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KEY POINTS

� Computed tomography (CT) allows for exceptional spatial resolution, bony detail, and soft
tissue contrast in evaluation of the equine head.

� Dental disease and primary sinusitis are common, but challenging, diseases to discrimi-
nate in equine practice. CT has increased sensitivity and specificity compared with
radiography.

� Osseous lesions that are challenging to image with radiographs (fracture, congenital mal-
formation, and infraorbital canal) can be elucidated clearly with CT, which allows recon-
struction in multiple planes and 3-dimensional modeling.

� The improved soft tissue contrast of CT and ability to measure x-ray attenuation (Houns-
field units) can aid in differentiation of mass lesions (sinus cysts, melanomas, ethmoid he-
matomas, and other neoplasms). The administration of iodinated contrast medium can
further augment the conspicuity of soft tissue lesions.
INTRODUCTION

Diseases of the paranasal sinuses and dental arches are common in the horse and
encompass traumatic, developmental, inflammatory, infectious, and neoplastic etiol-
ogies.1 Computed tomography (CT) has revolutionized the veterinarian’s ability to im-
age the equine skull and led to improved diagnostic accuracy and clarity for surgical
planning.2–4 Because of the complex anatomy of the equine head and the inherent lim-
itations of radiography rendering a 2-dimensional image of a 3-dimensional (3-D) ob-
ject, the cross-sectional nature of CT allows the interpreter to much more confidently
place a lesion in the correct anatomic location than with radiographs.5 As with any
novel modality, however, new interpretation skills must be developed. This article re-
views the normal CT appearance of the equine skull and presents examples and key
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features of several common diseases (tooth fracture, tooth resorption, dental associ-
ated sinusitis, sinus disease, neoplasia, and fracture).

TECHNIQUE

It is important to briefly discuss the various types of CT scanners currently available for
imaging the equine head. The images provided in this article come from the authors’
institution, which has a 16-slice multidetector CT scanner. Multidetector CT of at least
16 slices allows for isotropic reconstruction, which means that multiplanar reconstruc-
tion can be performed with high fidelity in any orientation (Fig. 1). Conventional CT
scanners also generate excellent soft tissue contrast, which can be detected on visual
inspection, subjectively (gas, fat, fluid, soft tissue, mineral, and metal) or objectively
quantified using Hounsfield units (HUs) (Table 1). Iodinated contrast material can be
administered both intravenously and intra-arterially to further characterize soft tissue
lesions; however, there are limited references to dosage and technique.6–9 At the au-
thors’ institution, 500 mL of 350 mgI/mL iohexol (2 mgI/kg) is administered rapidly
intravenously via bilateral jugular catheters followed immediately by initiation of the
Fig. 1. Multiplanar reconstructions in the (A) sagittal, (B) transverse, and (C) dorsal coronal
planes. (D) Enlarged transverse image: pulp horn (1), cementum-filled infundibulum (2), pe-
ripheral cementum of the clinical crown (3), periodontal ligament space (4), and enamel (5).



Table 1
Hounsfield units of various tissue types

Tissue Hounsfield Units Tissue Hounsfield Units

Gas �1000

Fat �100 Dental pulp �1000 to 1700

Water 0 Dentin 1300–2600

Purulent material 0–40 Cementum 1500–2400

Soft tissue 30–60 Enamel 2000–3700

Hemorrhage 60–100

Melanin 100 Bone 1000

Soft tissue post–iodinated
contrast

100–300 Metal >2000
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CT scan. Contrast material accumulates in blood vessels and within tissues with
increased vascularity. As such, many neoplastic and inflammatory lesions become
hyperattenuating (whiter) to surrounding normal tissue, whereas necrotic tissue and
abscesses are hypoattenuating (darker) (Fig. 2). Currently, a majority of equine head
CT examinations are performed recumbent under general anesthesia. A few institu-
tions, however, have modified similar multidetector systems to perform standing,
sedated CT of the equine head, the details of which have been published.10 Addition-
ally, cone beam CT is being developed to image the head of standing horses, and,
although there currently are substantial disadvantages (motion artifact, scatter, and
Fig. 2. Transverse, soft tissue algorithm CT images. (A) Precontrast and (B) postcontrast
administration. (A) There is a soft tissue attenuating mass filling the left paranasal sinuses.
(B) Absent contrast enhancement centrally (star) with a thin, peripheral rim of contrast
enhancement (black arrows). Blood vessels are seen as many, round, hyperattenuating struc-
tures (white arrow).
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poor soft tissue contrast), technologic improvements likely will increase the availability
of this modality11 (Fig. 3).
DENTAL DISEASE

In cases of supernumerary teeth, complex congenital anomalies, and malocclusion,
multiplanar reconstruction and 3-D model generation can aid in surgical planning
(Fig. 4). Additionally, CT allows for better definition of the relationship between fracture
margins and alveolar bone and dental structures (Fig. 5). Although the majority of the
cases described focus on the cheek teeth, CT also can be used to evaluate the inci-
sors (Fig. 6). CT interpretation in cases of dental disease (with or without sinus dis-
ease) can be relatively straightforward (Fig. 7) or require close scrutiny (Fig. 8). The
main CT findings seen in cases of alveolitis are gas within pulp cavities (<1000
HUs), widening of pulp cavities, periapical lysis or gas, root blunting or fracture,
widened periodontal space, and tooth fracture.12,13 A nondetectable lamina denta
dura has been described as a sign of alveolitis; however, the thin nature of this struc-
ture means it not always is identified on CT and should not be used as the sole sign of
apical infection.14 The first maxillary molars (109 and 209) are the most commonly
affected teeth, followed by the adjacent premolars and molars.13,15 Infundibular gas
is seen commonly and is easy to misinterpret as pulp gas for the novice (Fig. 9).
Although infundibular gas usually is incidental, infundibular caries can lead to alveoli-
tis; however, some controversy exists around this topic.16–18 Secondary sinusitis is
common given the intimate association between the maxillary tooth roots and the
maxillary sinuses.19,20 Discriminating dental origin sinusitis and primary sinusitis can
Fig. 3. Transverse cone beam CT image. Notice the excellent bony detail, marked streaking
artifact, and lack of soft tissue contrast.



Fig. 4. Supernumerary tooth. (A) Transverse slice (bone window) centered on the supernu-
merary tooth between 109 and 110 and corresponding (B) dorsal plane. The circle denotes
the malpositioned supernumerary tooth causing focal malocclusion. (C) A 3-D rendered
model of the right maxillary arch.
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be challenging on CT, particularly when concurrent dental lesions and sinopathy exist,
which were almost a third of cases in 1 study21 (Fig. 10).

SINUS DISEASE

Sinus disease in the horse can be divided into primary-acute, primary-chronic,
dental, traumatic, sinus cyst, sinus neoplasia, mycotic, and ethmoid hematoma.21



Fig. 5. Healed, right mandibular fracture and osteomyelitis. (A) Transverse image at the
level of the interdental space revealing a large diameter draining tract (star). (B) Transverse
image at the level of 407 revealing a moderately sized periapical lucency (arrow). (C) Dorsal
plane of the healed right mandibular fracture with retained screw fragment (arrow). (D) A
3-D volume-rendered image.

Fig. 6. Equine odontoclastic tooth resorption and hypercementosis: dorsal plane images of
the mandibular incisors at differing levels. (A) Stars denote regions of moderate hyperce-
mentosis. (B) The arrow delineates a region of crown resorption.
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Fig. 7. (A) Crown-root fracture of the right maxillary second molar (110). (1) Mesial tooth
root fracture. (2) Sagittal crown fracture. Transverse, bone window. (B) Mild right rostral
maxillary sinusitis secondary to fracture of 110. The vertical line depicts the approximate
location of the transverse image in (A). Small accumulation of sinus fluid/thick mucosa (1)
in the right rostral maxillary sinus.

Fig. 8. Crown fracture of 108 with pulpitis, rostral maxillary sinusitis, and mild maxillary
osteitis. Pulp gas (arrow), fluid within the rostral maxillary sinus with overlying maxillary
osteitis (arrowheads), and crown fracture involving the pulp horn (circle).

Equine Imaging 533



Fig. 9. (A) Transverse image at the level of the right maxillary fourth premolar (108). Infun-
dibular gas (arrowhead) and normal pulp (arrow). (B) Left maxillary first molar (209) from a
different horse; pulp gas (arrow).
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Although radiography can be useful for sinus disease, CT is more sensitive and spe-
cific for localizing the paranasal sinuses affected.21,22 The defining characteristics of
sinus disease on CT include thick mucosa and fluid–to–soft tissue attenuating mate-
rial within the sinus (Fig. 11). Descriptions of primary-acute sinusitis on CT are lack-
ing in the literature, which likely is due to case selection and the efficacy of
radiographs for diagnosis. Additional CT findings can help differentiate the types
of sinus disease and are discussed later; dental origin signs were discussed
previously.
Primary-chronic sinusitis affects all paranasal sinuses, with the caudal and rostral

maxillary the most commonly affected.21 Inspissated purulent material can have
increased attenuation (see Table 1) and heterogeneous granular texture due to admix-
ture with gas (Fig. 12). This tissuemay display peripheral contrast enhancement due to
thick mucosa; however, the central material is non–contrast enhancing. The ventral
conchal sinus most commonly contains inspissated material.21 Additionally, disease
extension to the ventral and dorsal conchal bullae recently has been identified as a



Fig. 10. Transverse image at the level of the right maxillary third premolar (107) revealing
collapse and moderate thickening of the right ventral conchal bulla (arrow) secondary to
dental associated (108) sinusitis. The left ventral conchal bulla (star) and dorsal conchal bulla
(arrowhead)s are normal.

Equine Imaging 535
cause of sinusitis treatment failures.23,24 Although primary fungal sinusitis of the
conchal bullae is reported, a majority of the cases are secondary to dental disease
(see Fig. 10). Traumatic sinusitis is characterized by concurrent skull fracture
(Fig. 13). Upon evaluation of the soft tissue window, the HUs of the sinus material
may be hyperattenuating, indicating acute hemorrhage. Sinus cysts are themost com-
mon paranasal sinus mass and have characteristic CT signs.1,15,21,25 Sinus cysts are
round-to-ovoid, fluid-attenuating, non–contrast enhancing, expansile masses that
typically lead to thinning and distortion of the surrounding cortical bone. These lesions
affect all of the paranasal sinuses, including the sphenopalatine sinus, as shown in
Fig. 14. The anatomy of the sphenopalatine sinus has been reviewed.26 Sinus
neoplasia is a less common cause of equine sinonasal disease.22,27 Common CT find-
ings included erosion of the cribiform plate, invasion of the cranial cavity, and aggres-
sive osteolysis. A majority of the masses were soft tissue attenuating and
hypoattenuating to themasseter muscle; those that received intravenous contrast ma-
terial displayed moderate enhancement (approximate increased 40 HUs).22 No CT
signs to discriminate between types of neoplasia (sarcoma, carcinoma, fibroma,
and myxoma), however, were identified; biopsy is necessary for definitive diagnosis



Fig. 11. Left rostral maxillary sinusitis. Transverse (A), dorsal (B), and sagittal (C) images of
the left rostral maxillary sinus. Dependent fluid within the rostral maxillary sinus (star).
The references lines in the dorsal and sagittal reconstructed images depict the approximate
location of the transverse plane.
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(Fig. 15). Ethmoid hematomas share CT characteristics with the aforementioned
space occupying lesions of the paranasal sinuses; however, they also have criteria
that allow for prioritized diagnosis. Typically, these masses arise from the ethmoturbi-
nates and extend into the caudal maxillary sinus; however, reported cases involved all
paranasal sinus (including sphenopalatine) and nasal cavities.28 All masses were iso-
attenuating to hyperattenuating (average 101.6 HUs) compared with masseter muscle,
and many displayed a hyperdense, swirling pattern28 (Fig. 16). These masses
commonly recur and can be bilateral.



Fig. 12. The right frontal and maxillary sinus is filled with heterogeneous, partially inspis-
sated material characterized by soft tissue attenuation admixed with gas (black arrow)
and mineral (white arrow) foci.

Fig. 13. Transverse CT images in bone (A) and soft tissue (B) algorithms. Severe right skull
fractures from being kicked in the face. Hemorrhage within the right cochofrontal sinus
is visible as hyperattenuating material (star).
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Fig. 14. Sphenopalatine cyst. (A) Transverse bone window; (B) sagittal soft tissue window.
The sphenopalatine sinus contains a large (4.5-cm � 4.5-cm � 3.0 cm), fluid-attenuating
(18 HUs), non–contrast-enhancing (21 HUs) mass. The mass causes severe, asymmetric expan-
sion (right side > left side) of the sphenoidal portion of the sinus characterized by marked,
focal thinning of the rostral floor of the cranium (arrows) and effacement of the normal
topography of the right optic canal, both alar canals, and the right cavernous sinus (arrows).
Dorsally, the mass (star) bulges into the cranial cavity causing mild, right, dorsal deviation of
the rostral aspect of the cerebrum and pituitary gland (arrowhead). A thin, faintly mineral-
ized rim of tissue separates the mass and the brain tissue.

Fig. 15. (A) Precontrast and (B) CT contrast-enhanced scans of a horse with a left caudal
maxillary sinus fibroma and associated sinusitis. The (1) fibroma is mildly hyperattenuating
(average 62 HUs; range 43–82 HUs) and non–contrast enhancing (average 66 HUs; range 47–
83 HUs), indicative of hemorrhage. The mass causes moderate expansion of the caudal
maxillary sinus as well as small, multifocal regions of lysis of the left maxilla. The left rostral
maxillary sinus is moderately displaced medially and contains a (2) large accumulation of
non–contrast-enhancing fluid–to–soft tissue attenuation (average 23 HUs; range: 6–43
HUs). (3) The caudal aspect of the tongue contains a large (5.3-cm � 4.1-cm � 3.5-cm)
well-defined, precontrast hyperattenuating (average 98 HUs; range 89–126 HUs), non–
contrast-enhancing (average 92 HUs; range 67–113 HUs) mass; consistent with an incidental
melanoma. (4) A normal hyperattenuating lingual vein indicates the image is post–contrast
material administration.
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Fig. 16. Ethmoid hematoma. (A) Transverse (soft tissue window) at the rostral extent of the
ethmoidal labyrinth. (B) Dorsal plane (bone window) at the level of the ethmoidal labyrinth.
In both (A) and (B), the stars indicate the region of the ethmoidal conchae and the arrow-
head is placed over the hematoma. Note in the soft tissue window how the hematoma is
heterogeneous, characterized by regions of hyperattenuation and hypoattenuation consis-
tent with different ages of hemorrhage (hyperattenuation, more acute; hypoattenuation,
more chronic).
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CASE EXAMPLES

To highlight the clinical relevance of CT, 2 cases are presented with initial radiographs
and comparison CT scan. The first case discusses a 20-year-old Thoroughbred mare
with chronic right nasal discharge (Figs. 17 and 18). In this case, the radiographic find-
ings were subtle, and additional imaging (oral and nasal endoscopy as well as CT) was
Fig. 17. Radiographs of a 20-year-old Thoroughbred mare with chronic right nasal
discharge. (A) Right oblique radiograph of the maxillary arch and sinuses. Arrow indicates
an ill-defined, granular soft tissue opacity at the level of the ventral conchal sinus; 109
has a crown fracture. No tooth root lesion is detected. (B) Left oblique radiograph of the
maxillary arch and sinuses; the arrowhead indicates normal comparison of the ventral
conchal sinus. CT was obtained to better characterize the cause of the sinusitis.



Fig. 18. Representative transverse CT slices (bone algorithm). (A) Level of granular material
on radiograph (distal 107). Circle indicates collapse of the right ventral conchal bulla with
thick fungal plaques. Arrowhead indicates mild thickening and fungal plaques of the right
dorsal conchal bulla. The left side is normal. (B) Level of 109 crown fracture (star). No root
lesion or communication with the sinuses is detected. The circle shows absence of the right
ventral conchal bulla but no sinusitis. The arrowhead indicates slight collapse of the right
dorsal conchal bulla. (C) Level of 110. Wide infundibula are present bilaterally (white ar-
rows) with gas on the right (black arrow). The star indicates ventral conchal sinusitis, which
was due to the fungal sinonasal disease, not dental origin.
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Fig. 19. Representative transverse CT slices (bone algorithm). (A) Level of 108. Arrow indi-
cates gas within the pulp. Star indicates absence (collapse) of the right ventral conchal bulla.
Circle indicates normal left ventral conchal bulla. (B) Level of 109. The right rostral maxillary
sinus is filled with fluid-attenuating material (circle). There is a fistula between the right
ventral conchal sinus and nasal cavity (star). At this level there is periapical lysis of 109 (ar-
row). (C) Level of 110. The caudal maxillary sinus has thick mucosa (star) and a small amount
of fluid. There is periapical lysis of 110 (arrow). The infraorbital canal is displaced (circle)
with mild periosteal reaction and surrounding fluid-attenuating content.
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necessary to make a diagnosis of primary fungal sinusitis. The second case discusses
a 7-year-old gray mare with dental origin sinusitis and extension into the ventral
conchal bulla (Fig. 19).

SUMMARY

CT has an important role as a diagnostic tool for equine dental and sinonasal disease.
The cross-sectional nature of the modality allows for more accurate anatomic locali-
zation of abnormal soft tissue opacity within the equine skull, thereby leading to appro-
priately targeted medical and surgical interventions. In particular, differentiating
between primary sinusitis and dental-origin sinusitis is a diagnostic dilemma where ra-
diographs often cannot elucidate a clear answer. The high spatial resolution of CT al-
lows the visualization of pulp gas and subtle alveolar bone loss, thereby aiding the
identification of dental disease that may not visible on radiographs. Although CT re-
mains relatively expensive, the added diagnostic information that guides proper
case management is invaluable. As technology continues to improve, more and
more horses will have access to this diagnostic tool and it is important for the equine
clinician to become comfortable with basic CT interpretation.
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