
Introduction
Spinal cord lesion can be presented as 

acute impact, in cases of trauma such as: 
fractures, hematomas and inflammation, or can 
progress slowly, in a chronic course, in cases of: 
degenerative disc disease, stenosis of vertebral 
canal, compression impact by various tumors 
or bone hypertrophy. The degree of spinal cord 
compression does not correlate with the severity 
of the sign, therefore dogs with acute onset of 
signs may present sever neurological symptoms 
despite mild compression of the spinal cord 
(Freeman et al., 2010). One of the most common 
condition found in dogs is the intervertebral disc 
degeneration (IVDD), is an unknown etiology 
condition that produce herniation or extrusion of 

the intervertebral disc material into the vertebral 
canal (Hoerlein, 1971; Lim et al., 2010). In case 
of acute disc protrusions (Hansen type I), studies 
show that the plain radiography have a relevance 
of 69-72% of the cases (Kirberger et al., 1992) but 
false positive or false negative results are common 
using this method (Lamb, 1994). Plain radiography 
is a necessary tool in running out other possible 
pathology of the spine but is necessary to use 
other imagistic method to define the landmark 
of the lesion and confirm the diagnostic (Liptak 
et a.l, 1999; Olby et al., 2000; Sharp and Wheeler, 
2005). Development of technology and scanning 
procedures made possible a multiplanes imaging 
evaluation of the spine with a very thin section, CT 
scanning being used to evaluate the spine junction 
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Abstract
Spinal cord lesion can be presented as acute, in cases of trauma such as fractures, hematomas and inflammation, 

or can progress slowly in some chronic diseases. 
The aim of the study was to identify the sensitivity and specificity of CT examination in diagnostics of different 

causes of spinal compression in dogs. In this study, different cases with same nature of progressed signs and no 
findings on x-ray imaging were presented for investigation. All cases were demonstrated for spinal impact sings 
according to the neurological examination and were good candidates for CT imaging. The study was conducted 
on 196 dogs, evaluated through CT examination between 2015 and 2017. All dogs arrived with signs suggesting 
spinal cord lesion of varying degrees, those sings progressed with time but had no evident of spinal lesion in x-ray 
imaging. Different diagnostics were made based on the CT scans and the cases were divided based on that.

For the dogs in the study, signs of spinal compression were evaluated, being taken in consideration the presence 
of hypo or hyper attenuating material in the medullary canal, integrity of the spinal canal and the vertebral body, 
the values of A and H index, location of the spinal lesion and presence of vacuum phenomena.

Computed tomography examination of the vertebral column proved to be a valuable tool that completed the 
neurologic examination and show a high sensitivity (94.48%) and a high specificity (87.88%) in diagnostic of 
spinal cord compression.
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for IVDD and the spinal cord for tumors (Turel et 
al., 1986; Chambers et al., 1994; Drost et al., 1996).

The aim of the study was to identify the 
sensitivity and specificity of CT in diagnostics of 
different causes of spinal compression in dogs and 
to highlight the changes that occur in that given 
situation.

Material and method
Different cases with same nature of 

progressed signs and no findings on x-ray imaging 
were presented for investigation. All cases were 
demonstrated for spinal impact sings according 
to the neurological examination and were good 
candidates for CT imaging. Different diagnostics 
were made based on the CT scans and the cases 
were divided based on that. 

The study was conducted on 196 dogs, 
evaluated through CT between 2015 and 2017, 
in the radiology laboratory of the Faculty of 
Veterinary Medicine Cluj Napoca, Romania. All 
dogs arrived with signs suggesting spinal cord 
lesion of varying degrees, the sings progressed with 
time and at the radiography evaluation there were 
no evident sign of spinal lesion on x-ray imaging. 
The patients were clinically and neurologically 
examined by the doctor that requested the CT 
evaluation or by the doctor that performed the CT 
evaluation, depending if the patient was referred 
or ambulatory. After sedation, the patient was 
restrained in dorsal decubitus and a CT scan of the 
spine was performed. 

Neurological examination was performed 
according to basic neurologic test and evaluation 
methods.   The neurological examination was 
focused on evaluation of spinal reflexes – tendon 
reflexes (patellar, biceps and triceps), flexion 
reflexes (thoracic and pelvic limb-withdrawal), 
perineal (anal), cutaneous trunci (panniculus) 
and evaluation of nociception (pain sensation) 
– “superficial” and “deep pain” perception. Each 
evaluation results were recorded as present, weak 
or absent. 

Evaluation of patient was graded according to 
modified Tarlov scale for better fitting the patient 
to this study. The Tarlov scale is a 5-point scale to 
assess upper and lower limb locomotion and uses 
scores ranging from 0 (paraplegia) to 4 (normal 
locomotor function) (Sra et al, 1999).

The patients were classified as grades I to IV. 
Grade I being the patients that present only mild 

pain and grade IV being the patients that have loss 
the limb function and the deep pain.

Scans were performed using a CT scanner 
(Siemes, Somatomscope model) under general 
anesthesia. Anesthesia protocol was performed 
using Diazepam (Gedeon Richter, Romania) 
0.25mg/kg in combination with Ketamine 
(Romvac, Romania) 1mg/kg and Propophol 
(APP Pharmaceuticals) to effect, maintenance of 
anesthesia was done using Propophol to effect. 
For each patient, a lateral and ventrodorsally 
topograms were obtained. A helical scanning at 
3 mm slice interval with a mean of 130kVp and 
24mAs was performed for each patient and the 
reconstruction was made at 1 mm.

The degree of attenuation of the normal 
spinal cord was measured in Housefield units 
(HU) in at least 5 consecutive images, in each dog, 
that were at least 5 mm. Disc herniation pattern 
was classified as single, continuous, and multiple. 
Single pattern was disc herniation located at 
only one intervertebral disc space. Continuous 
pattern was disc herniation present at more than 
two adjacent intervertebral disc spaces. Multiple 
patterns, described discs herniation present at 
more than two sites.

The place of herniation was described as 
either ventral or lateral (left, right). A herniation 
was regarded as ventral when the apex of the 
herniated disc material was localized in the ventral 
region of the spinal cord and as lateral when the 
apex was close to the lateral recess.

For calculation of relation between herniated 
disc and the vertebral canal the A-index and 
H-index were used. The A-index represents the 
ratio of the area of the herniated disc and the 
vertebral canal and the H-index is the ration of the 
height of the herniated disc to the vertebral canal. 
The formula for A-index calculation is (area of the 
herniated disc) / (area of the spinal canal)×100 
(%), and for H-index calculation (the height of 
herniated disc material / the height of spinal 
canal) ×100 (%) (Lim et al, 2010). Measurements 
were obtained in transvers images using HOROS 
DICOM viewer (figure 1, figure 2). The attenuation 
of the herniated material was also measured.

Statistical analysis was performed using One 
Way ANOVA to confirm the correlation of clinical 
grade with A-index and H-index, and the difference 
of the attenuation of herniated disc material. 
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In the normal vertebra, the margin should 
be smooth with high attenuation value as nor
mal bone. Inflammation of the bone or the 
surrounding tissue can influence the shape, 
continuation and attenuation of the bone margin. 
The vertebral body margins were evaluated based 
on their surface continuation, the surface was 
appreciated as continuous, smooth or irregular 
and the attenuation of the margin was recorded. 
Narrowing of vertebral body disc space can be an 
indication for vertebral disc disease, degeneration 
compression or herniation. 

The intervertebral vacuum phenomenon 
(VP) in the dog describes an accumulation of gas 
in the crevices of intervertebral discs or adjacent 
vertebrae (Feng et a.l, 2011; D’Anastasi et al., 
2011). Mostly the gas is represented by nitrogen 
and it occurs primarily after vaporization of 
solute gases in the extracellular fluids in fissures 
of degenerative vertebral discs but can also arise 
following a sudden fall in pressure, for example, 
after a vertebral disc herniation (Knutson, 1942; 
Feng et al., 2011; D’Anastasi et al., 2011).

Hyperplastic changes in the spine were 
evaluated by their location in comparison to the 
spinal cord. It can be either laterally (left or right), 
dorsal or ventral.

Hyperplastic lesion was appreciated based 
on the type of tissue affected, bone destruction 
if the lesion invaded the vertebra, spinal nerve if 
the lesion invaded the intervertebral foramen or 
transverse canal, or mixed, if both area effected. If 
the lesion has invaded either the vertebral canal 
or intervertebral space the area affected was 
measured as the width between 2 bony structures, 
it has occupied. 

In the patients that a disc disease was sus
pected base on the clinical signs but the CT show 
no disc material, contrast substance (Omnipaque 
350 or Visipaque 320, GE Healthcare) in dose of 2 
ml/kg IV was administered to identify a possible 
inflammation that compress the spinal cord. The 
CT myelography (0.2 ml/kg) was performed only 
in one case diagnosed with discospondilitis, for the 
rest of the cases the assessment of disc protrusion 
was performed based on the accumulation of 
contrast media on the inflammation site. The 
CT evaluation of the spine with contrast was 
performed after 3 minutes of I.V. contrast bolus 
injection was done. 

Results and discussions
From the total of 196 cases studied, based 

on the anamnesis, neurological examination 
and CT results, 163 cases were diagnosed with 
intervertebral degenerative disc disease (IVDD). 
From the cases diagnosed with IVDD (N=163), a 
total of 9 cases tested false negative on native CT, 
in those cases the inflammation produced by the 
protruded disc was highlighted after I.V. contrast 
was administered. From the total cases studied 4 
cases tested false positive for disc compression, 
but in those cases the compression was due to 
tumoral processes, another 29 cases were tested 
true negative due to inflammatory processes 
located on the spine (myelitis, lysis of the vertebral 
body) The cases diagnosed with IVDD (N=163) 
were classified according to breed in large (N=27), 
medium large (N=31), medium small (N=61) 
and small breeds (N=44). From the total cases 
diagnosed with IVDD, large breeds represented 
16% (n=27), medium large breeds 19% (N=31), 

Figure 1. Area of the vertebral canal. The AB line is the 
height of the vertebral canal

Figure 2. The area and the height (CD line) of the 
herniated material
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medium small breeds 37% (N=61) and the small 
breeds represented 27% (N=44) (table 1).

The disc protrusions were recorded according 
to breed and herniated pattern (table 2), according 
to the intervertebral spaces involved (table 3), 
according the herniated pattern and intervertebral 
disc (table 4) and according to the position of the 
protruded material in the vertebral canal (table 5) 
(figure 3, figure 4).

Base on the Tarlov scale the cases were split in 
groups as follow: Grade I – 24 cases, Grade II – 63 
cases, Grade III – 52 cases, Grade IV – 24 cases. 

Attenuation of the normal spine, according 
to a similar study conducted by Lim in 2010, was 
23.4±11.8 HU with a range of -0.6 to 59.3 HU. In 
our study, the normal values of the spinal cord 
were 29.2±14.9 HU with a range of -7 to 70 HU. 

The ANOVA test show a correlation between 
the case grade and A-index (p<0.05), for the Grade 

Table 1. Breed distribution of cases

Large breed Medium large breeds Medium small breeds Small breeds

Germen Shepherd 8 Malinois 5 Caniche 24 Yorkshire 
Terrier 23

Central Asia 
Shepherd 6 Amstaf 16 Mixed breed 16 Pechingese 9

Golden Retriever 6 Mixed breed 10 French 
buldog 14 Teckel 8

Caucazian 
Shepherd 2 Mixed breed 6 Mixed breed 4

Labrador 5

Table 2. Disc pattern herniation according to breed

Pattern Breeds
Large Medium-Large Medium-Small Small

Single 23 26 45 29
Multiple 3 5 14 13

Continuous 1 0 2 2

Table 3. Affected intervertebral spaces

Cer. Vert. Thoracic vertebra Lumbar vertebra Sacrum
2-3 9-10 10-11 11-12 12-13 13-1 1-2 2-3 3-4 4-5 5-6 6-7 7-1 1

Cases 2 1 6 14 29 34 10 14 21 7 8 6 11 0

Table 4. Disc pattern herniation of the affected intervertebral space

Cer. Vert. Thoracic vertebra Lumbar vertebra Sacrum
2-3 9-10 10-11 11-12 12-13 13-1 1-2 2-3 3-4 4-5 5-6 6-7 7-1 1

Single 2 1 6 9 18 23 6 11 17 4 7 4 11 0
Multiple 0 0 0 5 9 8 3 3 4 3 1 1 0 0

Continuous 0 0 0 0 2 3 1 0 0 0 0 1 0 0

Table 5. Locations of all affected disc spaces

Cer. Vert. Thoracic vertebra Lumbar vertebra Sacrum
2-3 9-10 10-11 11-12 12-13 13-1 1-2 2-3 3-4 4-5 5-6 6-7 7-1 1

Ventral 2 1 4 8 17 27 9 10 15 4 7 2 11 0
Left Lat 0 0 2 4 5 5 1 4 2 0 1 2 0 0
Right Lat 0 0 0 2 7 2 0 0 4 3 0 2 0 0
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I the A-index was 29.8±14.9 %, for Grade II - 
36.21±11.26%, for Grade III – 44.53±12.31% and 
for Grade IV – 53.87±21.23%, values similarly with 
those obtained by Lim et al in 2010. The statistic 
doesn’t show any significance between H-index 
and the patient’s grade.

The hyper attenuating material was measured 
closely to the protrusion area (figure 5) and 
compared with the normal HU value of the spinal 
cord.

In case of lack of calcified disc material, 
contrast substances were used to identify a 
possible hemorrhage or spinal inflammation 
(figure 6, figure 7). 

In case of discospondilitis the CT reveal 
changes in the bone margins, and narrowing of the 
intervertebral space. Intervertebral disc end plates 
show irregularity and hyper intensification. Those 
changes indicate an inflammatory lesion of the 
end plates and the intervertebral disc that could 

be also associated with or without intervertebral 
disc protrusion (figure 8, figure 9)

In case of inflammation there is a correlation 
between hyper intensification of the intervertebral 
endplates and presence of spondylitis. The normal 
HU value of the vertebrae and the endplates is 
398.32±79.25 HU, in case of spondylitis the values 
reach 984.87±129.54 HU (figure 10). 

The presence of vacuum phenomena was rare 
being present in only two cases.

In case of hyperplastic lesions CT scans 
had revealed at the nerve roots an area of 
similar attenuation as spine and tissue directed 
right laterally to the spine and occupying the 
intervertebral canal in width of 7.57 mm (figure 
11). 

Other changes shown by CT scans revealed 
a mass of same attenuation as the surrounding 
tissue in the thorax region invading vertebral 
canal and vertebral bodies of T8-T10, with obvious 

Figure 5. The hyperattenuating 
material closely to the protrusion 

site

Figure 3. Lateral discal protrusion Figure 4. 3D rendering of lateral discal protrussion

Figure 7. Post-contrast hyper 
attenuating lesion, the mean value 
of HU indicates a post compression 

hemorrhage.

Figure 6. Hyper attenuated 
material, with displacement of the 

spine column
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destruction of the normal architecture of the spine, 
the mass oriented laterally left and was mixed in 
nature of type of tissue destroyed (figure 12).

Conclusion
The normal spinal cord, surrounded by epi

dural fat, is clearly visible dorsal to the inter

Figure 12. CT scans of the spine from golden retriever, 3y old, male, with 
destruction of vertebral body at the level of T8-T10, transvers image on the 

right, sagittal on the left

Figure 11. CT scan from 
amstaf,1y old, C6-7, 

intervertebral canal width 
measurement.

Figure 10. Hyperintensification of the vertebral endplates in spondylosis

Figure 9. Post myelografy aspect of the 
spondilitis

Figure 8. Hyperattenuating disc end plate
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vertebral discs on transverse CT images. The 
outline of the spinal cord is less distinct dorsal 
to the vertebral bodies because of the relative 
absence of epidural fat, but the spinal cord is 
homogeneous in its attenuation characteristics. 
The intervertebral disc can be evaluated on the 
transverse CT images and mineralization of the 
nucleus pulposus is easily identified. 

Normally, there is a mid-sagittal ridge of bone 
on the dorsal aspect of the vertebral body. In some 
dogs, there is also a small focus of mineralized 
material on the floor of the canal that is separate 
from the bone of the vertebra, in trying to identify 
this structure, it was noted that two dogs had a focal 
area with soft tissue attenuation characteristics 
in the same position as the mineralized focus, we 
therefore speculate that this focus could represent 
mineralization of the dorsal longitudinal ligament. 
This ligament lies on the floor of the ventral canal 
and fans out to a thin sheet over the intervertebral 
disc space, but narrows to a midline structure that 
is circular in cross section, dorsal to the vertebral 
body. This can potentially be mistaken for disc 
material, but can be identified as mineralized 
ligament by its position, its homogeneous hyper 
attenuating appearance and smooth borders (Lim 
et al., 2010). 

The degenerative disc lesions were located in 
the T12-L1 area (38%) and a percent of 34% of 
the lesions were located in the L2-L7 area. In two 
cases the disc extrusion were located at the level of 
C2-C3, the presence of disc protrusion/extrusion 
are rare in the T1-T10 area (Sharp and Wheeler, 
2005). The presence of the intercapital ligament 
enforce the ventral band that lie ventral to the 
dorsal ligament and join the ribs end between T2-
T11, helping resist the disc protrusion (Widmer 
and Thrall, 2002).

The hyper attenuated material surrounding 
the protrusion/extrusion of the intervertebral 
disc indicate calcification of the tissue if the 
attenuation is higher than 90 HU, if the attenuated 
material is between 60-90 HU could easily indicate 
a hemorrhage (Kelender, 2005; Lim et al., 2010).

In case of endplate inflammation hyper 
intensification of the area was identify. CT is also 
useful to identify the changes in spine anatomy 
and bone structure.

CT diagnostic of spinal lesion help also the 
planning of the next intervention, recent studies 
show that preoperative planning based on MRI 

versus CT for spine compression influence the 
place and size of hemi laminectomy, with a 
tendency to approach a larger area in cases when 
the preoperative planning was done on MRI (Noyes 
et al., 2017). This aspect can influence the recovery 
time and also the vertebral column stability.

Base on the cases in our study, the CT have 
94.48% sensitivity, 87.88% specificity, 97.47% 
positive predictive value and 76.32% negative 
predictive value in diagnostic of compressive 
spine lesions. Further studies are required to 
investigate the situation when non-calcified 
material or hemorrhages are presented at the 
protrusion/extrusion site and if administration 
of I.V. contrast agent can identify accurately those 
changes. Other direction of study of this subject 
should be CT evaluation in case of discospondilitis 
and metaplastic lesion of the spine.
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