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Abstract

Introduction: Diffusion tensor imaging (DTI) is an advanced MR imaging technique which helps in early detection
of cervical spondylotic myelopathy (CSM). Decompressive surgery performed during early stages of the disease was
reported to be more successful when compared with later stages. Aim: To evaluate the usefulness of diffusion tensor
imaging (DTI) in early stages of cervical spondylotic myelopathy (CSM) and to aid in better surgical outcome.
Materials and methods: This prospective observational study included 25 patients with clinical diagnosis of
cervical spondylotic myelopathy who underwent routine MRI of the cervical spine. Conventional MRI sequences
along with diffusion tensor imaging (DTI) were performed. Quantitative fractional anisotropy (FA) and apparent
diffusion coefficient (ADC) values were compared at stenotic and nonstenotic segments. Results: A statistically
significant difference in mean FA and ADC values were seen at stenotic and nonstenotic segments. In the most
stenotic segments, the mean FA value was 0.415 + 0.203 and in the nonstenotic segment, the mean FA value was
0.717 £ 0.160, which was statistically significant (P < 0.001). The mean ADC value in the most stenotic segments
was 1.777 + 1.005 x 10 mm?/s and that of the nonstenotic segments was 1.010 + 0.458 x 10° mm?s. The
difference in the mean ADC value was statistically significant (p <0.001). Conclusion: Use of diffusion tensor
imaging (DTI) along with conventional MRI sequences enables early detection of the disease and helps in
appropriate timing of surgery.

Keywords: Diffusion tensor imaging (DTI), cervical spondylotic myelopathy (CSM), apparent diffusion coefficient
(ADC), fractional anisotropy (FA).
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Introduction

Cervical spondylosis is a common degenerative disease
of the spine seen in elderly population. Cervical
spondylosis often results in compressive myelopathy of
the spinal cord affecting 60% of the population above
40 years of age [1,2]. Most of the patients with CSM
show characteristic magnetic resonance imaging (MRI)
findings such as increased signal intensity of the spinal
cord on T2-weighted imaging.
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This cord signal changes appear late in the course of the
disease and predicts poor neurological outcome
following surgery [3]. Conventional MRI was found to
be less sensitive when compared to DTI in detection of
early microstructural changes of the spinal cord [4].
Diffusion tensor imaging (DTI) showed better
sensitivity in the early detection of cervical spondylotic
myelopathy (CSM) when compared to the conventional
T2WI sequence [5]. Decompressive surgery is the main
stay of treatment in patients with CSM. Early diagnosis
of CSM is important, as early surgical intervention is
associated with good prognosis and better neurological
outcome [6,7,8,]. DTI parameters such as fractional
anisotropy (FA) and apparent diffusion coefficient
(ADC) show higher sensitivity and specificity for early
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detection of spinal cord abnormalities when compared
with conventional T2WI [5,6]. The objective of this
study was to compare FA and ADC values using DTI in
most stenotic and nonstenotic cervical spinal segments,
to aid in early diagnosis of cervical spondylotic
myelopathy (CSM) before the appearance of T2W
hyperintense cord signal changes.

Materials and methods

This is a prospective observational study conducted at
JSS Medical College and Hospital from May 2018 to
January 2019 for a period of 9 months. The study
included 25 consecutive patients with clinical diagnosis
of cervical spondylotic myelopathy (CSM). Each
subject underwent neurological examinations by a
neurosurgeon and clinical diagnosis of cervical
compressive myelopathy was established based on the
clinical manifestations (neck pain, radiculopathy,
parasthesia, and weakness). Patient with myelomalacic
changes (increased cord signal on T2WI), history of
trauma, previous spinal surgery, and general
contraindication to MRI (pacemakers, metallic implants
and claustrophobic patients) were excluded. MRI

images were obtained using a 3-T Philips MRI scanner
(Ingenia, Netherlands) with a protocol routinely
including sagittal T2W, sagittal T1W, axial T2W fast
spin echo (FSE) sequences, and a 15 direction echo
planar imaging (EPI)-based DTI sequence in an axial
plane. Parameters for DTI were obtained as follows:
Using axial plane, slice thickness = 4 mm, slice gap = 0
mm, acquisition matrix = 128 x 128, FOV = 230 mm,
and number of acquisitions was 3. Diffusion was
measured along 15 noncollinear directions with two b
values (0 & 1,000 s/mm?). Acquired DTI images were
processed to produce ADC and FA maps of the
acquired axial slices. FA and ADC values of non-
stenotic cervical segments (C2-C3) were used as
controls, since no difference in FA and ADC existed
between segments in healthy controls and non-stenotic
C2-C3 segments of subjects with cervical spinal
stenosis [6]. The FA and ADC values were measured
using point region of interest in the cervical spinal cord
at non-stenotic C2-3 segment and at the most stenotic
segments [Figure 1 & 2].

. [+ |8
Figure 1: (a) MRI Cervical spine in the sagittal plane showing
cervical stenosis at C5 and C6 level, (b) axial T2-weighted

image where mean FA and mean ADC values are measured

from specific ROI at stenotic cervical segment.
Fig 1: T2 weighted MRI of Cervical spine in the Sagittal and Axial plane
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Figure 2: FA coloured maps FA coloured maps (a,b.c) of the same
patient with FA values of 0.69 + 0.11 at non-stenotic segment (C2-C3)

and 0.41 + 0.21 at most stenotic segment (C5-C6) respectively.

Fig 2: FA coloured maps in Sagittal and Axial Plane of the same patient

Statistical  analysis:Statistical ~ analysis ~ were
performed by using the software SPSS 22.0.
Descriptive statistics were used to describe clinical
demographics using range, means and standard
deviation (mean + SD). Paired t-test was used to
analyze comparisons and a difference with a p value
of less than 0.001 was considered statistically
significant.

Results

Twenty five patients (14 female and 11 male) with
mean age of 52.2 years (age ranging from 32-71

years). In the most stenotic segments, the mean FA
value was 0.415 + 0.203 and in the non-stenotic
segment, the mean FA value was 0.717 + 0.160,
which was statistically significant (P < 0.001) [Fig
3]. The mean ADC value in the most stenotic
segments was 1.777 + 1.005 x 10 mm?/s and that
of the non-stenotic segments was 1.010 + 0.458 x
10 mm?/s. The difference in the mean ADC value
was statistically significant (p <0.001) [Fig 4].

2 |—m—¢
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segment
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Fig 3: The mean FA value in the most stenotic segment (0.415 + 0.203) was significantly lower than the non-
stenotic segment (0.717 + 0.160). The difference was statistically significant (P < 0.001).
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Fig 4: The mean ADC values in the most stenotic segment (1.777 + 1.005 x 10° mm?/s) was higher than the
nonstenotic segment (1.010 + 0.458 x 10° mm?/s). The difference was statistically significant (P < 0.001).

Discussion

Conventional MRI is most commonly used to evaluate
the morphological changes in cervical spondylosis and
spinal cord dysfunction. Major mechanisms responsible
for the spinal cord injury in patients with CSM include
the spinal cord ischemia and microtrauma which leads
to apoptosis of the oligodendrocyte cells. These
pathological alterations are often depicted as
hyperintense signal on T2W images and represent cord
edema or gliotic changes [9]. This increased T2W
signal changes in the cervical spinal cord appears late
during the course of the disease. There is a weak
correlation between clinical symptoms and conventional
MR imaging findings as described by Hori M et al.,
[10]. Diffusion tensor imaging (DTI) is a relatively
novel MRI technique which depicts the microstructural
changes of white matter fibers better than the
conventional MR imaging.Conventional MRI is based
on isotropic diffusion in which diffusion of water
molecules is equal in all directions. Isotropic diffusion
is quantified using apparent diffusion coefficient (ADC)
values, which represent average magnitude of molecular
displacement. Diffusion tensor imaging (DTI) utilizes
anisotropic diffusion parameters describing highly
ordered movement of the water molecules occurring
along a single direction (bundles of myelinated axonal

fibres running in parallel). The differences in the
amount and orientation of water diffusion is measured,
particularly in the white matter [11]. Anisotropic
diffusion is quantified by FA value, which measures the
directionality of molecular displacement by diffusion,
where a value of O represents isotropic diffusion and
value of 1.0 represents anisotropic diffusion [12].
Compared with conventional MRI, DTI is sensitive to
disease processes altering the movement of water
molecules in cervical spinal cord at a microstructural
level [13]. The sensitivity of DTI in detection of early
myelopathic changes are higher compared to
conventional MRI [5,6,17,18].Reduction in FA values
at stenotic levels suggests disruption of the white matter
tracts (axonal structures) leading to isotropic diffusion
and increase in the ADC values [14]. In our study, the
mean FA value in the stenotic segments (0.415) was
significantly lower than the nonstenotic segments
(0.717). The mean ADC values at the stenotic segment
(1.777) were significantly increased compared to
nonstenotic segments (1.010). Similar results were
shown in previous studies as depicted in [Table 1]. No
similar studies with larger sample size have been carried
out previously, existing studies along with this study
indicate that FA & ADC values may provide additional
data for the early detection of myelopathic changes and
better clinical outcome.
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Table 1: Comparison of the results with similar recent studies.

Author (Year) Mean FA values Mean ADC values ( x 10° mm?/s)
Non stenotic stenotic Non stenotic stenotic

Toktas ZO (2015) et al.,[15] 0.6884 + 0.0075 | 0.4228 + 0.1090 0.9183 +0.1477 | 1.312 + 0.2405

Nukala M (2018) et al., [17] 0.729 0.48 0.90 1.25

Hassan Taaeh (2019) et al., [18] | 0.742 Significantly Reduced. | - -

Conclusion

Despite the limitation of a relatively small sample size
and lack of long term follow up in our study, DTI is
proven to be a useful diagnostic tool for assessing

disease severity

in CSM. DTI offers increased

diagnostic sensitivity as compared to conventional MRI
and enables earlier detection of the disease before
marked clinical worsening. Hence, quantitative DTI
scalar metrics can be used routinely in patients with
CSM to detect and enable early intervention for a better
clinical outcome.

References

1.

Boden SD, McCowin PR, Davis DO, et al.
Abnormal magnetic-resonance scans of the cervical
spine in asymptomatic subjects. A prospective
investigation. J Bone Joint Surg Am
1990;72:1178-84.

Weis EB. Jr Abnormal magnetic-resonance scans
of the cervical spine in asymptomatic subjects. J
Bone Joint Surg Am. 1991;73:1113.

Suri A, Chabbra RP, Mehta VS, Gaikwad S,
Pandey RM. Effect of intramedullary signal
changes on the surgical outcome of patients with
cervical spondylotic myelopathy. Spine J. 2003;
3:33-45.

Kerkovsky M, Bednarik J, Dusek L et al. Magnetic
resonance diffusion tensor imaging in patients with
cervical spondylotic spinal cord compression:
correlations between clinical and
electrophysiological findings. Spine. 2012; 1:48-
56.

Kara B, Celik A, Karadereler S et al. The role of
DTI in early detection of cervical spondylotic
myelopathy: a preliminary study with 3-T MRI.
Neuroradiology. 2011; 8:609-616.

Facon D, Ozanne A, Fillard P, Lepeintre JF,
Tournoux-Facon C, Ducreux D. MR diffusion
tensor imaging and fiber tracking in spinal cord
compression. AJNR. 2005; 6:1587-1594.

7.

10.

11.

12.

13.

14.

15.

Chatley A, Kumar R, Jain VK, Behari S, Sahu RN.
Effect of spinal cord signal intensity changes on
clinical outcome after surgery for cervical
spondylotic myelopathy. J Neurosurg Spine. 2009;
11:562-7.

Yagi M, Ninomiya K, Kihara M, Horiuchi Y.
Long-term surgical outcome and risk factors in
patients with cervical myelopathy and a change in
signal intensity of intramedullary spinal cord on

Magnetic  Resonance imaging.J  Neurosurg
Spine. 2010; 12:59-65.
Baron EM, Young WEF. Cervical spondylotic

myelopathy: A brief review of its pathophysiology,
clinical course, and
diagnosis. Neurosurgery 2007; 60: S35-S41.

Hori M, Fukunaga I, Masutani Y et al. New
diffusion metrics for spondylotic myelopathy at an
early clinical stage. Eur Radiol. 2012; 8:1797-
1802.

Adalsteinsson E, Sullivan EV, Pfefferbaum A.
Biochemical, functional and microstructural
magnetic resonance imaging (MRI) In: Liu Y,
Lovinger DM, editors. Methods in Alcohol-Related
Neuroscience Research. Boca Raton, FL: CRC
Press; 2002. pp. 345-72.

Ruest T, Holmes WM, Barrie JA, Ciriffiths IR,
Anderson TJ, Dewar D, et al. High-resolution
diffusion tensor imaging of fixed brain in a mouse
model of  Pelizaeus-Merzbacher  disease:
Comparison with quantitative measures of white
matter pathology. NMR Biomed. 2011;24:1369-79.
Banaszek A, Bladowska J, Podgorski P, Sasiadek
MJ. Role of Diffusion Tensor MR Imaging in
Degenerative Cervical Spine Disease: a Review of
the Literature. Clin Neuroradiol. 2016;26(3):265-
276.

Hesseltine SM, Law M, Babb J, Rad M, Lopez S,
Ge Y, et al. Diffusion tensor imaging in multiple
sclerosis: Assessment of regional differences in the
axial plane within normal-appearing cervical spinal
cord. AINR Am J Neuroradiol. 2006;27:1189-93.
Toktas ZO, Tanrikulu B, Koban O, Kilic T, Konya
D. Diffusion tensor imaging of cervical spinal cord:

Sachin T et al

www.ijhcr.com

International Journal of Health and Clinical Research, 2020; 3(6):49-54

53



http://www.ijhcr.com/

International Journal of Health and Clinical Research, 2020; 3(6):49-54

e-1SSN: 2590-3241, p-ISSN: 2590-325X

A quantitative diagnostic tool in cervical
spondylotic myelopathy. J Craniovertebr Junction
Spine. 2016;7(1):26-30.

16. Ahmadli U, Ulrich NH, Yugiang Y, Nanz D,

Sarnthein J, Kollias SS. Early detection of cervical
spondylotic myelopathy using diffusion tensor
imaging: Experiences in 1.5-tesla magnetic
resonance imaging. Neuroradiol J. 2015;28(5):508-
514.

17.

18.

Nukala M, Abraham J, Khandige G, Shetty BK,
Rao APA. Efficacy of diffusion tensor imaging in
identification of degenerative cervical spondylotic
myelopathy. Eur J Radiol Open. 2018;6:16-23.
Hassan TAAEH, Assad RE, Belal SA. MR
diffusion tensor imaging of the spinal cord: can it
help in early detection of cervical spondylotic
myelopathy and assessment of its severity?. Egypt J
Radiol Nucl Med. 2019; 50-62.

Source of Support:Nil
Conflict of Interest: Nil

Sachin T et al
www.ijhcr.com

International Journal of Health and Clinical Research, 2020; 3(6):49-54

54


http://www.ijhcr.com/

