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Neuroimaging and the Courtroom

issues that concerned Wortzel and colleagues, such research
can be a valuable aid in dealing with the basic inverse
inference problem pertaining to DTI interpretation in medi-
colegal settings.
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Clarifying the Robust Foundation
for and Appropriate Use
of DTI in mTBI Patients

Michael L. Lipton, Albert Einstein College of Medicine and Montefiore Medical Center
Erin D. Bigler, Brigham Young University

As clinicians and scientists, we believe scientific evidence
and prudent clinical practice form the proper basis for de-
termining the utility of diagnostic measures, which should
subsequently inform forensic use. The misleading and often
entirely unsubstantiated opinions and positions of Wortzel,
Tsiouris, and Filippi (2014), in opposition to diffusion tensor
imaging (DTI) as a useful measure in mTBI, are at odds with
the clear consensus of the scientific literature regarding mild
traumatic brain injury (mTBI), its clinical assessment, and
its natural history. The authors’ critique contains numer-
ous errors. We focus on four areas: (1) the clinical reality of
mTBI, (2) the true substance of the scientific evidence sup-
porting use of DTI in mTBI, (3) the authors’ erroneous and
off-target opinions regarding DTI analysis, and (4) critical
appraisal and integration of clinical information for diag-
nosis of mTBI.

First, an underlying theme of the authors’ arguments
claims that lasting sequelae from mTBI is not a clinical real-
ity. For example, “best available evidence does not support
notions that mTBI results in long-term cognitive impair-
ments” (12). mTBI is a reality that results in lasting sequelae
in a substantial minority (Bigler et al. 2013; McMahon et al.
2014). mTBI is modeled in animals, yielding reproducible
microstructural neuropathological and behavioral findings,
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as well as with finite biomechanical models of human mTBI.
The impact of mTBI cannot be argued away by focusing
on the majority who recover. Clinical, scientific, and even
forensic focus must be on the affected minority. Moreover,
traditional neuropsychological approaches are problematic
in assessing the cognitive effects of mTBI; they were never
designed to assess subtle but important deficits.

Second, the authors’ critique of DTI challenges the “be-
lievability” of quantitative DTI findings, juxtaposing visual
detection of spinal disk herniation and detection of micro-
scopic mTBI pathology. They imply that because the mi-
crostructural abnormality cannot be “seen” without quan-
tification its existence is in question. This “straw man” ar-
gument would also imply that other neuroimaging findings
that cannot be seen without quantification, such as spectro-
scopic and perfusion-based detection of tumor infiltration
into normal-appearing white matter, are not real or reliable.
The substance and implications of the American Society for
Functional Neuroradiology (ASFNR) guideline are mischar-
acterized to support the authors’ position: “the guidelines
. . . detailing the limitations in using DTI clinically, especially
at the individual level and when analyzed by voxel-based
techniques” (11). The guideline deals exclusively with
clinical use in patients and does not isolate single patient
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assessment for scrutiny. Important cautions are listed, but
the message is: When DTI is used in accordance with the
guideline, reliable clinical use can be achieved. Assessment
of DTI parameters is not singled out as most of concern;
greater attention is paid to limitations of tractography and
its misuse.

Third, the authors argue that method variance renders
DTI research studies and clinical assessments inconclusive.
Statements similar to “Numerous factors can influence re-
sults without current consensus as to the best parameters”
(10) recur throughout the article, often without supporting
citations, and imply that method variance across published
studies undermines reliability and leads to (even willful)
type 1 errors (i.e., false positives). The authors claim dif-
ferences in acquisition, analysis, and so on preclude salient
conclusions. This approach completely misses the point of
a very large literature, which speaks with essentially one
voice: Low fractional anisotropy (FA) is characteristic of
TBI patients, despite significant variability across studies (e.g.,
Aoki et al. 2012; Hulkower et al. 2013; Niogi and Mukher-
jee 2010; Shenton et al. 2012). Even if we assume that DTI
metrics, such as FA, vary across scanners and institutions,
we will not encounter bias in the identification of abnor-
malities in any individual; this issue is simply not germane
to a properly conducted analysis. What does matter is that
patient and control data are acquired, processed, and ana-
lyzed in the same manner and that temporal variation be
substantially less than the magnitude of the effect sought.
This latter requirement, of course, is out of concern for type
2 errors (i.e., false negatives). It is even more illogical to
expect that method variance would yield regionally local-
ized “abnormalities” that in fact represent type 1 errors.
Bias due to acquisition and processing variation across sub-
jects, if it were in fact a problem, would lead to a uniform
bias at all brain locations. This would be the result, not the
manufacture of lesions, if it were true that “technological pa-
rameters can be manipulated in ways that impact results”
(10). Digging deeper into the authors’ case for fatal vari-
ability of DTI metrics, we again note a void of supporting
evidence. The authors conclude that “unlike traditional MR
sequences . . . the very existence of a lesion . . . in any given
single patient identified via DTI is fundamentally question-
able” (10). The only relevant citation (Vollmar et al. 2010),
however, is completely misconstrued by the authors; it in
fact documents the high degree of intra- and interinstitu-
tional fidelity of FA measurements, also reported by others
(Fox et al. 2012). Such misunderstanding of the science suf-
fuses the discussion of technical issues. Glib citations such
as “Not too surprisingly, when the same DTI data set was
provided for analysis to nine different research groups . . .,
nine different results were obtained” (11) entirely misrep-
resent the substance of an unpublished abstract to suit the
authors’ bias. The authors of the cited abstract actually con-
clude: “This serves as a reminder of what is being tested un-
der the null hypothesis, i.e. just because one method finds
a particular difference, it does NOT mean that there were
NO other differences—a fact that can be easily overlooked”
(Jones et al. 2007, 74). The concern is not that any of the find-

ings are not “real”, but that additional real findings may be
missed in any analysis.

Another methods-specific argument is that abnormali-
ties could occur simply by chance: “Statistical science also
portends problems for the analysis of DTI” (11). After exag-
gerating the typical number of simultaneous comparisons
by at least 50% and invoking a “typical 5% chance of error,”
the authors conclude that “statistical realities represent yet
another potential avenue for abuse” (11). This rudimen-
tary analysis does not acknowledge that 5% is not a typical
threshold and that corrections should be and are made for
multiple testing (not just that they “fortunately exist”). Most
glaring is the authors’ omission of spatial clustering, which
dramatically reduces type 1 errors. DTI analyses do not
seek individual voxel abnormalities, but ask, “What is the
likelihood that hundreds of voxels comprising a contigu-
ous tissue volume several milliliters in size will all appear
abnormal by mere chance alone?” Along these lines, the
authors state, “Given that even carefully selected healthy
controls will feature areas of ‘abnormality’ . . ., it should
be anticipated that most unselected patients/litigants will
feature areas of abnormality when compared to such nor-
mative databases” (11). This is a gross misrepresentation of
Kraus and colleagues (2007), in the same way that Wortzel
misused it previously (Wortzel et al. 2011). The criterion for
“abnormality” in the Kraus article (1SD) is well within all
concepts of normal. That some controls had some regions
of interest outside of 1SD is expected and does not bear on
the finding that patients had significantly more regions of
interest outside of 1SD (Kraus et al. 2007, Figure 5). This
citation provides no basis whatsoever for inferring that nor-
mals will have “abnormalities” when reasonable thresholds
for abnormality are employed. This sentence and especially
its italicized emphasis have no basis in the cited paper or
any scientific communication.

Fourth, diagnosis of mTBI, or any other disorder, is
based on integration of clinical information, not the result of
one diagnostic test. The authors offer another “straw man”
argument that insinuates DTI should not be used as a stand-
alone definitive diagnostic test, a use for which it has not
been proposed. The realities of DTI use in the clinic en-
tail weighing the strength of all clinical evidence. The au-
thors argue that “neuropsychiatric conditions are common
in the general population, and are often present in individ-
ual litigants. The potential impact of common psychiatric
conditions on DTI findings is well illustrated” (11). Placing
these two sentences back to back is blatantly misleading.
The authors cite White and colleagues (White et al. 2008),
who reviewed studies of psychiatric patients, not of healthy
people who unknowingly harbor as-yet-undiagnosed psy-
chopathology. No literature exists to support that such in-
dividuals can be identified with DTI. Moreover, the authors
do not consider that the literature on psychiatric diagnosis
is comprised of studies detecting modest group differences,
whereas TBI studies have specifically shown that individ-
uals, though not all individuals, can differ from popula-
tion norms to a degree that normals do not (see Hulkower
et al. 2013). It is not at all clear that DTI abnormalities in
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individuals with as-yet-undiagnosed psychiatric disease
can be detected in the way that such abnormalities may
be detected in TBI patients. Moreover, statements, such as
“early life stress and/or parental verbal abuse may result in
differences in white matter integrity as measured by DTI”
(11) give equal weight to single reports of small samples and
fail to assess subject/control overlap and whether any in-
ference at the individual level might even be supported. In
stark contrast, the overwhelming consensus of a substan-
tial body of scientific inquiry supports DTI for detecting
pathology in mTBI patients.

ACKNOWLEDGMENTS

The authors acknowledge the critical review and helpful
suggestions of Jacqueline A. Bello, MD, FACR.

REFERENCES

Aoki, Y., R. Inokuchi, M. Gunshin, N. Yahagi, and H. Suwa. 2012.
Diffusion tensor imaging studies of mild traumatic brain injury: A
meta-analysis. Journal of Neurology, Neurosurgery & Psychiatry 83(9):
870–876.

Bigler, E. D., T. J. Farrer, J. L. Pertab, K. James, J. A. Petrie, and D.
W. Hedges. 2013. Reaffirmed limitations of meta-analytic methods
in the study of mild traumatic brain injury: A response to Rohling
et al. Clinical Neuropsychology 27(2): 176–214.

Fox, R. J., K. Sakaie, J. C. Lee, et al. 2012. A validation study of multi-
center diffusion tensor imaging: reliability of fractional anisotropy
and diffusivity values. American Journal of Neuroradiology 33(4):
695–700.

Hulkower, M. B., D. B. Poliak, S. B. Rosenbaum, M. E. Zim-
merman, and M. L. Lipton. 2013. A decade of DTI in traumatic
brain injury: 10 Years and 100 articles later. American Journal of
Neuroradiology 34(11): 2064–2074.

Jones D. K., X. A. Chitis, D. Job D., P. L. Khong, L. T. Leung,
S. Marenco, S. M. Smith, and M. R. Symms. 2007. What happens
when nine different groups analyze the same DT-MRI data set us-
ing voxel-based methods? Proceedings of the International Society for
Magnetic Resonance in Medicine 15: 74.

Kraus, M. F., T. Susmaras, B. P. Caughlin, C. J. Walker, J. A. Sweeney,
and D. M. Little. 2007. White matter integrity and cognition in
chronic traumatic brain injury: A diffusion tensor imaging study.
Brain 130(Pt 10): 2508–2519.

McMahon, P., A. Hricik, J. K. Yue, et al. 2014. Symptomatology and
functional outcome in mild traumatic brain injury: Results from the
prospective TRACK-TBI study. Journal of Neurotrauma 31(1): 26–33.

Niogi, S. N., and P. Mukherjee. 2010. Diffusion tensor imaging of
mild traumatic brain injury. Journal of Head Trauma Rehabilitation
25(4): 241–255.

Shenton, M., H. Hamoda, J. Schneiderman, et al. 2012. A review
of magnetic resonance imaging and diffusion tensor imaging find-
ings in mild traumatic brain injury. Brain Imaging and Behavior 6(2):
137–192.

Vollmar, C., J. O’Muircheartaigh, G. J. Barker, et al. 2010. Identical,
but not the same: intra-site and inter-site reproducibility of frac-
tional anisotropy measures on two 3.0T scanners. Neuroimage 51(4):
1384–1394.

White, T., M. Nelson, and K. O. Lim. 2008. Diffusion tensor imaging
in psychiatric disorders. Topics in Magnetic Resonance Imaging 19(2):
97–109.

Wortzel, H. S., M. F. Kraus, C. M. Filley, C. A. Anderson, and D. B.
Arciniegas. 2011. Diffusion tensor imaging in mild traumatic brain
injury litigation. Journal of the American Academy of Psychiatry and
the Law 39(4): 511–523.

Wortzel, H. S., A. J. Tsiouris, and C. G. Filippi. 2014. The potential
for medicolegal abuse: Diffusion tensor imaging in traumatic brain
injury. AJOB Neuroscience 5(2): 9–15.

Functional Magnetic Resonance
Imaging in Court

Lyn M. Gaudet, The Mind Research Network
Julia R. Lushing, The Mind Research Network
Kent A. Kiehl, The Mind Research Network

It was more than 30 years ago that neuroimaging evidence
was first presented in criminal court in the United States.
The charges included two counts of murder and one count
of attempted murder, and the defendant asserted the in-
sanity defense. Defense experts testified that the defendant
suffered from schizophrenia with prominent psychotic fea-

Address correspondence to Lyn M. Gaudet, The Mind Research Network, 1101 Yale Blvd, Albuquerque, NM 87106, United States. E-mail:
lkiehl@mrn.org

tures and was thus legally insane at the time of the crimes.
Prosecution experts testified that the defendant did not have
psychosis and was legally sane at the time of the crimes.
The defense presented a computer-assisted tomography
(CAT) scan that revealed the defendant had widened sulci
and enlarged ventricles. These structural characteristics are
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