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Diffusion Tensor Tractrography Visualizes Partial Nerve
Laceration Severity as Early as 1 Week After Surgical Repair

in a Rat Model Ex Vivo

Angel F. Farinas, MD*; Isaac V. Manzanera Esteve, PhD‡§; Alonda C. Pollins, MLI*;
Nancy L. Cardwell, BS*; Mark D. Does, PhD†‡§; Richard D. Dortch, PhD†‡§;

Wesley P. Thayer, MD, PhD*†

ABSTRACT Background: Previous studies in our laboratory have demonstrated that a magnetic resonance imaging
method called diffusion tensor imaging (DTI) can differentiate between crush and complete transection peripheral nerve
injuries in a rat model ex vivo. DTI measures the directionally dependent effect of tissue barriers on the random diffusion
of water molecules. In ordered tissues such as nerves, this information can be used to reconstruct the primary direction
of diffusion along fiber tracts, which may provide information on fiber tract continuity after nerve injury and surgical
repair. Methods: Sprague-Dawley rats were treated with different degrees of partial transection of the sciatic nerve
followed by immediate repair and euthanized after 1 week of recovery. Nerves were then harvested, fixed, and scanned
with a 7 Tesla magnetic resonance imaging to obtain DTIand fiber tractography in each sample. Additional behavioral
(sciatic function index, foot fault asymmetry) and histological (Toluidine blue staining) assessments were performed for
validation. Results: Tractography yielded a visual representation of the degree of injury that correlated with behavioral
and histological evaluations. Conclusions: DTI tractography is a noninvasive tool that can yield a visual representation
of a partial nerve transection as early as 1 week after surgical repair.

INTRODUCTION
During the period from World War II to the Global War
Against Terrorism, mortality has decreased from 30 to 10%
because of improved protective technology and more effective
field evacuations.1 Current procedures to preserve life, as well
as limb, are applied immediately at the battlefield, helping to
delay definitive treatment that could be miles away.2 Improv-
ing combat survival has subsequently increased the number
of complex wounds in which peripheral nerve morbidity is
high.3 In Operation Iraqi Freedom and Operation Enduring
Freedom only, more than half of the injuries involved extrem-
ities.4 Injuries to the extremities is the most common cause
of disability after a combat wound, and disability involving
peripheral nerve injuries can be as high as 70%.5 Some authors
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have described that approximately 70% of the traumatic nerve
injuries were caused by an explosion.3,5 In the upper extrem-
ity, the radial nerve is the most common culprit of disability
in a wounded soldier, but the ulnar nerve at the level of the
forearm is most common nerve injured.3,5 Disability can be
defined as loss of function, military discharge, or chronic
pain.3

According to Seddon, nerve injury can be classified depending
on the degree of injury6 including compression with or
without demyelination (neurapraxia), axon transection with
remaining layers intact (axonotmesis), and complete transec-
tion (neurotmesis).6 Sunderland revised this classification into
five degrees. The first- and second-degree injuries correlated
with neurapraxia and axonotmesis, respectively. Sunderland
also included two more degrees of injury dependent on
if the endoneurium (third degree) or perineurium (fourth
degree) was involved. Finally, fifth degree represent complete
transection when all layers are injured, which is equivalent
to Seddon’s neurotmesis.6 In a study done by Birch et al.,3

where a total of 261 peripheral nerve injuries caused in Iraq
and Afghanistan’s warfare were observed, 45% were neu-
rapraxia, 35% were axonotmesis, and 20% were neurotmesis,
distributed equally between the upper and lower extremities.

The vast majority of experience with peripheral nerve
repair comes from the military arena, mainly because of the
caliber of the weapons involved in these injuries.5 The inci-
dence of traumatic peripheral nerve injuries after Iraq’s and
Afghanistan’s conflicts was 8%.3 But peripheral injuries are
not exclusive of wartime; this morbidity is also encountered
in the civilian hospitals as well. Each year, approximately
800,000 patients seen in trauma centers with some sort of
peripheral nerve injury.7
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Management of a peripheral nerve injury differs from the
community to the combat zone. In the civilian setting, depend-
ing on the nature of the injury and concomitant injuries, these
can be repaired immediately or delayed.8 Immediate repair
after injury has surgical advantages including avoiding edema
and scar tissue. Additionally, the topographic alignment with
intraoperative stimulation can be useful in complex wounds.8

Conversely, in war periods, when a soldier suffers a peripheral
nerve injury, they undergo damage control, serial debride-
ment/decontamination, temporary bone stabilization, and plan
for final repair and soft tissue coverage on a posterior date.2

All combat wounds are considered contaminated with a high
incidence of osteomyelitis if closed by primary intention.3

Nerve repair is mostly achieved in a delayed fashion because
of the heavily contaminated wounds.2 Segmental nerve loss
typically treated with an autograft can be troublesome because
of limited sources of donor tissue secondary to polytrauma
and limb amputations.2 At the time of formal neurorrhaphy,
it is recommended to perform a nerve transfer because of the
uncertain patient follow-up.2

Currently, clinical evaluation and electrodiagnostic tests
are the only two ways to evaluate nerve outgrowth after
repair. Clinical evaluation is a waiting game because it is
subject to the rule of axonal growth at a speed of 1 mm/day,
and subsequent reinnervation of the muscle.8 The relevant
information about regeneration will be delayed until the axons
reach the end plate. Tinel sign is an important component
of sensory level evaluation, which in some patients could be
an unpleasant experience, especially if they have neuromas
or post-injury pain sequela.3,9 Another option, performing an
electromyography, also has the disadvantage of being painful
because of its invasive nature to access the target muscle.
Electromyography is also time sensitive because it cannot
be performed before 3 weeks post-injury when denervated
fibrillations appear.9,10 After repair, axonal regeneration is
monitored every 90 days.9 But, unless the axonal outgrowth
reinnervates the end plate, no relevant information can be
obtained about the status of the repair. Unfortunately, this
forces us, as health care providers, to adapt a “watch and wait”
approach to assess nerve recovery. In some cases, the interval
surpasses our expectation allowing irreversible muscular atro-
phy to set in. Developing a prompt, noninvasive, and accurate
tool for nerve outgrowth, assessment has been the focus of our
team for the past years.

Diffusion tensor imaging (DTI) is a magnetic resonance
imaging (MRI) method that measures the effect of tissue
barriers on the diffusion of water molecules behavior at
a microstructural level. In ordered tissues such as nerves,
the effect of tissue barriers is larger perpendicular to the
axons than parallel to them, resulting in diffusion anisotropy;
changes in anisotropy have been correlated with pathological
changes following nerve damage and recovery.11,12 From
DTI, one can estimate a number of scalar indices, including
the axial, radial, and mean diffusivities (AD/RD/MD) as
well as the fractional anisotropy (FA = 0–1, with higher

values representing higher anisotropy). Axial diffusivities
represents the fastest diffusion direction along the axis of the
nerve. Radial diffusivities represents slower diffusion in the
transverse axis of the nerve, which is modulated by myelin and
axonal densities.13 Mean diffusivities is the average diffusivity
across all directions, which is equivalent to the mean apparent
diffusion coefficient.12 In addition to these scalar indices,
diffusion tensor tractography (DTT), which reconstructs fiber
tracts based upon the estimated fast diffusion direction in
neighboring voxels, can be performed from DTI data.

Scalar DTI indices provide little information within the
first 4 weeks of Wallerian degeneration because of the effect
of edema. Here, we develop a DTT that included additional
orientation information to assess early nerve regeneration 1
week after partial transection and surgical repair. Additional
behavioral assessments (sciatic function index [SFI], foot fault
[FF] asymmetry) and histology (Toluidine blue staining) were
performed for validation purposes.

METHODS

Animals

After obtaining Institutional Animal Care and Use Committee
approval (application number M16000-99), as well as Ani-
mal Care and Use Review Office approval, female Sprague-
Dawley rats between 8 and 12 weeks of age were randomly
divided into groups of six animals. The groups included 25,
50, or 75% partial nerve transection as well as sham. All
animals were housed in our central animal care facility where
they had access to food and water ad libitum with 12 hours
light/dark cycle and in accordance with the Guide for Care and
Use of Laboratory Animals to minimize pain and suffering.

Surgery

Under general anesthesia with isoflurane 2% at a dose of
3 mL/min, the surgical area was clipped, then prepped
with chlorhexidine and draped. All the procedures were
performed on the left hind limb. A 3-cm longitudinal incision
was performed from the ischial notch down, parallel to the
femur’s longer axis. Using a split muscle technique, the sciatic
nerve was identified and dissected free from the surrounding
tissue. The sham group consisted of freeing up the nerve,
no intervention and closure. The partial transection injury
was created with number 15 stainless steel blade, and the
partial injury device shown in Supplemental Figure 1 was
placed at least 1 cm proximal to the trifurcation of the
nerve. The devices were custom manufactured with varying
groove depths to create 25, 50, or 75% injuries using a
Monoprice Maker Ultimate 3D Printer, Monoprice, Inc,
Rancho Cucamonga, CA and consisted of 100% polylactic
acid plastic. Devices were sterilized via ethylene oxide before
use in surgery. After transection, the injury was repaired
immediately using interrupted epineurial 9-0 nylon sutures
(Ethicon, Somerville, NJ) under an operating microscope.
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All wounds were irrigated profusely with Ringer’s lactated
solution and closed in layers using 5-0 Monocryl suture
(Ethicon, Somerville, NJ). The animals were monitored in
recovery and transported back in stable conditions to our
animal facility. All animals received meloxicam (2 mg/kg)
subcutaneously daily for 3 days post-procedure for analgesia.

Nerve Samples

Once reaching the first post-operative week, each rat was
euthanized under heavy anesthesia with euthasol (Virbac AH,
Fort Worth, Texas) at 120 mg/kg placed intracardiac and
sciatic nerves were harvested. Harvested nerves were fixed in
2% paraformaldehyde/3% glutaraldehyde in phosphate buffer
solution for 24 hours and then washed for 7 (7) days in
phosphate buffered solution to remove excess fixative and
doped with 1 mM gadolinium diethylene triamine pentaacetic
acid (Magnevist, Bayer healthCare, Bayer Healthcare Phar-
maceuticals, LLC, Berlin, Germany) to reduce MRI relaxation
and scan times.

Behavioral Testing

Clinical evaluations consist of two components: SFI and
FF. Our assessments were performed pre-operatively, post-
operative day 3 and day 7, and immediately before euthanasia.
To obtain SFI, rats were trained to climb a beam, and, after
performing without hesitation, each hind paw was inked with
different colors and recorded on a paper strip applied to the
wooden beam. Three consecutive foot prints with each limb
were recorded and measured. The operated limb was consid-
ered the experimental, and the contralateral one was identified
as normal. Each print was examined, and function was quanti-
fied with the following: normal print length (NPL), normal toe
spread (NTS), normal intermediary toe spread (NIT), experi-
mental print length, experimental toe spread, and experimental
intermediary toe spread. Sciatic Functional Index scores were
calculated using the formula: SFI = −38.3([experimental
print length − NPL]/NPL) + 109.5 ([experimental toe
spread − NTS]/NTS) + 13.3([experimental intermediary toe
spread − NIT]/NIT) − 8.8.14 To obtain FF data, each rat
was placed in a grid with 2.5 cm2 apertures raised 2 cm
from the base, and a total of 50 forward steps with each
hind limb was recorded. A full fault was recorded when the
posterior foot touched the floor, although a partial fault was
recorded when the foot passed through the grid but did not
touch the underlying floor. The FF score was calculated using
the formula: composite FF score = (n partial faults × 1) + (n
full faults × 2), %FF = (composite FF score/total number
of steps) 100%, FF asymmetry score = %FF (normal hind
limb) − %FF (surgical hind limb).14

Imaging

MRI was performed ex vivo using a 7-T, 16-cm bore
Varian Direct Drive scanner and 25-mm quadrature Doty
Scientific. DTI data were collected using a 3D pulsed

gradient spin-echoa sequence with 20 diffusion directions and
b = 2,000 s/mm2 (δ/� = 4/12 ms). Additional parameters
included: FOV = 6 × 6 × 16 mm3, NEX (number of
excitations) = 2, TE/TR = 22/425 ms, resolution = 125
× 125 × 372 μm3 and a scan time = 7 hours, 40 minutes.
Diffusion tensors scalar metrics (FA, AD/RD/MD) and
diffusion directions (visualized via diffusion ellipsoids)
were estimated using in-house written code (MATLAB).15

Fiber tracking was additionally performed for visualization
purposes using the MATLAB toolbox ExploreDTI. Quantifi-
cation of cut depth in a nerve was obtained by measuring
the number of pixels within the nerve, whose correspondent
diffusion ellipsoid’s major axis was oriented in the x–y axis
(i.e., not in the primary direction of the nerve fibers, which
were oriented along the z-axis) and divided by the total number
of pixels in the corresponding slice. These measurements were
performed in each slice of the proximal transected and distal
region of the nerve providing the percentage of the cut depth.
Voxels at the boundaries of the nerve tissue were excluded
from this analysis to minimize the impact of partial volume
averaging with surrounding tissue.

Histology

Following MRI scanning, harvested nerves were post-fixed
with 1% OsO4 solution, dehydrated through increasing con-
centrations of ethanol, and then embedded in resin at 60◦
for 72 hours. Embedded specimens were sectioned at 1-μm
and stained with 1% toluidine blue. Digital images of sec-
tions were acquired on an Olympus C-35 AD-4 microscope.
The entire cross-section was imaged at 20X, and additional
random 40X images (3 each) were captured from represen-
tative healthy and injured regions. Using Image-Pro plus
7.0 software, healthy and injured area measurements were
quantified from 20X images. Axons within each 40X image
were counted manually using the count tool in Photoshop CS5
Extended Edition, and density (number/mm2) measurements
were calculated for healthy and injured areas. Total axon
counts were calculated by multiplying axon density by healthy
and injured areas calculated from 20X images and then sum-
ming the average total axons for the two regions. Percent
injury was calculated by comparing total axon measurements
made distal to the injury site against total axon measurements
proximal to the injury site, with each nerve serving as its own
control. Percent injury was averaged for each experimental
group.

Statistics

A single factor analysis of variance was performed to
test for significant variations across all groups followed
by post-hoc pairwise t-tests across each group. After
Bonferroni correction, statistical significance was deemed for
p-values < 0.05.

MILITARY MEDICINE, Vol. 185, January/February Supplement 2020 37

D
ow

nloaded from
 https://academ

ic.oup.com
/m

ilm
ed/article/185/Supplem

ent_1/35/5698575 by guest on 23 April 2024



Tractography Visualizes Partial Nerve Injury

FIGURE 1. DTT of the sham and partially injured rat sciatic nerve. Notice
that the sham image has full tracts without interruption. The degree of
interruption increases as the partial injury increased.

RESULTS
Fiber tracts for sham and several degrees of partial cuts (25,
50, and 75%) are shown in Figure 1. DTT in sham nerves
indicate that all fibers remained intact throughout the length of
the nerve. Partially injured nerves show the severity in the dis-
continuity of fiber tracks in the transected region. Depending
on the depth of the injury, the interruption is bigger or smaller
in the tractography images. Ellipsoidal maps in a sagittal
plane, shown in Supplemental Figure 2, display noninjured
regions as blue ellipsoids whose semimayor axis is oriented in
the z-direction. Meanwhile, red and green ellipsoids represent
orientation in x- and y-directions, indicating disruptions of
fiber coherence. In Supplemental Figure 2, the center image
shows ellipsoidal maps from multiple axial locations along
the nerve, although the right-hand side of the image displays
more detailed ellipsoidal maps from the proximal, transected,
and distal regions. It is clear that fiber orientation disruption
only happens at the transected region, while fibers are more
organized in the healthy areas proximal and distal to the injury.
When analyzing the ellipsoid’s major axis orientations and the
fiber disruption at the site injury, Figure 2 illustrates the direc-
tionality of the fibers for nerves as grouped by injury depth.
Mean values are calculated and represented by black lines.
Quantitative assessment of cut severity in Figure 2 indicates
that the proposed method can be assay damage severity 1 week
after injury/repair.

Upon clinical evaluations of these animals, we see that
FF values in all groups decrease on postoperative day 3 con-
sistently compared with baseline (Supplemental Figure 3A).
However, the 25% group recovers to almost preoperative
values within 1 week. The remaining two groups have a
proportional decrease with expected recovery at week 1, in
which the 50% cohort was lower than the 25% cohort, but

FIGURE 2. Quantitative measurements of transected nerves severity. Sham
nerves (0% injury) is used as base line for cut depths of 25, 50, and 75%.
Means (n = 3) are represented by the black lines.

FIGURE 3. Axon counting of the injury area compared with total cross-
section of the nerve. Statistical significant difference between 25% group
versus 50% group (p < 0.05) and 25% group versus 75% group (p < 0.005).

higher than the 75% cohort. Regarding SFI, all groups had
expected decreased scores on the earliest post-operative eval-
uation, but recovery was much slower than FF at 1 week
(Supplemental Figure 3B). There was virtually no difference
between post-operative day 3 values and those at 1 week,
except for in the 75% injured, which improved slightly, though
still did not approach baseline. Histology methods were also
deployed for data for validation, and total axons were cal-
culated from cross-sectional areas proximal and distal to the
injury and repair (Fig. 3). The mean area of injury calculated
for the 25% group was 29.80% (± 5.21%). For the 50%group,
the injured area calculated was 59.96% (± 5.33%) with statis-
tical significance compared with the former group (p < 0.005).
Concerning the 75% group, the injured area calculated was
69.53% (± 6.86%), also with statistical significance compared
with the 25% group (p < 0.005).
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DISCUSSION
Soldiers injured in action who suffer a peripheral nerve dam-
age are frequently injured by improvised explosive devices.16

Explosion injuries in periods of conflict have been strongly
associated with nerve disability when compared with gunshot
wounds, especially proximal to the elbow.5 Blast wounds are
a result of an extensive amount of energy transferred to the tis-
sues involved. Acute imaging of combat wounds via DTI is not
accurate because of the degree of inflammation and edema,
which increases isotropy and results in artificial changes in
diffusivities that do not reflect injury severity. In this study,
we demonstrated that DTI tractography and ellipsoid mapping
can overcome this challenge and can provide baseline nerve
status following acute injury.

By applying voxel fiber orientation, we assessed the
direction of movement of water molecules in the partial
injured nerves, obtaining a better idea of these subtle
changes in the axonal behavior. The dark blue areas in
Supplemental Figure 2 represent fiber orientation in z-axis
correlated with healthy axonal behavior. These areas are
seen proximally and distally to the injury, meaning that
there is a large portion of the nerve caudally that is not
harmed equally as proximal to the laceration. In other areas
represented with polychromatic tones, values around the
injury could correlate with isotropic movement of water
molecules, meaning fiber orientation is dominant in the x-
and y-axes. By quantifying the injured region and comparing
it with the full axonal area, we were able to quantify the injury
depth.

For SFI measurements, a score of less than −100 trans-
lates to gait impairment, whereas closer to zero is consid-
ered normal behavior.17 Poor scoring is determined by the
fact that the distal toe spread is affected compared with the
contralateral hind limb. This is controlled by the most distal
muscle group of the extremity, requiring the most time to
become reinnervated.17 Previous animal models have been
exhaustively studied on how motor dysfunction takes effect
with a decrease in axonal population of more than 80%.6,7,18

Clinical evaluations of our animals demonstrated that the
degree of injury was comparable with their performance. In
our study, we noticed that the worst clinical performance
was correlated with the 75% injury at postoperative day 3
and with some recovery in the first week after surgery. This
phenomenon was more noticeable with FF than in the SFI.
Ganguly et al. 17 showed in their study how Sprague-Dawley
rats treated with crush and with complete transection per-
formed poorly at postoperative days 3 and 7, in which the
crush group only started to recover only after almost day 10
after the intervention. Our rats recovered quicker because of
the fact that only a portion of the nerve was affected, and
the remaining untouched axons compensated, preventing poor
scoring. We also noticed worse clinical performance in the
first evaluation of the remaining groups, but in the 25% group,
this decline was very subtle and returning to near baseline in

the subsequent evaluation of FF as well. In the half-injured
cohort, the performance was in between the extreme groups,
correlating with the degree of injury. Although previous work
has shown associations between DTI parameters and clinical
evaluations like leg contraction, rotarod treadmill (motor), and
Von Frey filament, these previous experimental findings were
after follow-ups of more than 1 week.19

Furthermore, when validating our DTT data with behav-
ioral testing, these findings correlate accordingly with the
amount of axonal damage. Even though our comparison is
qualitative, we were able to pair the degree of injury with
gait performance. Previous evaluation of early time points by
quantitative DTI has been challenged, prompting the develop-
ment of new tools, such as ellipsoid mapping to distinguish the
varying degrees of injury. We also had the virtue to validate the
accuracy of our novel device that we designed to reproduce
the percentage of neurite injury. This prototype allows us to
reproduce a partial nerve injury in an easy and consistent
matter.

Previous animal studies have shown correlation between
poor SFI scores and lower axon counts.20 When obtaining
histological parameters, total axon counts were performed.
The amount of viable myelinated axons correlated linearly
with the degree of injury produced to the nerve, in other
words, the depth of the groove of the device manufactured
in tridimensional plastic printing was associated with the
same amount of healthy axonal population. Kakegawa et al.20

attributed the correlation between injury and axonal counts
was mostly because of the size of myelinated axons, or possi-
bly because small regenerating axons escape the resolution of
light microscopy.20 However, the number of distal axons does
not always reflect the amount of cell bodies proximal to the
injury possibly because of the axonal sprouting phenomenon.
It has been demonstrated that motor axons can sprout into
three new axons and sensory can sprout into six.6,21 Perhaps
performing retrograde labeling could determine the amount of
cell bodies located proximal to the injury can be associated to
the number of axons caudally to the injury.

The strength of this work is that our proposed technology
can detect subtle changes in nerve architecture as early as
1 week. However, this is a murine model that will need
to be established in larger animals, before translating to a
human. In the past, Boyer et al.22 attempted to study par-
tial injuries of sciatic injuries with DTI. Unfortunately, they
were unable to distinguish the percentage of laceration based
on FA alone at that time and were unable to validate their
results with histology.22 Our group, in agreement with Tak-
agi et al.19, observed that FA, RD, AD, and MD param-
eters are obscured by edema. For this reason, we focused
our studies using semiquantitative tractography and diffusion
directionality.

One of the limitations of this technology is that most sol-
diers have been injured by explosions that can have shrapnel
making DTI impossible. However, with serial débridements,
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these fragments could be excised before scanning, though this
should be kept in consideration when applying this technology
to monitor our wounded soldiers. Nevertheless, obtaining data
as early as possible would be extremely beneficial to surgeons,
in that they could predict which nerve repairs are going to
succeed or fail and thereby determine if another intervention is
required, defeating the lengthy race against muscle atrophy. In
this study, our results were as early as 7 days, but considering
that this was a controlled animal population with an isolated
injury, when it comes to translate to humans; we still need to
do more studies with complex wounds to be able to apply this
technique to our wounded soldiers. The fact that we were able
to validate our results this early makes us very optimistic in
DTI as peripheral nerve injury monitoring device. The main
strength of this technology is not in the acute setting, we
believe that the benefits of this monitoring tool is more in
the subacute phase, when all life-threatening injuries have
subsided, and the remaining question is if nerve function will
favor limb salvage or amputation. This was the main reason
why we chose to do an isolated nerve injury, to avoid surround-
ing tissue bias when collecting our data. Using DTT to monitor
peripheral nerve outgrowth makes sense because of that they
represent fiber tracts that reflect axonal architecture.23 DTT
has proven that this representation can orientate surgeons to
preoperatively design a surgical plan when resecting a benign
or malignant tumor23 The main focus of our laboratory is
to find an alternative that can help reintroduce our disabled
warriors back in to a productive society or at least routine
daily activities. Having premature information about the neu-
rological status of the limb will aid in determining if a surgical
intervention (redo neurorrhaphy, conduit, or nerve transfer) is
required to avoid irreversible muscular atrophy. Our results in
rat sciatic nerves hold promise for the possible translation of
these technologies into humans in vivo.19

Future studies include an in vivo protocol design allowing
us to follow longitudinally, a single larger animal.11 This will
allow us to monitor the effects of inflammation and edema
in real time and reduce the number of animals studied while
minimize suffering. This will also eliminate the detrimental
effect that fixation of the nerve has over isotropic diffusion.24

Scanning the same subject will need a qualified team able
to induce anesthesia and monitor vital signs, as well as a
developed facility. This allocation must be conditioned to
perform scans for long periods of time, minimizing motion
that could distort the image captured.11,23 Additionally, more
advanced diffusion models that account for the presence of
edema are being investigated.

CONCLUSIONS
These results indicate that orientation information from high-
resolution DTT of ex vivo may provide viable biomarkers of
peripheral recovery in the presence of edema in a rat sciatic
nerve injury model, even in cases where scalar indices are
corrupted. These findings suggest that we can differentiate

injury severity via DTI ellipsoids without the necessity to wait
for the edema to subside.

SUPPLEMENTARY MATERIAL
Supplementary material is available at MILMED online.
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