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Abstract

Background: Cervical spine trauma was a critical clinical condition requiring accurate assessment for optimal management. This
study aims to evaluate the role of Diffusion Tensor Imaging (DTI) and fiber tractography, alongside conventional MRI, in assessing
cervical spinal cord injury (SCI). The objective was to analyse in vivo microstructural parameters—Fractional Anisotropy (FA) and
Apparent Diffusion Coefficient (ADC)—using region of interest (ROI) analysis and to compare these parameters with conventional
MRI findings for early detection of axonal injury.

Method: This hospital-based prospective observational study included 50 patients referred to the Department of Radio-Diagnosis
for cervical spine MRI with clinical suspicion or confirmation of cervical spine trauma during 2022. Imaging was performed using
a 1.5T Siemens Amira MR unit.

Results: The mean length of cord involvement was 3.39 cm on conventional MRl and 5.28 cm on DTI/MR tractography, a statistically
significant difference. Patients with some or good clinical improvement had normal or increased ADC values, while those with
decreased ADC showed no improvement. ADC was significantly reduced in cases of acute traumatic spinal cord injury (TSCI) and
spinal cord haemorrhage. Although no strong correlation was found between FA values and clinical recovery, mean FA values were
consistently lower in all cord pathologies, including swelling, contusion, haemorrhage, and transection.

Conclusion: DTI, with its quantitative indices, enhances the assessment of traumatic cervical spinal cord injury. Compared to
conventional MR], it provides additional valuable information. Incorporating DTI into routine imaging protocols may improve

diagnostic accuracy and guide clinical management in spinal trauma.
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of spinal cord function and stabilization are the initial
management of patients with cervical spine injuries with
use of DTI to detect trauma related changes in spinal
cord, in the armamentarium of cervical cord evaluation
[3, 4]. Diffusion Tensor Imaging (DTI) is a non-invasive
MRI technique that enables in vivo evaluation of spinal
cord injury (SCI). It offers superior visualization of
microstructural alterations compared to conventional
MR], as functional disruptions in SCI often occur before
detectable structural changes appear on T2-weighted
images.

However, DTI of the cervical cord was technically
challenging due to low signal -to- noise of small volume
of the cord, pulsation artifacts arising from CSF, cardiac
and respiratory motion, magnetic susceptibility
artifacts caused by adjacent bone[5-8] . But the ability
of DTI and fibre tractography to diagnose subtle injuries
aids in better therapeutic planning and optimal clinical
outcome.

The study aimed to evaluate the role of DTI imaging and
fiber tractography in SCI with in vivo micro structural
parameter {Fractional Anisotropy (FA), Apparent
Diffusion Coefficient (ADC)} using ROI and to compare
DTI parameters (FA, ADC) with conventional MRI for
early detection of axonal injury.

Materials and methods

It is a hospital based prospective observational study
with sample size of 50 patients who present with neck
pain, numbness, walking difficulty and neurological
manifestation after SCI. The study was conducted in
the year 2022 and it was approved by institutional
ethics committee. MRI protocol acquisition technique
was performed using a standard 1.5T MR unit (AMIRA
SIEMENS). A standard cervical coil was used. Sequences
used were T1W, T2W, STIR and Diffusion tensor imaging
MRI (DTI, T2 SPACE). It was obtained using a single-shot
echo planar imaging (EPI) sequence (b value = 1000 s/
mm?2) in diffusion encoding directions with scan time
of approximately 10 min. The image was acquired in
the sagittal plane with slice thickness of 5mm with no
inter-slice gap, and a field of view (FOV) of 230mm, TR
3500ms, TE 108ms. The DTIimages were analyzed using
tractography software to generate color-coded FA and
ADC maps in both axial and sagittal planes (Figure 1).
To detect any abnormality in form of changes in the blue
colour coded normally oriented craniocaudal cervical
cord fibres. ROIs were carefully drawn to include only
the cervical cord and not the surrounding CSF (Figure
2). ADC and FA values of ROIs-were obtained from C1
to T1 vertebral level. Collected data was presented in
tables and diagrams. Frequency and percentages were
calculated wherever applicable.

Figure 2:
ROI marking.

Results

Among 50 patients most of the patients were less than
30 years (34%) followed by 51-60 years (28%) and 41-
50 years (22%) while rest were in 31- 40 years with
male female ratio of 16:1 (Figure 4).

Cord swelling was present in 7(14%), cord contusion
in 40(80%), cord haemorrhage in 14(28%) and cord
transection in only one patient (2%) (Figure 5).



Shanmathi R et al. ] Med Sci Res. 2025; 13(2):126-130

128

Figure 3: 22-year-old male with bike accident. (A) Abnormal
spinal cord signal intensity at level of C4-C5. (B) Partially
interrupted white matter tract of cervical spinal cord. (C)
Color coded ADC map. (D) color coded FA map.
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Figure 5: Cord changes.

In conventional MRI the mean cord length involved
identified was 3.39 cm and while using DTI/MRT it
was 5.28, thus patients with abnormalities in DTI had
apparent cord abnormalities in conventional MRI and
not the vice versa, making it clear that DTI superior to
conventional MRI which was also statistically significant
(Table 1).

Table 1: Injured cord level detected comparison.

Inj u’;jtgs;d dlevel Conventional MRI tralzzgg %}; hy

C1 0 7

Cc2 7 30
C3 25 46
C4 33 44
C5 33 41
Cé6 26 40
Cc7 23 34
D1 11 12

The mean ADC values were normal or higher in patients
having cord swelling and transection (Table 2). While
mean ADC was less in patient having cord contusion
and haemorrhage in particular with significant p
values. Similarly, the mean FA values are less in all
cord changes like swelling, contusion, haemorrhage
and transection (Table 3). But due to smaller sample
size it was not statistically significant with a p value >
0.05. This decrease could be attributed to anisotropic
diffusion restriction in traumatized spinal cord. FA
values indirectly measure the extent of myelination. so,
higher FA values indicate the integrity of spinal nerves.

Table 2: Cord changes vs mean apparent diffusion co
efficient.

Mean ADC
Cord changes Pvalue
Present Absent
Cord swelling 1.04 0.94 0.082
Cord contusion 0.93 1.07 0.016
Cord hemorrhage 0.83 1.01 0.001
Cord transection 1.17 0.95 0.197

Table 3: Cord changes vs mean fractional anisotropy.

Mean FA
Cord changes Pvalue
Present Absent
Cord swelling 0.52 0.59 0.112
Cord contusion 0.5 0.54 0.387
Cord hemorrhage 0.51 0.54 0.461
Cord transection 0.51 0.53 0.826
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Discussion

DTI helps to measure the water molecules displacement
in tissue based of diffusion weighted imaging involving
the principle of Brownian motion, i.e. free diffusion
of water molecules within the extracellular space.
Whenever there is restriction of water molecules,
it is called diffusion restriction. It can be assessed
quantitatively by measuring ADC.

Diffusion weighted images are based on the concept
of isotropic diffusion in one single direction while in
diffusion tensor imaging it is based on anisotropic
diffusion of water molecules in different directions.
Using 3T MRI up to 256 directions can be obtained.
The axons in the nervous system permit dispersal
of water molecules in parallel direction, rather than
perpendicular directions. Common parameters used
in diffusion tensor imaging are Fractional anisotropy
(FA), Apparent diffusion coefficient (ADC), Regional
anisotropy. Fractional anisotropy is used to delineate
the degree of anisotropy in diffusion. It has a scalar
value of zero to one. To say diffusion is isotropic the
value should be close to zero. If the value is one, then it
is anisotropic.

In MRI scanner X, Y, Z axes are not perfectly parallel
to the central nervous system tract at each point. In
Diffusion tensor imaging, images should be obtained
in minimum of 6 directions usually at 12-24 directions.
Pure ADC for each pixel is calculated from the images
that are obtained in multiple directions known as
Principal Eigen value. True axis of diffusion is called
Eigen vector.

Using 3T MRI, water molecule will diffuse up to 256
directions. The direction of the maximum diffusivity
is usually mapped using RGB (red, green, blue) colour
channel [9].

DTI has been used in investigation of numerous
pathologies that affects the brain. But its clinical
application in spinal cord has been challenged by several
difficulties because it is a very narrow structure, has a
high elasticity and anatomically has a complex location.
Other factors like CSF pulsation, motion artefacts and
breathing related artefacts make it difficult to use as
a routine sequence. So newer techniques like reduced
field of view with oblique spin echo and OVS (outer
volume suppression) have been used to reduce the
limitation and to get better images. All these techniques
provide a high image resolution not only in the cervical
cord but also the entire spinal cord.

This study was done to evaluate the role of DTI
imaging and fiber tractography in SCI with in vivo
micro structural parameter {Fractional Anisotropy
(FA), Apparent Diffusion Coefficient (ADC)} and also to
compare DTI parameters (FA, ADC) with conventional
MRI for early detection of axonal injury as hospital based
prospective observational study in 50 patients with
signs and symptoms of cervical spine trauma mainly
traumatic cases with fracture c-spine /dislocation of
¢ -spine on Conventional MR or CT. It can show the
macroscopic orientation of fibers with elegant display
of the disruption of tracts, which can hardly be seen
on conventional MRI, allowing better delineation of
damaged fiber tracts in the injured spinal cord. Wang, et
al.[10] found that all patients with abnormalities in DTI
had apparent cord abnormalities in conventional MRL
Conventional MRI is based mainly on signal intensity
alteration for portrayal of abnormality [11]. Previous
studies have shown conflicting results regarding the
correlation between MRI findings and the severity of
neurological injury. In accordance with our study as
Shanmuganathan, et al. [12] who reported that ADC is
significantly decreased in patients with acute TSCI and
patients with spinal cord haemorrhage exhibiting the
greatest decrease and Li XH, et al. [13] who also found
that the mean value of ADC was significantly decreased
at 24h and 72 h in the severely injured group. Hassen
and El-Kholy [14] demonstrated a decrease in FA
values in TSCI patients similar to our study. Regional
measurements of FA values across five cord levels
demonstrated a notable reduction at the site of cord
injury.

In our study, due to the significant difference in the FA
and ADC values at the site of trauma among patients as
compared with controls.

Limitations: As this data was collected in tertiary care
centre in limited patients with small sample size, do not
precisely reflect the disease profile of the community.
Admittedly, it is inadequate to provide conclusive data.

Conclusion

This study confirms that DTI, through its quantitative
indices, can effectively detect microscopic structural
changes in the spinal cord—even before the appearance
of T2 signal changes on conventional MRI. FA values are
more sensitive in detecting abnormalities at the injury
site, while ADC values are more specific in cases of acute
TSCI and spinal cord hemorrhage.
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