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Background: Syringomyelia (SM) is defined as the presence of fluid-containing cavities within the parenchyma of the spinal cord.

Sagittal magnetic resonance (MR) images have been described as the preferred technique for visualizing SM in dogs and humans.

Objective: To investigate whether computed tomography (CT) can be used to diagnose SM.

Animals: Thirty-two client-owned dogs referred for investigation of the cervical spine on magnetic resonance imaging

(MRI) and CT.

Methods: Two reviewers retrospectively analyzed sagittal and transverse T1-weighted spin echo (T1WSE) MR images and

CT images from each dog for the presence of SM and, if SM was present, the width (mm, syrinx width [SW]) was measured.

The results were analyzed statistically.

Results: For the presence of SM there was a moderate interobserver agreement for MR (81%, j = 0.54) and almost per-

fect agreement for CT (94%, j = 0.87). There was a moderate intramodality agreement for both observers (observer 1 81%,

j = 0.59; observer 2 81%, j = 0.57). For measurement of SW the repeatability was the best on the midsagittal T1WSE

images (95% repeatability coefficient <0.52 mm) and the reproducibility was the best on midsagittal images in both modalities

(95% limits of agreement �0.55–0.45; P = 0.002).

Conclusion and Clinical Importance: Both techniques can be used to detect SM. Midsagittal MR and CT images are best used

for measuring SW. Computed tomography can be used as a diagnostic tool for SM when MRI is not available, but CT cannot

replaceMRI as the standard screening technique for the detection of SM in Cavalier King Charles Spaniel for breeding purposes.
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Syringomyelia (SM) is a condition characterized by
the development of fluid-containing cavities in the

spinal cord.1 The fluid in the cavities resembles cere-
brospinal fluid but has a lower protein content.2,3 Syrin-
gomyelia has been considered as a rare disease in
veterinary medicine, but is more and more recognized
in animals because of the increased availability of mag-
netic resonance imaging (MRI) and the increased preva-
lence in certain breeds such as Cavalier King Charles
spaniels (CKCS),4 Griffon Bruxellois5, and other small
or ‘toy’ breeds.6 One of the most common causes in
dogs is Chiari-like malformation in CKCS.1,7,8 In this

disorder there is a mismatch between the caudal cranial
fossa volume and brain parenchyma which leads to
cerebellar herniation, medullary kinking, obstruction of
the dorsal craniocervical subarachnoid space, and alter-
ation of the cerebrospinal fluid flow.7 Other causes of
SM in dogs include trauma,9,10 caudal fossa masses11,
and hydrocephalus.12

Magnetic resonance imaging is mentioned in several
articles in human and veterinary medicine as the pre-
ferred imaging technique for visualizing changes in the
spinal cord and to detect SM.1,13–16 However, plain com-
puted tomography (CT) and CT after intrathecal injec-
tion of nonionic contrast media have also been used in
human medicine to detect SM.16 Studies on the compar-
ison of these imaging modalities for the detection of SM
are not yet available in veterinary medicine. The goal of
this study was therefore to retrospectively evaluate the
agreement within and between sagittal and transverse
low-field MRI and multislice CT for the detection of SM
and measurement of syrinx width (SW) in dogs.

Materials and Methods

Subjects

This retrospective study included client-owned dogs that were
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and Small Animal Orthopedics of the Faculty of Veterinary

Medicine, Ghent University, between January 2012 and August

2014. After medical histories were obtained and a complete clini-

cal evaluation including a general physical and neurologic exami-

nation was performed, the dogs underwent (as part of their

clinical work-up) both MRI and CT studies of the cervical

region. Thirty-two dogs were included in the study. Dog breeds

were CKCS (n = 12), French Bulldog (n = 7), Maltese dogs

(n = 2), Border Collie (n = 2), Bordeaux Dog (n = 2) and one

each of the following: Shi Tzu, Chihuahua, Yorkshire Terrier,

English Springer Spaniel, Jack Russell Terrier, Rottweiler, and

Galgo Espanol. Among dogs, 17 were female and 15 were male.

The mean age was 63 months (range 6–144 months) in the dogs.

Clinical signs detected or reported by owners at the initial evalu-

ation varied, the most common of which were neck pain, ataxia,

and tetraparesis.

Magnetic Resonance Imaging Protocol

Imaging was performed using a 0.2 Tesla MRI unit.a The

animals were anesthetized and positioned in dorsal recumbency,

with the area of interest placed in a human neck/cervical spine

coil or a quadrature flexible spine/body coil used in human

medicine. Protocols included precontrast sagittal and transverse

T1-weighted spin echo (T1WSE) imaging and T2-weighted spin

echo (T2WSE) imaging in the same planes. Four-millimeter-thick

contiguous slices were chosen (image matrix, 512 9 512).

Computed Tomography Protocol

Imaging was performed using a four-slice helical CT device.b

The animals were anesthetized and positioned in dorsal recum-

bency. Images in 1.25-mm-thick contiguous slices (120 kVp,

140 mAs, image matrix 512 9 512) were obtained, before and

immediately after administration of 2 mL/kg (600 mg Iodine/kg

body weight) intravenous iodinated contrast medium (Ultravist

300 (300 mg Iodine/mL); N.N. Shering S.A.). The raw data were

reconstructed in soft tissue algorithm.

Imaging Analysis

Before analysis, MR and CT images were loaded into open

source imaging software.c Images were blinded, randomized, and

independently evaluated by two experienced observers (KK and

IG). All CT images were reviewed in a brain window. Adjustments

of the window width and level were made by the radiologists individ-

ually to allow better visualization. Syringomyelia was defined by the

presence of an intramedullary fluid filled cavity with uniform signal

intensity and density identical to cerebrospinal fluid (T1WSE:

hypointense to spinal cord parenchyma; CT: hypodens to spinal

cord parenchyma) in the ventricular system. The presence of SM on

the MRI and CT images was noted as absent or present.

Morphometric Procedure

In case SM was present, the maximal dorsoventral SW (Fig 1)

was measured perpendicular to the longitudinal axis of the spinal

cord on the midsagittal images and by measuring the widest

dorsoventral diameter of the syrinx on the transverse images at the

same level. Different planes in both modalities were used for the

measurements: midsagittal and transverse T1WSE MR images and

postcontrast transverse and midsagittal 2D multiplanar reformat-

ted CT images.

Statistical Analysis

Statistical analyses were performed in R.17 The analysis was

subdivided in the assessment of the agreement for a categorical

A B

C D

Fig 1. Midsagittal (A) and transverse (B) T1-weighted spin echo image and corresponding midsagittal (C) and transverse (D) computed

tomography images of the cranial cervical spine of the same dog. A hypointense (A,B) or hypodens (C,D) cavity (white asterisk) is visible

within the spinal cord. The syrinx width (white line) is measured perpendicular to the longitudinal axis of the spinal cord on the midsagittal

images. On the transverse images the widest diameter (white line) at the same level is measured.
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variable (the presence or absence of a syrinx) and a continuous

variable (SW).

All dogs (n = 32) were included to assess the agreement on

determining the presence or absence of a syrinx, For this diagno-

sis, each observer had access to both the sagittal and transverse

plane from the same modality (CT or MR). To determine the

repeatability, one observer assessed each dog twice with a 2-week

interval between the assessments, for both CT and MR (=intraob-
server intramodality agreement). To determine the reproducibility

within a modality (CT or MR), the diagnosis from both observers

was compared (interobserver intramodality agreement). To deter-

mine the reproducibility between modalities for each individual

observer, the diagnosis from each observer was compared for CT

and MR (intraobserver intermodality agreement). For each analy-

sis, the overall agreement (dogs with agreement divided by total

number of dogs) and a kappa statistic were calculated.18

Only dogs, where the agreement on the presence of a syrinx

was unanimous for both imaging modalities, were used to assess

the agreement on the measurement of the SW. This ensures the

observed differences are not caused by a different number of dogs

or by the in- or exclusion of specific dogs. Hence, all values can be

compared directly. To determine the repeatability, each dog was

measured three times by one observer. Using these results, the

95% repeatability coefficient was calculated as suggested by Bland

and Altman19 (intraobserver intramodality intraplanar agreement).

To determine the reproducibility, the mean difference (a measure-

ment for systematic bias) and the 95% limits of agreement were

calculated.19 A paired Student’s t-test was performed to determine

whether the systematic bias was significantly different from zero.

Three different comparisons were made. First, the reproducibility

within one plane and modality (=interobserver intramodality intra-

planar agreement) for two different observers was assessed. Next,

the agreement within one modality between planes for two differ-

ent observers was assessed (=interobserver intramodality interpla-

nar agreement). Finally, the agreement for two different observers

between modalities within a plane (=interobserver intermodality

intraplanar agreement) was calculated.

Results

Detection of Syrinx

Repeatability and Reproducibility. There was a perfect
intraobserver intramodality agreement for detection of
a syrinx on CT and MR images in consecutive viewings
(Table 1). There was a moderate interobserver
intramodality agreement for MR and almost perfect
agreement for CT on the detecting of a syrinx. There
was a moderate intraobserver intermodality agreement
for both observers.

Measurement of Syrinx Width

Repeatability. As determined by the 95% repeatabil-
ity coefficient, 95% of 3 consecutive readings of SW will
be within 0.52 mm for the T1WSE midsagittal images,
0.60 mm for the midsagittal CT images, 0.61 mm for
the T1WSE transverse, and 0.62 mm for the transverse
CT images.

Reproducibility. (A) Interobserver intramodality intra-
planar agreement

A systematic bias significantly different from zero was
identified for measuring SW on T1WSE midsagittal,
T1WSE transverse images, and midsagittal CT images

between the observers (Table 2). There was no signifi-
cant difference present for measuring SW on transverse
CT images between the observers. The reproducibility
was highest for midsagittal T1WSE, followed by trans-
verse T1WSE, transverse CT, and midsagittal CT.

(B) Interobserver intramodality interplanar agree-
ment

A bias significantly different from zero was identified
for measuring the SW between T1WSE midsagittal and
transverse images. No significant difference was identified
for measurements between midsagittal and transverse CT
images. Magnetic resonance images had the highest
reproducibility.

Table 1. Agreement between magnetic resonance imag-
ing (MRI) and computed tomography (CT) and obser-
vers for the detection of a syrinx (total n examined = 32).

j % of Agreement

Repeatability

Intraobserver intramodality

MRI 1 100

CT 1 100

Reproducibility

Interobserver intramodality

MRI 0.54 81

CT 0.87 94

Intraobserver intermodality

Observer 1 0.59 81

Observer 2 0.57 81

j, Kappa value; levels of agreement: almost perfect

(0.8 < j ≤ 1), substantial (0.6 < j ≤ 0.8), moderate (0.4 < j ≤ 0.6),

fair (0.2 < j ≤ 0.4), slight (0.2 < j ≤ 0).

Table 2. Reproducibility agreement between MRI and
CT for the measurement of syrinx width (total n exam-
ined = 17).

Bias

P-

value

95% LOA (lower

to upper limit) SD

Interobserver intramodality intraplanar agreement

Midsagittal

T1WSE

�0.09 <0.01 �0.25 to 0.06 0.08

Transverse

T1WSE

�0.052 0.029 �0.23 to 0.13 0.09

Transverse CT �0.041 0.16 �0.27 to 0.19 0.12

Midsagittal CT �0.063 0.046 �0.30 to 0.18 0.12

Interobserver intramodality interplanar agreement

Midsagittal &

transverse

T1WSE

�0.043 <0.01 �0.53 to 0.45 0.25

Midsagittal &

transverse CT

�0.0043 0.62 �0.52 to 0.51 0.26

Interobserver intermodality intraplanar agreement

Midsagittal

T1WSE & CT

�0.049 0.002 �0.55 to 0.45 0.26

Transverse

T1WSE & CT

�0.01 0.61 �0.55 to 0.53 0.28

MRI, magnetic resonance imaging; CT, computed tomography;

T1WSE, T1-weighted spin echo; SD, standard deviation; LOA,

limits of agreement.
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(C) Interobserver intermodality intraplanar agreement
The bias was significantly different from zero for the

measurement of SW between T1WSE midsagittal and
midsagittal CT images and no significant difference in
between T1WSE transverse and transverse CT images.
The midsagittal images over modalities had the highest
reproducibility.

Discussion

Results of this study demonstrate that low-field MR
and multislice CT imaging provide comparable informa-
tion regarding the presence of SM. Analyses of the
intraobserver repeatability resulted in the best repeata-
bility for measurement of SW on the midsagittal images
(T1WSE > CT) and the least on transverse images
(T1WSE > CT). An almost similar result was obtained
for the interobserver reproducibility.

Significant bias was identified in some comparisons,
This is no issue, however, as this indicates the system-
atic differences between modalities/observers or planes.
A systematic difference can be easily corrected by sub-
tracting or adding this bias to the results from one tech-
nique, to obtain the values for the other technique. A
bigger issue is a large standard deviation (and conse-
quently large limits of agreement) as they indicate a
nonsystematic difference and cannot be corrected for.

For the diagnosis and morphometric studies of SM,
MR is the imaging modality of choice both in human
and veterinary studies, because of its high contrast reso-
lution and multiplanar capabilities. This was also
reflected in the results of this study. Thin section images
should be obtained to limit partial volume effects and
allowing optimal visualization of small syrinx cavities.
In human medicine, most of the investigations concern-
ing SM have been carried out on T1WSE images.20,21

Veterinary studies have used T2WSE images13,22 and
T1WSE images8,14,23 to evaluate SM. T1-weighted spin
echo images were used for the measurements in this
study. Measurements of the syrinx on T2WSE images
may result in an overestimation of the size because the
borders of the syrinx are not well demarcated23 as they
can include the hyperintense signal associated with
interstitial edema. This interstitial edema or presyrinx
state20,24 is an accumulation of fluid in the parenchyma
before syrinx formation. In addition, several artifacts
interfere more on T2WSE images compared with
T1WSE images. Two such artifacts are the truncation
and susceptibility artifact. Truncation artifact is a com-
mon source of high signal intramedullary bands on
midsagittal T2WSE images which can be mistaken for a
syrinx.25 Susceptibility artifacts because of metallic for-
eign bodies, such as ID microchips in veterinary
patients, are commonly seen on MR images of the cer-
vical spine. These are more obvious on T2WSE images
and cause a distortion of the spinal cord on this level
which may influence the detection of SM in the cervical
spine.26 Computed tomography is not routinely used to
investigate intramedullary changes because of the lesser
contrast resolution compared with MRI. Images from
plain CT are considered unreliable because of the imag-

ing distortions of the surrounding bone (beam arti-
fact).27 This artifact is more pronounced in past
generation CT scanners. Multislice CT scanners, such
as the one used in this study, can reduce these artifacts
and provide better temporal and contrast resolution.
An advantage of CT compared with MRI is the ability
to acquire thin slices without loss of detail on the refor-
matted images and a high signal to noise ratio in con-
trast to MRI where thinner slices result in a decrease in
detail and a decreased signal to noise ratio. In our
study a different slice thickness has been used for both
modalities (MRI = 4 mm; CT = 1.25 mm) to optimize
the visualization of the spinal cord. Optimal CT and
MRI imaging parameters, including slice thickness, for
the cervical spine have already been established in previ-
ous articles.28,29 We are aware that the small CT slice
thickness used during our examinations can be different
from the thickness that is used standard in other clinics
and can influence the detection of SM in those cases.

Previous articles have stated that CT only allows
detection of large intramedullary cavities. Smaller cavi-
ties are only seen if they fill with contrast (=CT myelog-
raphy).30 Computed tomography myelography is able
to show swelling and fixation of the spinal cord and
localized cerebrospinal fluid flow obstruction.27 A syrinx
is identified by delayed accumulation of water-soluble
contrast within the spinal cord in <4 hours. In human
medicine, 10–50% of syrinxes are not detected using CT
myelography.31 In addition, this technique is invasive
and is reported to cause adverse effects such as seizures
or neurological deterioration.32 Consequently and
because of the infrequent use of CT myelography in our
clinic, this technique was not used in this study.

When we look at the differences in measurements
between the different planes in MR and CT images and
between the modalities there is a significant mean differ-
ence between the transverse and midsagittal planes in
MR and the midsagittal planes between MR and CT.
The discrepancy between the SW on midsagittal and
transverse MR images can be attributed to the fact that
we choose midsagittal images based on the visualization
of the spinous process to assure that the measurements
were made at the maximum diameter of the spinal canal
and cord. This can be off midline (Fig 2) resulting in a
different width compared with the transverse images.
Furthermore the large thickness of the slices on MR
compared to the size of the cervical spinal cord can also
produce off midline images. This might also (partially)
explain the differences between the midsagittal MR and
CT images. With CT, we can work with reformatted
and smaller thickness images where we can create images
almost exact in the midline. The common definition of a
syrinx is the presence of a fluid-containing cavity within
the spinal cord parenchyma with a diameter ≥2 mm at
his widest point.13 This is also the cut-off value that is
used in the breeding recommendations of CKCS.33 The
central canal is normally just appreciable on MR images
and not visible in normal circumstances on CT images.
However, any dilatation of the central canal should be
considered abnormal. Hence, the detection of smaller
dilatations on both MR and CT is important as progres-
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sive central canal dilatation is a precursor of syrinx for-
mation.1,34 Furthermore, results of a previous study sug-
gest that SW progresses with time in CKCS.34 Syrinx
width has been shown to be the strongest predictor of
pain in CKCS. A syrinx of >6.4-mm wide causes clinical
signs in 95% of CKCS.12 In a study conducted in Amer-
ican Brussels Griffon dogs, there was no association
found between the size and pain, only between size (>1
and <2 mm) and Chiari malformation signs.35 Also in
human medicine signs of pain are not well correlated
with the size of the syrinx. Damage to the dorsal horn
of the spinal cord is a key feature in the presence of
pain.36 Further studies have to be conducted in other
breeds to see if the size of a syrinx has an effect on the
clinical signs in these dogs. This study did not find an
association between the detection of a small dilatation
and use of technique (Fig 3). The difference in detection
and measurement can be attributed to the experience of
the observer and the presence of several of the artifacts

mentioned earlier. Overall, we conclude that SM is con-
sistently identified by different observers on CT and on
MRI. In addition, the results of this study suggest that
when a syrinx is detected the highest agreement is pre-
sent for measuring SW on both the midsagittal MR and
CT images. Syringomyelia and SW have been shown to
explain at least some of the clinical signs in dogs. As CT
scanners are more readily available in veterinary prac-
tices compared with MRI equipment, CT can be used as
a diagnostic tool for SM when MRI is not available.
Cerebellar herniation is consistently identified by differ-
ent observers on CT and on MR images of CKCS.37

Bearing this in mind, we can conclude, that CT can be
used as an alternative imaging technique for Chiari-like
malformation/SM in CKCS when MRI is not available.
We emphasize that, at the current time, CT cannot
replace MRI as the standard screening technique for the
detection of SM in CKCS for breeding purposes, more
specific for the detection of the presyrinx state.20,24

A B

Fig 2. Midsagittal (A) and transverse (B) T1-weighted spin echo image of the cranial cervical spine of the same dog. A hypointense cavity

(white asterisk) is visible within the spinal cord. A susceptibility artifact (*) is visible because of the presence of a microchip. The corre-

sponding slice (white line) of the sagittal image is off midline compared to the transverse image.

A B

C D

Fig 3. Midsagittal (A) T1-weighted spin echo (T1WSE) and corresponding (B) computed tomography (CT) image of the cranial cervical

spine of dog 1 and midsagittal (C) T1WSE and corresponding (D) CT image of the cranial cervical spine of dog 2. (A,B) A small

(<1.5 mm, white asterisk) dilatation of the central canal is visible and (C,D) a large (>4 mm, white asterisk) syrinx is visible.
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Footnotes

a Airis Mate, Hitachi, Japan
b Lightspeed Qx/i, General Electric Medical Systems, Milwaukee, WI
c OsiriX Medical Imaging Software version 4.1.2 DICOM viewer,

Pixmeo, Bernex, Switzerland
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