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Quantitative Evaluation of the Diffusion Tensor 
Imaging Matrix Parameters and the Subsequent 

Correlation with the Clinical Assessment of Disease 
Severity in Cervical Spondylotic Myelopathy

Neha Nischal, Shalini Tripathi, Jatinder Pal Singh

Department of Radiology, Medanta-The Medicity, Gurugram, India   

Study Design: We performed a prospective observational study of 52 patients who were clinically suspected of cervical spondylotic 
myelopathy (CSM), based on the modified Japanese Orthopaedic Association (mJOA) score, and were referred for magnetic reso-
nance imaging (MRI) of the cervical spine.
Purpose: To evaluate the quantitative parameters of the diffusion tensor imaging (DTI) matrix (fractional anisotropy [FA] and apparent 
diffusion coefficient [ADC] values) and determine the subsequent correlation with the clinical assessment of disease severity in CSM.
Overview of Literature: Conventional MRI is the modality of choice for the identification of cervical spondylotic changes and is 
known to have a low sensitivity for myelopathy changes. DTI is sensitive to disease processes that alter the water movement in the 
cervical spinal cord at a microscopic level beyond the conventional MRI.
Methods: DTI images were processed to produce FA and ADC values of the acquired axial slices with the regions of interest placed 
within the stenotic and non-stenotic segments. The final quantitative radiological derivations were matched with the clinical scoring 
system.
Results: Total 52 people (24 men and 28 women), mean age 53.16 years with different symptoms of myelopathy, graded as mild (n=11), 
moderate (n=25), and severe (n=16) as per the mJOA scoring system, underwent MRI of the cervical spine with DTI. In the most ste-
notic segments, the mean FA value was significantly lower (0.5009±0.087 vs. 0.655.7±0.104, p<0.001), and the mean ADC value was 
significantly higher (1.196.5±0.311 vs. 0.9370±0.284, p<0.001) than that in the non-stenotic segments. The overall sensitivity in identi-
fying DTI metrics abnormalities was more with FA (87.5%) and ADC (75.0%) than with T2 weighted images (25%).
Conclusions: In addition to the routine MRI sequences, DTI metrics (FA value better than ADC) can detect myelopathy even in pa-
tients with a mild grade mJOA score before irreversible changes become apparent on routine T2 weighted imaging and thus enhance 
the clinical success of decompression surgery.
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Introduction

Cervical spondylotic myelopathy (CSM) is a very com-
mon degenerative disease of the spine in the elderly [1]. 
Spondylotic compressive myelopathy develops progres-
sively owing to long-standing segmental compression of 
the spinal cord. Reduction of the anteroposterior diam-
eter of the spinal canal is the primary pathophysiological 
change with secondary spinal cord compression. Clinical 
symptoms include gait instability, weakness, numbness 
or loss of fine motor skills in the upper limb, and urinary 
urgency [2]. Although conventional magnetic resonance 
imaging (MRI) is an excellent modality for the deter-
mination of spondylotic changes, it is known to have a 
sensitivity as low as 65% in the identification of myelopa-
thy [3]. In several patients who exhibit apparent clinical 
symptoms, such as extremity numbness and motion dys-
function, conventional magnetic resonance (MR) imaging 
shows no abnormal cord signal intensity. Conservative 
treatment options, such as bracing and traction, are ef-
fective for mild myelopathic symptoms. However, if pro-
longed without improvement, the opportunity for surgery 
would be lost, leading to poor postoperative outcomes [4].

Diffusion anisotropy in the white matter originates from 
its specific organization in bundles of myelinated axonal 
fibers that run in parallel. Apparent diffusion coefficient 
(ADC) is the average magnitude of molecular displacement 
by diffusion; thus, the higher the ADC, more isotropic the 
medium. Fractional anisotropy (FA) depicts the direc-
tionality of the molecular displacement via diffusion, with 
values ranging from 0 (isotropic) to 1 (infinite anisotropic 
diffusion). It is now known that in nerve fiber impairment, 

the medullary sheath is destroyed, and the diffusion of 
water molecules in one particular direction or anisotropy 
is lost. Hence, diffusion tensor imaging (DTI) is superior 
to conventional MRI for detecting disease processes that 
alter the water movement in the spinal cord at a micro-
scopic level. Demyelination of the neural tracts reduces FA 
because the diffusion of water molecules is easier across 
damaged axonal membranes than across intact myelin 
sheaths. Therefore, DTI could be used for the evaluation of 
the axonal pathology underlying CSM [1,5-7]. However, 
its efficacy should be substantiated for use by the treating 
clinicians. The present study was designed to evaluate the 
quantitative parameters of the DTI matrix (FA and ADC 
values) and determine the subsequent correlation with the 
clinical assessment of disease severity in CSM.

Materials and Methods

A prospective observational study was conducted for 
patients aged ≥18 years who were clinically suspected of 
CSM and were referred to the department of radiology 
from February 2018 to May 2019 (16 months) for MRI of 
the cervical spine. Approval by the Ethics Committee of 
Medanta-The Medicity, Gurugram, India was obtained 
before study initiation (IRB approval no., MICR No. 
840/2018). Each subject underwent comprehensive physi-
cal and neurological examinations that were conducted by 
orthopedic or neurosurgeon from the research team, and 
the diagnosis of cervical compressive myelopathy was es-
tablished based on the clinical scoring that was derived by 
the clinician as per the signs and symptoms described in 
the established modified Japanese Orthopaedic Associa-

Table 1. Magnetic resonance imaging parameters for the study

Variable T1 axial/sagittal T2 axial/sagittal MEDIC T2 SPACE DTI

TR (ms) 400–700 2,000–3,000 500–600 1,000–2,000 5,000–6,000

TE (ms) 8–10 80–90 16–22 20–30 90–100

Matrix (mm) 320×320 320×240 320×320 320×240 320×320

Slice thickness (mm) 3 3 3 3 3

Slice gap (mm) 0.3 0.3 0.3 0.3 0.3

Voxel size (mm) 0.8×0.6×3.0 (axial)
0.9×0.7×3.0 (sagittal)

0.7×0.6×3.0 (axial)
0.7×0.6×3.0 (sagittal) 0.8×0.7×3.0 0.9×0.9×0.9 1.8×1.8×3.0

Scan time (min) 2.39 (axial)
1.55 (sagittal)

3.11 (axial)
1.5 (sagittal) 2.45 3.14 5.32

MEDIC, multiple-echo data image combination; SPACE, sampling perfection with application-optimised contrasts using different flip angle evolutions; DTI, diffusion 
tensor imaging; TR, repetition time; TE, echo time.
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tion (mJOA) system [8]. All patients with claustrophobia, 
metal implants, pacemaker, previous spinal surgery, cervi-
cal trauma history, stroke, and/or other neurological dis-
ease(s), cervical radiculopathy with no clinical evidence 
of cervical myelopathy, absence of radiological evidence 
of cervical canal stenosis, and multilevel compression/
stenosis were excluded from the study. Written consent 
was obtained from all the patients before MR imaging. 
MRI examinations was performed using a 3T MRI system 
(Siemens Verio; Siemens Healthineers AG, Erlangen, Ger-
many) with a DTI protocol (Table 1) that comprised a 20 
direction echo planar imaging-based DTI sequence (at B 
value 0, 700) in an axial plane in addition to routine im-
aging that included sagittal T1, T2, short-tau inversion re-
covery, and axial T1, T2 weighted fast spin echo sequenc-
es and a sagittal T2 SPACE (sampling perfection with 
application-optimised contrasts using different flip angle 
evolutions) three-dimensional (3D) acquisition. Fiber 
tractography (FT) image was generated via the integration 
of 3D white matter trajectories and was only used as a 
visualization tool. DTI images were processed using the 
MR scanners 3D software (Syngo; Siemens Healthineers 
AG) and analyzed by a fellowship-trained single reader (>6 
years’ experience) who was blinded to clinical findings to 
produce FA and ADC values of the acquired axial slices 
with regions of interest (ROIs) placed within the stenotic 
and non-stenotic segments. Proper precautions were tak-
en while placing the ROI to avoid partial-volume effects 
from the adjacent bone and cerebrospinal fluid, hemor-
rhage, necrosis, and calcifications. The cross-sectional area 
of the spinal cord is different in the stenotic and non-ste-
notic segments; therefore, the sizes of the ROIs were not 
always the same in stenotic and non-stenotic segments, 
ranging from 30–45 mm2. Multiple measurements were 
obtained, and the mean FA and ADC values were selected 
for the analysis. Inter-observer and intra-observer coeffi-
cients of variations were 30% and 32%–41%, respectively, 
for this technique [9,10]. The final quantitative radiolog-
ical derivations were matched with the clinical scoring 
system. Comparison of the FA and ADC values was per-
formed using analysis of variance (ANOVA) test, and the 
results were subjected to multiple comparison Bonferroni 
test. Receiver operating characteristic (ROC) analysis was 
performed to obtain a cut-off value for FA and ADC at 
different spinal levels. We compared the sensitivity, spec-
ificity, negative predictive value, and positive predictive 
value of FA, ADC, and T2WI in recognizing myelopathy.

Results

In this prospective study, we enrolled 52 subjects (28 
[53.8%] women and 24 [46.2%] men) with a mean age 
of 53.16 years who had different symptoms of myelopa-
thy, graded as mild (n=11), moderate (n=25), and severe 
(n=16) according to the mJOA scoring system and had 
undergone MRI of the cervical spine with the DTI pro-
tocol. The part studied for all these patients was from the 
craniovertebral junction up to the C7 vertebral level, us-
ing the parameters set by us; the level most affected in our 
study was C5–C6 in 28 patients (53.8%), followed by C4–
C5 in 12 (23.1%), C3–C4 in 6 (11.5%), C6–C7 in 5 (9.6%), 
and C2–C3 in 1 (1.9%).

In the most stenotic segments, the mean FA value was 
significantly lower (0.5009±0.087 versus 0.655.7±0.104, 
p<0.001), and the mean ADC value was significantly 
higher (1.196.5±0.311 versus 0.9370±0.284, p<0.001) 
than that in the non-stenotic segments. Stenotic segments 
showed a decrease in the FA and an increase in the ADC 
values of the spinal cord (Fig. 1). Comparison of the val-
ues performed using ANOVA suggested high significance 
with p-value <0.05 at certain levels (Table 2). These results 
were subjected to multiple comparison Bonferroni test 
that showed p-values from 0.000 to 0.024 at different level 
of the spinal canal to differentiate between the different 
grades of severity using FA and ADC value (Table 3).

We performed ROC to determine the accuracy of the 
FA and ADC values (Fig. 2). Based on the co-ordinate on 
the curve, we propose a cut-off index at different spinal 
levels for both FA and ADC (Table 4). The proposed opti-
mum cut-off values for FA and ADC at C1–C2 level were 
0.669 and 0.908, those for C2–C3 were 0.603 and 0.996, 
those for C3–C4 were 0.499 and 1.063, those for C4–C5 
were 0.547 and 1.068, those for C5–C6 were 0.460 and 
1.296, and those for C6–C7 were 0.591 and 1.137, respec-
tively.

In addition, we found a negative correlation between 
the FA and ADC values (r=0.63, p=0.002). FA values had 
a higher sensitivity of 72.7% than ADC (27.3%) in cases 
with mild CSM (Table 5). The overall sensitivity (Table 6) 
in identifying DTI metrics abnormalities was more with 
FA (87.5%) and ADC (75.0%) than with T2 weighted im-
ages (25%).
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Fig. 1. 44-year-old male presented with chronic neck pain with mJOA score of 16. (A) Diffusion weighted image at C5–C6 level with ROI place (red 
circle). (B) ADC image at this level with ROI place (red circle). (C) FA colour map images at this level. (D) T2 sagittal image shows posterior osteo-
phyte disc bulge at C5–C6 level with canal stenosis. No significant T2 hyperintensity seen in the spinal cord. (E) Fibre tractography image. (F) FA and 
ADC values calculated at this level show decrease in FA value and increased ADC value at this stenotic segment. b-value measures the degree of 
diffusion weighting applied. ROI, region of interest; ADC, apparent diffusion coefficient; FA, fractional anisotropy; SD, standard deviation; ID, identity. 
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Table 2. t- and p-value for FA and ADC at each cervical level

Variable Positive (mean±SD) Negative (mean±SD)
Difference

t-value p-value
Mean±SD 95% CI

FA (C1–C2) 710±138.8 710.1±46.4 - 0.03±41   -82.34 to 82.29 0.001   1.000

FA (C2–C3) 650.1±112.7 674.6±68.2     -24.5±34.4  -93.63 to 44.64 0.712   0.480

FA (C3–C4) 572.7±107.5 671.3±102.3     -98.7±35.1 - 169.24 to -28.11 2.810   0.007*

FA (C4–C5) 504.7±84.5 602.7±60.6        -98±26.3  -150.74 to -45.16 3.727 <0.0001*

FA (C5–C6) 472.3±77.4 608.4±104.6    136.1±27.7  -191.75 to -80.47 4.913 <0.0001*

FA (C6–C7) 576±131.5 632±96.5     -56±41 -138.38 to 26.37 1.366   0.178

ADC (C1–C2) 1,026.5±188.3 797.1±203.5    229.3±59.8    109.21 to 349.44 3.835 <0.0001*

ADC (C2–C3) 1,116.6±164.5 857.2±290.9 259.3±78    102.71 to 415.94 3.326 0.002*

ADC (C3–C4) 1,224.7±255.6 961.6±301.6    263.1±86.7      88.90 to 437.22 3.034 0.004*

ADC (C4–C5) 1,251.7±242.4 1,140.2±283.1    111.6±81.6     -52.28 to 275.45 1.368 0.178

ADC (C5–C6) 1,335.6±315 1,148.7±283.1 186.9±88      10.06 to 363.77 2.123 0.039*

ADC (C6–C7) 1,168.1±192 1,073.1±261.7      95±73     -51.57 to 241.55 1.302 0.199

FA, fractional anisotropy; ADC, apparent diffusion coefficient; SD, standard deviation; CI, confidence interval.
*p<0.05 (statistically significant).
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Discussion

Cervical spondylosis is the most common disorder of the 
spine and is a normal part of aging that affects >2/3rd of 
the world population [4]. The condition can remain be-
nign with episodic pain or may progress to debilitating 
spinal cord dysfunction called CSM. Degenerative cervical 
spondylosis contains a spectrum of changes to the spinal 
cord, including myelopathy. MRI is the modality of choice 
for the assessment of cervical spondylosis [1]; however, 

it plays a limited role in the evaluation of spinal cord in-
volvement.

Before the advent of DTI, T2-weighted imaging was the 
only method for assessing the intrinsic cord abnormality. 
Now, with DTI, it is possible to evaluate the microstruc-
ture of the spinal cord in vivo with a better sensitivity. In 
normal situations, water molecules in the neural tracts 
travel mostly in a single direction (anisotropic diffusion), 
resulting in an FA value closer to its highest value, that is 1. 
However, in pathological conditions, such as CSM, where 

Table 3. The overall severity grading at each level with individual p- and F-values for FA and ADC values

Variable Mild (n=11) Moderate (n=25) Severe (n=16) Total (n=52) F-value p-value

FA (C1–C2) 652.2±184.8 723.7±106.1 728.4±88.3 710±123.3 1.576 0.217

FA (C2–C3) 662.6±138.4 661.5±98.5 641.9±90.8 655.7±104.1 0.197 0.822

FA (C3–C4) 630.7±136 607.2±104.6 556.4±107.8 595.9±113.5 1.600 0.213

FA (C4–C5) 566.4±106.9 523±96.4 507.2±55.6 527.3±89.4 1.519 0.229

FA (C5–C6) 515.3±79.8 530.2±102.5 454.4±100.4 503.7±101.5 3.042 0.057

FA (C6–C7) 655±146.5 600±110.2 526.3±111.3 589±125.7 4.029 0.024*

ADC (C1–C2) 828.8±224.6 871.9±174.5 887.9±294.9 867.7±224.2 0.227 0.798

ADC (C2–C3) 890.3±344 934.3±300.5 973.4±218.4 937±284 0.273 0.762

ADC (C3–C4) 953.2±276.9 1,015.6±323.9 1,146±302.1 1,042.6±310.9 1.459 0.242

ADC (C4–C5) 1,037.8±211.9 1,164.5±285.8 1,284±260.1 1,174.5±273.8 2.860 0.067

ADC (C5–C6) 1,057.8±257.6 1,169.7±276.7 1,365.4±316.1 1,206.2±303 4.172 0.021*

ADC (C6–C7) 913.7±181.1 1,109.9±230.6 1,220.2±235.1 1,102.3±244.5 6.194 0.004*

Values are presented as mean±standard deviation.
FA, fractional anisotropy; ADC, apparent diffusion coefficient.
*p<0.05 (statistically significant).
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Fig. 2. (A, B) ROC curve for FA and ADC values. FA, fractional anisotropy; ADC, apparent diffusion coefficient; ROC, receiver operating characteristic.
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the tracts are distorted, water molecules tend to move in 
all directions, resulting in decreased anisotropic diffusion 
and hence lower FA value, with an increase in the ADC 
value [11]. FT provides integrated eigenvalue and eigen-
vector data of the diffusion matrix and has been used as 
a visualization tool for evaluating spinal cord lesions [12] 
and for assessing changes in the length and density of 
tracked nerve bundles in CSM [13].

In this prospective study on 52 patients, we evaluated 
the efficacy of DTI as a diagnostic tool to recognize the 
changes in the spinal cord. In 2003, Demir et al. [14] con-
ducted one of the first studies to use DTI in CSM with 36 
patients who had spondylosis and found that myelopathy 
areas showed an increase in the ADC value and decrease 
in anisotropy with a sensitivity of 78% and T2 weighted 
image with a sensitivity of 57%.

In our study, the sensitivity of FA (87.5%) and ADC 
(75.0%) for diagnosing CSM was significantly higher than 
that with T2 weighted images (25%). Our findings support 
the results of the above-mentioned study. The mean FA val-
ue of stenotic segments in our patients was (0.5009±87.4) 
and was lower than the FA value (0.655.7±104.1) in 
non-stenotic segments. The ADC value at the stenotic seg-
ment was increased, with a mean value of 1.196.5±0.311 as 
compared to 0.9370±0.284 for the non-stenotic segments. 
Comparison of the values with ANOVA suggested a high 
significance with a p-value <0.05 at certain levels. Similar 
results have been reported by Mamata et al. [15] in whose 
study, the mean FA value was significantly lower (0.46±0.12 
versus 0.66±0.03, p<0.001) and the mean ADC value was 
significantly higher (1.28±0.33 μm2/msec versus 0.75±0.06 
μm2/msec, p<0.001) than those for non-stenotic segments. 
The above findings are also supported by Budzik et al. [6], 
Dong et al. [16], Vedantam et al. [17], Toktas et al. [18], 
and Kara et al. [19].

mJOA is an internationally used score that is used to 
grade the severity of CSM and classified into mild, moder-
ate, and severe grades, depending on the score that ranges 
from 1 to 18 [8]. This multidimensional tool assesses 
three key and distinct components (upper limb dysfunc-

Table 5. FA and ADC distribution according to the severity grading

Variable Mild (n=11) Moderate (n=25) Severe (n=16) Total (n=52) χ2-value p-value

FA 1.459 0.482

Positive 8 (72.7) 18 (72.0) 14 (87.5) 40 (76.9)

Negative 3 (27.3) 7 (28.0) 2 (12.5) 12 (23.1)

ADC 1.176 0.555

Positive 3 (27.3) 10 (40.0) 12 (75.0) 25 (48.1)

Negative 8 (72.7) 15 (60.0) 4 (25.0) 27 (51.9)

Values are presented as number (%). 
FA, fractional anisotropy; ADC, apparent diffusion coefficient.

Table 4. FA and ADC cut off value at each level with corresponding sensi-
tivity and specificity

Variable Optimal cut-off value Sensitivity Specificity

FA (C1–C2) 669 68.6 31.3

FA (C2–C3) 603 80.0 43.8

FA (C3–C4) 499 85.7 43.8

FA (C4–C5) 547 51.4 81.3

FA (C5–C6) 460 77.1 62.5

FA (C6–C7) 591 68.6 75.0

ADC (C1–C2) 908 87.5 69.4

ADC (C2–C3) 996 81.3 66.7

ADC (C3–C4) 1,063 75.0 61.1

ADC (C4–C5) 1,068 68.8 50.0

ADC (C5–C6) 1,296 50.0 69.4

ADC (C6–C7) 1,137 62.5 63.9

FA, fractional anisotropy; ADC, apparent diffusion coefficient.

Table 6. Comparison of sensitivity, specificity, PPV, and NPV in FA, ADC, 
and T2 weighted image

Variable FA ADC T2

Sensitivity 87.5 75.0 25.0

Specificity 27.8 73.9 88.9

PPV 35.0 48.0 50.0

NPV 83.3 85.2 52.7

PPV, positive predictive value; NPV, negative predictive value; FA, fractional 
anisotropy; ADC, apparent diffusion coefficient.
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tion, lower limb dysfunction, and bladder dysfunction) 
of CSM. This score strongly correlates with FA values in 
CSM patients [10,17,20]. Liu et al. [21] found no cor-
relation between the FA and ADC values and the mJOA 
scores in patients without high signal intensity. This may 
be attributable to the relatively small sample size of pa-
tients without signal change (n=20) and observer vari-
ability. However, analysis of all patients showed that FA 
was a useful indicator of functional status in CSM patients 
in their study. We found a strong correlation between the 
CSM mJOA score and DTI parameters and a negative cor-
relation between FA and ADC values (r=0.63, p=0.002).

Surgery is the mainstay of CSM management; however, 
the optimal timing of surgery can be challenging. Stan-
dardized management guidelines for degenerative cervical 
myelopathy recommend surgery for patients with a mod-
erate or severe mJOA score [22]. It is critical to distinguish 
patients with mild versus moderate to severe functional 
impairment because the management and outcomes dif-
fer, and the relative efficacy of surgery in patients with 
mild myelopathy remains unknown [8]. Total 11 patients 
(21.1%) had mild symptoms of myelopathy that indicated 
early onset of myelopathy changes; of these, eight patients 
(72.7%) and three patients (27.3%) showed abnormality 
on FA and ADC, respectively, while 0% of the patients 
showed altered signal intensity on T2WI, proving that 
DTI can detect the early stage of myelopathy with a good 
sensitivity of FA value of about 72.7%. In the moderate 
mJOA score category, 25 patients were studied; of these, 
18 (72%) showed positive results, while 7 (28%) showed 
negative findings in terms of the FA values. Fourteen pa-
tients (87.5%) in the severe mJOA score group showed 
positive findings on FA values, and 2 (12.5%) showed 
negative results for the test.

The optimum cut-off values for myelopathy onset have 
been proposed for FA and ADC in our study based on the 
co-ordinate on ROC curve obtained from the total FA and 
ADC values (Table 3) at different spinal levels. These were 
not analyzed separately for each sub-group, such as the 
mild, moderate, and severe mJOA score group because a 
large study group would be required to perform statistical 
tests and assess the significance of these values. The pro-
posed cut-off for the FA value was lower (0.46), and the 
ADC value was higher (1.29) at C5–C6 level, the level that 
was affected the most (53.8%) in our study. Similar results 
were reported by Nukala et al. [23].

Our study showed overall better sensitivity of FA as 

compared to that of ADC. T2 hyperintensity appeared 
to be least sensitive; however, it exhibited the maximum 
specificity (88.9%). Even though 41 patients (79%) had 
moderate to severe cervical myelopathy, the lower sen-
sitivity of T2 signal change (25%) may be attributable to 
the fact that the mJOA scores in moderate and severe 
categories were on the higher side, and the patients may 
have presented immediately after the worsening of clinical 
symptoms before the onset of signal change in the spinal 
cord.

Our findings support the fact that DTI maybe used as a 
guide for operative intervention to achieve favorable pa-
tient outcomes. This view is supported by Rajasekaran et 
al. [4] who performed a systematic literature review using 
PubMed for clinical studies using DTI in adult CSM pa-
tients who were undergoing operative management. They 
concluded that DTI is associated with preoperative sever-
ity and postoperative outcomes in CSM patients; similar 
results were reported by Jones et al. [10]. Rindler at al. [24] 
suggested that DTI may become useful for identifying 
those most likely to benefit from operative intervention 
(level 3 evidence). Based on their study on 46 patients, 
Shabani et al. [25] concluded that the FA value is a better 
biomarker for determining the long-term outcome after 
spine surgery in CSM.

Conclusions

In conclusion, DTI biomarkers are a valuable tool for the 
qualitative assessment of degenerative CSM in adjunct to 
routine cervical spine MRI. These assessment parameters 
(FA value is superior to ADC) can help detect myelopathy 
even in patients with a mild grade mJOA score before 
irreversible changes become apparent on routine T2 
weighted imaging and help enhance the clinical success of 
decompression surgery. The proposed cut-off values can 
serve as a valuable assessment tool to indicate myelopathy 
onset in conjunction with clinical scores to assess the need 
for surgery. Lack of pathological correlation, follow-up 
of temporal change in the DTI values, and postoperative 
improvement in DTI parameters are the limitations of this 
study and need future research.
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