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Results: Grade 5 (79 x 10~ mm?/s [median], .43—91 [range]) and axial (1.47 x 1073
mm?/s, .58—1.8) diffusivity were lower compared to grades 2 (1.003, .68—1.36; P = .02 and
1.81 x 107> mm?/s, 1.36—2.12; P < .001, respectively) and 3 (1.07 x 10> mm?/s, .77-1.5;
P = 04 and 1.92 x 1073 mm?/s, 1.83—2.37; P < 001, respectively). Compared to dogs with
acute myelopathy, chronic myelopathy was associated with higher mean (1.02 x 10~2
mm?/s, .77-1.36 vs. .83 x 1072 mm?/s, .64—1.5; P = .03) and radial diffusivity (.75 x 103
mm?/s, .38—1.04 vs. 44 x 1072 mm?/s, .22-1.01; P = .008) and lower MTR (46.76, 31.8
—56.43 vs. 54.4, 45.2—-62.27; P = .004) and fractional anisotropy (.58, .4—0.75 vs. .7, .46
—.85; P = .02). Fractional anisotropy was lower in dogs with a T2-weighted intramedullary
hyperintensity compared to those without (.7, 45—.85 vs. .54, 4—.8; P = .01).

Conclusion and Clinical Relevance: Mean diffusivity and AD could serve as surro-
gates of severity of spinal cord injury and are complementary to the clinical exam in
dogs with thoracolumbar IVDH.
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1 | INTRODUCTION
Intervertebral disk herniation (IVDH) is considered to be the most
common cause of spinal cord injury (SCI) in dogs and prognosis
directly correlates to neurologic grade.® After severe SCI and loss of
deep pain perception neuronal death can ensue; alternatively injured
neurons initially might not generate action potentials but will subse-
quently recover leading to prognostic uncertainty of dogs with loss of
deep pain perception.>® Magnetic resonance imaging (MRI) is the
ideal tool to noninvasively evaluate the central nervous system
(CNS).* Despite a high sensitivity in detection of CNS abnormalities,
conventional MRI provides limited assessment of SCI severity in dogs
with IVDH.>® In dogs with thoracolumbar IVDH, T2-weighted intra-
medullary hyperintensity (T2W-IH) correlates negatively with progno-
sis.>® Morphometric measurements, such as the degree of spinal cord
compression, vertebral canal compression ratio, and compressive
length of the spinal cord, are not predictive of outcome.>”*

Quantitative MRl (QMRI) techniques of magnetization transfer
(MT) and diffusion tensor imaging (DTI) have the ability to noninvasively
assess myelination and axonal integrity, and are highly predictive of his-
topathological changes.”*° Calculation of the magnetization transfer
ratio (MTR) provides a measure of the rate of magnetization exchange
between the hydrogen protons in low protein fluid and those protons
bound to macromolecules in tissue.**? Magnetization transfer alter-
ations are thought to be directly related to myelin damage,” and have
been evaluated in people with myelopathy.'*Quantitative DTI measure-
ments thought to be of clinical importance in SCI include fractional
anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD), and radial
diffusivity (RD). Variations of FA and MD represent demyelination and
changes to axonal integrity.2* Axial diffusivity is thought to be a surro-
gate of axonal integrity; RD a surrogate of myelin disintegration.1*
These quantitative DTl measurements have been evaluated in dogs
with experimentally induced SCI, but only FA and MD have been evalu-
ated in dogs with IVDH.*®

The goal of our study was to evaluate MTR and DTI in dogs with
thoracolumbar IVDH. We hypothesized that MTR and FA would be
higher, while MD, AD, and RD would be lower in dogs with more
severe neurologic dysfunction. Within the CNS, MTR increase with
acute CNS injury, then decrease with chronic CNS injury.'® We there-
fore hypothesized that MTR would be higher in dogs with acute and
subacute SCI compared to dogs with chronic SCI. Alteration in FA
have been associated with the presence of a T2W-IHY and we
hypothesized that FA would be higher in dogs with a T2W-IH com-
pared to dogs without a T2W-IH.

2 | MATERIALS AND METHODS

This was a prospective cohort study. Inclusion criteria included dogs
of any age, sex, or breed that were presented to the Virginia Maryland
College of Veterinary Medicine between May 2017 and December
2018. Dog had to have a thoracolumbar myelopathy diagnosed with
IVDH on MRI, and had an IVDH confirmed with surgery. Hospital

board approval and owner informed consent were obtained prior to
enrollment.

Dogs were grouped based on the severity of their neurological
grade at presentation using a modified Frankel scale (Table 1).22° To
evaluate deep pain perception, the distal limb or nail bed was cross-
clamped with hemostats (either using the nose or the handle of the
hemostats) and then observing a conscious reaction to the painful
stimulus or an increase in heart rate, respiratory rate, or pupil size.?!

All dogs in the study were anesthetized for MRI. Anesthesia proto-
col was at the discretion of the anesthesiologist. Magnetic resonance
imaging was performed using a 1.5T magnet (Philips Intera 1.5T MRI
scanner, Cleveland, Ohio). An 8-channel knee coil or single channel
spine coil was used for image acquisition. Dogs underwent conventional
spine MR, including at least T2 weighted transverse and sagittal, and
dorsal Short Tau Inversion Reverory (STIR) sequences. Additional

sequences such as T1 weighted and T2* weighted images and contrast

TABLE 1 Modified Frankel score for thoracolumbar intervertebral
disk herniation

Neurologic grade Neurologic signs
Normal examination
Normal ambulation with spinal hyperpathia
Ambulatory paraparesis with proprioceptive ataxia
Nonambulatory paraparesis

Paraplegia with intact deep pain perception

au A W N B O

Paraplegia without deep pain perception

TABLE 2 MRI acquisition protocol

Imaging
type Technical details
T2WI Avg TR/TE = 3000/120, matrix = 200 to 388 x 190

to 348, FOV = 140 to 288 x 140 to 288 mm?,
flip angle = 90°, acq voxel

MPS = 0.7 x 0.74 x 3.0 mm, slice gap = 0.3 mm,
sagittal orientation

STIR Avg TR/TE = 2265/30, matrix = 168 to 252 x 147 to
215, FOV = 150 to 250 x 156 to 275 mm?, acq
voxel MPS = 0.89 x 1.12 x 3.0 mm, slice
gap = 0.3 mm, dorsal orientation

DTI Modified Phillips DTI protocol
(DTI_medium_isosense), avg TR/TE = 4917/72,
matrix = 64 x 133, gradient directions = 15
nonparallel diffusion, b = 800 s/mm?, acq voxel
MPS = 2.03 x 2.02 x 2.00 mm, transverse
orientation. Average DTl scan time was 10 min.

FOV = 130 x 264 mm?, matrix = 144 x 293,
TR/TE = 37/4.7, flip angle = 8°, acq voxel
MPS = 0.9 x 0.9 x 4.0 mm, magnetization transfer
contrast = off resonance, transverse orientation.
Average 3D MTR scan time was 7 min.

3D MTR

Abbreviations: DTI, diffusion tensor imaging; FOV, field of view; MRI,
magnetic resonance imaging; MTR, magnitization transfer ratio; MPS,
voxel sizes in measurement; STIR, short tau inversion recovery; T2WI, T2
weighted image; TE, echo time; TR, repetition time.
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media administration were dependent on clinician and lesion. Magneti-
zation transfer ratio and DTl sequences were performed after conven-
tional precontrast sequences (Table 2). Surgery was then performed to
confirm diagnosis of [VDH.

The images were transferred using Digital Imaging and Communi-
cations in Medicine (DICOM) format to a secondary workstation using
open-source software (Horos-64bit version 3.3.6) for image viewing,
and Spinal Cord Toolbox (SCT) version 3.1.1 for QMRI processing
(NeuroPoly Lab, Institute of Biomedical Engineering, Polytechnique
Montreal, Montreal, Canada).?? The region of compression and pres-
ence of a T2W-IH were determined by T2W sagittal and transverse
images, similar to a previous study.?® An average MTR, FA, MD, AD,
and RD were obtained over the epicenter of compression (Figures 1
and 2). If a T2W-IH was present, this did not change where QMRI
measurements were performed. For SCT, DICOM images were

converted to nii files using dem2nii (64bit BSD) open source software.

FIGURE 1

Example of MRI T2 (A, D) and MTR (B, C, E, F-J) segmentation with Spinal Cord Toolbox. A, T2-weighted sagittal of L1-L2

Once converted, nii images were processed using SCT to obtain the
QMRI measurements of MTR, FA, MD, AD, and RD (Figures 1 and 2).
Spinal Cord Toolbox obtains QMRI measurements similar to utilizing
region of interest (ROI) but provides a more accurate estimation of
the QMRI measurement as it is able to account for partial volume
effect using Gaussian mixture modeling.?? Following processing,
images were inspected using the open source software FSLView (ver-
sion 3.2.0) to confirm SCT segmentation (Figures 1 and 2). All images
were reviewed by the primary author. In FSLView, the images appear
as larger pixels.

In addition to the modified Frankel grade, the sex, age, body
weight, longitudinal location of the IVDH in the vertebral column (ie,
affected spinal cord segment), duration of clinical signs, and presence
or absence T2W-IH was recorded from the medical record of each
case such that these variables could be examined for associations with

QMRI measurements. Duration of clinical signs was divided into

(V)

intervertebral disk herniation. The asterisk indicates the disk herniation. The dashed lines represent the cranial and caudal boarders for the spinal
cord compression and where MTR was obtained (images G-J). The arrowhead indicates a normal region of the spinal cord for comparison

(images B, C, E, and F). D, WM (blue) and GM (yellow and orange) segmentation from SCT software overlaid on the T2-weighted sagittal
sequence. B, Transverse MT image caudal to the region of compression. C, WM and GM segmentation combined overlaid on the MT transverse
image representing the region of interest calculated by SCT. E, WM segmentation overlaid on the MT transverse image. F, GM segmentation
overlaid on the MT transverse image. G, MT transverse image at the level of spinal cord compression. H, WM segmentation overlaid on the MT
transverse image. |, GM segmentation overlaid on the MT transverse image. J, WM and GM segmentation combined overlaid on the MT
transverse image representing the region of interest for MTR measurement calculated by SCT. GM, gray matter; MRI, magnetic resonance
imaging; MT, magnetization transfer image with saturation pulse; MTR, magnetization transfer ratio; SCT, Spinal Cord Toolbox; WM, white matter



SHINN ET AL.

3 categories, acute SCI (0-3 days), subacute SCI (3 days-3 weeks), and
chronic SCI (>3 weeks).?* Longitudinal IVDH location was included as
DTI measurements have been shown to differ between spinal cord
segments.25

2.1 | Statistical analysis

Outcomes were the QMRI measurements MTR, FA, MD, AD, and
RD. Primary exposure of interest was neurological grade. Baseline var-
iables included sex, age, body weight, duration of clinical signs (acute,
subacute, chronic), lesion location (between the T3 and S3 spinal cord
segments), and presence or absence of T2W-IH. Normal probability

plots showed that QMRI measurements, age, and body weight were

FIGURE 2 Example of DTl segmentation with Spinal Cord
Toolbox in the same dog as Figure 1. A, Sagittal DTI of L1-L2
intervertebral disk herniation. The asterisk indicates the disk
herniation. The dashed lines represent the cranial and caudal boarders
for the spinal cord compression and where DTI measurements were
obtained (images F-I). The arrowhead indicates a normal region of the
spinal cord for (images B-E). B, Transverse DTI caudal to the region of
compression. C, WM segmentation from SCT software overlaid
transverse DTI. D, GM segmentation overlaid transverse DTI. E, WM
(blue) and GM (orange) segmentation combined overlaid transverse
DTI representing the region of interest for FA, MD, AD, and RD
calculated by SCT. F, Transverse DTI at the area of spinal cord
compression. G, WM segmentation overlaid transverse DTI. H, GM
segmentation overlaid transverse DTI. I, WM (blue) and GM (orange)
segmentation combined overlaid transverse DTI representing the
region of interest for FA, MD, AD, and RD calculated by SCT. AD,
axial diffusivity; DTI, diffusion tensor imaging; FA, fractional
anisotropy; GM, gray matter; MD, mean diffusivity; RD, radial
diffusivity; SCT, Spinal Cord Toolbox; WM, white matter
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skewed. Accordingly, continuous data were summarized as median
(minimum, maximum) while categorical data were summarized as

counts. Bivariable associations between QMRI measurements
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FIGURE 3 Association of SCI duration with MTR (A), FA (B), MD
(C), AD (D), and RD (E). Twenty-nine dogs presented with acute SClI,
14 with subacute SCI, and 8 with chronic SCI. An asterisk indicates
statistical significance of P < .05 when compared to chronic. AD, axial
diffusivity; FA, fractional anisotropy; MD, mean diffusivity; MTR,
magnetization transfer ratio; RD, radial diffusivity; SCI, spinal cord
injury
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TABLE 3 QMRI measurements with and without the presence of
a T2W-IH

T2W-IH present T2W-IH absent

(n=11) (n =42) P value

MTR 55.34 53.08 .34
(45.48-61.16) (31.79-62.27)

FA 0.54 0.70 .01*
(0.40-0.80) (0.45-0.85)

MD 0.91 0.88 .59
(0.43-1.49) (0.64-1.36)

AD 1.59 1.75 7
(0.58-2.40) (1.04-2.16)

RD 0.74 0.46 .25
(0.28-1.04) (0.22-1.01)

Note: Data are expressed as median (range). MD, AD, and RD units are
%1072 mm?/s. * indicates statistical significance of P < .05.

Abbreviations: AD, axial diffusivity; FA, fractional anisotropy; MD, mean
diffusivity; MTR, magnetization transfer ratio; QMRI, quantitative magnetic
resonance imaging; RD, radial diffusivity; T2W-IH, T2-weighted intra-
medullary hyperintensity.

(1 measurement at a time) and baseline variables were assessed using
the Kruskal-Wallis test (sex, duration of clinical signs, and lesion loca-
tion), Spearman's correlation coefficient (age and body weight), and the
Wilcoxon rank sum test (T2W-IH). Bivariable associations between QMRI
measurements (1 measurement at a time) and neurological grade were
assessed using the Krukal-Wallis test followed by Dunn's procedure for
multiple comparisons. To evaluate effects of neurological score after
adjusting for baseline variables (significant on bivariable analysis), QMRI
measurements were further analyzed using multivariable linear general-
ized estimating equations (GEEs). Two-way comparisons between neuro-
logical scores within the GEE model were adjusted for multiple
comparisons using Tukey's procedure. Statistical significance was set to
P < .05. All analyses were performed using SAS version 9.4 (Cary, North

Carolina).

3 | RESULTS

A total of 52 MRIs were performed on 51 dogs included in the study.
Breeds included miniature dachshund (n = 25), mixed breed (n = 4), bea-
gle (n = 3), coonhound (n = 2), German shepherd (n = 2), and 1 for each
of the following breeds: basset hound, Boston terrier, English bulldog,
chihuahua, cocker spaniel, corgi, Doberman, Lhasa Apso, miniature
schnauzer, red bone hound, Sealyham terrier, Shih Tzu, Staffordshire
terrier, toy poodle, and Yorkshire terrier. Twenty-three dogs were
spayed females, 18 dogs were neutered males, 8 dogs were intact
males, and 2 dogs were intact females. The age range was 3 to 14 years
(median of 6 years), and the body weight range was 3.6 to 42 kg
(median 8.25 kg). The distribution of presenting modified Frankel
grades were: grade 2 (n = 14), grade 3 (n = 13), grade 4 (n = 10), and
grade 5 (n = 15). Twenty-nine dogs presented with acute SCI, 14 with
subacute SCI, and 8 with chronic SCI.

When images were evaluated, the mean pixel value for MTR was
23 and for DTl was 10 (Figures 1 and 2). Bivariable analyses did not
identify significant differences between sex and MTR, FA, MD, AD, or
RD. Significant correlations were found with age and MD (r = 0.67,
P <.001), AD (r = 041, P = .002), RD (r = 0.50, P <.001), and FA
(r = —0.38, P = .006). A significant correlation of age with MTR
(r = 0.16, P = .26) was not found. Significant correlations with body
weight were found with MD (r = 0.40, P = .003), AD (r = 0.31, P = .03),
RD (r = 0.30, P = .03), but not MTR (r = 0.2, P = .15) and FA (r = -0.13,
P = .34). Longitudinal location of IVDH was significantly associated
with MTR (P = .01) and MD (P = .008), but not AD (P = .29), RD
(P=.28),0r FA (P = .25).

Magnetization transfer ratio (P = .004) and FA (P = .02) were sig-
nificantly lower in dogs with chronic SCI compared to dogs with acute
SCl, but not when compared to subacute SCI (Figure 3). Mean diffu-
sivity (P = .03) and RD (P = .008) were significantly higher in dogs with
chronic SCI compared to acute SCI, but not when compared to sub-
acute SCI (Figure 3). Axial diffusivity was not significantly different
when chronic SCI was compared to acute or subacute SCI. FA was sig-
nificantly lower in dogs where a T2W-IH was present (P = .01; Table 3)
compared to dogs without a T2W-IH. Magnetization transfer ratio,
MD, AD, and RD were not significantly different in dogs with or with-
out T2W-IH.

After multivariable analyses, MD and AD were found to be signifi-
cantly different between neurological grades (Figure 4). Mean diffusiv-
ity was significantly lower in grade 5 compared to grades 2 (P = .02)
and 3 (P = .04), and in grade 4 compared to grade 2 (P = .03). Axial diffu-
sivity was significantly lower in grade 5 compared to grades 2 (P < .001)
and 3 (P < .001), and in grade 4 compared to grade 3 (P = .003).

4 | DISCUSSION

Our study prospectively evaluated the use of QMRI in dogs with
thoracolumbar IVDH. Mean diffusivity, AD, and RD had a positive cor-
relation with age and weight. Fractional anisotropy had a negative
correlation with age. We also observed that MTR, FA, MD, and RD
values in dogs with acute SCI were significantly different from those
with chronic SCI caused by IVDH, and that MTR and MD were signifi-
cantly associated with the affected spinal cord segment. Fractional
anisotropy was found to be significantly lower in dogs where a T2W-
IH was present compared to dogs without at T2W-IH. On multivari-
able analyses, MD and RD were significantly correlated with neuro-
logical grade, being lower in dogs with grade 5 neurologic dysfunction
compared to grades 2 and 3.

Diffusion tensor imaging utilizes MRI to noninvasively measure the
molecular diffusion of water in vivo using bipolar magnetic field gradi-
ent pulses.?® As water molecules are able to diffuse 3-dimensionally
within a body system, DTl is able to detect not only the magnitude but
also the anisotropy of water molecules in the x, y, and z directions.?®
Diffusion tensor imaging therefore provides information about the
microstructure and physiologic state of body systems, and changes in

the magnitude or anisotropy of water molecules are the result of
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FIGURE 4 A MTR, B, FA, C,MD, D, AD, and, E, RD compared
between different neurologic grades. For grade 2 n = 14, grade 3

n =13, grade 4 n = 10, and grade 5 n = 15. MD and AD were
significantly different between grades on multivariable analyses. AD,
axial diffusivity; FA, fractional anisotropy; MD, mean diffusivity; MTR,
magnetization transfer ratio; RD, radial diffusivity

obstacles limiting the movement of water molecules (change in

magnitude), or disarrangement of the body system (change of

e e
anisotropy).24?” Indices of DTI are difficult to display as images, there-
fore DTl measurements of water molecules are commonly calculated
by diffusion ellipsoids (1) which represent the average 3-dimensional
diffusion over a given distance over time?® where A, characterizes x, 1,
characterizes y, and 15 characterizes z.2

Fractional anisotropy represents scalar values, from O to 1, and pro-
vides directionality information of the anisotropic diffusion of water

molecules at each voxel.??

An FA value of O would represent complete
isotropy or unrestricted diffusion of water. Within the CNS, this would
be expected in areas such as the ventricles.!” An FA value closer to
1 would represent anisotropy where diffusion is greater in 1 direction,
21, compared to the other directions, 1, and 3.2 In our study, the
guantitative DTI parameter FA was not significantly different in dogs
with more severe neurologic dysfunction. Interestingly, a recent study
on SClI in dogs found FA to be higher in dogs with a worse outcome.*°
For our study, we did find a trend for FA to increase in dogs with a
higher neurologic grade when a T2W-IH was absent, and the opposite
when a T2W-IH was present. Comparing our findings to Wang-Leandro
et al, a possible explanation for FA being higher in dogs with a worse
outcome could be related to the effects of T2W-IH on FAC In our
study, FA was significantly lower in dogs with a T2W-IH when com-
pared to dogs without at T2W-IH. It has been shown that a T2W-IH is
associated with a worse outcome in dogs with IVDH.® Fractional anisot-
ropy has been shown to change if a T2W-IH is present.®! In rats, FA will
increase with vasogenic edema then return to normal values once the
edema resolves.?” Therefore, the FA being decreased in our population
of dogs could be related to other causes of T2W-IH other than edema
including: gliosis, inflammation, hemorrhage, or malacia. Fractional
anisotropy was also found to be lower in dogs with chronic SCI com-
pared to acute SCI. This correlates to a previous study evaluating exper-
imental SCI in dogs.®? Axonal injury is known to decrease FA values.®®
A possible explanation for the difference in FA values between chronic
and acute SCl is the effects of vasogenic edema on FA compared to the
effects of chronic axonal injury. However, more information on FA is
needed to confirm these conclusions.

Directional magnitude of water molecules can be measured by
MD, AD, and RD. The most extensively studied metric of directional
magnitude in dogs is the apparent diffusion coefficient, for which DTI
is similar to MD, although AD and RD have also been evaluated in
dogs with SCI.3%3¢ A significant increase in MD has been correlated
to severe axonal degeneration in dogs with SCI3* thought to be asso-
ciated with demyelination, inflammation, and edema.®” A decrease in
MD represents an increase in resistance to diffusion rates.>” In our
study, the DTl measurements MD and AD were significantly lower in
dogs with more severe neurologic dysfunction after accounting for
the effects that age, body weight, duration of SCI, and longitudinal
location of IVDH were demonstrated to have on these metrics.

Studies on SCI suggest that acute injury compared to chronic
injury may exhibit different cellular response which can alter DTI mea-
surements.'> With severe acute injury, MD and RD will generally
decrease and with chronic injury it will tend to increase.'® Axial diffu-
sivity should not to be affected by the chronicity of disease.>* In our

population of dogs, MD and RD were significantly lower in dogs with
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acute compared to dogs with chronic IVDH consistent with what has
been previously published.® Axial diffusivity was not significantly dif-
ferent in dogs with acute compared to dogs with chronic IVDH.
Chronic SCI is generally associated with demyelination and axonal
loss, along with gliosis and syrinx formation.'® Therefore, with chronic
SCI diffusion will increase but anisotropy will decrease, leading to the
increase in MD and RD seen with chronic IVDH, and AD being unaf-
fected.'® Acute SCI is often associated with ischemia, contusion, and
inflammation leading to lower diffusion values.'®

A positive correlation was found with age, body weight, and MD,
AD and RD. In people, MD, AD, and RD have been shown to increase
with age and body mass index, which suggests there is a decline in
white matter composition and integrity related to age and weight.®83?
This leads to a decrease in anisotropy and increase in isotropy as there
is loss in the white matter volume. In this population of dogs, a nega-
tive correlation was seen between FA and age which is also present in
human patients likely associated to a decline in white matter composi-
tion and integrity similar to MD, AD, and RD.%®

Our study also prospectively evaluated the use of MTR in dogs
with IVDH. Magnetization transfer ratio was not significantly different
between neurologic grades but was found to be significantly lower in
dogs with chronic compared to acute injury. To the author's knowledge,
this is the first study to evaluate MTR in dogs with SCI. Magnetization
transfer ratio measures the ability of low protein fluid to exchange mag-
netization, and alterations to MTR correlate to myelination state.”'?
Values of MTR vary depending on the time frame of imaging with MTR
increasing within the first 2 weeks of CNS injury, and between 16 and
28 days this will reverse to a reduction in MTR.X¢ Although the reason
for the rise in MTR is not well understood, it is likely related to the
stages of Wallerian degeneration and acute secondary injury, and is not
related to edema.l® Instead, there is an increase in available proton
exchange sites which can occur with axonal membranes collapsing into
ellipsoid bodies and a physiochemical change in the myelin lipid bilayer
altering the availability of cholesterol for relaxation exchange.®

Our study did not find a significant difference in MTR when com-
pared to severity of neurologic dysfunction. Comparing MTR with
acute, subacute, and chronic SCI, we found MTR to be significantly
lower in dogs with chronic SCI compared to dogs with acute SCI. Exper-
imental data suggest that chronic CNS lesions might have a lower MTR,
similar to our study, thought to be related to myelin loss.*® Although
MTR does not appear helpful in differentiating neurologic grades in
dogs with thoracolumbar IVDH, it could be helpful in differentiating
acute from chronic SCI and warrants further investigation.

In our study, we elected to use SCT for MTR and DTI measure-
ments. Spinal Cord Toolbox is able to automatically calculate MTR,
FA, MD, AD, and RD, allowing for better consistency in processing
MTR and DTl measurements in comparison to ROIL.?? It is an open
source software which utilizes an atlas-based system to properly
capture the spinal cord shape, including gray matter and white mat-
ter.° Spinal Cord Toolbox has been utilized in cats and therefore
shows promise in dogs.** We were able to analyze all QMRI mea-
surements on each dog with SCT. Motion correction methods for

DTI are utilized by the SCT software. All images can be evaluated

with FSLview after processing to inspect that the software is work-
ing correctly.

One limitation of the study is that MTR was not performed on
any normal dogs, and therefore we cannot make a conclusion of how
important the change of MTR was compared to normal dogs. It was
also found that MTR and DTI measurements varied by body weight,
age and spinal cord segment. The significance of this is unknown but
stresses the importance of age and body weight matched controls in
future studies, along with normal values for each spinal cord segment.

In our study, a b-value of 800 was used for DTI. Although we
were able to perform quantitative DTI measurements on all dogs, only
1 dog had a cranial thoracic lesion. We were still able to perform DTI
on this dog without the use of gating; however, we cannot make a
conclusion of how practical this would be on dogs with mid thoracic
lesions. Comparing b-values of 500 and 800 could be helpful in the
future as a b-value of 500 would likely lead to less artifact and might
be more reliable in the thoracic spinal cord region.

This is also the first study to use SCT in dogs. The atlas used for
the analysis in this population of dogs was based off of the human
spine and spinal cord. Variations do exist between the gray and white
matter of the species. Ideally, an atlas should be made for SCT using
the dog.

5 | CONCLUSION

Mean diffusivity and AD were significantly different between neuro-
logical grades, and could serve as surrogates of SCI severity. These
measurements are complementary to the clinical exam in dogs with
thoracolumbar IVDH. Additional studies with larger samples sizes are
needed to further assess how QMRI techniques could be helpful in
determining long-term prognosis in dogs with IVDH, taking into
account how age, the temporal duration of SCI, body weight, spinal

cord segment, and T2W-IH affect QMRI measurements.
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