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Abstract

Background: Despite clinical importance and frequent occurrence of sinus disease, little is known about the size of
paranasal sinuses and their communication in ponies and small horses. To examine the shape and volume of the
paranasal sinuses and evaluate the sinonasal communication, three-dimensional (3D) reconstructions of computed
tomography (CT) datasets of 12 healthy adult Shetland ponies were performed and analysed. Linear measurements
of head length and width were taken. Using semi-automatic segmentation, 3D-models of all sinus compartments
were created. Volumetric measurement of the seven sinus compartments were conducted and statistical analysis
was performed. Sinus volumes were compared between the left and right sinuses and the relation to age and head
size was evaluated.

Results: Structure and shape of the paranasal sinus system in Shetland ponies was similar to that of large horses.
All seven sinus compartments on each side of the head were identified (rostral maxillary sinus, ventral conchal
sinus, caudal maxillary sinus, dorsal conchal sinus, middle conchal sinus, frontal sinus, sphenopalatine sinus). The
existence of a bilateral cranial and a caudal system formed by a maxillary septum was visible in all 12 individuals.
The volumetric sizes of the left and right sinuses did not differ significantly (p > 0.05). A positive correlation between
the size of the paranasal sinuses and the head length was shown. A relation between sinus volumes and age could
not be proved in adult ponies aged > six years. Communication between single sinus compartments was identified.
Furthermore, communication with the nasal cavity over the nasomaxillary aperture (Apertura nasomaxillaris) and a
common sinonasal channel (Canalis sinunasalis communis) as well as its splitting up into a rostral and a
caudolateral channel could be seen. Examination of the sinonasal communication was challenging and only a
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descriptive evaluation was possible.

Conclusions: Our findings concerning the size, shape and volumetric dimensions of Shetland pony CT images
could help improve CT interpretation of abnormal clinical cases as well as aiding clinicians to develop and select
appropriate instruments for medical inspection and treatments.
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Background
Equine paranasal sinuses are a complex bilateral system
of air-filled cavities. On both sides of the head, you can
find a cranial and a caudal system, which do not nor-
mally communicate, divided by a thin maxillary septum
[1]. The cranial system consists of the rostral maxillary
sinus (Sinus maxillaris rostralis, RMS) and the ventral
conchal sinus (Sinus conchae ventralis, VCS). The cau-
dal maxillary sinus (Sinus maxillaris caudalis, CMS), the
dorsal conchal sinus (Sinus conchalis dorsalis, DCS), the
middle conchal sinus (Sinus conchae medialis, MCS),
the frontals sinus (Sinus frontalis, FS) and the sphenopa-
latine sinus (Sinus sphenopalatinus, SPS) belong to the
caudal sinus system.
Within the systems there are communication ways be-

tween the belonging sinuses. The RMS and the VCS of
the cranial system communicate via an opening dorsal
to the nasolacrimal duct named the conchomaxillary
aperture (Apertura conchomaxillaris) [2, 3]. The caudal
sinus system consists of many communication channels.
Due to the wide-open connection termed frontomaxil-
lary aperture (Apertura frontomaxillaris) of the FS and
DCS, both structures are often referred to as concho-
frontal sinus (Sinus conchofrontalis). CMS and SPS
communicate via the sphenopalatinal aperture [2, 3].
Additionally, there is a connection between the MCS
and CMS [4], which according to literature has no
proper scientific name.
The cavities of the 2 systems communicate with the

middle meatus of the nasal cavity via the nasomaxillary
aperture (Apertura nasomaxillaris) [2, 5]. The common
sinonasal channel splits up into an rostral and a caudal
sinonasal channel [2, 5]. The rostral one can be connected
either to the RMS or to the VCS or to both sinuses [5].
The caudal one is connected to the CMS [2, 3, 5].
The three-dimensional structure and volume of para-

nasal sinuses in ponies and small breed horses is poorly
described in the literature. To date, no data are available
on volumetric measurements of the sinus system in po-
nies. There are several equine studies that have evalu-
ated size and volumes of the paranasal sinuses in adult
horses, providing reference values and finding a relation
between sinuses volume and head dimension and be-
tween sinuses volumes and age [1, 3, 5–8]. Communica-
tion ways between paranasal sinuses themselves and

with the nasal cavity are described and size measure-
ments are given. Information concerning the relation-
ship between the size of paranasal sinuses and head
dimensions may help clinicians to obtain information on
sinus volumes when planning surgery. Precise knowledge
about the anatomical structure is essential for successful
treatment of diseases in this region. Sinusitis caused by
an infection of the teeth is the most common disease in
horses, followed by primary sinusitis, trauma, progressive
haematoma, paranasal cysts and neoplasia [9]. The com-
partments most affected by sinus disease are the CMS
(78 %) and the RMS (61 %) [10].
An accepted and very important diagnostic method for

structures of the equine head is computed tomography
[9, 11–13].
Our hypothesis was that the anatomical findings in

Shetland ponies are in accordance with large horse
breeds but the sinus volumes are smaller. The aim of the
study was to describe the CT anatomy of paranasal si-
nuses and communication ways in adult ponies. Add-
itionally, volumetric measurements of the paranasal
sinuses were performed and the relations between sinus
volumes and head size were evaluated.

Results
Shetland ponies of both sexes (5 males, 3 females, 2 of
unknown gender) aged from six to 25 years (mean age
11.75 years) were examined. Weights ranged between
95 kg and 149 kg (mean weight 130.2 kg). In every indi-
vidual, all seven paranasal sinuses (Fig. 1) could be iden-
tified on the right and the left side. Inter- and
intraindividual differences in size and shape (Fig. 2) were
identified, but location and basic shape defined by the
surrounding bony structures were the same. The rostral
maxillary sinus was the most rostral sinus compartment
in all ponies. In two different individuals out of a total of
12 scans, the caudal maxillary sinus on the right side
bulged out and overhung the rostral maxillary sinus ros-
trally. Both maxillary sinuses were separated by the max-
illary septum, which was incomplete on the right side in
one pony. Medial to the rostral maxillary sinus, the ven-
tral conchal sinus, separated by a thin bony septum or
its imaginary continuation, extended rostrally. This bony
septum was oriented obliquely to the nasolacrimal duct
and was incomplete, allowing for communications
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between these two sinus compartments. Situated caudo-
laterally to the rostral maxillary sinus, the caudal maxil-
lary sinus was connected to the frontal sinus dorsally
and to the branched sphenoplatine sinus caudoventrally.
The middle conchal sinus was situated caudomedially
between the openings of the frontal and sphenopalatine
sinus. The large frontal sinus had a wide opening to the
dorsal conchal sinus, which was located ventromedially.
Communication between the paranasal sinuses was

present in every individual: conchomaxillary aperture,
frontomaxillary aperture and sphenopalatinal aperture.
In one pony, there was no communication found be-
tween CMS and MCS. Another pony showed this con-
nection only on the right side. Communication channels
between the nasal cavity and the maxillary sinuses could
not be identified in every case (Fig. 3) and showed many
variations (Table 1).
Total sinus volumes ranged between 275.26 and

822.62 mL (mean = 459.66 mL). When comparing the
left and right side, total volumes, volumes of rostral and
caudal system and volumes of single sinus compart-
ments showed no significant differences (p < 0.05). The
volumes are displayed in Table 2 and in Fig. 4.
The head length ranged from 35.07 cm to 43.35 cm

(mean 38 cm) and the head width ranged from 14.12 cm
to 17.06 cm (mean 14.9 cm).
Correlations between single sinus volumes and head

length and head width differed. A positive correlation
between the total volume of the paranasal sinuses and
the volumes of FS, DCS, CMS, SPS with the head length
was found. There were no correlations between the total
volume of the sinuses and the head width. Only the vol-
ume of the RMS showed a positive correlation to the
head width. MCS and VCS showed no relation to the
head length or width.

Significant correlations between sinus volumes and
age were not found.

Discussion
CT-imaging with three-dimensional reconstruction
proved an appropriate method for this study. Correct
identification and demarcation of the paranasal sinuses
is very challenging because of the complex anatomy. In
addition to radiographic imaging and transnasal endos-
copy, computed tomography has become an established
diagnostic method for sinus disease [12, 13]. Without
superimposition of anatomical structures [12, 13] and
the possibility of three-dimensional reconstruction [13],
it provides detailed and valuable information for correct
diagnosis and surgical planning [12].
Our findings concerning number, position and basic

shape of paranasal sinuses proved a high similarity to
large horses.
Openings connecting different sinuses were present in

every head and were clearly identifiable. A connection
between CMS and MCS, which is described in literature
[4], was not visible in one pony. Another individual
showed this connection only on one side. We cannot
rule out that previous disease might have caused
changes in this connection.
Identifying sinonasal communication channels is

already described for large horses [5, 6, 14], but proved
very difficult in the present study and was not found for
every pony. Due to the high variations in the position of
surrounding structures, a reliable measurement was im-
possible. The small size alone may be one reason. Muco-
sal swelling during anaesthesia [13] and partial volume
effect are known artefacts and may affect the present-
ability of the sinonasal communication channels. Post-
mortem changes and the absence of soft tissue in the

Fig. 1 3D-model by CT-reconstruction of all paranasal sinuses in a rostral view. Paranasal sinuses of a six-years old male Shetland pony. Coloured
structures: dark green: Ventral conchal sinus, light green: Rostral maxillary sinus, red: Caudal maxillary sinus, orange: Frontal sinus, pink: Dorsal
conchal sinus; violet: Middle conchal sinus, yellow: Sphenopalatine sinus
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head from the abattoir and the skull might have the ef-
fect of better visibility. However, even there, it was not
possible to identify access from the nasal cavity to both
maxillary sinuses. An additional study using gross dis-
section and macroscopic assessment would be useful to
clarify and compare our findings of the anatomical
structures in order to determine whether sinonasal com-
munication exists.
Volume measurements have been taken in large horses

[1, 7, 8]. Based on a previous equine study by Brinkschulte
et al. [5], using semiautomatic segmentation for volumet-
ric measurements of paranasal sinuses, data obtained in
the present study allow comparison between Shetland po-
nies and horses. Indeed, the number and structure of
paranasal sinuses found to be equivalent in for horses
were confirmed in the present study. Exact separation of
the paranasal sinuses depends on the examiner’s experi-
ence, this being challenging and also subjective.
In general, sinus volumes in Shetland ponies are

smaller than in large horses, being usually more than
half the size of horses. Similar to horses, there was no
significant difference between the left and right side in

ponies [1, 7]. Data of the single head and the skull,
which underwent scans post mortem did not differ sig-
nificantly from data obtained from living individuals.
The absence of soft tissue does not influence measure-
ments. Nevertheless, other post-mortem changes may
entail alterations in structure and shape of the bones, es-
pecially in the skull of the bone exponent, and should be
considered as a limitation of the study.
A positive relation between head size and sinus vol-

umes was found for large horses [7, 15]. Liuti et al. [7]
found a positive correlation between sinus volumes and
head volume, taking measurements of a length from the
caudal aspect of the orbit to the nasoincisive notch in a
sagittal reconstruction [16]. Brinkschulte [15] found a
positive correlation for a head length measured from the
crown of an incisive to the occiput in a reconstructed
lateral view. In our study, we used validated measure-
ment methods from Froydenlund (2005) [17] and Evans
& McGreevy [18]. Although different methods for length
measurement were used in literature, relations between
the head sizes and sinus volumes were similar and an-
other conformity among adult equids was shown.

Fig. 2 3D-models by CT-reconstruction of sinus compartments of the right side (lateral view) of 3 ponies. Individual size and shape of single sinus
compartments can be seen in these figures of 3 different adult ponies a male, 7 years; b male,14 years and c unknown gender, 25 years.
Coloured structures: dark green: Ventral conchal sinus, light green: Rostral maxillary sinus, red: Caudal maxillary, orange: Frontal sinus, violet:
Middle conchal sinus, yellow: Sphenopalatine sinus

Fig. 3 Sinonasal communication channels between nasal cavity and Rostral maxillary (a) and Caudal maxillary sinus (b). Continuous
communication can be seen on the left side, but not on the right side (yellow arrows)
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Nevertheless, it is known that intraspecific differ-
ences in head shapes of domesticated horses are great
[19]. Studies about conformation [18] and shape vari-
ation [19] of the equine skull describe differences be-
tween various horse breeds. With the varying shape
of cranial profiles, the values of cranial and nasal por-
tions differ. A concave profile has higher nasal values
than a convex profile [18]. The profile of ponies tend
to be concave in smaller breeds including Shetland
ponies, with broad frontal bones and broad to normal
zygomatic bars, whereas convex nasal bones with
broad frontal bones are found in draught horses, and
concave nasals with narrow frontals in light horses
[19]. The disparity among different breeds suggests
that ponies are not small horses. This might be the
reason as to why a correlation between sinus volumes
and head width was present in studies by Liuti et al.
[7] and Brinkschulte [15], but not in ponies in the
present study.

In contrast to other authors[1, 7] who describe
age-related increasing sinus volumes, there was no
significant correlation found among the present
group of adult ponies. Young growing ponies were
excluded from our study. It would be promising to
conduct future studies using higher numbers of in-
dividuals of various ages to test for ontogenetic
influences.

Conclusions
Paranasal sinuses are visualisable and evaluable similar
to large horses. Computed tomography, semiautomatic
segmentation and three-dimensional reconstruction
make precise anatomical evaluation and reliable size-
measurement possible. The visualisation of sinonasal
communication pathways is challenging and cannot
be identified for every pony via CT. Our findings
concerning the relation between paranasal sinus vol-
umes to head sizes and age differ from those

Table 1 Presence and number of visible entrances from nasal cavity to rostral and caudal maxillary sinus (N = 12)

Pony
number

Rostral nasomaxillary aperture Caudal nasomaxillary aperture

left right left right

1 + - - -

2 + ++ - -

3 - - + +

4 + + - +

5 - - - -

6 + ++ + -

7 + + + +

8 - - - -

9 + - - -

10 ++ ++ - -

11 - - - -

12 + - + -

- no entrance, + one entrance, ++ split entrance

Table 2 Absolute volumes of all sinus compartments, rostral and caudal system (N = 12)

Mean SD Min Max Median Q25 Q75 IQR

Total (mL) total 459.66 33.77 275.26 822.62 438.43 348.94 482.75 133.81

left 230.13 34.52 124.78 417.78 219.82 173.47 244.81 71.34

right 229.52 33.21 145.16 404.84 209.21 177.13 238.18 61.05

Rostral System (mL) total 85.73 13.79 45.56 171.55 79.05 63.17 87.8 24.63

left 41.94 14.79 16.46 98.11 35.78 29.41 47.73 18.32

right 43.79 13.03 25.07 83.89 38.38 34.07 44.4 10.33

Caudal system (mL) total 373.92 38.11 266.61 651.07 359.13 276.38 401.33 124.95

left 188.19 38.87 108.33 319.67 175.58 133.66 214.78 81.3

right 185.73 37.65 118.29 331.4 173.56 136.94 199.21 62.27

Total number of sinus compartments, rostral and caudal systems, also divided into left and right side in Shetland ponies (n=12); SD: standard deviation, Min:
minimum, Max: maximum, Q25: 25th percentile, Q75: percentile, IQR: interquartile range, mL: millilitre
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described for large horses in literature. The results of
this study may help clinicians to successfully treat
sinus disease in ponies.

Methods
Computed tomography (CT) was performed on ten dif-
ferent heads of adult Shetland ponies. Two of them were
examined twice at different ages so that we were able to
include 12 scans in our study. Seven ponies were in-
cluded in one of two research studies with different
aims. This research was approved by the Ethics Commit-
tee for Animal Rights Protection of the Leipzig District
Government (No. TVV 05/15 and 32/15) in accordance
with German legislation on Animal Rights and Welfare.
After completion of the project, all ponies were moved
to the University of Vienna, Austria to be included in
further research studies.
One individual was a client-owned clinical case, one

head was provided by the Institute of Veterinary Path-
ology of the University of Leipzig, Germany and one
head was a skull, a bone specimen from the Institute of
Veterinary Anatomy of the University of Leipzig,
Germany. The examinations of the healthy ponies were
performed under general anaesthesia in dorsal recum-
bency. The examinations of the single head and the skull
were performed in ventral recumbency post-mortem.
Criteria for case selection were the breed (Shetland
pony) and the absence of a known history or clinical
findings of paranasal sinus disease. The study was de-
signed as a descriptive, retrospective cross-sectional
study.

The acquisition of the images was performed at the
Department for Horses of the Veterinary Faculty of the
University of Leipzig, Germany using a multi-detector
row CT unit (Mx8000 IDT 16 CT scanner, Philips Med-
ical Systems DMC GmbH, Hamburg, Germany). The
following settings were used during image acquisition: a
tube voltage of 120 kV, tube current (200mAs), 0.75 sec-
ond tube rotation time, pitch (0.438) and 1 mm slice
thickness without a gap or overlap. After setting the
window width at -500 HU (Hounsfield units) and the
window level at 2000 HU with a 512 × 512 matrix, im-
ages were taken.
These were reconstructed three-dimensionally (3D)

(Philips CT-Software, Philips Medical Systems DMC
GmbH, Hamburg, Germany) in dorsal projection, po-
sitioned orthogonally to the bony palate by one of the
authors (KG). Head length was measured in accord-
ance with Froydenlund (2005) from the premaxilla to
the occiput, and the head width in accordance with
Evans and McGreevy [18] “at the level of the nasal
palpebral commissure” in reconstructed images by an-
other author (LK).
The CT-images were analysed slice by slice in trans-

verse, dorsal and sagittal planes and the paranasal si-
nuses, anatomical characteristics and connective
junctions among the paranasal sinuses and with the
nasal cavity were evaluated (LK).
For segmentation and volume rendering of the parana-

sal sinuses, the program CIBC Seg3D 2 Segmentation
(Version 2.4.4; NIH/NIGMS CIBC; https://www.seg3d.
org/) and the reconstructed transversal CT-datasets were
used. Semiautomatic segmentation was performed. For

Fig. 4 Boxplots of regions of interest (ROI): sinus volumes for left and right side (N = 12). Centre line: median, whiskers: minimum and maximum
intervals, box: 25/75 percentile, circles: mild outliers, asterisk: extreme outliers, mL: millilitre, ROI: Region of interest, FS: Frontal sinus, DCS: Dorsal
conchal sinus, MCS: Middle conchal sinus, VCS: Ventral conchal sinus, RMS: Rostral maxillary sinus, CMS: Caudal maxillary sinus, SPS:
Sphenopalatine sinus

Köhler et al. BMC Veterinary Research           (2021) 17:41 Page 6 of 8

https://www.seg3d.org/
https://www.seg3d.org/


this purpose, a tissue line was created using a mask from
− 1024 to -600 HU (Hounsfield units) to segregate two
tissues. A seed point was set in every slice manually and
a 2D-growing algorithm was performed. Afterwards,
manual correction was performed slice by slice. Volumes
were computed and an unconstrained smoothing algo-
rithm was applied to smoothen the surfaces. Using vol-
ume rendering, 3D models of the sinuses and sinonasal
channels were created and sinuses volumes were mea-
sured (Figs. 1 and 2). The whole procedure was per-
formed in accordance with Brinkschulte et al. [1].

Data analysis
Data collection was performed using a spreadsheet
(Excel® office 2019, Microsoft® Corporation, Redmond,
WA, USA). For statistical analysis, the program Mathe-
matica® (Version 12.0, Wolfram Research Inc., Cham-
paign, IL, USA) was used. Descriptive statistics were
computed and box plots were generated.
Using the Shapiro-Wilk test, volumes of the left and

right sides were tested for normal distribution. The
paired sample t-test was performed for normally distrib-
uted data and the Wilcoxon test for non-normally dis-
tributed data.
Correlation between volumes and age, head length and

head width were calculated using Spearman’s rank cor-
relation coefficient. Significance for all tests was set at
p < 0.05.
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