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A commentary on

Regional brain morphometry predicts 
memory rehabilitation outcome after trau-
matic brain injury.
by Strangman, G. E., O’Neil-Pirozzi, T. M., 
Supelana, C., Goldstein, R., Katz, D. I., and 
Glenn, M. B. (2010). Front. Hum. Neurosci. 
4:182. doi:10.3389/fnhum.2010.00182.

Diverse motor, sensory, cognitive, and emo-
tional disabilities may be the aftermath of 
any brain injury (Svestkova et al., 2010). 
While some systematic interventions exist 
to treat TBI-related disabilities, there are 
only a limited number of evidence-based 
therapies to treat cognitive impairments, 
which some have argued are the most preva-
lent of TBI disabilities (Cicerone et al., 2005; 
Stuss et al., 2008). Potential reasons for the 
limited number of therapeutic options in 
treating cognitive deficits following TBI are 
numerous, but heterogeneity of the injury is 
at the top of the list (Skandsen et al., 2010). 
Each brain injury produces a unique set 
of pathologies not only in the underlying 
pathophysiology of the injury itself, but also 
the injury occurs to a brain with its own 
unique, and individualized organization. 
Admittedly, there are some universalities 
that apply to overall brain organization such 
as general cognitive functions of temporof-
rontal areas involved in language processing 
and the medial temporal lobe in memory, 
but substantial individual differences exist 
in how even these general regions may be 
linked to one another and how their under-
lying circuitry relates to function (Brown 
et al., 2010). Because of these individual 
differences, sampling one type of lesion or 
region of damage in TBI will likely provide 
limited understanding of the relationship 
between brain injury, underlying brain 
pathology, and rehabilitation outcome 
especially when TBI produces a complex set 

of diffuse and focal injuries, where multiple 
brain regions may exhibit atrophic changes 
(Warner et al., 2010a,b).

Past cognitive rehabilitation TBI research 
often used neuroimaging findings to define 
a location of injury or the amount of struc-
tural damage, frequently as a singular meas-
ure of regional, or whole brain atrophy. All 
quantitative neuroimaging analysis meth-
ods of the past, however required time-
consuming operator-controlled methods 
that had to be done by hand. Having lesion 
metrics that not only assess the diffuseness 
of injury but also location and/or the degree 
of where atrophic changes have occurred 
provides the rehabilitation clinician with 
additional information that may be use-
ful in predicting outcome or even guiding 
therapies, because it taps the multifaceted 
manner in which the brain may be injured. 
However, as already stated, each brain 
has its own unique organization which 
means that singular measures such as just 
lesion volume, localized, or whole brain 
measures of atrophy fall short of captur-
ing the complexity of the injury, but that 
is all that could reasonably be done with 
past quantitative neuroimaging methods. 
Furthermore, because any quantifica-
tion in the past required time-consuming 
methods of analysis, it was not practical 
for the rehabilitation clinician to even use 
such information because it could never 
be reliably generated in a timely fashion. 
Fortunately, advances in volumetric meas-
urement have become more automated, and 
as shown by Strangman et al. (2010) in this 
issue of Frontiers of Human Neuroscience 
using FreeSurfer quantification techniques, 
numerous brain regions from conventional 
T1-weighted volume-acquisition MRI stud-
ies can be calculated in the TBI patient need-
ing rehabilitation intervention. Strangman 
et al. capitalize on this technology and dem-
onstrate that in TBI of all severities, the key 

to understanding memory outcome follow-
ing internal memory training strategies is 
by performing multiple brain morphology 
measurements (i.e., hippocampal, cingulate, 
and prefrontal cortical). A singular metric 
insufficiently captures the complexity of 
pathological changes in TBI, but multiple 
metrics do. The internal memory strategies 
method combined with neuroimaging find-
ings may provide a neurobiological rationale 
for how to treat memory deficits following 
TBI (O’Neil-Pirozzi et al., 2010).

Strangman et al. (2010) discuss the 
implications of their findings with a view 
toward the future. Evaluating the patency of 
regions of interest that contribute to mem-
ory networks before embarking on cogni-
tive rehabilitation treatment programs may 
have major implications for TBI rehabili-
tation. Figure 3 in Strangman et al. shows 
that if reduced hippocampal and posterior 
dorsal cingulate volumes are present in TBI 
patients, then memory deficits are likely to 
remain substantially impaired, even after 
the structured memory therapies that were 
applied in this study.

There are other more futuristic impli-
cations of this research. Diffusion tensor 
imaging (DTI) provides methods to exam-
ine the health of white matter connections 
between regions of interest, and may be par-
ticularly sensitive in assessing affected path-
ways in TBI (Niogi and Mukherjee, 2010). 
Functional MRI studies are also showing 
the utility of fMRI activation patterns in 
assessing the effects of brain injury (Laatsch, 
2007). Combining fMRI and DTI with the 
type of morphometric structural analysis 
done by Strangman et al. could be impor-
tant in assessing not only the effectiveness 
of a treatment regimen, but in determining 
which rehabilitation treatment modalities 
are likely to be most useful to an individual 
patient. Strangman et al. discuss some of 
these potentialities and this line of research 
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will hopefully lead to new innovative find-
ings that blends neuroimaging technology 
with treatment.

As Strangman et al. point out, FreeSurfer 
is freely available and open for use by any 
radiology department or neuroimag-
ing center, with the image analysis largely 
automated, allowing for the potential use of 
such software in aspects of clinical decision-
making. DTI and fMRI analysis programs 
are also becoming more available, acces-
sible, automated and inexpensive, and 
combinations of these technologies may 
be quite fruitful in the future. As always, 
there are complexities in imaging–behavior 
relationships that require careful considera-
tion and additional research. For example, 
the Strangman et al. study utilized partici-
pants with chronic TBI, at an interval where 
both morphometric changes and cogni-
tive recovery have been considered to be 
relatively stable. However, the relationship 
between brain morphometry and the cogni-
tive capacity to benefit from rehabilitation 
strategies may be much more dynamic and 
complex in the earlier phases of recovery. 
In the first few months post-injury, an 
interval where clinical decision-making is 
being applied for many individuals with 
TBI, the trajectories of rapid cognitive 
recovery and incomplete degenerative tis-
sue change may be progressing in opposing 
directions and to differing degrees. Clearly, 
much still needs to be understood about 
this relationship in order for these tech-
niques to be widely utilized as predictive 
tools in a clinical setting. Additionally, and 
as mentioned in the study, automated pro-
grams for volumetric measurement such as 
FreeSurfer may have some accuracy limita-

tions in regions of the brain that are difficult 
to model (e.g., medial temporal areas) or 
that contain very large lesions or types of 
pathology that the software cannot accu-
rately distinguish. Furthermore, the general 
artifacts and limitations of MRI (e.g., metal 
artifact, motion, etc.) may limit its use in 
some individuals with TBI, particularly in 
early subacute stages. Finally, determination 
of TBI-related cortical change requires an 
appropriate normative comparison given 
the dynamic developmental changes that 
occur throughout the lifespan, particularly 
in children, adolescents, and the elderly. 
Despite these caveats, advanced quantita-
tive imaging such as the techniques applied 
in the Strangman et al. study will likely 
advance our understanding of the effects 
of brain injury and how best to conduct 
rehabilitation therapies in the TBI patient.
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