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Abstract

Diffusion tensor imaging is a magnetic resonance imaging technique that is uniquely capable of detecting microstructural
tissue damage in mild and moderate traumatic brain injuries (TBIs). To date, it remains unknown if two common analytic
techniques, region of interest (ROI) versus voxel-wise (VW) analyses, detect injury in similar locations. The purpose of
this systematic review and meta-analysis was to directly compare the regions of abnormality elucidated by each method.
Twenty-seven ROI and 11 VW studies met our inclusion criteria. Our ROI meta-analysis identified 11 regions, including
the splenium of the corpus callosum, where fractional anisotropy (FA) was significantly decreased in TBI patients,
compared with controls. Likewise, we identified higher mean diffusivity/apparent diffusivity constant in the genu, body,
and splenium of the corpus callosum. Alternatively, our VW analysis identified one region of high FA in the right superior
longitudinal fasciculus and seven regions of low FA, with the two largest located in the corpus callosum. High mean
diffusivity and high radial diffusivity, both in the right inferior longitudinal fasciculus, also was revealed by our VW
analysis. Moreover, we have shown that the magnitude of damage in the corpus callosum revealed by ROI analysis (z=
-3.15) is greater than that demonstrated by VW analysis (z=-1.41). Overall, this study indicates that both ROI and VW
analytic methods are sensitive to low FA in the corpus callosum; however, the ROI method has more power to detect the
full extent of tissue abnormality in the corpus callosum. More research utilizing standardized methods and reporting is
essential to fully characterize the extent to which ROI and VW analyses can concordantly detect other locations of
pathology in mild and moderate TBI patients.
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Introduction

TRAUMATIC BRAIN INJURIES (TBIs) are a major cause of death
and disability worldwide, the majority of which are mild or
moderate in nature.' Traumatic axonal injury (TAI), the patho-
logical substrate of mild TBIs is not detectable by conventional
computed tomography or magnetic resonance imaging (MRI)
modalities. Instead, diffusion tensor imaging (DTI) has emerged as
an MRI method able to detect evidence of microscopic pathology
not visible on standard anatomical images.> Despite the growing
popularity of DTI over the past two decades, the relative strength of
different DTI analytic approaches has not been quantified in a co-
herent analysis.

DTT analytic approaches that aim to identify regional damage in
TBI patients typically employ either a region of interest (ROI) or

voxel-wise (VW) method to compare patients with a control group.
Detailed descriptions of the two methods, as well as their pros and
cons, have been published elsewhere.? In brief, in ROI analyses,
researchers select specific portions of the brain for examination
based on a priori hypotheses of injury location. The historic ROI
method of the manually tracing region(s) is laborious and rater
dependent. While the more modern tractography technique, which
utilizes algorithms to segment white matter tracts of interest,
overcomes these limitations, it likewise accounts for the spatial
heterogeneity of TAL*>

Alternatively, in whole—brain VW analyses, every white matter
voxel is compared between groups without region specific as-
sumptions. Unlike ROI analyses, this method is not biased towards
only detecting pathology in the regions pre-determined by the re-
searchers. VW analyses, however, are limited by the fact that there
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is comparatively less statistical power when necessary corrections
for multiple comparisons are employed. Moreover, the more recent
VW method, Tract-Based Spatial Statistics (TBSS), which restricts
the analysis to a white matter skeleton to minimize registration
errors,’ is limited both by the propensity for type II errors when
applying strict thresholds for significance and the fact that areas
outside the skeleton cannot be detected.

Few meta-analyses have addressed DTI abnormalities in mild
TBI,”® namely a report by Aoki and colleagues’ on 13 pooled
ROI studies and another report by Aoki and colleagues® on 17
pooled VW studies. Further, both Aoki studies were restricted to
a mild TBI population and did not examine moderate TBI pa-
tients who typically demonstrate more extensive TAL® To date,
no structured meta-analysis using papers published within the
same time frame and appraised using the same inclusion/exclu-
sion criteria has examined whether ROI and VW methods iden-
tify similar regions of microstructural tissue damage in mild and
moderate TBI. Accordingly, the purpose of this systematic re-
view and meta-analysis is to compare the regions of DTI ab-
normalities in mild and moderate TBI elucidated utilizing a ROI
versus a VW analysis to determine if these methods detect the
similar locations of injury.

Methods
Literature search strategy

A research librarian identified potential studies by searching the
PubMed, EMBASE, PsycINFO, CENTRAL, and Web of Science
electronic databases for any entries from inception until June 2017.
Search results were limited to English language studies. The full
search strategies are available in Appendix A. A combination of
Medical Subject Heading (MeSH) terms (or equivalent) and free
text were utilized including: brain injuries [MesH], Craniocerebral
Trauma [MesH], Head Injuries, Closed, brain trauma, closed head
injur*, concuss*, Mild TBI, mild traumatic brain injur*, mtbi AND
diffusion tensor imaging [MesH], Diffusion Magnetic Resonance
Imaging, diffusion magnetic resonance, diffusion mri, diffusion
tensor imag*, diffusion tensor magnetic resonance imaging, dif-
fusion tensor MRI, diffusion tensor tractography, diffusion
weighted imag*, DTI, DTT, diffusion tensor, magnetic resonance
diffusion tensor imaging. All studies were imported into Dis-
tillerSR software (Evidence Partners Incorporated, Ottawa, On-
tario) for duplicate removal, screening and data extraction.

Selection criteria

Two independent reviewers (M.S, A.G) conducted an initial title
and abstract screening. Studies were included at this stage if both
reviewers agreed that the study: 1) was conducted in humans; 2)
used DTI; 3) compared a mild and/or moderate TBI population with
a control group; 4) did not study children <18 years old; and 5) was
an original research paper (e.g., not a case study or review article).
The full text of the studies that passed the abstract screening were
then reviewed by two independent reviewers (M.S., J.S.) using the
aforementioned criteria in addition to the following requirements
for inclusion: 1) fractional anisotropy (FA), axial diffusivity (AD),
radial diffusivity (RD), mean diffusivity (MD), or the apparent
diffusion coefficient (ADC) in white matter was measured in both
the TBI and control group; 2) An ROI (including tractography) or
VW analysis (including TBSS) was employed; 3) the TBI popu-
lation did not have a clinically diagnosed psychiatric comorbidity;
and 4) the study was published in a peer reviewed journal (e.g., not
a meeting abstract). Disagreements in full text screening were re-
solved by a third reviewer (L.H.). All reviewers were supervised by
a board-certified neuroradiologist (M.L.L.)
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Data extraction

For each study, the following variables were extracted by two
reviewers (N.W., L.H.) and discrepancies were resolved via a
collaborative review of the manuscript: number of male and female
TBI and control subjects, age of TBI and control subjects, severity
of injury, type of TBI population, time since injury, magnet field
strength, number of diffusion directions, b value (other than 0),
threshold used to test for significance, method of correction for
multiple comparisons, and the DTI parameters explored. For ROI
papers, we extracted data necessary to calculate a pooled effect size
(mean and standard deviation [SD], or p value and sample size or t-
statistic and sample size) in each region of interest.'” For VW
analysis, we extracted the X, Y, and Z coordinates (in any standard
space) and significance level (p or t values) of positive and negative
peaks reported in each study. In the event of missing data, the
authors were contacted at least twice, to request necessary data.

Statistical analysis

ROI. All analyses were performed using the Comprehensive
Meta Analyses Program v.3. We calculated the standardized mean
difference (Hedges’ g) in DTI parameters between TBI patients and
controls in regions of interest reported in >2 studies. Given the
methodological heterogeneity in DTI studies of TBL> we im-
plemented a random effects models when <20 studies were avail-
able. The I” statistic was calculated to determine whether to employ
a fixed or random effects model where data from >20 studies were
avaiable.'' Data from left and right hemispheres were considered as
independent regions in order to directly compare ROI with VW
analysis. Publication bias was assessed via visual inspection of
funnel plots, if >10 studies were included in the primary analyses'*
and by using the E%ger’s test. Forest plots were generated using
Meta Data Viewer. "

VW. Anisotropic Effect-Size Signed Differential Mapping
(AES-SDM)'*!3 was used to conduct a meta-analysis across VW
studies. We utilized the following pre-processing parameters for all
analyses: modality, DTI-FA; randomizations,1; correlation tem-
plate, FA; anisotropy, 1; isotropic full width at half maximum, 20;
and mask, white matter. We applied the default thresholds: peak
z>1, voxel p=0.005 and cluster size 210 voxels.'* To maximize
our power, we conducted our AES-SDM analysis combining peak
coordinates data from papers that used whole—brain or TBSS voxel-
wise methods.®'® For sensitivity analyses, we considered locations
within 10 voxels of the X, Y and Z as consistent with the primary
results. Publication bias was assessed using the Egger’s test.

Both. If data from TBI subjects were divided into separate
groups, we calculated a pooled mean and standard deviation. For
longitudinal studies, we utilized the more chronic time-point for
analysis. Additionally, we conducted jackknife sensitivity and
subgroup analyses (mild TBI patients only, <3 months and =3
months since injury) when more than two studies were available.

All procedures for this systematic review and meta-analysis
were conducted in accordance with the Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA) guide-
lines."” Quality assessment of individual studies was not quantified
because suitable metrics are not available for observational DTI
studies.

Results

Studies and participants

Eligible studies. The PRISMA flow diagram (Fig. 1) de-
scribes the study selection process for eligibility. We screened 1890
studies of which 24 ROI and six VW studies provided sufficient
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18-20 provided the mean (SD) of

data for analysis. Three authors

DTI parameters of all regions explored in their study. Four”'~*
authors provided the location of peak coordinates and p values for
VW analysis. One author'® provided the original corrected t-Map.
This yielded a total of 27 ROI'® 2928 4pg 11 yw!8:21-2449-54

studies suitable for our meta- analysis.

Participants and imaging characteristics. Demographic
and imaging information on included studies are described in
Supplementary Table 1 (see online supplementary material at
http://www liebertpub.com). A total of 1010 TBI/791 controls were
included in meta-analysis of ROI studies and 311 TBI/282 controls
were included in VW meta—analysis. The majority of studies (22/27
ROI; 10/11 VW) examined only mild TBI patients. Less than half
(12/28 ROI; 5/11 VW) of the studies conducted the DTI scan at an
acute or subacute time-point (< 3 months since injury) and the
remainder of scans were conducted at a chronic stage (= 3 months
since injury). Most studies scans were conducted on a 3T scanner
(17/27 ROI; 7/11 VW) and used b value of 1000 (18/27 ROI; 8/11
VW). Thirteen of the ROI the studies used manual tracing to de-
lineate regions and the remainder used tractography (8/27), an atlas
based (4/27), or an automated segmentation procedure (2/27). Six
VW studies used TBSS and five used a non-TBSS whole-brain
white matter analytic approach. Eleven ROI studies were corrected

Records identified through database
searching
(n=2541)
PubMed (890)

Embase (1037)
PsycINFO (183)
Cochrane CENTRAL (9)
Web of Science (422)
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for multiple comparison and more than half (6/11) of VW studies
applied a correction for multiple comparisons. FA was examined in
all ROI and VW studies included in this meta-analysis. MD/ ADC
was the next most commonly explored DTI parameter (16 ROI;
three VW studies) followed by RD (nine ROI; two VW), and AD
(eight ROI; zero VW).

Primary meta-analysis

ROI.  We identified 11 regions where FA was lower in TBI
subjects compared with controls in the following areas, listed in
decreasing magnitude: the posterior internal capsule (right), the
posterior internal capsule (bilateral), the centrum semiovale (bi-
lateral), the posterior internal capsule (left), the splenium of the
corpus callosum (bilateral), the anterior internal capsule (right), the
posterior corona radiata (left), the posterior corona radiata (right),
the posterior thalamic radiations (left), the anterior corona radiata
(bilateral), and the posterior corona radiata (bilateral). We identified
three clusters of high MD/ADC in TBI subjects compared with
controls in the splenium, genu, and body of the corpus callosum
(Table 1). Effect sizes in all regions are shown in Supplementary
Figure 1 and Supplementary Figure 2 (see online supplementary
material at http://www liebertpub.com).

Articles identified from other sources
(n=7)

(ROI= 35, VW= 35)

v
Records screen after duplicates removed
(n = 1890)
Records excluded
L (n= 1364)
-~ = Full text unavailable
(n=29)
Full-text articles assessed for
eligibility
(n = 497) F
Full-text articles excluded
(n=
Animals studied (n= 4)
Not appropriate design ( i.e reviews,
case studies) ( n= 118)
- Population not mild and/or moderate
traumatic brain injury) (n=138)
Mean age of sample <18 (n= 8)
Did not utilize Diffusion Tensor
Imaging (DTI) (n= 8)
L 4 Did not use a control group (n= 44)
N . - Did not use a voxel based or ROI based
Potentially eligible studies analysis group analysis ( ie single
(n=70) subject, ROC) (n= 49)

TBI population had comorbid
psychiatric d/o (n= 20)

Not peer reviewed (i.e. meeting
abstract) (n= 34)

Did not examine white matter (n=5)

Insufficient data for meta-analysis

h 4

Studies included in quantitative
synthesis (meta-analysis)
(n= 38

)
(ROI=27, VW=11)

FIG. 1.
VW, voxel-wise.

L (n=31)
{ROI=7, VW= 24)
Duplicate data set
(n=1)
{ROI= 1, VW= 0)

Preferred Reporting Items for Systematic Review and Meta-Analyses flow chart of included studies. ROI, region of interest;
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VW. AES-SDM identified one cluster of high FA in TBI
subjects, located in the right superior longitudinal fasciculus. There
were seven clusters of low FA in TBI subjects, the largest two
located in the corpus callosum. Other smaller clusters of low FA
included the right superior longitudinal fasciculus, the right inferior
fronto-occipital fasciculus, and the right insula (Table 2; Fig. 2A).
We found one significant cluster of high MD and one cluster of high
RD in TBI subjects, both located in the right inferior longitudinal
fasciculus (Table 2; Fig. 2B, 2C).

Sensitivity analyses

ROI.  Jackknife (JK) sensitivity analysis of ROI studies dem-
onstrated that findings were retained when all studies were itera-
tively removed one at a time in all regions except the posterior limb
of the internal capsule (bilateral) which was sensitive in two of
three of JK analyses. Likewise, High MD/ADC in the genu and
splenium of the corpus callosum remained significant when all studies
were iteratively removed and was sensitive in two of three JK analyses
for the body of the corpus callosum (Supplementary Table 2; see
online supplementary material at http://www.liebertpub.com).

VW. Our AES-SDM findings were also highly robust. High
FA in the right superior longitudinal fasciculus was sensitive in
eight of nine JK analyses and all clusters of low FA remained
significant when =8 studies were removed. High MD in the right
inferior longitudinal fasciculus remained significant in two of three
JK analyses (Supplementary Table 3; see online supplementary
material at http://www .liebertpub.com).

Subgroup analysis

ROI.  All FA ROI findings, except for low FA in the splenium
of the corpus callosum (bilateral), remained significant when only
mild TBI cases (e.g., excluding moderate TBI) were included in the
analysis. Our low FA findings remained consistent in the 23 months

HUNTER ET AL.

since injury subgroup in all regions. High MD/ADC in the splenium
of the corpus callosum remained significant in all subgroup ana-
lyses; however, findings in the genu and body of the corpus cal-
losum only persisted in the <3 months since injury subgroup
(Table 1).

VW. VW findings remained in similar regions when only mild
TBI cases were included. Although our threshold of 10 voxels in the
X, Y and Z direction was not met in the four largest clusters, AES-
SDM located these clusters in similar regions as the primary
analysis (Table 2 and Supplementary Table 4; see online supple-
mentary material at http://www .liebertpub.com). Our findings of
low FA in largest corpus callosum cluster and in the right superior
longitudinal fasciculus remained in <3 months since injury sub-
group whereas low FA in the second and third largest corpus cal-
losum clusters and in the right inferior fronto-occipital fasciculus
only persisted in 23 months since injury subgroup. The one cluster
of high FA identified in VW analyses was only significant in the >3
months since injury subgroup. High MD in the right inferior lon-
gitudinal fasciculus persisted in both the mild and 23 months since
injury subgroups (Table 2; Supplementary Tables 5 and 6; see
online supplementary material at http://www .liebertpub.com).

Publication bias

ROI. The Egger’s tests identified no evidence of publication
bias in any region (Supplementary Table 7; see online supple-
mentary material at http://www .liebertpub.com).

VW. Visual inspection of the funnel plot of low FA in the
splenium of the corpus callosum did not reveal publication bias
(Supplementary Fig. 3; see online supplementary material at http://
www.liebertpub.com). Likewise, the Egger’s tests identified no
evidence of publication bias in any region (Supplementary Table 8;
see online supplementary material at http://www.liebertpub.com).

TABLE 2. REGIONS OF SIGNIFICANT DIFFERENCE BETWEEN TBI SUBJECTS AND CONTROLS IDENTIFIED POOLING VW STUDIES

Primary analysis

Subgroup analysis

< 3 months = 3 months

zZ Cluster MNI n Mild  since injury  since injury
Description value  p value size coordinates  studies  only only only
FA: TBI > control
Superior longitudinal fasciculus III, right 1.16  0.000006 315 48, -10, 24 10 X
FA: TBI < control
Corpus callosum -1.77  0.000196 1164 -8, 4, 20 10 X
Corpus callosum —-1.48 0.000796 148 20, =34, 12 10 X
Superior longitudinal fasciculus III, right —-1.52  0.000672 56  32,-2,18 10 X
Corpus callosum —-1.41 0.001213 40 —16, 44, 28 10 X
Corpus callosum -1.35 0.002243 30 20, -14, 44 10 X
Inferior fronto-occipital fasciculus, right —1.34  0.002250 21 34, -60, 6 10 X X
Insula, right -1.44 0.001219 11 42,2,6 10 X
MD: TBI > control
Inferior longitudinal fasciculus, right 1.39  0.000007 435 30,-58,2 3 X X
RD: TBI > control
Inferior longitudinal fasciculus, right 1.57  0.000033 832 28,66, 2 2 B D e

Results thresholded at p <0.005 and cluster size >10 voxels.

An “X” indicates that the results are within 10 voxels in the X, Y, and Z direction of primary findings. Shaded black box indicates that analysis was not

done because <2 studies in subgroup.

TBI, traumatic brain injury; VW, voxel-wise; MNI, Montreal Neurological Institute; FA, fractional anisotropy; MD, mean diffusivity; RD, radial

diffusivity.
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FIG. 2. Results of voxel-wise meta-analysis. (A) Fractional anisotropy (FA): traumatic brain injury (TBI) subjects demonstrated one
cluster of high FA (red) in the right superior longitudinal fasciculus and seven clusters of low FA (blue), the largest two located in the
corpus callosum. (B) Mean diffusivity (MD): TBI subjects demonstrated one cluster of high MD (red) in the right inferior longitudinal
fasciculus. (C) Radial diffusivity (RD): TBI subjects demonstrated one cluster of high RD (red) located in the right inferior longitudinal

fasciculus. Color image is available online.

Discussion

This systematic review and meta-analysis compared DTI find-
ings in mild and moderate TBI patients identified utilizing ROI
versus VW analytic approaches. Our findings show that both ROI
and VW methods detect low FA in the corpus callosum but the ROI
method detects a greater amount of abnormality in this region. Our
results were highly robust when applying a jackknife sensitivity
analysis and findings remain similar locations when only mild TBI
cases were examined.

To date, few studies have meta-analyzed DTI findings in mild
TBI. Aoki and colleagues published two studies, which separately
assessed ROI and VW studies culled from different timeframes.
Their 20127 meta-analysis of ROI studies identified low FA in the
splenium and their 2016° meta-analysis, which synthesized FA
findings across VW studies, similarly showed the largest cluster of
low FA in the splenium. Our meta-analysis, however, more spe-
cifically addressed whether ROI and VW revealed similar regions
of abnormality across the whole brain by directly comparing
studies published within the same time-period and screened using
identical criteria. Moreover, we included moderate TBI patients
and examined additional DTI parameters to provide a more com-
prehensive review of the utility of DTI in detecting TAI

In our direct comparison, we confirmed that both ROI and VW
methods are sensitive to low FA in the corpus callosum in mild and
moderate TBI. However, other regions of low FA are not concor-

dantly identified across methods. High MD was found in both ROI
and VW analyses, but in dissimilar regions. A major caveat in
interpreting these findings, however, is the fact that no regions other
than the corpus callosum utilized data from more than five studies.
This is due to bias imposed by the researcher(s) a priori hypotheses
as well as data actually available from the studies for meta-analysis.
To sufficiently compare data across regions it is necessary for pa-
pers to examine similar ROIs and for authors to report data from all
regions explored, regardless of statistical significance.

Only the VW meta-analysis identified a region where FA was
higher in TBI patients than in controls. VW meta- analysis by Aoki
and colleagues® did not reveal any regions of high FA; however, our
divergent findings may be attributable to the fact that we utilized the
raw statistical t-map from the study by Ling and colleagues,'® which
primarily reported high FA in their population. This underscores the
importance for researchers to make available raw statistical maps so
that future meta-analyses can more comprehensively characterize
diffusion abnormalities and associated biological changes in mild
and moderate TBI.

We have found that the magnitude of the effect size of low FA
revealed by our ROI meta- analysis was approximately two times
larger than that revealed by our VW meta-analysis. This finding is
not unexpected, given that the conservative thresholds and neces-
sary registration procedures applied in VW analyses lead to small
cluster sizes that may conceal the full anatomic extent of damage.
Additionally, efforts such as clustering, used to minimize the risk of
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type 1 error in VW analyses, necessarily limit sensitivity. On the
other hand, ROI analyses average DTI parameters over the entire
prescribed region/tract and hence are inherently more sensitive to
detect a greater degree of abnormality.

There are several limitations to this meta-analysis that should be
noted. ROI analyses are only reliable insofar as regions are repro-
ducibly localized across subjects and across studies, which is, in
turn, conditional upon reliable manual placement of ROIs or robust
registration procedures. Moreover, although we aggregated regions
based on the naming provided in publications, we cannot exclude
the possibility that the white matter in the distinct regions we ex-
amined does not completely overlap. For instance, we cannot know
whether the internal capsule was delineated as a unique structure or
included as part of the larger corticospinal tract. Moreover, despite
our diligent efforts, we were only able to retrieve sufficient data for
our AES-SDM analysis in 31% of eligible studies. This may have
limited our power to detect full extent of pathology revealed by VW
methods and highlights the necessity for researchers to make
available the coordinates and the precise p values of the abnor-
malities detected in their studies. Furthermore, AES-SDM results
are most reliable, and less prone to Type 1 errors, when statistical
parametric maps are included.'* In the present analysis, we were
only able to retrieve one original t-map; however, this is more data
than has been included in any prior image-based meta-analyses of
mild TBI. Finally, unmeasured sources of heterogeneity such as
divergent imaging parameters (e.g., field strength; b values), dif-
ferences in image processing methods and software, and TBI
populations (e.g., military vs. civilian) also exist across studies. We
did not have sufficient power to conduct subgroup analyses on these
or other possible sources of heterogeneity and we, therefore, em-
ployed random effects models to account for these potential sources
of variance.

Overall, in this systematic review and meta-analysis, we have
shown that low FA in the corpus callosum is consistently detected
by both ROI and VW methods; however, the effect size of damage
revealed by pooling ROI studies was twice as large. These results
suggest that VW analyses, which are automated and not subject to
rater bias, can be implemented clinically to identify injury in the
corpus callosum. On the other hand, ROI analyses, which are bias
prone and onerous, may henceforth be exclusively utilized when
the magnitude of microstructural tissue damage is an important
clinical consideration.

Evidence of tissue damage in regions outside the corpus callosum
was incongruently identified across methods; however, this discor-
dance may simply reflect the small number of papers that examined
similar regions and the limited data available for our VW meta-
analysis. To more accurately synthesize findings across studies and
robustly assess the power of ROI versus VW methods for detection
of pathology in smaller white matter regions, it is essential for future
studies to follow standardized data reporting methods such as those
proposed by the National Institute of Neurological Disorders and
Stroke’s Common Data Elements Project.>
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APPENDIX A

Database

Search Strategy

All databases

PubMed

Embase

Cochrane

PscyINFO

Web of Science

Limit applied: English

No limitations by date of publication, publication type, or document type

(((brain injuries) OR (Craniocerebral Trauma) OR (Head Injuries, Closed) OR (brain trauma[ti) OR (closed head
injur*[tiab]) OR (concuss*[tiab]) OR (Mild TBI[tiab]) OR (mild traumatic brain injur*[tiab]) OR (mtbi[tiab]) OR
(brain trauma) OR (closed head injur*) OR (concuss*) OR (Mild TBI) OR (mild traumatic brain injur*) OR
(mtbi)))

AND

((diffusion tensor imaging) OR (Diffusion Magnetic Resonance Imaging) OR (diffusion magnetic resonance[tiab])
OR (diffusion mri[tiab]) OR (diffusion tensor imag*[tiab]) OR (diffusion tensor magnetic resonance
imaging[tiab]) OR (diffusion tensor MRI[tiab]) OR (diffusion tensor tractography[tiab]) OR (diffusion weighted
imag*[tiab]) OR (DTI[tiab]) OR (DTT][tiab]) OR (diffusion[tiab] AND tensor[tiab]) OR (magnetic resonance
diffusion tensor imaging[tiab]) OR (diffusion magnetic resonance) OR (diffusion mri) OR (diffusion tensor
imag*) OR (diffusion tensor magnetic resonance imaging) OR (diffusion tensor MRI) OR (diffusion tensor
tractography) OR (diffusion weighted imag*) OR (DTI) OR (DTT) OR (diffusion AND tensor) OR (magnetic
resonance diffusion tensor imaging))

’traumatic brain injury’/exp OR ’traumatic brain injury’ OR ’brain concussion’/exp OR ’brain concussion’ OR
(’traumatic brain’:ab,ti AND injur*:ab,ti) OR ’tbi’:ab,ti OR ’mtbi’:ab,ti OR concuss*:ab,ti OR ’brain
trauma’:ab,ti OR (’closed head’:ab,ti AND injur*:ab,ti)

AND

’diffusion tensor imaging’/exp OR ’diffusion magnetic resonance’:ab,ti OR ’diffusion mri’:ab,ti OR ’diffusion

tensor’:ab,ti OR ’diffusion weighted’:ab,ti OR ’dti’:ab,ti OR ’dtt’:ab,ti

. exp Diffusion Magnetic Resonance Imaging/

. dti.mp. [mp =title, original title, abstract, mesh headings, heading words, keyword]

. diffusion tensor imaging.mp. [mp =title, original title, abstract, mesh headings, heading words, keyword]

.lor2or3

. exp Brain Injuries/

. tbi.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]

. mtbi.mp. [mp=title, original title, abstract, mesh headings, heading words, keyword]

. traumatic brain injur$.mp. [mp =title, original title, abstract, mesh headings, heading words, keyword]

.Sor6or7or8

.4 and 9

ti=diffusion NEAR/3 tensor OR ab =diffusion NEAR/3 tensor OR kw =diffusion NEAR/3 tensor OR ti=dti OR
ab=dti OR kw=dti OR ti=diffusion NEAR/3 mri OR ab=diffusion NEAR/3 mri OR kw =diffusion
NEAR/3 mri OR ti =diffusion NEAR/3 ““magnetic resonance’’ OR ab =diffusion NEAR/3 ‘‘magnetic resonance’’
OR kw =diffusion NEAR/3 “‘magnetic resonance’” OR it=""magnetic resonance imaging”’

AND

it=""traumatic brain injury”” OR ti=TBI OR ab=TBI OR kw=TBI OR ti=mtbi OR ab=mtbi kw=mtbi OR
ti=""mild” NEAR/3 “traumatic”’ NEAR/3 “Brain”’ NEAR/3 Injur* OR ab="mild” NEAR/3 “‘traumatic’’
NEAR/3 “Brain” NEAR/3 Injur* OR kw="mild”’ NEAR/3 “‘traumatic’’ NEAR/3 “Brain’’ NEAR/3 Injur* OR
ti=""moderate’’ NEAR/3 “‘traumatic’” NEAR/3 ‘“‘Brain”” NEAR/3 Injur* OR ti="moderate”” NEAR/3
“traumatic”” NEAR/3 ““Brain” NEAR/3 Injur* OR kw="moderate”” NEAR/3 “‘traumatic’’ NEAR/3 Brain
NEAR/3 Injur* OR it=""brain concussion’” OR ti=concuss* OR ab=concuss* OR kw =concuss*

1: TS =(diffusion tensor) OR TS =(dti) OR TS = (diffusion magnetic resonance) 2: TS =(brain n/3 injur*) OR
TS =(tbi) OR TS =(mtbi) OR TS = (concuss*)

3: #2 AND #1
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