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Case series: Computed tomography (CT) demonstrates lacrimal
canal involvement in koalas (Phascolarctos cinereus) with maxillary

incisor dental disease

AJ Bryce,®* ME Milne? D Tyrrell® and K Bodley®

Dental disease is common in wild and captive koalas. Effective
treatments are limited and dental disease may not be recognised
until it is quite severe. We describe the appearance of varying
severities of dental disease on computed tomography
(CT) images in a case series of six koalas. This case series demon-
strates the use of CT to detect both mild and severe dental dis-
ease in koalas. The study also documents the normal CT
appearance of the nasolacrimal duct in the koala. The only clini-
cal abnormality in koalas with the mildest dental disease was
ocular discharge. Computed tomography findings associated
with ocular discharge were periapical lysis of first maxillary inci-
sors, lacrimal canal remodelling and subsequent nasolacrimal
duct obstruction. Dental disease should be a differential diagno-
sis for ocular discharge in koalas and CT examination enables
visualisation of early stages of dental disease.
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Introduction

ental disease is common in wild and captive koalas

(Phascolarctos cinereus) with a previous study reporting

the prevalence of 86% and 50% respectively.! Weight loss
is a commonly reported sign of dental disease, but sub-clinical dis-
ease is often detected on routine oral examination. Management of
chronic dental disease remains challenging in this species; consider-
ing this, early detection of dental disease could help guide clinicians
in establishing early intervention and appropriate management
plans.

A variety of factors contribute to the development of dental disease
in koalas.'™ Dietary requirements result in continuous grinding of
molar teeth; this progressive wear and erosion of crowns with age
predisposes aged koalas to periodontal disease. Malocclusion also
contributes to excessive wear of the occlusal surfaces and
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subsequent pulp exposure, allowing bacteria to ascend and cause
periodontitis or endodontitis."” > Periapical lysis can occur second-
ary to periodontitis from bacteria such as Porphyromonas sp.,* and
the role of retroviral infection modulation of the immune response
to oral bacterial infections have also been explored.” The location of
most dental disease in koalas is usually the maxillary incisor teeth?;
in a population of wild-caught koalas the most common site of
increased mobility was found in the maxillary incisor teeth.”

The clinical sign of serous ocular discharge in koalas is commonly
attributed to Chlamydia pneumoniae and C. pecorum infections.”
Potential causes of this sign are, however, more diverse; ocular dis-
charge can occur secondary to inflammatory and infectious con-
junctival conditions, excessive lacrimal gland secretions and
obstruction of nasolacrimal duct secondary to dental disease. The
latter has been reported in a cat® and rabbits.” Unilateral ocular dis-
charge related to the dental disease is also documented in the
kangaroo,'® but has yet to be reported in the koala.

The function of the nasolacrimal duct is to drain the tears from the
eye and excrete them into the rostral nasal cavity.'' Similar to other
species, in the koala the lacrimal punctae are positioned 2-3 mm
from the medial canthus, with the terminal opening on the ventro-
lateral aspect of the nasal floor.'® In the koala the terminal portion
of the nasolacrimal duct is separated by a thin portion of the inci-
sive bone from the apex of the first maxillary incisor tooth.'* The
intra-nasal anatomy and course of the nasolacrimal duct has not
been documented in the koala; a publication documenting the CT
anatomy of the nasal cavity and paranasal sinuses of the koala'® did
not include a description of the lacrimal canal and nasolacrimal
duct. The adult koala has 30 teeth with the following dental for-
mula'®: 2 x Incisors 2 Canine { Premolar ! Molar % Similar to
domestic cats and dogs, koala teeth consist of a crown with an
external enamel layer, an internal dentine layer and a pulp cavity."*
The root of the tooth has an external layer of cementum and more
central dentine and pulp cavities."* The root is embedded in alveo-
lar bone and surrounded by a periodontal ligament.'*

In this two-part study, we use CT dacryocystography to document
the normal anatomy of the nasolacrimal duct and relationship to
dentition in the koala. The second part of the study is a retrospec-
tive case series aimed at demonstrating the utility of computed
tomography (CT) to characterise the extent of dental disease in a
sample of captive koalas. We hypothesise that ocular discharge is an
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early clinical sign of dental disease, and that CT would enable detec-
tion of lacrimal canal abnormalities secondary to dental disease.

Materials and methods

Part 1. Anatomy of the nasolacrimal duct in the koala

To document the normal pathway of the nasolacrimal duct, a posi-
tive contrast computed tomographic dacryocystogram was con-
ducted on a mature free-range koala undergoing necropsy for an
unrelated reason. The cadaver had a grossly normal head, with no
palpably loose teeth or evidence of dental disease such as tooth dis-
coloration or fractures identified on visual inspection. A transverse
plane CT was acquired using 16 slice CT scanner (Siemens Emotion,
Siemens, Erlangen, Germany). A survey CT scan of the head was
reconstructed for bone, 1.0 mm thick slices. The distal opening of
the right nasolacrimal orifice was catheterised near the nares, using a
24G intravenous catheter, 2 mL of Iohexol 240 mg/mL (Omnipaque,
GE Healthcare, Chicago, USA) was injected by hand, and acquisition
was repeated. CT data were reconstructed as standard three plane
multiplanar reformats, curved parasagittal multiplanar reformats to
follow the course of the nasolacrimal duct, and a three-dimensional
model was developed. The course of the nasolacrimal duct and rela-
tionship to dental structures was described.

Part 2. Retrospective case series

Koalas who had a CT examination of the head conducted at U-Vet
Werribee, Australia, were identified by searching the imaging data-
base (Synapse, Fujifilm, Tokyo, Japan). Over the 14-year duration of
the imaging database, between July 2007 and November 2021, six
koalas were identified. All were captive or free ranging animals
referred from two local zoos. Patient demographic features, history
including indication for CT examination of the head, and clinical
findings were recorded. Imaging findings were recorded by review of
the report generated at the time of imaging, and consensus review by

a resident in veterinary radiology (AB) and a registered specialist in
veterinary radiology (MM).

During the study period, one CT examination was conducted on a
single slice CT scanner (X-vision/GX, Toshiba, Kawasaki, Japan),
with images only available as transverse plane 1 mm thickness bone
window images. The remaining five CT examinations were per-
formed on a 16 slice CT scanner (Siemens Emotion, Siemens,
Erlangen, Germany), with both soft tissue and bone window images
available in orthogonal multiplanar reformats with slice thickness of
1to 3 mm.

Features of dental disease visible on CT were recorded as teeth that
were normal, absent, if periapical lysis was present, if widespread
alveolar bone lysis was present encompassing multiple teeth or tooth
roots, if teeth were fractured, and if an oronasal fistula was present.

Lacrimal canals and nasolacrimal ducts were compared to the con-
tralateral side to assess for normality, or if bilateral disease was
suspected the study was compared to a study of a koala with a nor-
mal head, undergoing CT for reasons unrelated to the dental or ocu-
lar systems.

Results

Part 1. Anatomy of the nasolacrimal duct in the koala

The entire nasolacrimal duct was visualised with CT
dacryocystogram (Figure 1). The duct wall had smooth margins and
as is described in other mammalian species the duct could be divided
into three portions: palpebral, osseous and membranous.'”> The pal-
pebral portion consisted of dorsal and ventral punctae positioned
approximately 2 mm caudal to the medial canthus, both punctae
had corresponding canaliculi that continued rostrally (Figure 2A).
The dorsal and ventral canaliculi united at the caudal lacrimal
foramina to form the intra-osseous portion of the nasolacrimal duct
(as shown in Figure 1). The duct continued rostro-ventro-axially in
the osseous lacrimal canal through the lacrimal bone and maxilla

(A) CT dacryocystography: A curved sagittal maximum intensity projection multiplanar reformatted CT image showing the passage of
the nasolacrimal duct. (B) the same CT series two slices axially, to demonstrate the proximity of the maxillary first incisor tooth root to the duct.
The contrast filled nasolacrimal duct is shown between green and orange arrows in both images. The orange arrow depicts the dorsal lacrimal can-
aliculus and the blue arrow shows the nasolacrimal duct at the level of the caudal lacrimal foramina with union of the dorsal and ventral canaliculi
(the entire ventral canaliculi is not shown in this image). The green arrow shows the terminal aspect of the nasolacrimal duct and the red arrow
illustrates the left maxillary first incisor tooth. Artefactual contrast can be seen around the lips and orbits in both images
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FIGURE 2. Serial transverse plane

bone window images from caudal to
rostral (A-D), after dacryocystography,
showing the course of the lacrimal
canal and nasolacrimal duct (orange
arrows) the blue arrow demonstrates
iatrogenic contrast leakage. Image
(A) shows contrast leaking from the
dorsal puncta (orange arrow) into the
surrounding palpebral tissue. The
green arrow in image (D) shows the
apex of the first right maxillary incisor

TABLE 1. Summary findings from six koalas with dental disease identified by head CT

Case Signalment Presenting signs CT abnormalities
number
1 6-year old female  Unilateral, right epiphora and  Peri-apical lysis right first maxillary incisor tooth.
captive mild blepharospasm, 6-day  Distal expansion of right lacrimal canal, filled with soft tissue. (Figure 5)
duration
2 3-year old male Unilateral right epiphora Peri-apical lysis right first maxillary incisor tooth. 4 mm defect right ventral
captive nasal conchae, ventral to right lacrimal canal. Slight distal expansion of the
right lacrimal canal. Dacryocystography: Partial obstruction of the right
nasolacrimal duct.
3 3-year old female  Discoloured right maxillary Peri-apical lysis right and left maxillary first incisor teeth, mild on the left side.
free ranging incisor tooth Fractured root left maxillary first incisor tooth. Distal expansion of the
lacrimal canals bilaterally. Soft tissue swelling caudodorsal to the nasal
cavity on the right side.
4 8-year old male Chronic dental-associated Peri-apical lysis left maxillary first incisor tooth with a fractured root. Absent
captive osteomyelitis. Right sided right maxillary first, second and third incisor teeth, with extensive lysis of
facial swelling, 5 days the incisive bone with oronasal fistula, and periosteal new bone formation
duration, responsive to around the incisive bone. Distal expansion of the lacrimal canals bilaterally,
antibiotics more severe on the right side.
5 7-year old male Oronasal fistula associated Peri-apical lysis right and left maxillary first incisor teeth. Lysis extends
captive with left maxillary first abaxially to margin of the incisive bone. Distal expansion of the lacrimal
molar tooth. Weight loss. canals. Absent left maxillary first molar tooth with oronasal fistula. Peri-
apical lysis left maxillary third and fourth molar teeth with diastema,
absent left mandibular first molar tooth.
6 7-year old male Chronic weight loss Peri-apical lysis right and left maxillary first incisor teeth, extending abaxially
captive to lateral margins of the left incisive bone with a 3 mm defect in the lateral

margin of that bone.
Periosteal new bone right incisive bone. Distal expansion of the left lacrimal
canal. (Figure 4)
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(Figure 2B) to enter the nasal cavity through the rostral lacrimal
foramina ventroabaxial to the ventral nasal concha (Figure 2C). The
duct
rostroaxially from the foramina and opened at the nasolacrimal ori-
fice ventrally in the ventral nasal meatus at the level of the apex of
the first maxillary incisor (Figure 2D). Upon injection of contrast for
CT dacrycystogram, leakage was noted around the hub of the cathe-
ter and into the nasal cavity and after injection contrast was noted
around the orbit. The contrast in the nasal cavity and around the
orbit were deemed iatrogenic as no defects or fistulas were identified
in the nasolacrimal duct.

membranous portion of the nasolacrimal continued

The measurements of the duct size via dacryocystography were con-
sistent with an anatomical study reference values:

1 The nasolacrimal duct length approximately 45.0 mm (anatomical
reference of 28.0-50.0 mm).'°

Australian Veterinary Journal Volume 100 No 6, June 2022

Case 1. Transverse images
at the level of the apex of the first
maxillary incisor made at (A) 1 mm
slice thickness compared with
(B) 3 mm slice thickness. There is
periapical lysis associated with the
first right maxillary incisor (green
arrow), the visualisation of the dis-
tended right nasolacrimal orifice
(orange arrow) is superior in image
(A) compared to (B)

Image (A) is a dorsal
reformat in a bone window of Case
6, a 7 year old captive male koala
with chronic weight loss. The
nasolacrimal duct is indicated by
orange arrows. There is expansion of
the distal aspect of the right lacrimal
canal which is filled with soft tissue.
Similar but less severe expansion is
noted on the left side. (B) Is a CT of
Case 1 made at a time when the
patient was asymptomatic for dental
disease or epiphora, and is regarded
as normal. The orange arrows show
the distal aspects of the nasolacrimal
ducts, which are symmetric and
small in size

2 Nasolacrimal duct diameter (anatomical reference 0.3 mm

—1.4 mm)'®;

« Dorsal canaliculus - 0.8 mm in diameter.
o Osseous portion — 1.0 mm in diameter.
o Membranous portion - 1.1 mm in diameter.

Part 2. Retrospective case series

Six koalas were identified who had a CT examination of the head
during the study period. There were four captive male koalas, one
captive female and one free-ranging female koala. Koalas were aged
between 3 and 8 years, with median age of 6.5 years. One koala, a
6-year-old captive female (Case 1) had a head CT acquired
21 months prior for an unrelated clinical problem. The head was
normal at that earlier examination, and this normal study was used
for comparison in the other cases.
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Transverse images in a
bone window of Case 1 made at the
time of presentation for right sided
epiphora (A) and made 21 months
earlier, for an unrelated problem (B).
Both images are at the level of the
apex of the first maxillary incisors.
Image (A) 1mm slice thickness
showing peri-apical alveolar bone
lysis indicated by the green arrow
and the nasolacrimal ducts by the
orange arrows. The terminal right
nasolacrimal duct is enlarged com-
pared to the contralateral side and
the previous image shown in image
B. Image (B) 1 mm slice thickness at
the same location no CT abnormali-
ties identified. Note the lack of peri-
apical alveolar bone lysis on
image (B)

Two koalas presented with right-sided ocular discharge; one of these
koalas also had blepharospasm. In both, ocular discharge was the
main presenting complaint, without clinical evidence of underlying
dental disease. In the other four koalas, dental disease was suspected
or directly observed; one koala had a discoloured right maxillary
incisor tooth, one had a history of dental-associated osteomyelitis
and presented with facial swelling responsive to antibiotics, one pres-
ented with weight loss and an oronasal fistula at the left maxillary
first molar tooth, and the other had chronic weight loss without the
observable dental disease. Details of signalment, presenting signs,
and a summary of CT findings are provided in Table 1.

In all koalas, peri-apical bone lysis was observed in one or both first
maxillary incisor teeth. In all koalas, there was alteration to one or
both lacrimal canals, which comprised focal expansion of the distal
portion of the lacrimal canal to varying extents with filling of the canal
with soft tissue, and soft tissue swelling at the distal nasolacrimal pun-
cta. One koala (Case 1) had transverse plane bone window images
reconstructed with 3, 2 and 1 mm slice thickness; soft tissue change at
the distal nasolacrimal puncta were difficult to appreciate with the
3 mm thick slices, but readily seen on 1 mm thick slices. (Figure 3).

A koala with right epiphora and normal dental examination (Case 2)
had peri-apical lysis of the right maxillary first incisor tooth, with
soft tissue swelling at the distal nasolacrimal puncta; this was
catheterised and dacryocystography was performed, which con-
firmed partial obstruction of the duct by soft tissue.

One koala (Case 4) presented with chronic osteomyelitis and facial
swelling. The right first, second and third maxillary incisor teeth were
all absent with a large area of lysis of the incisive bone, peri-apical lysis
and a fractured root of the left maxillary first incisor tooth, and bilat-
eral dilation of the lacrimal canals, worse on the right side.

Periodontal disease of the cheek teeth was only identified in one
koala (Case 5), a 7-year old male with poor body condition. In addi-
tion to peri-apical lysis of right and left maxillary first incisor teeth,
that koala had an absent left maxillary first molar tooth with an
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oronasal fistula, peri-apical lysis of the left maxillary third and fourth
molar teeth with a diastema, and an absent left mandibular first
molar tooth.

Discussion

Computed tomography allowed visualisation of nasolacrimal duct
disease secondary to dental disease in every koala in this case series.
The koala nasolacrimal anatomy could be easily documented after
CT dacrycystogram. Similar to rabbits, the terminal portion of the
Koala nasolacrimal duct and orifice are in close proximity to the root
of the first maxillary incisor.'> '7 This proximity most likely
accounts for the prevalence of nasolacrimal duct changes seen with
maxillary incisor dental disease in this study. Contrasting to other
domestic species the Koala lacks a lacrimal sac, reducing their capac-
ity to store lacrimal secretions, this is supported by a previous ana-
tomical study.'> '®

In our case series koalas presenting with clinical signs such as facial
swelling and weight loss or poor body condition had more extensive
periodontal disease and lacrimal canal changes. Cases 4, 5 and 6 (Fig-
ure 4) had extensive alveolar bone loss which extended beyond the
periapical region of the first maxillary incisors. In Case 4, osteolysis
continued latero-ventrally and an osseous deficit was seen on the
abaxial surface of the incisive bone associated with an irregular peri-
osteal reaction consistent with extensive osteomyelitis. The two
koalas presenting solely with epiphora had the least extensive osse-
ous changes associated with dental disease, confined to the periapical
region of the first maxillary incisor with localised effect on the
nasolacrimal duct. In case 1 a dental examination was conducted
prior to CT and no abnormalities were noted. The CT and dental
examination findings of Case 1 suggest that when dental disease is
confined to the periapical region of the first maxillary incisors (the
most commonly affected teeth in koalas), ocular discharge may pre-
cede other clinical and dental examination findings (Figure 5). This
is most likely the result of the proximity of the nasolacrimal duct to
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the roots of the first maxillary incisor teeth, and tortuous nature of
the lacrimal canal in this species.

Although dental radiographs can be used to diagnose periapical lysis
associated with dental disease, CT has the advantage of being able to
reformat images in multiple planes and eliminate the superimposi-
tion of structures. Computed tomography also has superior contrast
resolution for soft tissue compared to radiographs. Both factors con-
tribute to the superior ability of CT compared to dental radiographs
to visualise periodontal disease and the nasolacrimal ducts in the
koala. The use of CT-dacryocystography is also a useful technique to
document patency or occlusion of the nasolacrimal duct.

The availability of transverse images at different slice thicknesses as
seen in Case 1 highlights the importance of reconstructing CT data
with as thin slices as possible, as subtle lesions were not clearly visi-
ble on 3 mm thick reformats. The entire length of the nasolacrimal
duct could also only be confidently traced on the 1 mm thick slices.
The termination of the nasolacrimal duct could be visualised on the
2 mm thick slices but it was difficult to trace the entire duct. The
authors recommend 1 mm thick reconstructions or thinner to per-
mit complete assessment of the nasolacrimal duct and the apex of
the first maxillary incisors in the koala.

This study has several inherent limitations due to its retrospective
nature. The tooth wear class was not available on review of the
koala’s history and some histories of more chronic cases were
incomplete, lacking information on the incipient signs of disease.
The normal CT dimension of the koala nasolacrimal duct is not pub-
lished and so an interpretation of dilation or obstruction is based on
comparison with the contralateral duct or a presumed normal ani-
mal. The study also lacks histopathologic verification of the CT diag-
nosed nasolacrimal duct pathology.

This study illustrates the use of CT as a valuable diagnostic tool for
the examination of nasolacrimal and dental pathology in koalas. In
this case series, we found CT was able to detect nasolacrimal duct
obstruction secondary to maxillary incisor dental disease, even in
cases with occult dental disease. Epiphora is a readily detectable clin-
ical sign which can be seen with early dental disease. Early detection
is key to further our understandings of dental disease in koalas and
developing effective treatments. Therefore, it is proposed that koalas
with ocular discharge or epiphora of an unknown aetiology undergo
a CT examination to rule out maxillary incisor dental disease.
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