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1. Introduction

The goal of dentistry is to preserve functional dentition
to promote the general health, longevity, and produc-
tivity of the horse; however, throughout recorded
equine dental history, exodontia has been the primary
treatment for diseased teeth. This treatment predis-
poses the equine dentition to subsequent periodontal
disease, malocclusion, and additional tooth loss.1

Restorative dentistry is the dental discipline con-
cerned with the treatment, repair, and conservation
of teeth broken down by trauma or decay. The in-
dications for restorative dentistry include dental de-
cay, resorptive lesions, crown fractures, attrition,
congenital anomalies, enamel hypoplasia, and ac-
cess closure of an endodontically treated tooth.2

Although dental caries has been recognized in
horses for over a century,3 these cavities have been
therapeutically ignored until the last decade. The
early and accurate diagnosis of a cavity can make
restorative treatment a realistic option for preserv-
ing a functional tooth. Evaluation of cavities is one
component in a complete dental examination.

2. Terminology

A cavity (CA*) is a defect in the surface of a tooth
from any cause (e.g., abrasion, caries, erosion, frac-
ture [FX], or resorption).4 Abrasion (AB) is the me-
chanical wearing of the crown by abnormal stress,5

such as cribbing or odontoplasty, which is different

from attrition (AT; the normal wear of the crown,
usually caused by mastication).5 Caries (CA) is a
transmissible infectious bacterial disease of the den-
tal hard tissues characterized by demineralization.6

Erosion is the wearing down of tooth structure,
caused by chemicals (usually dietary acids),7 and
has been suggested as an etiology for peripheral
caries of the cheek teeth.8 Resorption is the loss of
substance by a physiological or pathological pro-
cess,9 such as the programmed root resorption of a
deciduous tooth or equine odontoclastic tooth resorp-
tion and hypercementosis (EOTRH) of the incisors
and canine teeth, respectively.10

Traditionally, caries has been the catch-all term
used in the equine veterinary literature for the de-
terioration of dental tissues. However, caries is a
specific pathology that has not been definitively
shown in horses. Because multiple etiologies for
dental decay in horses have been reported or sug-
gested, the author believes that the use of the term
cavity to represent tooth deterioration of undeter-
mined pathology is more appropriate in the veteri-
nary literature.

3. Classification of Lesions

Modified G. V. Black Classification System
In 1891, G. V. Black published “Theories on Cavity
Design and Preparation.” In this text, he classified
lesions and cavities in humans based on the visible
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surface location of the lesion and the type of tooth
involved. This classification system has been
adapted for small-animal patients11 and may be ap-
plied to the equine patient.12 However, since this
classification system was developed before the ad-
vent of magnification, good illumination, and radi-
ography, the applicability of this system in both
contemporary human and veterinary dentistry is
being questioned.13,14 Practitioners should be fa-
miliar with this system, because the Modified Black
Classification System (MBCS) is currently the most
widely used classification system in dental litera-
ture (Table 1).

Modified Honma Classification System
Because the MBCS is often confusing, the Modified
Honma Classification System (MHCS) is preferred
by many veterinarians because of its simplicity.
Dacre15 proposed the use of the MHCS as a classi-
fication system for “infundibular caries” in which he
described five “degrees” of “caries” (Table 2).15

However, the MHCS is appropriate for use with all
cavity pathologies. In this system, the lesion sever-
ity is classified according the dental tissues affected
by the lesion. With the MHCS, the location of the

lesion is described using anatomical terminology
(Table 3). If the cavity pathology is progressive in
nature (e.g., caries and tooth resorption), the author
believes that “stage” is more appropriate terminol-
ogy than “degree” based on the American Veterinary
Dental College (AVDC) definitions of these words
(Table 4).

The AVDC has adopted specific classification sys-
tems that are similar to the MHCS for classification
of tooth resorption lesions (Table 5) and tooth frac-
tures (Table 6).16 These classification systems may
be more appropriate for describing these lesions.

4. Materials and Methods

Instrumentation
The instrumentation for oral examination has pre-
viously been described.17 The instrumentation and
equipment required for the assessment of dental
cavities includes a sharp dental explorer, strong
light, dental mirror, and standard portable radio-
graphic equipment (Fig. 1).

Table 1. The Modified GV Black Classification System (Figs. 14–16)

Class I: A lesion that involves a pit, fissure, or
developmental groove of all teeth except the canines
(incisors, premolars, and molars). In equine dentistry, the
infundibular cavity is a very common type of Class I lesion
noted.

Class II: A lesion that affects the proximal surface of a
premolar or molar (cheek tooth).

Class III: A lesion that affects the proximal surface of an
incisor or canine.

Class IV: A lesion that affects the proximal and incisive edge
of an incisor or canine.

Class V: A lesion that affects the labial, vestibular, or lingual
surface of any tooth (incisors, canines, premolars, or
molars).

Class VI: A lesion that affects the incisive edge of any tooth
that is not included in the previous five classifications.

Table 2. The Modified Honma Classification System (as proposed
by Dacre)15

Degree 1: The caries involves only the cementum.
Class 1: Small, dark, pitting superficial spots.
Class 2: Extensive damage and loss of cementum.

Degree 2: The caries penetrates through the cementum and
into the enamel.

Degree 3: The caries penetrates through the cementum and
enamel and into the dentin.

Degree 4: The caries affects the integrity of the entire tooth
(e.g., tooth fracture or apical abscess).

Degree 5: The caries results in tooth loss.

Note that if the cavity pathology is progressive in nature (e.g.,
caries, tooth resorption), the author believes that stage is more
appropriate terminology than degree.

Table 3. Positional Terminology16

Mesial (/M)/distal (/D): Mesial and distal are terms
applicable to tooth surfaces. The mesial surface of the first
incisor is next to the median plane; on other teeth, it is
directed to the first incisor. The distal surface is opposite
from the mesial surface.

Vestibular (/V): The preferred term referring to the surface of
the tooth facing the vestibule or lips; buccal and labial are
acceptable alternatives.

Lingual (/L): The lingual surface of a mandibular or
maxillary tooth is the surface facing the tongue. Palatal
(/P) is commonly used when referring to the lingual surface
of maxillary teeth.

Proximal: The surface of a tooth facing an adjoining tooth in
the same arch/arcade. Mesial and distal surfaces are
proximal surfaces.

Interproximal (IP): Between the proximal surfaces of
adjoining teeth.

Rostral/caudal: Rostral and caudal are the positional and
directional anatomical terms applicable to the head in a
sagittal plane in non-human vertebrates. Rostral refers to
a structure closer to or in a direction to the most forward
structure of the head. Caudal refers to a structure closer to
or in a direction to the tail.

Table 4. AVDC Definitions of Stage, Grade, and Index

Stage: The assessment of the extent of pathological lesions in
the course of a disease that is likely to be progressive (e.g.,
stages of periodontal disease, staging of oral tumors, etc.).

Grade: The quantitative assessment of the degree of severity
of a disease or abnormal condition at the time of diagnosis,
irrespective of whether the disease is progressive (e.g., a
grade 2 mast-cell tumor based on mitotic figures).

Index: A quantitative expression of predefined diagnostic
criteria, whereby the presence and/or severity of
pathological conditions are recorded by assessing a
numerical value (e.g., gingival index, plaque index, etc.).
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Examination Procedure
A cavity is usually detected during dental examina-
tion by visualization and tactile exploration of the
teeth. Normal cementum and dentin are a creamy
light yellow color; however, dietary pigments will
stain these porous tissues into various shades of
brown. Normal enamel has a translucent white
color and does not absorb pigments (Fig. 2). On
visual inspection, dental decay may appear as a
discolored spot or surface cavitation. In early le-
sions, the only visible signs may be a dull appear-
ance of the dental tissue (Fig. 3); therefore, any
suspicious areas of the crown should be explored
with a dental explorer. The point of the explorer is
pulled across the surface of the tooth (Fig. 4). On
normal dental tissue, the explorer will slide across
the tissue surface and make a ringing sound.
When pulled across diseased dental tissue, the ex-
plorer will drag across or stick into the surface of the
tooth and make a dull sound. When pressed into

Fig. 2. Normal dental tissues. (A) 5-yr-old American Quarter
Horse (AQH). The points of the cheek teeth exemplify healthy
white enamel. (Green) Peripheral cementum staining varies
from creamy yellow to a medium brown, whereas the infundibu-
lar cementum staining is dark brown (blue). The secondary
dentine at the occlusal surface of the pulp horns is also stained
dark brown (red). (B) 10-yr-old Tennessee Walking Horse. Nor-
mal staining of the peripheral cementum in the developmental
grooves of the incisors varies from creamy yellow to dark brown
(blue) but has been worn off the dental prominences, exposing
enamel (green). (C) Occlusal surface of the mandibular incisors
in a 16-yr-old Arabian in which the infundibular are no longer
present. A white enamel ring (green) surrounds yellow
dentin. The central brown and yellow rings are secondary den-
tine covering the pulp canal.

Table 5. AVDC Classification of Tooth Resorption

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

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

Stage 3 (TR 3): Deep dental hard-tissue loss (cementum or
cementum and enamel with loss of dentin that extends to
the pulp cavity); most of the tooth retains its integrity.

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

TR4a: The crown and root are equally affected.
TR4b: The crown is more severely affected than the root.
TR4c: The root is more severely damaged than the crown.

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

Table 6. AVDC Classification of Tooth Fracture

For most hypsodont teeth, the following definitions of crown,
crown-root, and root apply:

Crown: Clinical crown.
Crown-root: Clinical crown and reserve crown.
Root: Reserve crown and/or root.

Enamel infraction (EI): An incomplete fracture (crack) of the
enamel without loss of tooth substance.

Enamel fracture (EF): A fracture with loss of crown
substance confined to the enamel.

Uncomplicated crown fracture (UCF): A fracture of the crown
that does not expose the pulp.

Complicated crown fracture (CCF): A fracture of the crown
that exposes the pulp.

Uncomplicated crown-root fracture (UCRF): A fracture of the
crown and root that does not expose the pulp.

Complicated crown-root fracture (CCRF): A fracture of the
crown and root that exposes the pulp.

Root fracture (RF): A fracture involving the root.

Fig. 1. Required instrumentation for cavity examination in-
cludes dental explorers and mirrors. Standard-length instru-
ments are useful for examination of the incisor and canine teeth,
whereas instruments with extended shafts facilitate examination
of cheek teeth. The magnification of the working ends of the
instruments shows the difference between a blunt periodontal
probe (top) and a sharp dental explorer (bottom).
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diseased dental tissue, the explorer must be force-
fully withdrawn (Fig. 5). As the lesion progresses,
the diseased tissue will show a brown discoloration,
which must be differentiated from normally stained
cementum or dentin. Further progression of the
lesion usually produces surface cavitation filled with
plaque, calculus (tartar), exudates, or necrotic black
debris (Fig. 6). Calculus should be scaled from the
clinical crown of the tooth (especially canine teeth)
to facilitate examination (Fig. 7).

Radiography
After a lesion has been identified during the oral
examination, radiographic evaluation is required to
accurately diagnosis the dental disease in the af-
fected tooth and surrounding oral tissue as well as
formulate a treatment plan. The depth and extent
of the lesion as well as pulp and periodontal disease
secondary to the cavity cannot be determined during
the dental examination. Early-stage cavities may
have no radiographic signs; however, as demineral-
ization advances, a radiographic lucency is seen.
Clinicians must recognize that radiographs under-
estimate the extent of the lesion, because approxi-
mately 40% of the mineral in the tooth must be lost
before a lucency in hard tissue is identifiable.18

Intraoral dental radiography techniques enhance
the practitioner’s ability to diagnose dental decay by
eliminating the superimposition of the oral and sinus
hard tissues produced by extraoral radiography tech-
niques (Fig. 8). The technique for obtaining intraoral
radiographs has been described.19,20 Multiple views
of the affected tooth are required to accurately charac-
terize the lesion, and the ipsilateral tooth should be
radiographed for comparative anatomy. Congenital

Fig. 3. This brown discolored enamel in the mandibular third
incisor (403) of a 5-yr-old Warmblood (WB) gelding is typical of
enamel hypoplasia. Note the plaque retention on the surface of
the lesion. Figure 6A shows the progression of this lesion 1 yr
later.

Fig. 4. Instrumentation of the occlusal aspect of the right man-
dibular second premolar (406) with a dental explorer.

Fig. 5. (A) The occlusal surface of the right mandibular second
premolar (406) in a 12-yr-old WB gelding is normal. (B) The
explorer has penetrated a cavity in the cemental infolding of the
left mandibular second premolar (306).

Fig. 6. (A) A cavity on the vestibular aspect of the right man-
dibular third incisor (403) in a 6-yr-old WB gelding. (B) A cavity
in the distal one-half of the left mandibular first molar (309) in a
16-yr-old TWH female. These lesions are typical of demineral-
ization caused by caries or erosion.
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and developmental disease is often bilateral, and if
radiographic findings are seen in two dental arcades,
regional or whole-mouth radiographic survey is war-
ranted, because cavity pathologies such as TR do not
present with visible crown lesions until advanced
stages.

Radiographic findings consistent with pulp or
periodontal disease would indicate root-canal ther-
apy or periodontal therapy before or in conjunction
with cavity-restoration treatment, and concurrent
dental disease often decreases the prognosis for suc-
cessful tooth preservation. Extensive tooth deteri-
oration may indicate extraction to prevent spread of
disease to the proximal oral tissues.

5. Results

The author diagnoses cavities from caries, erosion,
and tooth resorption in 14% of the primary-level
care patients presented to his practice; however, this
incidence and those reported in the literature may
be biased by the population sampled. In recent
studies, infundibular caries was reported in 8.2% of
clinically normal horses in the United Kingdom,21

peripheral caries of the cheek teeth was reported in
6.1% of Swedish horses,8 and caries of the incisors
was reported in 0.4% of Canadian horses.22

6. Discussion

Carious demineralization is caused by the acid by-
products produced during the metabolism of simple
sugars (glucose, sucrose, and fructose) by specific
bacteria (Strep. mutans and Lactobacillus) and pre-
sents on the (clinical) crown of the tooth. When the
acidity of the tooth biofilm falls below pH 5.5, demi-
neralization begins, and the rate of demineralization
is proportional to the absolute pH of the biofilm.
Diet is a major factor in cariogenic activity, with
frequent and prolonged exposure to certain carbohy-
drate being critical. The radiographic finding most
consistent with caries is a distinct radiolucent area
originating in the clinical crown of a tooth.

Pathological tooth resorption (TR) in the equine
incisors and canine teeth is being reported with

increased frequency, and in 2008, Staszyk et al.10

histologically described this syndrome as EOTRH.
TR is caused by odontoclasts, derived from hemato-
poietic stem cells in the bone marrow or spleen, that
migrate from the blood vessels in the alveolar bone
and periodontal ligament to the subgingival surface
of the tooth23 (reserve crown and root). TR is usu-
ally associated with the periodontal ligament; it is,
therefore, often first seen on oral examination at the
gingival margin and may be accompanied by focal
periodontal disease. As tooth resorption pro-
gresses, the lesion may fill with pink granulation
tissue or gingival (Fig. 9). Hypercementosis, which
is defined as cementum formation beyond physio-
logic deposition,23 is often seen in association with
TR in horses.

The radiographic findings for TR are divided into
two types.18 Teeth with TR Type I lesions have
normal reserve crown and root density in some areas
of the tooth compared with surrounding teeth, and
the root canal in the intact portion of the tooth is
usually definable. The periodontal ligament (PDL)
space around the affected tooth is well-defined, and
bone loss is usually horizontal or vertical (Fig. 10).
In teeth with TR Type II lesions, the reserve crown
and root have undergone significant replacement
resorption and have a different radiodensity com-
pared with normal teeth. Areas of the PDL space
and the root canal will be unidentifiable (dentoalve-
olar ankylois) or the reserve crown and root may be
completely indiscernible (ghost roots) (Fig. 11).
In both types of TR, characteristic areas of bulbous
hypercementosis are typically seen originating from
the reserve crown (Figs. 12 and 13). The severe
degree of hypercementosis seen in some case seems
to be unique to equids.10

The goals of restorative dentistry include return-
ing the diseased tooth to its original shape and func-

Fig. 7. The left mandibular canine tooth (304) in a 25-yr-old
Thoroughbred (TB) gelding before and after calculus scal-
ing. This MHCS Stage 4 lesion was painful when explored.

Fig. 8. Intraoral radiograph of tooth 309 in Figure 6B. This
cavity extends deep into the dentin and distal pulp horns (MHCS
Stage 4 Lesion). Secondary to the endodontic disease, the roots
of 309 have blunted, and the mesial aspect of the distal root has
an increased PDL space (Type 1 Endo-Perio Lesion). The struc-
tural integrity of this tooth is compromised; therefore, the prog-
nosis for meaningful treatment is poor.
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tion, preventing breakdown of the remaining tooth
structure, protecting the pulp from thermal, me-
chanical, and bacterial insult, and creating an aes-
thetic tooth appearance. In 2001, Klugh et al.24

proposed that the restoration of maxillary cheek-
teeth infundibular cavities with a hybrid composite
resin might maintain the strength and integrity of
compromised teeth, and in 2005, Brannan25 intro-
duced equine veterinarians to restorative materials,

listing the primary indications for restorative den-
tistry in the equine patient to be the infundibular
cavities of the maxillary cheek teeth and crown frac-
tures of the incisors.25,26 In 2008, Earley12 pre-
sented cases of both incisor and cheek-teeth cavity
restoration with clinical short-term success. Al-

Fig. 9. (A) A cavity at the gingival margin of the vestibular aspect of the left maxillary third incisors (203) in an 18-yr-old TB female.
This cavity is characteristic of tooth resorption with granulation tissue filling the cavity. (B) A cavity at the gingival margin of the
vestibular aspect of the left maxillary third incisors (203) in a 30�-yr-old AQH gelding. This cavity is characteristic of tooth
resorption with gingiva filling the cavity.

Fig. 10. TR Type 1. Intraoral radiographic study of the man-
dibular incisors of a 19-yr-old TB female presented for routine
dental examination. Examination findings for the incisors in-
cluded pink discoloration, gingival recession, and multiple pulp-
horn exposure.

Fig. 11. TR Type 2. The intraoral ventrodorsal radiograph of
the mandibular incisors and canine teeth of a 30-yr-old TB geld-
ing that presented for routine dental examination. On dental
examination, multiple incisor and canine teeth were fractured or
had cavities. Regional dental survey radiographs were taken.
This view shows teeth with TR Type 2 (red circles) as well as TR
Type 1 (blue circles) in the first incisors.
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though no long-term studies have been published to
validate restorative techniques in the equine pa-
tient, numerous anecdotal reports of short-term clin-

ical successes support continued investigation.
A description of restorative-dentistry treatments is
beyond the scope of this paper; however, the princi-
ples of treatment are listed in Table 7.

7. Conclusion

Equine dental practice has evolved significantly
over the past decade, and exodontia is no longer the
only treatment option for diseased teeth. Although
some practitioners may elect to refer restorative
treatment to another veterinarian, almost all prac-
titioners have the instrumentation required to eval-
uate dental cavities in their equine patients. As
in all dental disciplines, the recognition and early
diagnosis of cavities is essential to preserving the
function of the teeth affected by these lesions
and ensuring optimal dental health. A complete
diagnosis is prerequisite to restorative treatment
planning, case management, and accurate fee esti-
mation.

Figures 14–16 are used with permission from Ed-
ward T. Earley, DVM and the American Veterinary
Dental Society. Abbreviations in parentheses are
recognized by the AVDC or the Academy of Veteri-
nary Dentistry.

Fig. 12. MBCS Class V cavity at the gingival margin of the
vestibular aspect of the right and left maxillary third incisors
(103/203). The clinical appearance of the cavity in 103 appears
more severe than the cavity in 203.

Fig. 13. Radiographic study of the maxillary incisors in Figure
12. (A) Intraoral dorso-45° lateral-ventral oblique (bisecting an-
gle) view of the right maxillary third incisor (103). (B) Standard
intraoral dorsoventral view of the maxillary incisors. (C) In-
traoral bisecting angle view of the left maxillary third incisor
(203). The yellow arrows identify the vital pulp canals. The
green lines outline an area of hypercementosis at the alveolar
margin. The red arrow and circle identify the cavity in the tooth
103, where only the cementum is affected. The blue arrow and
circle identify the cavity in tooth 203, where the cavity penetrates
through the cementum and enamel into the dentin. The radio-
graphic findings are consistent with tooth resorption and classify
the cavity in tooth 103 as a TR1 and the cavity in tooth 203 as a
TR2. (Note that the clinical appearance of the cavity in 103 was
more severe than the cavity in 203.)

Table 7. Principles of Cavity Restoration Based on Modified Honma
Classification

1. MHC1 lesions do not warrant restoration but should be
monitored for progression of the lesion.

2. MHC2 lesions should be repaired to prevent progression of
the lesion into the vital dentin-pulp complex of the tooth.

3. MHC3 lesions will usually require either a cavity-base
application to protect the pulp, vital pulpotomy, or root-
canal therapy, depending on the severity of insult to the
dentin-pulp complex, in addition to cavity restoration.

4. MHC4 lesions will require vital pulpotomy or root-canal
therapy in addition to cavity restoration or tooth extraction,
depending on the severity of insult to the dentin-pulp
complex and periodontium.

Fig. 14. (A) An infundibular cavity is a common MBCS Class I
lesion. (B) This chip fracture involving the proximal aspect of a
mandibular cheek tooth exemplifies a MBCS Class II lesion.
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Fig. 16. (A) The MBCS Class V lesion involves the vestibular or
lingual surface of any tooth. (B) The MBCS Class VI lesion
affects the incisive edge of any tooth that is not included in the
previous five classifications.

Fig. 15. (A) A MBCS Class III lesion involves the proximal
surface of an incisor or canine. (B) The MBCS Class IV lesion
affects the proximal and incisive edge of an incisor or canine.
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