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ABSTRACT

The shortage of high-quality systematic reviews in the field of radiology limits evidence-based integration of imaging

methods into clinical practice and may perpetuate misconceptions regarding the efficacy and appropriateness of imaging

techniques for specific applications. Diffusion tensor imaging for patients with mild traumatic brain injury (DTI-mTBI) and

dynamic susceptibility contrast MRI for patients with glioma (DSC-glioma) are applications of quantitative neuroimaging,

which similarly detect manifestations of disease where conventional neuroimaging techniques cannot. We performed

a critical appraisal of reviews, based on the current evidence-based medicine methodology, addressing the ability of DTI-

mTBI and DSC-glioma to (a) detect brain abnormalities and/or (b) predict clinical outcomes. 23 reviews of DTI-mTBI and

26 reviews of DSC-glioma met criteria for inclusion. All reviews addressed detection of brain abnormalities, whereas

12 DTI-mTBI reviews and 22 DSC-glioma reviews addressed prediction of a clinical outcome. All reviews were assessed

using a critical appraisal worksheet consisting of 19 yes/no questions. Reviews were graded according to the total number

of positive responses and the 2011 Oxford Centre for evidence-based medicine levels of evidence criteria. Reviews

addressing DTI-mTBI detection had moderate quality, while those addressing DSC-glioma were of low quality. Reviews

addressing prediction of outcomes for both applications were of low quality. Five DTI-mTBI reviews, but only one review

of DSC-glioma met criteria for classification as a meta-analysis/systematic/quantitative review.

INTRODUCTION
Evidence-based medicine (EBM) principles have been
widely adopted as the gold standard and even the expected
basis for everyday clinical practice. However, adoption of
EBM principles in radiology has greatly lagged behind
other clinical specialities.1,2 In fact, the clinical utility of less
than one-third of diagnostic imaging procedures is sup-
ported by sufficient evidence; as opposed to merely expe-
rience and opinion.2,3 According to EBM standards,
systematic reviews constitute the highest level of evidence
because they consolidate the evidence of multiple studies
rather than relying on the results of one individual study,
with its inherent biases, alone.2,4 Optimal reviews, which
adopt EBM practices, provide a comprehensive overview of
primary investigations of a specific topic through system-
atically and comprehensively searching and critically ap-
praising the literature. While many narrative and educational

reviews have been published regarding radiological proce-
dures, there is a strong lack of and need for EBM-based
systematic reviews in the field of radiology.

Mild traumatic brain injury (mTBI) is a major public
health concern, with an annual incidence of more than 1.5
million in the USA.5,6 Although incidence and prevalence
of glioma are much lower than that of mTBI, severe
morbidity and mortality are quite high, with 5-year sur-
vival rates ,50%.7 In both mTBI and glioma, the most
challenging aspect of disease characterization lies at the
microscopic level, beyond the reach of conventional CT
and MRI. Traumatic axonal injury (TAI) is the primary
pathologic feature of mTBI and is not detectable by CT or
structural MRI unless, uncommonly, it is associated with
haemorrhage.8 Diffusion tensor imaging (DTI), however,
detects TAI as a reduction of the normal directional
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coherence of water diffusion in white matter.8 Glioma infiltrates
white matter tracts,9,10 a phenomenon that conventional
contrast-enhanced CT and MRI are unable to fully detect.9,11

DSC-MRI, however, detects glioma infiltration as elevated CBV
due to tumour neoangiogenesis within the normal-appearing
white matter of the peritumoral region.12–14 Both of these
techniques may aid in diagnosis, prognosis and treatment.

Currently, the clinical use of DTI and DSC differ greatly. The
American College of Radiology appropriateness criteria do not
recommend DTI for routine imaging of TBI, although they note
that DTI can provide supplemental information about the pat-
terns of injury and prognosis following a head trauma.15 DSC,
however, is recommended for indications including diagnosis
and characterization of mass lesions, differential diagnosis, di-
agnosis of primary neoplasms, surgical planning, therapeutic
follow-up, radiation necrosis vs recurrent or residual tumour,
chemonecrosis vs recurrent or residual tumour, pseudoprogression
and pseudoresponse.16 Notably, the ACR appropriateness criteria
employ an evidence-rating process different from that proposed by
the CEBM and in addition base recommendations on “…clinical
judgment and expert consensus as necessary”.17 We therefore ap-
plied a standardized EBM approach to specifically assess the actual
level of evidence available to support the clinical application of
DTI-mTBI and DSC-glioma for both detection of disease pa-
thology and prediction of clinical outcome.

METHODS AND MATERIALS
All methods are based on the most recent (revised 2011) criteria
and recommendations of the Oxford Centre for evidence-based
medicine (CEBM).18 Study design, implementation and execution
were directly supervised by a board-certified neuroradiologist and
in consultation with a senior research librarian. Two graduate
medical students appraised the individual reviews after receiving
specific training and guidance in the inclusion/exclusion criteria as
well as all review and appraisal procedures. Each study was finally
reviewed by the entire group to resolve any conflicting assessments.

Delineation of evidence-based medicine questions
We first formulated focused and answerable questions, accord-
ing to the PICO (Population, Intervention, Control and Out-
come) method, in which a list of keywords is developed that
describes each category to ensure identification of all evidence
addressing the question at hand. These questions were used to
guide the search for relevant reviews, which met specific in-
clusion criteria and were then critically appraised.19 The fol-
lowing four PICO questions were addressed:
(1) In adults with mTBI, can DTI detect abnormalities in

brain tissue?
(2) In adults with glioma, can DSC-MRI detect tumour infiltration

into an otherwise normal-appearing brain tissue?
(3) In adults with mTBI, can DTI predict the future clinical

outcome?
(4) In adults with glioma, can DSC-MRI predict the future

clinical outcome?

Literature search
We conducted systematic searches of the PubMed, Embase and
Cochrane databases to identify relevant review articles. A

comprehensive list of search terms was created to describe the
patient populations and imaging interventions (Table 1) addressed
by the PICO questions. Variations of terms were combined to
identify all articles that included at least one population and one
imaging intervention term. The searches were limited to English
language, human species, reviews, meta-analyses or systematic
reviews published from 7 January 2009 to 7 January 2014. Search
terms for controls and outcomes were not employed in order to
prevent excessive limitation of the sample.

After the search was conducted, all listed reviews were analyzed by
two raters to confirm relevance and to exclude irrelevant reviews.
Irrelevant reviews included paediatric populations, scope outside
of this article’s focus, publication date beyond the prior 5 years,
classification as a non-review article and studies using non-human
subjects. Information was extracted from each review, including
the following: (1) which PICO question(s) the review addresses,
(2) sample size, (3) number of included studies, (4) age and
gender of subjects, (5) evidence addressing each PICO question
and (6) problems distinguishing evidence for “mild” TBI vs
“moderate/severe” TBI (for DTI-mTBI reviews only).

Critical appraisal
We developed a critical appraisal worksheet based on the ap-
proach of the Oxford CEBM.18,20 The worksheet (Supplemen-
tary Table A) consists of 19 questions that are sorted into the
following subgroups: methodological quality (n5 5), de-
scription of results (n5 5), types of included studies (n5 5) and
the reviews’ assessment of included studies (n5 4). Each ques-
tion was answered as yes or no. All questions were framed so
that a yes indicated a higher quality of evidence. Where appro-
priate, specific criteria were formulated to guide responses to the
PICO questions. For example, to determine if a review’s search
strategy was comprehensive, we ascertained: (a) were PubMed,
Cochrane and Embase searched? (b) Were MeSH terms and text
words included in the search strategy? (c) Was a search of the
references from relevant studies performed? (d) Were experts
contacted to find unpublished studies?18,20 (e) To assess a review’s
inclusion/exclusion criteria, we ascertained: was it clear from the text
or citations that the review excluded studies with fewer than four
subjects, case reports and non-scientific literature (e.g. editorials)?18,20

Determining quality of evidence
Each review was appraised separately to determine whether it
provided evidence for one or more PICO questions, yielding
four separate critical appraisals, addressing (a) DTI-mTBI de-
tection; (b) DTI-mTBI outcome prediction; (c) DSC-glioma
detection or (d) DSC-glioma outcome prediction. The quality of
evidence presented by each group of literature was assessed using
the critical appraisal worksheet. Within each group, the total
number of yes responses were summed and converted to per-
centages (a) for each question, (b) for each of the four sub-
groups of questions and (c) for the total set of questions. We
categorized quality of evidence according to the following scale:
high quality (67–100% yes responses), moderate quality
(34–66% yes responses) or low quality (0–33% yes responses).

In addition, the quality of evidence presented by each individual
review was assessed using three measures: (1) a critical appraisal
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worksheet grade, (2) a quality grade based on the CEBM levels of
evidence criteria21 and (3) classification as a descriptive or systematic/
quantitative review. The total number of yes responses for each re-
view was summed and each review was assigned a critical appraisal
worksheet grade: A5high quality (67–100% yes responses),
B5moderate quality (34–66% yes responses) or C5 low quality
(0–33% yes responses). In addition, the individual reviews were given
a quality grade based on the CEBM levels of evidence criteria21 and
were categorized as descriptive, providing a narrative summary of the
primary sources or systematic/quantitative, such as meta-analyses,
systematic reviews, Cochrane reviews and quantitative analyses.

The quality of evidence addressing each PICO question was
assessed, as well. The number of descriptive and systematic/
quantitative reviews that supported, refuted or were inconclusive
regarding each PICO question was summed. The number of yes
responses achieved by the reviews in each of these groups was
averaged. Critical appraisal worksheet grades (A, B and C) were
used to describe these averages.

Statistical analysis
To test for differences between summed responses related to DTI-
mTBI vs DSC-glioma, 2x2 contingency tables were employed. A x2

test was used to calculate p-values for contingency tables with
expected values $5.22,23 Fischer’s exact test was used to calculate
p-values for contingency tables with expected values ,5.22,23 Sig-
nificance was set at a5 0.05.

Determining strength of evidence
Whereas quality of evidence is based upon responses to the
critical appraisal questions, strength of evidence is determined
by the total number of studies and subjects supporting a con-
clusion. The number of studies included in each review, as well
as the sample sizes of included studies, were extracted from each
article. For reviews that do not explicitly state the number of
included studies, we estimated the number of included studies
from the text of the review itself (demarcated with an asterisk in
Tables 2 and 3). When the subject number could not be de-
termined with reasonable certainty, the term “unclear” is noted
in Table 4.

RESULTS
Literature search and inclusion criteria
The search for DTI-mTBI reviews returned 125 review articles
(PubMed n5 36; Cochrane n5 7; Embase n5 82) of which 105
unique articles were identified. Excluded articles included: paediatric

Table 1. Search terms

mTBI-DTI DSC-glioma

PubMed

Population terms
“mTBI”, “tbi”, “concussion”, “traumatic
brain injury”

“brain tumor”, “brain tumors”, “brain tumour”,
“brain tumours”, “gliomaa”, “glioblastomaa”

Intervention terms
“DTI”, “diffusion tensor imaging”, “diffusion
tensor MRI”, “diffusion tensor MRI”, “diffusion
and MRI”

“Perfusion weighted imaging”,
“perfusion-weighted imaging”, “perfusion
weighted MRI”, “perfusion-weighted MRI”,
“perfusion-weighted MRI”, “perfusion weighted
MRI”, “DSC-MRI”, “dynamic susceptibility
contrast”, “DSC”, “advanced MRI” “perfusion
imaging”

Cochrane

Population terms
“brain injuries,” “mTBI,” “Brain concussion,”
“concussion”

“brain tumor,” “brain tumors,” “brain tumour,”
“brain tumours,” “glioma,” “glioblastoma”

Intervention terms
“diffusion tensor imaging”, “diffusion
MRI”, “DTI”

“perfusion weighted imaging”,
“perfusion-weighted imaging”, “perfusion
weighted MRI”, “perfusion-weighted MRI”,
“perfusion weighted MRI”, “perfusion-weighted
MRI”, “perfusion weighted MRI imaging”,
“perfusion-weighted MRI imaging”, “Perfusion
Imaging”, “dynamic susceptibility contrast,”
“dynamic-susceptibility contrast”, “dynamic
susceptibility-contrast”, “DSC” “advanced MRI”,
“dynamic-susceptibility-contrast”

Embase

Population terms
“concussion”, “traumatic brain injury”, “brain
concussion”, “tbi,” “traumaa”, “brain injury”,
“brain injuries”

“brain tumor”, brain tumors”, “brain tumours”,
“glioma”, glioblasoma”, “concussion”, “traumatic
brain injury”, “brain concussion”” “tbi”,
“traumaa”, “brain injury”, “brain injuries”

Intervention terms
“diffusion tensor imaging”, “dti,”
“diffusion”, “MRI”

“perfusion weighted imaging”, “dsc mri”,
“dynamic susceptibility contrast”, “dsc mri,”
“advanced mr imaging”, “perfusion imaging”

DSC-glioma, dynamic susceptibility contrast MRI for patients with glioma; mTBI-DTI, diffusion tensor imaging for patients with mild traumatic
brain injury.
Search terms were chosen to describe both the patient population and diagnostic imaging “intervention”; terms varied across databases owing to
differences in database scope and vocabularies.
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Table 2. Sample size and quality of diffusion tensor imaging for patients with mild traumatic brain injury (DTI-mTBI) reviews

mTBI-DTI
reviews

Total
number of
individual
studies—
detection

Total
number of
individual
studies—
prediction
of outcome

Total
number of
subjects—
detection

Total
number of
subjects—
prediction

Number
of yes

responses

Critical
appraisal
grade

CEBM
grade of
review
quality

Sharp
et al (2011)40

12a 1a Unclear Unclear 6 C 5

Fitzgerald
et al (2011)27

15a 2a Unclear Unclear 6 C 5

Aoki
et al (2012)24

13 0 Unclear N/A 11 B 1a

Niogi
et al (2010)39

20 2a 438 12 10 B 5

Hulkower
et al (2013)8

47 0 Unclear N/A 9 B 2b

Maller
et al (2010)36

11 0 206 N/A 9 B 1a

Fox
et al (2013)28

13a 1a Unclear Unclear 6 C 5

Gonzalez
et al (2011)30

9a 3a Unclear Unclear 2 C 5

Kou
et al (2010)34

13a 0 Unclear N/A 6 C 5

Gardner
et al (2012)29

4a 0 170 N/A 14 A 1a

Hunter
et al (2012)33

4a 0 Unclear N/A 5 C 5

Ham
et al (2012)32

6a 2a Unclear Unclear 3 C 5

Kubal
(2012)35

3a 0 Unclear N/A 2 C 5

Jeter
et al (2013)6

4a 1a Unclear Unclear 2 C 5

Grossman
et al (2010)31

20a 2 Unclear Unclear 6 C 5

Voelbel
et al (2012)43

18a 0 Unclear N/A 2 C 5

Shenton
et al (2012)41

32 3a 725 45 11 B 5

Bigler
(2013)25

8a 3a Unclear Unclear 7 B 5

Xiong
et al (2014)44

5a 0 Unclear N/A 8 B 5

Matis
et al (2012)37

21a 1a Unclear Unclear 5 C 5

Mechtler
et al (2014)38

5a 0 Unclear N/A 4 C 5

(Continued)
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(n513); beyond the scope (e.g. populations other than those with
mTBI, imaging techniques other than DTI; n568); .5 years since
publication (n52); or not a review (n52). 20 review articles
remained (PubMed and Embase overlap n511; PubMed alone
n56; Embase alone n53; Cochrane n50).

The search for DSC-glioma reviews returned 148 articles
(PubMed n5 37; Cochrane n5 16; Embase n5 95) of which
121 unique articles were identified. Excluded articles included:
paediatric (n5 5); beyond the scope (e.g. populations other than
glioma, imaging techniques other than DSC; n5 75); .5 years
since publication (n5 6); not a review (n5 10); or non-human
species (n5 1). 24 review articles remained (PubMed and
Embase overlap n5 17; PubMed alone n5 20; Embase alone
n5 6; Cochrane n5 0).

Cross-checking the reference lists of these articles, we identified
three additional DTI-mTBI and two additional DSC-glioma
reviews. Thus, 23 DTI-mTBI6,8,24–44 and 26 DSC-glioma7,9,12,45–67

review articles were included in the analysis.

Critical appraisal worksheet
The total percentages of yes responses for each subgroup and the
total set of critical appraisal questions are shown in Figure 1.
Percentages of yes responses for each individual critical appraisal
question are shown in Supplementary Figures A–D.

According to the total percentage of yes responses to the critical
appraisal questions, reviews addressing DTI-mTBI detection are
of moderate quality, while those addressing DSC-glioma de-
tection are of low quality. Reviews addressing outcome pre-
diction for both DTI-mTBI and DSC-glioma achieved overall
low quality. There was a significant difference between the total
number of yes responses to the critical appraisal worksheet
questions for detection reviews addressing DTI-mTBI vs DSC-
glioma, in favour of DTI-mTBI (Table 5). Each DTI-mTBI
(n5 12) and DSC-glioma (n5 22) review that addressed out-
come prediction also addressed detection of brain abnormality.

Therefore, these studies are included in the critical appraisal.
Consideration of these reviews as a separate group confirmed
a significant difference between the sums of responses to the
critical appraisal questions, in favour of DTI-mTBI (Table 5).

The critical appraisal subgroups and questions for which the
greater number of yes responses achieved by DTI-mTBI
reviews were statistically significant are delineated in Table 5.
A detailed comparison of the critical appraisal results reveals
the following: DTI-mTBI and DSC-glioma reviews each
demonstrated low quality in the subgroup, “Methodological
Quality”, with the exception of achieving high quality for the
percentage of reviews that addressed a specific question (Sup-
plementary Figure A).

In the subgroup “Description of Results”, DTI-mTBI reviews
were of moderate quality and DSC-glioma reviews were of low
quality regarding the percentage of reviews that clearly depicted
the results of each included study. DTI-mTBI and DSC-glioma
reviews were both of high quality for percentage of reviews that
considered reasons for variation among results and provided
a clear bottom line. DTI-mTBI reviews demonstrated high
quality and DSC-glioma reviews demonstrated moderate quality
for noting heterogeneity or homogeneity among results. Both
DTI-mTBI and DSC-glioma reviews were of low quality re-
garding the percentage of reviews that presented confidence
intervals with all results (Supplementary Figure B).

DTI-mTBI and DSC-glioma demonstrated low quality for each
question in the subgroup “Types of Included Studies”. Notably,
,5% of DSC-glioma detection reviews and no DSC-glioma
outcome prediction review garnered yes responses for any of the
questions in this subgroup. ,25% of reviews addressing each
imaging modality noted the study design of all included studies
or the exclusion of low-quality study designs and non-scientific
literature (Supplementary Figure C). However, three DTI-mTBI
reviews25,39,44 and two DSC-glioma reviews62,64 describe the
design of some but not all included studies.

Table 2. (Continued)

mTBI-DTI
reviews

Total
number of
individual
studies—
detection

Total
number of
individual
studies—
prediction
of outcome

Total
number of
subjects—
detection

Total
number of
subjects—
prediction

Number
of yes

responses

Critical
appraisal
grade

CEBM
grade of
review
quality

Dimou
et al (2014)26

2a 1a Unclear Unclear 4 C 5

Van Boven
et al (2009)42

7a 0 Unclear N/A 7 B 5

CEBM, Centre for evidence-based medicine; DTI, diffusion tensor imaging; mTBI, mild traumatic brain injury; N/A, not applicable.
“Unclear” denotes total number could not be calculated because not all subjects were enumerated in the text.
Review quality was graded using the CEBM levels of evidence and by calculating the number of the yes responses on the critical appraisal worksheet
(Supplementary Table A) for each review.
aThe number of primary studies included in each review and the sample size of each primary study, as reported in the review or estimated from
its text.
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For the subgroup, “Reviews’ Quality Assessment of Included
Studies”, both DTI-mTBI and DSC-glioma reviews were of mod-
erate quality with respect to the percentage of reviews that discussed
limitations of their articles or of the MRI technique on which they
reported. DTI-mTBI reviews showed moderate quality for noting
limitations of included studies, while DSC-MRI reviews showed
low quality. All reviews demonstrated low quality with respect to
discussion of quality assessment and in specification of the number
of subjects in each included study (Supplementary Figure D).

Classification and grading of individual review’s
overall quality
We classified 5/23 DTI-mTBI detection reviews8,24,29,34,36 and
1/26 DSC-glioma detection reviews7 as systematic/quantitative
reviews (Figure 2). We classified all reviews addressing outcome
prediction, whether DTI-mTBI or DSC-glioma, as descriptive
(Figure 2), although some quantitative reviews did incorporate
longitudinal studies.8

Regarding CEBM review quality grades for detection reviews,
three DTI-mTBI reviews were given a grade of 1a and one re-
view was given a grade of 2b (Table 4). One DSC-glioma review
was assigned a grade of 1b (Table 2). The remaining detection
reviews and all reviews addressing prediction of outcome were
assigned a grade of 5 (Table 4, Table 2).

Regarding critical appraisal worksheet grades for DTI-mTBI
detection reviews, 1 review achieved Grade A,29 8 reviews ach-
ieved Grade B8,24,25,36,39,41,42,44 and 14 reviews achieved Grade
C.6,26–28,30–35,37,38,40,43 Of the reviews of DTI-mTBI outcome
prediction, three reviews achieved Grade B25,39,41 and the
remaining reviews were Grade C.6,26–28,30–32,37,40 Of the reviews
of DSC-glioma detection, 1 review achieved Grade A,7 1 review
achieved Grade B62 and 24 reviews achieved Grade
C.9,12,45–61,63–67 Of the reviews of DSC-glioma prediction of
outcome, 1 review achieved Grade B62 and the remaining
reviews were Grade C.9,12,45–51,53–55,57,59–61,63–67

Strength of evidence presented by individual
reviews
Our ability to assess the strength of evidence was impeded by the
dearth of reviews that explicitly stated the number of studies
included or the number of subjects reported by each included
study. Reviews that explicitly state the number of studies in-
cluded are as follows: 5 of 23 DTI-mTBI detection
reviews,8,24,36,39,41 1 of 12 DTI-mTBI outcome prediction
reviews,31 2 of 26 DSC-glioma detection reviews7,62 and 1 of 22
DSC-glioma outcome prediction reviews62 (Tables 2 and 3).

Generally, fewer reviews explicitly stated the number of subjects
reported by included studies, as follows: 4 of 23 DTI-mTBI

Table 4. Study conclusions and strength of evidence

Review category Systematic/quantitative/meta-analyses Descriptive reviews

Response Y N U Y N U

In adults with mTBI, can DTI detect abnormalities in the brain tissue?

5 (B) 0 0 12 (B) 0 6 (C)

In adults with mTBI, can DTI predict the future clinical outcome?

0 0 0 0 0 12

In adults with glioma, can DSC-MRI detect tumour infiltration into an otherwise normal-appearing brain tissue?

Tumour grade 0 0 0 15 (C) 0 5 (C)

Differential diagnosis 0 0 0 8 (C) 0 2 (C)

Monitoring response to therapy 0 0 0 0 2 (C) 4 (C)

Biopsy guidance 0 0 0 5 (C) 0 1 (C)

Pseudoprogression 0 0 0 5 (C) 1 5 (C)

Detecting tumour recurrence from radiation
necrosis

1 (A) 0 0 9 (C) 1 3 (C)

In adults with glioma, can DSC-MRI predict future clinical outcome?

Tumour progression 0 0 0 9 (C) 0 5 (C)

Survival 0 0 0 4 (C) 0 2 (C)

DSC-MRI, dynamic susceptibility contrast MRI; DTI, diffusion tensor imaging; mTBI, mild traumatic brain injury; N, not supporting; U, unclear; Y,
supporting.
Reviews were categorized into one of two groups: systematic/meta-analysis/quantitative or descriptive. Conclusions of the diffusion tensor imaging
for patients with mild traumatic brain injury and dynamic susceptibility contrast MRI for patients with glioma (DSC-glioma) are shown, specifying the
number of reviews supporting (Y), not supporting (N) or unclear (U) for each question, with the quality of the evidence shown in parentheses. To
grade quality, the number of yes responses to critical appraisal questions was averaged for each group of reviews with the same conclusion. The
average of yes responses was scaled with the quality of evidence scale and assigned a letter value of A (67–100% yes responses), B (34–66% yes
responses) or C (0–33% yes responses). Reviews of DSC-glioma assessed effectiveness for multiple specific clinical outcomes and are therefore
further subdivided. A fully referenced version of this table is available as Supplementary Table B.
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detection reviews,29,36,39,41 2 of 12 DTI-mTBI prediction of
outcome reviews,39,41 3 of 26 DSC-glioma detection
reviews7,50,62 and 1 of 22 DSC-glioma prediction of outcome
reviews.62 In addition, where reviews included both our target
population and other populations (e.g. paediatrics, moderate or
severe TBI, tumours other than glioma), determining the rele-
vant component of a review may have further limited this
assessment.

How well does the evidence address the Population,
Intervention, Control and Outcome questions?
All 5 systematic/quantitative/meta-analysis reviews and 66.7%
(12/18) of the descriptive reviews on DTI-mTBI detection
supported the use of DTI in the detection of abnormality in the
brain tissue. While an average critical appraisal worksheet
grade of B was assigned to the systematic/quantitative/meta-
analysis reviews in support, it is important to note that it
includes one Grade A article.29 All 12 descriptive reviews
addressing prediction of future clinical outcomes were in-
conclusive with an average critical appraisal worksheet grade of
C (Table 3).

DSC-glioma detection reviews addressed the ability of DSC to
distinguish tumour infiltration from an otherwise normal-appearing

brain tissue in distinct settings. The single systematic/quantitative
review addressing DSC-glioma detection, which achieved Grade A,
supported the ability of DSC to detect tumour recurrence from
radiation necrosis.7 Nine descriptive reviews also supported
DSC for the differentiation of tumour recurrence and radiation
necrosis, including one Grade B review;62 one descriptive re-
view was inconclusive and three descriptive reviews refuted the
efficacy of DSC for this purpose. DSC-glioma detection reviews
also addressed DSC for multiple purposes, including detection
of tumour infiltration into a “normal-appearing” brain tissue,
for determining tumour grade, monitoring tumour response to
therapy and guiding biopsy. The conclusions of these studies
are presented in Table 3.

DSC-glioma reviews addressing outcome prediction which
are descriptive in nature and achieved an average grade of C
addressed DSC’s ability to predict tumour progression and
survival in patients with glioma. Of the descriptive reviews
that addressed DSC for prediction of tumour progression,
64.3% (9/14) reviews were supportive and 35.7% (5/14)
reviews were inconclusive. 66.7% (4/6) of descriptive reviews
supported the use of DSC to predict survival, and the
remaining reviews were inconclusive (Table 3, Supplemen-
tary Table B).

DISCUSSION
In this article, we conducted an EBM systematic review to assess
two areas where advanced quantitative MRI methods are of great
interest for the detection of pathology in an otherwise normal-
appearing brain tissue and for the prediction of outcome. We
identified multiple reviews incorporating a large number of
primary research studies addressing DTI-mTBI and DSC-
glioma. The quality of the evidence presented by the included
reviews in support of each application vary significantly; DTI-
mTBI reviews and the evidence they present are, overall, of
higher quality than DSC-glioma reviews. While DSC-glioma
detection reviews are similar in quality and strength to DTI-
mTBI detection reviews in some areas, they do not present
stronger evidence than DTI-mTBI reviews in any topic area on

Figure 1. Critical appraisal subgroups: percentages of “yes” and

“no” responses were calculated for each subgroup and for the

total set of critical appraisal questions. DSC, dynamic suscep-

tibility contrast MRI; DTI, diffusion tensor imaging. For colour

image see online.

Table 5. In all cases, the number of yes responses was greater for diffusion tensor imaging for patients with mild traumatic brain
injury (DTI-mTBI) than for dynamic susceptibility contrast MRI for patients with glioma (DSC-glioma)

Critical appraisal worksheet “yes” responses for DTI-mTBI vs DSC-glioma reviews

Question Detection Prediction of outcome

Overall outcome of critical appraisal questions

Total responses to all questions 0.0002a 0.0114a

Critical appraisal subgroups

Description of results 0.0010a 0.0325a

Types of studies included 0.0076a 0.0020a

Individual questions

Did the author note any homogeneity or heterogeneity
among the results?

0.0032a 0.0297a

Does the review mention any limitations on individual
studies?

0.0002a 0.0007a

ap,0.05.
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the critical appraisal worksheet. Although the greater num-
ber of total yes responses achieved by DTI-mTBI outcome
prediction compared with DSC-glioma is statistically sig-
nificant, reviews addressing outcome prediction for both
imaging techniques demonstrated low quality of evidence
overall.

A greater number of DTI-mTBI detection reviews were classified
as systematic/quantitative (5/23 reviews) than DSC-glioma de-
tection reviews (1/26 reviews). The remaining reviews were
descriptive in nature, providing a narrative of several primary
research studies without application of EBM methods or cri-
teria to substantiate their conclusions (Table 3, Supplementary
Table B). Although a small number of these reviews incorpo-
rate elements of a systematic review, their overall structure
corresponds best to Level 5 on the CEBM levels of evidence,
defined as an “expert opinion without explicit critical ap-
praisal, or based on physiology, bench research or “first
principles”.21

The efficacy of DTI in detecting mTBI is supported by a number
of reviews, including one Grade A article29 and four Grade B
articles.8,24,34,36 A single Grade A review supports DSC, but only
for the very specific application of differentiating tumour recurrence
from radiation necrosis.7 In addition, a greater number of Grade B
reviews support DTI for detecting brain abnormality in patients
with mTBI compared with only one Grade B review in support of
DSC for detecting glioma. Although only descriptive articles
with an average Grade C (including three Grade B DTI-mTBI
articles and one Grade B DSC-glioma article) discussed out-
come prediction, it is important to note that no reviews sup-
ported the use of DTI in predicting clinical outcomes, while
nine articles support the use of DSC in predicting tumour
progression and four reviews support the use of DSC in pre-
dicting survival time.

Our assessments are most complete regarding quality of evi-
dence measured by our critical appraisal worksheet results. We
also assessed, but could not fully characterize, differences in the
strength of the evidence presented by mTBI-DTI vs DSC-glioma
reviews because many of the reviews did not explicitly state the
number of primary studies and/or subjects encompassed by each
review. This deficiency is more severe for DSC-glioma reviews.

Thus, while we characterize the strength of evidence as more
robust for DTI-mTBI, this conclusion is limited by the greater
absence of detail included in DSC-glioma reviews.

The assessments we report address the body of literature as
a whole. The differences are thus not a specific critique of any
individual review and certainly not a specific critique of any
individual research study included in the reviews we analyzed.

Several limitations to our study must be considered. First, al-
though our methods for review of the articles were highly
standardized and we relied on the consensus of two reviewers,
with a third arbiter for ambiguous cases, the possibility of re-
viewer bias cannot be absolutely excluded. Second, our findings
are, of course, limited to the scope of the reviews we included.
We cannot, for example, generalize our findings to the assess-
ment of children, nor can we provide an assessment of DTI for
non-traumatic injury or DSC efficacy for the assessment of
tumours other than glioma. Importantly, however, the very
heterogeneity of these review articles, which reflects heteroge-
neity across the primary research studies they assess, under-
scores the robustness of the evidence base from which salient
conclusions can be supported despite variability across studies.
Third, owing to the all-or-nothing (only “yes” and “no” were
accepted as responses) fashion in which five of the critical ap-
praisal questions were asked, reviews that partially addressed
these questions were grouped with “no” responses. We thus may
underestimate the strength of the evidence. Reviews with such
partial responses included: “was the search strategy comprehen-
sive”, (DTI-mTBI, n5 16;6,25–28,30–35,37,38,40,42,43 DSC-glioma,
n55 237,9,12,45,46,48–51,53–59,61–67), “were the results of all in-
dividual studies clearly described”, (DTI-mTBI, n5 5;26,31,38,40,43

DSC-glioma, n5 1145–48,52,53,55,57,63,64,66), “are all of the results
presented with confidence intervals”, (DTI-mTBI n5 1;34 DSC-
glioma n5 450–52,65), “does it state the study design of all included
articles” (DTI-mTBI, n5 3;25,39,44 DSC-glioma, n5 362,64) and
“does it specify the number of subjects for all included studies”
(DTI-mTBI, n5 11;8,25,27,28,31,34,37,38,40,42,44 DSC-glioma,
n5 847,50,51,57,60,61,63,64).

CONCLUSION
The evidence supporting DTI-mTBI for the detection of brain
abnormalities is substantially more robust than that supporting
DSC-glioma, although evidence supporting the prediction of out-
come for either application is similarly quite limited. This disparity
in the abundance, quality and strength of evidence is particularly
notable in light of its contrast with the recommendations of
consensus statements, such as the ACR appropriateness crite-
ria. Developing future clinical recommendations and guide-
lines on a solid and rigorous EBM foundation can serve to
move the practice of radiology towards the mainstream of
evidence-based medicine.
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Figure 2. Classification of reviews: classification of diffusion

tensor imaging for patients with mild traumatic brain injury

and dynamic susceptibility contrast MRI for patients with

glioma articles into types of reviews. DSC, dynamic suscepti-

bility contrast MRI; DTI, diffusion tensor imaging. For colour

image see online.

Review article: EBM assessment of advanced neuroimaging BJR

9 of 11 birpublications.org/bjr Br J Radiol;89:20150753

http://www.birpublications.org/doi/suppl/10.1259/bjr.20150753/suppl_file/bjr.20150753_Supplementary_Tables.docx
http://www.birpublications.org/doi/suppl/10.1259/bjr.20150753/suppl_file/bjr.20150753_Supplementary_Tables.docx
http://birpublications.org/bjr


REFERENCES

1. Sardanelli F, Hunink MG, Gilbert FJ, Di

Leo G, Krestin GP. Evidence-based radiol-

ogy: why and how? Eur Radiol 2010; 20:

1–15. doi: http://dx.doi.org/10.1007/

s00330-009-1574-4

2. Sardanelli F, Bashir H, Berzaczy D, Cannella

G, Espeland A, Flor N, et al. The role of

imaging specialists as authors of systematic

reviews on diagnostic and interventional

imaging and its impact on scientific quality:

report from the EuroAIM Evidence-based

Radiology Working Group. Radiology 2014;

272: 533–40. doi: http://dx.doi.org/10.1148/

radiol.14131730

3. Medina LS, Blackmore CC. Evidence-based

radiology: review and dissemination. Radiol-

ogy 2007; 244: 331–6. doi: http://dx.doi.org/

10.1148/radiol.2442051766

4. Frontmatter. Systematic reviews in health

care: BMJ Publishing Group; 2008. p. i-xiii.

5. Langlois JA, Rutland-Brown W, Wald MM.

The epidemiology and impact of traumatic

brain injury: a brief overview. J Head Trauma

Rehabil 2006; 21: 375–8. doi: http://dx.doi.

org/10.1097/00001199-200609000-00001

6. Jeter CB, Hergenroeder GW, Hylin MJ, Redell

JB, Moore AN, Dash PK. Biomarkers for the

diagnosis and prognosis of mild traumatic

brain injury/concussion. J Neurotrauma

2013; 30: 657–70. doi: http://dx.doi.org/

10.1089/neu.2012.2439

7. Deng SM, Zhang B, Wu YW, Zhang W, Chen

YY. Detection of glioma recurrence by
11C-methionine positron emission tomogra-

phy and dynamic susceptibility contrast-

enhanced magnetic resonance imaging:

a meta-analysis. Nucl Med Commun 2013; 34:

758–66. doi: http://dx.doi.org/10.1097/

MNM.0b013e328361f598

8. Hulkower MB, Poliak DB, Rosenbaum SB,

Zimmerman ME, Lipton ML. A decade of

DTI in traumatic brain injury: 10 years and

100 articles later. AJNR Am J Neuroradiol

2013; 34: 2064–74. doi: http://dx.doi.org/

10.3174/ajnr.A3395

9. Ahmed R, Oborski MJ, Hwang M, Lieberman

FS, Mountz JM. Malignant gliomas: current

perspectives in diagnosis, treatment, and

early response assessment using advanced

quantitative imaging methods. Cancer Manag

Res 2014; 6: 149–70. doi: http://dx.doi.org/

10.2147/CMAR.S54726

10. Kelly PJ, Daumas-Duport C, Scheithauer BW,

Kall BA, Kispert DB. Stereotactic histologic

correlations of computed tomography- and

magnetic resonance imaging-defined abnor-

malities in patients with glial neoplasms.

Mayo Clin Proc 1987; 62: 450–9. doi: http://

dx.doi.org/10.1016/S0025-6196(12)65470-6

11. Earnest F 4th, Kelly PJ, Scheithauer BW, Kall

BA, Cascino TL, Ehman RL, et al. Cerebral

astrocytomas: histopathologic correlation of

MR and CT contrast enhancement with

stereotactic biopsy. Radiology 1988;

166: 823–7.

12. Faehndrich J, Weidauer S, Pilatus U, Oszvald

A, Zanella FE, Hattingen E. Neuroradiolog-

ical viewpoint on the diagnostics of space-

occupying brain lesions. Clin Neuroradiol

2011; 21: 123–39. doi: http://dx.doi.org/

10.1007/s00062-011-0073-6

13. Shin JH, Lee HK, Kwun BD, Kim JS, Kang W,

Choi CG, et al. Using relative cerebral blood

flow and volume to evaluate the histopath-

ologic grade of cerebral gliomas: preliminary

results. AJR Am J Roentgenol 2002; 179:

783–9. doi: http://dx.doi.org/10.2214/

ajr.179.3.1790783

14. Sternberg EJ, Lipton ML, Burns J. Utility

of diffusion tensor imaging in evaluation

of the peritumoral region in patients

with primary and metastatic brain

tumors. AJNR Am J Neuroradiol 2014; 35:

439–44. doi: http://dx.doi.org/10.3174/

ajnr.A3702

15. Shetty et al. American College of Radiol-

ogy ACR appropriateness criteria. Head

trauma. 2015. Available from: https://

research.acr.org/docs/69481/Narrative

16. Lipton. ACR–ASNR–SPR practice guideline

for the performance of intracranial magnetic

resonance perfusion imaging. 2012.

17. ACR Appropriateness Criteria® Topic De-

velopment Process 2015 [cited 2015 7/19/

2015]. Available from: http://www.acr.org/

~/media/ACR/Documents/AppCriteria/

TopicDevelopmentProcess.pdf

18. Centre for Evidence-based Medicine Critical

Appraisal Tools: University of Oxford; 2014.

Available from: http://www.cebm.net/critical-

appraisal/

19. KT Clearinghouse—How do we actually

practice EBM? 2014. Available from: http://

ktclearinghouse.ca/cebm/intro/howtopractice

20. CRITICAL APPRAISAL Checklist for a sys-

tematic review: Dept. of General Practice

University of Glasgow; [cited 2014 June 5].

Available from: http://www.gla.ac.uk/media/

media_64047_en.pdf

21. Oxford Centre for Evidence-based

Medicine—Levels of Evidence 2009. Available

from: http://www.cebm.net/oxford-centre-

evidence-based-medicine-levels-evidence-

march-2009/

22. QuickCalcs—Analyze a 23 2 Contingency

Table: GraphPad Softw Inc.; 2014. Available

from: http://graphpad.com/quickcalcs/

contingency1/

23. Data Entry: 23 2 Contingency Table. Avail-

able from: http://www.physics.csbsju.edu/cgi-

bin/stats/contingency_form.sh?

nrow52&ncolumn52

24. Aoki Y, Inokuchi R, Gunshin M, Yahagi N,

Suwa H. Diffusion tensor imaging studies of

mild traumatic brain injury: a meta-analysis.

J Neurol Neurosurg Psychiatry 2012; 83:

870–6. doi: http://dx.doi.org/10.1136/jnnp-

2012-302742

25. Bigler ED. Neuroimaging biomarkers in mild

traumatic brain injury (mTBI). Neuropsychol

Rev 2013; 23: 169–209. doi: http://dx.doi.org/

10.1007/s11065-013-9237-2

26. Dimou S, Lagopoulos J. Toward objective

markers of concussion in sport: a review

of white matter and neurometabolic

changes in the brain after sports-related

concussion. J Neurotrauma 2014; 31:

413–24. doi: http://dx.doi.org/10.1089/

neu.2013.3050

27. FitzGerald DB, Crosson BA. Diffusion

weighted imaging and neuropsychological

correlates in adults with mild traumatic brain

injury. Int J Psychophysiol 2011; 82: 79–85.

doi: http://dx.doi.org/10.1016/j.

ijpsycho.2011.02.011

28. Fox WC, Park MS, Belverud S, Klugh A, Rivet

D, Tomlin JM. Contemporary imaging of

mild TBI: the journey toward diffusion

tensor imaging to assess neuronal damage.

Neurol Res 2013; 35: 223–32. doi: http://dx.

doi.org/10.1179/1743132813Y.0000000162

29. Gardner A, Kay-Lambkin F, Stanwell P,

Donnelly J, Williams WH, Hiles A, et al. A

systematic review of diffusion tensor imaging

findings in sports-related concussion. J

Neurotrauma 2012; 29: 2521–38. doi: http://

dx.doi.org/10.1089/neu.2012.2628

30. Gonzalez PG, Walker MT. Imaging modali-

ties in mild traumatic brain injury and sports

concussion. PM R 2011; 3(10 Suppl. 2):

S413–24. doi: http://dx.doi.org/10.1016/j.

pmrj.2011.08.536

31. Grossman EJ, Inglese M, Bammer R. Mild

traumatic brain injury: is diffusion imaging

ready for primetime in forensic medicine?

Top Magn Reson Imaging 2010; 21: 379–86.

doi: http://dx.doi.org/10.1097/

RMR.0b013e31823e65b8

32. Ham TE, Sharp DJ. How can investigation of

network function inform rehabilitation after

traumatic brain injury? Curr Opin Neurol

BJR Fink et al

10 of 11 birpublications.org/bjr Br J Radiol;89:20150753

http://dx.doi.org/10.1007/s00330-009-1574-4
http://dx.doi.org/10.1007/s00330-009-1574-4
http://dx.doi.org/10.1148/radiol.14131730
http://dx.doi.org/10.1148/radiol.14131730
http://dx.doi.org/10.1148/radiol.2442051766
http://dx.doi.org/10.1148/radiol.2442051766
http://dx.doi.org/10.1097/00001199-200609000-00001
http://dx.doi.org/10.1097/00001199-200609000-00001
http://dx.doi.org/10.1089/neu.2012.2439
http://dx.doi.org/10.1089/neu.2012.2439
http://dx.doi.org/10.1097/MNM.0b013e328361f598
http://dx.doi.org/10.1097/MNM.0b013e328361f598
http://dx.doi.org/10.3174/ajnr.A3395
http://dx.doi.org/10.3174/ajnr.A3395
http://dx.doi.org/10.2147/CMAR.S54726
http://dx.doi.org/10.2147/CMAR.S54726
http://dx.doi.org/10.1016/S0025-6196(12)65470-6
http://dx.doi.org/10.1016/S0025-6196(12)65470-6
http://dx.doi.org/10.1007/s00062-011-0073-6
http://dx.doi.org/10.1007/s00062-011-0073-6
http://dx.doi.org/10.2214/ajr.179.3.1790783
http://dx.doi.org/10.2214/ajr.179.3.1790783
http://dx.doi.org/10.3174/ajnr.A3702
http://dx.doi.org/10.3174/ajnr.A3702
https://research.acr.org/docs/69481/Narrative
https://research.acr.org/docs/69481/Narrative
http://www.acr.org/~/media/ACR/Documents/AppCriteria/TopicDevelopmentProcess.pdf
http://www.acr.org/~/media/ACR/Documents/AppCriteria/TopicDevelopmentProcess.pdf
http://www.acr.org/~/media/ACR/Documents/AppCriteria/TopicDevelopmentProcess.pdf
http://www.cebm.net/critical-appraisal/
http://www.cebm.net/critical-appraisal/
http://ktclearinghouse.ca/cebm/intro/howtopractice
http://ktclearinghouse.ca/cebm/intro/howtopractice
http://www.gla.ac.uk/media/media_64047_en.pdf
http://www.gla.ac.uk/media/media_64047_en.pdf
http://www.gla.ac.uk/media/media_64047_en.pdf
http://www.gla.ac.uk/media/media_64047_en.pdf
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://graphpad.com/quickcalcs/contingency1/
http://graphpad.com/quickcalcs/contingency1/
http://www.physics.csbsju.edu/cgi-bin/stats/contingency_form.sh?nrow=2&ncolumn=2
http://www.physics.csbsju.edu/cgi-bin/stats/contingency_form.sh?nrow=2&ncolumn=2
http://www.physics.csbsju.edu/cgi-bin/stats/contingency_form.sh?nrow=2&ncolumn=2
http://www.physics.csbsju.edu/cgi-bin/stats/contingency_form.sh?nrow=2&ncolumn=2
http://dx.doi.org/10.1136/jnnp-2012-302742
http://dx.doi.org/10.1136/jnnp-2012-302742
http://dx.doi.org/10.1007/s11065-013-9237-2
http://dx.doi.org/10.1007/s11065-013-9237-2
http://dx.doi.org/10.1089/neu.2013.3050
http://dx.doi.org/10.1089/neu.2013.3050
http://dx.doi.org/10.1016/j.ijpsycho.2011.02.011
http://dx.doi.org/10.1016/j.ijpsycho.2011.02.011
http://dx.doi.org/10.1179/1743132813Y.0000000162
http://dx.doi.org/10.1179/1743132813Y.0000000162
http://dx.doi.org/10.1089/neu.2012.2628
http://dx.doi.org/10.1089/neu.2012.2628
http://dx.doi.org/10.1016/j.pmrj.2011.08.536
http://dx.doi.org/10.1016/j.pmrj.2011.08.536
http://dx.doi.org/10.1097/RMR.0b013e31823e65b8
http://dx.doi.org/10.1097/RMR.0b013e31823e65b8
http://birpublications.org/bjr


2012; 25: 662–9. doi: http://dx.doi.org/

10.1097/WCO.0b013e328359488f

33. Hunter JV, Wilde EA, Tong KA, Holshouser

BA. Emerging imaging tools for use with

traumatic brain injury research. J Neuro-

trauma 2012; 29: 654–71. doi: http://dx.doi.

org/10.1089/neu.2011.1906

34. Kou Z, Wu Z, Tong KA, Holshouser B,

Benson RR, Hu J, et al. The role of advanced

MR imaging findings as biomarkers of

traumatic brain injury. J Head Trauma

Rehabil 2010; 25: 267–82. doi: http://dx.doi.

org/10.1097/HTR.0b013e3181e54793

35. Kubal WS. Updated imaging of traumatic

brain injury. Radiol Clin North Am 2012; 50:

15–41. doi: http://dx.doi.org/10.1016/j.

rcl.2011.08.010

36. Maller JJ, Thomson RH, Lewis PM, Rose SE,

Pannek K, Fitzgerald PB. Traumatic brain

injury, major depression, and diffusion

tensor imaging: making connections. Brain

Res Rev 2010; 64: 213–40. doi: http://dx.doi.

org/10.1016/j.brainresrev.2010.04.003

37. Matis GK, Tsiouris AJ, Karanikas M, Birbilis

TA, de Silva DOA, Chrysou OI, et al.

Traumatic brain injuries and diffusion tensor

imaging—a review. Recent Pat Med Imaging

2012; 2: 36–50. doi: http://dx.doi.org/

10.2174/1877613211202010036

38. Mechtler LL, Shastri KK, Crutchfield KE.

Advanced neuroimaging of mild traumatic

brain injury. Neurol Clin 2014; 32: 31–58.

doi: http://dx.doi.org/10.1016/j.

ncl.2013.08.002

39. Niogi SN, Mukherjee P. Diffusion tensor

imaging of mild traumatic brain injury.

J Head Trauma Rehabil 2010; 25: 241–55. doi:

http://dx.doi.org/10.1097/

HTR.0b013e3181e52c2a

40. Sharp DJ, Ham TE. Investigating white

matter injury after mild traumatic brain

injury. Curr Opin Neurol 2011; 24: 558–63.

doi: http://dx.doi.org/10.1097/

WCO.0b013e32834cd523

41. Shenton ME, Hamoda HM, Schneiderman

JS, Bouix S, Pasternak O, Rathi Y, et al. A

review of magnetic resonance imaging and

diffusion tensor imaging findings in mild

traumatic brain injury. Brain Imaging Behav

2012; 6: 137–92. doi: http://dx.doi.org/

10.1007/s11682-012-9156-5

42. Van Boven RW, Harrington GS, Hackney DB,

Ebel A, Gauger G, Bremner JD, et al.

Advances in neuroimaging of traumatic brain

injury and posttraumatic stress disorder.

J Rehabil Res Dev 2009; 46: 717–57. doi:

http://dx.doi.org/10.1682/JRRD.2008.12.0161

43. Voelbel GT, Genova HM, Chiaravalotti ND,

Hoptman MJ. Diffusion tensor imaging of

traumatic brain injury review: implications

for neurorehabilitation. NeuroRehabilitation

2012; 31: 281–93. doi: http://dx.doi.org/

10.3233/NRE-2012-0796

44. Xiong KL, Zhu YS, Zhang WG. Diffusion

tensor imaging and magnetic resonance

spectroscopy in traumatic brain injury: a re-

view of recent literature. Brain Imaging Behav

2014; 8: 487–96. doi: http://dx.doi.org/

10.1007/s11682-013-9288-2

45. Bruzzone MG, D’Incerti L, Farina LL,

Cuccarini V, Finocchiaro G. CT and MRI of

brain tumors. J Nucl Med Mol Imaging 2012;

56: 112–37.

46. Cha S. Neuroimaging in neuro-oncology.

Neurotherapeutics 2009; 6: 465–77. doi:

http://dx.doi.org/10.1016/j.nurt.2009.05.002

47. Dhermain FG, Hau P, Lanfermann H, Jacobs

AH, van den Bent MJ. Advanced MRI and

PET imaging for assessment of treatment

response in patients with gliomas. Lancet

Neurol 2010; 9: 906–20. doi: http://dx.doi.

org/10.1016/S1474-4422(10)70181-2

48. Essig M, Anzalone N, Combs SE, Dörfler À, Lee
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