/or amanta-
dine.

Local anaesthetic techniques of the oral cavity

Local anaesthetic drugs produce a reversible block of sodium and 
potassium channels and transmission of nociceptive input. Local 
anaesthetic techniques provide perioperative (and immediate 
post-operative) analgesia and reduce volatile anaesthetic require-
ments in a cost-effective manner (Aguiar et  al.,  2015; Gross  
et al., 1997, 2000; Snyder & Snyder, 2013). Further, they blunt 
the initial surgical trauma, decreasing recovery times. These 
blocks require minimal training and can be used for a variety 
of dental procedures including extractions or surgery of the oral 
cavity such as maxillectomy, mandibulectomy, among others. 
Some considerations are presented below:

•	Unfortunately, local anaesthetic techniques are not widely 
employed in veterinary medicine due to the lack of familiar-
ity with use. The WSAVA Dental Standardization committee 
strongly supports the use of these techniques in perioperative pain 
control especially in scenarios with limited analgesic availability.

•	These drugs are readily available and should be incorporated in 
the anaesthetic management of patients with oral and maxil-
lofacial disorders.

•	It is important to note that techniques used in dogs cannot 
be directly extrapolated to cats due to anatomical differences 
between species.

•	Descriptions and diagrams depicting various loco-regional 
anaesthetic techniques have been described in the WSAVA 
Guidelines on the recognition, assessment and management of 
pain (Monterio et al., 2022). These techniques can be watched 
on the YouTube channel of the Faculty of Veterinary Medicine, 
Université de Montréal (links are provided below) (Steagall 
et al., 2017).

Materials

Loco-regional anaesthetic techniques of the oral cavity require 
simple and low-cost materials such as disposable 1-mL syringes, 
25- to 30-mm 27-G or 25-G needles. Larger needles should 
be avoided as they may cause nerve and vascular damage while 
smaller needles may produce excessive pressure at injection and 
result in local tissue damage.

Drugs

Table 4 shows common doses and concentrations of local anaes-
thetics. Levobupivacaine or bupivacaine may be preferred over 
lidocaine for local anaesthetic techniques of the oral cavity due 
to their prolonged duration of action. However, self-mutilation 
has been anecdotally reported if the oral cavity and particularly 
the tongue are still anaesthetised hours after the end of the proce-
dure/after extubation. Anaesthesia of the lingual and mylohyoid 
nerves may occur during a mandibular nerve block and result in 
desensitisation of the rostral two-thirds of the tongue. The idea is 
to have excellent intraoperative and early post-operative analgesia  
with local anaesthetics and opioids, whereas post-operative pain 
relief is achieved with the administration of opioids, NSAIDs and 
adjuvant analgesics. Some veterinarians combine opioids such as 
buprenorphine (0.003 to 0.005 mg/kg) with local anaesthetics 
for blocks of the oral cavity. In humans, the administration of 
buprenorphine enhances and prolongs the effects of bupivacaine 
after minor oral surgery (Modi et al., 2009). In dogs, bupivacaine  
alone or in combination with buprenorphine reduced isoflurane 
requirements by approximately 20%. The addition of buprenor-
phine did not extend the duration of nerve blockade, but it pro-
duced a long-term isoflurane-sparing effect in some individuals 
(Snyder, Snyder, et al., 2016).

Mixing local anaesthetics

Historically, lidocaine 2% and bupivacaine 0.5% have been 
mixed to decrease the onset of action of bupivacaine while 
increasing the duration of action of lidocaine. However, these 
drugs have different pKa, % protein binding and there is little 
evidence that this combination is better than bupivacaine alone. 
The results may be unpredictable, and the duration of action 
decreased (Shama et al., 2002). However, the mixture lidocaine-
bupivacaine should provide longer duration of action if com-
pared with lidocaine alone (Pascoe, 2016).

Volumes

A small amount of local anaesthetic is required for these techniques. 
In general, volumes vary between 0.1 and 0.2 mL in cats to 0.2 to 
1 mL in dogs of lidocaine or bupivacaine as long as toxic doses are 
calculated taking account all dental blocks required (see below). 
The oral cavity is widely innervated by branches of multiple cra-
nial nerves, and it is not uncommon that a block will fail (Krug 
& Losey, 2011). Veterinarians should use a combination of tech-
niques which can be repeated if toxic doses (see Complications) are 
respected; however, other analgesic techniques should always be 
considered. Intraosseous or intraligamentary anaesthesia might be 
an option when other techniques have failed; however, these blocks 
produce intrinsic pain at injection.

Avoiding complications

There are some important considerations before the administra-
tion of any local anaesthetic block to avoid complications:
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•	Calculation of toxic doses – Local anaesthetic toxicity may 
occur when dosage regimens and intervals of administration 
are not properly calculated (Table 5).

•	In dogs and cats, it is well accepted that doses higher than 
10 mg/kg (dogs) and 5 mg/kg (cats) of lidocaine, and 2 mg/
kg of bupivacaine (both species) might induce clinical signs 
of toxicity such as seizures, cardiorespiratory depression, coma 
and death (Chadwick,  1985; Feldman et  al.,  1989, 1991; 
Woodward, 2008b).

•	The administration of lidocaine spray for endotracheal intuba-
tion in cats should be taken into consideration for dose calcula-
tions.

•	Negative aspiration of blood – Veterinarians should always check 
for negative aspiration of blood to avoid accidental intravenous 
administration before drug administration especially when 
administering bupivacaine due to its cardiotoxic profile (Aprea 
et al., 2011). If bupivacaine is administered intravenously, dys-
rhythmias such as ventricular premature contractions may be 
observed. Intravenous administration is not an issue with lido-
caine; however, the block may not be effective and haematoma/
bleeding may occur (Loughran et al., 2016).

•	Resistance to injection – A local block should not be per-
formed if resistance to injection is encountered since this 
could indicate nerve needle penetration and risk of nerve 
damage. The needle should be withdrawn or readjusted in 
this case.

Complications after local anaesthetic blocks of the oral cav-
ity are rare but have been reported and include tongue chewing 
and globe penetration most often requiring enucleation (Perry 
et  al.,  2015). Orbital penetration may also be caused by den-
tal extractions and therefore may not be associated with the 
administration of anaesthetics (Guerreiro et  al.,  2014; Smith 
et  al.,  2003). Veterinarians should not be afraid to use these 
techniques; however, they should be used with caution utilising 
appropriate landmarks. Local blocks should be avoided in the 
presence of abscesses or neoplasia due to the risk of dissemination 
of infection or neoplastic cells.

Inflammation and failure of local anaesthetic 
blocks

Local anaesthetics have a pKa between 7.5 and 9 and are formu-
lated as acid solutions of hydrochloride salts (pH 3.5 to 5.0). This 
formulation gives a net prevalence of the ionised form and is thus 
water soluble. When a local anaesthetic solution is injected into 
body tissues with a physiological pH (7.4), the non-ionised lipid-
soluble form will prevail. This is critical for the drug effect since 
the non-ionised form crosses biological membranes. In inflamed 
tissues, the ionised form prevails, explaining why local anaesthetics 
may be ineffective under such conditions (acidic pH and inflam-
mation). Administration of a local anaesthetic block should be per-
formed in non-inflamed areas to improve efficacy. For example, an 
inferior alveolar nerve block should produce anaesthesia of distal 
inflamed teeth because the block is performed proximally (distant) 
to the area of inflammation.

Specific techniques

1.	 Inferior alveolar nerve block (https://​www.​youtu​be.​com/​
watch?​v=​2q8nd​h5Bn6U).
Anaesthesia of sensory and motor innervations of the man-
dible including teeth, lower lip, part of the tongue, hard and 
soft tissues. This foramen may be difficult to palpate in cats, 
but the block can still be performed successfully. Cats do not 
have the concavity of the ventral margin of the body of the 
mandible, which can be easily located in dogs.

2.	 Palatine nerve block (https://​www.​youtu​be.​com/​watch?​v=​-​
xsDqq​GRrjI​).
Anaesthesia of palatine nerves and palate.

3.	 Infraorbital nerve block (https://​www.​youtu​be.​com/​watch?​
v=​H3L1L​HBcM-​g).
Anaesthesia of the skin and soft tissues inside the oral cavity, 
maxillary canine teeth, dorsal part of nasal cavity, maxillary 
bone rostral to the infraorbital foramen and incisive teeth. 
This block does not always anaesthetise the maxillary fourth 
premolar, first or second molar teeth on the treatment side 
(Pascoe,  2016). Instead, a maxillary nerve block should be 
considered in dogs and cats for extraction of these teeth.
Caution must be taken with this block, as the infraorbital 
foramen is located just ventral to the orbit. A bony ridge 
can be easily palpated in cats. The infraorbital canal is much 
shorter in cats and brachycephalic dogs than in meso- and 
dolichocephalic dogs. It is only a few millimetres in length. 
To avoid eye penetration, the needle should be introduced 
aiming parallel to the palate to slightly ventrally and advanced 
only approximately 2 mm.

4.	 Middle mental nerve block (https://​www.​youtu​be.​com/​
watch?​v=​r9j06​VVGvMw).
Anaesthesia of the rostral lower lip and mandible, including 
the ipsilateral incisor teeth. In cats and small breed dogs, the 
foramen is small, and it should not be penetrated to avoid 
nerve damage.

5.	 Maxillary nerve block (https://​www.​youtu​be.​com/​watch?​v=​
1AYNm​syzCv0).
Anaesthesia of the ipsilateral maxilla, teeth, palate and the 
skin of the nose, cheek and upper lip. Another approach for 
the maxillary nerve has been described. Using an infraorbital 
approach, the tip of a catheter (without stylet) is advanced 
until the point where imaginary lines parallel to the infraor-
bital canal and its perpendicular drawn to the lateral canthus 
transect (Viscasillas et  al.,  2013). The upper lip is elevated 
and the infraorbital foramen is located (approximately dor-
sal to the third premolar tooth). The catheter is introduced 
approximately 2 to 4 mm into the foramen and the size of the 
catheter is selected by the veterinarian in advance.

6.	 Caudal approach to maxillary nerve block (https://​wsava.​org/​
commi​ttees/​​globa​l-​pain-​counc​il/​scrol​l-​down-​to-​anaes​theti​c-​
techn​iques​-​maxil​lary-​nerve​-​block​).
To more effectively anaesthetise the maxillary fourth premolar 
and molars, this approach would be preferred over an infraor-
bital block, even a “deep” one. While a needle advanced distal 
to the maxillary molars and directed dorsally may impact the 
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maxillary nerve branches to these teeth (before entering the 
infraorbital canal at the ptyergopalatine fossa), injury to the 
eye may occur. Instead, a modified caudal approach (percu-
taneous or mucosal) keeping the needle and syringe parallel 
to the palate introduces the needle ventral and medial to the 
junction of the palatine bones and the zygomatic arch. Direct 
the needle in a rostral-medial direction, towards the opposite 
nostril. Once the agent is placed at the distal aspect of the 
infraorbital canal at the fossa, continue to infiltrate the agent 
as the needle is withdrawn to block the caudal superior alveo-
lar nerve (Grubb & Lobprise, 2020).

Key points
•	Oral and maxillofacial disorders require general anaesthesia for 

appropriate treatment. Therefore, anaesthesia and pain man-
agement are crucial areas of veterinary dentistry.

•	“Anaesthesia-free dentistry” is not only unacceptable from the 
welfare standard point of view but it also poses a risk to the 
operator, and it is inadequate in terms of prophylaxis and treat-
ment of oral disease.

•	Appropriate anaesthetic management includes planning and 
patient preparation/assessment based on individual require-
ments, risks, coexisting disease, equipment and drug availabil-
ity.

•	Anaesthetic/analgesic protocols are tailored to the individual 
and disease.

•	Endotracheal intubation, anaesthetic monitoring and adminis-
tration of fluids are part of best practices in anaesthesia as they 
help prevent complications.

•	Pain is the 4th vital assessment and its assessment and treat-
ment should be part of every patient’s “work-up”.

•	An analgesic plan including a multimodal approach should be 
in place during the perioperative period and for several days to 
a week after hospital discharge.

•	Local anaesthetic techniques of the oral cavity (dental blocks) 
must be part of each dental treatment protocol.

SECTION 4: ORAL EXAMINATION AND 
RECORDING

An accurate oral diagnosis is based on the results of the case his-
tory, clinical examination and charting, dental radiography and 
laboratory tests if indicated. The examination must be performed 
in a systematic way to avoid missing important details. All find-
ings should be recorded in the medical record.

Examination of conscious patient
Some parts of the examination can be performed on a conscious 
patient during the first consultation. The results provide an over-
view of the level of disease and allow for the formulation of the 
preliminary treatment plan. This should be thoroughly discussed 
with the owner, including the fact that this is only an initial plan 
and further therapy is often necessary based on the examination 
and radiographs obtained under anaesthesia (Wallis et al., 2018).

Oral/dental examination

The examination starts with a thorough history, including symp-
toms which may indicate dental disorders such as halitosis, 
change in eating habits, ptyalism and head shaking. The clinical 
investigation is not always easy, depends on the cooperation of 
the patient and begins with the inspection of the head by evaluat-
ing the eyes, symmetry of the head, swellings, lymph nodes, nose 
and lips. Next, the occlusion and the functionality of the tem-
poromandibular joint (TMJ) should be evaluated. The dental 
examination includes noting the stage of dentition (primary/per-
manent), as well as any missing, fractured or discoloured teeth. 
The examination of the soft tissues of the oral cavity includes oral 
mucosa, gingiva, palate, dorsal and ventral aspect of the tongue, 
tonsils, salivary glands and ducts. The examiner should evaluate 
the oral soft tissues for masses, swelling, ulcerations, bleeding and 
inflammation. The periodontal examination in the conscious 
patient should focus on gingival inflammation, calculus deposits 
and gingival recession. Furthermore, a periodontal diagnostic test 
strip for measurement of dissolved thiol levels can be a very useful 
examination room indicator for gingival health and periodontal 
status (Manfra Marretta et al., 2012; Queck et al., 2018). This 
product has been shown to improve client compliance with den-
tal recommendations.

Oral Health Index (OHI)

The first step in every case is the collection of a minimum clini-
cal database. The Oral Health Index (OHI) (Gawor et al., 2006) 
is a useful tool created from a basic examination on a conscious 
patient and gives a good overall clinical impression. The exami-
nation includes not only the oral cavity and adjacent regions, 
but also lifestyle and nutrition. The examined criteria are: lymph 
nodes, dental deposits, periodontal status, nutrition and oral care 
(professional and homecare). Each criterion is scored with respect 
to the clinical findings, and a total score is then determined. The 
result helps in decision making and determining whether further 
examination and/or treatment is indicated (Table 6).

Occlusion

According to the nomenclature committee of the AVDC (AVDC 
Nomenclature Committee, 2024), the ideal occlusion is described 
as “… perfect interdigitation of the maxillary and mandibu-
lar teeth. In the dog, the ideal tooth positions in the arches are 
defined by the occlusal, interarch, and interdental relationships 
of the teeth of the archetypal dog (i.e. wolf )” (Full information 
can be found here: www.​avdc.​org/​nomen​clature). Abnormalities 
are defined as either a skeletal malocclusion or malposition of 
single teeth (see Malocclusions section).

Examination under general anaesthesia
A thorough examination can only be performed under general 
anaesthesia. Pre-anaesthetic work-up and anaesthesia are described 
in Anaesthesia section. Following induction of anaesthesia, endo-
tracheal intubation, cuff inflation, securing the airways and 

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.avdc.org/nomenclature


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

71 

FIG 148. Inspect oropharynx and tonsils before pharyngeal pack; tonsillar 
mass.

A

B

stabilising the patient, the examination should be performed in 
a detailed and systematic way with the charting performed simul-
taneously. After the visual inspection of the entire oral cavity, the 
tactile examination is performed in two steps utilising the appro-
priate instruments. First, the crowns are examined for defects such 
as tooth fractures, tooth wear, resorption, caries, pulp exposure 
and enamel disease with a dental explorer. Following this, sulcus 
or pocket depth and furcation exposure are evaluated with a peri-
odontal probe. It is crucial to know the anatomy of the involved 
structures to create a proper diagnosis (see Oral and Dental 
Anatomy and Physiology section). It is very helpful to work four-
handed with one person examining and the other recording what 
is reported (Huffman, 2010).

Examination step-by-step

1.	 Inspection of oropharynx: it is advisable to make a quick 
inspection of the oropharynx and tonsils in the fauces before 
endotracheal intubation and placing a throat pack (Fig 148).

2.	 Inspection of oral cavity
a.	Preoperative photographs: preoperative photographs should 

be taken before any procedure. It is recommended to take 
one of each side and one from the rostral aspect. The photo-
graphs serve as proof of preoperative dental condition as well 
as provide visual evidence to the owner. It is recommended 

to use a lip retractor or dental mirror to better visualise the 
entire dentition and surrounding structures (Fig 149)

b.	Reduction of bacterial load: Rinsing the oral cavity with a 
0.12% or 0.2% solution of chlorhexidine gluconate prior to 
commencing the prophylaxis has been shown to decrease the 
bacterial load (Bellows,  2004; Fine et  al.,  1992). However, 
the transient nature of the possible bacteraemia makes this  
step as well as prophylactic antibiotics of dubious value 
(Blazevich & Miles, 2024). Further, recent studies show that 
oral bacteria exposed to chlorhexidine may develop resistance 
and/or tolerance to chlorhexidine and certain antibiotics 
(Cieplik et al., 2019; Früh et al., 2022). Another option is a  
solution of 50/50 ppm hypochlorous acid/sodium hypochlo-
rite which takes a very short time to take effect and, above 
all, does not impair wound healing (Bender & Kramer, 2017). 
Another option for this step is to use ozonated water which 
has also shown beneficial results (Failor et  al.,  2022; Kaur 
et al., 2014).

c.	Assessment and identification of dentition: primary, perma-
nent or mixed.

Table 6. Oral Health Index assessment

Clinic DogBeachDoctor
Address Bay ve 123
ZIP, City San Diego
Phone 0123 456 78 90
ORAL HEALTH INDEX 

(OHI)
Date: 16-05-2017
Owner Jane Doe
Pet’s name: Donald
Lymph knodes

Normal 0 0
Palpable 1
Enlarged 2

Dental deposits
None 0
Less than 25% of crown 1 1
Less than 50% of crown 2
More than 50% of crown 3

Inflammation status
No inflammation 0 0
Gingivitis 1
Periodontitis 3
Stomatitis 3

Diet
Dry 0
Dry and soft 1
Soft 2 2

Home care
Daily active oral care 0
Passive and/or seldom active 1
None 2 2

Scored points results: 5
0–3 points Prophylactic 

recommendations
4–7 points Radical change required, 

surgery likely
8–12 points Immediate surgery required
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d.	Assessment of soft tissue: the entire oral cavity and vestibular 
tissues should be examined, including oral mucous mem-
branes (for colour, moistness, swelling), lips and cheeks, pal-
ate, tongue and sublingual tissue for abnormalities and oral 
masses.

e.	Initial scaling of the teeth: for better visibility of the tooth 
surfaces and gingiva and to avoid impaction of debris while 
probing sulcus/pockets, an initial cleaning with a dental 
scaler is recommended.

f.	Intraoperative photograph: it is advised to take a photograph 
of any pathology revealed by the scaling (Fig 150)

g.	Dental examination with dental explorer: each tooth must 
be examined with a dental explorer, beginning with the first 
incisor of each quadrant and progressing caudally tooth by 
tooth to cover the entire arch (Fig 151). A dry tooth surface 
improves clarity (Baxter, 2007), and a dental mirror can be 
very helpful. A normal tooth surface is smooth; any rough-
ness is an indication of pathology. The entire surface of each 
tooth should be explored, especially the area just below the 
gingival margin to detect resorptive lesions. The examination 
should note:

h.	Presence (or absence) of the teeth: the absence of a tooth can 
mean hypodontia/oligodontia (congenitally missing teeth), 
an unerupted (or impacted) tooth, a root remnant or a previ-
ously extracted or exfoliated tooth (Niemiec, 2010b). Occa-
sionally, a ‘missing’ tooth will actually be a malformed tooth. 
Dental radiographs are always indicated for every instance of 
a ‘missing’ tooth (Niemiec, 2011). Supernumerary teeth may 
be present.

i.	Tooth surface: any irregularity is suspicious for a pathological 
process. Differentials for a roughened tooth surface include 
tooth fracture (uncomplicated/complicated), enamel defect 
(e.g. hypomineralisation), caries (Dupont, 2010) or tooth 
resorption (see Common Disorders of Teeth section).

j.	Colour: Intrinsic staining (a purple, yellow, pink or grey 
tooth) indicates pulpitis or the use of certain antibiotics dur-
ing tooth development (Fig 152).

FIG 149. Preoperative photographs. FIG 150. Intraoperative photographs.

FIG 151. Dental examination with dental explorer.

FIG 152. Assess nonvital tooth colour.
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3.	 Periodontal examination:
a.	Periodontal probing depth (PPD): The periodontal evalua-

tion should begin with measuring pocket depth. The only 
accurate method for detecting and measuring periodon-
tal pockets is with a periodontal probe, as pockets are not 
always diagnosed by radiographs (Carranza & Takei, 2006; 
Niemiec, 2011, 2013c; Tetradis et al., 2006).
The periodontal evaluation should be initiated at the first inci-
sor of one of the quadrants. The measurements are then contin-
ued distally one tooth at a time. Starting at midline and moving 
systematically distal in this fashion will decrease the chance of a 
tooth being skipped. Periodontal probing is performed by gen-
tly inserting the probe into the pocket until it stops and then 
slowly ‘walking’ the instrument around the tooth (Bellows, 
2004; Carranza & Takei, 2006; Niemiec, 2008c, 2013c) (Fig 
153). Depth measurements should be taken at six spots around 
every tooth (Carranza & Takei, 2006). The normal sulcal depth 
in dogs is 0–3 mm, and in cats is 0–0.5 mm (DeBowes, 2010; 
Stepanuik, 2019). The periodontal probe can also be used to 
measure any extent of root exposure present due to gingival 
recession, and any furcation exposure at multirooted teeth. It 
is important that dental charts be of sufficient size to allow for 
accurate placement of pathology (see section).

b.	Gingival enlargement: enlargement of the gingiva can lead to 
pseudo pockets (Fig 154)

c.	Gingival recession is an indication of periodontal disease 
although the PPD does not necessarily increase (Fig 155)

d.	Furcation involvement: furcation involvement indicates bone 
loss between the roots of multirooted teeth (Box 3) (Fig 156).

e.	Mobility: the grade of mobility has to be determined (Box 4).
4.	 Imaging: dental radiographs (and/or CBCT) are a very important 

part of the dental examination and should be made whenever 
possible (Niemiec, 2011) (Fig 157) (see Radiology section).

5.	 Staging of periodontal disease: staging can be performed by 
combining the clinical findings and the dental radiographs 
for every tooth (AVDC Nomenclature Committee, 2024) 
(Box 5) (Fig 158).

6.	 Definitive cleaning and polishing.
7.	 Additional therapy: Based on all available information 

(visual, tactile and radiographic) determine and execute the 
final treatment plan.

8.	 Post-operative radiographs and photographs (Fig 159): Post-
operative radiographs and pictures should be made of any 

FIG 153. (A, B) Periodontal probing around the tooth; deep pocket distal aspect 309; radiograph shows extensive bone loss.

A B

FIG 154. Identify extent of gingival enlargement to excise excess tissue. (a) Small area of gingival enlargement on the left maxillary canine of a dog, 
producing a pseudo-pocket (b). (c) Gingivectomy is indicated, and the excised tissue must be submitted for histopathology to rule out neoplasia.

A B C

FIG 155. Identify gingival recession.
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surgical area as well as of the mouth in general to document 
the quality of cleaning/treatment.

Recording
Results of the clinical examination must be recorded on a den-
tal chart to enable the creation of a proper treatment plan in all 
tiers (Clarke & Caiafa, 2014). They must also be kept as part 
of the medical record and may be used to illustrate concerns to 
the owner when explaining the clinical findings and treatment 
performed.

Triadan system

The most widely accepted dental scoring system is the Triadan 
System which provides a consistent method of numbering teeth 
across different animal species. In the cat, the Modified Triadan 
System is used (Floyd, 1991) to accommodate for fewer teeth in 
cats. Each tooth has a three-digit number, which identifies the 
quadrant, position and whether it is a primary or a permanent 
tooth. The first digit denotes the quadrant, which is numbered 
clockwise beginning at the right maxillary quadrant and ends at 
the right mandibular quadrant (1 to 4 for permanent dentition, 
5 to 8 for primary dentition). The second and third digits refer to 
the position within the quadrant, with the sequence always start-
ing at the midline with the first incisor (Fig 160).

The advantages of the Triadan and Modified Triadan Systems 
are that it allows for easy identification of a tooth, is understood 
throughout the world without language barrier, is suitable for all 

BOX 3.  Furcation index.

Stage 1 (F1): Furcation 1 involvement exists when a periodontal probe 
extends <1/3 under the crown in any direction of a multirooted tooth 
with attachment loss (a).
Stage 2 (F2): Furcation 2 involvement exists when a periodontal probe 
extends greater than halfway under the crown of a multirooted tooth 
with attachment loss but not through and through (b).
Stage 3 (F3): Furcation exposure exists when a periodontal probe ex-
tends under the crown of a multirooted tooth, through and through from 
one side of the furcation out the other (c).

FIG 156. Assess furcation involvement or exposure – stage 1 to 3. (a) Correct use of a periodontal probe to evaluate the level of furcation exposure on the 
buccal aspect of the left mandibular second premolar of a dog. In this case, there is a grade I furcation, meaning that the probe enters the furcation, but less 
than one-third of the root width. This level of exposure can be effectively cleaned closed (i.e. without a flap). (b) Evaluation of furcation exposure on the palatal 
surface of the left maxillary fourth premolar of a dog. In this case, there is a grade II furcation, meaning that the probe enters the furcation more than one-third 
of the root width, but does not pass all the way through. This level of exposure requires periodontal flap surgery to effectively clean the furcation. Alternatively, 
extraction can be considered. This demonstrates the importance of a complete oral exam. If a careful examination was not performed, this lesion would have 
been missed. (c) Evaluate the level of furcation exposure on the palatal surface of the left maxillary second premolar of a dog. In this case, there is a grade III 
furcation, meaning that the probe passed all the way through. This level of exposure requires extraction of the affected tooth.

A B C

BOX 4.  Tooth mobility index.

Stage 0 (M0): Physiological mobility up to 0.2 mm.
Stage 1 (M1): The mobility is increased in any direction other than axial 
over a distance of more than 0.2 mm and up to 0.5 mm.
Stage 2 (M2): The mobility is increased in any direction other than axial 
over a distance of more than 0.5 mm and up to 1.0 mm.
Stage 3 (M3): The mobility is increased in any direction than axial over 
a distance exceeding 1.0 mm or any axial movement.
www.​avdc.​org

BOX 5.  Stages of periodontal disease.

The degree of severity of periodontal disease (PD) relates to a single tooth; 
a patient may have teeth that have different stages of periodontal disease.
Normal (PD0): Clinically normal; gingival inflammation or periodontitis is 
not clinically evident.
Stage 1 (PD1): Gingivitis only without attachment loss; the height and 
architecture of the alveolar margin are normal.
Stage 2 (PD2): Early periodontitis; <25% of attachment loss or, at most, 
there is a stage 1 furcation involvement in multirooted teeth. There are 
early radiological signs of periodontitis. The loss of periodontal attach-
ment is <25% as measured either by probing of the clinical attachment 
level or radiographic determination of the distance of the alveolar mar-
gin from the cementoenamel junction relative to the length of the root.
Stage 3 (PD3): Moderate periodontitis – 25% to 50% of attachment 
loss as measured either by probing of the clinical attachment level, 
radiographic determination of the distance of the alveolar margin from 
the cementoenamel junction relative to the length of the root, or there 
is a stage 2 furcation involvement in multirooted teeth.
Stage 4 (PD4): Advanced periodontitis; more than 50% of attachment 
loss as measured either by probing of the clinical attachment level, or 
radiographic determination of the distance of the alveolar margin from 
the cementoenamel junction relative to the length of the root, or there 
is a stage 3 furcation involvement in multirooted teeth.
www.​avdc.​org
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Manual scoring

The clinical findings can be recorded manually (Fig 161). Dental 
charts for several species are available for free download at 
(https://​bvda.​co.​uk/​index.​php/​). The results can either be hand 
drawn into a dental chart or marked in an attached multiple-
choice spreadsheet. The most common signs for dental recording 
are a circle for a missing tooth (O), a hash mark for a fractured 
tooth (#) and a cross for an extracted tooth (X). For more detailed 
instructions see the Periodontal Therapy section.

Electronic scoring

The results can also be recorded digitally. The Electronic Veterinary 
Dental Scoring (e-VDS) is an online dental charting software, 
which provides a free basic version available for all veterinarians 
in nine screen languages (Czech, Dutch, English GB, English 

species, faster than writing out the tooth description and ideal for 
digitalised recording and statistics.

FIG 157. Radiograph to evaluate pathology. (A) TR type 2. (B) TR type1. (C, D) Crown fracture with radiographic evidence of apical bone loss. 
(E) Persistent deciduous tooth. (F) Unerupted mandibular first premolar with likely dentigerous cyst.

A B

C

E F

D

FIG 158. Determine the stage of periodontal disease with clinical findings 
and dental radiographs for each tooth.
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FIG 159. Post-operative radiographs and photos. (a) Post-scaling to 
demonstrate the clean teeth. Furcation exposure is evident on the third 
premolar (white arrow) and periodontal loss on the mesial aspect of the 
third incisor (blue arrow). (b) Intraoral dental radiograph of the right 
mandible of a cat which was brought in because the wound did not heal 
after extraction. Post-operative dental radiographs would have revealed 
the root remnants and saved this patient from unnecessary suffering.

A

B

US, French, German, Spanish, Portuguese and Russian). It is a 
simple tool to support the practitioner in their daily work. The 
basic clinical findings can be scored with a simple mouse click onto  
the dental charts. The scored criteria are: missing tooth, persistent 
deciduous tooth in dogs/resorptive lesions in cats, fractured tooth, 
inflammation index, extraction. The reports may be saved in the 
clinic software as a PDF and/or printed out for the owner in one 
of ten common languages (Czech, Dutch, English GB and US, 
French, German, Italian, Spanish, Portuguese and Russian) or eas-
ily changed into any other by hand. With a few clicks the clinic  
data and logo can be inserted, and an individual report created 
(Fig 162). The programme is also equipped with a tutorial which 
is based on photographs. The feature serves as an educational 
tool, diagnostic and treatment planning aid, and may be used for  
illustrating the condition to the client. Access to the programme is 
via: https://​e-​vds.​vet/​.

Tier 2 & 3 are recommended to use a more detailed commer-
cial programme. There are several options available (in alphabeti-
cal order: http://​anima​ldent​alcha​rt.​com; www.​acces​ia.​se; www.​
chart​ific.​com; www.​e-​vds.​vet; www.​vetde​ntalc​harts.​com).

Key points
•	The examination of a conscious patient is important but is of 

very limited value, as a complete examination is only possible 
under general anaesthesia. This is one of the many reasons this 
committee strongly discourages dentistry without anaesthesia.

•	A thorough oral examination MUST be part of every dental 
procedure.

•	The Triadan and Modified Triadan Systems and anatomical 
names can be used for recording dental examination and treat-
ment.

•	The examination of the oral cavity must be performed in a sys-
tematic and repeatable fashion.

•	Dental radiographs are an essential part of the examination.
•	Proper recording of clinical findings and treatments is crucial.

SECTION 5: PERIODONTAL THERAPY

There are numerous therapeutic options available for periodontal 
disease; however, the basis of periodontal therapy remains plaque 
control. It has recently been shown that a professional dental clean-
ing will have a significant positive effect on the oral microbiome, 
quickly restoring it to healthy levels (Flancman et al., 2018).

Plaque removal and control consists of four aspects 
depending on the level of disease. These therapies include 
(Niemiec, 2008c)

1.	 Professional dental cleaning (previously called dental prophy-
laxis, cleaning, Oral ATP, assessment, treatment, prevention) 
or COHAT (Comprehensive Oral Health Assessment and 
Treatment) (Bellows, 2010a)

2.	 Homecare
3.	 Periodontal surgery
4.	 Extraction

This section will cover the complete dental prophylaxis/clean-
ing as well as basic indications for periodontal surgery and extrac-
tions. Homecare and basic extraction techniques will be covered 
elsewhere in this document; however, periodontal surgery is 
beyond the scope of these guidelines.

Regardless of the name, the goal of this procedure is not only 
to clean and polish the teeth, but also to evaluate the periodon-
tal tissues and entire oral cavity. Any professional periodontal 
therapy for veterinary patients must be performed under gen-
eral anaesthesia, with a well-cuffed endotracheal tube (Bellows 
et al., 2019; Niemiec, 2013c). Only when the patient is properly 
anaesthetised can a safe and effective cleaning and oral examina-
tion be performed (Wallis et al., 2018). A recent study proved 
that non-professional teeth scaling resulted in significantly worse 
periodontal disease (Stella et al., 2018).

It is important to note that proper periodontal/dental/oral 
therapy takes time and patience; therefore, adequate time should 
be allotted for all dental cases. Some patients will require more 
treatment than others, necessitating additional time. Professional 
periodontal therapies must be performed with quality (not quan-
tity) in mind.
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Procedure
A professional dental cleaning should include the following mini-
mal steps (Bellows, 2010a; Holmstrom et al., 1998d; Stepaniuk, 
2019; Niemiec, 2003b, 2013c):

Step 1: Pre-surgical examination and consultation 
(Huffman, 2010)

The veterinarian should perform a complete physical and oral 
examination. The physical examination, in combination with 
preoperative testing, screens for general health issues which may 
exacerbate periodontal disease or compromise anaesthetic safety 
(Joubert, 2007) (see Anaesthesia section).

The conscious oral examination will identify some oral pathol-
ogies as well as allow for a preliminary assessment of periodontal 
status. The use of a periodontal diagnostic strip for thiol detec-
tion by the examining veterinarian can improve the accuracy of 
the conscious periodontal evaluation.

The veterinarian can then discuss the various disease processes 
found on the examination as well as the available treatment options 
with the owner. This face-to-face discussion will improve client 
understanding of the disease processes and associated sequela.

Based on the oral examination findings, the practitioner can 
create a more accurate estimate both of procedure time and 
financial costs to the client. The client should be made aware at 
this point that a complete oral examination is not possible on a 
conscious patient.

Staff and patient protection
Numerous studies have shown that ultrasonic and sonic scal-
ers, along with high-speed handpieces create significant bac-
teria laden aerosols (Harrel,  2004; Pederson et  al.,  2002; 
Szymańska,  2007 and to a lesser extent the 3-way Air/Water 
Syringe Allison et al., 2020). The infectious organisms are not  
only supplied by the patient’s mouth, but also the water lines 
of the mechanised handpieces (ultrasonic scalers and high-
speed handpieces) (Meiller et al., 1999; Shearer, 1996; Wirthlin 
et al., 2003). Staff members performing dental prophylactic (or 
any dental) procedures should be instructed to wear personal 
protective equipment (mask, goggles and gloves) at all times to  
decrease contamination (Harrel et al., 1998; Holmstrom et al., 
1998a; Pattison & Pattison, 2006). Although there are currently 
no standards set for CFU in dental unit waterlines for veteri-
nary dentistry (they do exist for human dental units in the US), 
an appropriate disinfection protocol of dental unit waterlines 
is needed to decrease contamination (Bellows, 2004) or closed  
system used Dental procedures also must not be performed 
in “sterile” environments such as surgical suites. Furthermore, 
they should not be performed near any sick or compromised 
patients or near any clean procedures (Bellows,  2004). While 
controversial, the committee does not recommend dental pro-
cedures along with any other surgeries. Dental procedures are  
best confined to their own designated room (Al Maghlouth 
et al., 2007; Leggat & Kedjarune, 2001; Legnani et al., 1994; 
Osorio et al., 1995).

FIG 160. Modified Triadan system. (a) Quadrants one to four for permanent dentition (dark blue), quadrants five to eight for primary dentition (light 
blue). (b) Numbering of teeth according to Triadan for permanent teeth and for (c) primary dentition (graphics by David Crossley).

A B

C
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Step 2: Decreasing the bacterial load (see 
examination above)

The oral cavity is a contaminated area, and proper dental clean-
ings are mildly invasive. This means that dental cleanings may 
result in a very transient bacteraemia, which may be more 
severe in patients with periodontitis (Daly et  al., 2001; Forner 
et al., 2006; Lafaurie et al., 2007). Dental cleanings cause bacte-
rial aerosolisation and contamination of the office environment 
when ultrasonic instruments are used. Rinsing the oral cavity 

with a 0.12% or 0.2% solution of chlorhexidine gluconate prior 
to commencing the prophylaxis has been shown to decrease the 
bacterial load (Bellows, 2004; Fine et  al., 1992). However, the 
transient nature of the possible bacteraemia makes this step as 
well as prophylactic antibiotics of dubious value (Blazevich & 
Miles,  2024). Further, recent studies show that oral bacteria 
exposed to chlorhexidine may develop resistance and/or tolerance 
to chlorhexidine and certain antibiotics (Cieplik et  al.,  2019; 
Früh et  al.,  2022). Another option is a solution of 50/50 ppm 
hypochlorous acid/sodium hypochlorite which takes a very short 

FIG 161. Example of canine dental chart.
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time to take effect and, above all, does not impair wound healing 
(Bender & Kramer, 2017).

Step 3: Periodontal probing, oral evaluation and 
dental charting

This is a critically important step of a complete dental prophy-
laxis but is unfortunately often poorly performed or completely 
omitted. The entire oral cavity must be systematically evaluated 
at various stages of the procedure using both visual and tactile 
senses (see Oral Examination section).

Step 4: Dental imaging

When available, dental radiographs or CBCT should be taken at 
a minimum of every area of pathology noted on dental examina-
tion and ideally full mouth (see Oral Examination section).

Step 5: Supragingival cleaning

Very large accumulations of calculus can be quickly removed 
using calculus forceps. However, this must be done very carefully 
to avoid tooth and gingival damage. Supragingival scaling can be 
performed via mechanical or hand scaling but is best performed 

FIG 162. Example of electronic feline dental chart.
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using a combination of the modalities (Bellows, 2004; Pattison 
& Pattison, 2006).

Mechanical scalers
Mechanical scalers include both sonic and ultrasonic types 
(Holmstrom et al., 1998a; Jahn, 2006a). The most common used 
mechanical scaler in veterinary dentistry today is the ultrasonic 
model. There are two main types (magnetostrictive and piezo-
electric) (Stepaniuk, 2019). Both ultrasonic scalers vibrate at 
approximately 25,000 to 45,000 Hz.

Sonic scalers run on compressed air and vibrate at only 2000 to 
6500 Hz, although rates of up to 9000 Hz have been reported. At 
slower rates of vibration, they generate minimal heat, and there-
fore, may be a safer alternative to ultrasonics (see Equipment sec-
tion for a complete discussion of mechanical scalers).

Mechanical scaling
When using any of the mechanical scalers, the first concern is 
the power level setting of the instrument. Ultrasonic tips have a 
recommended oscillation (Hz) range, and this should be deter-
mined and set prior to initiating scaling. The power should be set 
low and adjusted upward to the minimum required power. The 
area of maximum oscillation for ultrasonic scalers is 1 to 3 mm 
from the tip (DeBowes, 2010). Do not use the sharp pointed tip 
of the instrument, but the flat plane of the instrument, as the 
point will damage the enamel of the tooth.

Next, it is important to ensure that there is adequate coolant being 
delivered through the working end of the scaler. A fine but signifi-
cant spray should be evident when the unit is activated (Fig 163A). 
Utilising a mechanical scaler without sufficient coolant can cause 
numerous deleterious effects including tooth death (Nicoll & 
Peters, 1998). Hand curettes and some water-cooled ultrasonic scal-
ers, with periodontal or universal tips, are used to clean subgingivally 
(Stepaniuk, 2019). The water coolant will not reach the working area 
of the instrument, which results in overheating and possible tooth 
and gingival damage, especially when using incorrect scaler tips.

Specific low-powered periodontal tips are available for subgin-
gival use, and clinicians and staff should familiarise themselves 
with this equipment prior to their use. Units supplied with peri-
odontal tips also have settings on the machine appropriate for 
subgingival scaling.

The instrument should be gently grasped to increase tactile sen-
sitivity, decrease operator fatigue and provide superior cleaning. 
Place the side of the instrument in contact with the tooth surface  
with a very light touch (DeBowes, 2010; Jahn, 2006a) (Fig 163b). 
Additional pressure on the instrument will not improve its  
efficiency and can result in damage to both the instrument and 
the tooth (Brine et al., 2000). Excessive downward pressure on the 
scaler tip may stop the oscillation entirely.

Run the instrument across the entire tooth surface using numer-
ous overlapping strokes in different directions. Always keep the 
instrument in motion to avoid tooth damage. Avoid contacting 
other mucosal surfaces with the working head of the instrument.

It has long been recommended to strictly limit the amount of  
time ultrasonic scalers linger on one tooth. Typically, it is recom-
mended that they be kept in constant contact with the tooth for  
no more than 6 to 8 seconds. In addition, heat damage is generally 
caused by lack of water cooling (Nicoll & Peters, 1998; Vérez-
Fraguela et al., 2000).

Once the instrument loses contact with the tooth, the scaler 
can no longer be effective. Plaque can be microscopically present 
on all surfaces of the tooth even though the tooth appears clean, 
and as such, each square mm of every tooth surface should be 
treated.

Damage or wear affecting the terminal 1-mm of the tip 
reduces efficiency of an ultrasonic scaler by 25% and 2-mm by 
50% (Bellows, 2004). Therefore, new tips should be used when 
old ones wear out.

Rotosonic scaling, while popular in the past, is no longer a rec-
ommended form of scaling (Bellows, 2004). This is because these 
instruments produce a significantly rougher surface compared to 
hand and ultrasonic/sonic power scalers (Brine et al., 2000). In 
addition, they are by far the most damaging mechanical scaling 
instrument (Wiggs & Lobprise, 1997a).

Hand scaling

Equipment

Supragingival hand scaling is performed with a scaler. This is a tri-
angular instrument with two sharp cutting edges and a sharp tip. 
Typically, the universal scaler blade is positioned at 90° to the shaft. 
Scalers are designed for supragingival use only, as the shape of the 

FIG 163. (A, B) Use of ultrasonic scaler.

A B
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instrument as well as the sharp back and tip can easily damage the 
gingiva (Theuns & Niemiec, 2012) (see Equipment section for a 
detailed description of periodontal hand instrumentation).

Note, periodontal hand instruments are only effective when 
sharp. This means they need to be sharpened on a regular basis 
(at least weekly if used regularly) and following the manufactur-
er’s instructions.

Technique

Hand instruments are typically held with a modified pen grasp 
(Fig 164) but other grips may be necessary in certain situations. 
The instrument is gently held at the textured or rubberised end,  
between the tips of the thumb and index finger. The middle finger 
is placed near the terminal end of the shaft and is used to feel for 
vibrations which signal residual calculus or diseased/rough tooth/
root surfaces. Finally, the 4th and 5th fingers are rested on a stable  
surface, generally the target tooth or nearby teeth. This grasp and 
described method of cleaning allow for maximum control during 
the scaling procedure.

Hand instruments must also be used with a gentle touch. The 
instrument is held with the terminal shank parallel to the tooth sur-
face and the blade placed at the gingival margin (Fig 165). Hand 

scalers are used in a pull stroke: avoiding gingival damage by pulling 
away from the soft tissue (Bellows, 2004; Pattison & Pattison, 2006).

Step 6: Subgingival plaque and calculus scaling

This is the most important step of the dental cleaning, as supra-
gingival plaque control is insufficient to treat periodontal disease 
(Westfelt et al., 1998).

Subgingival scaling has classically been performed by hand 
with a curette, but advances in sonic and ultrasonic tips now allow 
their use under the gingival margin. While some may achieve 
satisfactory results using ultrasonic scalers alone, it is generally 
recommended to use a combination of ultrasonic (or sonic) and 
hand scaling for best results (Bellows, 2004; Holmstrom et al., 
1998a; Pattison & Pattison, 2006).

A curette has two cutting edges (however, only the one which 
lies against the tooth is actually used) with a blunted toe and 
bottom. The blunted bottom will not cut through the delicate 
periodontal attachment, assuming excessive force is not applied 
(see Equipment section for more detailed information).

Manual subgingival scaling (root planing and subgingival 
curettage) is a very technically demanding procedure and although 
it will be described here, the practitioner is directed to continuing 
education programmes to hone their skills. Subgingival scaling is 
performed as follows:

1.	 Place the blade of the instrument on the tooth surface just 
coronal to the free gingival margin, with the lower shank par-
allel to the tooth surface (Fig 166).

2.	 Rotate the instrument so that the flat “face” of the blade is 
against the tooth surface.

3.	 Insert the instrument gently to the base of the sulcus or pocket 
(Fig 167)

FIG 164. Modified pen grasp of hand instrument (curette).

FIG 165. Use of hand scaler on crown of tooth.
FIG 166. Place curette blade on tooth just coronal to free gingival 
margin.
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4.	 Once the bottom of the pocket is reached, the instrument  
is rotated to create a 90° working angulation. This is when  
the terminal portion (or shank) is parallel to the tooth 
(Fig 168)

5.	 Slight pressure is applied down onto the tooth surface.
6.	 Remove the instrument from within the pocket in the coronal 

direction with a firm/short stroke (Fig 169). This technique is 
repeated with numerous overlapping strokes in different apical 
to coronal directions until the tooth/root feels smooth. Note: 
these photos were taken with the fingers moved away from the 
Modified Pen Grasp hold for better visualisation of the instru-
ment placement.

Traditional ultrasonic scalers should not be used subgin-
givally to avoid damage to the gingiva, periodontal tissues and 
pulp (Jahn, 2006a). Sonic and ultrasonic scalers with specialised 
periodontal tips have been developed for subgingival use. These 
instruments are much easier to use and thus may provide a supe-
rior cleaning in the hands of novices; however, this has not been 
confirmed by clinical studies (Kocher et al., 1997). To accomplish 
subgingival scaling, these instruments are used in a similar fashion 
as supragingival scaling described above, but more care should be 
taken not to damage the root surface. Again, this technique is per-
formed with a gentle touch using numerous overlapping strokes 
until the root feels smooth.

Step 7: Residual plaque and calculus identification

After scaling, it is recommended to check the teeth with an 
explorer, feeling for any rough areas which indicate small areas of 
dental pathology or residual calculus. Residual plaque and calcu-
lus may also be identified by utilising a plaque disclosing solution 
or by gently drying the tooth surfaces with air (residual calculus 
will appear chalky) (Pattison & Pattison, 2006).

Step 8: Polishing

Dental scaling (both mechanical and hand) generally results in 
microabrasion and roughening of the tooth surface, which will 
result in increased plaque adherence (Berglundh et  al.,  2007; 
Silness,  1980). Polishing smooths the surface of the teeth, thus 
retarding plaque attachment (Bellows, 2004). In human dentistry, 
the polishing step is controversial due to the cumulative loss of 
enamel throughout the lifetime of the patient and the fact that proper 
scaling with high-quality hand or ultrasonic instruments has been 

FIG 168. Advance the curette gently to the base of the pocket.

FIG 169. Pull stroke down in a coronal direction.FIG 167. Rotate curette face on tooth surface and insert into pocket.
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shown to leave a very smooth surface (Pattison & Pattison, 2006). 
However, veterinary dental cleanings are often performed by less 
experienced operators with inferior equipment, which typically 
leaves the tooth surface (especially the root) rough, leading to 
increased plaque attachment. For this reason, polishing continues 
to be recommended in veterinary patients (DeBowes, 2010; Fichtel 
et al., 2008; Niemiec, 2013c). However, care must be taken to only 
use the finest grit and minimum time to avoid tooth damage.

Practices can choose to use a commercially available polish or 
make their own slurry of flour of pumice and water. These can be 
mixed in a dappen dish for each patient.

The polishing procedure is typically performed with a rubber 
prophy cup, on a low-speed handpiece with a 90° angle (prophy 
angle) (Fichtel et al., 2008). The handpiece should be run at a 
slow speed, no >3000 RPM. Faster rotation will not improve the 
speed or quality of the procedure and may result in overheating 
the tooth. In addition, it is important to always use an adequate 
amount of polish. Using the prophy cup without paste is not 
only inefficient; it may also overheat the tooth.

As with scaling, every mm2 of tooth surface should be polished. 
Slight pressure must be placed down onto the tooth to flare the 
edges of the prophy cup so as to polish the subgingival areas. One 
tooth may be polished for a maximum of 5 seconds at a time to 
avoid overheating. Another option for polishing is air abrasive.

Step 9: Sulcal lavage

During the cleaning and polishing steps, debris such as calculus 
and prophy paste (some of which is bacteria laden) accumulates 
in the gingival sulcus (or periodontal pockets). The presence of 
these substances allows for continued infection and inflamma-
tion, and therefore, a gentle lavage of the sulcus is strongly rec-
ommended to improve healing (Niemiec, 2013e). Sulcal lavage 
is performed with a small (22 to 25) gauge blunt-ended cannula. 
The cannula is placed gently into the sulcus and the solution 
injected while slowly moving along the arches. Sterile saline or 
lactated ringers are currently favoured.

Step 10: Treatment planning

In this step, the practitioner uses all available information (visual, 
tactile and radiographic findings) to determine appropriate ther-
apy. It is important to consider overall patient health, the owner’s 
interest and willingness to perform homecare, and all necessary 
follow-up (Niemiec, 2008c, 2013c).

It is very important to note that if a patient requires exten-
sive treatment that would entail a lengthy anaesthesia, or if the 
practitioner would be unduly rushed, rescheduling the remainder 
of the dental work is an acceptable alternative. The two param-
eters which directly affect long-term morbidity and mortal-
ity in anaesthetised patients are hypothermia and hypotension 
(Brodbelt et  al.,  2008; Torossian,  2008), which become more 
pronounced with extended anaesthesia time. In fact, anaesthetic 
length has been shown to increase the complication rate in both 
humans and animals (Brodbelt et  al., 2008; Tiret et  al., 1986) 
(see Anaesthesia section). Patients should be closely monitored in 

the post-operative period, as morbidity and mortality is increased 
during this time (Brodbelt et al., 2008).

Key points
•	A professional dental cleaning is an involved procedure with 

numerous steps.
•	All periodontal therapeutic procedures must be performed 

under general anaesthesia.
•	Each step must be properly performed to achieve a positive out-

come.
•	Sufficient time must be allotted for the procedure to have sig-

nificant clinical benefit.
•	Subgingival scaling is the most important step of a professional 

dental cleaning.
•	A complete oral examination and charting are a critical part of 

the procedure.

Dental homecare

Introduction

Homecare is a critical aspect of periodontal care. Bacterial 
plaque attaches to the tooth surface within 24 hours of cleaning 
(Boyce et al., 1995; Holcombe et al., 2014). In addition, with-
out homecare, gingival infection/inflammation quickly returns  
(Corba et al., 1986; Fiorellini et al., 2006). Furthermore, a review 
of studies reported in man, professional cleanings were of little 
value without homecare (Needleman et al., 2005). In fact, one  
consensus review emphatically states “Forty years of experimen-
tal research, clinical trials, and demonstration projects in differ-
ent geographical and social settings have confirmed that effective  
removal of dental plaque is essential to dental and periodontal 
health throughout life” (Lang et al., 1998).

Homecare discussion/instructions

The benefits of routine homecare must be conveyed to each cli-
ent on a regular basis. Dental care (including homecare) should 
be discussed with the client on their first visit to the practice, 
which is often the well puppy/kitten or vaccination visit and 
should come from the entire veterinary healthcare team (Wiggs 
& Lobprise, 1997b). Early institution of homecare not only leads 
to the greatest benefit, but it also makes training easier.

Goals of home plaque control

The primary goal of homecare is to reduce the amount of bac-
terial plaque on the teeth (Perry,  2006). This in turn should 
decrease the level of gingival inflammation and ultimately peri-
odontal disease.

It is important to note that supragingival plaque and calculus 
have little to no effect on periodontal disease. It is the plaque 
at and below the gumline that creates inflammation and initi-
ates periodontal disease (Niemiec,  2008b, 2013a; Westfelt 
et al., 1998). Keep this in mind when determining which homec-
are methods to recommend. Information on the suitability of 
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different methods for marginal and subgingival plaque control is 
covered along with their descriptions below.

Brushing is by far the most effective means to mechanically 
remove the plaque (Hale, 2003) and different brushes or cloths 
can be used, as long as these are used daily (Brissman et  al., 
2021). Chew-based products can be effective if properly formu-
lated; however, oral sprays, rinses and water additives are gener-
ally insufficient (although some products are proven to still be 
better than nothing – www.​vohc.​org), due to the tenacity with 
which plaque adheres to the teeth and the increased resistance 
of the plaque biofilm to antiseptics (reportedly up to 500,000 
times that of singular bacteria) (Elder et  al.,  1995; Quirynen 
et al., 2006; Socransky & Haffajee, 2002).

Types of homecare

The two major types of home plaque control are active and 
passive. Both types can be effective if performed correctly and 
consistently, but active homecare is currently recommended as 
the most effective means of plaque control. Active homecare 
involves the participation of the pet’s owner, such as brushing or 
rinsing. Passive methods are typically based on chewing behav-
iours via treats or specially formulated diets. It has been shown 
that active homecare is most effective on the rostral teeth (inci-
sors and canines). In contrast, passive homecare (chew based) 
is more effective on the caudal teeth (premolars and molars) 
(Bjone et  al.,  2007; Capik,  2007). This difference is intuitive 
because the front teeth are easier for clients to access, while pas-
sive homecare is more effective on the caudal teeth where chew-
ing occurs.

Active homecare

Tooth brushing

When properly performed, tooth brushing has been proven to 
be the most effective means of plaque control (Hale, 2003). In 
one study on 22 dogs, daily tooth brushing was shown to be 
more than three times as effective at controlling plaque accumu-
lation compared to using a daily dental chew or dental diet (Allan 
et al., 2019).

Therefore, it should be the goal of all veterinarians to promote 
tooth brushing for their patients by educating their clients. The 
ultimate success of a homecare programme depends on owner 
compliance and the dog or cat’s acceptance of the process (Ray 
& Eubanks, 2009).

Gaining client compliance

Client compliance, or the lack thereof, has been a common chal-
lenge in the implementation and continued provision of tooth 
brushing by pet owners. Client-centred communication may help 
to increase motivation. Regular veterinary visits, with follow-ups 
to correct any misunderstandings, could lead to more successful 
implementation of tooth brushing (Oskarsson et al., 2021; Svärd 
& Enlund, 2023). A recent study highlighted the multifaceted 
aspect to non-compliance with toothbrushing and identified 

areas for improvement in the communication between dog own-
ers and veterinary health practitioners (Enlund et al., 2020).

Materials and methods for tooth brushing

Brushes: The only critical piece of equipment is a toothbrush 
that has to be used daily. There are numerous veterinary brushes 
available, and a proper brush should be selected based on patient 
size. Double- and triple-sided as well as circular feline brushes 
are effective products and should be considered depending on 
patient size and temperament. Gauze and washcloths have not 
been recommended due to their inability to clean below the 
gumline (Holmstrom et  al.,  1998a). However, if properly for-
mulated, gloves and wipes can be effective and easier to institute 
(Olsén et al., 2021).

In addition to veterinary products, soft human toothbrushes 
with nylon filaments may be substituted. A child’s toothbrush is 
often the correct size for small patients and may be more effective 
than the larger veterinary version. An infant brush may work best 
for toy breed dogs, cats or juvenile patients.

Mechanised (sonic and especially rotary) brushes have been 
shown to be superior to traditional brushes in human studies 
(Deery et  al.,  2004; Moritis et  al.,  2008). In addition to the 
numerous human product options, there is currently a mecha-
nised veterinary brush available. The only negative aspect to 
these brushes is that the movement/vibration is an unusual sen-
sation which may scare the patients (Holmstrom et al., 1998a). 
Therefore, mechanised brushes should only be used in patients 
with accepting temperament.

Pastes

There are several veterinary toothpastes available, which greatly 
increase the acceptance of the toothbrush by the pet. Toothpastes 
may also contain a calcium chelator, which has been shown 
to decrease the level of calculus deposits on the teeth (Hennet 
et al., 2007; Liu et al., 2002). It is important to note, however,  
that calculus itself is largely non-pathogenic. As such, the paste 
is not a significant contributor in the reduction of plaque and 
gingivitis. The mechanical removal of plaque by the movement of 
the brush/instrument is the key to control (Hale, 2003). Human  
toothpastes should not be used as they usually contain deter-
gents and fluoride which may cause gastric upset or fluorosis if 
swallowed, similarly with products such as baking soda (sodium 
bicarbonate) (Niemiec, 2008c; Wiggs & Lobprise, 1997a).

Antimicrobial preparations are also available, which may 
improve plaque and gingivitis control beyond that of pastes when 
used with brushing, and therefore, should be considered instead 
of toothpaste in high-risk patients and in cases of established 
periodontal disease (Eaton et al., 1997; Hennet, 2002).

Brushing technique
To safely and effectively initiate tooth brushing in veterinary 
patients, the following training is recommended, although 
the ideal technique may only be possible in the most tractable 
patients. A recent study found that dogs showed fewer signs of 
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stress after 2 weeks of daily brushing, indicating the potential 
to train dogs to accept dental home care procedures (Enlund 
et al., 2023). Clients should be encouraged to work towards this 
level of care, but to accept any success as valuable. Forcing homec-
are on a patient is counterproductive and may damage the client-
animal bond (Niemiec, 2013d; Wiggs & Lobprise, 1997b).

The keys to compliance with brushing can be stated as follows:

1.	 Start early: young patients are more amenable to training.
2.	 Go slow: start with just holding the mouth and then allow 

the pet to lick the paste off of the toothbrush and finally start 
brushing slowly.

3.	 Be consistent: make this a learned behaviour and routine for 
the pet.

4.	 Make it positive: using food, treats or playtime as a reward 
will greatly increase the likelihood of acceptance.

5.	 Discuss the risks: handling animals near their mouths can 
potentially put the owner at risk of being bitten. Always 
counsel owners of this risk as part of the tooth brushing dis-
cussion.

Proper tooth brushing technique begins with the brush held 
at a 45° angle to the long axis of the tooth. The brush is then 
placed at the gingival margin and moved along the arcades utilis-
ing a circular motion. The buccal surfaces of the teeth are the  
most accessible and, fortunately, are the most important, as 
these are the surfaces which generally have higher levels of cal-
culus deposition. Make sure to counsel owners not to attempt to 
open the pet’s mouth on initiation of this procedure. Most vet-
erinary patients greatly dislike their mouth being forced open,  
and this approach may result in increased resistance. Instead, 
clients should be instructed to begin by effectively brushing the 
buccal surfaces with the mouth closed. The caudal teeth can be 
accessed by gently inserting the brush inside the cheek. Correct  
positioning and brushing technique will improve with time. If 
the patient is amenable, the client should progress to brushing 
the palatal/lingual surfaces of the teeth. To open the mouth,  
begin by placing the thumb of the non-dominant hand behind 
the lower canines. This is the safest place in the mouth to rest 
the finger.

Regarding the frequency of brushing, once a day is ideal, as 
this level of care is required to stay ahead of plaque formation.  
For patients with established periodontal disease, daily brush-
ing is required to maintain oral health, and twice daily may be 
recommended (Corba et  al.,  1986; Gorrel & Rawlings,  1996; 
Tromp, Jansen, et  al.,  1986; Tromp, van Rijn, et  al.,  1986). 
Equally significant is the aspect of the quality of the brushing  
to provide effective plaque control. This underscores the impor-
tance of proper tooth brushing techniques, highlighting the need 
for practical teaching in this regard (Svärd & Enlund,  2023).  
Consistency with homecare is critical. If brushing is suspended 
for as little as a month, the level of gingival inflammation will  
return to the same level as patients with no therapy (Ingham & 
Gorrel, 2001).

Additives and rinses

Some diets and treats contain antiseptics or additives to retard or 
inhibit plaque or calculus accumulation. Sodium hexametaphos-
phate (HMP) forms soluble complexes with cations (e.g. calcium) 
and decreases the amount available for forming calculus (Hennet 
et al., 2007; White et al., 2002). In one study, adding HMP to 
a dry diet decreased calculus in dogs by nearly 80% (Stookey 
et al., 1995), however, tartar is not a major factor in the develop-
ment of gum disease. Further studies have shown no difference in 
plaque or calculus when HMP-coated biscuits were fed to dogs for 
3 weeks (Logan et al., 2010; Stookey et al., 1996).

The addition of antiseptics to treats is an attractive method 
for treating periodontal disease. However, as previously noted, 
plaque bacteria have resistance to concentrations of antiseptics up 
to 500,000 times that which would kill singular bacteria (Elder 
et al., 1995; Quirynen et al., 2006; Socransky & Haffajee, 2002). 
Therefore, while the substance may have a positive effect on sin-
gular bacteria at standard concentrations, it may not be when 
diluted in the drinking water.

Chlorhexidine has been proven to have efficacy as an oral 
antiseptic which may reduce plaque, especially as a periopera-
tive or preprophylaxis rinse (Roudebush et al., 2005) although it 
may enhance mineralisation of plaque to calculus (Hale, 2003). 
However, sufficient contact time is likely not achieved when 
using it as a rinse. In addition, reports of efficacy are variable 
(e.g. the addition of chlorhexidine to rawhide chews provided a 
reduction in plaque but had no effect on the degree of gingivi-
tis) (Brown & McGenity, 2005; Rawlings et al., 1998). Along 
with chlorhexidine, a chew additive anti-plaque agent delmopi-
nol has been shown to decrease plaque and calculus (Claydon 
et al., 1996); however, not as effectively as chlorhexidine (Reddy 
et al., 2017).

Enzyme systems may contain glucose oxidase and lacto-
peroxidase, lysozyme or lactoferrin. These are well studied on 
the human side and there is even low-grade evidence for effi-
cacy in dogs and cats for oral antibacterial effects (Hale, 2003). 
Dextranase enzyme rubbed on the gums and tooth crowns of 
dogs reduced the average count of bacteria in plaque (Sadighnia 
et al., 2023).

Antiseptic rinses

The other option for active homecare is the application of anti-
septic/anti-plaque solutions. The traditional antiseptic of choice 
is chlorhexidine. Chlorhexidine has been shown in numer-
ous studies to decrease gingivitis if applied consistently over 
time (Hamp & Löe,  1973; Hennet,  2002; Tepe et  al.,  1983). 
Chlorhexidine reportedly has a quick onset and minimal sys-
temic uptake, making it an excellent choice for oral antisepsis 
(Salas Campos et al., 2000). One concern with the use of these 
products is the lack of palatability, which may hinder homec-
are efforts (Holmstrom et  al.,  1998a). Further, recent studies 
show that oral bacteria exposed to chlorhexidine may develop 
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resistance and/or tolerance to chlorhexidine and certain antibiot-
ics (Cieplik et al., 2019; Früh et al., 2022).

Proper application of these products requires only a small 
amount of the solution be used. Ideally, the rinse should be 
directly applied to the surface of the teeth and gingiva. In most 
cases, however, getting the solution between the cheek and teeth 
is the best the client can achieve.

An additional option for active home oral care is the use of 
soluble zinc salts. Studies show that these products can be effec-
tive in decreasing viable plaque biomass (Wolinsky et al., 2000). 
One veterinary labelled oral zinc ascorbate gel has been proven to 
decrease plaque and gingivitis in cats (Clarke, 2001b) and pro-
vides the additional advantage of being tasteless, which should 
improve acceptance. Ascorbic acid has been shown to support/
induce collagen synthesis, which may improve healing following 
dental scaling and/or oral surgery (Murad et  al.,  1981; Pinnel 
et al., 1987).

Barrier sealants

A final option for active homecare is the application of a commer-
cially available barrier sealant, which has been shown to decrease 
the accumulation of plaque and calculus. One of the commercially 
available sealants functions by binding electrostatically to the teeth 
and creating a hydrophobic surface which is designed to prevent 
plaque attachment (Gengler et al., 2005). The other is a hydro-
philic polymer that dries clear and rapidly to seal the gingival sul-
cus against plaque formation and has pores designed to allow water 
and oxygen to pass through (Sitzman, 2013).

Passive homecare

Since passive homecare requires minimal effort by the owner, com-
pliance is more likely. This is important since long-term consis-
tency is the key factor in the efficacy of home dental care (Ingham 
& Gorrel, 2001). It has been shown that the compliance rate with 
tooth brushing with highly motivated pet owners is only around 
50% after 6 months (Miller & Harvey, 1994). In fact, one study 
showed that passive homecare may be superior to active homecare 
simply because it is performed (Abrahamsson & Pettersson, 2024; 
Svärd & Enlund, 2023; Vrieling et al., 2005).

Pet foods, supplements and treats are often used as adjuncts to 
or substitutes for tooth brushing for home plaque control. These 
products and techniques should always be used in combination with 
professional dental care. These methods are considered “passive” 
forms of homecare, meaning the client is not “actively” removing 
the plaque or applying rinses or gels (Niemiec, 2013d).

Dental foods or treats may help as an adjunct for control 
of plaque and calculus. It is critical to remember that tartar is 
generally non-pathogenic and plaque control above the gingival 
margin does not improve periodontal disease (DeBowes, 2010; 
Niemiec,  2008b; Westfelt et  al.,  1998). As an example, wild 
carnivores have reportedly had significantly less calculus on 
their teeth but had a similar level of periodontal disease to their 
domestic counterparts (Clarke & Cameron, 1998; Steenkamp & 
Gorrel, 1999; Verstraete et al., 1996a). Furthermore, one human 

study found that the improvement of periodontal health was not 
related to the degree of residual calculus (Sherman et al., 1990). 
Therefore, when making recommendations to our clients we 
must look for products which clean beneath the gingiva for sub-
gingival effect (see below).

Pet food regulations and the Veterinary Oral Health 
Council (VOHC)

Many diets and treats claim that they improve dental health. 
These claims may include: “cleans teeth”, “freshens breath”, “pro-
motes healthy gums” or “aids in prevention of periodontal dis-
ease” (Logan, 2006). While by labelling regulation claims should  
be true, some can be too vague to come under the regulations 
and therefore may have little evidence as to their effectiveness. 
The Association of American Feed Control Officials (AAFCO)  
and the European Pet Food Industry Federation (FEDIAF) do 
not allow claims for prevention or treatment of dental (or any 
other) disease for pet foods or treats (AAFCO.org; FEDIAF.org), 
although AAFCO does discuss claims for dental tartar.

The best way to determine if a product is effective is to look 
for published peer-reviewed research which validates the claims. 
If this is available you can recommend it as effective, so ask pet 
food representatives for study information. As this research will 
take time, a valuable source of information for busy practitioners  
is the Veterinary Oral Health Council (VOHC) (vohc.org). The 
VOHC is a non-regulatory agency which includes representa-
tives from professional dental colleges as well as allied veterinary 
groups. The VOHC consists of nine veterinary dentists and dental 
scientists with experience of scientific protocols and study design 
plus a non-voting Director. The VOHC provides an objective  
means of recognising commercially available products that meet 
pre-set standards of effectiveness in controlling accumulation of 
supragingival dental plaque and calculus (tartar) in dogs and cats. 
If a pet food or treat research is accepted by the VOHC, there is  
reasonable assurance that the product is effective in preventing or 
decreasing plaque or calculus; however, published studies and the 
VOHC only provide whole tooth scoring, which may or may not 
actually improve periodontal status.

The VOHC does not test products; they establish the proto-
cols and standards and review the research. The research is per-
formed by the company itself and a detailed report of the testing  
is submitted for review. The VOHC provides independent and 
objective reviews of the tests of products submitted. Claims may 
be based on mechanical or chemical means of improving dental  
health. The VOHC awards a Seal of Acceptance for two catego-
ries: “helps control plaque” and “helps control tartar”. This is gen-
erally a minimum of a 15% to 20% reduction. Furthermore, to  
obtain VOHC approval, the product must also have a safe consis-
tency for the patient to chew and not damage the teeth.

Pet food effects on oral health

Wet, dry and homemade diets: The diet can affect the oral en-
vironment via maintenance of tissue integrity, metabolism of plaque 
bacteria, effects on salivary flow and composition, and the effects 
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of contact on the tooth and oral surfaces. A common perception in 
small animal practice is that feeding dry pet foods decreases plaque 
and calculus and canned foods promote plaque formation. This is 
because the crunching action of biting into a hard kibble should 
clean the teeth. Dry food does leave less residue in the mouth for  
oral bacteria to feed on and so plaque accumulates at a slower rate. 
Despite that, many animals fed on commercial dry diets still have 
heavy plaque and calculus accumulations and periodontal disease 
(Harvey et  al.,  1996; Logan,  2006). In one study, dogs and cats 
eating soft foods did have more plaque and gingivitis than animals  
eating a more fibrous food (Watson, 1994). In other studies, moist 
foods have shown a similar effect to a typical dry food on plaque and 
calculus accumulation (Boyce & Logan, 1994; Harvey et al., 1996). 
Finally, standard dry foods break apart at the incisal edge of the teeth, 
providing minimal to no cleaning at the gingival margin, which is  
where it most matters (Niemiec, 2008c; Westfelt et  al.,  1998). A 
study comparing home prepared foods versus commercial wet and/
or dry foods showed that feeding a home prepared diet increased the 
probability of oral health problems. There was a significant benefit  
of feeding commercial food compared to home prepared when at 
least part of the diet was a dry pet food (Buckley et al., 2011). An-
other study showed an improvement in periodontal disease, dental 
deposits (tartar) and decreased prevalence of lymphadenopathy in 
cats fed a dry food compared to a soft or homemade food (Gawor 
et al., 2006).

For dry diets, the kibble size, texture and composition sig-
nificantly affect the effect of the kibble on the teeth. The effects 
include alteration of plaque bacteria, cleaning of the tooth and 
maintenance of tissue integrity. Dietary fibre also exercises the 
gums, promotes gingival keratinisation and has some teeth clean-
ing effects (Logan,  2006). Dietary fibre can affect plaque and 
calculus formation; however, as the pet bites into most standard 
kibbles, they may shatter and crumble, which provides little to no 
mechanical cleaning (Logan et al., 2010).

Dental diets: It has long been thought that traditional dry dog 
food is good for oral health, and current studies appear to support 
these claims (Gawor et  al.,  2006; Oba et  al.,  2022). However, 
another study showed that dry food was not superior to moist foods 
in regard to improving oral health (Harvey et  al., 1996). Several 
commercial dry diets for adult dogs and cats have been formulated  
to have increased oral cleaning ability compared with standard 
pet foods. The mechanical action of these foods is provided by a 
kibble with a larger size and texture, which promotes chewing and 
maximises contact with the teeth (Larsen, 2010). Foods with the 
right shape, size and physical structure can provide plaque, stain 
and calculus control (Hennet et  al.,  2007; Jensen et  al.,  1995; 
Logan, 2006; Vrieling et al., 2005). One important point is that 
even though these products may decrease plaque and calculus,  
they are typically most effective on the areas around the cusp tips 
and not at the gingival margin. If the diet is properly designed, the 
teeth sink into the kibble before it splits. As the tooth is penetrating 
the kibble, the fibre in the food gently abrades the tooth surface, 
thereby removing plaque (Jensen et al., 1995). Studies have shown 
that some dental foods can provide significant plaque, calculus and 
stain control in cats and dogs, especially when used with dental 

prophylaxis (Jensen et  al.,  1995; Logan et  al.,  2002). Currently, 
only one diet has published evidence to have a positive effect on 
gingival inflammation. A 6-month study comparing feeding this 
dental diet to a typical maintenance diet revealed approximately 
a 33% reduction of plaque and gingival inflammation with 
dental diet (Logan et al., 2002). These diets are usually high-fibre 
maintenance diets for adult animals, which may not be appropriate 
to support growth, gestation/lactation or any pet with a high-calorie 
requirement. The diet’s calorie density and nutrient profiles should 
be assessed to determine if the diet is appropriate for the pet’s lifestage 
and individual requirements. Dental diets are intended to be fed as 
the main food source. Research has found that the best results were 
obtained when a dental diet is the main food, but that there was 
still a measurable but declining benefit when a prescription diet was 
fed as 75%, 50% and even 25% of the total calorie intake. Using 
a dental diet simply as a treat will not meet expectations for the 
product (Hale, 2003).

Dental treats: Plain baked biscuit treats and chew toys (e.g., 
string and rope toys) have not shown to be of benefit for the 
prevention of periodontitis (Roudebush et  al.,  2005). Dental 
chews made from compressed wheat, cellulose incorporated 
into treats, and rawhide chews have good evidence for efficacy 
(Beynen et  al.,  2010; Hennet,  2001; Roudebush et  al.,  2005; 
Stookey,  2009). Furthermore, the addition of chlorhexidine 
has shown benefit in the reduction of plaque in animal studies  
(Rawlings et  al.,  1998). Some have received VOHC approval. 
Of the available products, only a handful have been clinically 
proven to decrease gingivitis (Brown & McGenity, 2005; Clarke 
et al., 2011; Crowder et al., 2024; Gorrel & Bierer, 1999; Gorrel 
et al., 1999; Quest, 2013; Stookey, 2009). A vegetable-based chew 
has been shown to be effective to reduce plaque and calculus 
formation and a better efficacy in reducing gingival bleeding 
compared to other chews (Gawor et al., 2021; Oba et al., 2021). 
In addition, some have demonstrated halitosis control and/or a  
shift of the microbiome, which may be indicative of true infection 
control (Carroll et al., 2020; Oba et al., 2021). It should be noted 
that canines and incisors are not effectively cleaned by most chew-
based products (Bjone et al., 2007; Capik, 2007).

Risks of dental chews: While uncommon, oesophageal foreign 
body obstruction due to dental chews has been reported in dogs, 
especially in smaller breeds (Leib & Sartor, 2008). In addition, there 
have been two case reports of tongue entrapment by a chew toy  
with a round opening (Rubio et  al.,  2010). Some dental chews 
are relatively high calorie and can contribute to weight gain and 
obesity if the calorie content is not considered in the pet’s overall 
consumption. Excess consumption of chews can also unbalance the  
diet as they are usually not formulated to be a complete source of 
nutrients. Those treats which can be chewed and swallowed may also 
result in gastrointestinal upset in some pets.

Tooth fractures are a risk for very hard dental treats such as 
antlers, hooves or nylon bones. The British Veterinary Dental 
Association has noted that “Many veterinary dentists are report-
ing that they are seeing fractured teeth as a direct result of chew-
ing on antler bars; in particular, the maxillary fourth premolar 
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tooth” (BVDA, 2017). Recommendations of techniques that can 
be utilised to evaluate for excessive treat hardness include being 
able to dent the treat with a fingernail (Hale, 2003).

Water and food additives: A study on the effects of a xylitol 
drinking water additive showed reduced plaque and calculus 
accumulation in cats (Clarke,  2006). Concerns about xylitol 
will limit the use of this ingredient, as at high concentrations it  
may cause hypoglycaemia; however, in veterinary products, the 
concentration is very low and has been proven to be safe for healthy 
dogs when used at the recommended dose (Anthony et al., 2011). 
This concern led to a reformulation with pomegranate which was 
shown to reduce dental plaque and calculus accumulation in dogs 
(Gawor et al., 2023).

Another option for homecare is a product produced from sea-
weed which is sprinkled on the food. Supplementation of pet diets 
with products containing the seaweed, Ascophyllum nodosum, has 
been shown to reduce both calculus and plaque accumulation after 
oral administration in both dogs and cats (Gawor et  al., 2018). 
Further, this has been added to a treat, which is also effective.

Vitamin and mineral deficiencies: Deficiencies in vitamins 
A, C, D and E and the B vitamins folic acid, niacin, pantothenic 
acid and riboflavin have been associated with gingival disease 
(Logan et  al.,  2010). Diets deficient in calcium may result in 
nutritional secondary hyperparathyroidism, which can cause 
periodontal disease (Roudebush et al., 2005). These vitamins and 
minerals are adequate in diets, which meet AAFCO or FEDIAF 
Nutritional Guidelines but can be deficient in diets which don’t 
meet those guidelines, such as many homemade diets.

Natural diets and feeding raw bones: Proponents of 
feeding raw bones have claimed that this practice improves 
the cleanliness of teeth in pets (Pezzali et  al., 2021). Further 
claims are sometimes made that feeding commercial pet food 
contributes to the high prevalence of periodontal disease in 
domesticated cats and dogs; however, the skulls of 29 African wild 
dogs eating a “natural diet”, mostly wild antelope, also showed 
evidence of periodontal disease (41%), teeth wearing (83%)  
and fractured teeth (48%) (Steenkamp & Gorrel, 1999). A study 
in small feral cats on Marion Island (South Africa) which had 
been eating a variety of natural foods (mostly birds) showed 
periodontal disease in 61% of cats, although only 9% had 
evidence of calculus (Verstraete et  al., 1996a). In a study in 
Australia of feral cats eating a mixed natural diet, there was less  
calculus compared to domestic cats fed dry or canned  
commercial food, although again there was no difference in the 
prevalence of periodontal disease between the two groups (Clarke 
& Cameron, 1998). In a study on eight beagle dogs fed cortical 
bone (bovine femur), there was an improvement in dental 
calculus, although no effect on plaque was reported (Marx et al., 
2016). Some studies show an increased chance of tooth trauma,  
and there is also the risk of fractured teeth and potentially the 
spread of zoonotic disease (Furtado et  al.,  2007; LeJeune & 
Hancock, 2001; Lenz et al., 2009), although this has not been 
found consistently (Pinto et al., 2020).

Probiotics

Periodontal disease is now thought to be caused by a dys-
biosis of bacteria. Thus, probiotics may also improve canine 
oral health (Bell et  al.,  2020), for example a study in dogs 
showed that lactobacillis was beneficial for oral health (You  
et  al.,  2022). Studies in humans showed topical application 
of probiotics containing L brevis decreased inflammatory 
mediators involved in periodontitis (Della Riccia et al., 2007). 
Studies using probiotics in treatment of periodontal disease  
in humans have shown improved gingival health, as measured 
by decreased gum bleeding. The probiotic strains used in 
these studies include L. reuteri strains, L. brevis (CD2), L. casei  
Shirota, L. salivarius WB21 and Bacillus subtilis. L. reuteri and 
L. brevis (Haukioja, 2010).

Other new potential therapeutic options

Ozone therapy may provide some reduction in periodontal 
inflammation (Abreu-Villela et al., 2021). Further, beta caryoph-
yllene and nisin have also proven effective in reducing periodon-
tal inflammation (Cunha et al., 2020; Pieri et al., 2016). Finally, 
oral microbiotia transplant show promise as a future therapy 
(Beikler et al., 2021).

Conclusions

Homecare is a critical aspect of periodontal therapy, but it is 
often ignored. Early and consistent client education is the key 
to compliance. There are numerous options available, but tooth 
brushing remains the gold standard. While the common myth 
of dry food cleaning the teeth is appealing, standard dry foods 
do not appear to significantly decrease the risk of periodontitis. 
Dental diets or treats may confer some benefit, and it is recom-
mended to look for products that have published peer-reviewed 
research and/or the VOHC seal of approval, especially for plaque 
reduction. Products need to clean down to and below the gingival 
margin. Feeding standard dry foods or raw bones may decrease 
dental calculus, but there is not much evidence for a decrease in 
the risk of periodontitis.

Key points
•	Daily homecare is recommended since plaque accumulates in 

24 hours after cleaning.
•	Without homecare, the efficacy of professional periodontal 

therapy is severely limited.
•	Tooth brushing is the gold standard and is most effective on 

rostral teeth.
•	Client-centred communication and follow-ups may help to 

improve compliance.
•	Passive homecare methods may or may not be effective, and 

any provided benefit will be mainly on the caudal teeth.
•	Standard dry dog and cat food is only minimally beneficial for 

oral health.
•	A combination of active and passive methods is likely the best 

choice.
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SECTION 6: DENTAL RADIOLOGY

The importance of dental radiography
Full-mouth dental radiographs are a critical piece of oral diagnostics, 
especially if the animal is presented for the first time, or if the clinical 
condition has changed significantly since the previous visit. Dental 
radiographs aid in diagnosis and greatly facilitate treatment. They are 
also an important part of the legal record and can be effective client 
education tools. Full-mouth dental radiographs have been shown to 
reveal about 40% more pathology than seen on oral examination 
(Verstraete et al., 1998a, 1998b) (see Oral Pathology section). Due  
to costs, practitioners may be forced to balance the desire for full-
mouth radiographs with their client’s financial constraints. However, 
obtaining dental radiographs of all teeth with clinical evidence of dis-
ease is mandatory. In the near future, cone-beam CT (CBCT) will  
likely become standard of care in many tier 3 countries and advanced 
imaging (CT, MRI, CBCT) is already considered standard of care 
for certain conditions (e.g. neoplasia, maxillofacial trauma, diseases 
of the TMJ and retrobulbar space).

Equipment and techniques
Dental radiography requires a dental x-ray unit (wall-mounted, 
mobile or hand-held) and a detection system (e.g. conventional 
intraoral dental films, “direct” digital radiography (DR) or com-
puted radiography (CR)) (Niemiec,  2010c, 2018c; Niemiec, 
Gilbert, et  al.,  2004). However, medical x-ray equipment (full 
body) with extraoral plates will provide diagnostic information 
(Gawor, 2018b; Mulligan et al., 1998b) and is acceptable in tier 
1 countries (see section on Equipment).

There are two standard techniques for obtaining dental radio-
graphs: parallel technique (for mid to caudal mandibles) and 
bisecting angle technique for all other areas (Niemiec  2018a, 
Niemiec & Furman, 2004a, 2004b; Niemiec, Gilbert, et al., 2004; 
Wiggs & Lobprise, 1997c). In addition, extraoral or near-parallel 
techniques can be beneficial for the caudal maxillae in cats, dor-
soventral technique to search for retained roots on the maxillae 
and a transorbital projection for maxillary first molar teeth in 
dogs (Ruhnau, 2023). All radiographs must be obtained with the 
patient under general anaesthesia (see Anaesthesia section). It is 
important to note that 3-mm beyond the apex is recommend for 
accurate assessment. If the entire tooth cannot be imaged due to 

sensor size, a separate image of the crown may need to be exposed, 
but it generally does not provide much information.

Parallel technique

Place the film/sensor/phosphor plate intraorally, lingually to the 
teeth to be radiographed with the film parallel to the long axis of 
the teeth. A clear 3 mm margin of film must be evident around 
the tooth being radiographed. Position the x-ray tube so that the 
central x-ray beam is perpendicular to the film (Fig  170A,B). 
Finally, make sure the area of interest is within the circumference 
of the tubehead (AVDC, 2025). When imaging smaller films/
sensors (e.g. sizes 1 and 2) the tubehead should be very close to 
the object to decrease radiation exposure to the patient as well 
as scatter radiation. However, with larger size 4 CR plates, the 
tubehead may need to be moved back to avoid conecut.

Bisecting angle technique

The bisecting angle technique is used when the film cannot be 
placed parallel to the tooth/roots due to the anatomy of the oral 
cavity – that is for all maxillary and rostral mandibular teeth. The 
film is placed in the mouth so that the tip of the film will rest on 
the crown of the tooth being examined while the remainder of the 
film will span across the mouth/palate. Visualise the angle formed  
by the long axis of the tooth to be radiographed and the plane of 
the film. Then bisect this angle with an imaginary line and position 
the x-ray tube so that the central x-ray beam is perpendicular to the 
imaginary bisecting line (Fig 171). Place the x-ray tube as close as 
possible to the tooth and check that the teeth of interest are within 
the circumference of the tube (AVDC, 2025). If using size #4 or #5,  
draw the tube slightly away from the tooth/jaw so that the divergent 
beam leaving the tube will expose the whole plate. If too close, cone 
cut may occur (part of the plate is not exposed).

The near-parallel techniques are used to radiograph the maxil-
lary premolar and molar teeth in cats to avoid superimposition of 
the zygomatic arch over the roots of the teeth of the caudal max-
illa (AVDC, 2025; Niemiec 2018a; Niemiec & Furman, 2004b). 
Most veterinary dentists feel that with digital systems the inter-
ference is minimal and therefore most do not perform these 
techniques.

FIG 170. (A, B) Parallel technique for dental radiograph.

A B
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FIG 172. (A, B) Rostral mandibular premolars in cat – angle at 45°.

A B

The simplified approach to dental radiology was developed by 
Woodward (2009). This technique does not utilise direct mea-
surement of any angle, but instead relies on approximate angles 
to create the image. This is not the most scientifically accurate 
method, but consistently produces diagnostic images. There are 
only three angles used for all radiographs in this system: 20°, 45° 
and 90°. It is important to note that these images are to the sen-
sor/film, NOT the ground or table; thus, this should be used to 
develop the angle.

The distal mandibular premolars (P4 in cat and P3 and 4 in 
the dog) and molars are exposed at a 90° angle (see Parallel tech-
nique above) (see Fig 170).

The rostral mandibular premolars (P3 in cats and P1 to 2 in 
dogs) generally cannot be imaged with the parallel technique due 
to the interference of the mandibular symphysis (Niemiec, 2018a). 
To image these teeth, place the film/sensor perpendicular to the 
crown of the teeth (in the correct position to image the mandibular 
canines). This creates a 90° angle between the sensor/film and the 
long axis of the tooth. Thus, the correct angle is 45° (Fig 172).

Maxillary premolars and molars also have roots that are 
approximately vertical from the crowns, and the sensor is posi-
tioned essentially flat across the palate, creating a 90° angle. 
Therefore, the maxillary premolars and molars are imaged with a 
45° x-ray sensor bisecting angle (see Fig 171).

FIG 171. (A–C) Bisecting angle technique; maxillary premolars and molars – angle at 45°.

A

C

B
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The roots of the canines and incisors curve distally to an 
approximate 40° angle to the palate/mandibular gingiva and 
therefore are imaged with a 70° angle rostro-caudally (Fig 173). 
The incisors and mandibular canines can be imaged straight on 
to the nose/chin. However, because the maxillary canines curve 
straight back over the maxillary P1-2, an additional angle is 
needed. By rotating the image 20° laterally, the canine root will 
be imaged over the nasal cavity, which is mostly air.

Extraoral near-parallel technique

Position the cat in lateral recumbency and place a film on the table 
under the cat’s head/maxilla (the side to be radiographed is closer to  
the table/film). The patient’s mouth is held open using a gentle mouth 
prop (only use this for a short period of time – for example just to 
obtain the radiograph – to avoid possible complications associated 

with mouth gag use – see Anaesthesia section). Then, one option is 
to position the cat’s head slightly obliquely (to avoid superimposition 
of the contralateral maxillary teeth) and position the x-ray tube so  
that the central x-ray beam is perpendicular to the film. To use the 
maximum amount of the film (e.g. if using #2 size film), position the  
head so that the tips of the cusps of the teeth to be radiographed are 
lined up along the edge of the film (Fig 174).

Intraoral near-parallel technique

To utilise this technique, the film is placed diagonally across the 
mouth, keeping the mouth open (acting somewhat as a mouth 
gag). It should rest on the palatal surface of the opposite maxil-
lary teeth and on the lingual surface of the ipsilateral mandibular 
teeth. The beam is then placed almost parallel to the plate (almost 
perpendicular to the tooth roots) (Woodward, 2009) (Fig 175).

FIG 173. (A–D) Roots of maxillary canines and incisors – angle at 70°.

A B

C D

FIG 174. (A, B) Extraoral near-parallel imaging of maxillary premolars in a cat.

A B
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Standard views

Standard views for the dog include (1) occlusal view of maxillary 
incisors and canine teeth (bisecting angle technique), (2) lateral view 
of the maxillary canine teeth (bisecting angle technique), (3) rostral 
maxillae (P1-P3; bisecting angle technique), (4) caudal maxillae (P4-
M2; bisecting angle technique), (5) occlusal view of the mandibu-
lar incisors and canine teeth (bisecting angle technique), (6) lateral 
view of the mandibular canine teeth (bisecting angle technique), (7) 
rostral mandibles (P1-P3; bisecting angle technique) and (8) caudal 
mandibles (P4–M3; parallel technique) (AVDC, 2025).

Standard views for the cat include (1) occlusal view of the 
maxillary incisors and canine teeth (bisecting angle technique), 
(2) lateral view of the maxillary canine teeth (bisecting angle 
technique), (3) extraoral (near-parallel) view of the maxillae (P2-
M1), (4) occlusal view of the mandibular incisor and canine teeth 
(bisecting angle technique), (5) lateral view of the mandibular 
canine teeth (bisecting angle technique), (6) caudal mandibles 
(P3-M1; parallel technique).

In addition, other view(s) for separation of the superimposed 
mesiobuccal and mesiopalatal roots of the maxillary fourth 
premolar teeth should be included (AVDC, 2025; Niemiec & 
Furman, 2004a).

Key points
•	Dental radiology is critical for proper diagnosis and treatment 

of oral conditions.
•	Standard (analogue) film as well as digital systems are accept-

able for dental radiology.
•	Both the parallel and bisecting angle techniques are required to 

obtain full-mouth radiographs in small animal patients.

Dental radiograph interpretation

Determining which teeth were imaged

The first step in interpretation is determining which teeth have 
been imaged. This requires not a firm knowledge of the anatomy 
and architecture of dental films. Digital systems with veterinary 
templates do not require this step if the images are properly 
placed. If the system does not support a veterinary template, 
there is a mark on the image which is in a consistent location. 
Review the owner’s manual for instructions on its use.

With standard (analogue) films, the embossed dot on one cor-
ner of the film is necessary. When exposing a radiograph, if the 
film is properly positioned, the convex surface of the dot points 
towards the radiographic tube head. There is no way to expose a 
diagnostic radiograph with the film in backwards due to the lead 
sheet on the back of the film.

First, place the dot towards you (this is done for you on most 
digital systems). This orients the film as though your eyes are the 
x-ray generator. Then, determine if the image is maxillary or man-
dibular. Next, rotate the film so that the roots are in their natural 
position (up on maxillary and down on mandibular). Do not “flip” 
the image or film as this will create a mirror image.

Molars and Premolars: Ascertain mesial from distal. If the 
mesial side is on the left side of the film, it is a radiograph of the 
left side of the patient and vice versa for the right.

Canines and incisors: This orients the film so the right side of 
the mouth is on the left, and the right side is on the left. This is 
like a VD abdomen radiograph.

Normal radiographic anatomy

Normal alveolar bone will appear grey and relatively uniform 
throughout the dental arch (Niemiec,  2005b). It is slightly less 
radiodense compared to the tooth roots. In addition, it appears 
slightly but regularly mottled. Alveolar bone should completely fill 
the area between the roots (furcation) and end at the cementoe-
namel junction (CEJ) (Gawor, 2013b). The root canals should all 
be the same width, allowing for differences in the diameters of the 
root (Niemiec, 2018d). There should be no radiolucent areas in 
teeth or bone. A regular thin dark line (periodontal ligament space) 
should be visualised around the roots, as should be a radiopaque 
line representing the lamina dura (Fig 176).

There are several normal anatomic findings that are commonly 
misinterpreted in dental images as pathological. On radiographs of 
the mandibular premolar and molar teeth, a thick, horizontal radio-
lucent line courses parallel to and just coronal to the ventral cortex 
of the mandible. This is the mandibular canal (Fig 177). In addition, 
there are two circular radiolucent areas seen in the area of the apices 
of the first three premolars, which are the mental foramina (middle 
and caudal) (Fig 178) (Niemiec, 2018d). Further, the infraorbital 
foramina may be seen over the maxillary third premolar. On ros-
tral mandibular views, a radiolucent area will be present between 

FIG 175. (A, B) Intraoral near-parallel imaging of maxillary premolars in a cat.

A B
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FIG 176. Periodontal ligament line space radiographically.

the first incisors (Minei et al., 2023, 2024). This is the fibrocarti-
lagenous mandibular symphysis (Niemiec,  2018d) (Fig  179). In 
the rostral maxillary area: there are paired radiolucent areas distal to 

FIG 177. Mandibular canal radiographically.

FIG 178. Mental foramina radiographically.

FIG 179. Mandibular symphysis radiographically.

FIG 180. Maxillary palatine fissures (red arrows) and palatine suture 
(blue arrows) radiographically.
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FIG 181. (A) Chevron effect versus (B) apical bone loss radiographically.

A

B

the intermediate incisors, which are the palatine fissures (Fig 180). 
Finally, a widening of the periodontal ligament at the apex of the 
canine teeth may be normal. This is called a “chevron effect” and can 
be differentiated from periapical rarefaction because it is very regular 
and v-shaped, as opposed to irregular and round (Niemiec, 2018d) 
(Fig 181). This effect may also be seen in the carnassial teeth, espe-
cially in large-breed dogs (Stepaniuk & Hinrichs, 2013).

A suspicious periapical lucency (especially in the area of the 
mandibular premolars) should be evaluated with an additional film 
exposed at a slightly different angle (in the horizontal or vertical plane). 
If the lucency is still centred on the apex, it is likely real. If the lesion 
moves off the apex or disappears, it is an artefact (Niemiec, 2018d).

Suspect changes in the diameter of the root canal of a tooth 
should be compared against surrounding as well as contralateral 
teeth. The contralateral view should be taken at the same angle as 
the original. It is important to note that root canals are not exact 
cylinders (especially canines) (Niemiec, 2018e; Rochette, 1996). 
A lateral view may have a much different canal width than a V/D 
view (Niemiec, 2005b).

Periodontal disease

Horizontal bone loss is the most common pattern in veterinary 
patients (Gawor, 2013b). This appears as generalised bone loss of 

a similar level across all or part of an arcade (Fig 182). The other 
pattern is angular (vertical) bone loss (Niemiec, 2005b). The radio-
graphic appearance of angular bone loss is one area of recession below 
the surrounding bone (Fig 183). The surrounding bone may be nor-
mal or be undergoing horizontal bone loss. Therefore, it is common 
to have a combination of the two types in the same arcade.

Furcation exposure also appears distinct radiographically. 
Stage 1 furcation exposure is not evident radiographically. Stage 
2 is seen as a darker grey than the surrounding bone (Fig 184). 
Finally stage 3 will be black (no bone) (Fig 185) (Gawor, 2013c, 
2018a; Theuns, 2013).

Bone loss does not become radiographically evident until 30% 
to 50% of the mineralisation is lost (Verstraete, 1999). Therefore, 
radiographic findings will always underestimate bone loss. In 
addition, bone loss on only one surface (i.e. lingual, palatal or 
facial) may be hidden by superimposition of bone or tooth. This 
may result in a non-diagnosed bony pocket. Always interpret 
radiographs considering the complete oral examination findings 
(Yun et al., 2005).

Endodontic disease

Endodontic disease may be demonstrated radiographically 
in several ways (Niemiec,  2018e, 2008a). An individual tooth 
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FIG 182. Horizontal bone loss radiographically.

FIG 183. Vertical bone loss radiographically.

FIG 184. Stage 2 furcation exposure radiographically.

FIG 185. Stage 3 furcation exposure radiographically.

FIG 186. Periapical rarefaction radiographically.

FIG 187. Wide root canal in non-vital tooth radiographically.
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FIG 188. Expansive growth from oral mass resulting in tooth movement 
radiographically. FIG 189. Dentigerous cyst radiographically.

may have one, some or all of the different changes listed below. 
However, only one need be present to establish a presumptive 
diagnosis of endodontic disease. Radiographic changes can be 
broken into two major classifications: (1) changes in the sur-
rounding bone or (2) changes within the tooth itself.

Bony changes: The classic and most obvious finding is periradicular 
rarefaction. This appears as a radiolucent area surrounding the apex 
of a root (Fig 186) (Niemiec, 2005a, 2018e).

Tooth changes: The most common change in endodontic disease 
within the tooth itself is a root canal with a different diameter 
(Niemiec, 2005b, 2018e). As a tooth matures, secondary dentine 
production will cause a decrease in canal width. When a tooth 
becomes non-vital, this development stops secondary to the death 
of the odontoblasts. Consequently, non-vital teeth have wider root 
canals than the surrounding vital teeth (Fig 187). On rare occasions, 
pulpitis may result in increased dentine production and create an 
endodontically diseased tooth with a smaller root canal. This is 
especially common in teeth that are also periodontally diseased. 
This could potentially lead to a misdiagnosis of the endodontically 
diseased tooth as healthy and vice versa with the contralateral 
tooth. Hence it is important to evaluate the adjacent teeth as well 
as the contralateral (Niemiec, 2008b). Width discrepancy can be 
compared to any tooth (taking the size of tooth into consideration) 
but it is most accurate to compare to the contralateral tooth. 
Finally, internal resorption is a rare indication of endodontic 
disease (Niemiec, 2008b).

Tooth resorption (TR)

The importance of dental radiography in TR cases cannot be 
overstated. Therapeutic decisions require dental radiographs (see 
Tooth Resorption section in oral pathology).

Neoplasia

While histopathology is required for definitive diagnosis, den-
tal radiographs can provide insight as to the probable type of 

tumour. In addition, the radiographic signs can aid the patholo-
gist in diagnosis.

Benign masses: Benign neoplastic growths will have no bony 
involvement on dental radiographs. These are most commonly 
fibromas or gingival hyperplasia. However, note that any tumour 
will have no reaction early in the course of disease.

Locally aggressive masses: These are AA and plasmacytomas. 
They grow by expansion, resulting in the bone “pulling away” 
from the advancing tumour leaving a decalcified soft tissue 
filled space in the tumour site. Bony margins are usually distinct 
(Sanders & Parsons,  2001). Finally, this expansive growth will 
typically result in tooth movement (Fig 188).

Cysts: Cystic structures will appear as a radiolucent area with smooth 
bony edges (Niemiec, 2011). Similar to locally aggressive growths, 
they grow by expansion and thus displace the other structures (e.g., 
teeth). Dentigerous cysts are typically seen as a radiolucent structure 
centred on the crown of an unerupted tooth (Fig 189).

Malignant neoplasia: Malignant oral neoplasms typically 
invade bone early in the course of disease, resulting in irregular, 
ragged bone destruction (Mulligan et  al., 1998). Initially, the 
bone will have a mottled “moth eaten” appearance (similar to 
osteomyelitis), but radiographs late in the disease course will 
reveal a complete loss of bone. If the cortex is involved, an 
irregular periosteal reaction will be seen (Fig 190).

SECTION 7: DENTAL EXTRACTIONS

Introduction
Dental extractions are a very common procedure in veterinary 
medicine, yet they are often not a simple undertaking. They 
are typically performed to remove an infected and/or painful 
tooth. Indications include, but are not limited to: endodontic 
disease (i.e. fractured or intrinsically stained teeth), significant 
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periodontal disease, traumatic malocclusion, persistent decidu-
ous teeth, tooth resorption, infected teeth, caudal stomatitis and 
unerupted teeth (Niemiec, 2023a, 2023b). It should be noted, 
however, that options exist to save many diseased teeth (root 
canal therapy, orthodontics, periodontal surgery), especially in 
tier 3 counties and clients should be informed of these options.

Extractions (open or closed) are surgical procedures, which, in 
some circumstances, can be very delicate. The WSAVA Dental 
Guidelines Committee joins the AVDC in recommending that all 
extractions be performed only by qualified and properly trained 
veterinarians.

Complete extraction of the diseased tooth almost invariably 
resolves the problem. However, even “simple” extractions can 
have numerous iatrogenic complications, including haemor-
rhage, osteomyelitis, oronasal fistula, forcing of a root tip into 
the mandibular canal or nasal cavity, mandibular fracture and 
ocular damage (Holmstrolm et  al.,  1998b; Niemiec,  2022; 
Taylor et  al.,  2004). However, the most common iatrogenic 
complication is retained tooth roots (Moore & Niemiec, 2014; 
Woodward, 2006), which almost invariably results in continued 
infection (Woodward, 2006).

A guideline for proper and successful closed dental extractions 
is summarised in the following 10 steps. These steps constitute 
the technique for a single-rooted tooth; however, multirooted 
teeth are treated the same way following sectioning. Finally, large 
teeth and those with root malformations may be best treated with 
an “open” approach including mucoperiosteal flap creation and 
bone removal.

Step 1: Obtain consent

Never extract a tooth without prior owner consent, no matter 
how advanced the problem or how obvious it is that extraction 
is the proper therapy (Holmstrolm et  al.,  1998b). This con-
sent is preferably written, but acceptable verbally via a phone 
call. If the client cannot be reached and prior consent was not 
obtained, do not extract the tooth (Niemiec,  2008b, 2023a, 
2023b).

Step 2: Obtain preoperative dental radiographs

Dental radiographs should be made of all teeth prior to 
commencing the extraction note in tier 1 countries conven-
tional radiology may be acceptable (see Equipment section) 
(Gawor,  2018b; Niemiec,  2009, 2022). Radiographs allow 
the practitioner to determine the amount of disease present, 
any root abnormalities and/or level of resorption/ankylosis 
(Blazejewski et  al.,  2006; Niemiec,  2009). Significant man-
dibular alveolar bone loss secondary to periodontal disease 
weakens the bone and predispose to an iatrogenic patho-
logical fracture (Gioso, 2001; Snyder, Soukup, et al., 2016). 
Dentoalveolar ankylosis (Fig 191) makes extraction by tradi-
tional elevation practically impossible. For this reason, crown 
amputation and intentional root retention may be acceptable 
for advanced Type 2 feline tooth resorption, as determined 
via dental radiographs (DuPont, 1995). In short, they provide 
critical information for effective treatment planning and the 
successful outcome of dental extraction procedures. Finally, 
radiographs provide solid evidence for the need of extrac-
tion as well as potential complications in the medical record 
(Niemiec, 2009).

Step 3: Ensure proper visibility and accessibility

Patients should be positioned to allow maximum visibility 
of the oral procedure area, and to allow for the surgeon to be 
most comfortable and therefore more successful (Holmstrolm 
et al., 1998c). Surgical lighting should be bright and focused on 
the surgical field. Suction, air/water syringes and gauze should be 
utilised continually to keep the surgical field clear. Finally, mag-
nification (ideally via surgical loupes) is invaluable especially for 
cats and small breed dogs (Niemiec, 2008d, 2022).

FIG 190. Irregular periosteal reaction to oral mass radiographically.

FIG 191. Severe root replacement resorption (type 2) and secondary 
ankylosis on the mandibular canines of a cat.
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Step 4: Pain management

Extractions are surgical procedures and are moderately to severely 
painful. Depending on patient health, a multimodal analgesic 
approach should be employed, as this provides superior analgesia 
(Beckman, 2013; Jones et al., 2025; Kelly et al., 2001; Pavlica 
et al., 2025) (see Anaesthesia section).

Step 5: Cut the gingival attachment

This can be performed with a scalpel blade, periosteal elevator or 
dental elevator/luxator. The selected instrument is placed into the 
gingival sulcus with the tip of the blade angled towards the tooth 
approximately 20° to the long axis of the tooth. This helps keep the 
instrument within the periodontal ligament space, slide under the 
dentinal bulge and catch on the thin ledge of bone. Failure to do 
this often results in creating a mucosal defect or cutting through 
the gingiva. The instrument is then advanced apically to the level 
of the alveolar bone and carefully worked around the entire tooth 
circumference (Hobson, 2005; Niemiec, 2008d) (Fig 192).

Step 6: Elevation/luxation

Elevation/luxation is by far the most delicate and dangerous step in 
the extraction procedure. Elevators are sharp surgical instruments 
and there are numerous critical and delicate structures in the area. 
There have been many reports of eyes that have been injured by 
extraction instruments as well as at least one confirmed fatality due 
to an elevator puncturing a patient’s brain (Smith et al., 2003). It 
is critical to note that in small breed dogs (and especially small 
breed brachycephalics), there are only millimetres between the api-
ces of the maxillary molars and the orbit. In order to avoid caus-
ing iatrogenic trauma in the event of instrument slippage or upon 
encountering diseased bone, the index finger is placed near the 
tip of the instrument (Blazejewski et al., 2006; Niemiec, 2008d, 
2023a, 2023b) (Fig 193).

It is important to select an instrument which matches the cur-
vature and size of the root. If using standard or luxating elevators 
it is critical to ensure that you can see the tooth on both sides of 
the instrument (Woodward, 2006). If so, the blade will slide eas-
ily into the periodontal ligament space. Winged elevators should 
fit the circumference of the tooth well.

There are numerous instruments available, including the clas-
sic elevator as well as luxating and winged types (see Equipment 
section). Classic and winged elevators are used in an “insert and 
twist” motion to tear the periodontal ligament, whereas luxators 
are used in a rocking motion during insertion to fatigue as well 
as cut the periodontal ligament. Luxators may be gently twisted 
(elevation), but they are not designed for this and can be easily 
damaged when used in this manner.

Elevation is initiated by inserting the instrument firmly yet 
gently into the periodontal ligament space (Niemiec,  2022) 
(Fig  194). The insertion should be performed while keeping 
the instrument at an approximate 20° angle towards the tooth 
to avoid slippage (Harvey & Emily,  1993a; Niemiec, 2023a, 
2023b). Once in the space between the bone and the tooth, the 
instrument is gently twisted (Wiggs & Lobprise, 1997c). When 
the instrument is twisted, the tooth should move slightly. If it 
does not, no damage is being done to the periodontal ligament 
and extraction will not proceed. If after a few attempts the tooth 
still does not move, likely there is ankylosis present and an open 
extraction may be required. Once the tooth moves slightly, hold 
this the position for 10 to 30 seconds to fatigue and tear the peri-
odontal ligament (Holmstrolm et al., 1998b).

FIG 192. Gingival attachment cut. FIG 193. Index finger placed in extracting instrument working part.

FIG 194. Insertion of extracting instrument.
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Luxation, in contrast, is performed by gently inserting the lux-
ator into the gingival sulcus and “rocking” the instrument as it is 
advanced apically. Many veterinary dentists use a combination of 
luxation and elevation when utilising luxating elevators.

It is important to note that the periodontal ligament is very effec-
tive in resisting short, intense forces (Niemiec, 2023a, 2023b). It 
is only by the exertion of prolonged force (i.e. 10 to 30 seconds) 
that the ligament will become weakened. Increased pressure will 
transfer the force to the alveolar bone and tooth which can result in 
the fracture of one of these structures. Therefore, it is important to 
moderate the force. After holding for 10 to 30 seconds, reposition 
the instrument about 1/8 of the way around the tooth and repeat 
the above step. Continue 360° around the tooth, each time moving 
the elevator apically as much as possible (Holmstrolm et al., 1998b; 
Niemiec, 2023a, 2023b; Wiggs & Lobprise, 1997b).

The key to successful elevation is patience. Only by slow, 
consistent elevation will the root loosen without breaking. 
Remember, it is easier to extract an intact root than to remove frac-
tured root tips (Blazejewski et al., 2006; Niemiec, 2008d, 2022; 
Woodward, 2006). If the elevation is not resulting in tooth mobil-
ity in a short period of time, there is a problem. This may be due 
to faulty extraction technique or an area of dentoalveolar ankylosis. 
If the extraction is not going well, a surgical (open) approach is 
necessary.

Step 7: Extract the tooth

Removing the tooth from the alveolus should only be attempted 
after the tooth is very mobile. Extraction is performed by grasp-
ing the tooth with extraction forceps and gently pulling the tooth 
from the socket (Fig  195). If the root is amenable (meaning 
round and not significantly curved), gentle rotation is acceptable, 
providing the torque is maintained for a minimum of 10 seconds. 
Undue pressure often results in root fracture (Niemiec, 2008d, 
2022; Wiggs & Lobprise, 1997a).

It is helpful to think of the extraction forceps as an exten-
sion of your fingers. Undue pressure should not be applied. If 
the tooth does not come out easily, more elevation is necessary. 
Start elevation again until the tooth is loose enough to be easily 
removed from the alveolus.

Step 8: Smoothing the bone

If there are jagged edges on the remaining bone, they should be 
smoothed. This is best performed with a coarse diamond bur on 
a water-cooled high-speed air driven handpiece (Fitch,  2003; 

FIG 195. Extracting forceps pulling out the tooth from alveolar socket.

FIG 196. Smoothing the bone.

FIG 197. Post-operative radiograph – retained roots in the mandible of a cat.

FIG 198. Post-operative radiograph – retained roots in the maxilla of a dog.
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Harvey & Emily, 1993a; Niemiec, 2022; Smith, 1998; Taney & 
Smith, 2006; Wiggs & Lobprise, 1997b) (Fig 196).

Step 9: Obtain a post-operative dental radiograph

Post-operative dental radiographs should be made to docu-
ment complete removal of the tooth (Holmstrolm et al., 1998b; 
Niemiec,  2009). It has been reported that 92% of extracted 
carnassial teeth in dogs and cats have retained roots (Moore & 
Niemiec, 2014) (Figs 197 and 198).

A retained root tip may be or become infected (Ulbricht 
et  al.,  2003; Wiggs & Lobprise,  1997b). There are rarely any 
clinical signs observed with this complication, but it is generally 
painful and/or infected. Occasionally, this results in a draining 
tract from the retained roots, which may result in a malpractice 
claim (Holmstrolm et al., 1998b).

Step 10: Closure of the extraction site

This is a controversial subject among veterinary dentists, with 
some texts recommending suturing only in large extractions. 
However, most authors recommend suturing almost all extraction 
sites. Closure of the extraction site promotes haemostasis, main-
tains the blood clot in the alveolus to speed healing and improves 
post-operative comfort and aesthetics. This is best accomplished  
with size 3/0 to 5/0 absorbable sutures on a reverse cutting 
needle. Closure was classically performed with a simple inter-
rupted pattern with sutures 2 to 3-mm apart (Fig 199). However, 
recent studies suggest that cruciate or simple continuous pat-
terns are as effective and faster than simple interrupted (Pegg 
et al., 2021). It is recommended to utilise one additional throw  
over manufacturer’s recommendations for the chosen product to 
counteract tongue action (Fitch, 2003; Harvey & Emily, 1993a; 
Niemiec, 2022; Smith, 1998; Taney & Smith, 2006; Wiggs & 
Lobprise, 1997a). A recent study has shown that buried knots  
are effective and can create less inflammation (Klim et al., 2025). 
Primary (tension-free) closure is always indicated in oronasal fis-
tulas or any time that a mucogingival flap is created to allow for 
easier extraction.

Extraction of multirooted teeth
All multirooted teeth should be sectioned into single-rooted 
pieces (Charmichael, 2002; Smith,  1998). The roots of multi-
rooted teeth are almost always divergent, which will cause the 
root tips to break off if extractions are attempted in one piece 
(Fig  200) (Marretta,  2002; Wiggs & Lobprise,  1997a). When 
teeth are initially mobile, the sectioning step alone may allow 
for simple extraction. The best tool for sectioning teeth is a 
carbide bur on a high-speed air driven handpiece (Blazejewski 
et al., 2006; Charmichael, 2002; Terpak & Verstraete, 2012). It is 
not only the most efficient tool, it also has air and water coolant 
that will avoid overheating the surrounding bone. Many differ-
ent styles of burs are available; however, many authors prefer a 
cross-cut taper fissure bur (699 for cats and small dogs, 701 for 
medium dogs and 702 for large breeds) (Niemiec, 2008d, 2022; 
Wiggs & Lobprise, 1997c) (see Equipment section).

The recommended method to section the teeth is to start 
at the furcation and work towards the crown of the tooth 
(Niemiec, 2022) (Fig 201). This avoids the possibility of missing 
the furcation and cutting down into a root (increasing the risk 

FIG 200. Divergence of multirooted teeth roots.

FIG 199. Closure of the extraction side.

FIG 201. Sectioning should start at furcation side.
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of root fracture) as well as of cutting past the tooth and inadver-
tently damaging the gingiva or alveolar bone (Smith, 1998).

Two-rooted teeth are generally sectioned in the middle to 
separate the tooth into two halves. The mandibular first molar 
in the cat is an exception due to its disproportionate roots (see 
below). Proper sectioning of a three-rooted molar tooth in a dog 
is performed by cutting between the buccal cusp tips and then 
just palatally to them (Bissett & Niemiec, 2021) (Fig 202).

Sectioning results in multiple single-rooted segments. Thus, 
after the tooth has been properly sectioned, follow the above 
steps for each single-rooted piece.

Open extractions
Difficult extractions are best performed via an open approach 
(Niemiec, 2008d, 2022). This is typically thought of as the canine 
and carnassial (maxillary fourth premolar and mandibular first 
molar) teeth. However, some dentists will still attempt to extract 
these teeth closed. Open extractions are also beneficial for teeth 

with root malformations or pathology (dilaceration, ankylosis). An 
open approach allows the practitioner to remove a small amount of 
buccal cortical bone, promoting an easier extraction process.

Open extractions are initiated by creating a mucogingival flap. 
There are various flap types. The least invasive is a horizontal flap 
along the arcade (an envelope flap). More invasively, vertical inci-
sions can be created to increase exposure. One vertical incision 
creates a triangle flap while incisions on both sides of the tooth 
create a full or pedical flap (Blazejewski et al., 2006).

An envelope flap is initiated by incising the gingiva in the 
interdental spaces along the arcade (Fig  203). Next, gingival 
attachment is released with a periosteal elevator along the arcade 
including one to several teeth on either side of the tooth or teeth to 
be extracted (Grant et al., 1998; Niemiec, 2022). Finally, release 
the tissue apical to the mucogingival junction (MGJ) (Fig 204). 
The advantages of this type of flap are that the blood supply is 
not interrupted and there is less suturing (thus decreased surgery 
time).

FIG 202. Sectioned maxillary molar tooth into three single-rooted 
fragments.

FIG 203. Envelope flap.

FIG 204. Released flap giving access to entire area of interest.

FIG 205. Vertical release incision(s) to release triangle and trapezoid 
flap.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

102

Previously, pedicle flaps were favoured for open extractions. 
This technique allows for a much larger flap to be created, 
which (if handled properly) will enable closure of larger defects 
(Holmstrolm et  al.,  1998b). However, it significantly disrupts 
the blood supply to the area, takes much longer to suture and 
has an increased chance of dehiscence (Niemiec, 2023a, 2023b).

Classically, the vertical incisions were created at the line angle 
of the target tooth, or one tooth mesial and distal to the target 
tooth (Smith, 2003). However, if there is space between the teeth 
(a naturally occurring diastema or from previous extraction) the 
incision can be made in the space rather than extending it to a 
healthy tooth (Niemiec, 2022).

Vertical incisions should be made slightly apically divergent 
(wider at the base than at the gingival margin) to maintain blood 
supply (Carmichael,  2002; Manfra Marretta,  2002). Incisions 
should be created full thickness and in one motion (rather than 
slow and choppy) to avoid strands of tissue remaining, which 
can result in flap tearing. A full thickness incision is created by 
incising all the way to the bone, and the periosteum is thus kept 
with the flap (Fitch, 2003; Manfra Marretta, 2002). Once cre-
ated, the entire flap is gently reflected with a periosteal elevator 
(Fig 205). Care must be taken not to tear the flap, especially at 
the mucogingival junction.

Following flap creation, buccal bone may be removed with 
a carbide bur (Niemiec,  2022; Terpak & Verstraete,  2012) 
(Fig 206). Most dentists recommend an end cutting round bur 
for this step, but others favour the cross-cut taper fissure vari-
ety. The recommended amount of buccal bone to remove is very 
controversial. Some dentists remove the entire buccal covering 
and others remove only 1/3 of the root length of bone on the 
mandible and 1/2 for maxillary teeth (Fitch, 2003; Smith, 1998). 
The Dental Guidelines Committee supports minimally invasive 
surgical techniques and thus recommends that the minimally 
required amount is removed. If this does not allow for an expedi-
ent extraction, additional bone can be removed. Ideally, the bone 
removal is only performed on the buccal side. However, ankylosis 
may require removing bone on other surfaces.

Following bone removal, multirooted teeth should be sec-
tioned (as above). Please note there are some authors that recom-
mend sectioning prior to creating a flap.

Then follow the steps outlined for single root extractions for 
each piece. After the roots are removed (and radiographic proof 
obtained) the alveolar bone should be smoothed before closure.

There are several key points associated with successful flap 
healing (Wiggs & Lobprise, 1997a). The first and by far most 
important is that there can be no tension on the suture line. 
If tension exists, dehiscence will almost invariably occur. The 
best way to relieve the tension is fenestrating the periosteum 
(Blazejewski et al., 2006; Fitch, 2003; Niemiec, 2022) (Fig 207). 
The periosteum is a very thin fibrous tissue which attaches the 
buccal mucosa to the underlying bone (Evans and de Lahunta, 
2013; Grant et al., 1998). Due to its fibrotic nature, it does not 
stretch and thus interferes with closing the defect without tension 

FIG 206. Alveolectomy with cutting bur.

FIG 207. Fenestration of periosteum to advance the flap for tension-free 
closure.

FIG 208. Flap stays in place after its advancement in a tension-free 
manner.
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(Niemiec,  2022). The buccal mucosa is very flexible and once 
released will stretch to cover large defects. If there is no tension, 
the flap will stay in place when placed in position. If it pulls 
back, tension is present and must be released prior to closure. 
Fenestration may be performed with a scalpel blade; however, 
LaGrange scissors offer more control.

After fenestration, the flap should stay in the desired position 
without sutures (Fig 208). If this is not the case, then tension 
is still present, and further release is necessary prior to closure. 
Once the release is accomplished, the flap is sutured as described 
above in the closure section.

Another key point is that you must ensure that all keratinised 
tissue edges have been thoroughly debrided as intact epithe-
lial tissues will not heal (Blazejewski et al., 2006). This is most 
important when closing an oronasal fistula but is generally not 
necessary in most extractions. Most authors recommend this be 
performed with a coarse diamond bur. Finally, it is ideal (but not 
required) that the suture line is not over a void (e.g. a fistula), but 
rather it should rest over bone. This is because it may create ten-
sion during breathing or eating. This can be achieved by remov-
ing a small amount of palatal tissue. However, this should not be 
performed if it will create tension.

Root fractures
If a root breaks, it is not recommended to attempt to extract it 
“blind”. It is difficult to impossible to elevate a root you cannot 
see, and this technique greatly increases the risk of displacing the 
root into the nasal cavity or mandibular canal (Niemiec, 2022).

When this occurs, extract the tooth with an open approach. 
Make a flap and remove the buccal bone to identify the root and 
proceed with careful elevation.

Deciduous tooth extractions
The extraction of deciduous teeth can be very difficult due to 
the considerable length and thin walls of the deciduous tooth 
(Fig  209). For this reason, very small/sharp luxating elevators 

should be used for deciduous extractions. If these are not avail-
able, a 20 or 22 gauge needle can be an effective tool. Elevation 
is performed as above; however, even less pressure should be 
placed on the root due to its fragility. Extraction should only be 
attempted once the tooth is very loose.

Some veterinary dentists perform open extractions for decidu-
ous canines; however, most generally perform the less invasive 
closed technique.

Another difference in extraction of deciduous teeth exists if 
the permanent tooth has not yet erupted. In this case, the enamel 
may not have completely formed and thus is at risk for iatrogenic 
damage (Dupont, 2010) although rare with a careful technique 
(Felz et al., 2024).

In these cases, it is recommended to take greater care with 
extractions and avoid the surface where the permanent teeth are 
erupting. This is the mesial surface of the maxillary canines and 
the lingual surface of all other teeth.

Dental radiographs are critical for the proper performance 
of deciduous extractions, because there is often some degree of 
resorption of the deciduous root (Niemiec, 2011). In some cases, 
the root may be completely resorbed, making the extraction sim-
ple. However, more commonly, there is an area of resorption near 
the cementoenamel junction. This greatly predisposes the tooth 
to fracture. This knowledge will aid the practitioner achieve a 
successful outcome.

While it is a common misconception that fractured and 
retained deciduous roots will resorb, this is simply not true. A 
retained root tip typically becomes infected. There are rarely 
any clinical signs associated with this, but the patient suffers 
regardless (Niemiec,  2018f ). Dental radiographs should be 
exposed following all deciduous extractions to confirm com-
plete removal.

Conclusion
Extractions are a very common procedure in veterinary medicine 
but can be very challenging, especially for the novice. When per-
formed correctly, this treatment is an excellent means to alleviate 
oral pain and infection. However, if extraction procedures are not 
treated with proper respect, they can (and will) result in compli-
cations such as fractured root tips and/or more serious iatrogenic 
problems. By following the steps outlined above, and utilising 
patience, extractions will become not only easier but also more 
successful and rewarding.

Key points
•	Extractions are surgical procedures and must be treated with 

the same level of respect as any surgery to avoid complications.
•	All extractions can be broken down into simple, single root extrac-

tion via sectioning and buccal cortical bone removal. Therefore, 
master the basics and any extraction can be performed.

•	Extractions are painful procedures; therefore, proper pain man-
agement, including regional anaesthesia, should be provided.

•	Crown amputation is an accepted method of therapy for 
advanced type 2 lesions in cats, but only if certain criteria 
(clinical and radiographic) are met.

•	Never extract a tooth without client consent.FIG 209. Deciduous teeth have long roots and thin walls.
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Ergonomics in veterinary dentistry
Proper ergonomics are critical to your long-term health and 
ability to practice. While this is true in all facets of veterinary 
medicine, it is particularly important in veterinary dentistry 
(DeForge, 2002). Being able to safely practice and not be hin-
dered by uncomfortable positions will improve patient care.

It is well established that work related musculoskeletal con-
ditions are a huge issue in human dentistry. Numerous studies 
have found that most dentists and hygienists develop repetitive 
motion and posture related injuries (Batham & Yasobant, 2016; 
Kierklo et al., 2011; Soo et al., 2023; Tirgar et al., 2015).

These issues occur even though human dentists and hygienists 
are very well trained, have excellent equipment and at least some-
what ergonomically designed workspaces. This is not the case in 
veterinary medicine. Veterinarians rarely invest in a proper physi-
cal plant, quality equipment or even basic training.

Unfortunately, to make veterinary dentistry as safe as pos-
sible, wholesale changes to the physical plant would be required 
(Pollack,  1996; Rucker & Sunell,  2002). New tables, chairs, 
lights and even dental machines would need to be purchased. 
Further, a commitment to training specialised in maintaining 
proper ergonomics during dental procedures would need to be 
completed, which does not currently exist.

However, there are some simple and inexpensive options that can 
go a long way. One of the best ways to improve ergonomics is mag-
nification (Fig 210) (Lietz et  al., 2020; Soo et  al., 2023). Dental 
loupes not only greatly reduce eye strain, but they also force you to 
sit up straight which is beneficial for your back and neck (Fig 211). 
Magnification also improves procedure quality and efficiency, the 
latter of which is of further ergonomic benefit. Further, saddle chairs 
are highly regarded as very beneficial for the back and neck.

The best way to decrease hand and wrist strain and repetitive 
motion injuries is to use sharp instruments. This, like many other 
proper ergonomic investments, will also speed and improve den-
tal procedures, which is good for staff as well as patients. Consider 
a new set of periodontal hand instruments and/or elevators, or 
getting your current equipment sharpened.

Finally, hands-on training can have a side effect of improving 
ergonomics. Learning how to properly use equipment will go a 
long way to decreasing strain and stress. Further, it reduces the 
amount of time needed for dental therapy, again, which improves 
ergonomics.

Utilisation of veterinary support staff in the care 
of the dental patient

Introduction

Veterinary Dentistry is an area of veterinary medicine where the 
entire team is utilised to help support and care for the dental patient. 
Each team member brings their own skillset to educating clients on 
the importance of good oral health, the provision of support and 
assistance to the veterinarian during treatment, and maintenance of 
instruments and equipment. All members of the veterinary staff play 
an important role in caring for the dental patient.

A cohesive team-based approach leads to an increase in 
uptake of the treating veterinarian’s recommendations for treat-
ment, increased compliance with homecare along with increases 
in job satisfaction for all and ensures better patient outcomes 
(Boursiquot et al., 2023). Empowering your team through better 
utilisation improves team effectiveness in the provision of a high 
standard of care along with efficiency in workflow. Better utilisa-
tion of staff improves job satisfaction and staff retention.

In order to utilise the team to the best of their ability, the 
veterinarian needs a sound knowledge of the skill level of each 
team member and assign tasks to suit the skillset and education 
the team member possesses. Although the diagnosis of disease 
should be left to the veterinarian, the technician and other staff 
members can assist the veterinarian by recognising conditions 
that appear abnormal and alerting the veterinarian to them 
(Holmstrom, 2013). Conducting a Training Needs Analysis of 
each staff member will expose any gaps in their knowledge or FIG 211. Dental loupes encourage good posture.

FIG 210. Magnification.
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•	Deliver post-operative instructions to client
•	Discuss homecare recommendations with the client and pro-

vide instruction of which the VN/T plays a vital role in provid-
ing this education (Berg, 2021)

•	Ensure dental operatory is stocked & equipment is well main-
tained

•	Conduct follow-up visits with pet owners.

Kennel assistants and other non-credentialled 
assistants
Kennel Assistants and other non-credentialled assistants can pro-
vide valuable assistance to the Veterinarian and/or credentialled 
VN/T in the efficient performance of dental procedures. However, 
care should be given to ensure that veterinary assistants are only 
performing tasks appropriate to their skill level and their State’s 
practice act (Boursiquot et al., 2023). Suggested tasks include:

•	Provide pre-, intra- & post-operative assistance
•	Clean & fully stock dental suite & set-up ready for patient
•	Recognise when instruments require sharpening/replacement 

including ultrasonic tips, burs & consumables
•	Provide four-handed dentistry assistance by recording the 

findings on the dental chart. Four-handed dentistry increases 
efficiency and decreases the amount of time under anaesthesia 
(Lewis, 2016)

•	Assist with patient positioning
•	Assist with the production of pre- & post-operative radiographs
•	Transcribe findings into patient record, upload photos & radio-

graphs, help prepare discharge paperwork
•	Post-operative husbandry of the patient ensuring they are made 

ready for discharge
•	Cleaning and care of the dental operatory, instruments and 

equipment
•	Maintenance of dental equipment
•	Care of boarding patients – if appropriately trained, perform oral 

examinations & bring attention to veterinarian of any oral abnor-
malities, then discuss referral with client for vet consultation

•	Carry out established homecare routine while pet is boarding

Receptionist – customer care team
The Receptionist is often the first and last person a client sees during 
a visit, whether for a consultation or leaving their pet for a proce-
dure. They reflect the clinic and should be friendly and approachable. 
They should be well-versed in providing accurate information to the  
client as they are often a vital link in the communication between 
the client and the veterinarian. Often, they will be confronted with 
questions from clients with regard to the pet’s procedure, the safety of 
anaesthesia and moreover questions relating to the cost of procedures. 
They should project a positive attitude towards dentistry and are  
vital to the success of ongoing homecare compliance. Their training 
should specifically expose them to dental procedures being performed 
to better answer client’s questions and any concerns they may have. 
The customer care team should be included in continuing education  
opportunities on homecare products and the significance of early 
intervention in the management of periodontal disease. Other tasks 
performed by the receptionist are:

skills, and an appropriate Training Plan can be devised to address 
these areas. The practitioner should have an understanding of the 
qualifications of their team members, along with any regulatory 
restrictions on the tasks they can perform, along with an appre-
ciation of the tasks that can be directed to credentialled and non-
credentialled staff members, and which staff members require 
supervision in the performance of their tasks. This will also help 
to recognise the important role that the credentialled Veterinary 
Technician/Nurse plays in the success of your dental practice. 
Reference should be made to all Acts, Regulations and guidelines 
appropriate to your Region, State or Country for proper guid-
ance on the delegation of tasks amongst your team.

The following are suggestions for the delegation of tasks in 
order to better utilise your team in the performance of dental 
procedures.

Veterinarian
The practitioner’s role is within the act of surgery, diagnosis, pre-
scription and prognosis with the support and assistance of their 
team. One has to remember that all responsibility for the clinical 
result of the treatment belongs to the operator; therefore, all sur-
gical procedures such as extractions, surgical flaps, suturing in the 
oral cavity, as well as nerve blocks must be performed by a skilled 
veterinarian (Gawor,  2008). Developing a Standard Operating 
Procedure (SOP) around your dental treatments will give struc-
ture and guidance to your team in the standard of care expected. 
It will help to create and set proficiency goals for your team’s 
training and guide the appropriate assignment of tasks.

Credentialled veterinary nurse/technician
The credentialled Veterinary Nurse/Technician (VN/T) has a 
vital role in advocating for the patient, educating the client and 
supporting the veterinarian. Their multifaceted contributions 
enhance the efficiency, safety and overall quality of care provided 
to animal patients (Clarke, 2024). Understanding their scope of 
practice, skills and knowledge will help the practitioner to best 
utilise their skillset.

The VN/T can be utilised from admission to discharge of the 
dental patient undergoing treatment with tasks including:

•	Gathering an accurate patient history
•	Patient admission and/or discharge
•	Perform an oral examination on the conscious patient, report-

ing all findings to the veterinarian
•	Dental charting and transcription into the patient medical 

record
•	Dental prophylaxis and professional cleaning procedures (refer 

to “Periodontal Therapy” section)
•	Producing dental radiographs (if appropriate following State/

Federal legislation)
•	Assist in oral surgery & other procedures
•	Monitor the vital signs of the anaesthetised patient and per-

form appropriate interventions under the veterinarian’s direc-
tion/supervision

•	Present the treatment plan and estimate of costs to the client
•	Discuss the pathology found and the reason for treatment
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•	To follow clinic protocols on the day of the dental procedure 
relating to greeting the client and patient, checking in and 
admission protocols

•	Communication with the veterinary team
•	Scheduling of any follow-up appointments and/or procedures
•	Processing of payment ensuring a positive experience for the 

client
•	Provide high standards of customer service and communication
•	Responsible for communication with referral practice, includ-

ing compilation of patient documentation, patient history, 
radiographs, photographs.

The universities role in dental education
The WSAVA Dental guidelines highly encourage Universities’ 
involvement in veterinary dentistry training and make some rec-
ommendations for the teaching of veterinary dentistry in the uni-
versity settings at both undergraduate and graduate levels.

Training in veterinary school
Although oral and dental diseases are common diseases in small 
animals, veterinary dentistry is still a largely neglected field in the 
veterinary medicine curriculum in most of the universities. There 
are currently only a few universities worldwide, which include 
veterinary dentistry in the regular curriculum. A few additional 
universities have veterinary dentistry as an elective subject/course, 
usually offered to a limited number of students (Perry, 2014).

Each DVM programme should include veterinary dentistry in 
the curriculum, ideally after the students have completed their train-
ing in medicine and surgery. Veterinary dentistry training should 
include at least lectures to cover oral and dental anatomy, physiol-
ogy, oral/dental examination techniques including dental radiog-
raphy, and most common oral/dental diseases, hands-on wetlabs 
on oral/dental examination, radiography, periodontal treatment, 
regional anaesthesia and basic principles of tooth extractions, and 
rotation through the dentistry department of the Teaching Hospital 
(if available). Practice with dental models may also help students 
with their comfort level before cadaver laboratory (Goldschmidt 
& Root Kustritz, 2022; Hunt et al., 2021). “Day-1 competence” 
skills are described in detail in the “Joint EVDS/EVDC Statement 
on Clinical Competencies in Small Companion Animal Dentistry 
and Oral Surgery” (available also at: http://​www.​evds.​org/​polic​
ystat​ements/​day1s​kills​) and core competencies recommended for 
inclusion in the veterinary curriculum for all veterinary graduates 
based on the American Association of Veterinary Medical Colleges 
Competency-Based Veterinary Education document have also 
been recently published (Harvey et al., 2023).

Hence, to provide the necessary teaching environment with 
clinical cases for veterinary students, veterinary dentistry as a 
specialty should be included in clinical activities (Esteghamati 
et  al.,  2016). Establishing a veterinary dentistry department 
requires some basic equipment but is usually a very cost-effective 
investment. Moreover, Veterinary Teaching Hospitals should 
strive to provide veterinary dentistry services at a specialist level. 
This can be achieved through the employment of a Board-certified 

veterinary dentist (Dipl. AVDC, Dipl. AVDC-Eq, Dipl. EVDC, 
Dipl. EVDC-Eq), ideally a PhD holder that provides clinical 
services, training to undergraduate students and postgraduate 
students – interns and residents, as well as research in veterinary 
dentistry. Students should be given an option to complete their 
rotations in veterinary dentistry as externships with specialists in 
veterinary dentistry in private practice, until the university builds 
a veterinary dentistry specialty service/programme. If no board-
certified veterinary dentist and/or PhD holder with documented 
advanced training in veterinary dentistry is available in the coun-
try, then a veterinarian with special training in the field (MSc or 
similar) should be included in teaching veterinary dentistry.

Postgraduate training

PhD training

PhD is currently the highest degree possibly achieved in post-
graduate training aiming at training in research. An individual 
with a DVM degree, that is accepted into a PhD training, can 
focus his/her research on oral/dental health of animals, which 
is usually related to the main research focus of the Supervisor 
and/or research group to which she/he is accepted to. Such pro-
grammes are currently very rare, but ideally in the future, vet-
erinary dentistry-focused PhD training programmes should 
be formed and followed by a residency or vice versa to train 
clinician-scientists (DeLuca et al., 2016). Ideally, PhD holders in 
veterinary dentistry should also staff Veterinary Faculties world-
wide to provide research in the field.

Residency training

Residency in veterinary dentistry can currently be obtained 
through one of the two registered colleges worldwide – AVDC 
(www.​avdc.​org) or EVDC (European Veterinary Dental College, 
www.​evdc.​org). Residency training is clinically oriented train-
ing, although a resident needs to be involved in some research 
activities.

To enter residency training, a DVM needs to fulfil certain cri-
teria as described by the AVDC or EVDC websites. Usually at 
least 1-year internship (or the equivalent) is needed after gradu-
ation. Once registered and in training, the resident must achieve 
a high level of knowledge and clinical skills as also described in 
detail in the AVDC or EVDC documents. It can take between 
2.5 and 6 years before the resident completes the training and 
applies for the entry examination to the College. Only after the 
candidate successfully passes the practical and written examina-
tion, he/she is awarded a Diplomate status. Ideally in the future, 
residency training is followed by a PhD or combined with a PhD 
training in a longer time period (Bourgeois et al., 2015; DeLuca 
et al., 2016; Esteghamati et al., 2016).

Currently, the level of university involvement in veterinary 
dentistry training is still poor. Establishing veterinary school 
training and residency programmes in veterinary dentistry should 
be one of the main priorities of Veterinary Faculties worldwide.
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SECTION 9: NECESSARY EQUIPMENT

Oral examination

Assessment of the conscious patient

The oral examination should be one of the most performed proce-
dures in small animal practice. WSAVA believes that an oral exami-
nation must be performed during every physical examination. A 
systematic approach which identifies both normal and pathological 
states is important for completeness (Hansen & Goldstein, 2009).

The necessary equipment for a detailed intraoral conscious 
examination includes adequate room lighting, magnification and a 
pen light. The veterinarian should wear examination gloves to assess 
the oral cavity to decrease the risk of infection (Huffman, 2010). 
While light may seem obvious, many clinicians attempt to perform 
an examination in a poorly lit room with the unaided eye, to less 
than satisfactory results. A pen light (or oto/ophthalmoscope) can 
be used to improve visualisation as well as to transilluminate the 
tooth to determine vitality (Huffman, 2010).

Proper patient position should provide the mouth at an appro-
priate level for comfortable evaluation by the inspecting veteri-
narian (ergonomic positioning is advantageous) (Aller,  2005; 
DeForge, 2002; Huffman, 2010).

Required equipment for conscious oral examination in tier 1, 
2, 3 countries:

1.	 A good light source
2.	 Examination gloves

Examination under general anaesthesia

Following general anaesthesia and intubation, a complete 
and thorough oro-dental examination must be performed 
(Huffman, 2010; Niemiec, 2013d). All dental procedures must 
be performed under general anaesthesia (see Anaesthesia and 
anaesthesia-free sections). Endotracheal intubation is critical for 

dental procedures. Use of a laryngoscope will aid with intubation 
and inspection of the oropharyngeal area (Fig 212).

Holding the mouth open and visualisation during the pro-
fessional dental cleaning and other dental procedures should be 
accomplished with appropriately sized props rather than spring-
loaded gags. This is due to the risk of blindness with extended 
mouth opening in cats (Barton-Lamb et al., 2013; Martin-Flores 
et al., 2014; Scrivani et al., 2014).

Following induction of anaesthesia, the clinician should 
closely evaluate the soft tissues including the tongue, gingiva, 
mucosa, oropharyngeal and tonsillar areas. Next, assessment of 
the hard tissues (including maxilla and mandibles) and denti-
tion, both as a whole and individually, should be noted, includ-
ing any missing, rotated and/or fractured teeth. An assessment of 
periodontal health is then made including probing depths (up to 
6 probing points per tooth), gingival recession and hyperplasia, 
mobility, furcation involvement and other oral pathology. Both 
normal and abnormal findings should be recorded on a dental 
chart (see Examination section) (Tutt, 2006a).

Minimum equipment (Tier 1, 2, 3) required for a detailed 
intraoral examination includes (Huffman, 2010):

1.	 A good light source
2.	 Magnification (e.g. loupes or magnifying glass)
3.	 Photography (camera or video – a mobile phone is acceptable)
4.	 Periodontal probe
5.	 Explorer
6.	 Dental mirror
7.	 Lip retractor
8.	 Mouth gag (properly sized syringe case or plastic gag)
9.	 Personal protective gear (eyewear, mask and examination gloves).

Periodontal probes are typically a metal or plastic tapered rod 
with a blunt end attached to a handle, with graduated millimetre 
markings. There are several types available. The Williams, Mar-
quis, Michigan-O, UNC and Nabors are commonly available 
(Fig 213).

FIG 213. Periodontal probes: The Williams, Marquis, Michigan-O, UNC.FIG 212. Use of laryngoscope during intubation.
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The probe allows the clinician to measure the depth of the 
sulcus or pocket, degree of gingival enlargement and/or recession 
and furcation exposure (in multirooted teeth) (Huffman, 2010; 
Niemiec, 2013a).

An explorer is typically on the opposite end of the periodon-
tal probe. It is a sharp tipped instrument that may be used by 
the clinician to explore calculus both supra- and subgingivally; 
dental defects such as resorptive lesions, pulp exposure, attrition, 
abrasion, lost enamel or dentine may also be assessed (Fig 214) 
(Huffman, 2010; Niemiec, 2013b).

A dental mirror is an important diagnostic aid for the assess-
ment of the palatal or lingual surfaces of dentition as well as the 
caudal part of dentition (Fig 215).

The lip retractor is used to improve the visualisation of the 
caudal dentition either for assessment or for photography. It may 
be used during dental procedures to improve visibility of the sur-
gical area.

Residual plaque can be identified by drying the teeth with 
compressed air. Another option for diagnosis is plaque disclos-
ing solutions: the greater the thickness of plaque on the tooth 
surface, the darker the dye. The most common one stage dye is 
erythrosine. Fluorescein may also be utilised. Another tool uti-
lises a blue light (approximately 405 nm wavelength) that causes 
mature plaque to glow red (due to porphyrins within the plaque). 
This quantitative light-fluorescence or QLF tool can be used in 
a darkened consultation room to demonstrate mature plaque 
(Marshall-Jones et al., 2017; Wallis et al., 2016).

Patient safety/monitoring

Temperature maintenance equipment:

•	Tier 1: hot water warming device
•	Tiers 3 & 2: Forced warm air device

Anaesthetic techniques: Inhalational anaesthesia, total intra-
venous anaesthesia (TIVA), access to oxygen for preoxygenation 
and further use during inhalation anaesthesia, equipment for 
local nerve blocks

•	Tier 1: Dedicated staff member to monitor pulse rate and qual-
ity, respiration rate, body temperature, mucous membrane 
colour and refill time, and depth of anaesthetic plane by assess-
ing eye position and jaw tone.

•	Tier 2: Anaesthesia monitoring body temperature, recording of 
pulse, respiratory rate, recording of blood pressure, measure-
ment of expired CO2.

•	Tier 3: Additional equipment: IV infusion pump.

Radiology/radiography

Oral radiology and radiography are important for adequate diag-
nosis and therapy. Performing dentistry without radiography 
greatly increases the likelihood of missed pathology and iatro-
genic trauma.

To produce diagnostic radiographs, an x-ray generator, den-
tal film and developer solution, or a digital dental system and a 
computer with appropriate software. Dental x-ray machines and 
intraoral film/sensors are always recommended; however, diag-
nostic images can be obtained with the use of the full body x-ray 
and dental film/sensors and appropriate techniques. Full body 
radiographs are of insufficient detail for proper dental diagnosis 
and are very difficult to expose.

There are several options for obtaining diagnostic dental 
images:

1.	 Conventional veterinary x-ray generator (Tier 1)
2.	 Dental radiology generator plus:

a.	Non-screen intraoral dental film (Tier 2)
b.	Phosphor-stimulable (PSP) plates (CR system)

FIG 215. (A, B) Use of dental mirror or dental mirror application.

A B

FIG 214. Explorer.
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c.	Digital sensors (DR system)
Digital dental radiology should be available in all tier 3 coun-

tries.
Manual processing can be performed using wet chemistry in 

a dark-room or light proof chamber (chairside developer). These  
methods require the operator to place the film into tanks contain-
ing developer and fixer for a pre-determined time. The result is a  
wet film (Niemiec 2018b; Niemiec, Sabatino, et al., 2004).

Processing can also be performed using a computer software 
programme that transmits the x-rays detected on a plate or sensor 
to a radiographic image on a computer screen.

Phosphor plates (CR technology) (Fig  216): These are 
flexible polyester films that support photostimulable phosphor 
deposited in a resin on the surface. After the initial exposure, 
excited electrons in the phosphor material remain “trapped”  
in centres in the crystal lattice until stimulated by the second 
illumination. These mobilised electrons release a blue-violet 
400 nm luminescence produced in proportion to the number of 
trapped electrons, which is in direct relationship to the original 
X-ray beam. It is then collected enabling the resulting signal to  
be converted into a digital image. Phosphorus plates are available 
in many sizes: from 0 to 4, are reusable and replacement is quite 
affordable.

Digital sensors (DR technology) (Fig  217): There are 
numerous human and veterinary direct digital systems. These  
are excellent means of obtaining dental radiographs. The major 
advantages to the direct digital systems are the decrease in 
radiation exposure, rapidity of image creation and the ability to  
reposition the sensor and/or tubehead if the view is not correct 
the first time.

FIG 218. CBCT.

FIG 217. Digital sensors.

FIG 216. Phosphor plates.
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Cone-beam CT: This technology allows for 3D imaging 
with good detail and contrast quickly and without the 
radiation shielding required of a standard CT unit. While it 
is not as good as standard CT (especially for soft tissue), 
it provides excellent detail for dental and oral surgical 
purposes (Fig 218). It has become the standard of care 
in tier 3 countries.

Equipment to clean teeth

A. The basic PROPHY KIT (Tier 1) should contain:

FIG 220. Scaler.

FIG 221. Selection of curettes.

FIG 222. Sharpening stone and oil.

FIG 219. Tartar removing forceps.

FIG 223. Dental unit.

FIG 224. Mechanical scaling – supra and subgingival tips.
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Diagnostic instrumentation:
See above.
Scaling instrumentation (Niemiec, 2003b, 2018d).
Tier 1:

•	Tartar removing forceps (Fig 219)
•	A scaler (for supragingival scaling) (Fig 220)
•	A selection of curettes (for subgingival scaling) (Fig 221)
•	Sharpening stone and oil (Fig 222)

Tiers 2 & 3 should have the above plus:

•	A dental unit (high speed and low speed) (Fig 223)
•	Mechanical scaling: sonic or ultrasonic (piezoelectric, magneto-

strictive)
○	 Appropriate supra and subgingival tips (Fig 224)

•	Prophy paste/pumice (Fig 225)

Equipment for supragingival scaling

Hand scalers: Hand scalers have a handle connected to a blade, 
which has a double-sided cutting edge that converges to a sharp 

point (Niemiec, 2013c). The blade is triangular in cross section. 
The sharp blade is used to remove plaque, calculus and other de-
posits from the supragingival area. Hand scalers come in different 
patterns including: sickle, Universal (or H6/H7), Jacquette and 
Morse (Theuns & Niemiec, 2012) (Fig 226).

Ultrasonic scalers: Ultrasonic scalers are commonly used for 
removal of supragingival plaque and calculus. Ultrasonic scalers 
operate at >25 kHz (Niemiec,  2013c). The principal action of  
plaque and calculus removal is by a mechanical kick or oscillation. 
This is achieved by the vibrating tip contacting the calculus and 
vibrating it off. In addition, ultrasonic scalers create an effect called  
“cavitation” where the ultrasonic waves derived from physical 
vibrations of the tip energise the water spray, providing an anti-
bacterial effect (Niemiec 2013).

Ultrasonic scalers run via electricity and the working tip has 
one of three types of movement. The magnetostrictive type uti-
lises a stack of parallel nickel strips that lengthen and shorten 
when subjected to alternating electrical current. This causes the  
tip of the scaler to move in an elliptical figure eight motion. 
There are two classes of stacks, one vibrates at 25 kHz, the other 
at 30 kHz. The ferrite rod type scalers use a rod, which vibrates 
by expansion and contraction. This causes the titanium scaler tip 
to move in a circular or elliptical fashion. Piezo electric scalers  
utilise a quartz crystal in the handle, which expands and con-
tracts when subject to alternating current. This causes the scaler  
tip to move in a linear back and forth motion. It vibrates at 25 
to 45 kHz.

The handle of the ultrasonic scaler is held in a pen-like grip 
(Fig  227). The tip is placed against the tooth surface at the  
gingival margin and in light contact with the calculus. The tip 
is moved using light strokes over the surface of the tooth. The 
operator should allow the vibrations to shatter the calculus.  
If the tip is used like a hand-held scaler and force is placed 
against the calculus, the tip is likely to get damaged and stop 
oscillating.

Ultrasonic scalers can be safely used on the visible tooth sur-
face. The tip of the magnetostrictive and piezo scaler becomes 
very hot with normal use. Coolant is absolutely required to pre-
vent this from overheating the tooth and causing painful pulpi-
tis and possible tooth death (Niemiec  2013). The water spray  
should be directed at the end of the tip to dissipate heat. Care 
must always be taken to make sure the coolant is reaching the 
tip properly, especially if the ultrasonic is used subgingivally.  
Properly designed subgingival tips will allow the water coolant to 
get to the tip and be used subgingivally.

Sonic scalers: Sonic scalers work using high-pressure air 
from a compressor or gas cylinder. The sonic scaler has a 
working tip that vibrates at 18 to 20 kHz and produces less 
heat when compared to ultrasonics. They usually have a jet of  
water spray for cooling the tooth and flushing away debris. The 
advantage is the reduced harm to the tooth via overheating or 
frequency of tip vibrations, but they can be slower with heavy  
calculus build-up, and they may cause more tooth damage 
(Bellows, 2004).FIG 225. Prophy paste/pumice.
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FIG 226. Hand scalers: sickle, Universal (or H6/H7), Jacquette and Morse.

Subgingival scaling (root planing) and curettage: While 
supragingival scaling results in an aesthetic result for the owner, it 
does not provide any medical benefit for the treatment or prevention  
of periodontal disease. This medical therapy requires subgingival 
scaling and curettage. Root planing is defined as removal of the 
necrotic cementum from the root surface while curettage is the 
debridement of epithelial cells, endotoxins and accumulations  
from the epithelial wall lining the pocket (Niemiec, 2013e, 2013h). 
Subgingival debridement and curettage can be performed using 
ultrasonic and sonic scalers (with proper subgingival tips) or by 
hand with curettes.

There are two types of curettes, universal and area specific. The 
universal type, of which Columbia and Barnhart are examples, 
has two cutting surfaces, a rounded toe and a blade with cutting 
surfaces angled at 90° to the handle. The area-specific type, of 

which Gracey is an example, has a rounded toe and a single sided 
cutting blade which is angled at 70° to the shaft (the instrument 
between the cutting blade and the handle).

In addition to the 70% offset angle, Gracey curettes also have 
an accessory bend at the shank which allows proper adaption to  
various teeth. These curettes come in a variety of angulations from 
1 to 18. The higher the number, the greater the accessory bend  
and the further back in the mouth the instrument is designed to 
be used.

Instrument sharpening

It is mandatory that scalers and curettes are kept sharp. A blunt 
or dull blade will not remove accumulations and will burnish the 
calculus against the tooth root surface.

Polishing

Generally speaking, there are two types of polishing actions. The 
traditional cup, which rotates continuously at 3000 rpm, and the 
newer type of cup with a reciprocating action, back and forth. 
Fine grades produce a smoother finish, whereas coarse grades will  
remove more enamel and produce a rougher surface. The polish-
ing paste can also be created chairside from pumice powder and 
water. The cups should not be applied to the tooth surface for >3 
to 5 seconds duration as the heat generated can cause an increase in  
dentine temperature and an irreversible pulpitis (Ertugrul 
et  al.,  2019). Overpolishing or using abrasive materials can lead 
to abrasion of enamel, which can lead to sensitivity. Air-polishing 
systems can also be used with similar abrasive effects and the rubber 
cup and pumice (Yildirim et al., 2021).

Extractions/oral surgery

Tooth extraction is one of the most common surgical procedures 
performed by veterinarians in small animal practice. While repair 

FIG 227. Pen-like grip-handle of ultrasonic scaler.
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of fractured jaws, closure of oronasal fistulas, and removal of oral 
tumours are generally considered oral surgery, extraction of a 
tooth is also a surgical treatment and a procedure that should be 
perfected by all practitioners.

Ideally, extractions result in complete removal of the tooth 
and roots with minimal trauma to the surrounding soft and hard  
tissues. This concept of minimally invasive surgery results 
in a wound that heals quickly and without complications  
(Chengye, 2017; Parmigiani-Izquierdo et al., 2013; Ramfijord & 
Costich, 1968; Wood et al., 1972).

Tooth extraction requires the veterinarian to have a detailed 
knowledge of anatomy, wound healing and suturing, proper den-
tal materials and equipment, as well as the technique to accom-
plish the procedure.

Oral surgery kit (Fig 228)

Extraction instrumentation: 
1.	 An assortment of luxating elevators (luxators) can be used 

for cutting the periodontal ligament. The luxator con-
sists of a handle, shaft and a working end. The working  
end typically has a concave surface and opposing convex 
surface, straight sides and a sharp end perpendicular to the  
instrument long axis. The blade comes to a fine/sharp tip 
(Fig 229).

2.	 Elevators are used for tearing the periodontal ligament and ele-
vating the tooth. The traditional elevator is termed “straight”. 
It consists of a handle, shaft and working end. The working  
end consists of a blade with parallel sides, a concave and 
opposing convex surface with a rounded tip. The tip may be 
sharp or blunt (Fig 230).

3.	 Extraction forceps are used for removing the loosened tooth 
from the alveolus. Extraction forceps have two handles and  
two beaks, which are opposed when the handles are squeezed 
together. The beaks are used to grasp the tooth crown in  
order to extract it from the alveolus (Bellows,  2004) 
(Fig 231).

4.	 Periosteal elevators are flattened/sharpened cutting instruments  
that are round to pear shaped. These are used to carefully 
raise the mucogingival flaps.

A basic soft tissue oral surgery kit includes (Terpak & 
Verstraete, 2012):

1.	 Scalpel handle
2.	 Tissue forceps
3.	 Periosteal elevators
4.	 Tissue scissors
5.	 Suture scissors
6.	 Needleholder
7.	 Lip retractor.

FIG 228. Orał surgery kit.
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Note that a variety of sizes of the above equipment should be 
available for cats, medium and large-breed dogs.

Tier 1 country should have:

•	Soft tissue oral surgery kit
•	Elevators or luxators
•	Extraction forceps
•	Some method for sectioning teeth.

Tiers 2 & 3 should have the above plus:

•	High-speed dental unit and handpiece with assorted burs for 
sectioning teeth and cutting dental hard tissue.

All equipment should be sanitised, disinfected and/or sterilised  
based on the category of each item’s intended use (e.g. noncriti-
cal, semi-critical or critical) (Terpak & Verstraete, 2012) (Fig 232). 
FECAVA key recommendations for Hygiene and Infection  
Control in Veterinary Practice: http://​www.​fecava.​org/​sites/​​defau​
lt/​files/​​files/​​2014_​12_​recom​manda​tion_​hygie​ne.​pdf.

Suture material

Absorbable suture is recommended for oral surgery because 
suture removal within the mouth is challenging to impossible. 
Monofilament suture is preferred to braided as it causes the least 
irritation and is associated with the least amount of infection. 
Poliglecaprone 25 is the most popular material among veterinary 
dentists, but there are other options such as polyglactin 910 and 
chromic gut, where available (Tutt, 2006b).

As far as suture size, in general 4/0 to 5/0 is recommended 
for cats and 4/0 to 3/0 for dogs. Suture needles for oral surgery 
must be the swaged-on type. Needle curvature is either 3/8 or 
1/2, with the latter more indicated in the caudal part of the oral 
cavity. A reverse cutting needle is the best for suturing gingiva 
and mucosa, but for friable mucosa, a taper point may be effec-
tive. The needle should be inserted into tissues perpendicularly 
to make the smallest possible entry wound and to avoid tearing 
of the mucosa.

Double-layer suturing in major surgical procedures is pre-
ferred to one layer if possible. Two to three mm between the 
wound edge and the suture entry point and a 2 to 3 mm distance 
between interrupted sutures is recommended. A single inter-
rupted suture is recommended in most oral procedures, although 
some authors suggest the use of continuous sutures after total 
extractions in stomatitis patients reduce the time of closure and 

FIG 231. Extraction forceps.

FIG 229. Luxators.

FIG 230. Elevators.
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FIG 232. Sterilisation of dental equipment.

decrease surgical time as well as less knots will decrease inflam-
mation. Tension-free sutures are of the utmost importance. The 
knot should not be placed directly over the incision. No area 
of denuded bone should be left uncovered, and the suture line 
should not lie over the defect.

Key points
•	All equipment as well as the dental operatory should be sani-

tised, disinfected and/or sterilised on a regular basis.
•	Dental/oral procedures require the use of specific instruments 

and equipment.
•	The most common dental procedures (diagnostic, prophylaxis 

and extractions) cannot be properly performed without access 
to radiographic equipment.

Author contributions
All authors have contributed equally to this work.

Conflict of interest
None of the authors of this article has a financial or personal 
relationship with other people or organisations that could inap-
propriately influence or bias the content of the paper.

Data availability statement
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

References
Abrahamsson, K.H. & Pettersson, A. (2024) Long-term effects of motivational 

interviewing vs. traditional counseling on dog owners’ adherence to veterinary 
dental home care: a three-year follow-up study. Frontiers in Veterinary Science, 
11, 1296618.

Abreu-Villela, P., Ferraro, M., Rodrigues, R.R., Ferro, D.G., Fantoni, D.T., Koh, I.H.J. 
et  al. (2021) Ozone therapy in the prevention of dental plaque formation in 
dogs. Journal of Veterinary Dentistry, 38, 18–23.

Addie, D.D., Radford, A., Yam, P.S. & Taylor, D.J. (2003) Cessation of feline calicivi-
rus shedding coincident with resolution of chronic gingivostomatitis in a cat. The 
Journal of Small Animal Practice, 44, 172–176.

Aguiar, J., Chebroux, A., Martinez-Taboada, F. & Leece, E.A. (2015) Analgesic 
effects of maxillary and inferior alveolar nerve blocks in cats undergoing dental 
extractions. Journal of Feline Medicine and Surgery, 17, 110–116.

Al Maghlouth, A., Al Yousef, Y. & Al-Bagieh, N.H. (2007) Qualitative and  
quantitative analysis of microbial aerosols in selected areas within the  
College of Dentistry, King Saud University. Quintessence International, 38, 
e222–e228.

Alef, M., von Praun, F. & Oechtering, G. (2008) Is routine pre-anaesthetic haemato-
logical and biochemical screening justified in dogs? Veterinary Anaesthesia and 
Analgesia, 35, 132–140.

Allan, R.M., Adams, V.J. & Johnston, N.W. (2019) Prospective randomised blinded 
clinical trial assessing effectiveness of three dental plaque control methods in 
dogs. The Journal of Small Animal Practice, 60, 212–217.

Aller, M.S. (2005) Personal safety and ergonomics in the dental operatory. Journal 
of Veterinary Dentistry, 22, 124–130.

Allison, J.R., Currie, C.C., Edwards, D.C., Bowes, C., Coulter, J., Pickering, K. et al. 
(2020) Evaluating aerosol and splatter following dental procedures: address-
ing new challenges for oral health care and rehabilitation. Journal of Oral 
Rehabilitation, 48, 61–72.

Almela, R.M. & Ansón, A. (2019) A review of immunotherapeutic strategies 
in canine malignant melanoma. Veterinary Sciences, 6, 15. Available from: 
https://​doi.​org/​10.​3390/​vetsc​i6010015

American Veterinary Dental College. (2024) AVDC Nomenclature. Available from: 
https://​avdc.​org/​avdc-​nomen​clatu​re/​ [Accessed 26th March 2026].

American Veterinary Dental College. (2025) Available from: http://​www.​avdc.​org 
[Accessed 1st January 2025].

Anderson, J.E. & Harvey, C.E. (1993) Odontogenic cysts. Journal of Veterinary 
Dentistry, 10, 5.

Angel, M. (2016) Maxillary canine tooth extraction for class 2 malocclusion in a 
dog. Journal of Veterinary Dentistry, 33, 112–116.

Angle, E.H. (1899) The angle system of regulation and retention of the teeth and 
treatment of fractures of the maxillae, 5th edition. Philadelphia, PA: SS White 
Manufacturing Co.

Anil, S.S., Anil, L. & Deen, J. (2002) Challenges of pain assessment in domestic 
animals. Journal of the American Veterinary Medical Association, 220, 313–319.

Anthony, J.M., Sammeyer, L.S. & Laycock, A.R. (2010) Nasolacrimal obstruction 
caused by root abscess of the upper canine in a cat. Veterinary Ophthalmology, 
13, 106–109.

Anthony, J.M.G., Weber, L.P. & Alkemade, S. (2011) Blood glucose and liver function 
in dogs administered a xylitol drinking water additive at zero, one and five times 
dosage rates. Veterinary Science Development, 2011, e2.

Aprea, F., Vettorato, E. & Corletto, F. (2011) Severe cardiovascular depression in a 
cat following a mandibular nerve block with bupivacaine. Veterinary Anaesthesia 
and Analgesia, 38, 614–618.

Armbrust, L.J., Biller, D.S., Bamford, A., Chun, R., Garrett, L.D. & Sanderson, M.W. 
(2012) Comparison of three-view thoracic radiography and computed tomogra-
phy for detection of pulmonary nodules in dogs with neoplasia. Journal of the 
American Veterinary Medical Association, 2240, 1088–1094.

Armitage, G.C. (1999) Development of a classification system for periodontal dis-
eases and conditions. Annals of Periodontology, 4, 1–6.

Arnbjerg, J. (1996) Idiopathic dental root replacement resorption in old dogs. 
Journal of Veterinary Dentistry, 13, 97–99.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/vetsci6010015
https://avdc.org/avdc-nomenclature/
http://www.avdc.org


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

116

Arzi, B., Clark, K.C., Sundaram, A., Spriet, M., Verstraete, F.J.M., Walker, N.J. et al. 
(2017) Therapeutic efficacy of fresh, allogeneic mesenchymal stem cells for 
severe refractory feline chronic gingivostomatitis. Stem Cells Translational 
Medicine, 6, 1710–1722.

Arzi, B., Mills-Ko, E., Verstraete, F.J., Kol, A., Walker, N.J., Badgley, M.R. et al. (2016) 
Therapeutic efficacy of fresh, autologous mesenchymal stem cells for severe 
refractory gingivostomatitis in cats. Stem Cells Translational Medicine, 5, 75–86.

Arzi, B., Peralta, S., Fiani, N., Vapniarsky, N., Taechangam, N., Delatorre, U. et al. 
(2020) A multicenter experience using adipose-derived mesenchymal, stem 
cell therapy for cats with chronic, non-responsive gingivostomatitis. Stem Cell 
Research & Therapy, 11, 115.

Arzi, B., Taechangam, N., Lommer, M.J., Walker, N.J., Loscar, M.R. & Borjesson, D.L. 
(2021) Stem cell therapy prior to full-mouth tooth extraction lacks substantial 
clinical efficacy in cats affected by chronic gingivostomatitis. Journal of Feline 
Medicine and Surgery, 23, 604–608.

Arzi, B. & Verstraete, F.J. (2015) Internal fixation of severe maxillofacial fractures 
in dogs. Veterinary Surgery, 44, 437–442.

Arzi, B. & Verstraete, F.J.M. (2020) Clinical staging and biopsy of maxillofacial 
tumors. In: Verstraete, F.J.M., Lommer, M. & Arzi, B. (Eds.) Oral and maxillofacial 
surgery in dogs and cats, 2nd edition. St. Louis, MO: Elsevier, pp. 415–422.

Babbitt, S.G., Krakowski Volker, M. & Luskin, I.R. (2016) Incidence of radiographic 
cystic lesions associated with unerupted teeth in dogs. Journal of Veterinary 
Dentistry, 33, 226–233.

Baja, A.J., Kelsey, K.L., Ruslander, D.M., Gieger, T.L. & Nolan, M.W. (2022) A retrospec-
tive study of 101 dogs with oral melanoma treated with a weekly or biweekly 6 
Gy × 6 radiotherapy protocol. Veterinary and Comparative Oncology, 20, 623–631.

Banks, T.A. & Straw, R.C. (2004) Multilobular osteochondrosarcoma of the hard 
palate in a dog. Australian Veterinary Journal, 82, 409–412.

Bao, X., Weiner, J., 3rd, Meckes, O., Dommisch, H. & Schaefer, A.S. (2021) 
Entamoeba gingivalis exerts severe pathogenic effects on the oral mucosa. 
Journal of Dental Research, 100, 771–776.

Bao, X., Wiehe, R., Dommisch, H. & Schaefer, A.S. (2020) Entamoeba gingivalis causes 
oral inflammation and tissue destruction. Journal of Dental Research, 99, 561–567.

Bar-Am, Y., Pollard, R.E., Kass, P.H. & Verstraete, F.J. (2008) The diagnostic yield 
of conventional radiographs and computed tomography in dogs and cats with 
maxillofacial trauma. Veterinary Surgery, 37, 294–299.

Bardow, A. & Vissink, A. (2015) Saliva and caries development. In: Fejerskov, O., 
Nyvad, B. & Kidd, E. (Eds.) Dental caries: the disease and its clinical manage-
ment, 3rd edition. Ames, IA: Wiley-Blackwell, pp. 93–125.

Barton-Lamb, A.L., Martin-Flores, M., Scrivani, P.V., Bezuidenhout, A.J., Loew, E., 
Erb, H.N. et al. (2013) Evaluation of maxillary arterial blood flow in anesthetized 
cats with the mouth closed and open. Veterinary Journal, 196, 325–331.

Bartsch, S., Kohnert, E., Kreutz, C., Woelber, J.P., Anderson, A., Burkhardt, A.S. 
et  al. (2024) Chlorhexidine digluconate mouthwash alters the oral microbial 
composition and affects the prevalence of antimicrobial resistance genes. 
Frontiers in Microbiology, 15, 1429692.

Batham, C. & Yasobant, S. (2016) A risk assessment study on work-related mus-
culoskeletal disorders among dentists in Bhopal, India. Indian Journal of Dental 
Research, 27, 236–241.

Baxter, C.J.K. (2007) Oral and dental diagnostics. In: Tutt, C., Deeprose, J. & 
Crossley, D. (Eds.) BSAVA manual of canine and feline dentistry, 3rd edition. 
Gloucester: British Small Animal Veterinary Association, pp. 22–40.

Beckman, B. (2013) Anaesthesia and pain management for small animals. 
Veterinary Clinics of North America Small Animal Practice, 43, 669–688.

Beikler, T., Bunte, K., Chan, Y., Weiher, B., Selbach, S., Peters, U. et al. (2021) Oral 
microbiota transplant in dogs with naturally occurring periodontitis. Journal of 
Dental Research, 100, 764–770.

Bell, A., Helm, J. & Reid, J. (2014) Veterinarians’ attitudes to chronic pain in dogs. 
The Veterinary Record, 175, 428.

Bell, C.M., Schwarz, T. & Dubielzig, R.R. (2011) Diagnostic features of feline restric-
tive orbital myofibroblastic sarcoma. Veterinary Pathology, 48, 742–750.

Bell, S.E., Nash, A.K., Zanghi, B.M., Otto, C.M. & Perry, E.B. (2020) An assessment 
of the stability of the canine oral microbiota after probiotic administration in 
healthy dogs over time. Frontiers in Veterinary Science, 11, 616.

Bellei, E., Dalla, F., Masetti, L., Pisoni, L. & Joechler, M. (2008) Surgical therapy in 
chronic feline gingivostomatitis (FCGS). Veterinary Research Communications, 
32, 231–234.

Bellei, E., Ferro, S., Zini, E. & Gracis, M. (2019) A clinical, radiographic and histologi-
cal study of unerupted teeth in dogs and cats: 73 cases (2001-2018). Frontiers in 
Veterinary Science, 8, 357. Available from: https://​doi.​org/​10.​3389/​fvets.​2019.​
00357​

Bellows, J. (2004) Orthodontic equipment, materials and techniques. In: Bellows, 
J. (Ed.) Small animal dental equipment, materials and techniques, a primer. 
Oxford: Blackwell, pp. 263–296.

Bellows, J. (2010a) Treatment of periodomtal disease. In: Bellows, J. (Ed.) Feline 
dentistry: oral assessment, treatment, and preventative care. Ames, IA: Wiley-
Blackwell, pp. 181–196.

Bellows, J. (2010b) Treatment of tooth resorption. In: Bellows, J. (Ed.) Feline 
dentistry: oral assessment, treatment, and preventative care. Ames, IA: Wiley-
Blackwell, pp. 222–241.

Bellows, J., Berg, M.L., Dennis, S., Harvey, R., Lobprise, H.B., Snyder, C.J. et al. 
(2019) AAHA dental care guidelines for dogs and cats. Journal of the American 
Animal Hospital Association, 55, 49–69.

Bender, C. & Kramer, A. (2017) Optionen der antiseptischen Wundbehandlung in der 
Kleintierpraxis unter besonderer Berücksichtigung der Gewebeverträglichkeit. 
Kleintierpraxis, 62, 372–394.

Bender, I.B. (2000) Pulpal pain diagnosis: a review. Journal of Endodontics, 26, 
175–179.

Bennett, G.J. & Xie, Y.K. (1988) A peripheral mononeuropathy in rat that produces 
disorders of pain sensation like those seen in man. Pain, 3, 87–107.

Berg, M. (2021) Distribution of tasks around the dental patient in general practice: 
receptionists, technicians, and other veterinary team members. In: Gawor, J. & 
Niemiec, B. (Eds.) The veterinary dental patient. A multidisciplinary approach, 
Vol. 2021. Ames, IA: Wiley Blackwell, pp. 317–335.

Berger, M., Schawalder, P., Stich, H. & Lussi, A. (1996) Feline dental resorptive 
lesions in captive and wild leopards and lions. Journal of Veterinary Dentistry, 
13, 13–21.

Berger, M., Stich, H., Hüster, H., Roux, P. & Schawalder, P. (2004) Feline dental 
resorptive lesions in the 13th to 14th centuries. Journal of Veterinary Dentistry, 
21, 206–213.

Berglundh, T., Gotfredsen, K., Zitzmann, N.U., Lang, N.P. & Lindhe, J. (2007) 
Spontaneous progression of ligature induced peri-implantitis at implants 
with different surface roughness: an experimental study in dogs. Clinical Oral 
Implants Research, 18, 655–661.

Beynen, A.C., Van Altena, F. & Visser, E.A. (2010) Beneficial effect of a  
cellulose-containing chew treat on canine periodontal disease in a double-blind, 
placebo-controlled trial. American Journal of Animal and Veterinary Sciences, 5, 
192–195.

Bilgic, O., Duda, L., Sánchez, M.D. & Lewis, J.R. (2015) Feline oral squamous cell 
carcinoma: clinical manifestations and literature review. Journal of Veterinary 
Dentistry, 32, 30–40.

Biondi, M. & Zannino, L.G. (1997) Psychological stress, neuroimmunomodula-
tion, and susceptibility to infectious diseases in animals and man: a review. 
Psychotherapy and Psychosomatics, 66, 3–26.

Bissett, L. & Niemiec, B.A. (2021) A retrospective evaluation of secondary wound 
healing for extraction of the maxillary first molar in dogs. Journal of Veterinary 
Dentistry, 38, 208–215.

Bittegeko, S.B., Arnbjerg, J., Nkya, R. & Tevik, A. (1995) Multiple dental devel-
opmental abnormalities following canine distemper infection. Journal of the 
American Animal Hospital Association, 31, 42–45.

Bjone, S., Brown, W., Harris, A. & Genity, P.M. (2007) Influence of chewing on dental 
health in dogs. In: Proceedings of the 16th European Congress of Veterinary 
Dentistry, pp. 45–46.

Blank, C.U., Haining, W.N., Held, W., Hogan, P.G., Kallies, A., Lugli, E. et al. (2019) 
Defining ‘T cell exhaustion’. Nature Reviews. Immunology, 19, 665–674.

Blazejewski, S., Lewis, J.R. & Reiter, A.M. (2006) Mucoperiosteal flap for extrac-
tion of multiple teeth in the maxillary quadrant of the cat. Journal of Veterinary 
Dentistry, 23, 200–205.

Blazejewski, S.W., 3rd. (2013) Thermoplastic inclined plane aligner for correction 
of bilateral mandibular canine tooth distoclusion in a cat. Journal of Veterinary 
Dentistry, 30, 236–247.

Blazevich, M. & Miles, C. (2024) The presence of bacteremia in 13 dogs under-
going oral surgery without the use of antibiotic therapy. Journal of Veterinary 
Dentistry, 41, 312–323.

Bonfanti, U., Bertazzolo, W., Gracis, M., Roccabianca, P., Romanelli, G., Palermo, G. 
et al. (2015) Diagnostic value of cytological analysis of tumours and tumour-like 
lesions of the oral cavity in dogs and cats: a prospective study on 114 cases. 
Veterinary Journal, 205, 322–327. Available from: https://​doi.​org/​10.​1016/j.​tvjl.​
2014.​10.​022

Bonner, M., Fresno, M., Gironès, N., Guillén, N. & Santi-Rocca, J. (2018) 
Reassessing the role of Entamoeba gingivalis in periodontitis. Frontiers in 
Cellular and Infection Microbiology, 29, 379.

Bortolami, E. & Love, E.J. (2015) Practical use of opioids in cats: a  
state-of-the-art, evidence-based review. Journal of Feline Medicine and Surgery, 
17, 283–311.

Boston, S.E., van Stee, L.L., Bacon, N.J., Szentimrey, D., Kirby, B.M., van Nimwegen, 
S. et al. (2020) Outcomes of eight cats with oral neoplasia treated with radical 
mandibulectomy. Veterinary Surgery, 49, 222–232.

Boudrieau, R.J. (2012a) Maxillofacial fracture repair using intraosseus wires. In: 
Verstraete, F.J.M. & Lomer, M.J. (Eds.) Oral and maxillofacial surgery in dogs and 
cats. St. Louis, MO: Saunders Elsvier, pp. 285–292.

Boudrieau, R.J. (2012b) Maxillofacial fracture repair using miniplates and screws. 
In: Verstraete, F.J.M. & Lomer, M.J. (Eds.) Oral and maxillofacial surgery in dogs 
and cats. St. Louis, MO: Saunders Elsvier, pp. 293–308.

Boudrieau, R.J. & Verstraete, F.J.M. (2012) Principals of maxillofacial trauma 
repair. In: Verstraete, F.J.M. & Lomer, M.J. (Eds.) Oral and maxillofacial surgery 
in dogs and cats. St. Louis, MO: Saunders Elsvier, pp. 233–242.

Bourgeois, J.A., Hategan, A. & Azzam, A. (2015) Competency-based medical edu-
cation and scholarship: creating an active academic culture during residency. 
Perspectives on Medical Education, 4, 254–258.

Boursiquot, M., Prendergast, H., Boudreau, L., Cital, S.N., Mages, A., Rauscher, 
J. et  al. (2023) 2023 AAHA technician utilization guidelines. Lakewood, CO: 
American Animal Hospital Association.

Boy, S., Crossley, D. & Steenkamp, G. (2016) Developmental structural tooth 
defects in dogs – experience from veterinary dental referral practice and review 
of the literature. Frontiers in Veterinary Science, 8, 9.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3389/fvets.2019.00357
https://doi.org/10.3389/fvets.2019.00357
https://doi.org/10.1016/j.tvjl.2014.10.022
https://doi.org/10.1016/j.tvjl.2014.10.022


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

117 

Boyce, E.N., Ching, R.J., Logan, E.I., Hunt, J.H., Maseman, D.C., Gaeddert, K.L. 
et al. (1995) Occurrence of gram-negative black-pigmented anaerobes in sub-
gingival plaque during the development of canine periodontal disease. Clinical 
Infectious Disease, 20, S317–S319.

Boyce, E.N. & Logan, E.I. (1994) Oral health assessment in dogs: study design and 
results. Journal of Veterinary Dentistry, 11, 64–70.

Boyd, R.C. (2019) Basic endodontic therapy. In: Lobprise, H.B. & Dodd, J.R.  
(Eds.) Wigg’s veterinary dentistry, 2nd edition. Hoboken, NJ: Wiley Blackwell, pp. 
311–334.

Brambell Committee. (1965) Report of the technical committee to enquire into the 
welfare of animals kept under intensive livestock husbandry systems. Command 
Paper 2836. London: Her Magesty’s Stationary Office, pp. 1–84.

Briggs, A., Bell, C. & Greenfield, B. (2023) Feline oral melanoma – a retrospective 
study in 20 cats and case report. Journal of Veterinary Dentistry, 40, 347–357. 
Available from: https://​doi.​org/​10.​1177/​08987​56423​1198791

Bright, R.M., Gorman, N.T., Probst, C.W. & Goring, R.L. (1983) Transmissible vene-
real tumor of the soft palate in a dog. Journal of the American Veterinary Medical 
Association, 183, 893–895.

Brine, E.J. (1999) Endodontic disease of the mandibular first molar tooth second-
ary to caudal cross bite in a young Shetland sheepdog. Journal of Veterinary 
Dentistry, 16, 15–18.

Brine, E.J., Marretta, S.M., Pijanowski, G.J. & Siegel, A.M. (2000) Comparison of 
the effects of four different power scalers on enamel tooth surface in the dog. 
Journal of Veterinary Dentistry, 17, 17–21.

British Veterinary Dental Association. (2017) Postion statement. Available from: 
http://​www.​bvda.​co.​uk/​posit​ion-​state​ments​ [Accessed 5th May 2019].

Brodala, N., Merricks, E.P., Bellinger, D.A., Damrongsri, D., Offenbacher, S., Beck, 
J. et  al. (2005) Porphyromonas gingivalis bacteremia induces coronary and 
aortic atherosclerosis in normocholesterolemic and hypercholesterolemic pigs. 
Arterosclerosis, Thrombosis and Vascular Biology, 25, 1446–1451.

Brodbelt, D.C., Blissitt, K.J., Hammond, R.A., Neath, P.J., Young, L.E., Pfeiffer, D.U. 
et al. (2008) The risk of death: the confidential enquiry into perioperative small 
animal fatalities. Veterinary Anaesthesia and Analgesia, 35, 365–373.

Brodbelt, D.C., Pfeiffer, D.U., Young, L.E. & Wood, J.L. (2007) Risk factors for 
anaesthetic-related death in cats: results from the Confidential Enquiry into 
Perioperative Small Animal Fatalities (CEPSAF). British Journal of Anaesthesia, 
99, 617–623.

Broom, D.M. (2006) Behaviour and welfare in relation to pathology. Applied Animal 
Behaviour Science, 97, 73–83.

Brown, G.K., Kling, K., Balke, M. & Fink, L. (2024) Radiographic outcome of vital 
teeth treated with prosthodontic crowns in dogs: 26 cases (2015-2017). Journal 
of Veterinary Dentistry, 41, 382–386. Available from: https://​doi.​org/​10.​1177/​
08987​56423​1208045.

Brown, W.Y. & McGenity, P. (2005) Effective periodontal disease control using den-
tal hygiene chews. Journal of Veterinary Dentistry, 22, 16–19.

Brynjulfsen, A., Fristad, I., Grevstad, T. & Hals-Kvinnsland, I. (2002) Incompletely 
fractured teeth associated with diffuse longstanding orofacial pain: diagnosis 
and treatment outcome. International Endodontics Journal, 35, 461–466.

Buckley, C., Colyer, A., Skrzywanek, M., Jodkowska, K., Kurski, G., Gawor, J. et al. 
(2011) The impact of home-prepared diets and home oral hygiene on oral health 
in cats and dogs. British Journal of Nutrition, 106, S124–S127.

Buckley, L.A. (1972) The relationship between malocclusion and periodontal dis-
ease. Journal of Periodontology, 43, 415–417.

Bundgaard, T., Wildt, J., Frydenberg, M., Elbrønd, O. & Nielsen, J.E. (1995) Case-
control study of squamous cell cancer of the oral cavity in Denmark. Cancer 
Causes & Control, 6, 57–67.

Cao, H., Lin, J., Yuan, H., Yang, Z., Nie, M., Pathak, J.L. et al. (2024) The emerging 
role of Toxoplasma gondii in periodontal diseases and underlying mechanisms. 
Frontiers in Immunology, 3, 1464108.

Capik, I. (2007) Periodontal health vs. different preventative means in toy breeds 
– clinical study. In: Proceedings of the 16th European Congress of Veterinary 
Dentistry, pp. 31–34.

Carle, D. & Shope, B. (2014) Soft tissue tooth impaction in a dog. Journal of 
Veterinary Dentistry, 31, 96–105.

Carmichael, D.T. (2002) Surgical extraction of the maxillary fourth premolar tooth 
in the dog. Journal of Veterinary Dentistry, 19, 231–233.

Carney, H.C., Little, S., Brownlee-Tomosso, D., Harvey, A.M., Mattox, E., Robertson, 
S. et al. (2012) AAFP and ISFM feline-friendly nursing care guidelines. Journal of 
Feline Medicine and Surgery, 14, 337–349.

Carranza, F.A. & Takei, H.H. (2006) Clinical diagnosis. In: Carranza, F.A., Numan, 
M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s clinical periodontology. St. 
Louis, MO: WB Saunders, pp. 540–560.

Carroll, M.Q., Oba, P.M., Sieja, K.M., Alexander, C., Lye, L., de Godoy, M.R.C. et al. 
(2020) Effects of novel dental chews on oral health outcomes and halitosis in 
adult dogs. Journal of Animal Science, 98, skaa274.

Castejón-González, A.C., Stefanovski, D. & Reiter, A.M. (2022) Etiology, clinical pre-
sentation, and outcome of mandibular fractures in immature dogs treated with 
non-invasive or minimally invasive techniques. Journal of Veterinary Dentistry, 
39, 78–88.

Center, S.A. (1990) Hepatobilliary infections. In: Green, C.E. (Ed.) Infectious dis-
eases of the dog and cat. Philadelphia, PA: W.B. Saunders, pp. 146–156.

Chadwick, H.S. (1985) Toxicity and resuscitation in lidocaine- or bupivacaine-
infused cats. Anesthesiology, 63, 385–390.

Chang, C.Y., Chen, W.T., Haga, T., Yamashita, N., Lee, C.F., Tsuzuki, M. et al. (2020) 
The detection and association of canine papillomavirus with benign and malig-
nant skin lesions in dogs. Viruses, 12, 170. Available from: https://​doi.​org/​10.​
3390/​v1202​0170

Charmichael, D.T. (2002) Surgical extraction of the maxillary fourth premolar tooth 
in the dog. Journal of Veterinary Dentistry, 19, 231–233.

Chengye, H. (2017) Rigid physical analysis of minimally invasive tooth extraction. 
West China Journal of Stomatology, 35, 119–127.

Chidiac, J.J., Rifai, K., Hawwa, N.N., Massaad, C.A., Jurjus, A.R., Jabbur, S.J. 
et al. (2002) Nociceptive behaviour induced by dental application of irritants 
to rat incisors: a new model for tooth inflammatory pain. European Journal of 
Pain, 6, 55–67.

Choi, K.H. & Flynn, K. (2017) Korean Sa-Ahm acupuncture for treating canine oral 
fibrosarcoma. Journal of Acupuncture and Meridian Studies, 10, 211–215.

Chudler, E.H. & Byers, M.R. (2005) Behavioural responses following tooth injury in 
rats. Archives of Oral Biology, 50, 333–340.

Cieplik, F., Jakubovics, N.S., Buchalla, W., Maisch, T., Hellwig, E. & Al-Ahmad, A. 
(2019) Resistance toward chlorhexidine in oral bacteria – is there cause for 
concern? Frontiers in Microbiology, 22, 587.

Clarke, D.E. (2001a) Vital pulp therapy for complicated crown fracture of perma-
nent canine teeth in dogs: a three-year retrospective study. Journal of Veterinary 
Dentistry, 18, 117–121.

Clarke, D.E. (2001b) Clinical and microbiological effects of oral zinc ascorbate gel 
in cats. Journal of Veterinary Dentistry, 18, 177–183.

Clarke, D.E. (2006) Drinking water additive decreases plaque and calculus accu-
mulation in cats. Journal of Veterinary Dentistry, 23, 79–82.

Clarke, D.E. (2024) Unleashing the power of collaboration: the invaluable role of 
veterinary dental technicians. Journal of Veterinary Dentistry, 41, 367–368.

Clarke, D.E. & Caiafa, A. (2014) Oral examination in the cat: a systematic approach. 
Journal of Feline Medicine and Surgery, 16, 873–886.

Clarke, D.E. & Cameron, A. (1997) Feline dental resorptive lesions in domestic 
and feral cats and the possible link with diet. In: Proceedings of the 5th World 
Veterinary Dental Congress, April 1–3. Birmingham, pp. 33–34.

Clarke, D.E. & Cameron, A. (1998) Relationship between diet, dental calculus and 
periodontal disease in domestic and feral cats in Australia. Australian Veterinary 
Journal, 76, 690–693.

Clarke, D.E., Kelman, M. & Perkins, N. (2011) Effectiveness of a vegetable dental 
chew on periodontal disease parameters in toy breed dogs. Journal of Veterinary 
Dentistry, 28, 230–235.

Claydon, N., Hunter, L., Moran, J., Wade, W., Kelty, E., Movert, R. et  al. (1996) 
A 6-month home-usage trial of 0.1% and 0.2% delmopinol mouthwashes (I). 
Effects on plaque, gingivitis, supragingival calculus and tooth staining. Journal 
of Clinical Periodontology, 23, 220–228.

Clayton, D.J., Bell, C., Feigin, K. & Shope, B. (2023) Clinical, radiographic and 
histologic evaluation of 40 cystic oral lesions in 37 cats. Journal of Veterinary 
Dentistry, 40, 57–74.

Coelho, J.C., Duarte, N., Bento da Silva, A., Bronze, M.D.R. & Mestrinho, L.A. 
(2023) Placebo-controlled trial of daily oral cannabidiol as adjunctive treatment 
for cats with chronic gingivostomatitis. Animals (Basel), 26, 2716.

Cohen, A.S. & Brown, D.C. (2002) Orofacial dental pain emergencies: endodontic 
diagnosis and management. In: Cohen, A.S. & Burns, R.C. (Eds.) Pathways of 
the pulp, 8th edition. St. Louis, MO: Mosby, pp. 31–76.

Congiusta, M., Lawrence, J., Rendahl, A. & Goldschmidt, S. (2020) Variability in 
recommendations for cervical lymph node pathology for staging of canine oral 
neoplasia: a survey study. Frontiers in Veterinary Science, 7, 506. Available 
from: https://​doi.​org/​10.​3389/​fvets.​2020.​00506​

Corba, N.H., Jansen, J. & Pilot, T. (1986) Artificial periodontal defects and fre-
quency of tooth brushing in beagle dogs (II). Clinical findings after a period of 
healing. Journal of Clinical Periodontology, 13, 186–189.

Cray, M., Selmic, L.E. & Ruple, A. (2020) Demographics of dogs and cats with 
oral tumors presenting to teaching hospitals: 1996-2017. Journal of Veterinary 
Science, 21, e70.

Crossley, D.A. (1995) Tooth enamel thickness in the mature dentition of domestic 
dogs and cats – preliminary study. Journal of Veterinary Dentistry, 12, 111–113.

Crossley, D.A., Dubielzig, R.R. & Benson, K.G. (1997) Caries and odontoclastic 
resorptive lesions in a chinchilla (Chinchilla lanigera). Veterinary Record, 141, 
337–339.

Crowder, S.E., Berg, M., Bellows, J., Artzer, M., MacGee, S. & Schultz, L. (2024) 
Effectiveness of a daily honeycomb-shaped dental chew in reducing calculus, 
plaque, gingivitis and malodor in dogs. Journal of Veterinary Dentistry, 31, 
8987564241255043.

Cunha, E., Freitas, F.B., Braz, B.S., Silva, J.M.D., Tavares, L., Veiga, A.S. et  al. 
(2020) Polyphasic validation of a Nisin-biogel to control canine periodontal dis-
ease. Antibiotics, 9, 180.

Dale, F., Brodbelt, D.C., West, G., Church, D.B., Lee, Y.H. & O’Neill, D.G. (2024) 
Demography, common disorders and mortality of Shih Tzu dogs under primary 
veterinary care in the UK. Canine Medicine and Genetics, 11, 2.

Daly, C.G., Mitchell, D.H., Highfield, J.E., Grossberg, D.E. & Stewart, D. (2001) 
Bacteremia due to periodontal probing: a clinical and microbiological investiga-
tion. Journal of Periodontology, 72, 210–214.

Davis, I.J., Wallis, C., Deusch, O., Colyer, A., Milella, L., Loman, N. et al. (2013) A 
cross-sectional survey of bacterial species in plaque from client owned dogs 
with healthy gingiva, gingivitis or mild periodontitis. PLoS One, 8, e83158.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1177/08987564231198791
http://www.bvda.co.uk/position-statements
https://doi.org/10.1177/08987564231208045
https://doi.org/10.1177/08987564231208045
https://doi.org/10.3390/v12020170
https://doi.org/10.3390/v12020170
https://doi.org/10.3389/fvets.2020.00506


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

118

de Miguel Garcia, C., Whiting, M. & Alibhai, H. (2013) Cerebral hypoxia in a cat 
following pharyngoscopy involving use of a mouth gag. Veterinary Anaesthesia 
and Analgesia, 40, 106–108.

de Vries, M. & Putter, G. (2015) Perioperative anaesthetic care of the cat undergo-
ing dental and oral procedures: key considerations. Journal of Feline Medicine 
and Surgery, 17, 23–36.

DeBowes, L.J. (2010) Problems with the gingiva. In: Niemiec, B.A. (Ed.) Small ani-
mal dental, oral and maxillofacial disease, a color handbook. London: Manson, 
pp. 159–181.

DeBowes, L.J., Mosier, D., Logan, E., Harvey, C.E., Lowry, S. & Richardson, D.C. 
(1996) Association of periodontal disease and histologic lesions in multiple 
organs from 45 dogs. Journal of Veterinary Dentistry, 13, 57–60.

Deery, C., Heanue, M., Deacon, S., Robinson, P.G., Walmsley, A.D., Worthington, 
H. et al. (2004) The effectiveness of manual versus powered toothbrushes for 
dental health: a systematic review. Journal of Dentistry, 32, 197–211.

DeForge, D.H. (2002) Physical ergonomics in veterinary dentistry. Journal of 
Veterinary Dentistry, 19, 196–200.

DeForge, D.H. (2009) Available from: https://​www.​veter​inary​pract​icene​ws.​com/​
ident​ifyin​g-​and-​treat​ing-​oral-​pain/​ [Accessed 15th May 2019].

Deguchi, T., Maekawa, N., Konnai, S., Owaki, R., Hosoya, K., Morishita, K. et al. 
(2023) Enhanced systemic antitumour immunity by hypofractionated radiother-
apy and anti-PD-L1 therapy in dogs with pulmonary metastatic oral malignant 
melanoma. Cancers, 15, 3013. Available from: https://​doi.​org/​10.​3390/​cance​
rs151​13013​

Della, R.G., Di Salvo, A., Marenzoni, M.L., Bellezza, E., Pastorino, G., Monteiro, 
B. et  al. (2019) Development, preliminary validation, and refinement of the 
composite oral and maxillofacial pain scale – canine/feline (COPS-C/F) front. 
Frontiers in Veterinary Science, 6, 274. Available from: https://​doi.​org/​10.​
3389/​fvets.​2019.​00274​

Della Riccia, D.N., Bizzini, F., Perilli, M.G., Polimeni, A., Trinchieri, V., Amicosante, G. 
et al. (2007) Anti-inflammatory effects of lactobacillus brevis (CD2) on periodon-
tal disease. Oral Disease, 13, 376–385.

DeLuca, G.C., Ovseiko, P.V. & Buchan, A.M. (2016) Personalized medical education: 
reappraising clinician-scientist training. Science and Translational Medicine, 8, 
321fs2.

Dennis, M.M., Ehrhart, N., Duncan, C.G., Barnes, A.B. & Ehrhart, E.J. (2006) 
Frequency of and risk factors associated with lingual lesions in dogs: 1196 
cases (1995-2004). Journal of the American Veterinary Medical Association, 
228, 1533–1537. Available from: https://​doi.​org/​10.​2460/​javma.​228.​10.​
1533

Dewey, C.W. & Rishniw, M. (2021) Periodontal disease is associated with cognitive 
dysfunction in aging dogs: a blinded prospective comparison of visual periodon-
tal and cognitive questionnaire scores. Open Veterinary Journal, 11, 210–216.

Dewhirst, F.E., Klein, E.A., Thompson, E.C., Blanton, J.M., Chen, T., Milella, L. et al. 
(2012) The canine oral microbiome. PLoS One, 7, e36067.

Dhaliwal, R., Boynton, E., Carrera-Justiz, S., Cruise, N., Gardner, M., Huntingford, 
J. et al. (2023) AAHA senior care guidelines for dogs and cats. Journal of the 
American Animal Hospital Association, 59, 1–21.

Dole, R.S. & Spurgeon, T.L. (1998) Frequency of the supernumerary teeth in a 
dolichocephalic canine breed, the greyhound. American Journal of Veterinary 
Research, 59, 16–17.

Dolieslager, S.M., Lappin, D.F., Bennett, D., Graham, L., Johnston, N. & Riggio, M.P. 
(2013) The influence of oral bacteria on tissue levels of toll-like receptor and 
cytokine mRNAs in feline chronic gingivostomatitis and oral health. Veterinary 
Immunology and Immunopathology, 151, 263–274.

Dolieslager, S.M.J., Bennett, D., Johnston, N. & Riggio, M.P. (2013) Novel bacterial 
phylotypes associated with the healthy feline oral cavity and feline chronic gingi-
vostomatitis. Research in Veterinary Science, 94, 428–432.

Dos Santos, J.D.P., Cunha, E., Nunes, T., Tavares, L. & Oliveira, M. (2019) Relation 
between periodontal disease and systemic diseases in dogs. Research in 
Veterinary Science, 125, 136–140.

Druet, I. & Hennet, P. (2017) Relationship between feline calicivirus load, oral 
lesions, and outcome in feline chronic gingivostomatitis (Caudal stomatitis): ret-
rospective study in 104 cats. Frontiers in Veterinary Science, 4, 209.

Dubey, J.P., Cerqueira-Cézar, C.K., Murata, F., Kwok, O., Yang, Y.R. & Su, C. (2020) 
All about toxoplasmosis in cats: the last decade. Veterinary Parasitology, 283, 
109145.

DuPont, G. (1995) Crown amputation with intentional root retention for advanced 
feline resorptive lesions. A clinical study. Journal of Veterinary Dentistry, 12, 
9–13.

DuPont, G.A. (1997) Understanding dental plaque: biofilm dynamics. Journal of 
Veterinary Dentistry, 14, 91–94.

Dupont, G.A. (2010) Pathologies of the dental hard tissue. In: Niemiec, B.A. (Ed.) 
Small animal dental, oral & maxillofacial disease. London: Manson Publishing 
Ltd, pp. 127–157.

DuPont, G.A. & DeBowes, L.J. (2002) Comparison of periodontitis and root replace-
ment in cat teeth with resorptive lesions. Journal of Veterinary Dentistry, 19, 
71–75.

Eaton, K.A., Rimini, F.M., Zak, E., Brookman, D.J., Hopkins, L.M., Cannell, P.J. et al. 
(1997) The effects of a 0.12% chlorhexidine-digluconate containing mouthrinse 
versus a placebo on plaque and gingival inflammation over a 3-month period. 
A multicentre study carried out in general dental practices. Journal of Clinical 
Periodontology, 24, 189–197.

Eikenberg, S., Loheide, H. & Arens, F.C. (1998) Treatment of asymptomatic internal 
resorption of a maxillary premolar tooth in a military working dog. Journal of 
Veterinary Dentistry, 15, 175–178.

Elder, M.J., Stapleton, F., Evans, E. & Dart, J.K. (1995) Biofilm related infections in 
ophthalmology. The Eye, 9, 102–109.

Elliott, J.W., Cripps, P., Blackwood, L., Berlato, D., Murphy, S. & Grant, I.A. (2016) Canine 
oral mucosal mast cell tumours. Veterinary Compartive Oncology, 14, 101–111.

Endenburg, N., Ryan, S. & van Lith, H.A. (2022) A global survey of companion ani-
mal veterinary practitioners on animal welfare teaching. Focus on undergradu-
ate and continuing education, and clients’ sources of information. Journal of 
Applied Animal Welfare Science, 27, 57–104. Available from: https://​doi.​org/​
10.​1080/​10888​705.​2022.​2047681

Endenburg, N. & van Lith, H.A. (2023) A global survey of the views of practic-
ing companion animal veterinarians on their undergraduate curriculum and 
their access to continuing education resources. Journal of Veterinary Medical 
Education, 50, 713–731.

Enlund, K.B., Brunius, C., Hanson, J., Hagman, R., Höglund, O.V., Gustås, P. et al. 
(2020) Dental home care in dogs – a questionnaire study among Swedish dog 
owners, veterinarians and veterinary nurses. BMC Veterinary Research, 16, 90.

Enlund, K.B., Rahunen, N., Thelander, S. & Olsén, L. (2023) Evaluation of a thiol-
detection test to assess tooth brushing efficacy in dogs. Journal of Veterinary 
Dentistry, 41, 183–191.

Ertugrul, I.F., Orhan, E.O. & Yazkan, B. (2019) Effect of different dry-polishing regi-
mens on the intrapulpal temperature assessed with pulpal blood microcircula-
tion model. Journal of Esthetic and Restorative Dentistry, 31, 268–274. Available 
from: https://​doi.​org/​10.​1111/​jerd.​12442​

Esteghamati, A., Baradaran, H., Monajemi, A., Khankeh, H.R. & Geranmayeh, M. 
(2016) Core components of clinical education: a qualitative study with attend-
ing physicians and their residents. Journal of Advances in Medical Education & 
Professionalism, 4, 64–71.

Evangelista, M.C. & Steagall, P.V. (2021) Agreement and reliability of the feline 
grimace scale among cat owners, veterinarians, veterinary students and nurses. 
Scientific Reports, 11, 5262. Available from: https://​doi.​org/​10.​1038/​s4159​
8-​021-​84696​-​7

Evangelista, M.C., Watanabe, R., Leung, V.S.Y., Monteiro, B.P., O’Toole, E., Pang, 
D.S.J. et al. (2019) Facial expressions of pain in cats: the development and 
validation of a feline grimace scale. Scientific Reports, 9, 19128. Available from: 
https://​doi.​org/​10.​1038/​s4159​8-​019-​55693​-​8

Evans, H.E. & de Lahunta, A. (2013) Miller’s anatomy of the dog, 4th edition. St. Louis, 
MO: Elsevier Saunders, 80–113, 197–200, 428–456, 541–545, 708–730.

Evans, M., Smithson, C.W., Peak, R.M. & Coyle, V. (2023) Canine oral lymphoma: 
a review and 3 case studies. Journal of Veterinary Dentistry, 40, 358–367. 
Available from: https://​doi.​org/​10.​1177/​08987​56423​1158511

Evenhuis, J.V., Oates, A., Hoyer, N., Vilander, A.C., Thamm, D.H. & Worley, D.R. 
(2023) A retrospective study of canine oral extramedullary plasmacytoma over 
a 15-year period (July 2004–July 2019): treatment, histologic parameters and 
clinical outcomes. Veterinary and Comparative Oncology, 21, 302–314. Available 
from: https://​doi.​org/​10.​1111/​vco.​12888​

Failor, K.C., Silver, B., Yu, W. & Heindl, J.E. (2022) Biofilm disruption and bacte-
ricidal activity of aqueous ozone coupled with ultrasonic dental scaling. JADA 
Foundational Science, 1, 100003. Available from: https://​doi.​org/​10.​1016/j.​
jfscie.​2021.​100003

Farcas, N., Arzi, B. & Verstraete, F.J. (2014) Oral and maxillofacial osteosarcoma in 
dogs: a review. Veterinary Comparitive Oncology, 1, 169–180.

Farcas, N., Lommer, M.J., Kass, P.H. & Verstraete, F.J. (2014) Dental radiographic 
findings in cats with chronic gingivostomatitis (2002-2012). Journal of the 
American Veterinary Medical Association, 244, 339–345.

Farrelly, J., Denman, D.L., Hohenhaus, A.E., Patnaik, A.K. & Bergman, P.J. (2004) 
Hypofractionated radiation therapy of oral melanoma in five cats. Veterinary 
Radiology & Ultrasound, 45, 91–93.

Feigin, K., Bell, C., Shope, B., Henzel, S. & Snyder, C. (2022) Analysis and assess-
ment of pulp vitality of 102 intrinsically stained teeth in dogs. Journal of 
Veterinary Dentistry, 39, 21–23.

Feldman, H.S., Arthur, G.R. & Covino, B.G. (1989) Comparative systemic toxicity of 
convulsant and supraconvulsant doses of intravenous ropivacaine, bupivacaine, 
and lidocaine in the conscious dog. Anaesthesia and Analgesia, 69, 794–801.

Feldman, H.S., Arthur, G.R., Pitkanen, M., Hurley, R., Doucette, A.M. & Covino, 
B.G. (1991) Treatment of acute systemic toxicity after the rapid intravenous 
injection of ropivacaine and bupivacaine in the conscious dog. Anaesthesia and 
Analgesia, 73, 373–384.

Felz, C.L., Arzi, B., Taney, K. & Block, K. (2024) Incidence of enamel defects on per-
manent canine teeth following extraction of linguoverted mandibular deciduous 
canine teeth in dogs. Frontiers in Veterinary Science, 11, 1477179.

Fernandes, N.A., Batista Borges, A.P., Carlo Reis, E.C., Sepúlveda, R.V. & Pontes, 
K.C. (2012) Prevalence of periodontal disease in dogs and owners’ level of 
awareness – a prospective clinical trial. Revista Ceres, 59, 446–451.

Fiani, N. & Arzi, B. (2010) Diagnostic imaging in veterinary dental practice. 
Endodontic disease. Journal of the American Veterinary Medical Association, 
236, 41–43.

Fiani, N., Arzi, B., Johnson, E.G., Murphy, B. & Verstraete, F.J. (2011) Osteoma 
of the oral and maxillofacial regions in cats: 7 cases (1999-2009). Journal of 
the American Veterinary Medical Association, 238, 1470–1475. Available from: 
https://​doi.​org/​10.​2460/​javma.​238.​11.​1470

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.veterinarypracticenews.com/identifying-and-treating-oral-pain/
https://www.veterinarypracticenews.com/identifying-and-treating-oral-pain/
https://doi.org/10.3390/cancers15113013
https://doi.org/10.3390/cancers15113013
https://doi.org/10.3389/fvets.2019.00274
https://doi.org/10.3389/fvets.2019.00274
https://doi.org/10.2460/javma.228.10.1533
https://doi.org/10.2460/javma.228.10.1533
https://doi.org/10.1080/10888705.2022.2047681
https://doi.org/10.1080/10888705.2022.2047681
https://doi.org/10.1111/jerd.12442
https://doi.org/10.1038/s41598-021-84696-7
https://doi.org/10.1038/s41598-021-84696-7
https://doi.org/10.1038/s41598-019-55693-8
https://doi.org/10.1177/08987564231158511
https://doi.org/10.1111/vco.12888
https://doi.org/10.1016/j.jfscie.2021.100003
https://doi.org/10.1016/j.jfscie.2021.100003
https://doi.org/10.2460/javma.238.11.1470


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

119 

Fiani, N., Lommer, M.J. & Chamberlain, T.P. (2020) Clinical behavior of odontogenic 
tumors. In: Verstraete, F.J.M., Lommer, M.J. & Arzi, B. (Eds.) Oral and maxillofa-
cial surgery in dogs and cats, 2nd edition. St. Louis, MO: Elsevier, pp. 443–451.

Fichtel, T., Chra, M., Langerová, E., Biberauer, G. & M, V.í. (2008) Observations on 
the effects of scaling and polishing methods on enamel. Journal of Veterinary 
Dentistry, 25, 231–235.

Finch, N.C., Syme, H.M. & Elliott, J. (2016) Risk factors for development of chronic 
kidney disease in cats. Journal of Veterinary Internal Medicine, 30, 602–610.

Fine, D.H., Mendieta, C., Barnett, M.L., Furgang, D., Meyers, R., Olshan, A. et al. 
(1992) Efficacy of preprocedural rinsing with an antiseptic in reducing viable 
bacteria in dental aerosols. Journal of Periodontology, 63, 821–824.

Fiorellini, J.P., Ishikawa, S.O. & Kim, D.M. (2006) Clinical features of gingivitis. In: 
Carranza, F.A., Numan, M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s 
clinical periodontology. St. Louis, MO: WB Saunders, pp. 362–372.

Fitch, P.F. (2003) Surgical extraction of the maxillary canine tooth. Journal of 
Veterinary Dentistry, 20, 55–58.

Flancman, R., Singh, A. & Weese, J.S. (2018) Evaluation of the impact of dental 
prophylaxis on the oral microbiota of dogs. PLoS One, 13, e0199676.

Floyd, M.R. (1991) The modified Triadan system: nomenclature for veterinary den-
tistry. Journal of Veterinary Dentistry, 8, 18–19.

Foley, B.D., Thayer, W.P., Honeybrook, A., McKenna, S. & Press, S. (2013) Mandibular 
reconstruction using computer-aided design and computer-aided manufacturing: 
an analysis of surgical results. Journal of Oral and Maxillofacial Surgery, 71, 
e111–e119.

Forner, L., Larsen, T., Kilian, M. & Holmstrup, P. (2006) Incidence of bacteremia 
after chewing, tooth brushing and scaling in individuals with periodontal inflam-
mation. Journal of Clinical Periodontology, 33, 401–407.

Fraser, D., Weary, D.M., Pajor, E.A. & Milligan, B.N. (1997) A scientific conception 
of animal welfare that reflects ethical concerns. Animal Welfare, 6, 187–205.

Frazier, S.A., Johns, S.M., Ortega, J., Zwingenberger, A.L., Kent, M.S., Hammond, 
G.M. et al. (2012) Outcome in dogs with surgically resected oral fibrosarcoma 
(1997-2008). Veterinary Comparitive Oncology, 10, 33–43.

Freeman, A. & Southerden, P.J. (2023) Mandibular fracture repair techniques 
in cats: a dentist’s perspective. Journal of Feline Medicine and Surgery, 25, 
1098612X231152521.

Freeman, L., Becvarova, I., Cave, N., MacKay, C., Nguyen, P., Rama, B. et al. (2011) 
WSAVA nutritional assessment guidelines. Journal of Small Animal Practice, 52, 
385–396.

Fried, W.A., Soltero-Rivera, M., Ramesh, A., Lommer, M.J., Arzi, B., DeRisi, J.L. et al. 
(2021) Use of unbiased metagenomic and transcriptomic analyses to investigate 
the association between feline calicivirus and feline chronic gingivostomatitis in 
domestic cats. American Journal of Veterinary Research, 82, 381–394.

Früh, R., Anderson, A., Cieplik, F., Hellwig, E., Wittmer, A., Vach, K. et al. (2022) 
Antibiotic resistance of selected bacteria after treatment of the supragingival 
biofilm with subinhibitory chlorhexidine concentrations. Antibiotics, 11, 1420.

Fulton, A.J., Fiani, N. & Verstraete, F.J. (2013) Canine pediatric dentistry. The 
Veterinary Clinics of North America: Small Animal Practice, 44, 303–324.

Fulton, A.J., Fiani, N. & Verstraete, F.J.M. (2014) Canine pediatric dentistry. 
The Veterinary Clinics of North America. Small Animal Practice, 44, 303–324. 
Available from: https://​doi.​org/​10.​1016/j.​cvsm.​2013.​11.​004

Fulton, A.J., Nemec, A., Murphy, B.G., Kass, P.H. & Verstraete, F.J. (2013) Risk 
factors associated with survival in dogs with nontonsillar oral squamous cell 
carcinoma 31 cases (1990-2010). Journal of the American Veterinary Medical 
Association, 243, 696–702.

Furman, R.B. & Niemiec, B.A. (2013) Salvation. In: Washabau, R.J. & Day, M.J. 
(Eds.) Canine and feline gastroenterology. St. Louis, MO: Elsevier, pp. 162–166.

Furtado, M.M., Kashivakura, C.K., Ferro, C., Jácomo, A.T., Silveira, L., Astete, S. et al. 
(2007) Prevalence of crown trauma in free-ranging maned wolves (Chrysocyon 
brachyurus) in central Brazil. Journal of Veterinary Dentistry, 24, 231–234.

Gandolfi, B., Liu, H., Griffioen, L. & Pedersen, N.C. (2013) Simple recessive muta-
tion in ENAM is associated with amelogenesis imperfecta in Italian greyhounds. 
Animal Genetics, 44, 569–578.

Gardner, H., Fidel, J., Haldorson, G., Dernell, W. & Wheeler, B. (2015) Canine oral 
fibrosarcomas: a retrospective analysis of 65 cases (1998–2010). Veterinary 
Comparitive Oncology, 13, 40–47.

Gawor, J. (2008) WSAVA congress proceedings dentistry for veterinary nurses. 
Dublin: WSAVA.

Gawor, J. (2013a) Genetics and heredity in veterinary orthodontics. In: Niemiec, 
B.A. (Ed.) Veterinary orthodontics. San Diego, CA: Practical Veterinary Publishing, 
pp. 8–12.

Gawor, J. (2013b) Ethical considerations in veterinary orthodontics. In: Niemiec, 
B.A. (Ed.) Veterinary orthodontics. San Diego, CA: Practical Veterinary Publishing, 
pp. 13–16.

Gawor, J. (2013c) Dental radiology for periodontal disease. In: Niemiec, B.A. (Ed.) 
Veterinary periodontology. Ames, IA: Wiley-Blackwell, pp. 107–128.

Gawor, J. (2018a) Periodontal radiography. In: Niemiec, B.A., Gawor, J. & Jekel, 
V. (Eds.) Practical veterinary dental radiology. Ames, IA: Wiley Blackwell, pp. 
128–142.

Gawor, J. (2018b) Skull and dental radiography techniques using medical x-ray 
techniques. In: Niemiec, B.A., Gawor, J. & Jekel, V. (Eds.) Practical veterinry 
dental radiology. Ames, IA: Wiley Blackwell, pp. 59–82.

Gawor, J., Jank, M., Jodkowska, K., Klim, E. & Svensson, U.K. (2018) Effects of 
edible treats containing Ascophyllum nodosum on the oral health of dogs: a 

double-blind, randomized, placebo-controlled single-center study. Frontiers of 
Veterinary Science, 5, 168.

Gawor, J., Jodkowska, K., Klim, E., Jank, M. & Nicolas, C.S. (2021) Comparison 
of a vegetable-based dental chew to 2 other chews for oral health prevention. 
Journal of Veterinary Dentistry, 38, 131–138.

Gawor, J. & Niemiec, B. (2021a) Dentistry through life. In: Gawor, J. & Niemiec, 
B. (Eds.) The veterinary dental patient. A multidisciplinary approach. Ames, IA: 
Wiley Blackwell, pp. 243–255.

Gawor, J. & Niemiec, B. (2021b) Oral emergencies. In: Gawor, J. & Niemiec, B. 
(Eds.) The veterinary dental patient. A multidisciplinary approach. Ames, IA: 
Wiley Blackwell, pp. 317–335.

Gawor, J.P., Reiter, A.M., Jodkowska, K., Kurski, G., Wojtacki, M.P. & Kurek, A. (2006) 
Influence of diet on oral health in cats and dogs. Journal of Nutrition, 136, 
2021S–2023S.

Gawor, J.P., Ziemann, D. & Nicolas, C.S. (2023) A water additive with pomegran-
ate can reduce dental plaque and calculus accumulation in dogs. Frontiers in 
Veterinary Science, 10, 1241197. Available from: https://​doi.​org/​10.​3389/​
fvets.​2023.​1241197

Gengler, W.R., Kunkle, B.N., Romano, D. & Larsen, D. (2005) Evaluation of a barrier 
sealant in dogs. Journal of Veterinary Dentistry, 22, 157–159.

Ghim, S., Newsome, J., Bell, J., Sundberg, J.P., Schlegel, R. & Jenson, A.B. (2000) 
Spontaneously regressing oral papillomas induce systemic antibodies that neu-
tralize canine oral papillomavirus. Experimental and Molecular Pathology, 68, 
147–151. Available from: https://​doi.​org/​10.​1006/​exmp.​1999.​2298

Ghirelli, C.O., Villamizar, L.A. & Pinto, A.C. (2013) Comparison of standard radiog-
raphy and computed tomography in 21 dogs with maxillary masses. Journal of 
Veterinary Dentistry, 30, 72–76.

Giacobino, D., Camerino, M., Riccardo, F., Cavallo, F., Tarone, L., Martano, M. et al. 
(2021) Difference in outcome between curative intent vs marginal excision as a 
first treatment in dogs with oral malignant melanoma and the impact of adjuvant 
CSPG4-DNA electrovaccination: a retrospective study on 155 cases. Veterinary 
and Comparative Oncology, 19, 651–660.

Gieger, T. & McEntee, M.C. (2020) Clinical behavior of nonodontogenic tumors. In: 
Verstraete, F.J.M., Lommer, M.J. & Arzi, B. (Eds.) Oral and maxillofacial surgery in 
dogs and cats, 2nd edition. St. Louis, MO: Elsevier, pp. 428–442.

Gioso, M.A. (2001) Clinical and histological evaluation of acrylic resin in the frac-
ture of the mandible and maxilla and separation of mandibular symphysis in 
dogs and cats. Cience Rural, 31, 291–298.

Gioso, M.A., Shofer, F., Barros, P.S. & Harvey, C.E. (2003) Mandible and mandibular 
first molar tooth measurements in dogs: relationship of radiographic height to 
body weight. Journal of Veterinary Dentistry, 18, 65–68.

Giuliano, A. (2021) Companion animal model in translational oncology; feline oral 
squamous cell carcinoma and canine oral melanoma. Biology, 11, 54. Available 
from: https://​doi.​org/​10.​3390/​biolo​gy110​10054​

Glickman, L.T., Glickman, N.W., Moore, G.E., Goldstein, G.S. & Lewis, H.B. (2009) 
Evaluation of the risk of endocarditis and other cardiovascular events on the 
basis of the severity of periodontal disease in dogs. Journal of the American 
Veterinary Medical Association, 234, 486–494.

Godziebiewski, P., Johnston, N., Thorne, S. & Adams, V.J. (2023) Outcome of surgi-
cal extraction of linguoverted deciduous mandibular canine teeth, performed 
as an interceptive orthodontic procedure in puppies, on permanent occlusion. 
Journal of Veterinary Dentistry, 40, 220–226.

Golden, A.L., Stoller, N. & Harvey, C.E. (1982) A survey of oral and dental diseases 
in dogs anaesthetised at a veterinary hospital. Journal of the American Animal 
Hospital Association, 18, 891–899.

Goldschmidt, S., Bell, C., Waller, K., Hetzel, S. & Soukup, J.W. (2020) Biological 
behavior of canine acanthomatous ameloblastoma assessed with computed 
tomography and histopathology: a comparative study. Journal of Veterinary 
Dentistry, 37, 126–132.

Goldschmidt, S. & Hoyer, N. (2022) Management of dental and oral developmen-
tal conditions in dogs and cats. The Veterinary Clinics of North America. Small 
Animal Practice, 52, 139–158. Available from: https://​doi.​org/​10.​1016/j.​
cvsm.​2021.​09.​002

Goldschmidt, S., Soltero-Rivera, M., Quiroz, A., Wong, K., Rebhun, R., Zwingenberger, 
A. et al. (2023) The diagnostic yield of preoperative screening for oral cancer in 
dogs over 15 years, part 2: distant screening. Journal of the American Veterinary 
Medical Association, 261, S24–S33. Available from: https://​doi.​org/​10.​2460/​
javma.​23.​05.​0300

Goldschmidt, S., Stewart, N., Ober, C., Bell, C., Wolf-Ringwall, A., Kent, M. et al. 
(2023) Contrast-enhanced and indirect computed tomography lymphangiogra-
phy accurately identifies the cervical lymphocenter at risk for metastasis in pet 
dogs with spontaneously occurring oral neoplasia. PLoS One, 18, e0282500. 
Available from: https://​doi.​org/​10.​1371/​journ​al.​pone.​0282500

Goldschmidt, S.L., Bell, C.M., Hetzel, S. & Soukup, J. (2017) Clinical characteriza-
tion of canine acanthomatous ameloblastoma (CAA) in 263 dogs and the influ-
ence of postsurgical histopathological margin on local recurrence. Journal of 
Veterinary Dentistry, 34, 241–247.

Goldschmidt, S.L. & Root Kustritz, M.V. (2022) Pilot study evaluating the use of 
typodonts (dental models) for teaching veterinary dentistry as part of the core 
veterinary curriculum. Journal of Veterinary Medical Education, 49, 340–345.

Goodman, A.E. & Carmichael, D.T. (2016) Modified labial button technique for 
maintaining occlusion after caudal mandibular fracture/temporomandibular 
joint luxation in the cat. Journal of Veterinary Dentistry, 33, 47–52.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.cvsm.2013.11.004
https://doi.org/10.3389/fvets.2023.1241197
https://doi.org/10.3389/fvets.2023.1241197
https://doi.org/10.1006/exmp.1999.2298
https://doi.org/10.3390/biology11010054
https://doi.org/10.1016/j.cvsm.2021.09.002
https://doi.org/10.1016/j.cvsm.2021.09.002
https://doi.org/10.2460/javma.23.05.0300
https://doi.org/10.2460/javma.23.05.0300
https://doi.org/10.1371/journal.pone.0282500


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

120

Goodman, A.E., Niemiec, B.A., Carmichael, D.T., Thilenius, S., Lamb, K.E. & Tozer, 
E. (2020) The incidence of radiographic lesions of endodontic origin associated 
with uncomplicated crown fractures of the maxillary fourth premolar in canine 
patients. Journal of Veterinary Dentistry, 37, 71–76. Available from: https://​doi.​
org/​10.​1177/​08987​56420​946500

Gorrel, C. (2004) Odontoclastic resorptive lesions. In: Gorell, C. (Ed.) Veterinary 
dentistry for the general practitioner, 1st edition. Philadelphia, PA: WB Saunders, 
pp. 119–129.

Gorrel, C. (2015) Tooth resorption in cats: pathophysiology and treatment options. 
Journal of Feline Medicine and Surgery, 17, 37–43.

Gorrel, C. & Bierer, T.L. (1999) Long-term effects of a dental hygiene chew on the 
periodontal health of dogs. Journal of Veterinary Dentistry, 16, 109–113.

Gorrel, C. & Rawlings, J.M. (1996) The role of tooth-brushing and diet in the mainte-
nance of periodontal health in dogs. Journal of Veterinary Dentistry, 13, 139–143.

Gorrel, C., Warrick, J. & Bierer, T.L. (1999) Effect of a new dental hygiene chew on 
periodontal health in dogs. Journal of Veterinary Dentistry, 16, 77–81.

Gracis, M. (2012) Management of periodontal trauma. In: Verstraete, F.J.M. & 
Lomer, M.J. (Eds.) Oral and maxillofacial surgery in dogs and cats. St. Louis, 
MO: Saunders Elsvier, pp. 201–225.

Gracis, M. & Orsini, P. (1998) Treatment of traumatic dental displacement in dogs: 
six cases of lateral luxation. Journal of Veterinary Dentistry, 15, 65–72.

Gracis, M. (2020) Management of periodontal trauma. In: Verstraete, F.J.M., 
Lommer, M.J. & Arzi, B. (Eds.) Oral and maxillofacial surgery in dogs and cats, 
2nd edition. St. Louis: Elsevier, pp. 218–234.

Graham, S., Dayal, H., Rohrer, T., Swanson, M., Sultz, H., Shedd, D. et al. (1977) 
Dentition, diet, tobacco, and alcohol in the epidemiology of oral cancer. Journal 
of the National Cancer Institute, 59, 1611–1618.

Grant, D.A., Stern, I.B. & Listgarten, M.A. (1998) Periodontal flap. In: Stern, D.A., 
Stern, I.B. & Listgarten, M.A. (Eds.) Periodontics. St. Louis, MO: Mosby, pp. 
786–822.

Green, E., Rendahl, A. & Goldschmidt, S. (2022) The anatomical relationship 
between the mandibular first molar roots and the mandibular canal based on 
breed size and skull type. Frontiers in Veterinary Science, 9, 956976. Available 
from: https://​doi.​org/​10.​3389/​fvets.​2022.​956976

Greenfield, B.A. (2012) Enamel defect restoration of the left mandibular first molar 
tooth. Journal of Veterinary Dentistry, 29, 36–43.

Gross, M.E., Pope, E.R. & Jarboe, J.M. (2000) Regional anaesthesia of the infra-
orbital and inferior alveolar nerves during noninvasive tooth pulp stimulation 
in halothane-anesthetized cats. American Journal of Veterinary Research, 61, 
1245–1247.

Gross, M.E., Pope, E.R., O’Brien, D., Dodam, J.R. & Polkow-Haight, J. (1997) 
Regional anaesthesia of the infraorbital and inferior alveolar nerves during non-
invasive tooth pulp stimulation in halothane-anesthetized dogs. Journal of the 
American Veterinary Medical Association, 211, 1403–1405.

Grubb, T. & Lobprise, H. (2020) Local and regional anaesthesia in dogs and 
cats: descriptions of specific local and regional techniques (part 2). Veterinary 
Medicine and Science, 6, 218–234.

Guerreiro, C.E., Appelboam, H. & Lowe, R.C. (2014) Successful medical treat-
ment for globe penetration following tooth extraction in a dog. Veterinary 
Ophthalmology, 17, 146–149.

Guha, N., Boffetta, P., Wünsch Filho, V., Eluf Neto, J., Shangina, O., Zaridze, D. 
et al. (2007) Oral health and risk of squamous cell carcinoma of the head and 
neck and esophagus: results of two multicentric case-control studies. American 
Journal of Epidemiology, 166, 1159–1173.

Gutierrez-Blanco, E., Victoria-Mora, J.M., Ibancovichi-Camarillo, J.A., Sauri-Arceo, 
C.H., Bolio-González, M.E., Acevedo-Arcique, C.M. et al. (2013) Evaluation of the 
isoflurane-sparing effects of fentanyl, lidocaine, ketamine, dexmedetomidine, 
or the combination lidocaine-ketamine-dexmedetomidine during ovariohysterec-
tomy in dogs. Veterinary Anaesthesia and Analgesia, 40, 599–609.

Guzu, M. & Hennet, P.R. (2017) Mandibular body fracture repair with wire-reinforced 
interdental composite splint in small dogs. Veterinary Surgery, 46, 1068–1077.

Guzu, M., Rosetti, D. & Hennett, P.R. (2021) Locoregional flap reconstruction follow-
ing Oromaxillofacial oncologic surgery in dogs and cats: a review and decisional 
algorithm. Frontiers in Veterinary Science, 8, 685036. Available from: https://​
doi.​org/​10.​3389/​fvets.​2021.​685036

Hale, F.A. (1998) Dental caries in the dog. Journal of Veterinary Dentistry, 15, 
109–114.

Hale, F.A. (2001) Localized intrinsic staining of teeth due to pulpitis and pulp necro-
sis in dogs. Journal of Veterinary Dentistry, 18, 14–20.

Hale, F.A. (2003) Home care for the veterinary dental patient. Journal of Veterinary 
Dentistry, 20, 52–54.

Hale, F.A. (2005) Juvenile veterinary dentistry. Veterinary Clinics of North America, 
Small Animal Practice, 35, 789–817.

Hale, F.A. (2009) Dental caries in the dog. Canadian Veterinary Journal, 50, 
1301–1304.

Hall, J.A., Forman, F.J., Bobe, G., Farace, G. & Yerramilli, M. (2021) The impact of 
periodontal disease and dental cleaning procedures on serum and urine kidney 
biomarkers in dogs and cats. PLoS One, 16, e0255310.

Hamp, S.E. & Löe, H. (1973) Long term effects of chlorhexidine on developing 
gingivitis in the beagle dog. Journal of Periodontology Research, 8, 63–70.

Hamp, S.E., Olsson, S.E., Farso-Madsen, K., Viklands, P. & Fornell, J. (1984) A mac-
roscopic and radiological investigation in dental diseases of the dog. Veterinary 
Radiology, 25, 86–92.

Hansen, D.L. & Goldstein, G.S. (2009) Oral examination in the canine patient. 
Journal of Veterinary Dentistry, 26, 258–263.

Hansen, K.S. & Kent, M.S. (2019) Imaging in non-neurologic oncologic treatment 
planning of the head and neck. Frontiers in Veterinary Science, 6, 90. Available 
from: https://​doi.​org/​10.​3389/​fvets.​2019.​00090​

Hardy, D. (2013) Class IV malocclusions. In: Niemiec, B.A. (Ed.) Veterinary ortho-
dontics. San Diego, CA: Practical Veterinary Publishing, pp. 116–120.

Hargreaves, K.M. & Kaiser, K. (2004) New advances in the management of end-
odontic pain emergencies. Journal of the California Dental Association, 32, 
469–473.

Harley, R., Gruffydd-Jones, T.J. & Day, M.J. (1998) Determination of salivary and 
serum immunoglobulin concentrations in the cat. Veterinary Immunology and 
Immunopathology, 65, 99–112.

Harrel, S.K. (2004) Airborne spread of disease – the implications for dentistry. 
Journal of the Californaian Dental Association, 32, 901–906.

Harrel, S.K., Barnes, J.B. & Rivera-Hildalgo, F. (1998) Aerosol and splatter contami-
nation from the operative site during ultrasonic scaling. Journal of the American 
Dental Association, 129, 1241–1249.

Harvey, A., Soukup, J.W. & Bell, C.M. (2022) Feline maxillary sarcoma: clinicopatho-
logic features of spindle cell sarcomas from the maxilla of 25 cats. Journal of 
Feline Medicine and Surgery, 24, e647–e654.

Harvey, C., Crowder, S.E., Clarke, D.E., Goldschmidt, S., Stepaniuk, K.S., Hoyer, N. 
et al. (2023) Day one core competencies in veterinary dentistry. Journal of the 
American Veterinary Medical Association, 9, 1–7.

Harvey, C.E. (2022) The relationship between periodontal infection and systemic 
and distant organ disease in dogs. Veterinary Clinics of North America: Small 
Animal Practice, 1, 121–137.

Harvey, C.E. & Emily, P.P. (1993a) Periodontal disease. In: Harvey, C.E. & Emily, P.P. 
(Eds.) Small animal dentistry. St. Louis, MO: Mosby, pp. 89–144.

Harvey, C.E. & Emily, P.P. (1993b) Oral surgery. In: Harvey, C.E. & Emily, P.P. (Eds.) 
Small animal dentistry. St. Louis, MO: Mosby, pp. 213–265.

Harvey, C.E. & Emily, P.P. (1993c) Orthodontics. In: Harvey, C.E. & Emily, P.P. (Eds.) 
Small animal dentistry. St. Louis, MO: Mosby, pp. 266–296.

Harvey, C.E., Shofer, F.S. & Laster, L. (1996) Correlation of diet, other chewing 
activities and periodontal disease in North American client-owned dogs. Journal 
of Veterinary Dentistry, 13, 101–105.

Hasselgren, G. (2000) Pains of dental origin. Dental Clinics of North America, 12, 
263–269.

Haukioja, A. (2010) Probiotics and oral health. European Journal of Dentistry, 4, 
348–355.

Heaivilin, N., Gerbert, B., Page, J.E. & Gibbs, J.L. (2011) Public health surveillance 
of dental pain via twitter. Journal of Dental Research, 90, 1047–1051.

Healey, K.A.E., Dawson, S., Burrow, R., Cripps, P., Gaskell, C.J., Hart, C.A. et al. 
(2007) Prevalence of feline chronic gingivo-stomatitis in first opinion veterinary 
practice. Journal of Feline Medicine and Surgery, 9, 373–381.

Heithersay, G.S. (2004) Invasive cervical resorption. Endodontic Topics, 7, 73–92.
Hekman, J.P., Karas, A.Z. & Sharp, C.R. (2014) Psychogenic stress in hospitalized 

dogs: cross species comparisons, implications for health care, and the chal-
lenges of evaluation. Animals: An Open Access Journal from MDPI, 4, 331–347.

Hennet, P. (1997) Chronic gingivostomatitis in cats: long-term follow-up of 30 cases 
treated by dental extractions. Journal of Veterinary Dentistry, 14, 15–21.

Hennet, P. (2001) Effectiveness of an enzymatic rawhide dental chew to reduce 
plaque in beagle dogs. Journal of Veterinary Dentistry, 18, 61–64.

Hennet, P. (2002) Effectiveness of a dental gel to reduce plaque in beagle dogs. 
Journal of Veterinary Dentistry, 19, 11–14.

Hennet, P., Servet, E., Soulard, Y. & Biourge, V. (2007) Effect of pellet food size 
and polyphosphates in preventing calculus accumulation in dogs. Journal of 
Veterinary Dentistry, 24, 236–239.

Hennet, P.R., Camy, G.A.L., McGahie, D.M. & Albouy, M.V. (2011) Comparative efficacy 
of a recombinant feline interferon omega in refractory cases of calicivirus-positive 
cats with caudal stomatitis: a randomised, multi-centre, controlled, double-blind 
study in 39 cats. Journal of Feline Medicine and Surgery, 13, 577–587.

Hermanson, J.W. & de Lahunta, A. (2018) Miller’s anatomy of the dog, 5th edi-
tion. St. Louis, MO: Elsevier Saunders. 80–113, 197–200, 428–456, 541–545, 
708–730.

Herrmann, K. & Taney, K. (2022) Assessment of extractions of deciduous man-
dibular canine teeth to correct linguoversion malocclusion in 17 dogs. Journal of 
Veterinary Dentistry, 39, 234–240.

Herron, M.E. & Shreyer, T. (2014) The pet-friendly veterinary practice: a guide for 
practitioners. Veterinary Clinics of North America. Small Animal Practice, 44, 
451–481.

Hinrichs, J.E. (2006) The role of dental calculus and other predisposing factors. 
In: Carranza, F.A., Numan, M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s 
clinical periodontology. St. Louis, MO: WB Saunders, pp. 170–192.

Hirsch, D.L., Garfein, E.S., Christensen, A.M., Weimer, K.A., Saddeh, P.B. & Levine, 
J.P. (2009) Use of computer-aided design and computer-aided manufacturing to 
produce orthognathically ideal surgical outcomes: a paradigm shift in head and 
neck reconstruction. Journal of Oral and Maxillofacial Surgery, 67, 2115–2122.

Hirvonen, T., Ngassapa, D. & Narhi, M. (1992) Relation of dentin sensitivity to his-
tological changes in dog teeth with exposed and stimulated dentin. Proceedings 
of the Finnish Dental Society, 88, 133–141.

Hobson, P. (2005) Extraction of retained primary teeth in the dog. Journal of 
Veterinary Dentistry, 22, 132–137.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1177/0898756420946500
https://doi.org/10.1177/0898756420946500
https://doi.org/10.3389/fvets.2022.956976
https://doi.org/10.3389/fvets.2021.685036
https://doi.org/10.3389/fvets.2021.685036
https://doi.org/10.3389/fvets.2019.00090


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

121 

Hoffmann, T.H. & Gaengler, P. (1996) Clinical and pathomorphological investigation 
of spontaneously occurring periodontal disease in dogs. Journal of Small Animal 
Practice, 37, 471–479.

Hofmann-Lehmann, R., Hosie, M.J., Hartmann, K., Egberink, H., Truyen, U., Tasker, 
S. et al. (2022) Calicivirus infection in cats. Viruses, 14, 937.

Holcombe, L.J., Patel, N., Colyer, A., Deusch, O., O’Flynn, C. & Harris, S. (2014) 
Early canine plaque biofilms: characterization of key bacterial interactions 
involved in initial colonization of enamel. PLoS One, 9, e113744.

Holmstrom, S.E. (2013) Veterinary dentistry, a team approach, 2nd edition. St. 
Louis, Missouri: Elsevier.

Holmstrolm, S.E., Frost, P. & Eisner, E.R. (1998b) Exodontics. In: Holmstrolm, 
S.E., Frost, P. & Eisner, E.R. (Eds.) Veterinary dental techniques, 2nd edition. 
Philadelphia, PA: Saunders, pp. 215–254.

Holmstrolm, S.E., Frost, P. & Eisner, E.R. (1998c) Ergonomics and general health 
safety in the dental workplace. In: Holmstrolm, S.E., Frost, P. & Eisner, E.R. 
(Eds.) Veterinary dental techniques, 2nd edition. Philadelphia, PA: Saunders, 
pp. 497–506.

Holmstrom, S.E., Frost, P. & Eisner, E.R. (1998a) Dental prophylaxis. In: Holmstrolm, 
S.E., Frost, P. & Eisner, E.R. (Eds.) Veterinary dental techniques, 2nd edition. 
Philadelphia, PA: Saunders, pp. 133–166.

Holmstrom, S.E., Frost, P. & Eisner, E.R. (1998d) Endodontics. In: Holmstrolm, 
S.E., Frost, P. & Eisner, E.R. (Eds.) Veterinary dental techniques, 2nd edition. 
Philadelphia, PA: WB Saunders, pp. 312–317.

Huffman, L.J. (2010) Oral examination. In: Niemiec, B.A. (Ed.) Small animal dental, 
oral and maxillofacial disease, a color handbook. London: Manson, pp. 39–61.

Hung, Y.P., Yang, Y.P., Wang, H.C., Liao, J.W., Hsu, W.L., Chang, C.C. et al. (2014) 
Bovine lactoferrin and piroxicam as an adjunct treatment for lymphocytic-
plasma-cytic gingivitis stomatitis in cats. Veterinary Journal, 20, 76–82.

Hunt, J.A., Schmidt, P., Perkins, J., Newton, G. & Anderson, S.L. (2021) Educational 
research report comparison of three canine models for teaching veterinary den-
tal cleaning. Journal of Veterinary Medical Education, 48, 573–583.

Hytonen, M.K., Arumilli, M., Sarkiala, E., Nieminen, P. & Lohi, H. (2019) Canine 
models of human amelogenesis imperfecta: identification of novel recessive 
ENAM and ACP4 variants. Human Genetics, 138, 525–533.

Ingham, K.E., Gorell, C., Blackburn, J. & Farnsworth, W. (2001) Prevalence of odon-
toclastic resorptive lesions in a population of clinically healthy cats. Journal of 
Small Animal Practice, 42, 439–443.

Ingham, K.E. & Gorrel, C. (2001) Effect of long-term intermittent periodontal care 
on canine periodontal disease. Journal of Small Animal Practice, 42, 67–70.

Jahn, C.A. (2006) Sonic and ultrasonic instrumentation. In: Carranza, F.A., Numan, 
M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s clinical periodontology. St. 
Louis, MO: WB Saunders, pp. 828–835.

James, O. (2022) Equine odontoclastic tooth resorption and hypercementosis. 
Journal of Veterinary Dentistry, 39, 346–355.

Jennings, M.W., Lewis, J.R., Soltero-Rivera, M.M., Brown, D.C. & Reiter, A.M. (2015) 
Effect of tooth extraction on stomatitis in cats: 95 cases (2000-2013). Journal 
of the American Veterinary Medical Association, 246, 654–660.

Jensen, L., Logan, E.I., Finney, O., Lowry, S., Smith, M., Hefferren, J. et al. (1995) 
Reduction in accumulation of plaque, stain and calculus in dogs by dietary 
means. Journal of Veterinary Dentistry, 12, 161–163.

Jones, T.L., Cediel, R., Wolff, S., Thomas, K. & Hofmeister, E.H. (2025) Post-
operative pain assessment following tooth extraction using liposomal encapsu-
lated bupivacaine as a local anesthetic in dogs. Journal of Veterinary Dentistry, 
42, 75–79.

Joubert, K.E. (2007) Pre-anesthetic screening of geriatric dogs. Journal of the 
South African Veteterinary Association, 78, 31–35.

Kafka, U.C., Carstens, A., Steenkamp, G. & Symington, H. (2004) Diagnostic value 
of magnetic resonance imaging and computed tomography for oral masses in 
dogs. Journal of the South African Veterinary Association, 75, 163–168.

Kamarajan, P., Ateia, I., Shin, J.M., Fenno, J.C., Le, C., Zhan, L. et  al. (2020) 
Periodontal pathogens promote cancer aggressivity via TLR/MyD88 triggered 
activation of integrin/FAK signaling that is therapeutically reversible by a probi-
otic bacteriocin. PLoS Pathogens, 16, 10.

Karin, M., Lawrence, T. & Nizet, V. (2006) Innate immunity gone awry: linking micro-
bial infections to chronic inflammation and cancer. Cell, 124, 823–835.

Kaur, R., Singh, I., Vandana, K.L. & Desai, R. (2014) Effect of chlorhexidine, povi-
done iodine, and ozone on microorganisms in dental aerosols: randomized 
double-blind clinical trial. Indian Journal of Dental Research, 25, 160–165.

Kelley, J.L., Hoyer, N.K., Rao, S. & Rawlinson, J.E. (2023) Prognostic indicators 
for feline craniofacial trauma: a retrospective study of 114 cases. Frontiers in 
Veterinary Science, 10, 1190474.

Kelly, D.J., Ahmad, M. & Brull, S.J. (2001) Preemptive analgesia II: recent advances 
and current trends. Canadian Journal of Anesthesiology, 48, 1091–1101.

Kelly, J.M., Belding, B.A. & Schaefer, A.K. (2010) Acanthomatous ameloblastoma 
in dogs treated with intralesional bleomycin. Veterinary Comparative Oncology, 
8, 81–86.

Kiank, C., Holtfreter, B., Starke, A., Mundt, A., Wilke, C. & Schütt, C. (2006) Stress 
susceptibility predicts the severity of immune depression and the failure to 
combat bacterial infections in chronically stressed mice. Brain, Behavior, and 
Immunity, 20, 359–368.

Kierklo, A., Kobus, A., Jaworska, M. & Botuliński, B. (2011) Work-related mus-
culoskeletal disorders among dentists – a questionnaire survey. Annals of 
Agricultural and Environmental Medicine, 18, 79–84.

Kim, C.G., Lee, S.Y. & Park, H.M. (2015) Staged orthodontic movement of mesio-
linguoversion of the mandibular canine tooth in a dog. Journal of the American 
Animal Hospital Association, 51, 49–55.

Kim, C.G., Yang, E.S., Verstraete, F.J.M., Park, H.M., Kang, S.S. & Kim, S.E. (2023) 
Successful surgical outcome of feline inductive odontogenic tumor in three cats. 
In Vivo, 37, 225–232.

Kim, D.H., Kwak, H.H. & Woo, H.M. (2023) Prevalence of feline chronic gingivosto-
matitis in feral cats and its risk factors. Journal of Feline Medicine and Surgery, 
25, 1098612X221131453.

Kim, I., Volker, M.K., Powers, B. & Sánchez, M. (2024) Non-invasive and locally 
invasive hypercellular peripheral odontogenic fibroma in 20 dogs. Journal of 
Veterinary Dentistry, 41, 68–76.

King, T., Humphrey, L.T. & Hillson, S.W. (2005) Linear enamel hypoplasias as indi-
cators of systemic physiological stress: evidence from two known age−at−death 
and sex populations from postmedieval London. American Journal of Physical 
Anthropology, 128, 547–559.

Kirby, S. & Miller, B. (2018) Dental and oral examination and recording. In: Reiter, 
A.M. & Gracis, M. (Eds.) BSAVA manual of canine and feline dentistry and oral 
surgery, 4th edition. Gloucester: BSAVA, pp. 33–48.

Klim, E.B., Mestrinho, L.A. & Gawor, J.P. (2023) A retrospective study of ectopic 
eruption in 35 dogs. Journal of Veterinary Dentistry, 40, 174–180. Available 
from: https://​doi.​org/​10.​1177/​08987​56422​1141989

Klim, E.B., Mestrinho, L.A. & Gawor, J.P. (2025) Effect of a buried knot in the healing 
process of dental extraction sites: a prospective study in cats. Journal of Feline 
Medicine and Surgery, 27, 1098612X251314701.

Knesl, O., Hart, B.L., Fine, A.H. & Cooper, L. (2016) Opportunities for incorporating 
the human-animal bond in companion animal practice. Journal of the American 
Veterinary Medical Association, 249, 42–44.

Knowles, J.O., McArdle, F., Dawson, S., Carter, S.D., Gaskell, C.J. & Gaskell, R.M. 
(1991) Studies on the role of feline calicivirus in chronic stomatitis in cats. 
Veterinary Microbiology, 27, 205–219.

Kocher, T., Rühling, A., Momsen, H. & Plagmann, H.C. (1997) Effectiveness of 
subgingival instrumentation with power-driven instruments in the hands of expe-
rienced and inexperienced operators. A study on manikins. Journal of Clinical 
Periodontology, 24, 498–504.

Kortegaard, H.E., Eriksen, T. & Baelum, V. (2008) Periodontal disease in research 
beagle dogs – an epidemiological study. Journal of Small Animal Practice, 49, 
610–616.

Kot, C.C.S., Goldschmidt, S., Vapniarsky, N., Arzi, B. & Soltero-Rivera, M. (2024) 
Clinical-pathologic correlations on non-trauma related odontodysplasia in 28 
dogs: 2013-2023. Frontiers in Veterinary Science, 8, 1424784. Available from: 
https://​doi.​org/​10.​3389/​fvets.​2024.​1424784

Kouki, M.I., Papadimitriou, S.A., Kazakos, G.M., Savas, I. & Bitchava, D. (2013) 
Periodontal disease as a potential factor for systemic inflammatory response in 
the dog. Journal of Veterinary Dentistry, 30, 26–29.

Kouki, Μ.Ι., Papadimitriou, S.A., Kolokotronis, A. & Rallis, T.S. (2017) Chronic gin-
givostomatitis with esophagitis in cats. Journal of Veterinary Internal Medicine, 
31, 1673–1679.

Krug, W. & Losey, J. (2011) Area of desensitization following mental nerve block in 
dogs. Journal of Veterinary Dentistry, 28, 146–150.

Krumbeck, J.A., Reiter, A.M., Pohl, J.C., Tang, S., Kim, Y.J., Linde, A., Prem, A., & 
Melgarejo, T. (2021) Characterization of Oral Microbiota in Cats: Novel Insights on 
the Potential Role of Fungi in Feline Chronic Gingivostomatitis Pathogens, 10, 904.

Kuntsi, H., Schwarz, T., Mai, W. & Reiter, A.M. (2018) Dental and oral diagnostic 
imaging and interpretation. In: BSAVA manual of canine and feline dentistry and 
oral surgery, 4th edition. Gloucester: BSAVA, pp. 49–88.

Kuntsi-Vaattovaara, H., Verstraete, F.J. & Kass, P.H. (2002) Results of root canal 
treatment in dogs: 127 cases (1995-2000). Journal of the American Veterinary 
Medical Association, 22, 775–780.

Kuntsi-Vaattovaara, H., Verstraete, F.J., Newsome, J.T. & Yuan, H. (2003) Resolution of 
persistent oral papillomatosis in a dog after treatment with a recombinant canine 
oral papillomavirus vaccine. Veterinary and Comparative Oncology, 1, 57–63.

Lafaurie, G.I., Mayorga-Fayad, I., Torres, M.F., Castillo, D.M., Aya, M.R., Barón, A. 
et al. (2007) Periodontopathic microorganisms in peripheric blood after scaling 
and root planing. Journal of Clinical Periodontology, 34, 873–879.

Lah, T.T., Babnik, J., Schiffmann, E., Turk, V. & Skaleric, U. (1993) Cysteine protein-
ases and inhibitors in inflammation: their role in periodontal disease. Journal of 
Periodontology, 64, 485–491.

Lalla, E., Lamster, I.B., Hofmann, M.A., Bucciarelli, L., Jerud, A.P., Tucker, S. et al. 
(2003) Oral infection with a periodontal pathogen accelerate early atheroscle-
rosis in apolipoprotein E-null mice. Arterosclerosis Thrombosis and Vascular 
Biology, 23, 1405–1411.

Lang, N.P., Attsrtom, R. & Loe, H. (1998) Proceedings of the European Workshop 
on Mechanical Plaque Control: Status of the Art and Science of Dental Plaque 
Control. Bern: Quintessence.

Lang, N.P., Mombelli, A. & Attstrom, R. (2002) Dental plaque and calculus. In: 
Lindhe, J., Karring, T. & Lang, N.P. (Eds.) Clinical periodontology and implant 
dentistry, 3rd edition. Ames, IA: Wiley Blackwell, pp. 102–134.

Larsen, J. (2010) Oral products and dental disease. Compendium: Continuing 
Education for Veterinarians, 32, E1–E3.

Lavy, E., Goldberger, D., Friedman, M. & Steinberg, D. (2012) pH values and min-
eral content of saliva in different breeds of dogs. Israel Journal of Veterinary 
Medicine, 67, 244–248.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1177/08987564221141989
https://doi.org/10.3389/fvets.2024.1424784


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

122

Le Bars, D., Gozariu, M. & Cadden, S.W. (2001) Animal models of nociception. 
Pharmacology Review, 53, 597–652.

Lee, B., Soucup, J., Rendahl, A. & Goldschmidt, S. (2023) Clinical success of 
guided tissue regeneration for treating vertical bone and furcation defects in 
dogs. Frontiers in Veterinary Science, 10, 1247347.

Legendre, L. & Reiter, A.M. (2018) Management of dental, oral and maxillofacial 
developmental disorders. In: BSAVA manual of canine and feline dentistry and 
oral surgery, 4th edition. Gloucester: BSAVA, pp. 245–278.

Leggat, P.A. & Kedjarune, U. (2001) Bacterial aerosols in the dental clinic: a review. 
International Dental Journal, 51, 39–44.

Legnani, P., Checchi, L., Pelliccioni, G.A. & D’Achille, C. (1994) Atmospheric con-
tamination during dental procedures. Quintessence International, 25, 435–439.

Leib, M.S. & Sartor, L.L. (2008) Esophageal foreign body obstruction caused by a 
dental chew treat in 31 dogs (2000-2006). Journal of the American Veterinary 
Medical Association, 232, 1021–1025.

LeJeune, J.T. & Hancock, D.D. (2001) Public health concerns associated with 
feeding raw meat diets to dogs. Journal of the American Veterinary Medical 
Association, 219, 1222–1225.

Lemmons, M. & Beebe, D. (2019) Oral anatomy and physiology. In: Lobprise, H.B. 
& Dodd, J.R. (Eds.) Wigg’s veterinary dentistry principals and practice, 2nd edi-
tion. Ames, IA: John Wiley and Sons, pp. 1–25.

Lenz, J., Joffe, D., Kauffman, M., Y, Z. & LeJeune, J. (2009) Perceptions, practices, 
and consequences associated with foodborne pathogens and the feeding of raw 
meat to dogs. Canadian Veterinary Journal, 50, 637–643.

Lewis, J.R. & Reiter, A.M. (2005) Management of generalized gingival enlargement in a 
dog-case report and literature review. Journal of Veterinary Dentistry, 22, 160–169.

Lewis, J.R. & Reiter, A.M. (2010) Anatomy and physiology. In: Niemiec, B.A. (Ed.) 
Small animal dental, oral & maxillofacial disease. Boca Raton, FL: CRC Press, 
Taylor & Francis Group, pp. 9–38.

Lewis, J.R., Reiter, A.M., Mauldin, E.A. & Casal, M.L. (2010) Dental abnormalities 
associated with X-linked hypohidrotic ectodermal dysplasia in dogs. Orthodontics 
& Craniofacial Research, 13, 40–47. Available from: https://​doi.​org/​10.​1111/j.​
1601-​6343.​2009.​01473.​x

Lewis, J.R., Tsugawa, J. & Reiter, A. (2007) Use of CO2 laser as an adjunctive treat-
ment for caudal stomatitis in a cat. Journal of Veterinary Dentistry, 24, 240–249.

Lewis, K. (2016) Technicians are on the frontline of veterinary dentistry. Journal of 
Veterinary Dentistry, 33, 145.

Liang, H., Burkes, E.J. & Frederiksen, N.L. (2003) Multiple idiopathic cervical root 
resorption: systematic review and report of four cases. Dento Maxillo Facial 
Radiology, 32, 150–155.

Lietz, J., Ulusoy, N. & Nienhaus, A. (2020) Prevention of musculoskeletal diseases 
and pain among dental professionals through ergonomic interventions: a sys-
tematic literature review. International Journal of Environmental Research and 
Public Health, 17, 3482.

Lindhe, J., Hamp, S. & Löe, H. (1975) Plaque induced periodontal disease in bea-
gle dogs: a 4-year clinical, roentgenographical and histometrical study. Journal 
of Periodontal Research, 10, 243–255.

Liptak, J.M., Thatcher, G.P., Mestrinho, L.A., Séguin, B., Vernier, T., Martano, M. et al. 
(2021) Outcomes of cats treated with maxillectomy: 60 cases. A Veterinary 
Society of Surgical Oncology retrospective study. Veterinary and Comparative 
Oncology, 19, 641–650. Available from: https://​doi.​org/​10.​1111/​vco.​12634​

Littles, M.E., Rao, S. & Bannon, K.M. (2022) Analysis of the anatomic relationship 
of the infraorbital canal with the roots of the maxillary fourth premolar tooth in 
the three different skull types: mesocephalic, brachycephalic, and dolichoce-
phalic, using cone beam computed tomography. Frontiers in Veterinary Science, 
9, 978400. Available from: https://​doi.​org/​10.​3389/​fvets.​2022.​978400

Liu, H., Segreto, V., Baker, R., Vastola, K., Ramsey, L. & Gerlach, R. (2002) Anticalculus 
efficacy and safety of a novel whitening dentifrice containing sodium hexametaphos-
phate: a controlled six-month clinical trial. Journal of Clinical Dentistry, 13, 25–28.

Loe, H., Theilade, E. & Jensen, S.B. (1965) Experimental gingivitis in man. Journal 
of Periodontology, 36, 177–187.

Logan, E.I. (2006) Dietary influences on periodontal health in dogs and cats. 
Veterinary Clinics of North America Small Animal Practice, 36, 1385–1401.

Logan, E.I., Finney, O. & Herrerren, J.J. (2002) Effects of a dental food on plaque accu-
mulation and gingival health in dogs. Journal of Veterinary Dentistry, 19, 15–18.

Logan, E.I., Wiggs, R.B., Schert, D. & Cleland, P. (2010) Periodontal disease. In: 
Hand, M.S., Thatcher, C.D., Remillard, R.L., Roudebush, P. & Novotny, B.J. (Eds.) 
Small animal clinical nutrition, 5th edition. Topeka, KS: Mark Morris Institute, 
pp. 989–1001.

Lommer, M.J. (2013) Efficacy of cyclosporine for chronic, refractory stomatitis in 
cats: a randomized, placebo-controlled, double-blinded clinical study. Journal of 
Veterinary Dentistry, 30, 8–17.

Lommer, M.J. & Verstraete, F.J.M. (2003) Concurrent oral shedding of feline cali-
civirus and feline herpesvirus 1 in cats with chronic gingivostomatitis. Oral 
Microbiology and Immunology, 18, 131–134.

Lommer, M.J., Verstraete, F.J.M. & Arzi, B. (2020) Principles of oral oncologic sur-
gery. In: Verstraete, F.J.M., Lommer, M. & Arzi, B. (Eds.) Oral and maxillofacial 
surgery in dogs and cats, 2nd edition. St. Louis, MO: Elsevier, pp. 469–477.

Loos, B.G., van der Velden, U. & Laine, M.L. (2008) Genetica en parodontitis [genet-
ics and periodontitis]. Nederlands Tijdschrift voor Tandheelkunde, 115, 87–92.

Loughran, C.M., Raisis, A.L., Haitjema, G. & Chester, Z. (2016) Unilateral retro-
bulbar hematoma following maxillary nerve block in a dog. Journal of Veterinary 
Emergency and Critical Care, 26, 815–818.

Lund, E.M., Armstrong, P.J., Kirk, C.A., Kolar, L.M. & Klausner, J.S. (1999) Health 
status and population characteristics of dogs and cats examined at private 
veterinary practices in the United States. Journal of the American Veterinary 
Medical Association, 214, 1336–1341.

Lundstrom, A. (1954) The importance of genetic and non-genetic factors in the 
facial skeleton studied in 100 pairs of twins. European Orthodontic Society 
Report Congress, 30, 92–107.

Luotonen, N., Kuntsi-Vaattovaara, H., Sarkiala-Kessel, E., Junnila, J.J., Laitinen-
Vapaavuori, O. & Verstraete, F.J. (2014) Vital pulp therapy in dogs: 190 cases (2001-
2011). Journal of the American Veterinary Medical Association, 244, 449–459.

MacGee, S., Pinson, D.M. & Shaiken, L. (2012) Bilateral dentigerous cysts in a 
dog. Journal of Veterinary Dentistry, 29, 242–249. Available from: https://​doi.​
org/​10.​1177/​08987​56412​02900405

Maier, H., Zöller, J., Herrmann, A., Kreiss, M. & Heller, W.D. (1993) Dental status 
and oral hygiene in patients with head and neck cancer. Otolaryngology-Head & 
Neck Surgery, 108, 655–661.

Manfra Marretta, S., Leesman, M., Burgess-Cassler, A., McClure, G.D., Jr., Buelow, 
M. & Finn, M. (2012) Pilot evaluation of a novel test strip for the assessment of 
dissolved thiol levels, as an indicator of canine gingival health and periodontal 
status. The Canadian Veterinary Journal, J53, 1260–1265.

Mannerfelt, T. & Lindgren, I. (2009) Enamel defects in standard poodle dogs in 
Sweden. Journal of Veterinary Dentistry, 26, 213–215.

Marconato, L., Weyland, M., Tresch, N., Rossi, F., Leone, V. & Rohrer Bley, C. 
(2020) Toxicity and outcome in cats with oral squamous cell carcinoma after 
accelerated hypofractionated radiotherapy and concurrent systemic treatment. 
Veterinary and Comparative Oncology, 18, 362–369.

Marretta, S.M. (1998) Maxillofacial surgery. The Veterinary Clinics of North America. 
Small Animal Practice, 28, 1285–1296.

Marretta, S.M. (2002) Surgical extraction of the mandibular first molar tooth in the 
dog. Journal of Veterinary Dentistry, 19, 46–50.

Marretta, S.M. & Smith, M.M. (2005) Single mucoperiosteal flap for oronasal fis-
tula repair. Journal of Veterinary Dentistry, 22, 200–205.

Marshall, M.D., Wallis, C.V., Milella, L., Colyer, A., Tweedie, A.D. & Harris, S. (2014) 
A longitudinal assessment of periodontal disease in 52 miniature schnauzers. 
BMC Veterinary Research, 10, 166.

Marshall-Jones, Z.V., Wallis, C.V., Allsopp, J.M., Colyer, A., Davis, I.J. & Holcombe, 
L.J. (2017) Assessment of dental plaque coverage by quantitative light-induced 
fluorescence (QLF) in domestic short-haired cats. Research in Veterinary 
Science, 111, 99–107.

Martano, M., Iussich, S., Morello, E. & Buracco, P. (2018) Canine oral fibrosarcoma: 
changes in prognosis over the last 30 years? Veterinary Journal, 241, 1–7.

Martel, D. (2013) Linguocclused mandibular canines (base narrow teeth). In: 
Niemiec, B.A. (Ed.) Veterinary endodontics. San Diego, CA: Practical Veterinary 
Publishing, pp. 81–98.

Martin-Flores, M., Scrivani, P.V., Loew, E., Gleed, C.A. & Ludders, J.W. (2014) 
Maximal and submaximal mouth opening with mouth gags in cats: implications 
for maxillary artery blood flow. Veterinary Journal, 200, 60–64.

Marx, F.E., Machado, G.S., Pezzali, J.G., Marcolla, C.S., Kessler, A.M., Ahlstrøm, 
Ø. et al. (2016) Raw beef bones as chewing items to reduce dental calculus in 
beagle dogs. Australian Veterinary Journal, 94, 18–23.

Mathis, J., Schilling, E. & Lobprise, H. (2025) Oral and dental pain management. 
Journal of Veterinary Dentistry, 42, 10–23.

Matsumoto, H., Teshima, T., Iizuka, Y., Sakusabe, A., Takahashi, D., Amimoto, A. et al. 
(2018) Evaluation of the efficacy of the subcutaneous low recombinant feline 
interferon-omega administration protocol for feline chronic gingivitis-stomatitis in 
feline calicivirus-positive cats. Research in Veterinary Science, 121, 53–58.

Matthews, K., Kronen, P.W., Lascelles, D., Nolan, A., Robertson, S., Steagall, P.V. 
et  al. (2014) Guidelines for recognition, assessment and treatment of pain: 
WSAVA global pain council members and co-authors of this document. Journal 
of Small Animal Practice, 55, E10–E68.

McCaw, D.L., Pope, E.R., Payne, J.T., West, M.K., Tompson, R.V. & Tate, D. (2000) 
Treatment of canine oral squamous cell carcinomas with photodynamic therapy. 
British Journal of Cancer, 82, 1297–1299. Available from: https://​doi.​org/​10.​
1054/​bjoc.​1999.​1094

McElhenny, J. (2005) Taking away the pain. In: McElhenny, J. (Ed.) Veterinary 
medicine: a century of change. North Olmsted, OH: MultiMedia Healthcare Inc., 
pp. 61–64.

McEntee, M.C., Page, R.L., Théon, A., Erb, H.N. & Thrall, D.E. (2004) Malignant 
tumor formation in dogs previously irradiated for acanthomatous epulis. 
Veterinary Radiology and Ultrasound, 45, 357–361.

McFadden, T. & Marretta, S.M. (2013) Consequences of untreated periodontal 
disease in dogs and cats. Journal of Veterinary Dentistry, 30, 266–275.

McLeod, K. (2021) Chapter 3: the welfare concerns of heritable dental diseases. 
In: Niemiec, B. (Ed.) Breed predispositions to dental and oral disease in dogs. 
Ames, IA: Wiley Blackwell, pp. 53–70.

Mealey, B.L. & Klokkevold, P.R. (2006) Periodontal medicine: impact of periodon-
tal infection on systemic health. In: Carranza, F.A., Numan, M.G., Takai, H.H. 
& Klokkevold, P.R. (Eds.) Carranza’s clinical periodontology. St. Louis, MO: WB 
Saunders, pp. 312–329.

Medeiros-Fonseca, B., Faustino-Rocha, A.I., Medeiros, R., Oliveira, P.A. & Gil da 
Costa, R.M. (2023) Canine and feline papillomaviruses: an update. Frontiers 
in Veterinary Science, 10, 1174673. Available from: https://​doi.​org/​10.​3389/​
fvets.​2023.​1174673

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1601-6343.2009.01473.x
https://doi.org/10.1111/j.1601-6343.2009.01473.x
https://doi.org/10.1111/vco.12634
https://doi.org/10.3389/fvets.2022.978400
https://doi.org/10.1177/089875641202900405
https://doi.org/10.1177/089875641202900405
https://doi.org/10.1054/bjoc.1999.1094
https://doi.org/10.1054/bjoc.1999.1094
https://doi.org/10.3389/fvets.2023.1174673
https://doi.org/10.3389/fvets.2023.1174673


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

123 

Meiller, T.F., Depaola, L.G., Kelley, J.I., Baqui, A.A., Turng, B.F. & WA, F.J.R. (1999) 
Dental unit waterlines: biofilms, disinfection and recurrence. Journal of the 
American Dental Association, 130, 65–72.

Meitner, S.W., Zander, H., Iker, H.P. & Polson, A.M. (1979) Identification of inflamed 
gingival surfaces. Journal of Clinical Periodontology, 6, 93–97.

Melnick, P.R. & Takei, H.H. (2024) Diagnosis and management of periodontal 
abscesses. In: Klokkevold, P.R., Newman, M.G., Elangovan, S. & Hernandez-
Kapilla, Y. (Eds.) Newman and Carranza’s clinical periodontology, 14th edition. 
St. Louis, MO: WB Elsevier, pp. 813–818.

Mendelsohn, D., Lewis, J.R., Scott, K.I., Brown, D.C. & Reiter, A.M. (2019) 
Clinicopathological features, risk factors and predispositions, and response 
to treatment of eosinophilic Oral disease in 24 dogs (2000-2016). Journal of 
Veterinary Dentistry, 36, 25–31.

Menghini, T.L., Schwarz, T., Dancer, S., Gray, C., MacGillivray, T. & Blacklock, K.L.B. 
(2023) Contrast-enhanced CT predictors of lymph nodal metastasis in dogs 
with oral melanoma. Veterinary Radiology & Ultrasound, 64, 694–705. Available 
from: https://​doi.​org/​10.​1111/​vru.​13254​

Mensah-Nyagan, A.G., Meyer, L., Schaeffer, V., Kibaly, C. & Patte-Mensah, 
C. (2009) Evidence for a key role of steroids in the modulation of pain. 
Psychoneuroendocrinology, 34, 169–177.

Merola, I. & Mills, D.S. (2016) Behavioural signs of pain in cats: an expert consen-
sus. PLoS One, 1, e0150040.

Mestrinho, L.A., Rosa, R., Ramalho, P., Branco, V., Iglésias, L., Pissarra, H. et al. (2020) A 
pilot study to evaluate the serum alpha-1 acid glycoprotein response in cats suffering 
from feline chronic gingivostomatitis. BMC Veterinary Research, 16, 390.

Milevoj, N., Nemec, A. & Tozon, N. (2022) Metronomic chemotherapy for palliative 
treatment of malignant oral tumors in dogs. Frontiers in Veterinary Science, 9, 
856399. Available from: https://​doi.​org/​10.​3389/​fvets.​2022.​856399

Miller, B.R. & Harvey, C.E. (1994) Compliance with oral hygiene recommenda-
tions following periodontal treatment in client-owned dogs. Journal of Veterinary 
Dentistry, 11, 18–19.

Minei, S., Auriemma, E., Bonacini, S., Kent, M.S. & Gracis, M. (2023) Normal 
variation of clinical mobility of the mandibular symphysis in dogs. Frontiers in 
Veterinary Science, 10, 1260451.

Minei, S., Auriemma, E., Bonacini, S., Kent, M.S. & Gracis, M. (2024) Normal 
variation of clinical mobility of the mandibular symphysis in cats. Frontiers in 
Veterinary Science, 19, 11.

Mitchell, S.L., McCarthy, R., Rudloff, E. & Pernell, R.T. (2000) Tracheal rupture asso-
ciated with intubation in cats: 20 cases (1996–1998). Journal of the American 
Veterinary Medical Association, 216, 1592–1595.

Modi, M., Rastogi, S. & Kumar, A. (2009) Buprenorphine with bupivacaine for intra-
oral nerve blocks to provide postoperative analgesia in outpatients after minor 
oral surgery. Journal of Oral and Maxillofacial Surgery, 67, 2571–2576.

Monteiro, B. & Steagall, P.V. (2019) Antiinflammatory drugs. Veterinary Clinics of 
North America: Small Animal Practice, 49, 993–1011.

Monterio, B.P., Lascelles, B.D.X., Murrell, J., Robertson, S., Steagall, P.V. & Wright, 
B. (2022) 2022 WSAVA guidelines for the recognition, assessment and treat-
ment of pain. Journal of Small Animal Practice, 64, 177–254.

Moore, J. (2011) Vital pulp therapy. In: Niemiec, B.A. (Ed.) Veterinary endodontics. 
San Diego, CA: Practical Veterinary Publishing, pp. 78–92.

Moore, J. (2013) Fixed and removable orthodontic appliances. In: Niemiec, B.A. (Ed.) 
Veterinary orthodontics. San Diego, CA: Practical Veterinary Publishing, pp. 36–47.

Moore, J.I. & Niemiec, B. (2014) Evaluation of extraction sites for evidence of 
retained tooth roots and periapical pathology. Journal of the American Animal 
Hospital Association, 50, 77–82.

Moritis, K., Jenkins, W., Hefti, A., Schmitt, P. & McGrady, M. (2008) A randomized, 
parallel design study to evaluate the effects of a sonicare and a manual tooth-
brush on plaque and gingivitis. Journal of Clinical Dentistry, 19, 64–68.

Mosca, A., Gibson, D., Mason, S.L., Dobson, J. & Giuliano, A. (2021) A possible 
role of coarse fractionated radiotherapy in the management of gingival squa-
mous cell carcinoma in dogs: a retrospective study of 21 cases from two refer-
ral centers in the UK. The Journal of Veterinary Medical Science, 83, 447–455.

Mossey, P.A. (1999) The heritability of malocclusion: part I – genetics, principles 
and terminology. British Journal of Orthodontics, 26, 103–113.

Moura, E., Rotenberg, I.S. & Pimpão, C.T. (2019) X-linked hypohidrotic ectodermal 
dysplasia-general features and dental abnormalities in affected dogs compared 
with human dental abnormalities. Topics in Companion Animal Medicine, 35, 
11–17. Available from: https://​doi.​org/​10.​1053/j.​tcam.​2019.​03.​002

Mulherin, B.L. & White, R. (2021) Unerupted supernumerary mandibular fourth 
premolar in a dog. Journal of Veterinary Dentistry, 38, 152–160. Available from: 
https://​doi.​org/​10.​1177/​08987​56421​1052102

Mulligan, T., Aller, S. & Williams, C. (1998a) Trauma. In: Mulligan, T., Aller, S. 
& Williams, C. (Eds.) Atlas of canine and feline dental radiography. Trenton: 
Veterinary Learning Systems, pp. 170–183.

Mulligan, T., Aller, S. & Williams, C. (1998b) Osseous lesions. In: Mulligan, T., Aller, 
S. & Williams, C. (Eds.) Atlas of canine and feline dental radiography. Trenton: 
Veterinary Learning Systems, pp. 184–203.

Mulligan, T.W., Aller, M.S. & Williams, C.A. (1998) Atlas of canine & feline dental 
radiography. Trenton, NJ: Veterinary Learning Systems.

Munday, J.S., Fairley, R.A., Mills, H., Kiupel, M. & Vaatstra, B.L. (2015) Oral papil-
lomas associated with felis catus papillomavirus type 1 in 2 domestic cats. 
Veterinary Pathology, 52, 1187–1190.

Murad, S., Grove, D., Lindberg, K.A., Reynolds, G., Sivarajah, A. & Pinnell, S. (1981) 
Regulation of collagen synthesis by ascorbic acid. Proceeding of the National 
Academy of the Sciences of the United State of America, 78, 2879–2882.

Murphy, B.G., Bell, C.M. & Soukup, J.W. (2020) Veterinary oral and maxillofacial 
pathology. Hoboken, NJ: John Wiley and Sons, Inc, pp. 185–205.

Nanci, A. (2013a) Structure of the oral tissues. In: Nanci, A. (Ed.) Ten Cate’s oral 
histology, 8th edition. St. Louis, MO: Elsevier, pp. 1–13.

Nanci, A. (2013b) Development of the tooth and its supporting tissues. In: Nanci, 
A. (Ed.) Ten Cate’s oral histology, 8th edition. St. Louis, MO: Elsevier, pp. 70–94.

Nanci, A. (2016) Structure of the oral tissues. In: Nanci, A. (Ed.) Ten Cate’s oral 
histology, 9th edition. St. Louis, MO: Elsevier, pp. 1–13.

Needleman, I., Suvan, J., Moles, D.R. & Pimlott, J. (2005) A systematic review of 
professional mechanical plaque removal for prevention of periodontal diseases. 
Journal of Clinical Periodontology, 32, 229–282.

Nemec, A., Arzi, B., Hansen, K., Murphy, B.G., Lommer, M.J., Peralta, S. et al. (2015) 
Osteonecrosis of the jaws in dogs in previously irradiated fields: 13 cases 
(1989-2014). Frontiers in Veterinary Science, 2, 5. Available from: https://​doi.​
org/​10.​3389/​fvets.​2015.​00005​

Nemec, A., Milevoj, N., Lampreht Tratar, U., Serša, G., Čemažar, M. & Tozon, N. 
(2020) Electroporation-based treatments in small animal veterinary oral and 
maxillofacial oncology. Frontiers in Veterinary Science, 7, 575911. Available 
from: https://​doi.​org/​10.​3389/​fvets.​2020.​575911

Nemec, A., Murphy, B., Kass, P.H. & Verstraete, F.J. (2012) Histological subtypes 
of oral non-tonsillar squamous cell carcinoma in dogs. Journal of Comparitive 
Pathology, 147, 111–120.

Nemec, A., Murphy, B.G., Jordan, R.C., Kass, P.H. & Verstraete, F.J. (2014) Oral pap-
illary squamous cell carcinoma in twelve dogs. Journal of Comparitive Pathology, 
150, 155–161.

Nemec, A., Verstraete, F.J., Jerin, A., Šentjurc, M., Kass, P.H., Petelin, M. et  al. 
(2013) Periodontal disease, periodontal treatment and systemic nitric oxide in 
dogs. Research in Veterinary Science, 94, 542–544.

Nemec, A., Zavodovskaya, R., Affolter, V.K. & Verstraete, F.J. (2012) Erythema mul-
tiforme and epitheliotropic T-cell lymphoma in the oral cavity of dogs: 1989 to 
2009. Journal of Small Animal Practice, 53, 445–452.

Neville, B.W., Damm, D.D., Allen, C.M. & Bouquot, J.E. (2002) Abnormalities of 
teeth. In: Oral and maxillofacial pathology, 2nd edition. Philadelphia, PA: WB 
Saunders, pp. 49–106.

Ng, K.K., Fiani, N., Tennant, M. & Peralta, S. (2020) Frequency of clinical and radio-
graphic evidence of inflammation associated with retained tooth root fragments 
and the effects of tooth root fragment length and position on oral inflammation 
in dogs. Journal of the American Veterinary Medical Association, 256, 687–695.

Nicholls, P.K., Moore, P.F., Anderson, D.M., Moore, R.A., Parry, N.R., Gough, G.W. 
et al. (2001) Regression of canine oral papillomas is associated with infiltration 
of CD4+ and CD8+ lymphocytes. Virology, 283, 31–39.

Nicoll, B.K. & Peters, R.J. (1998) Heat generation during ultrasonic instrumentation 
of dentin as affected by different irrigation methods. Journal of Periodontology, 
69, 884–888.

Niemiec, B., Gawor, J., Nemec, A., Clarke, D., McLeod, K., Tutt, C. et al. (2020) 
WSAVA global dental guidelines. Journal of Small Animal Practice, 61, E36–E161.

Niemiec, B.A. (2001) Treatment of mandibular first molar teeth with endodontic-
periodontal lesions in a dog. Journal of Veterinary Dentistry, 18, 21–25.

Niemiec, B.A. (2003a) Intraoral acrylic splint application. Journal of Veterinary 
Dentistry, 20, 123–126.

Niemiec, B.A. (2003b) Professional teeth cleaning. Journal of Veterinary Dentistry, 
20, 175–180.

Niemiec, B.A. (2005a) Fundamentals of endodontics. Veterinary Clinics of North 
America: Small Animal Practice, 35, 837–868.

Niemiec, B.A. (2005b) Dental radiographic interpretation. Journal of Veterinary 
Dentistry, 22, 53–59.

Niemiec, B.A. (2008a) Oral pathology. Topics in Companion Animal Medicine, 23, 
59–71.

Niemiec, B.A. (2008b) Periodontal disease. Topics in Companion Animal Medicine, 
23, 72–80.

Niemiec, B.A. (2008c) Periodontal therapy. Topics in Companion Animal Medicine, 
23, 81–90.

Niemiec, B.A. (2008d) Extraction techniques. Topics in Companion Animal Medicine, 
23, 97–105.

Niemiec, B.A. (2009) Case based dental radiology. Topics in Companion Animal 
Medicine, 24, 4–19.

Niemiec, B.A. (2010a) Pathologies of the oral mucosa. In: Niemiec, B.A. (Ed.) 
Small animal dental, oral & maxillofacial disease. London: Manson Publishing 
Ltd, pp. 184–199.

Niemiec, B.A. (2010b) Pathology in the pediatric patient. In: Niemiec, B.A. (Ed.) 
Small animal dental, oral & maxillofacial disease. London: Manson Publishing 
Ltd, pp. 90–127.

Niemiec, B.A. (2010c) Veterinary dental radiology. In: Niemiec, B.A. (Ed.) Small 
animal dental, oral & maxillofacial Disease. London: Manson Publishing Ltd, 
pp. 64–89.

Niemiec, B.A. (2011) The importance of dental radiology. European Journal of 
Companion Animal Practice., 20, 219–229.

Niemiec, B.A. (2012a) How to diagnose and stabilize dental emergencies. In: 
Niemiec, B.A. (Ed.) Veterinary dentistry applications in emergency medicine and 

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/vru.13254
https://doi.org/10.3389/fvets.2022.856399
https://doi.org/10.1053/j.tcam.2019.03.002
https://doi.org/10.1177/08987564211052102
https://doi.org/10.3389/fvets.2015.00005
https://doi.org/10.3389/fvets.2015.00005
https://doi.org/10.3389/fvets.2020.575911


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

124

critical or compromised patients. San Diego, CA: Practical Veterinary Publishing, 
pp. 7–37.

Niemiec, B.A. (2012b) The systemic effects of dental disease and treatment of 
compromised patients. In: Niemiec, B.A. (Ed.) Veterinary dentistry applications 
in emergency medicine and critical or compromised patients. San Diego, CA: 
Practical Veterinary Publishing, pp. 37–52.

Niemiec, B.A. (2013a) Pathogenesis and etiology of periodontal disease. In: Niemiec, 
B.A. (Ed.) Veterinary periodontology. Ames, IA: Wiley Blackwell, pp. 18–34.

Niemiec, B.A. (2013b) Local and regional consequences of periodontal disease. 
In: Niemiec, B.A. (Ed.) Veterinary periodontology. Ames, IA: Wiley Blackwell, pp. 
69–80.

Niemiec, B.A. (2013c) The complete dental cleaning. In: Niemiec, B.A. (Ed.) 
Veterinary periodontology. Ames, IA: Wiley Blackwell, pp. 129–153.

Niemiec, B.A. (2013d) Home plaque control. In: Niemiec, B.A. (Ed.) Veterinary peri-
odontology. Ames, IA: Wiley Blackwell, pp. 175–185.

Niemiec, B.A. (2013e) Gingival surgery. In: Niemiec, B.A. (Ed.) Veterinary periodon-
tology. Ames, IA: Wiley Blackwell, pp. 193–205.

Niemiec, B.A. (2013f) Systemic manifestations of periodontal disease. In: Niemiec, 
B.A. (Ed.) Veterinary periodontology. Ames, IA: Wiley Blackwell, pp. 81–90.

Niemiec, B.A. (2013g) Advanced non-surgical therapy. In: Niemiec, B.A. (Ed.) 
Veterinary periodontology. Ames, IA: Wiley Blackwell, pp. 154–169.

Niemiec, B.A. (2013h) Periodontitis. In: Niemiec, B.A. (Ed.) Veterinary periodontol-
ogy. Ames, IA: Wiley Blackwell, p. 68.

Niemiec, B.A. (2013i) Mechanical scalers. In: Niemiec, B.A. (Ed.) Veterinary peri-
odontology. Ames, IA: Wiley Blackwell, pp. 324–329.

Niemiec, B.A. (2014) Indications for restoration in restorative dentistry for the gen-
eral practitioner. Tustin, CA: Practical Veterinary Publishing, pp. 11–22.

Niemiec, B.A. (2018a) Dental radiograph positioning. In: Niemiec, B.A., Gawor, J. 
& Jekel, V. (Eds.) Practical veterinry dental radiology. Ames, IA: Wiley Blackwell, 
pp. 41–58.

Niemiec, B.A. (2018b) Developing/processing dental radiographs. In: Niemiec, 
B.A., Gawor, J. & Jekel, V. (Eds.) Practical veterinry dental radiology. Ames, IA: 
Wiley Blackwell, pp. 83–90.

Niemiec, B.A. (2018c) Dental radiology equipment. In: Niemiec, B.A., Gawor, J. & 
Jekel, V. (Eds.) Practical veterinry dental radiology. Ames, IA: Wiley Blackwell, 
pp. 31–41.

Niemiec, B.A. (2018d) Normal radiographic anatomy. In: Niemiec, B.A., Gawor, J. & 
Jekel, V. (Eds.) Practical veterinary dental radiology. Ames, IA: Wiley Blackwell, 
pp. 119–127.

Niemiec, B.A. (2018e) Radiograph interpretation for endodontic disease. In: 
Niemiec, B.A., Gawor, J. & Jekel, V. (Eds.) Practical veterinary dental radiology. 
Ames, IA: Wiley Blackwell, pp. 143–155.

Niemiec, B.A. (2018f) The importance of and indications for dental radiology. In: 
Niemiec, B.A., Gawor, J. & Jekel, V. (Eds.) Practical veterinary dental radiology. 
Boca Raton, FL: CRC Press, pp. 5–30.

Niemiec, B.A. (2022) In: Niemiec, B.A. (Ed.) Dental extractions made easier, 2nd 
edition. San Diego, CA: Practical Veterinary Publishing.

Niemiec, B.A. & Furman, R. (2004a) Canine dental radiography. Journal of Veterinary 
Dentistry, 21, 186–190.

Niemiec, B.A. & Furman, R. (2004b) Feline dental radiology. Journal of Veterinary 
Dentistry, 21, 252–257.

Niemiec, B.A., Gawor, J., Tang, S., Prem, A. & Krumbeck, J.A. (2021a) The bac-
teriome of the oral cavity in healthy dogs and dogs with periodontal disease. 
American Journal of Veterinary Research, 83, 50–58.

Niemiec, B.A., Gawor, J., Tang, S., Prem, A. & Krumbeck, J.A. (2021b) The myco-
biome of the oral cavity in healthy dogs and dogs with periodontal disease. 
American Journal of Veterinary Research, 83, 42–49.

Niemiec, B.A., Gilbert, T. & Sabitino, D. (2004) Equipment and basic geometry of 
dental radiography. Journal of Veterinary Dentistry, 21, 48–52.

Niemiec, B.A., Sabatino, D. & Gilbert, T. (2004) Developing dental radiographs. 
Journal of Veterinary Dentistry, 21, 116–121.

Niemiec, B.A. (2023a) Veterinary dentistry: a clinical approach. Hoboken, NJ: 
Wiley-Blackwell.

Niemiec, B.A. (2023b) In: Niemiec, B.A. (Ed.) Dental extractions made easier, 2nd 
edition. San Diego: Practical Veterinary Publishing.

Nisengard, R.J., Kinder Haake, S., Newman, M.G. & Carranza, F.A. (2006) Microbial 
interactions with the host in periodontal diseases. In: Carranza, F.A., Numan, 
M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s clinical periodontology. St. 
Louis, MO: WB Saunders, pp. 228–250.

Nivy, R., Bar-Am, Y., Retzkin, H., Bruchim, Y. & Mazaki-Tovi, M. (2024) Preliminary 
evaluation of the impact of periodontal treatment on markers of glycaemic 
control in dogs with diabetes mellitus: a prospective, clinical case series. The 
Veterinary Record, 194, e3310.

Noall, L., Lee, S., Burton, J.H., Marquardt, T.M., Cermak, J., Thombs, L.A. et al. 
(2023) A multi-institutional epidemiologic study evaluating environmental risk 
factors for feline oral squamous cell carcinoma. Veterinary and Comparative 
Oncology, 21, 509–519.

Novak, M.J. (2006) Classification of disease and conditions affecting the peri-
odontium. In: Carranza, F.A., Numan, M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) 
Carranza’s clinical periodontology. St. Louis, MO: WB Saunders, pp. 100–109.

Oba, P.M., Carroll, M.Q., Alexander, C., Somrak, A.J., Keating, S.C.J., Sage, A.M. 
et al. (2021) Dental chews positively shift the oral microbiota of adult dogs. 
Journal of Animal Science. 2021, 99, skab100.

Oba, P.M., Sieja, K.M., Keating, S.C.J., Hristova, T., Somrak, A.J. & Swanson, K.S. 
(2022) Oral microbiota populations of adult dogs consuming wet or dry foods. 
Journal of Animal Science, 100, skac200.

Okuda, A. & Harvey, C.E. (1992) Etiopathogenesis of feline dental resorptive lesions. 
Veterinary Clinics of North America: Small Animal Practice, 22, 1385–1404.

Olsén, L., Brissman, A., Wiman, S., Eriksson, F., Kaj, C. & Brunius, E.K. (2021) 
Improved oral health and adaptation to treatment in dogs using manual or ultra-
sonic toothbrush or textile of nylon or microfiber for active dental home care. 
Animals, 11, 2481.

O’Neill, D.G., Elliott, J., Church, D.B., PD, M.G., Thomson, P.C. & Brodbelt,  
D.C. (2013) Chronic kidney disease in dogs in UK veterinary practices: prev-
alence, risk factors, and survival. Journal of Veterinary Internal Medicine, 27, 
814–821.

O’Neill, D.G., Mitchell, C.E., Humphrey, J., Church, D.B., Brodbelt, D.C. & Pegram, 
C. (2021) Epidemiology of periodontal disease in dogs in the UK primary-care 
veterinary setting. The Journal of Small Animal Practice, 62, 1051–1061.

Oskarsson, K., Axelsson Puurtinen, L. & Penell, J.C. (2021) Dental problems and 
prophylactic care in cats-knowledge and perceptions among Swedish cat owners 
and communication by veterinary care staff. Animals, 11, 2571. Available from: 
https://​doi.​org/​10.​3390/​ani11​092571

Osorio, R., Toledano, M., Liébana, J., Rosales, J.I. & Lozano, J.A. (1995) 
Environmental microbial contamination. Pilot study in a dental surgery. 
International Dental Journal, 45, 352–357.

Palmeira, I., Fonseca, M.J., Lafont-Lecuelle, C., Pageat, P., Cozzi, A., Asproni, P. et al. 
(2022) Dental Pain in Cats: A Prospective 6-Month Study. Journal of Veterinary 
Dentistry, 39, 369–375.

Palmeira, M.I., de Oliveira, J.T. & Requicha, J.F. (2017) Dental diseases and pain 
in cats (Felis catus). In: Proceedings of the European Congress of Veterinary 
Dentistry, May 23 to 25, Malaga, Spain, pp. 78–81.

Pardo, M., Spencer, E., Odunayo, A., Ramirez, M.L., Rudloff, E., Shafford, H. et al. 
(2024) 2024 AAHA fluid therapy guidelines for dogs and cats. Journal of the 
American Animal Hospital Association, 60, 131–163.

Park, J.I., Na, H.S., Lee, K.O., Ryu, J.H. & Shin, H.J. (2025) Comparing the safety 
and efficacy of remimazolam-based total intravenous anesthesia versus vola-
tile agent-based anesthesia: a meta-analysis of randomized controlled trials. 
Korean Journal of Anesthesiology, 78, 48–60.

Parmigiani-Izquierdo, J.M., Sánchez-Pérez, A. & Cabaña-Muñoz, M.E. (2013) A pilot 
study of postoperative pain felt after two implant surgery techniques: a ran-
domized blinded prospective clinical study. The International Journal of Oral & 
Maxillofacial Implants, 28, 1305–1310.

Pascoe, P.J. (2016) The effects of lidocaine or a lidocaine-bupivacaine mixture 
administered into the infraorbital canal in dogs. American Journal of Veterinary 
Research, 77, 682–687.

Pashley, D.H. & Liewehr, F.R. (2006) Structure and functions of the dentin-pulp 
complex. In: Cohen, S. & Hargreaves, K.M. (Eds.) Pathways of the pulp, 9th edi-
tion. St. Louis, MO: Elsevier, pp. 460–513.

Patel, S., Abella, F., Patel, K., Bakhsh, A., Lambrechts, P. & Al-Nuaimi, N. (2024) 
Potential predisposing features of external cervical resorption: an observational 
study. International Endodontic Journal, 58, 273–283.

Pattison, A.M. & Pattison, G.L. (2006) Scaling and root planing. In: Carranza, F.A., 
Numan, M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s clinical periodon-
tology. St. Louis, MO: WB Saunders, pp. 749–797.

Pavlica, M., Kržan, M., Nemec, A., Nemec, M., Baš, A., Kosjek, T. et  al. (2025) 
Serum cortisol and blood glucose concentrations in anesthetized dogs admin-
istered levobupivacaine and low-dose dexmedetomidine for regional anesthesia 
of the oral cavity. Journal of Veterinary Dentistry, 42, 66–74.

Pavlica, Z., Erjavec, V. & Petelin, M. (2001) Teeth abnormalities in the dog. Acta 
Veterinaria, 70, 65–72.

Pavlica, Z., Petelin, M., Juntes, P., Eržen, D., Crossley, D.A. & Skalerič, U. (2008) 
Periodontal disease burden and pathological changes in the organs of dogs. 
Journal of Veterinary Dentistry, 25, 97–108.

Pavlin, D., Dolenšek, T., Švara, T. & Nemec, A. (2018) Solid type primary intraosse-
ous squamous cell carcinoma in a cat. BMC Veterinary Research, 14, 23.

Pazzi, P., Steenkamp, G. & Rixon, A.J. (2022) Treatment of canine oral melanomas: 
a critical review of the literature. Veterinary Sciences, 9, 196.

Pedersen, N.C., Shope, B. & Liu, H. (2017) An autosomal recessive mutation in 
SCL24A4 causing enamel hypoplasia in Samoyed and its relationship to breed-
wide genetic diversity. Canine Genetics and Epidemiology, 22, 11.

Pederson, E.D., Stone, M.E., Ragain, J.C., Jr. & Simecek, J.W. (2002) Waterline bio-
film and the dental treatment facility: a review. General Dentistry, 50, 190–195.

Pegg, J.E., Rawlinson, J.E., Kelley, J.L. & Monnet, E. (2021) Cadaveric evaluation 
of load to failure in canine gingiva apposed with varied suture patterns using 
poliglecaprone 25. Journal of Veterinary Dentistry, 38, 8–17.

Peralta, S., Arzi, B., Nemec, A., Lommer, M.J. & Verstraete, F.J. (2015) Non-
radiation-related osteonecrosis of the jaws in dogs: 14 cases (1996-2014). 
Frontiers of Veterinary Science, 2, 7.

Peralta, S. & Carney, P.C. (2019) Feline chronic gingivostomatitis is more prevalent 
in shared households and its risk correlates with the number of cohabiting cats. 
Journal of Feline Medicine and Surgery, 21, 1165–1171.

Peralta, S., Grenier, J.K., McCleary-Wheeler, A.L. & Duhamel, G.E. (2019) Ki67 
labelling index of neoplastic epithelial cells differentiates canine acanthoma-
tous ameloblastoma from oral squamous cell carcinoma. Journal of Comparative 
Pathology, 171, 59–69.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/ani11092571


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

125 

Peralta, S., Grenier, J.K., Webb, S.M., Miller, A.D., Miranda, I.C. & Parker, J.S. (2023) 
Transcriptomic signatures of feline chronic gingivostomatitis are influenced by 
upregulated IL6. Scientific Reports, 13, 13437.

Peralta, S., Verstraete, F.J. & Kass, P.H. (2010a) Radiographic evaluation of the 
types of tooth resorption in dogs. American Journal of Veterinary Research, 71, 
784–793.

Peralta, S., Verstraete, F.J. & Kass, P.H. (2010b) Radiographic evaluation of the 
classification of the extent of tooth resorption in dogs. American Journal of 
Veterinary Research, 71, 794–798.

Perry, A. (2017) Traumatic injuries to juvenile teeth in dogs. Available from: 
https://​www.​eastc​ottre​ferra​ls.​co.​uk/​traum​atic-​injur​ies-​to-​juven​ile-​teeth​-​in-​
dogs/​ [Accessed 20th September 2017].

Perry, D.A. (2006) Plaque control for the periodontal patient. In: Carranza, F.A., 
Numan, M.G., Takai, H.H. & Klokkevold, P.R. (Eds.) Carranza’s clinical periodon-
tology. St. Louis, MO: WB Saunders, pp. 728–748.

Perry, D.A., Schnid, M.O. & Takei, H.H. (2006) Phase I periodontal therapy. In: 
Carranza’s clinical periodontology. St. Louis, MO: WB Saunders, pp. 722–727.

Perry, R. (2014) Final year veterinary students’ attitudes towards small animal 
dentistry: a questionnaire-based survey. Journal of Small Animal Practice, 55, 
457–464.

Perry, R., Moore, D. & Scurrell, E. (2015) Globe penetration in a cat following 
maxillary nerve block for dental surgery. Journal of Feline Medicine and Surgery, 
17, 66–72.

Pezzali, J.G., Machado, G.S., Marx, F.R., Eugênio, D.A., Schroeder, B., Pignone, V.N. 
et al. (2021) Effects of autoclaving on compressive strength of bovine bones 
and their use as chewing agents for dogs. Translational Animal Science, 5, 
txab068.

Pieri, F.A., de Castro Souza, M.C., Ramos Vermelho, L.L., Perciano, P.G., Vargas, 
F.S., Batista Borges, A.P. et al. (2016) Use of β-caryophyllene to combat bacterial 
dental plaque formation in dogs. BMC Veterinary Research, 12, 216.

Pinnel, S.R., Murad, S. & Darr, D. (1987) Induction of collagen synthesis by ascor-
bic acid: a possible mechanism. Archives of Dermatology, 123, 1684–1686.

Pinto, C.F.D., Lehr, W., Pignone, V.N., Chain, C.P. & Trevizan, L. (2020) Evaluation of 
teeth injuries in beagle dogs caused by autoclaved beef bones used as a chew-
ing item to remove dental calculus. PLoS One, 15, e0228146.

Piras, L.A., Riccardo, F., Iussich, S., Maniscalco, L., Gattino, F., Martano, M. et al. 
(2017) Prolongation of survival of dogs with oral malignant melanoma treated 
by en bloc surgical resection and adjuvant CSPG4-antigen electrovaccination. 
Veterinary and Comparative Oncology, 15, 996–1013.

Piseddu, E., De Lorenzi, D., Freeman, K. & Masserdotti, C. (2011) Cytologic, his-
tologic, and immunohistochemical features of lingual liposarcoma in a dog. 
Veterinary Clinical Pathology, 40, 393–397.

Pistor, P., Janus, I., Janczek, M. & Dobrzyński, M. (2023) Feline tooth resorption: a 
description of the severity of the disease in regard to animal’s age, sex, breed 
and clinical presentation. Animals, 13, 2500. Available from: https://​doi.​org/​
10.​3390/​ani13​152500

Polidoro, G., Galiazzo, G., Giancola, F., Papadimitriou, S., Kouki, M., Sabattini, S. 
et al. (2021) Expression of cannabinoid and cannabinoid-related receptors in 
the oral mucosa of healthy cats and cats with chronic gingivostomatitis. Journal 
of Feline Medicine and Surgery, 23, 679–691.

Pollack, R. (1996) Dental office ergonomics: how to reduce stress factors and 
increase efficiency. Journal of the Canadian Dental Association, 62, 508–510.

Proulx, C., Dumais, Y., Beauchamp, G. & Steagall, P. (2022) Reliability of electric 
pulp test, cold pulp test or tooth transillumination to assess pulpal health in 
permanent dog teeth. Journal of Veterinary Dentistry, 39, 133–141.

Proulx, D.R., Ruslander, D.M., Dodge, R.K., Hauck, M.L., Williams, L.E., Horn, B. 
et al. (2003) A retrospective analysis of 140 dogs with oral melanoma treated 
with external beam radiation. Veterinary Radiology & Ultrasound, 44, 352–359.

Przeździecki, R., Czopowicz, M. & Sapierzyński, R. (2015) Accuracy of routine cytol-
ogy and immunocytochemistry in preoperative diagnosis of oral amelanotic 
melanomas in dogs. Veterinary Clinical Pathology, 44, 597–604. Available from: 
https://​doi.​org/​10.​1111/​vcp.​12292​

Queck, K.E., Chapman, A., Herzog, L.J., Shell-Martin, T., Burgess-Cassler, A. & 
GD, M.C. (2018) Oral-fluid thiol-detection test identifies underlying active peri-
odontal disease not detected by the visual awake examination. Journal of the 
American Animal Hospital Association, 54, 132–137.

Quest, B.W. (2013) Oral health benefits of a daily dental chew in dogs. Journal of 
Veterinary Dentistry, 30, 84–87.

Quimby, J.M., Elston, T., Hawley, J., Brewer, M., Miller, A. & Lappin, M.R. (2008) 
Evaluation of the association of Bartonella species, feline herpesvirus 1, feline 
calicivirus, feline leukemia virus and feline immunodeficiency virus with chronic 
feline gingivostomatitis. Journal of Feline Medicine and Surgery, 10, 66–72.

Quirynen, M., Teughels, W., Kinder Haake, S. & Newman, M.G. (2006) Microbiology 
of periodontal diseases. In: Carranza, F.A., Numan, M.G., Takai, H.H. & 
Klokkevold, P.R. (Eds.) Carranza’s clinical periodontology. St. Louis, MO: WB 
Saunders, pp. 134–169.

Raj, P.A.A., Pavulraj, S., Kumar, M.A., Sangeetha, S., Shanmugapriya, R. & 
Sabithabanu, S. (2020) Therapeutic evaluation of homeopathic treatment for 
canine oral papillomatosis. Veterinary World, 13, 206–213. Available from: 
https://​doi.​org/​10.​14202/​​vetwo​rld.​2020.​206-​213

Rajab, L.D. & Hamdan, M.A.M. (2002) Supernumerary teeth: review of the litera-
ture and a survey of 152 cases. International Journal of Paediatric Dentistry, 
12, 244–254.

Raleigh, M.L., Smith, M.M. & Taney, K. (2021) Curative intent surgery of oral malig-
nant melanoma and regional lymph node biopsy assessment in 25 dogs: 2006-
2017. Journal of Veterinary Dentistry, 38, 193–198.

Ramfijord, S.P. & Costich, E.R. (1968) Healing after exposure of periodonteum on 
the alveolar process. Journal of Periodontal Research, 39, 199–207.

Ramsey, D.T., Marretta, S.M., Hamor, R.E., Knight, B., Johnson, J.M. & LH2nd, B. 
(1996) Ophthalmic manifestations and complications of dental disease in dogs 
and cats. Journal of the American Animal Hospital Association, 32, 215–224.

Randall, E.K., Kraft, S.L., Yoshikawa, H. & LaRue, S.M. (2016) Evaluation of 18F-FDG 
PET/CT as a diagnostic imaging and staging tool for feline oral squamous cell 
carcinoma. Veterinary and Comparative Oncology, 14, 28–38. Available from: 
https://​doi.​org/​10.​1111/​vco.​12047​

Rawlings, J.M., Gorrel, C. & Markwell, P.J. (1998) Effect on canine oral health of 
adding chlorhexidine to a dental hygiene chew. Journal of Veterinary Dentistry, 
15, 129–134.

Rawlinson, J.E., Goldstein, R.E., Reiter, A.M., Attwater, D.Z. & Harvey, C.E. (2011) 
Association of periodontal disease with systemic health indices in dogs and the 
systemic response to treatment of periodontal disease. Journal of the American 
Veterinary Medical Association, 238, 601–609.

Ray, J.D. & Eubanks, D.L. (2009) Dental homecare: teaching your clients to care for 
their pet’s teeth. Journal of Veterinary Dentistry, 26, 57–60.

Reddy, R., Palaparthy, R., Durvasula, S., Koppolu, P., Elkhatat, E., Assiri, K.A. et al. 
(2017) Gingivitis and plaque prevention using three commercially available den-
tifrices: a comparative clinical and microbiological randomized control parallel 
study. International Journal of Pharmaceutical Investigation, 7, 111–118.

Reed, S.D., Fulmer, A., Buckholz, J., Zhang, B., Cutrera, J., Shiomitsu, K. et  al. 
(2010) Bleomycin/interleukin-12 electrochemogene therapy for treating natu-
rally occurring spontaneous neoplasms in dogs. Cancer Gene Therapy, 17, 
457–464.

Regalado Ibarra, A.M., Legendre, L. & Munday, J.S. (2018) Malignant transforma-
tion of a canine papillomavirus type 1-induced persistent oral papilloma in a 
3-year-old dog. Journal of Veterinary Dentistry, 35, 79–95.

Regezi, J.A. & Verstraete, F.J.M. (2020) Clinical-pathologic correlations. In: 
Verstraete, F.J.M., Lommer, M. & Arzi, B. (Eds.) Oral and maxillofacial surgery in 
dogs and cats, 2nd edition. St. Louis, MO: Elsevier, pp. 423–427.

Reid, J., Nolan, A.M., Hughes, J.M., Lascelles, D., Pawson, P. & Scott, E.M. (2007) 
Development of the short-form Glasgow composite measure pain scale (CMPS-SF) 
and derivation of an analgesic intervention score. Animal Welfare, 16, 97–104.

Reid, J., Scott, E.M., Calvo, G. & Nolan, A.M. (2017) Definitive Glasgow acute pain 
scale for cats: validation and intervention level. Veterinary Record, 180, 449.

Reisine, S.T., Fertig, J., Weber, J. & Leder, S. (1989) Impact of dental conditions on 
patients’ quality of life. Community Dentistry and Oral Epidemiology, 17, 7–10.

Reiter, A.M. & Mendoza, K.A. (2002) Feline odontoclastic resorptive lesions an 
unsolved enigma in veterinary dentistry. The Veterinary Clinics of North America 
Small Animal Practice, 32, 791–837.

Renvert, S., Wirkstrom, M., Mugrabi, M. & Claffey, N. (1996) Histological and micro-
biological aspects of ligature induced periodontitis in beagle dogs. Journal of 
Clinical Periodontology, 23, 310–319.

Reubel, G.H., Hoffmann, D.E. & Pedersen, N.C. (1992) Acute and chronic faucitis 
of domestic cats: a feline calicivirus induced disease. The Veterinary Clinics of 
North America Small Animal Practice, 22, 1347–1360.

Rezende, C.P., Ramos, M.B., Daguíla, C.H., Dedivitis, R.A. & Rapoport, A. (2008) 
Oral health changes with oral and oropharyngeal cancer. Brazilian Journal of 
Otorhinolaryngology, 74, 596–600.

Ribka, E.P. & Niemiec, B.A. (2022) Success of feather margin preparation for full 
metal prosthodontic crowns in the canine teeth in 84 pet and working dogs 
(2005-2017). Journal of Veterinary Dentistry, 39, 34–40.

Riggs, J., Adams, V.J., Hermer, J.V., Dobson, J.M., Murphy, S. & Ladlow, J.F. (2018) 
Outcomes following surgical excision or surgical excision combined with adjunc-
tive, hypofractionated radiotherapy in dogs with oral squamous cell carcinoma 
or fibrosarcoma. Journal of the American Veterinary Medical Association, 253, 
73–83.

Ringen, D., Hoyer, N. & Vall, P. (2024) Outcome of permanent canine teeth follow-
ing extraction of linguoverted deciduous mandibular canine teeth in 28 dogs. 
Journal of Veterinary Dentistry, 41, 217–224.

Rivas, I.L., Soltero-Rivera, M., Vapniarsky, N. & Arzi, B. (2023) Stromal cell therapy 
in cats with feline chronic gingivostomatitis: current perspectives and future 
direction. Journal of Feline Medicine and Surgery, 25, 1098612X231185395.

Rochette, J. (1996) Identification of the endodontic system in carnassial and 
canine teeth in the dog. Journal of Veterinary Dentistry, 13, 35–37.

Rodan, I., Sundahl, E., Carney, H., Gagnon, A.C., Heath, S., Landsberg, G. et al. 
(2011) AAFP and ISFM feline-friendly handling guidelines. Journal of Feline 
Medicine and Surgery, 13, 364–375.

Rodrigues, M.X., Bicalho, R.C., Fiani, N., Lima, S.F. & Peralta, S. (2019) The 
subgingival microbial community of feline periodontitis and gingivostomatitis: 
characterization and comparison between diseased and healthy cats. Scientific 
Reports, 9, 12340.

Rollin, B.E. (1989) The unheeded cry: animal consciousness. In: Rolin, B.E. (Ed.) 
Animal pain, and science. New York: Oxford University Press, pp. 117–118.

Rosenquist, K., Wennerberg, J., Schildt, E.B., Bladström, A., Göran Hansson, B. 
& Andersson, G. (2005) Oral status, oral infections and some lifestyle factors 
for oral and oropharyngeal squamous cell carcinoma. A population-based case-
controlled study in southern Sweden. Acta Otolaryngology, 125, 1327–1336.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.eastcottreferrals.co.uk/traumatic-injuries-to-juvenile-teeth-in-dogs/
https://www.eastcottreferrals.co.uk/traumatic-injuries-to-juvenile-teeth-in-dogs/
https://doi.org/10.3390/ani13152500
https://doi.org/10.3390/ani13152500
https://doi.org/10.1111/vcp.12292
https://doi.org/10.14202/vetworld.2020.206-213
https://doi.org/10.1111/vco.12047


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

126

Roudebush, P., Logan, E.I. & Hale, F.A. (2005) Evidence-based veterinary dentistry: 
a systematic review of homecare for prevention of periodontal disease in dogs 
and cats. Journal of Veterinary Dentistry, 22, 6–15.

Roux, P., Berger, M., Stich, H. & Schawalder, P. (2009) Oral examination and 
radiographic evaluation of the dentition in wild cats from Namibia. Journal of 
Veterinary Dentistry, 26, 16–22.

Roux, P. & Howard, J. (2010) The evaluation of dentition and occlusion in dogs. 
European Journal of Companion Animal Practice, 20, 241–251.

Roy, C.G., Bonello, D. & Verstraete, F.J.M. (2020) Nonneoplastic proliferative oral 
lesions. In: Verstraete, F.J.M., Lommer, M. & Arzi, B. (Eds.) Oral and maxillofacial 
surgery in dogs and cats, 2nd edition. St. Louis, MO: Elsevier, pp. 452–462.

Rubio, A., van Goethem, B. & Verhaert, L. (2010) Tongue entrapment by chew toys 
in two dogs. Journal of Small Animal Practice, 51, 558–560.

Rucker, L.M. & Sunell, S. (2002) Ergonomic risk factors associated with clinical 
dentistry. Journal of the California Dental Association, 30, 139–148.

Ruhnau, J. (2023) A trans-orbital projection for radiological evaluation of the maxil-
lary first molar tooth in dogs. Journal of Veterinary Dentistry, 40, 204–211.

Rusbridge, C. & Heath, S. (2015) Feline orofascial pain syndrome. In: Rodan, I. & 
Heath, S. (Eds.) Feline behavioural health and welfare. St. Louis, MO: Elsevier, 
pp. 213–226.

Ryan, S., Bacon, H., Endenburg, N., Hazel, S., Jouppi, R., Lee, N. et  al. (2019) 
WSAVA animal welfare guidelines. Journal of Small Animal Practice, 60, E1–E46.

Sadighnia, N., Farnoosh, A., Tavakoli, A. & Jahandideh, A. (2023) Dextranase 
enzyme and Enterocoocus facecium probiotic have anti-biofilm effects by reduc-
ing the count of bacteria in dental plaqye in the oral cavity of dogs. Journal of the 
American Veterinary Medical Association, 261, 1525–1530.

Salas Campos, L., Gómez Ferrero, O., Villar Miranda, H. & Rivera, B.M. (2000) 
Antiseptic agents: chlorhexidine. Revista de Enfermeria, 23, 637–640.

Sancak, A., Favrot, C., Geisseler, M.D., Müller, M. & Lange, C.E. (2015) Antibody 
titres against canine papillomavirus 1 peak around clinical regression in natu-
rally occurring oral papillomatosis. Veterinary Dermatology, 26, 57–59.e19-20.

Sanders, T.G. & Parsons, T.W. (2001) Cancer control: journal of the Moffitt Cancer 
Center radiographic imaging of musculoskeletal neoplasia. Cancer Control, 8, 
221–231.

Santibáñez, R., Rodríguez-Salas, C., Flores-Yáñez, C., Garrido, D. & Thomson, P. 
(2021) Assessment of changes in the oral microbiome that occur in dogs with 
periodontal disease. Veterinary Sciences, 8, 291.

Sarbu, L., Kitchell, B.E. & Bergman, P.J. (2017) Safety of administering the canine 
melanoma DNA vaccine (oncept) to cats with malignant melanoma – a retro-
spective study. Journal of Feline Medicine and Surgery, 19, 224–230. Available 
from: https://​doi.​org/​10.​1177/​10986​12X15​623319

Sarowitz, B.N., Davis, G.J. & Kim, S. (2017) Outcome and prognostic factors follow-
ing curative-intent surgery for oral tumours in dogs: 234 cases (2004 to 2014). 
Journal of Small Animal Practice, 58: 146–153.

Saverino, K.M. & Reiter, A.M. (2018) Clinical presentation, causes, treatment, 
and outcome of lip avulsion injuries in dogs and cats: 24 cases (2001-2017). 
Frontiers of Veterinary Science, 5, 144.

Scannapieco, F.A. (2004) Periodontal inflammation: from gingivitis to systemic dis-
ease? Compendium of Continuing Education in Dentistry, 25, 16–25.

Schernig-Mráz, M., Grauer, A.L. & Morgenegg, G. (2023) Dental health in Roman 
dogs: a pilot study using standardized examination methods. International 
Journal of Paleopathology, 43, 72–84. Available from: https://​doi.​org/​10.​
1016/j.​ijpp.​2023.​09.​007

Schmidt, B.R., Glickman, N.W., DeNicola, D.B., de Gortari, A.E. & Knapp, D.W. 
(2001) Evaluation of piroxicam for the treatment of oral squamous cell car-
cinoma in dogs. Journal of the American Veterinary Medical Association, 218, 
1783–1786. Available from: https://​doi.​org/​10.​2460/​javma.​2001.​218.​1783

Schmidt, J.M., North, S.M., Freeman, K.P. & Ramiro-Ibañez, F. (2010a) Feline pae-
diatric oncology: retrospective assessment of 233 tumours from cats up to one 
year (1993 to 2008). The Journal of Small Animal Practice, 51, 306–311.

Schmidt, J.M., North, S.M., Freeman, K.P. & Ramiro-Ibañez, F. (2010b) Canine pae-
diatric oncology: retrospective assessment of 9522 tumours in dogs up to 12 
months (1993-2008). Veterinary and Comparative Oncology, 8, 283–292.

Scrivani, P.V., Martin-Flores, M., van Hatten, R. & Bezuidenhout, A.J. (2014) Structural 
and functional changes relevant to maxillary arterial flow observed during computed 
tomography and nonselective digital subtraction angiography in cats with the mouth 
closed and opened. Veterinary Radiology and Ultrasound, 55, 263–271.

Sequeira, I., Pires, M.D.A., Leitão, J., Henriques, J., Viegas, C. & Requicha, J. 
(2022) Feline oral squamous cell carcinoma: a critical review of etiologic fac-
tors. Veterinary Sciences, 9, 558. Available from: https://​doi.​org/​10.​3390/​
vetsc​i9100558

Shama, T., Gopal, L., Shanmugam, M.P., Bhende, P., George, J., Samanta, T.K. 
et  al. (2002) Comparison of pH-adjusted bupivacaine with a mixture of non-
pH-adjusted bupivacaine and lignocaine in primary vitreoretinal surgery. Retina, 
22, 202–207.

Shearer, B.G. (1996) Biofilm and the dental office. Journal of the American Dental 
Association, 127, 181–189.

Sherman, P.R., Hutchens, L.H., Jr. & Jewson, L.G. (1990) The effectiveness of sub-
gingival scaling and root planing. II. Clinical responses related to residual calcu-
lus. Journal of Periodontology, 61, 9–15.

Shetty, V. & Le, A.D. (2020) Oral soft tissue wound healing. In: Verstraete, F.J.M., 
Lommer, M.J. & Arzi, B. (Eds.) Oral and maxillofacial surgery in dogs and cats, 
2nd edition. St. Louis, MO: Elsevier, pp. 1–5.

Shigeyana, Y., Grove, T.K., Strayhorn, C. & Somerman, M.J. (1996) Expression of 
adhesion molecules during tooth resorption in feline teeth: a model system for 
aggressive osteoclastic activity. Journal of Dental Research, 75, 1650–1657.

Shoukry, M., Ben Ali, L., Abdel Naby, M. & Soliman, A. (2007) Repair of experimen-
tal plaque-induced periodontal disease in dogs. Journal of Veterinary Dentistry, 
24, 152–165.

Siao, K.T., Pypendop, B.H. & Ilkiw, J.E. (2010) Pharmacokinetics of gabapentin in 
cats. American Journal of Veterinary Research, 71, 817–821.

Silness, J. (1980) Fixed prosthodontics and periodontal health. Dental Clinics of 
North America, 24, 317–329.

Silness, J. & Loe, H. (1964) Periodontal disease in pregnancy II. Correlation 
between oral hygiene and periodontal condition. Acta Odontologica Scandinavica, 
22, 121–135.

Silva, M., Fernandes, M., Fialho, M. & Mestrinho, L. (2021) A case series analysis 
of dental extractions’ outcome in cats with chronic gingivo-stomatitis carrying 
retroviral disease. Animals, 11, 3306.

Silverstein, L.H. & Kurtzman, G.M. (2005) A review of dental suturing for optimal 
soft-tissue management. Compendium of Continuing Education in Dentistry, 26, 
169–170.

Simčič, P., Lowe, R., Granziera, V., Pierini, A., Torrigiani, F. & Lubas, G. (2019) 
Electrochemotherapy in treatment of canine oral non-tonsillar squamous cell 
carcinoma. A case series report. Veterinary and Comparative Oncology, 18, 
428–432.

Simon, B.T., Scallan, E.M., Carroll, G. & Steagall, P.V. (2017) The lack of analgesic 
use (oligoanalgesia) in small animal practice. Journal of Small Animal Practice, 
58, 543–554.

Simon, B.T. & Steagall, P.V. (2016) The present and future of opioid analgesics in 
small animal practice. Journal of Veterinary Pharmacological Therapeutics, 40, 
315–326.

Sitzman, C. (2013) Evaluation of a hydrophilic gingival dental sealant in beagle 
dogs. Journal of Veterinary Dentistry, 30, 150–155.

Skinner, O.T., Boston, S.E. & Souza, C.H.M. (2016) Patterns of lymph node metas-
tasis identified following bilateral mandibular and medial retropharyngeal 
lymphadenectomy in 31 dogs with malignancies of the head. Veterinary and 
Comparative Oncology, 15, 881–889.

Smedley, R.C., Bongiovanni, L., Bacmeister, C., Clifford, C.A., Christensen, N., 
Dreyfus, J.M. et  al. (2022) Diagnosis and histopathologic prognostication of 
canine melanocytic neoplasms: a consensus of the Oncology-Pathology Working 
Group. Veterinary and Comparative Oncology, 20, 739–751. Available from: 
https://​doi.​org/​10.​1111/​vco.​12827​

Smith, M.M. (1998) Exodontics. Veterinary Clinics of North America Small Animal 
Practice, 28, 1297–1319.

Smith, M.M. (2000) Oronasal fistula repair. Clinical Techniques in Small Anim 
Practice, 15, 243–250.

Smith, M.M. (2003) Line angle incisions. Journal of Veterinary Dentistry, 20, 
241–244.

Smith, M.M. & Legendre, L.F.J. (2012) Maxillofacial fracture repair using non-
invasive techniques. In: Verstraete, F.J.M. & Lomer, M.J. (Eds.) Oral and maxil-
lofacial surgery in dogs and cats. St. Louis, MO: Saunders Elsvier, pp. 275–292.

Smith, M.M., Smith, E.M., La Croix, N. & Mould, J. (2003) Orbital penetration asso-
ciated with tooth extraction. Journal of Veterinary Dentistry, 20, 8–17.

Snyder, C.J. (2020) Maxillofacial fracture repair using noninvasive techniques. In: 
Verstraete, F.J.M., Lommer, M.J. & Arzi, B. (Eds.) Oral and maxillofacial surgery in 
dogs and cats, 2nd edition. Elsevier, St. Louis, MO, pp. 763–791.

Snyder, C.J. & Snyder, L.B. (2013) Effect of mepivacaine in an infraorbital nerve 
block on minimum alveolar concentration of isoflurane in clinically normal anes-
thetized dogs undergoing a modified form of dental dolorimetry. Journal of the 
American Veterinary Medical Association, 242, 199–204.

Snyder, C.J., Soukup, J.W., Drees, R. & Tabone, T.J. (2016) Caudal mandibular bone 
height and buccal cortical bone thickness measured by computed tomography 
in healthy dogs. Veterinary Surgery, 45, 21–29.

Snyder, D.E. (1976) The cracked-tooth syndrome and fractured posterior cusp. Oral 
Surgery Oral Medicine and Oral Pathology, 41, 698–704.

Snyder, L.A. & Michael, H. (2011) Alveolar rhabdomyosarcoma in a juvenile labra-
dor retriever: case report and literature review. Journal of the American Animal 
Hospital Association, 47, 443–446. Available from: https://​doi.​org/​10.​5326/​
JAAHA​-​MS-​5693

Snyder, L.B., Snyder, C.J. & Hetzel, S. (2016) Effects of buprenorphine added to 
bupivacaine infraorbital nerve blocks on isoflurane minimum alveolar concen-
tration using a model for acute dental/oral surgical pain in dogs. Journal of 
Veterinary Dentistry, 33, 90–96.

Socransky, S.S. & Haffajee, A.D. (2002) Dental biofilms: difficult therapeutic tar-
gets. Periodontology, 28, 12–55.

Soltero-Rivera, M., Engiles, J.B., Reiter, A.M., Reetz, J., Lewis, J.R. & Sánchez, M.D. 
(2015) Benign and malignant proliferative fibro-osseous and osseous lesions 
of the oral cavity of dogs. Veterinary Pathology, 52, 894–902. Available from: 
https://​doi.​org/​10.​1177/​03009​85815​583096

Soltero-Rivera, M., Goldsmith, S. & Arzi, B. (2023) Feline chronic gingivostoma-
titis current concepts in clinical management. Journal of Feline Medicine and 
Surgery, 25, 1–16.

Soltero-Rivera, M., Quinones, M.P.D.T., Arzi, B. & Vapniarsky, N. (2023) Importance 
of early diagnosis, multimodal treatment, and a multidisciplinary approach for 
oral eosinophilic lesions in cats: a retrospective study of 38 cases (1997-2022). 

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1177/1098612X15623319
https://doi.org/10.1016/j.ijpp.2023.09.007
https://doi.org/10.1016/j.ijpp.2023.09.007
https://doi.org/10.2460/javma.2001.218.1783
https://doi.org/10.3390/vetsci9100558
https://doi.org/10.3390/vetsci9100558
https://doi.org/10.1111/vco.12827
https://doi.org/10.5326/JAAHA-MS-5693
https://doi.org/10.5326/JAAHA-MS-5693
https://doi.org/10.1177/0300985815583096


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

127 

Journal of the American Veterinary Medical Association, 261, S70–S78. Available 
from: https://​doi.​org/​10.​2460/​javma.​23.​06.​0312

Soltero-Rivera, M., Shaw, C., Arzi, B., Lommer, M. & Weimer, B.C. (2024) Feline 
chronic gingivostomatitis diagnosis and treatment through transcriptomic 
insights. Pathogens 2024, 13, 192. Available from: https://​doi.​org/​10.​3390/​
patho​gens1​3030192

Soltero-Rivera, M., Vapniarsky, N., Rivas, I.L. & Arzi, B. (2023) Clinical, radiographic 
and histopathologic features of early-onset gingivitis and periodontitis in cats 
(1997-2022). Journal of Feline Medicine and Surgery, 25, 1098612X221148577. 
Available from: https://​doi.​org/​10.​1177/​10986​12X22​1148577

Soo, S.Y., Ang, W.S., Chong, C.H., Tew, I.M. & Yahya, N.A. (2023) Occupational ergo-
nomics and related musculoskeletal disorders among dentists: a systematic 
review. Work, 74, 469–476.

Soukup, J.W., Drees, R., Koenig, L.J., Snyder, C.J., Hetzel, S., Miles, C.R. et al. (2015) 
Comparison of the diagnostic image quality of the canine maxillary dentoalveolar 
structures obtained by cone beam computed tomography and 64-multidetector 
row computed tomography. Journal of Veterinary Dentistry, 32, 80–86.

Soukup, J.W., Hetzel, S. & Paul, A. (2015) Classification and epidemiology of trau-
matic dentoalveolar injuries in dogs and cats: 959 injuries in 660 patient visits 
(2004-2012). Journal of Veterinary Dentistry, 32, 6–14.

Soukup, J.W., Mulherin, B.L. & Snyder, C.J. (2013) Prevalence and nature of den-
toalveolar injuries among patients with maxillofacial fractures. Journal of Small 
Animal Practice, 54, 9–14.

Soukup, J.W. & Snyder, C.J. (2014) Traumatic dentoalveolar and maxillofacial inju-
ries in cats: overview of diagnosis and management. Journal of Feline Medicine 
and Surgery, 16, 915–927.

Soukup, J.W., Snyder, C.J., Simmons, B.T., Pinkerton, M.E. & Chun, R. (2013) 
Clinical, histologic, and computed tomographic features of oral papillary squa-
mous cell carcinoma in dogs: 9 cases (2008-2011). Journal of Veterinary 
Dentistry, 30: 18–24.

Spodnick, G.J. (1992) Replantation of a maxillary canine after traumatic avulsion 
in a dog. Journal of Veterinary Dentistry, 9, 4–7.

Stanley, M.A., Moore, R.A., Nicholls, P.K., Santos, E.B., Thomsen, L., Parry, N. et al. 
(2001) Intra-epithelial vaccination with COPV L1 DNA by particle-mediated DNA 
delivery protects against mucosal challenge with infectious COPV in beagle 
dogs. Vaccine, 19, 2783–2792. Available from: https://​doi.​org/​10.​1016/​
s0264​-​410x(00)​00533​-​8

Startup, S. (2013) Rotated/crowded/supernumerary teeth. In: Niemiec, B.A. (Ed.) 
Veterinary orthodontics. San Diego, CA: Practical Veterinary Publishing, pp. 
66–72.

Staszyk, C., Bienert, A., Kreutzer, R., Wohlsein, P. & Simhofer, H. (2008) Equine 
odontoclastic tooth resorption and hypercementosis. Veterinary Journal, 178, 
372–379. Available from: https://​doi.​org/​10.​1016/j.​tvjl.​2008.​09.​017

Stathopoulou, T.R., Kouki, M., Pypendop, B.H., Johnston, A., Papadimitriou, S. & 
Pelligand, L. (2018) Evaluation of analgesic effect and absorption of buprenor-
phine after buccal administration in cats with oral disease. Journal of Feline 
Medicine and Surgery, 20, 704–710.

Steagall, P.V., Aucoin, M., Monteiro, B.P., Moreau, M., Simon, B.T. & Burns, P.M. 
(2015) Clinical effects of a constant rate infusion of remifentanil, alone or in 
combination with ketamine, in cats anesthetized with isoflurane. Journal of 
American Veterinary Medical Association, 246, 976–981.

Steagall, P.V., Benito, J., Monteiro, B.P., Doodnaught, G.M., Beauchamp, G. & 
Evangelista, M.C. (2018) Analgesic effects of gabapentin and buprenorphine in 
cats undergoing ovario-hysterectomy using two pain-scoring systems: a random-
ized clinical trial. Journal of Feline Medicine and Surgery, 20, 741–748.

Steagall, P.V., Luna, S.P., Monteiro, B.P. & Burns, P. (2017) Development of a video-
based teaching tool on local anesthetic techniques in small animals. Canadian 
Veterinary Journal, 58, 1213–1214.

Steagall, P.V., Monteiro, B.P., Marangoni, S., Moussa, M. & Sautié, M. (2023) Fully 
automated deep learning models with smartphone applicability for prediction of 
pain using the feline grimace scale. Scientific Reports, 13, 21584.

Steagall, P.V. & Monteiro-Steagall, B.P. (2019) Acute pain assessment in cats: 
recent advances in clinical assessment. Journal of Feline Medicine and Surgery, 
21, 25–34.

Steagall, P.V., Monteiro-Steagall, B.P. & Taylor, P.M. (2014) A review of the studies using 
buprenorphine in cats. Journal of Veterinary Internal Medicine, 28, 762–770.

Steenkamp, G. & Gorrel, C. (1999) Oral and dental conditions in adult African 
wild dog skulls: a preliminary report. Journal of Veterinary Dentistry, 16, 65–68.

Stella, J.L., Bauer, A.E. & Croney, C.C. (2018) A cross-sectional study to estimate 
prevalence of periodontal disease in a population of dogs (Canis familiaris) in 
commercial breeding facilities in Indiana and Illinois. PLoS One, 13, e0191395.

Stepaniuk, K. (2019) Chapter 5. Periodontology. In: Lobprise, H.B. & Dodd, J.R. 
(Eds.) Wigg’s Veterinary Dentistry Principles and Practice, second edition. 
Hoboken, NJ: Willey Blackwell, pp. 81–108.

Stepaniuk, K. & Brock, N. (2008) Hypothermia and thermoregulation during anaes-
thesia for the dental and oral surgery patient. Journal of Veterinary Dentistry, 
25, 279–283.

Stepaniuk, K. & Hinrichs, J.E. (2013) The structure and function of the periodon-
tium. In: Niemiec, B.A. (Ed.) Veterinary periodontology. Ames, IA: Wiley-Blackwell, 
pp. 3–17.

Stepanuik, K. (2019) Periodontology. In: Lobprise, H.B. & Dodd, J.D. (Eds.) 
Veterinary dentistry, principals and practice, 2nd edition. Philadelphia, PA: 
Lippincott–Raven, pp 82–108.

Stiles, J., Weil, A.B., Packer, R.A. & Lantz, G.C. (2012) Post-anesthetic cortical 
blindness in cats: twenty cases. Veterinary Journal, 193, 367–373.

Stockard, C.R. & Johnson, A.L. (1941) The genetic and endocrine basis for differ-
ences in form and behavior. In: Stockard, C.R. (Ed.) The American anatomical 
memoirs, number 19. Philadelphia, PA: Wistar Institute of Anatomy and Biology.

Stookey, G.K. (2009) Soft rawhide reduces calculus formation in dogs. Journal of 
Veterinary Dentistry, 26, 82–85.

Stookey, G.K., Warrick, J.M. & Miller, L.L. (1995) Effect of sodium hexametaphos-
phate on dental calculus formation in dogs. American Journal of Veterinary 
Research, 56, 913–918.

Stookey, G.K., Warrick, J.M., Miller, L.L. & Katz, B.P. (1996) Hexametaphosphate-
coated snack biscuits significantly reduce calculus formation in dogs. Journal of 
Veterinary Dentistry, 13, 27–30.

Storli, S.H. (2013) Class II malocclusions. In: Niemiec, B.A. (Ed.) Veterinary ortho-
dontics. San Diego, CA: Practical Veterinary Publishing, pp. 99–109.

Strøm, P.C., Arzi, B., Lommer, M.J., Kuntsi, H., Scanlan, A.J., Kass, P.H. et al. (2018) 
Radiographic outcome of root canal treatment of canine teeth in cats: 32 cases 
(1998-2016). Journal of the American Veterinary Medical Association, 252, 
572–580.

Sunitha, V.R., Emmadi, P., Namasivayam, A., Thyegarajan, R. & Rajaraman, V. (2008) 
The periodontal – endodontic continuum: a review. Journal of Conservative 
Dentistry, 11, 54–62.

Svärd, J. & Enlund, K.B. (2023) Adherence to dental home care in dogs with peri-
odontitis: a post-treatment survey. Acta Veterinaria Scandinavica, 65, 59.

Swaim, S.F. (2012) Facial soft tissue injuries. In: Verstraete, F.J.M. & Lomer, M.J. 
(Eds.) Oral and maxillofacial surgery in dogs and cats. St. Louis, MO: Saunders 
Elsvier, pp. 243–257.

Szymańska, J. (2007) Dental bioaerosol as an occupational hazard in a dentist’s 
workplace. Annals of Agricultural and Environmental Medicine, 14, 203–207.

Taboada, J. & Meyer, D.J. (1989) Cholestasis in associated with extrahepatic bac-
terial infection in five dogs. Journal of Veterinary Internal Medicine, 3, 216–220.

Takai, T. (2005) Fc receptors and their role in immune regulation and autoimmunity. 
Journal of Clinical Immunology, 25, 1–18.

Takas, V.J. (1995) Root coverage techniques: a review. Journal of the Western 
Society of Periodontology and Periodontal Abstracts, 43, 5–14.

Talamini, R., Vaccarella, S., Barbone, F., Tavani, A., La Vecchia, C., Herrero, R. et al. 
(2000) Oral hygiene, dentition, sexual habits and risk of oral cancer. British 
Journal of Cancer, 83, 1238–1242.

Taney, K.G. & Smith, M.M. (2006) Surgical extraction of impacted teeth in a dog. 
Journal of Veterinary Dentistry, 23, 168–177.

Taney, K.G. & Smith, M.M. (2010) Problems with muscles, bones, and joints. In: 
Niemiec, B.A. (Ed.) Small animal dental, oral, and maxillofacial disease, a color 
handbook. London: Manson, pp. 199–204.

Taylor, L., Liu, L. & Goldschmidt, S. (2023) Success of orthodontic treatment of 
linguoverted mandibular canine teeth using a direct inclined plane appliance. 
Frontiers in Veterinary Science, 10, 1224391. Available from: https://​doi.​org/​
10.​3389/​fvets.​2023.​1224391

Taylor, S., Gruen, M., Kukanich, K., Lascelles, B.D., Monteiro, B.P., Sampietro, L.R. 
et al. (2024) ISFM and AAFP consensus guidelines on the long-term use of NSAIDs 
in cats. Journal of Feline Medicine and Surgery, 26, 1098612X241241951.

Taylor, T.N., Smith, M.M. & Snyder, L. (2004) Nasal displacement of a tooth root in 
a dog. Journal of Veterinary Dentistry, 21, 222–225.

Tellado, M.N., Maglietti, F.H., Michinski, S.D., Marshall, G.R. & Signori, E. (2020) 
Electrochemotherapy in treatment of canine oral malignant melanoma and fac-
tors influencing treatment outcome. Radiology and Oncology, 54, 68–78.

Tenorio, A.P., Franti, C.E., Madewell, B.R. & Pedersen, N.C. (1991) Chronic oral 
infections of cats and their relationship to persistent oral carriage of feline 
calici-immunodeficiency, or leukemia viruses. Veterinary Immunology and 
Immunopathology, 29, 1–14.

Tepe, J.H., Leonard, G.J., Singer, R., Gray, J.A., Gibberman, B.P. & Mulvihill, J.E. 
(1983) The long-term effect of chlorhexidine on plaque, gingivitis, sulcus depth, 
gingival recession, and loss of attachment in beagle dogs. Journal of Periodontal 
Research, 18, 452–458.

Terpak, C.H. & Verstraete, F.J.M. (2012) Instrumentation, patient positioning, and 
aseptic technique. In: Verstraete, F.J.M. & Lomer, M.J. (Eds.) Oral and maxil-
lofacial surgery in dogs and cats. St. Louis, MO: Saunders Elsvier, pp. 55–68.

Tetradis, S., Carranza, F.A., Fazio, R.C. & Takei, H.H. (2006) Radiographic aids in 
the diagnosis of periodontal disease. In: Carranza, F.A., Numan, M.G., Takai, 
H.H. & Klokkevold, P.R. (Eds.) Carranza’s clinical periodontology. St. Louis, MO: 
WB Saunders, pp. 561–578.

Teughels, W., Godts, C., Quirynen, M. & Jakubovics, N. (2015) Biofilm and periodon-
tal microbiology. In: Newman, M.G., Takei, H.H., Klokkevold, P.R. & Carranza, F.A. 
(Eds.) Carranza’s clinical periodontology, 12th edition. St. Louis, MO: Elsevier, 
pp. 132–169.

Thaiwong, T., Sledge, D.G., Collins-Webb, A. & Kiupel, M. (2018) 
Immunohistochemical characterization of canine oral papillary squamous cell 
carcinoma. Veterinary Pathology, 55, 224–232. Available from: https://​doi.​org/​
10.​1177/​03009​85817​741732

Thatcher, G. (2013) Mesiocclused maxillary canines (lance effect teeth). In: 
Niemiec, B.A. (Ed.) Veterinary orthodontics. San Diego, CA: Practical Veterinary 
Publishing, pp. 73–80.

Theuns, P. (2011) Endodontic anatomy. In: Niemiec, B.A. (Ed.) Veterinary endodon-
tics. Tustin, CA: Practical Veterinary Publishing, pp. 5–15.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.2460/javma.23.06.0312
https://doi.org/10.3390/pathogens13030192
https://doi.org/10.3390/pathogens13030192
https://doi.org/10.1177/1098612X221148577
https://doi.org/10.1016/s0264-410x(00)00533-8
https://doi.org/10.1016/s0264-410x(00)00533-8
https://doi.org/10.1016/j.tvjl.2008.09.017
https://doi.org/10.3389/fvets.2023.1224391
https://doi.org/10.3389/fvets.2023.1224391
https://doi.org/10.1177/0300985817741732
https://doi.org/10.1177/0300985817741732


B. Niemiec et al.

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

128

Theuns, P. (2013) Furcation involvement and treatment. In: Niemiec, B.A. (Ed.) 
Veterinary periodontology. Ames, IA: Wiley-Blackwell, pp. 289–295.

Theuns, P. & Niemiec, B.A. (2011) Bonded sealants for uncomplicated crown frac-
tures. Journal of Veternary Dentistry, 28, 130–132.

Theuns, P. & Niemiec, B.A. (2012) Periodontal hand instruments. Journal of 
Veterinary Dentistry, 29, 130–133.

Thoden van Velzen, S.K., Abraham-Inpijin, L. & Modrer, W.R. (1984) Plaque and 
systemic disease: a reappraisal of the focal infection concept. Journal of Clinical 
Periodontology, 11, 209–220.

Thorne, S., Johnston, N. & Adams, V.J. (2020) Successful use of MTA Fillapex 
as a sealant for feline root canal therapy of 50 canines in 37 cats. Journal 
of Veterinary Dentistry, 37, 77–87. Available from: https://​doi.​org/​10.​1177/​
08987​56420​948140

Thrall, D.E. (1984) Orthovoltage radiotherapy of acanthomatous epulides in 39 
dogs. Journal of the American Veterinary Medical Association, 184, 826–829.

Tiret, L., Desmonts, J.M., Hatton, F. & Vourc’h, G. (1986) Complications associ-
ated with anaesthesia – a prospective survey in France. Canadian Anaesthetists’ 
Society Journal, 33, 336–344.

Tirgar, A., Javanshir, K., Talebian, A., Amini, F. & Parhiz, A. (2015) Musculoskeletal 
disorders among a group of Iranian general dental practitioners. Journal of Back 
and Musculoskeletal Rehabilitation, 28, 755–759.

Tjepkema, J., Bell, C.M. & Soukup, J.W. (2020) Presentation, diagnostic imag-
ing, and clinical outcome of conventional ameloblastoma in dogs. Journal of 
Veterinary Dentistry, 37, 6–13.

Torossian, A. (2008) Thermal management during anaesthesia and thermoregula-
tion standards for the prevention of inadvertent perioperative hypothermia. Best 
Practice & Research. Clinical Anaesthesiology, 22, 659–668.

Trevejo, R.T., Lefebvre, S.L., Yang, M., Rhoads, C., Goldstein, G. & Lund, E.M. 
(2018) Survival analysis to evaluate associations between periodontal disease 
and the risk of development of chronic azotemic kidney disease in cats evalu-
ated at primary care veterinary hospitals. Journal of American Veterinary Medical 
Association, 252, 710–720.

Tromp, J.A., Jansen, J. & Pilot, T. (1986) Gingival health and frequency of 
tooth brushing in the beagle dog model: clinical findings. Journal of Clinical 
Periodontology, 13, 164–168.

Tromp, J.A., van Rijn, L.J. & Jansen, J. (1986) Experimental gingivitis and frequency 
of tooth brushing in the beagle dog model: clinical findings. Journal of Clinical 
Periodontology, 13, 190–194.

Trosko, J.E. (2001) Commentary: is the concept of “tumor promotion” a useful 
paradigm? Molecular Carcinogenesis, 30, 131–137.

Trowbridge, H.O., Syngcuk, K. & Hideaki, S. (2002) Structure and functions of the 
dentin-pulp complex. In: Cohen, S. & Burns, R.C. (Eds.) Pathways of the pulp, 
8th edition. St Louis, MO: Mosby, pp. 411–456.

Tsugawa, A.J. & Verstraete, F.J.M. (2012) Maxillofacial fracture repair using  
external skeletal fixation. In: Verstraete, F.J.M. & Lomer, M.J. (Eds.) Oral and 
maxillofacial surgery in dogs and cats. St. Louis, MO: Saunders Elsvier, pp. 
309–319.

Tundo, I., Southerden, P., Perry, A. & Haydock, R.M. (2019) Location and distribution 
of craniomaxillofacial fractures in 45 cats presented for the treatment of head 
trauma. Journal of Feline Medicine and Surgery, 21, 322–328.

Turek, M., LaDue, T., Looper, J., Nagata, K., Shiomitsu, K., Keyerleber, M. et al. 
(2020) Multimodality treatment including ONCEPT for canine oral melanoma: 
a retrospective analysis of 131 dogs. Veterinary Radiology & Ultrasound, 61, 
471–480. Available from: https://​doi.​org/​10.​1111/​vru.​12860​

Tutt, C. (2006a) Clinical examination. In: Tutt, C. (Ed.) Small animal dentistry: a 
manual of techniques. Oxford: Blackwell Publishing, Philadelphia, pp. 33–58.

Tutt, C. (2006b) Suture material. In: Tutt, C. (Ed.) Small animal dentistry: a manual 
of techniques. Oxford: Blackwell Publishing, pp. 197–202.

Ulbricht, R.D., Manfra Marretta, S. & Klippert, L.S. (2004) Mandibular canine tooth 
luxation injury in a dog. Journal of Veterinary Dentistry, 2, 77–83.

Ulbricht, R.D., Marretta, S.M. & Klippert, L.S. (2003) Surgical extraction of a frac-
tured, nonvital deciduous tooth in a tiger. Journal of Veterinary Dentistry, 20, 
209–212.

van der Steen, F. & Zandvliet, M. (2021) Treatment of canine oral papillary squa-
mous cell carcinoma using definitive-intent radiation as a monotherapy – a case 
series. Veterinary and Comparative Oncology, 19, 152–159.

Vapniarsky, N., Simpson, D.L., Arzi, B., Taechangam, N., Walker, N.J., Garrity, C. 
et al. (2020) Histological, immunological and genetic analysis of FCGS. Frontiers 
in Veterinary Science, 7, 310.

Varughese, V., Mahendra, J., Thomas, A.R. & Ambalavanan, N. (2015) Resection 
and regeneration – a novel approach in treating a perio-endo lesion. Journal of 
Clinical Diagnostic Research, 9, ZD08–ZD10.

Vedrine, B. (2023) Multilobular osteochondrosarcoma of the vertical ramus of the 
mandible in a cat. Topics in Companion Animal Medicine, 53, 100776. Available 
from: https://​doi.​org/​10.​1016/j.​tcam.​2023.​100776

Vérez-Fraguela, J.L., Vives Vallés, M.A. & Ezquerra Calvo, L.J. (2000) Effects of 
ultrasonic dental scaling on pulp vitality in dogs: an experimental study. Journal 
of Veterinary Dentistry, 17, 75–79.

Verhaert, L. (1999) A removable orthodontic device for the treatment of lingually 
displaced mandibular canine teeth in young dogs. Journal of Veterinary Dentistry, 
16, 69–75.

Verhaert, L. & Van Wetter, C. (2004) Survey of oral diseases in cats in Flanders. 
Vlaams Diergeneeskundig Tijdschrift, 73, 331–341.

Verstraete, F.J. (1999) Self assesment colour review of veterinary dentistry. 
London: Manson Publishing, p. 194.

Verstraete, F.J., Ligthelm, A.J. & Weber, A. (1992) The histological nature of epuli-
des in dogs. Journal of Comparitive Pathology, 106, 169–182.

Verstraete, F.J.M., Kaas, P.H. & Terpak, C.H. (1998) Diagnostic value of full mouth 
radiography in dogs. American Journal of Veterinary Research, 59, 686–691.

Verstraete, F.J.M., Kass, P.H. & Terpak, C.H. (1998) Diagnostic value of full-mouth 
radiography in cats. American Journal of Veterinary Research, 59, 692–695.

Verstraete, F.J.M. & Terpak, C.H. (1997) Anatomical variations in the dentition of 
the domestic cat. Journal of Veterinary Dentistry, 14, 137–140.

Verstraete, F.J.M., van Aarde, R.J., Nieuwoudt, B.A., Mauer, E. & Kass, P.H. (1996a) 
The dental pathology of feral cats on Marion Island part 1: congenital devel-
opmental and traumatic abnormalities. Journal of Comparative Pathology, 115, 
265–282.

Verstraete, F.J.M., van Aarde, R.J., Nieuwoudt, B.A., Mauer, E. & Kass, P.H. (1996b) 
The dental pathology of feral cats on Marion Island; part II: periodontitis, exter-
nal odontoclastic resorption lesions and mandibular thickening. Journal of 
Comparative Pathology, 115, 283–297.

Viscasillas, J., Seymour, C.J. & Brodbelt, D.C. (2013) A cadaver study compar-
ing two approaches for performing maxillary nerve block in dogs. Veterinary 
Anaesthesia and Analgesia, 40, 212–219.

Volker, M.K. & Luskin, I.R. (2014) Oral osteoma in 6 dogs. Journal of Veterinary 
Dentistry, 31, 88–91. Available from: https://​doi.​org/​10.​1177/​08987​56414​
03100204

Vrieling, H.E., Theyse, L.F., van Winkelhoff, A.J., Dijkshoorn, N.A., Logan, E.I. & 
Picavet, P. (2005) Effectiveness of feeding large kibbles with mechanical clean-
ing properties in cats with gingivitis. Tijdschrift voor Diergeneeskunde, 130, 
136–140.

Wallis, C., Gill, Y., Colyer, A., Davis, I., Allsopp, J., Komarov, G. et  al. (2016) 
Quantification of canine dental plaque using quantitative light-induced fluores-
cence. Journal of Veterinary Dentistry, 33, 26–38.

Wallis, C., Ivanova, A. & Holcombe, L.J. (2024) Persistent deciduous teeth: asso-
ciation of prevalence with breed, breed size and body weight in pure-bred client 
owned dogs in the United States. Research in Veterinary Science, 169, 105161. 
Available from: https://​doi.​org/​10.​1016/j.​rvsc.​224.​105161

Wallis, C., Milella, L., Colyer, A., O’Flynn, C., Harris, S. & Holcombe, L.J. (2021) 
Subgingival microbiota of dogs with healthy gingiva or early periodontal disease 
from different geographical locations. BMC Veterinary Research, 17, 7.

Wallis, C., Patel, K.V., Marshall, M., Staunton, R., Milella, L., Harris, S. et al. (2018) 
A longitudinal assessment of periodontal health status in 53 Labrador retriev-
ers. Journal of Small Animal Practice, 59, 560–569.

Wallis, C., Pesci, I., Colyer, A., Milella, L., Southerden, P., Holcombe, L.J. et  al. 
(2019) A longitudinal assessment of periodontal disease in Yorkshire terriers. 
BMC Veterinary Research, 15, 207.

Wallis, C., Saito, E.K., Salt, C., Holcombe, L.J. & Desforges, N.G. (2021) Association 
of periodontal disease with breed size, breed, weight, and age in pure-bred 
client-owned dogs in the United States. Veterinary Journal, 275, 105717.

Wallis, C., Solmi, F., Pesci, I., Desforges, N. & Holcombe, L.J. (2023) Development 
of Yorkshire terrier dentition. Veterinary Sciences, 10, 406.

Watanabe, R., Doodnaught, G., Proulx, C., Auger, J.P., Monteiro, B., Dumais, Y. et al. 
(2019) A multidisciplinary study of pain in cats undergoing dental extractions: 
a prospective, blinded, clinical trial. PLoS One, 14, e0213195. Available from: 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0213195

Watanabe, R., Doodnaught, G.M., Evangelista, M.C., Monteiro, B.P., Ruel, H.L.M. 
& Steagall, P.V. (2020) Inter-rater reliability of the feline grimace scale in cats 
undergoing dental extractions. Frontiers in Veterinary Science, 7, 302. Available 
from: https://​doi.​org/​10.​3389/​fvets.​2020.​00302​

Watson, A.D. (1994) Diet and periodontal disease in dogs and cats. Australian 
Veterinary Journal, 71, 313–318.

Wen, B.W., Tsai, C.S., Lin, C.L., Chang, Y.J., Lee, C.F., Hsu, C.H. et al. (2014) Cancer 
risk among gingivitis and periodontitis patients: a nationwide cohort study. QJM, 
107, 283–290.

Westfelt, E., Rylander, H., Dahlen, G. & Lindhe, J. (1998) The effect of supragingival 
plaque control on the progression of advanced periodontal disease. Journal of 
Clinical Periodontology, 25, 536–541.

Wetering, A.V. (2011) Dental and oral cavity. In: Peterson, M.E. & Kutzler, M.A. 
(Eds.) Small animal pediatrics. St. Louis, MO: Elsevier, pp. 340–348.

White, D., Cox, E., Suszcynskymeister, E. & Baig, A.A. (2002) In vitro studies of 
the anticalculus efficacy of a sodium hexametaphosphate whitening dentifrice. 
Journal of Clinical Dentistry, 13, 33–37.

Wiggs, R.B. & Lobprise, H.B. (1997a) Periodontology. In: Veterinary dentistry, prin-
ciples and practice. Philadelphia, PA: Lippincott–Raven.

Wiggs, R.B. & Lobprise, H.B. (1997b) Oral surgery. In: Wiggs, R.B. & Lobprise, H.B. 
(Eds.) Veterinary dentistry: principles and practice. Philadelphia, PA: Lippincott–
Raven, pp. 232–258.

Wiggs, R.B. & Lobprise, H.B. (1997c) Clinical oral pathology. In: Wiggs, R.B. & 
Lobprise, H.B. (Eds.) Veterinary dentistry principles & practice. Philadelphia, PA: 
Lippincott-Raven, pp. 104–139.

Willcox, J.L., Spriet, M., Zwingenberger, A.L., Phillips, K.L., Burton, J.H., Skorupski, 
K.A. et al. (2021) Evaluation of accuracy for 18F-FDG positron emission tomogra-
phy and computed tomography for detection of lymph node metastasis in canine 
oral malignant melanoma. Veterinary and Comparative Oncology, 19, 463–472. 
Available from: https://​doi.​org/​10.​1111/​vco.​12651​

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1177/0898756420948140
https://doi.org/10.1177/0898756420948140
https://doi.org/10.1111/vru.12860
https://doi.org/10.1016/j.tcam.2023.100776
https://doi.org/10.1177/089875641403100204
https://doi.org/10.1177/089875641403100204
https://doi.org/10.1016/j.rvsc.224.105161
https://doi.org/10.1371/journal.pone.0213195
https://doi.org/10.3389/fvets.2020.00302
https://doi.org/10.1111/vco.12651


WSAVA global dental guidelines

Journal of Small Animal Practice  •   Vol 0  •  ####  •  © 2026 World Small Animal Veterinary Association. Journal of Small Animal Practice  
© 2026 British Small Animal Veterinary Association.

129 

Williams, L.E. & Packer, R.A. (2003) Association between lymph node size and 
metastasis in dogs with oral malignant melanoma: 100 cases (1987-2001). 
Journal of the American Veterinary Medical Association, 222, 1234–1236. 
Available from: https://​doi.​org/​10.​2460/​javma.​2003.​222.​1234

Winer, J.N., Arzi, B. & Verstraete, F.J. (2016) Therapeutic management of feline 
chronic gingivostomatitis: a systematic review of the literature. Frontiers in 
Veterinary Science, 3, 54.

Winer, J.N., Verstraete, F.J.M., Cissell, D.D., Le, C., Vapniarsky, N., Good, K.L. et al. 
(2018) Clinical features and computed tomography findings are utilized to char-
acterize retrobulbar disease in dogs. Frontiers of Veterinary Science, 5, 186.

Wirthlin, M.R., Marshall, G.W., Jr. & Rowland, R.W. (2003) Formation and decon-
tamination of biofilms in dental unit waterlines. Journal of Periodontology, 74, 
1595–1609.

Wolf, H.F., Rateitschak, E.M., Rateitschak, K.H. & Hassell, T.M. (2005) Structural 
biology. In: Rateitshak, K.H. & Wolf, H.F. (Eds.) Color atlas of dental medicine: 
periodontology, 3rd edition. Stuttgart: Thieme, pp. 7–20.

Wolfs, E., Arzi, B., Guerrero Cota, J., Kass, P.H. & Verstraete, F.J.M. (2022) 
Craniomaxillofacial trauma in immature dogs – etiology, treatments and out-
comes. Frontiers in Veterinary Science, 9, 932587. Available from: https://​doi.​
org/​10.​3389/​fvets.​2022.​932587

Wolinsky, L.E., CuoMissouri, J., Quesada, K., Bato, T. & Camargo, P.M. (2000) A 
comparative pilot study of the effects of a dentifrice containing green tea biofla-
vonoids, sanguinarine, or triclosan on oral bacterial biofilm formation. Journal of 
Clinical Dentistry, 11, 53–59.

Wood, D.L., Hoag, P.M., Donnenfeld, O.W. & Rosenfeld, L.D. (1972) Alveolar crest 
reduction following full and partial thickness flaps. Journal of Periodontology, 
43, 141–144.

Woodward, T.M. (2006) Extraction of fractured tooth roots. Journal of Veterinary 
Dentistry, 23, 126–129.

Woodward, T.M. (2008a) Bonded sealants for fractured teeth. Topics for Companion 
Animal Medicine, 23, 91–96.

Woodward, T.M. (2008b) Pain management and regional anaesthesia for the den-
tal patient. Topics for Companion Animal Medicine, 23, 106–114.

Woodward, T.M. (2009) Dental radiology. Topics for Companion Animal Medicine, 
24, 20–36.

Yağci, B.B., Ural, K., Ocal, N. & Haydardedeoǧlu, A.E. (2008) Azithromycin therapy 
of papillomatosis in dogs: a prospective, randomized, double-blinded, placebo-
controlled clinical trial. Veterinary Dermatology, 19, 194–198.

Yelland, R. (2013) Class III malocclusions. In: Niemiec, B.A. (Ed.) Veterinary ortho-
dontics. San Diego, CA: Practical Veterinary Publishing, pp. 110–115.

Yildirim, T.T., Oztekin, F., Keklik, E. & Tozum, M.D. (2021) Surface roughness of 
enamel and root surface after scaling, root planning and polishing procedures: 
an in-vitro study. Journal of Oral Biology and Craniofacial Research, 11, 287–290.

Yin, S. (2009) Low stress handling, restraint and behavior modification of dogs 
& cats: techniques for developing patients who love their visits. Davis, CA: 
CattleDog Publishing.

You, I., Mahiddine, F.Y., Park, H. & Kim, M.J. (2022) Lactobacillus acidophilus novel 
strain, MJCD175, as a potential probiotic for oral health in dogs. Frontiers in 
Veterinary Science, 9, 946890.

Yun, J.H., Hwang, S.J., Kim, C.S., Cho, K.S., Chai, J.K., Kim, C.K. et al. (2005) The 
correlation between the bone probing, radiographic and histometric measure-
ments of bone level after regenerative surgery. Journal of Periodontal Research, 
40, 453–460.

Zaccone, R., Renzi, A., Chalfon, C., Lenzi, J., Bellei, E., Marconato, L. et al. (2022) 
Environmental risk factors for the development of oral squamous cell carcinoma 
in cats. Journal of Veterinary Internal Medicine, 36, 1398–1408.

Zacher, A. & Marretta, M. (2021) Decision-making and management of immature 
permanent teeth with crown fractures in small animals – a review. Journal of 
Veterinary Dentistry, 38, 81–92. Available from: https://​doi.​org/​10.​1177/​
08987​56421​1046325

Zheng, T.Z., Boyle, P., Hu, H.F., Duan, J., Jiang, P., Ma, D. et al. (1990) Dentition, 
oral hygiene, and risk of oral cancer: a case-control study in Beijing, People’s 
Republic of China. Cancer Causes and Control, 1, 235–241.

Ziemann, D., Mestrinho, L.A. & Gawor, J. (2023) Malocclusion in cats associated 
with mandibular soft tissue trauma: a retrospective case-control study. Journal 
of Feline Medicine and Surgery, 25, 1098612X231202322.

 17485827, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jsap.70057 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [03/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.2460/javma.2003.222.1234
https://doi.org/10.3389/fvets.2022.932587
https://doi.org/10.3389/fvets.2022.932587
https://doi.org/10.1177/08987564211046325
https://doi.org/10.1177/08987564211046325

	World Small Animal Veterinary Association global dental guidelines
	INTRODUCTION
	USE OF THIS DOCUMENT
	SECTION 1: ORAL ANATOMY AND COMMON PATHOLOGY
	Oral and dental anatomy and physiology
	Bones of the maxilla and mandible
	Innervation, blood supply and muscles of mastication
	Saliva
	Lymph drainage
	Oral cavity proper and dentition
	Structure of the teeth and tooth supporting apparatus
	Key points

	Conditions seen in juvenile patients
	Persistent deciduous teeth
	Supernumerary teeth
	Missing teeth
	Congenitally missing teeth
	Unerupted teeth
	Key points

	Malocclusions

	CLASS I MALOCCLUSION: NEUTROCCLUSION
	CLASS II MALOCCLUSION: MANDIBULAR DISTOCCLUSION
	CLASS III MALOCCLUSION: MANDIBULAR MESIOCCLUSION
	CLASS IV MALOCCLUSION: MAXILLOMANDIBULAR ASYMMETRY
	Options for therapy
	Key points

	Enamel hypoplasia/hypocalcification
	Key points

	Oral papillomatosis
	Canine oral papillomatosis
	Feline oral papillomatosis
	Key points

	Oral and maxillofacial trauma in juvenile patient
	Deciduous teeth injuries
	Immature permanent teeth injuries
	Dental extraction in juvenile patients
	Maxillofacial fractures and their repair
	Key points

	Oral tumours in juvenile animals
	Odontogenic tumours
	Non-odontogenic tumours
	Key points

	Conditions seen in mature patients
	Periodontal diseases
	Pathogenesis: 

	Clinical features
	Local consequences
	Systemic consequences of periodontal diseases
	Conclusion
	Key points

	Common disorders of the teeth
	Tooth wear (abrasion/attrition)
	Tooth fractures
	Diagnosis: 
	Therapy: 

	Key points

	Caries
	Tooth resorption
	Aetiology
	Classification

	Tooth resorption in cats
	Types of resorption based on radiographic appearance in cats
	Stage of resorption based on radiographic appearance in cats (Fig 85)

	Tooth resorption in dogs
	Types of resorption based on radiographic appearance in dogs

	Clinical significance
	Clinical findings
	Examination and diagnosis
	Treatment options
	Monitoring
	Extraction
	Crown amputation
	Key points

	Feline chronic gingivostomatitis (FCGS)
	Aetiology and pathogenesis
	History and clinical signs
	Diagnostic approach
	Therapeutic approach
	Surgical therapy
	Medical management
	Key points

	Maxillofacial trauma
	Soft tissue trauma
	Hard tissue trauma: 
	Maxillofacial fractures: 
	Diagnosis: 
	Therapeutic measures: 

	Tooth luxation/avulsion
	Clinical presentation: 
	Diagnosis: 

	Key points

	Oral tumours
	Staging of patients with oral tumours
	Local disease
	Regional lymph nodes
	Distant organs
	Treatment options overview
	Odontogenic tumours
	Non-odontogenic tumours

	Key points

	SECTION 2: ANIMAL WELFARE ISSUES CONCERNING DENTAL HEALTH
	Introduction
	Prevalence of dental disease
	Associations with pain and suffering
	Behaviour changes noted
	Physiological signs of stress
	Client education matters
	Welfare implications of veterinary handling techniques
	Welfare implications of anaesthesia–free dentistry
	Higher education welfare applications
	Conclusions
	Key points

	SECTION 3: ANAESTHESIA AND PAIN MANAGEMENT
	Introduction
	Position on “anaesthesia-free dentistry”
	Patient preparation and assessment
	Mouth gags in cats
	Anaesthetic management
	Limited drug availability
	Intubation
	Fluid therapy
	Monitoring
	Equipment

	Pain management
	General considerations
	Pain assessment
	Perioperative pain control (Table 5)
	Local anaesthetic techniques of the oral cavity
	Materials
	Drugs
	Mixing local anaesthetics
	Volumes
	Avoiding complications
	Inflammation and failure of local anaesthetic blocks
	Specific techniques

	Key points

	SECTION 4: ORAL EXAMINATION AND RECORDING
	Examination of conscious patient
	Oral/dental examination
	Oral Health Index (OHI)
	Occlusion

	Examination under general anaesthesia
	Examination step-by-step

	Recording
	Triadan system
	Manual scoring
	Electronic scoring

	Key points

	SECTION 5: PERIODONTAL THERAPY
	Procedure
	Step 1: Pre-surgical examination and consultation (Huffman, 2010)

	Staff and patient protection
	Step 2: Decreasing the bacterial load (see examination above)
	Step 3: Periodontal probing, oral evaluation and dental charting
	Step 4: Dental imaging
	Step 5: Supragingival cleaning

	Mechanical scalers
	Mechanical scaling
	Hand scaling
	Equipment
	Technique
	Step 6: Subgingival plaque and calculus scaling
	Step 7: Residual plaque and calculus identification
	Step 8: Polishing
	Step 9: Sulcal lavage
	Step 10: Treatment planning

	Key points
	Dental homecare
	Introduction
	Homecare discussion/instructions
	Goals of home plaque control
	Types of homecare

	Active homecare
	Tooth brushing
	Gaining client compliance
	Materials and methods for tooth brushing
	Pastes

	Brushing technique
	Additives and rinses
	Antiseptic rinses
	Barrier sealants
	Passive homecare
	Pet food regulations and the Veterinary Oral Health Council (VOHC)
	Pet food effects on oral health
	Wet, dry and homemade diets: 
	Dental diets: 
	Dental treats: 
	Risks of dental chews: 
	Water and food additives: 
	Vitamin and mineral deficiencies: 
	Natural diets and feeding raw bones: 

	Probiotics
	Other new potential therapeutic options
	Conclusions

	Key points

	SECTION 6: DENTAL RADIOLOGY
	The importance of dental radiography
	Equipment and techniques
	Parallel technique
	Bisecting angle technique
	Extraoral near-parallel technique
	Intraoral near-parallel technique
	Standard views

	Key points
	Dental radiograph interpretation
	Determining which teeth were imaged
	Normal radiographic anatomy
	Periodontal disease
	Endodontic disease
	Bony changes: 
	Tooth changes: 

	Tooth resorption (TR)
	Neoplasia
	Benign masses: 
	Locally aggressive masses: 
	Cysts: 
	Malignant neoplasia: 



	SECTION 7: DENTAL EXTRACTIONS
	Introduction
	Step 1: Obtain consent
	Step 2: Obtain preoperative dental radiographs
	Step 3: Ensure proper visibility and accessibility
	Step 4: Pain management
	Step 5: Cut the gingival attachment
	Step 6: Elevation/luxation
	Step 7: Extract the tooth
	Step 8: Smoothing the bone
	Step 9: Obtain a post-operative dental radiograph
	Step 10: Closure of the extraction site

	Extraction of multirooted teeth
	Open extractions
	Root fractures
	Deciduous tooth extractions
	Conclusion
	Key points
	Ergonomics in veterinary dentistry
	Utilisation of veterinary support staff in the care of the dental patient
	Introduction

	Veterinarian
	Credentialled veterinary nurse/technician
	Kennel assistants and other non-credentialled assistants
	Receptionist – customer care team
	The universities role in dental education
	Training in veterinary school
	Postgraduate training
	PhD training
	Residency training


	SECTION 9: NECESSARY EQUIPMENT
	Oral examination
	Assessment of the conscious patient
	Examination under general anaesthesia
	Patient safety/monitoring
	Radiology/radiography
	Phosphor plates (CR technology) (Fig 216): 
	Digital sensors (DR technology) (Fig 217): 
	Cone-beam CT: 

	Equipment to clean teeth
	Equipment for supragingival scaling
	Hand scalers: 
	Ultrasonic scalers: 
	Sonic scalers: 
	Subgingival scaling (root planing) and curettage: 

	Instrument sharpening
	Polishing
	Extractions/oral surgery
	Oral surgery kit (Fig 228)
	Extraction instrumentation: 

	Suture material

	Key points
	Author contributions
	Conflict of interest

	Data availability statement
	References


