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ABSTRACT

Traumatic brain injury (TBI) is a major health and socio-economic problem worldwide that 
mainly affects young adults. Neuroimaging plays a critical role in the diagnosis and evaluation 
of patients with TBI. Some patients with mild TBI have variable neurological symptoms. In such 
patients, computed tomography and magnetic resonance imaging (MRI) can present normal 
findings. Advanced imaging techniques, such as diffusion tensor imaging, magnetic resonance 
spectroscopy, perfusion weighted imaging, or functional MRI, can reveal abnormalities that are 
not detected using conventional imaging methods. Here, I briefly review current neuroimaging 
for TBI and survey advanced imaging techniques in terms of structural and functional aspects, 
which include a few promising areas of TBI research.

Keywords: Head injury; Neuroimaging; Trauma; Diffusion tensor imaging;  
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INTRODUCTION

Traumatic brain injury (TBI) is a major health and socio-economic problem worldwide, 
affecting around 1.7 million Americans each year.17-25) TBI is also the leading cause of 
mortality and morbidity among young people,19) including sport-related head injuries25) and 
rotational acceleration, which can cause cerebral concussion.25)

Imaging plays a crucial role in the evaluation, diagnosis, and triaging of patients with TBI. 
Recent studies have also suggested that imaging helps predict patient outcomes. In mild 
TBI (mTBI), computed tomography (CT) and conventional magnetic resonance imaging 
(MRI) often present normal findings, without anatomical lesions.4,17) Therefore, advanced 
neuroimaging techniques are needed to diagnose mTBI and predict prognosis.

The commonly used neuroimaging methods for the clinical evaluation of TBI include non-
contrast CT and brain MRI sequences (T1-weighted, T2-weighted, fluid-attenuated inversion 
recovery [FLAIR], diffusion-weighted, and often T2* imaging including gradient-echo 
imaging or susceptibility weighted imaging [SWI]), which can also detect acute or recent 
intracranial damage, and the chronic sequelae of TBI, such as encephalomalacia or chronic 
hemorrhage.
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Advanced neuroimaging techniques have shown the potential for evaluating mTBI. However, as 
yet, they do not play a standardized role in the diagnosis and management of mTBI diagnosis 
because they require further validation. Currently, there is little evidence to support the 
routine clinical use of advanced neuroimaging techniques for diagnosis and prediction at an 
individual patient level (class IIb recommendation).38) Current neuroimaging recommendations 
for patients with TBI are summarized in TABLE 1. Advances in MRI-based neuroimaging 
techniques, such as diffusion tensor imaging (DTI), functional MRI, magnetic resonance 
spectroscopy (MRS), and perfusion imaging, have shown potential.34) Advanced imaging 
techniques are considered an active research and development area, as they target the 2 main 
concerns of evaluating mTBI and obtaining the prognostic information of TBI severity.38)

The recent advanced neuroimaging methods for TBI are categorized as structural or 
functional biomarker techniques. This article reviews advanced traumatic neuroimaging 
regarding these 2 categories.

STRUCTURAL IMAGING

Microhemorrhage
SWI
The detection of microhemorrhages is considered important because hemorrhages frequently 
accompany diffuse axonal injury (DAI). It is well known that SWI reinforces susceptibility effects 
by manipulating magnitude images with phase information (FIGURE 1). The susceptibility 
effect that is induced by gradient-recalled echo and SWI sequences causes microhemorrhages to 
appear more conspicuous relative to other pulse sequences. This technique is 3-to-6 times more 
sensitive than conventional T2*-GRE sequences in detecting hemorrhagic lesions.29) The phase 
images are sensitive to regions of local magnetic field alterations (i.e., susceptibility) caused by 
various substances, such as iron and other metals, as well as hemorrhages. Therefore, SWI is 
expected to be sensitive to detecting microhemorrhages 12)

Quantitative susceptibility mapping (QSM)
QSM is used to quantify total magnetic susceptibility changes in brain tissue composition 
that reflect the actual spatial extent of lesions. This technique can also non-invasively 
measure total iron accumulation in micro-hemorrhages and other lesions including 
neurodegenerative change (FIGURE 2). As a quantitative extension of SWI, QSM uses 

4https://kjnt.org https://doi.org/10.13004/kjnt.2020.16.e12

Advanced Neuroimaging for Trauma

TABLE 1. Recommendations for neuroimaging in traumatic brain injury
Neuroimaging modality 
 or sequence

TBI indication or specific situation Recommendation

Non-contrast head CT First-line examination for acute mild, moderate, and severe TBI Class I
Non-contrast head CT Repeat evaluation in acute TBI with neurological decline Class I
Non-contrast head CT Careful use in mild pediatric TBI Class I
Non-contrast head CT Repeat assessment of mild TBI with negative initial NCCT results Class III
CTA of the brain Suspected vascular injury/trauma Class IIa
Brain MRI without contrast Acute or subacute TBI and initial or follow-up NCCT is negative with remained neurologic findings Class I
T2* and SWI Acute, early subacute, and chronic stages of diffuse axonal injury Class IIa
Brain MRI with contrast Can benefit in visualizing subacute brain contusions Class IIb
Advanced neuroimaging* Mild TBI with negative conventional CT and MRI Class IIb
CT: computed tomography, CTA: computed tomography angiography, NCCT: non-contract computed tomography, SWI: susceptibility-weighted imaging, TBI: 
traumatic brain injury, MRI: magnetic resonance imaging.
*Advanced neuroimaging: MRI diffusion tensor imaging, blood oxygen level-dependent functional MRI, magnetic resonance spectroscopy, perfusion imaging, 
positron emission tomography/single-photon emission CT, and magnetoencephalography (discussed in reference 37).



information extracted from multi-echo MRI acquisitions to assess an isotropic magnetic 
susceptibility tensor for each tissue voxel (FIGURE 3)22) Quantification of the isotropic brain 
magnetism can reveal changes in components such as ferritin, hemosiderin, water, myelin, 
and calcium in each brain tissue and QSM also resolves the blooming artifacts of SWI and 
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FIGURE 1. Acquisition and post-processing of susceptibility weighted imaging. (A) Magnitude image, acquisition 
of T2*-weighted sequence to enhance the visibility of susceptibility differences using high-resolution three-
dimensional gradient echo. (B) Phase image, accumulation of phase information and filtering to accentuate the 
signal change. (C) Post-processing. 
SWI: susceptibility weighted imaging.
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FIGURE 2. Quantitative susceptibility map. (A) Healthy control, note normally detected ion deposition in bilateral 
basal ganglia. (B) Vascular dementia patient in a 69-year old male with microhemorrhages: well visualization 
of prominent iron accumulation in bilateral basal ganglia and several iron depositions in bilateral thalamus and 
subcortical white matter, suggestive of microhemorrhage.



may potentially offer improved visualization of susceptibility variations.8) Nevertheless, still 
limitation of expensive post-processing cost and process, as well as conventional SWI, QSM 
has potential to recognize regions of focal tissue injury in TBI patients8)

Brain contusion
Three-dimensional (3D) thin section T2/T2-FLAIR imaging
As MRI hardware and techniques have advanced, thin section imaging techniques have 
become possible through 3D T2-FLAIR and T2WI acquisitions, which are also useful for 
detailed contusion evaluations.

In the recently established Imaging Common Data Elements,14) the use of the term traumatic 
axonal injury (TAI) is reserved for one-to-3 axonal injury foci as identified upon brain 
imaging, and the use of DAI is reserved for the identification of 4 or more such foci. Of 
course, these and other definitions will continue to evolve as current advanced neuroimaging 
techniques, such as T2-FLAIR and T2WI 3D thin section acquisitions, allow greater 
sensitivity for non-hemorrhagic lesions that are occult to the current routine MRI techniques 
(FIGURE 4). Characteristic locations for TAI lesions include the gray-white matter junction.

Strich,32) building on the early classic work by Mäkelä,24) proposed that such white matter injuries 
result from rotational acceleration due to shear-strain deformation of the brain at interfaces 
between tissues of different densities. Previously, it was thought based on postmortem studies 
of patients with fatal TBI that axonal injury was generally diffuse and associated with high 
morbidity and mortality.7) It is now known that TAI is extremely common and is by no means 
limited to only patients with moderate and severe TBI. Furthermore, TAI is observed frequently 
in mTBI.39) In early pathologic studies, TAI has been reported to occur commonly in the lobar 
white matter, particularly in the frontal and temporal lobes (approximately 50% of TAI detected 
by conventional MRI sequences), corpus callosum (approximately 22% of lesions, with most 
lesions in the splenium), corona radiata (19%), internal capsule (8%), and dorsolateral midbrain 
and rostral pons (<8%).12) Many recent DTI studies have complemented these historical results 
and expanded upon the locations that are typical for TAI.12).

CT has extremely poor sensitivity for TAI, virtually no sensitivity for non-hemorrhagic TAI, 
and only limited sensitivity for hemorrhagic TAI, compared with MRI.33) Among the current 
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FIGURE 3. (A) GRE, (B) SWI, and (C) QSM images in a patient with TBI. The arrows indicate a CMH that is visible on 
SWI, GRE, and QSM images. The arrowheads indicate another CMH that is visible on SWI and QSM images, but not 
the GRE image. Figure reproduced permission from reference 22. 
GRE: gradient-echo, TBI: traumatic brain injury, SWI: susceptibility weighted imaging, QSM: quantitative 
susceptibility mapping, CMH: cerebral microhemorrhage, ppb = parts per billion.



structural MRI sequences, T2*-weighted gradient-echo and SWI have the highest sensitivity 
for hemorrhagic shear injuries.35)

In a recent study of TBI in military personnel from blast exposures, the most common 
pathologic magnetic resonance (MR) finding was T2-weighted hyperintense areas in the 
white matter, which was observed in 51.8% of participants (432 of 834; odds ratio [OR], 
1.75). In contrast, microhemorrhages were only present in a small percentage of the patients 
with chronic TBI (7.2% [60 of 834]; OR, 6.64), and the T2-weighted hyperintense areas and 
cerebral microhemorrhages did not collocate in this cohort.22)

Diffusion weighted imaging (DWI)
DWI is sensitive in the acute-to-early subacute stage (within one to a few days after injury). 
This technique evaluates the microscopic motion of water molecules in the brain tissue 
and is complementary to T2*-weighted gradient-echo and SWI, as it can depict non-
hemorrhagic axonal injury foci that are otherwise invisible to T2*-weighted imaging.18) 
DWI has a high sensitivity for acute TAI, the lesions of which present as foci with reduced 
diffusion, although the diffusion coefficient normalizes within hours to a few days and 
elevates in the chronic stage.

Acutely, and beyond the acute time frame during which DWI is sensitive for TAI/DAI, shear 
injury foci may be visible on FLAIR and T2-weighted images (FIGURE 5). However, unless 
the foci are seen in a location that is relatively specific for TAI (e.g., the corpus callosum, 
which is uncommonly affected by chronic small vessel ischemic disease), they are often 
indistinguishable from the small areas of gliosis due to other causes, particularly chronic 
small vessel ischemic disease that is common after middle age. Shear injuries are also 
indistinguishable from white matter lesions that are due to other, less common etiologies, 
such as remote infection, demyelinating disease, migraine headaches, and vasculitides.
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FIGURE 4. 3D-T2WI is useful in demonstrating post-traumatic encephalomalacia. Compare and note this focal 
cerebromalacic lesion with gliosis in left frontal lobe on both axial T2 weighted image (A) and 3D-T2 weighted 
turbo-spine echo image (B). 
3D: three-dimensional.



Brain atrophy
3D isotopic T1WI
MRI is an excellent modality for assessing global and regional atrophies in mTBI and 
following their longitudinal evolution. To date, only a few studies have investigated atrophy 
in mTBI. Notably, Zhou et al.40) suggested that measurable atrophy in mTBI occurred around 
1 year after the insult. Regional atrophy was also observed in the anterior cingulate, cingulate 
gyrus, and the right precuneus gray matter.

Recently, the development of 3D isotropic short-echo time spoiled gradient-recalled echo and 
magnetization-prepared rapid gradient-echo sequence imaging have been used to acquire brain 
volume data and assess TBI-related brain atrophy. Many studies have reported post-TBI associated 
brain atrophy correlates with the severity of the injury, combined with initial Glasgow Coma Scale 
score, Glasgow Outcome Scale score, or coma duration. These factors, in addition to changes 
in global brain volume, have been considered quantitative markers of cellular loss and axonal 
degeneration and have been found to correlate with coma length and outcomes14) (FIGURE 6).5) 
Recently development of volumetric analysis software analyzes brain MRI to improve the early 
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FIGURE 5. DAI in a 48-year-old male with nonaccidental trauma. (A) DAI on T2 fluid-attenuated inversion recovery image demonstrates several high SI lesions in 
corpus callosum. (B-D) Diffuse axonal injury lesion in corpus callous splenium is shown high SI on T2WI and diffusion restriction on diffusion weighted imaging 
and apparent diffusion coefficient map. 
DAI: diffuse axonal injury, SI: signal intensity.
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FIGURE 6. (A) T1-weighted coronal images of a TBI patient on the left and an age-matched control on the right, both young adolescent males. Upper left-hand 
arrows point to a prominent interhemispheric fissure and cortical sulci, reflective of whole brain volume loss and generalized cerebral atrophy in the TBI patient. 
The lower arrow indicates to an atrophic hippocampus and enlarged temporal horn, bilaterally in the TBI patient. (B) Anterior-posterior view of the three-
dimensional reconstructed brain of the individual with TBI showing global frontal atrophy with noticeably wider cortical sulci compared to the age-match control 
subject on the right. Reproduced with permission from reference 5. 
TBI: traumatic brain injury.



detection of brain atrophy in TBI as well as, neurodegenerative disease and other disease entities 
(e.g., dementia, Alzheimer's disease, multiple sclerosis and epilepsy) (FIGURE 7).

ADVANCED IMAGING

The role of advanced imaging techniques
Currently, the research and development of advanced imaging techniques is a key area, with 
2 main goals: evaluating mTBI and obtaining prognostic information for all levels of TBI 
severity. While promising, the clinical applications of these techniques are currently limited. 
Presently, none of these advanced MR techniques are recommended by the American College 
of Radiology appropriateness guidelines for the routine evaluation of patients with TBI.37) 
However, familiarity with these modalities and their new application is meaningful, as they 
may benefit subgroups of current patients, and their use is likely to increase in the future.
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FIGURE 7. Volume segmentation and analysis through computer automated brain volume analysis software (NeuroQuant, an Food and Drug Administration-
cleared method for measuring brain magnetic resonance volume) and PET-CT image in a 44-year-old male traumatic brain injury patient. (A) Axial T2 fluid-
attenuated inversion recovery image demonstrates no obvious lesion in brain. (B) On volume analysis report, slight asymmetrical atrophy in right thalamus, 
compared to left side. (C, D) On PET-CT, slight decreased metabolism in related right thalamus is noted. 
PET-CT: positron emission tomography-computed tomography, ICV: intracranial volume, LH: left hemisphere, RH: right hemisphere.



DTI
DTI is a more advanced technique that is based on DWI and enables the characterization of 
water diffusion directionality in 3D space.28) Within normal white matter tracts with their 
parallel fiber bundles, water diffuses more freely along the direction of the white matter 
fibers than transverse to the fibers. Generally, normal myelinated white matter tracts 
exhibit highly directional diffusion, whereas damaged white matter tracts are thought to 
demonstrate more isotropic diffusion,28) possibly because of a local decrease in longitudinally 
focused microstructural elements, such as the myelin sheath and axolemma. This property 
allows DTI to be utilized as a biomarker for white matter pathologies, including TBI. DTI 
builds upon conventional DWI by adding the ability to determine the 3D directionality 
and magnitude (tensor) of water motion. This is accomplished by acquiring at least 6 
non-collinear diffusion gradient directions. DTI can quantify diffusion using a variety of 
parameters, the most common of which are fractional anisotropy (FA), which calculates the 
anisotropy within a voxel, and mean diffusivity (MD), which quantifies the average magnitude 
of diffusivity over all sampled directions. This is well illustrated in FIGURE 8.

TBI-associated changes in DTI scalar metrics have been well-documented, especially for 
FA.3,31) In addition to measuring a variety of DTI metrics, data processing, and analysis 
techniques have been developed to inspect data for visualization abnormalities in gray matter 
and white matter tracts.31) With regards to white matter tracts, the diffusion tensor model is 
not capable of resolving multiple fiber orientations within a voxel, and improved diffusion 
models and analysis methods are under active development. Diffusion kurtosis imaging20) 
uses a minimum of 3 b-values (instead of the typical 2 for DTI, e.g., 0, 1,000, 3,000), which 
provides additional metrics related to non-Gaussian (kurtosis) diffusion that to allow more 
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FIGURE 8. Diffusion tensor imaging parameter: FA map and color-coded map. On FA map, CC or CST demonstrate 
high FA value, with high directionality. Color DTI anisotropy map overlaid onto a T1 post-contrast image. The 
color DTI anisotropy is based on the composite of multiple diffusion-sensitizing gradient images. Note that there 
are multiple colors within the white matter map with red indicating transverse direction (e.g., CS and CST), blue 
indicating superior–inferior direction (CR) and green indicating anterior-posterior direction (e.g., SLF). 
FA: fractional anisotropy, CC: corpus callosum, SLF: superior longitudinal fiber, CS: centrum semiovale, CST: 
corticospinal tract, CR: corona radiata, DTI: diffusion tensor imaging.



physiologic bases for white matter modeling,9) resolving fiber crossings,21) Q-ball imaging36) 
(which assumes a Gaussian model), and constrained spherical deconvolution (which 
creates a model based on the actual diffusion acquisition that is used for deconvolution 
and produces very sharp fiber-orientation distribution functions). However, further studies 
are needed to determine if one of these approaches is more advantageous than the others. 
The improvement of data quality through high-order eddy current correction, distortion 
correction, and high-order seaming should increase data fidelity and increase the reliability 
of subsequent data processing.37)

Most TBI studies have reported decreases in FA and increases in MD, thought to be secondary 
to demyelination or interruption of tissue microstructural peculiarities.21,31,36) In acute 
TBI, DTI parameter might aid to diagnosis and predict interruption of tissue integrity in 
brainstem (FIGURE 9); Kernohan's notch phenomenon.

A recent study reported limited MD changes, in particular regarding white matter tracts.15) 
According to Yuh et al.,39) the prognostic utility of DTI parameters was superior to CT, 
clinical, demographic, and socio-economic variables as predictors of 3- and 6-month 
outcomes at both group and individual patient levels. Such studies emphasize the diagnostic 
and prognostic potential of DTI for patients and may soon lead to consensus guidelines for 
the application of DTI parameters in TBI imaging.26)
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FIGURE 9. Kernohan's notch phenomenon. (A, B) On pre-contrast brain computed tomography, diffuse acute 
epidural and subdural hematoma are noted along the bilateral frontal convexities, causing mild subfalcine and 
transtentorial herniation. Diffuse acute subarachnoid hemorrhage is obliterating the basal cistern. (C, D) On 
T2-weighted and T2-fluid-attenuated inversion recovery imaging, after the emergency epidural hemorrhage 
removal, there is a focal high SI lesion (white arrow) in the right cerebral peduncle, suggestive of a contusion. 
(E, F) For assessment of Kernohan's notch phenomenon, we acquired a diffusion tractography imaging image of 
the corticospinal tract and brain stem structures. On the FA map (E), decreased FA value in right midbrain and 
weaker purple color in the right midbrain on color coded FA map (F). 
FA: fraction anisotropy.



MRS
MR spectroscopy is governed by the same physical magnetism principles as MRI. While 
MRI data are investigated in the time domain to obtain T1 and T2 relaxation times and then 
processed to generate an anatomic image, MR spectroscopy data are converted to frequency 
domain information and managed to form a spectrum of the signal intensities of different 
brain metabolites, according to their Larmor resonance frequencies.37) The peaks for particular 
metabolites have characteristic locations along a spectrum (chemical shift), and their 
concentrations can be measured as the area under their respective peak. MR spectroscopy can 
be achieved using single-voxel spectroscopy, or 2D or 3D multivoxel chemical shift techniques 
(MR spectroscopic imaging or chemical shift imaging). Single-voxel spectroscopy has a 
greater signal-to-noise ratio and is more robust, but only a single spectrum is obtained, and 
the volume of interest placement is crucial.37) The metabolites that are commonly measured 
in the brain, with intermediate (time to echo [TE]=144 ms) to long (TE=280 ms) TEs, include 
N-acetylaspartate (NAA) for neuronal viability, creatine (Cr) for cellular energy utilization, 
choline (Cho) for membrane turnover, and lactate for anaerobic metabolism. At shorter TEs 
(TE=35 ms), metabolites with shorter T2 relaxation times can be detected, such as glutamate/
glutamine (Glx), markers of excitatory neurotransmission, markers released after brain injury, 
and myo-inositol (mI), a marker of membrane turnover and possibly reactive gliosis.10)

Spectroscopic studies that have been performed shortly after TBI have shown consistent 
imaging patterns that manifest as increased Cho and decreased NAA in regions of the adult 
brain that are known to be most susceptible to shear injuries16) (FIGURE 10). These metabolic 
changes are thought to suggest TAI, particularly when they occur in the absence of visible 
injury on conventional anatomic imaging.30) Longitudinal studies in patients with mTBI 
have shown these changes to be transient, upon normalization of NAA, Cho, and Glx peaks. 
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FIGURE 10. Multi-voxel-based spectroscopy after traumatic brain injury. Spectroscopy in ROI, #8 shows normally 
low Cho peak (blue arrow) and normal NAA peak, contrast to increased Cho and decreased NAA in ROI #12, 
correlating to shear injury or contusion. 
ROI: region of interest, Cho: choline, NAA: N-acetylaspartate.



Interestingly, Cho and mI peaks remain elevated in the chronic stage, and these elevations 
have been attributed to proliferative astrogliosis.2) For severe TBI, Cho elevations that peak 
in the parietal white matter and Glx elevations that peak in the occipital gray matter, 7 days 
after injury, have been shown to have prognostic value with respect to clinical outcomes. In 
children, the presence of abnormal lactate, Cho, and NAA has been associated with poor 
long-term neuropsychological outcomes.2) However, correlations between MRS findings 
and mTBI outcomes have been more limited. A recent prospective study found that centrum 
semiovale Cr levels positively correlate with decreased neuropsychiatric metric performance, 
as assessed 6 months after injury.13) Clinical MRS applications for TBI have also been limited 
due to their significant overlap with the spectral changes that are seen in a number of other 
brain disorders, which lowers the specificity of MRS for TBI.26)

Perfusion weighted imaging (PWI)
TBI is associated with impaired cerebrovascular autoregulation, increased blood-brain 
barrier permeability, and vascular injuries, all of which can lead to altered cerebral blood 
flow (CBF), ischemia, and even infarction.6) For these reasons, cerebral perfusion has long 
been a target for imaging interrogation. Numerous techniques have been employed in the 
literature, including single-photon emission computed tomography (SPECT)1), positron 
emission tomography (PET) (FIGURE 7), xenon-enhanced computed tomography (Xe-
CT), perfusion CT (CTP), and dynamic susceptibility contrast (DSC), and as mentioned 
above, arterial spin-labeling (ASL)13) perfusion MR.26) Each of these techniques has relative 
advantages and disadvantages. Specifically, SPECT and DSC perfusion studies only allow 
for qualitative comparisons between regions of the brain,37) while PET, Xe-CT, CTP, and ASL 
are quantitatively accurate. Few studies have evaluated the utility of perfusion-weighted 
MR techniques in TBI, and the most utilized MR perfusion technique is DSC imaging. 
Using this technique, Garnett and colleagues11) measured reduced cerebral blood volume 
(CBV) in contusion areas, as well as in a subset of patients with normal brain parenchyma. 
Interestingly, although the sample size was small, reduced CBV was noted on DSC MRI, 
even in patients with otherwise normal MRIs. These findings correlated with worse clinical 
outcomes.11) ASL is an alternative MR perfusion technique that does not require intravenous 
contrast. In patients with mTBI undergoing ASL imaging, decreased regional CBF in the 
thalamus was found to strongly correlate with neurocognitive impairment.13) While these 
studies were too underpowered to allow the prognostic capacity of ASL perfusion to be 
adequately evaluated in patients with mTBI, the findings were interesting.13) As with other 
advanced imaging techniques, more prospective and longitudinal studies are needed to 
determine the role of perfusion imaging in TBI evaluation.

Functional MRI
Functional MRI relies on blood oxygen level-dependent imaging and the coupling between 
CBF/metabolism and neuronal activity. As metabolic demand increases, there are local 
increases in CBF, as well as dynamic and related metabolic changes in glucose and oxygen 
metabolism.23,27) Basic physics of functional MRI is illustrated on FIGURE 11. Transient local 
increases in CBF and metabolism lead to changes in the ratio of oxygenated-to-deoxygenated 
hemoglobin, which, in turn, affects the MRI signal response.23,27) Blood oxygen level 
dependent imaging offers millimeter-scale spatial resolution but poor temporal resolution, 
due to the relatively slow hemodynamic response associated with neural activity.

Although significant advances have recently been made in TBI imaging, further 
improvements are needed. Advanced techniques such as DTI, MRS, PWI, and fMRI hold 
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great potential, and with more clinical validation and studies, they will likely move from 
primarily research modalities to routine clinical use. Several specific injuries show promise 
for future innovations, among which, mTBI and chronic traumatic encephalopathy (CTE) 
are of interest because of their high prevalence and lack of findings on conventional imaging 
modalities. The ability to glean prognostic information from imaging studies is another 
promising area of active research. As new neuro-therapeutic options for TBI are introduced, 
neuroimaging will likely guide which patients will benefit from these methods and help in 
evaluating their response to therapy.
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FIGURE 11. Physics of functional magnetic resonance image acquisition. (A) Resting state functional MRI. (B) 
Task-based functional MRI. Functional MRI with blood oxygen level dependent contrast depends on the balance 
between O2 supply and consumption by the neural tissues. 
Rt: right, MRI: magnetic resonance imaging.



CONCLUSIONS

TBI is a major health problem worldwide. In the future, the clinical use of advanced 
neuroimaging methods that specialize in delineating hemorrhages, white matter fiber tracks, 
ischemia, and blood-brain barrier disruption should ensure standardized approaches to 
image acquisition and analysis, improve prognostic accuracy, and facilitate the development 
of new therapies.
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