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Reduced FOV diffusion tensor MR imaging and fiber
tractography of pediatric cervical spinal cord injury

M Alizadeh1,2,3, A Intintolo1,2, DM Middleton1,2,3, CJ Conklin2,3,4, SH Faro1,2,4, MJ Mulcahey5 and
FB Mohamed1,3,4

Study design: Quantitative study.
Objectives: To evaluate the effectiveness of pediatric spinal cord diffusion tensor tractography (DTT) generated from reduced field of
view diffusion tensor imaging (DTI) data and investigate whether there are differences in these values between typically developing (TD)
subjects and patients with spinal cord injury (SCI).
Setting: Temple University Hospital and Shriners Hospitals for Children-Philadelphia, USA.
Methods: A total of 20 pediatric subjects including 10 healthy subjects (age 15.13±3.51 years (mean± s.d.) and age range 11–21
years) and 10 subjects with SCI in the cervical area (age 13.8±3.26 years and age range 8–20 years) were recruited, and scanned
using a 3.0T MR scanner. Quantitative parameters of DTI and fiber tracking, such as mean fractional anisotropy (FA), apparent
diffusion coefficient (ADC), mean length of fiber tracts and tract density, were calculated for each subject.
Results: Subjects with SCI showed reduced FA and tract density, and increased ADC values and length of fiber tracts, compared with
controls. Statistically significant differences were seen in FA (P=0.0238) and tract density (P=0.0005) between controls and
subjects with SCI, whereas there were no significant differences in ADC values and length of fiber tracts. The tractography visually
showed that the white matter tracts (blue color) of the SCI patients were overall less abundant and less organized compared with
control cases.
Conclusion: The results show that DTI and DTT could be used as surrogate markers for quantification and visualization of the injured
spinal cord.
Spinal Cord (2017) 55, 314–320; doi:10.1038/sc.2016.121; published online 16 August 2016

INTRODUCTION

Magnetic resonance imaging (MRI) is an essential tool for detecting
pathological changes, for predicting prognosis and for planning the
treatment of patients with spinal cord injury (SCI).1 However, the
information typically provided by conventional T1- and T2-weighted
MRI of the spinal cord is limited to the differentiation of white matter
from gray matter and macroscopic structural changes within the cord
in a diseased or injured state.2 Conventional MRI depicts the white
matter as a uniform tissue, despite it being composed of a complex
array of directionally oriented nerve fibers. Methods to visualize the
pathways of the white matter in vivo have been long sought, and
diffusion tensor tractography (DTT) has demonstrated this ability.1,2

Diffusion tensor imaging (DTI) is a technique that allows quanti-
fication of the diffusion of water molecules in each voxel of an image
in directions parallel and transverse to the plane of neuronal axons.3,4

The quantitative characteristic of DTI allows the characterization
of physical properties of tissues. The highly directional architecture of
the spinal cord may allow DTI to accurately localize white matter,
separate white from gray matter, and assess structural damage of the
cord by modeling the direction and magnitude of water diffusion.
This information enables DTI to encode the direction and magnitude

of water diffusion, allowing for inference of the orientation of white
matter fibers on a voxel-by-voxel basis.3–6

Tractography algorithms utilize the DTI-encoded information to
reconstruct white matter tracts.7 Tractography algorithms can be
broadly divided into two categories: deterministic and probabilistic.
Fiber assignment by continuous tracking (FACT) method is a
streamline-based deterministic method that traces pathways from a
seed region by following the primary eigenvector from one voxel to
the next.2,7 It is a well-established and straightforward technique,
which is able to generate high-resolution images of axonal projections.
In the FACT technique, seeds are placed in voxels with fractional
anisotropy (FA) greater than the predefined threshold (for example,
0.15) to include only white matter voxels and then grown in both
directions along the dominant diffusion orientation into fiber tracts
or streamlines. A tract is terminated when it reaches a voxel with
sub-threshold FA, or when the turning angle exceeds some threshold
(for example, 70°).8 The probabilistic algorithm defines pathways by
generating multiple curves from seed points using a Monte Carlo
simulation. Probability of connectivity is then assigned to individual
voxels based on the frequency with which the curves traverse the
voxels. In both deterministic and probabilistic techniques, prior
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information of the anatomy of fiber tracts is needed to distinguish
fiber tracts of interest and streamline tracts.8,9

The white matter of the spinal cord is composed of nerve fibers
entering from the dorsal roots, nerve fibers exiting to ventral roots,
and fiber bundles that travel in a craniocaudal direction in a relatively
orderly manner. Although spinal tracts are anatomically similar,
functionally each tract is distinct as they convey particular information
from or toward the brain. Water within them diffuses along the course
of the axons.10 These fibers can be tracked and visualized using DTT.11

To create DTT images, parameters such as the apparent diffusion
coefficient (ADC), which is an expression of the magnitude of
diffusion, and FA, which is representative of the anisotropy, or
directionality, of the diffusion, must be calculated. The FA index is
appropriately normalized so that it takes values from zero (when
diffusion is isotropic) to one (when diffusion is constrained along one
axis only).2,11

DTT reveals the course of fibers and allows in-vivo mapping of the
diffusional properties of water molecules, which has the high degree of
diffusional anisotropy in white matter. It tracks the direction of the
major axis of the ellipsoid of every voxel and provides reconstruction
of neuronal projections by tracking these vectors.12,13 DTT is a
potential modality for performing in vivo tracking of axonal
fibers.8,13 The properties and clinical applications of DTT in the brain
have been widely reported, but technical difficulties (physiological
motion, low signal to noise ratio (SNR), small size of cord) so far have
limited DTT studies of the spinal cord, especially in the pediatric
population (http://trackvis.org/blog/tag/diffusion-toolkit/).14 In this
study, we report the effective use of DTT to visualize fiber tracts of
the pediatric spinal cord in both normal individuals and SCI patients
using DTI data collected with a reduced field of view (rFOV) spatially
selective 2D radio frequency (RF) DTI pulse sequence.5 Data collection
using this sequence has been shown to produce high-resolution
reproducible images of the spinal cord within minimal scan time
while mitigating artifacts. The tracts were reconstructed from the DTI
data set acquired using this pulse sequence based on the deterministic
FACT algorithm, executed using TrackVis 0.5.2 and Diffusion Toolkit
0.6.2 software tools (http://trackvis.org/blog/tag/diffusion-toolkit/).
The purpose of this study was to (a) evaluate the feasibility of

generating DTT images of the cervical spinal cord in both children
with typical development and those with SCI using a deterministic
method—namely, FACT, (b) to measure the DTI indices as well as
tract-specific information using regions of interest (ROI) generated at

every axial slice location along the entire cervical spinal cord based on
DTT images, and (c) to investigate whether there are differences in
these values between the typically developing (TD) subjects and the
patient group with SCI.

MATERIALS AND METHODS

Subjects
A total of 20 pediatric subjects including 10 healthy subjects (age 15.13± 3.51
years (mean ± s.d.) and age range 11–21 years) who had no evidence of spinal
cord injury or pathology and 10 subjects with SCI in the cervical area
(age 13.8± 3.26 years (mean ± s.d.) and age range 8–20 years) were recruited.
Subjects and parents provided written informed assent and consent for the
institutional review board-approved protocol. As per the inclusion criteria used
for recruitment of the spinal cord injury group, subjects had to have stable
cervical-level spinal cord injury as evidenced by no neurological change in the
past three months and had to be at least 6 months post cervical spinal cord
injury. All patients were clinically assessed using the motor and sensory
examinations of the International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSCI);15 severity of injury was determined according
the American Spinal Injury Association Impairment Scale (AIS).15 Of the
subjects with cervical SCI (Table 1), there were three patients classified as AIS A
(complete spinal cord injury), four with AIS B (sensory incomplete), two with
AIS C (sensory and gravity-eliminated motor incomplete) and one with AIS A
D (sensory and against gravity motor incomplete).

Imaging
The MRI scans were performed using a 3.0T Siemens Verio MR scanner
(Siemens Healthcare, Erlangen, Germany) with 4-channel neck matrix and
8-channel spine array. The protocol consisted of a conventional sagittal turbo
spin echo T1-weighted scan, a sagittal turbo spin echo T2-weighted scan, axial
T2-weighted gradient echo and axial DTI scans based on the rFOV sequence
described as follows. DTI images were acquired axially in the same anatomical
location prescribed for the T2-weighted images to cover the entire cervical
spinal cord (C1–C7 levels).5 The T2-weighted imaging parameters used were
voxel size= 0.625× 0.625× 3.0mm3, matrix size= 320× 320, TR= 3.6 s,
TE= 90ms, slice thickness= 3mm, flip angle= 150°, number of averages= 1
and acquisition time= 2.7 min, and the DTI parameters used were number of
directions= 20, b= 1000 s mm− 2, voxel size= 1.2× 1.2× 3.0 mm3, matrix
size= 36× 208, axial slices= 35–45 (depending on the subject’s height),
TR= 6100–8000 ms, TE= 115ms, number of averages= 3 and acquisition
time= 7 min. Cardiac gating and respiratory compensation were not used in
this study as this will increase the acquisition time, which is not desirable
in pediatric imaging. Also, anesthesia was not administrated to the subjects in
this study.

DTI acquisition using reduced-field-of-view sequence
The rFOV sequence used in this study was a single-shot EPI sequence for
diffusion-weighted imaging with spatially 2D-RF excitations. It reduces
geometric distortions due to magnetic field inhomogeneities as well as
susceptibility differences between adjacent anatomical structures, and allows
for higher in-plane resolutions.5,16 To optimize the rFOV sequence for imaging
of the pediatric spinal cord, several diffusion directions (6, 12, 20 and 30),
multiple signal intensity averages (1–4) and different b-values (0, 700, 800, 900,
1000 and 1200 s mm− 2) were examined. The final parameters (number of
directions= 20, b= 1000 s mm− 2, and number of averages= 3) were selected
to ensure the relatively short acquisition time tolerable for pediatric imaging
while maintaining high-spatial resolution that provides good accuracy for the
estimate of the diffusion tensor.

Post-processing of DTI data
Motion artifacts induced by patient movement, spinal cord pulsation and
oscillation, and cardiac and respiratory motion can be reduced by sedation,
cardiac gating and respiratory compensation. Unfortunately, in pediatric
imaging, these techniques increase the scanning time, which may lead to
impatience in and lack of cooperation by the patient.6,17 To help mitigate these

Table 1 Demographic and clinical characteristics of the SCI patients

Subject Age at the

time of

study

Age at the

time of

SCI

Level of

injury based

on MRI

Level of injury

based ISNCSCI

Severity of

injury based

AIS

SCI1 13 12 C1 C1 B

SCI2 13 11 C5 C5 A

SCI3 13 12 C4 C6 C

SCI4 20 16 C2 C1 D

SCI5 8 0.06 C4 C8 B

SCI6 17 13 C4 C5 B

SCI7 13 2 C4 C5 A

SCI8 15 2 C4 C7 A

SCI9 11 0.04 C3 C8 C

SCI10 15 4 C2 C7 B

Abbreviations: AIS, American Spinal Injury Association Impairment Scale; ISNCSCI,
International Standards for Neurological Classification of Spinal Cord Injury; MRI, magnetic
resonance imaging; SCI, spinal cord injury.
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effects, post-processing of the DTI was used to correct for motion artifacts. The
Automated-Image-Registration (AIR) package implemented in DTIStudio
software (www.mristudio.org) was used for this purpose. Diffusion directional
images were aligned with the reference image (B0) using a rigid registration
algorithm and a scaled least square cost function.5,6

Tensor estimation and fiber tracking
After motion correction, diffusion tensor estimation and tractography
were computed using Diffusion Toolkit software (http://trackvis.org/dtk/) with
the scan-specific gradient table and image orientation information. The
visualization program TrackVis (http://trackvis.org/) was used to visualize
and analyze the tracts. Various DTI and DTT indices—namely, FA, ADC,
tract length and tract density—were calculated.

ROI definition
Once the axial DTI images were acquired and DTT images created, the
diffusion indices (FA and ADC) were acquired by drawing circular ROIs on the
axial FA maps at every axial level after being anatomically localized by
an independent board-certified neuroradiologist. These ROIs were drawn
including both the gray and white matters of the spinal cord. The ROIs
excluded the border or edge of the cord (~1–2 voxels from the outer margin of
the cord) to avoid the effects of partial volume artifacts on the results that occur
at the cord/cerebrospinal fluid (CSF) interface. This procedure was followed
throughout all slices for all subjects, both healthy subjects and patients with
SCI. Diffusion tensors at each pixel were calculated using multivariate linear
least square fitting.
DTT images were generated by using a number of predefined tracking

parameters. These are criteria determining where to place the seed and when to
terminate a tract. Seeding can be defined with respect to any available image
contrast using simple signal value thresholding. Tract termination can be based
on parameter map values, much like seeding, but can also include tracking
angle restrictions. Use of the FA map thresholding is an effective way to seed

the regions where there is high diffusion directionality, usually associated with
white matter. It also serves as an effective termination criteria eliminating tracts
entering CSF where the FA is low. Parameters like tract angle and tract length
thresholding can be adjusted to benefit specific structures (http://trackvis.org/
blog/tag/diffusion-toolkit/).2,7

Two FA thresholds were used for TD and SCI patients to preserve a
sufficiently high FA value to be able to initialize fiber tracking at seed point.
Also, as diffusion characteristics were different for controls and patients with
SCI, the FA threshold was defined individually and set to 40–50% below the
mean FA value.18,19 The lower FA thresholds for all TD and SCI patients were
set to 0.30 and 0.15, respectively. The fiber tracts generated were constrained
within the limits of these thresholds as well as when the fiber track turns by
more than a particular angle threshold, in this case 70°. Also, a lower tract
length threshold of 4.8 mm was set to eliminate fiber fragments caused by noise
within the tract reconstruction.
For each subject, a manually drawn ROI was defined at every axial slice along

the entire spinal cord to create a single, conglomerate and three-dimensional
ROI that completely encompassed the tracts of the spinal cord, as shown in
Figure 1. Because of the intersubject variability in terms of cord volume, ROIs
were subject specific. What remained consistent was that ROIs cover the entire
cord from C1 to C7. For each case, statistical values for tract length, FA and
ADC were obtained. In addition, tract density was also measured, on the basis
of the FACT algorithm. The mean length and density of the fiber tracts derived
from tracks that are only lying within the ROI were reported.

Statistics
Upon definition of whole cord ROIs, statistical analysis was performed between
patient and healthy groups. A comprehensive data table was created containing
information for FA, ADC, tract length and tract density for each subject
(Tables 2 and 3). The mean and standard deviation of the DTI and DTT indices
for every subject along the cervical spinal cord were calculated. Using mean and
standard deviation, the unpaired t-test was performed to determine the
statistical significance of DTI and DTT indices between SCI and controls.

Figure 1 Illustration of placement of ROIs drawn by an independent board-certified neuroradiologist for measuring DTI and DTT parameters using TrackVis
software in a healthy subject.
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Also, coefficient of variation (CoV) was used to measure the relative
variability20 of FA, ADC and tract length and to ascertain whether they are
consistent within controls and SCI subjects.

RESULTS

DTT tracts were successfully generated for all cases. Although one can
measure peripheral nerves and nerve root white matter fiber bundles
using diffusion imaging, our technique used an rFOV acquisition
scheme to improve SNR in the cord. We did not focus on imaging the
nerve root bundles in this study. However, it is possible to generate
not only the axonal bundles of the spinal cord but also the outgoing
dorsal and ventral nerve roots with special angle adjustment
(for example, 45°).10

Figures 2 and 3 show tractography images of the entire pediatric
cervical spinal cord of a normal subject and a patient with SCI,
respectively. The tractography images visually showed that the white
matter axonal tracts (blue color) of the SCI patients were overall less
abundant and less organized as compared with the control cases. Some
SCI cases showed a discontinuation of tracts that clearly displayed
severe damage to the spinal cord as is evident in Figure 3.
Tables 2 and 3 show the various DTI and DTT parameters obtained

from all the normal subjects and patients with SCI. The mean FA
values in the controls and patients were 0.6± 0.13 and 0.45± 0.14,
respectively. FA values were significantly decreased in patients
with SCI (P= 0.0238) when compared with controls. ADC values in
the controls and patients were 0.738± 0.181× 10− 3mm2 s− 1 and

0.767± 0.237× 10− 3mm2 s− 1, respectively; however, it was not a
statistically significant difference. These FA and ADC values in
controls and patients with SCI were comparable to what is published
in the current literature.8–12 Also, DTT parameters such as mean
length of tracts and tract density were calculated using the FACT
algorithm. The mean tract density in the controls and patients were
1157± 156.1 and 750± 259.4, respectively, which were significantly
decreased in the SCI group (P= 0.0005) (Figure 4). However,
the mean length of tracts (24.30± 15.85 mm and 23.06± 15.11 mm
in controls and patients, respectively) did not show significant
differences.
The consistency of the DTI and DTT values was measured using

CoV within the control and SCI groups as mentioned in the statistical
methodology section. The CoV of the DTI and DTT values within
the control subjects showed FA (CoV= 0.215± 0.014), ADC
(CoV= 0.261± 0.038) and tract length (CoV= 0.641± 0.049).
Subjects with SCI showed less consistency when compared with
controls: FA (CoV= 0.317± 0.032), ADC (CoV= 0.322± 0.042) and
tract length (CoV= 0.657± 0.117).

DISCUSSION

Previously DTI and DTT methods were poorly explored in evaluation
of the pediatric spinal cord because of the relatively small size of the
spinal cord, and the motion artifact induced by CSF pulsation, cardiac
and respiration.3,5 However, development of newer pulse sequence
methods such as reduced FOV has enabled reliable DTI collection and
enabled further exploration of spinal cord tracts using DTT. In this
study, DTI and deterministic tractography were used to successfully
reconstruct white matter fibers in both controls and SCI patients. The
results demonstrate that spinal cord DTI and DTT can clearly show
displacement and deformation of the white matter tract at the
pathological level of the spinal cord.
FA and ADC are widely used parameters for quantification of DTI,

and many studies have described both FA and ADC as independent
and sensitive predictors of the extent of neuronal damage in spinal
cord injury. FA values are generally decreased in the presence of
extracellular edema, or where a reduced number of fibers result in
increased extracellular space and ADC values might be useful in
monitoring the progression of recovery from SCI (http://trackvis.org/
blog/tag/diffusion-toolkit/).14

Previous studies on adult subjects show that FA values of injured
cords were much lower than those of uninjured normal cord and ADC
values do not differ between abnormal and normal cords in patients
and controls (http://trackvis.org/blog/tag/diffusion-toolkit/).3,4,10 The
current study on the pediatric population shows a similar trend. The
FA values were significantly lower in patients, especially in patients
with complete injury, compared with controls (P= 0.0238).
The ADC values of patients with injury were higher than control

values, although not reaching statistical significance. This might be due
to the averaging effect of the eigenvalues and perhaps might show
significant differences if we separate the contribution of axial and
radial diffusivities. As the focus of this paper was to evaluate the major
DTT differences between patients and normal subjects, we restricted
our reporting to ADC and FA.
The mean FA and ADC values of the pediatric cervical spinal cord

observed in this study are different from the values quoted in the
literature for the adult population (http://trackvis.org/blog/tag/
diffusion-toolkit/).3,4,10 The difference in the values may be primarily
due to the age-related biologic developments associated with white
matter maturation, namely axonal growth and myelination.14,21,22 In

Table 2 DTI and DTT parameters obtained in control subjects

Subject Mean FA Mean ADC (mm2 s−1) Mean length of

tract (mm)

Tract density

TD1 0.58±0.11 0.902±0.172×10−3 33.41±20.46 1350

TD2 0.62±0.12 0.956±0.175×10−3 20.93±14.02 825

TD3 0.64±0.14 0.814±0.205×10−3 22.60±14.58 1035

TD4 0.59±0.13 0.803±0.211×10−3 25.01±17.16 1252

TD5 0.58±0.13 0.560±0.156×10−3 20.45±12.83 1218

TD6 0.60±0.13 0.538±0.152×10−3 24.75±17.61 1355

TD7 0.56±0.12 0.692±0.179×10−3 26.63±19.47 942

TD8 0.66±0.13 0.773± 0.208×10−3 27.85±17.65 1291

TD9 0.57±0.13 0.531±0.159×10−3 18.90±12.07 1272

TD10 0.61±0.12 0.811±0.190×10−3 22.47±12.67 1028

Grand

mean

0.60±0.13 0.738±0.181×10−3 24.30±15.85 1157±156.1

Abbreviations: ADC, apparent diffusion coefficient; FA, fractional anisotropy.

Table 3 DTI and DTT parameters obtained in SCI subjects

Subject Mean FA Mean ADC (mm2 s−1) Mean length of

tract (mm)

Tract

density

SCI1 0.52±0.16 0.682±0.220×10−3 30.84±20.28 848

SCI2 0.42±0.13 0.965±0.244×10−3 19.83±17.13 894

SCI3 0.49±0.16 0.907±0.355×10−3 17.75±9.12 684

SCI4 0.38±0.14 0.829±0.267×10−3 24.06±15.12 692

SCI5 0.56±0.15 0.843±0.272×10−3 29.42±19.31 1085

SCI6 0.38±0.12 0.922±0.296×10−3 29.51±18.31 734

SCI7 0.44±0.14 0.638±0.186×10−3 25.94±17.81 818

SCI8 0.36±0.10 0.657±0.169×10−3 11.56±4.90 100

SCI9 0.41±0.15 0.674±0.179×10−3 21.41±14.93 732

SCI10 0.50±0.16 0.555±0.180×10−3 20.25±14.20 916

Abbreviations: ADC, apparent diffusion coefficient; FA, fractional anisotropy.
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neuronal tissue, the orientation of fiber bundles and the axonal
diameter, density and myelination have an effect on DTI metrics.22

DTT is an important technique that can be used to demonstrate
three-dimensional structures of white matter tracts in the brain and
spinal cord. DTT was used to identify fiber interruptions in the
patients with spinal cord injury. The tractography images visually
showed that the white matter tracts (blue color) of the SCI patients
were overall less abundant and less organized compared with the
control cases. This information could prove clinically relevant,
particularly among neurosurgeons during their surgical management
of SCI patients. Quantitative measurements such as length and
number of fibers along the spinal cord determined by tractography
were calculated to evaluate and differentiate SCI patients from
healthy subjects as this might provide additional information
about the status of the cord. As expected, significant differences
were seen in tract density between healthy individuals and SCI
subjects (Figure 4). The present data suggest that DTI and
DTT indices in the pediatric spinal cord may be effective for
delineating the status of damage to the white matter tracts in patients
with SCI.
High-resolution rFOV axial DTI images can generate fiber tracts

consistent with well-known cord anatomy. In this study, it was

difficult to position the ROIs to ensure that all voxels contained white
matter, as the area of the spinal cord is small in relation to the large
voxel size (1.2× 1.2 × 3mm3). Therefore, DTI and DTT parameters
would be best obtained by excluding gray matter structure by
positioning four angularly equidistant ROIs (Deo’s procedure)
(http://trackvis.org/blog/tag/diffusion-toolkit/). Also, these parameters
are sensitive to the quality of DTI raw data and are affected in the
presence of noise and subject motion. Therefore, better accuracies can
be expected if the DTI images are filtered, voxel size is reduced, or
cardiac gating is used. The lowest cervical levels (C4–C7) are the most
sensitive to cardiac motion. Therefore, some cardiac-related artifacts
may have biased the quantification of DTI and DTT parameters.
Although this may be considered a limitation in this study, it is
important to note that gating increases the acquisition time, which is
not desirable in pediatric imaging. In this study, post-processing
using the Automated-Image-Registration package implemented in
DTIStudio software was applied to reduce the amount of induced
motion artifacts. Also, by restricting the acquisition plane using rFOV
sequence we are reducing the potential effects of motion-induced
artifacts as well.
It would also be interesting to compare other DTT algorithms in the

future. Deterministic tractography uses the principle of direction of

Figure 2 T2- and DTT acquired of the entire cervical spinal cord of a healthy subject. T2-weighted axial (lower left) view, along with reconstructed coronal
(upper left) and sagittal (upper right) views, and diffusion tractography of the entire cervical spinal cord (lower right).
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diffusion to delineate the whole-fiber trajectory. Therefore, it cannot
reliably estimate and interpret the crossing-branching fibers. This is
the most important limitation of deterministic tractography.12,23

Unlike deterministic fiber tracking, probabilistic fiber tracking utilizes
the probabilistic distribution of fiber orientations to obtain a set of
trajectories, including crossing, branching and main fibers (axonal
bundles) connecting to a voxel.23,24

It is also worth noting that the relatively small sample size of the
current study limits the substantial and consistent significant effects
observed and prevents comparison of specific injury sites relative to
control subjects. However, the significant P values shown in the
comparison of healthy individuals with patients in terms of FA and
number of fiber tracts show good evidence and warrant a larger study
with various groups of SCI patients. Also, CoV for both healthy and
SCI patients is consistent between groups, which supports (though

Figure 3 T2- and DTT of a SCI subject acquired of the entire cervical spinal cord. T2-weighted axial (lower left) along with reconstructed coronal (upper left)
and sagittal (upper right) views and diffusion tractography of the entire cervical spinal cord (lower right). Three-dimensional tractography shows the disrupted
fiber tracts of the cervical spinal cord exactly at the level of injury shown by arrow in the T2-weighted image.

Figure 4 Plot of tract density in TD and SCI subjects. Statistically significant
difference is shown in the number of fiber tracks (P=0.0005) between the
TD and the SCI population. A full color version of this figure is available at
the Spinal Cord journal online.
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does not prove) the assumption of a reasonably good sample from
each group.

CONCLUSION

We have shown that DTT images can be reliably generated from
reduced FOV DTI data obtained from the pediatric population using
FACT algorithm. The results show a reduction in mean FA as well as
in track count for SCI data sets compared with control data sets. In
conclusion, these results show that DTI and DTT could be used as a
surrogate marker for quantification and visualization of the injured
spinal cord and have the potential to improve our understanding of
damage and recovery in diseased states of the spinal cord.
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