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Abstract Go to:

Object Go to:

The purpose of the current study was to quantify the reproducibéiibporal stability and functional
correlation of diffusion MR characteristics in the spinabldorcervical stenosis patients with or without
myelopathy. The association between longitudinal DTI measureseahtserial neurological function
assessment was explored at both the group and individual level.

Methods Go to:

Sixty-six nonoperatively treated patients with cervical stersie prospectively followed (3 months to 5
years) using synchronous serial MRI and functional outcome asseissA total of 183 separate MRI
examinations were performed, separated by at least himy@md each patient had a minimum of two MRI
scans (range 2-5 scans). Anatomic and diffusion tensor imagingaréoemed within the spinal cord at the
C1-2 region as well as area of highest compression. Ceeffiai variance (COV) were compared across
measurements in both reference tissue and areas of compressinatéonic measurements, fractional
anisotropy (FA), and mean diffusivity (MD). The correlation betwdifusion MR measures at the site of
compression and evaluations of neurological function assessedhesimgdified Japanese orthopedic scale
(mJOA) at multiple time points were evaluated.

Results Go to:

COV for anatomic measurements (Torg ratio and canal dignvetee between 7-10%. Median COV for FA
measurements at the site of compression was 9% and reféssneeat C1-2 was 6%. Median COV for MD
at the site of compression was approximately 12% and refetieage at C1-2 was 10%. FA and MD
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measurements of C1-2 averaged 0.62 and 0.81 um /ms, respectivedasiierand MD measurements at
the site of compression averaged 0.51 and 1.%6 um /ms, respe@othl FA (Slope = 0.037;R =0.3281,
P < 0.0001) and MD (Slope = -0.074R =0.1101,P = 0.0084) wpméichntly correlated with mJOA
score. FA decreased by approximately 0.032 units per mJOA urﬂaﬂ;e@z = 0.1345, P < 0.0001), while
MD was increased by approximately 0.0842um /ms for every mJOA wnitake IRZ =0.1345, P <

0.0001).

Conclusion Go to:

Quantitative DTI measurements of the spinal cord in cenvieabsis patients with or without myelopathy
have a median COV of 5-10%, similar to anatomic measursniem reproducibility of these
measurements and significant correlation with functional outctemesssuggest a potential role in the
evaluation and longitudinal surveillance of nonoperatively treatedmstiWith respect to the specific DTI
measurements, FA within the spinal cord appears slightly sem&tive to neurological function and more
stable than measures of MD. Therefore, DTI of the spioral may be a clinically feasible imaging technique
for longitudinally monitoring patients with CSM.

Keywords: Diffusion tensor imaging, DTI, spinal cord, cervical spondyloti@fapathy, biomarker, CSM,
stenosis

INTRODUCTION Go to:

Cervical spondylosis results from degeneration of intervertetsed dind supporting structures, which
collapse and dehydrate during normal a&ng , increasing mechdresal at cartilaginous end plates at the
edge of the vertebral bodig$>2232  Over time, this repeatessstesults in subperiosteal bone formation
and/or osteophyte formation. Symptoms then arise during repeatatipih or nerve root compression
258 and manifest as neck pain syndromes, myelopathy, or radiduﬁp%%l.

Cervical spondylosis is diagnosed using anatomic MRI and is uhiguitche elderly. Myelopathy resulting
from spondylosis is the most common cause of spinal cord dysfametthe eIderIy‘H ; however, accurate
estimation of spinal cord dysfunction using standard MRI remasigniicant challenge, as common
anatomic feature$’ including MR signal <:haﬁ\%éﬁ‘3—1’3—3’%3—7 and the degspénal cord
compressioﬁﬁ"l—z’@ have not demonstrated a reliably strong and/or eahsissociation with neurological
function. Decompression surgery is commonly performed in patietitswaiderate and severe myleopathy,
whereas patients with asymptomatic stenosis or mild symptomatolagye treated nonoperatively and
observed without continual progress%%@zis—5 in many cases. Due tootleenaitioned limitations of
conventional MR, there is significant interest in the developmEnon-invasive imaging biomarkers to
guantify neurological function of the spinal cord in both operativelyremmdoperatively treated patients with
advanced cervical spondylosis.

Diffusion tensor imaging (DTI), an advanced MR technique sensiittee underlying microstructural
organization of tissues' | has previously shown to be useful forcpregdneurological function in patients
with cervical spondylosi&102123244445 | particular, studies have showrldhared diffusion fractional
anisotropy (FA) at the site of compression is associatednagtbased neurological dysfunction, suggesting
disruption in the directional coherence of nerve fiberténspinal cord, and higher mean water diffusivity
(MD) at the site of compression is associated with inangasurological impairment.

While most DTI studies in patients with spondylosis have bexssegectional, examining the relationship
between DTI and functional status at a single time pdiatyariability and longitudinal stability of DTI
measurements in the spinal cord in advanced cervical spondylosistiseen previously reported. The
current study quantified the variation in DTl measurements by exagniepeated MRI investigations in a
cohort of asymptomatic cervical stenosis and CSM patierttsvdte treated nonoperatively and
prospectively monitored. The association between longitudinahiZBisurements and serial neurological
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function assessment was explored at both the group and individual leve
MATERIALS AND METHODS Go to:

Patient Population

A prospective observational study was performed in 66 nonoperatigatedrcervical stenosis patients with
or without myelopathy that were initially referred for surjeaaluation. Each patient had two or more DTI
and conventional MRI scans, and a total of 183 separate MRS s@xe performed across the entire cohort
(mean 2.7 scans per patient, range 2 to 5 separate scanwjtarsarveillance time ranged from 3 months to
5Y years (average follow-up duration per patient = 520 days). Tleatsatnderwent synchronous MRI and
neurological assessment at the same uniform time poirsstife, 3 months, 6 months, 1 year, 2 year, 3 year,
and 5 years following their initial evaluation. Thirty-sevenhaf patients were male and 29 were female, and
the average age was 64 years old (range 24 to 94).

The degree of neurological impairment was measured by the atbddpanese Orthopaedic Association
(mJOA)“—6 scale at the same time as each MRI scan. Bwgyttypatients had some evidence of neurological
symptomatology, as indicated by mJOA < 18, and eighteen patients hadralmgieal symptomatology but
complaints of neck pain. The average mJOA score was 16.6 vétiga from 11 to 18. All participants gave
informed written consent to be part of this study. Surgicalagament was discussed with any patient whose
mJOA score declined by two points or greater during the obseryati@md. However, none of these patients
opted for surgical intervention. All procedures complied withpitigciples of the Declaration of Helsinki

and were approved by the Institutional Review Board within tifieeCfor the Protection of Research
Subijects at the University of California.

Conventional Magnetic Resonance Imaging

Standard MRI was obtained on a 3T MR scanner (3T Trio or PrBmaniens Healthcare, Erlangen,
Germany) using a standard spine coil array for radiofrequeneptien. Routine clinical MRI scans
consisted of T1-weighted and T2-weighted sequences in the sagittalgid T2-weighted images in the
axial orientation. All patients had radiographic evidence of at leaderate cervical stenosis, including
spinal canal narrowing related to advanced cervical spondylosigestad by a combination of facet
arthropathy, ligamentum flavum hypertrophy, and varying degrees ahldisc-osteophyte compression.
An MRI version of the Torg-Pavlov ratib (ratio of anterior-pastediameter to thickness of the vertebral
body) was documented and used for subsequent comparisons wiiodifiuteasurements.

Diffusion Tensor Imaging (DTI)

Axial diffusion-weighted images were collected through the le¥alost significant canal narrowing.
Excitation consisted of a custom two-dimensional, spatially $edectdiofrequency excitation pulse (2D-
RF) and a reduced FOV EPI readout with ramp sampling (Zoomé&d-Ef&l echo time (TE)/repetition time
(TR) was set to 73—100ms/3000—-10000ms, matrix size = 48x128pfigidw (FOV) = 53 mm x 140 mm,
slice thickness = 4-5mm with no gap, number of averages = 4-10, anddlfugiOn sensitizing directions
with b=500 s/mM and 1-8= 0 s/mnf images. After acquisition of DWIs, eddy-curret motion
correction was performed using a 12-degree of freedom affinsformation using FSL (FMRIB; Oxford,
UK; http://www.fmrib.ox.ac.uk/fs). Mean diffusivity (MD), or average apparent diffusion coedfiti
relating to the mean water motility, as well as fracti@motropy (FA), the degree of diffusion anisotropy,
were calculated from the resulting diffusion MR data.

Regions of Interest

Manual segmentation of the spinal cord was performed for thé&ewlbrd at each axial image slice location
using the T2-weighted anatomical images. DTI measurementssitdlug highest compression, including
voxels in areas of T2 hyperintensity, were used for compafiBbnmeasurements of the cord at the C1-2
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spinal levels were also made for a reference.

Statistical Analysis

Coefficient of variance (COV) was calculated by estintathe ratio of the standard deviation of mean FA
and MD in the spinal cord over time divided by the average ahtten FA and MD measurements over the
same time period (COV &/p). Temporal trends in both average and percentage change in FMDawere
displayed for each individual patient. Lastly, the linearti@iship between DTl measurements and mJOA
were determined using Pearson'’s correlation coefficient and teuttiggasurements per patient. For these
associations, statistical significance was determined bygestiether the slope of the linear trend line was
significantly different from zero using dntest. All statistical analyses were performed using GraghP
Prism v6.0d (GraphPad Software, Inc., La Jolla, CA) and M#&R2011b; Mathworks, Inc., Natick, MA).

RESULTS Go to:

Coefficient of Variance (COV) in Repeated Anatomic and DTl Measures of the Spine

Fig lillustrates example images from a neurologically stablepatiith cervical stenosis, demonstrating the
relative consistency in DTl measurements over time. The mewi®A score for the patient cohort was 17,
the median FA at the lesion site was 0.50, the median Mz aésion site was 1.25 @m /ms, and the median
MRI-equivalent Torg ratio was 0.36. Median COV was signifigadifferent across anatomic and DTI
measurements$-¢iedman, P < 0.0001), indicating COV in repeated DTl measurements were slididlyer
than anatomical measurements of the spinal column and thereletargial variability when examining
repeated MD measurements at the site of compression. Morsabyethe median COV for anatomical
measurements of MRI-equivalent Torg ratio was 8.1% and theem&V for measurements of canal
diameter was 8.3%-{qg 2A; Table ), whereas the median COV of FA and MD measurements aitéhaf s
compression were 9.3% and 13.1%, respectively. Dunn’s tesultipi® comparisons indicated that both
canal diameterAdjusted P = 0.0012) and Torg ratioAdjusted P = 0.0073) had a significantly lower median
COV compared with median COV of MD at the site of compresdiat no difference in COV was detected
between canal diameter or Torg ratio when comparedpraitiAdjusted P > 0.05). For reference, median
COV of FA and MD measurements in reference tissue at spivel C1-2 were 6.2% and 10.7%,
respectively, and median COV for FA was significantly lotixan MD in these reference tissuésj(isted P

= 0.0121). Additionally, there was a significant difference in naediFOV between FA measurements at
C1-2 (lowest COV) and MD at the site of compression (high€sf) (Adjusted P < 0.0001). When

examining COV in patients witho change in mJOA, trends were similaFig 2B; Table 2 P = 0.5855
comparing median COV for all patients vs. median COV for subset with constant mJOA).
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Sagittal
T2w

Axial
T2w

Fractional
Anisotropy (FA)

Mean
Diffusivity (MD)

Fig. 1
Serial longitudinal anatomic and DTI measurementsh a 77-year-old female patient with spinal cord
compression at C3—-4 and subtle T2 signal change,to neurological impairment (mJOA = 18)

Red arrows show site of most significant cervitahssis and area of evaluation.
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Reproducibility of MRI Measurements
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Fig. 2
Coefficient of variance (COV) in repeated anatomi@and DTl measurements of the spinal cord in patients
with cervical spondylosis

A) COV in all patients = 66). B) COV in only patients with no change in mJQM< 37).
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Table 1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC593&«

Coefficient of Variance for Anatomic and Diffusion MRI Measments in All patientd\ = 66).

Canal Torg FA at MD at FA at Site of MD at Site of
Diameter Ratio C1-2[%] C1-2[%)] Compression [%)] Compression [%)]

Minimum 0.1 0.2 0.0 0.2 0.8 0.8
25% Percentile 4.2 5.6 4.0 5.6 5.9 7.8
Median 8.3 8.1 6.2 10.7 9.3 13.1
75% Percentile 12.8 12.8 10.0 19.8 15.6 23.4
Maximum 44.0 78.4 27.8 57.1 295 34.6
Mean 9.6 11.1 7.1 13.8 11.0 15.3
Std. Deviation 7.2 10.9 4.6 11.4 7.1 9.7
Std. Error of 0.9 1.3 0.6 1.4 0.9 1.2
Mean
Lower 95% CI 7.8 8.4 6.0 11.0 9.3 12.9
of mean
Upper 95% CI 11.4 13.8 8.3 16.6 12.8 17.7

of mean
Table 2
Coefficient of Variance for Anatomic and Diffusion MRI Measments in Patients with No Change
in mJOA (N = 37).
Canal Torg FA at MD at FA at Site of MD at Site of
Diameter Ratio C1-2 C1l-2 Compression Compression
Minimum 0.1 2.6 11 1.1 0.8 0.2
25% Percentile 3.4 6.1 4.1 4.7 6.2 4.2
Median 7.4 9.3 8.7 6.5 12.0 9.3
75% Percentile 12.0 12.6 171 8.8 22.3 15.4
Maximum 44.0 78.4 27.7 27.8 34.1 57.1
Mean 9.0 12.2 11.2 7.4 14.2 11.4
Std. Deviation 8.1 13.3 8.2 4.9 10.2 10.6
Std. Error of 1.3 2.2 14 0.8 1.7 1.7
Mean
Lower 95% CI of 6.3 7.8 8.4 5.8 10.8 7.9

mean
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Canal Torg FA at MD at FA at Site of MD at Site of
Diameter Ratio C1-2 C1l-2 Compression Compression
Upper 95% CI of 11.7 16.7 13.9 9.0 17.6 15.0

mean

Temporal Patterns in DTI Measurements of the Spinal Cord in Cervical Spondylosis During Long-
Term Surveillance

Multiple DTI measurements of reference spinal cord tiss@d.ap for all patients taken independently
resulted in an average FA measurement of 0.61 + 0.06 (sthaehaiation, s.d.) and MD measurements of

0.91 +0.20 s.d. ufn /m§&ig 3A-B). Grouping all cervical spondylosis patients together and asgurach

DTI scan represents an independent measurement, theeai#rag the site of compression was 0.50 + 0.10
s.d. and average MD was 1.26 + 0.35 s.d® um /ms, which walicagtly lower than the reference tissues
(Paired t-test, P < 0.0001 for both FA and MD). Both measurements at C1-2 and measurements at the site of
compression did not show linear or polynomial treris 0.1), suggesting stability of these measurements
over time.
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Fractional Anisotropy (FA) vs. Time
at Site of Compression & C1-2 Reference

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC593&«

Mean Diffusivity (MD) vs. Time
at Site of Compression & C1-2 Reference

Year 1 2 3 4 5 6
s 2 I LT T rin
08 =2
Lo E ¢ Site of
E E ®* @ Compression
0.6 21
g 2
26 2
I w
T 04 &
E o
S 03 g
£ o0 =0 Nl
0.2 T T T T B T T r T T T L} T T T
0 90 180 270 360 720 1440 2160 0 90 180 270 360 720 1440 2160
A Days from Baseline Scan B Days from Baseline Scan

Fractional Anisotropy (FA) vs. Time _Mean Diffusivity (MD) vs. Time
for Individual Patients at Site of Compression for Individual Patients at Site of Compression

Year 1 2 3 4 5 6 Year1 2 3 4 5 6
I 1 T 1T 111 2 I L L L L
E.U. 'G' . s
Ly = ‘.‘g
g E 20 -
2 06 2
i - z
€ 0. 2z 1 =
3 2
§°‘ 8 104
'1-0 E j =
g : v .
L g2 0.5

L] L] 1 1 1 L L]
0 90 180 270 360 720 1440 2160
Days from Baseline Scan

1 U L] L : k T L] L]
0 90 180 270 360 720 1440 2160
Days from Baseline Scan

@
O

Percentage Change in
Mean Diffusivity (MD) vs. Time
for Individual Patients at Site of Compression

Percentage Change in
Fractional Anisotropy (FA) vs. Time
for Individual Patients at Site of Compression

Year 1 2 3 4 5 & Year 1 2 3 4 5 6

- A |

(%]

Mean Diffusivity (MD)

Days from Baseline Scan

Percentage Change in

s

\VDays from Bas‘elim;Scan

Percentage Change in
Fractional Anisotropy (FA)

m
M

Fig. 3
Long-term temporal DTl measurements and trends in ptients with cervical spondylosis

A) Fractional anisotropy (FA) evaluated over timhé¢he site of compression (solid circles) and Chef@rence
tissue (open circles). B) Mean diffusivity (MD) éwated over time at the site of compression (stlides) and
C1-2 reference tissue (open circles). C) FA vahidbe site of compression for individual patienith cervical
spondylosis (connected by lines). D) MD valuesatdite of compression for individual patients vag#rvical
spondylosis (connected by lines). E) Percentagegeshan FA measurements at the site of compressientbe
surveillance period, with respect to the first inmggexamination time point. F) Percentage chandédbn
measurements at the site of compression over theibance period, with respect to the first imagin
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examination time point.

Longitudinal DTI measurements for both FA and MD at theditompression for individual patients during
the period of radiographic surveillance are illustratelign3C—0D The percentage change in DTI
measurements for FA and MD from the first evaluation timatpaie illustrated ifrig 3E—F Despite some
fluctuations in DTI acquisition protocols over the period of evabnathe majority of the patients (47 of 66)
showed relatively steady measurements over time, consistértheir stable neurological status. However, a
few patients (13 of 66) did demonstrate fluctuations (gréiaser 10% COV) in DTI measurements over
time. In the some of these cases (7 of 13), significant isgitle®TI image quality including severe
susceptibility artifacts were observed only at specific fimiats. In 2 of 13 patients, these artifacts were
present in >2 evaluation time points. In the remaining 4 matispinal cord motion or other issues may have
contributed to the high fluctuations in measurements.

Functional Correlation of DTI Measurements

Next, we examined the relationship between DTl measuremahi®2OA in order to determine whether FA
or MD were valuable predictors of neurological status. PoolirfgT measurements from all patients and

all time points, both FA and MD at the site of compression sti@ggnificant correlation with neurological
status Fig 4A—B). Specifically, FA was shown to decrease approximately 0.0i82 per mJOA unit
decreaseF{2 = 0.2037, P < 0.0001), while MD was shown to increase approximately 0.084 um maviery
mMJOA unit decreas@f = 0.1016, P < 0.0001). When evaluating each patient individually by averaging both
their DTI and mJOA over their respective surveillance periAed,Fl2 = 0.3281, P < 0.0001) and MD Rz =
0.1101, P = 0.0084) were correlated with approximately the same sensitivityXom(Fig 4C-D). Together,
these results further support the hypothesis that DTI measureméiméssite of compression, particularly FA
and MD, may be valuable predictors of neurological status.
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Correlation between DTI measurements of the spinatord at the site of compression and functional

impairment assessed with mJOA

A) Fractional anisotropy (FA) measurements at tteeaf compression versus mJOA using all available
measurements from all patienRz(: 0.2037, P < 0.0001). B) Mean diffusivity (MD) measurements at thes sif
compression versus mJOA using all available measemes R2 = 0.1016, P < 0.0001). C) Association between
FA measurements at the site of compression and nel@Wated per patient, averaging multiple DTI and
neurological assessment exarﬁ%# 0.3281, P < 0.0001). D) Association between MD at the site of
compression and mJOA evaluated per patient by gieyanultiple DTI and neurological exarrRZ(: 0.1101, P

= 0.0084).

DISCUSSION

Go to:

Degenerative changes within the cervical spine are a normadffging and are commonly encountered in
middle aged and older patients. Because of this ubiquity amongpeliients, one of the greatest challenges
associated with the clinical management of patients with addacervical spondylosis is determining when
to intervene, either surgically or therapeutically, as many clsanmigein the spinal cord may be relatively
benign and not result in permanent neurological damage. Addijiopatients may have similar appearing
conventional MRI features such as degree of stenosis and spidaignal change, yet have distinctly
different degrees of functional impairment. Moreover, since pgymatic and mildly symptomatic cervical
myelopathy patients are frequently treated nonoperatividygl dor obtaining objective measurements of
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spinal cord integrity would be highly beneficial for long-term silliargce and clinical management of this
patient in population.

While conventional MRI is the current standard for radiograpliesssnent of the spinal cord in patients
with cervical spondylosis and myelopathy, measures including srm'rdatt:ompressio?f?"l—z"l—8 , Spinal canal
diameter, and even presence of spinal cord signal cHarge 233437 faliaddo show a consistent
significant association with neurological impairment in thesiepis. To overcome these limitations, studies
have explored the use of advanced imaging techniques such 8447#£328449,1920,38 to inspect
microstructural characteristics and evaluate the degreerwl spird injury and functional impairment.
Despite promising initial studies, questions remain regartimgaproducibility and reliability of using DTI
as a tool for longitudinal surveillance of the spinal cord irep& with spinal cord disease.

To this concern, the current study sought to investigate the refsiithydemporal trends, and functional
correlates of DTl measurements within the cervical smioal in a large cohort of patients with
asymptomatic cervical stenosis or cervical myelopathy ogangillance period that ranged from 3 months
to more than 5 years. We report a COV for repeated measurampatients with cervical spondylosis of
between 5-10%, similar to variability in simple anatom@&asurements and similar to variability in DTI
parameters reported in the literature. A previous study byeaor showed COV of multiple DTI
measurements of MD and FA within reference tissues in 1émpsittvaluated over approximately 200 days
of approximately 8.7% and 4.6%, respectiv@y , Which is slighter than the 10.7% and 6.2% COV
reported in in the current study.

The average FA and MD measurements reported in reference Gleatigithin the current study are
consistent with those previously reported in the normal cenpaahiscord. For example, we report average
FA and MD measurements of 0.61 and 0.92 um /ms, respectivedyens Mamatet al. 28 reported values

of 0.70 and 0.81 ufn /ms, Faceral. 14 reported values of approximately 0.75 and 1.8 um /ms, and Budzik
et al. reported values of 0.54 and 0.78%um /ms. Additionally, Jeras 23 reported FA values of the spinal
cord at C2-3 of approximately 0.64, which is also consistahtaur reported values at C1-2.

In general, we observed an increased MD and decreased l&\sitiet of compression compared with
reference normal values. This is consistent with previous wdism@ns in patients with cervical spondylosis
——————— we observed a significant correlation betweerateof neurological
impairment assessed using the mJOA and DTl measuremengimgcFA and MD, which is also consistent
with previous clinical studie5®23 . Together, these results suppohypothesis that DTI measurements at
the site of compression may be valuable for estimating theeef§neurological impairment in patients with
cervical spondylosis.

The present investigation is novel and clinically significans&veral reasons. First, having performed 183
separate MRI scans in a cohort of 66 patients, this is thefidslargest study evaluating temporal stability
and reproducibility of DT in patients with advanced cervical sptwsily. This helps to address a gap in our
knowledge base regarding the stability and efficacy of repeatedhBasurements over time, as the vast
majority of studies have been focused on single time-point assgssi®econd, we were able to determine
the expected change in mJOA based on changes in FA and Mias-8hown to decrease by approximately
0.032 units and MD was demonstrated to increase approximately 0.884for every point decrease in
mMJOA score. Lastly, when examining each individual patient byagireg their DTI and mJOA over their
respective surveillance period, FA and MD were strongly caeelaith sensitivity to mJOA. Taken
together, these three key findings suggest that DTI could potghgaltilized as a method to longitudinally
assay spinal cord integrity in patients with asymptomatidearstenosis and CSM that are being treated
nonoperatively. Additional future study with a larger cohortaifgmts and longer follow-up time will be
needed.

Study Limitations
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Although DTI can provide new information regarding the health ofgiv@bkcord there remains limitations
to widespread use due to technical challenges and issues msthtency in slice prescriptions between
evaluation time points. Many of the technical challengeserétethe small size and movement of the cord,
namely inaccuracies arising from partial volume and suscktytitdlated artifacts. Additionally, general
issues with consistency and accuracy of slice prescripticevéar the anatomic evaluation of stenosis is
well-documented®29  and thus adequate attention should be given to Ekgnasiross exams in the same
patient.

It is also important to note that technological advances irsiRem hardware and software evolved over the
surveillance period in the current study, resulting in slighttdlity in the acquisition protocols over time.
Thus, our measurements of variability and temporal stability deoted in the present study reflect the
realistic variations in DTl measurements expected duringn®utinical use of DTI for evaluation of the
spinal cord using clinically available, state-of-the-art asitjon protocols. The current version of our
acquisition protocol used for the last 3 years of examinatiomssjsting of 30 diffusion sensitizing directions

and 4 averages far=0 simn? images, has tolerable accuracy in DTI pararmztliemzﬁionz"l—3 and is
consistent with current consensus recommendations from tmmifsimieommunity@ .
CONCLUSION Go to:

Quantitative DTI measurements of the spinal cord in patieititsasivanced cervical spondylosis have a
median COV of 5-10%, which is similar to anatomic measuresvarihe site of compression. Mean
measurements of FA and MD in normal reference tissues aasutlé increase in MD and decrease in FA in
patients with increasing neurological impairment are consistiémwevious studies. Results also suggest
FA within the cord is slightly more sensitive to neurological fiomcand more stable than measures of MD.
The reproducibility of these measurements and significantledion with functional outcome status suggest
a potential role in the evaluation and longitudinal surveillancewobperatively treated patients.
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