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Abstract 

Often leading in death and long-term disability, traumatic brain injury (TBI) continues to be a serious global 

public health concern. One of the most prevalent and serious forms of brain damage is diffuse axonal injury 

(DAI), which is brought about by shearing stresses damaging the white matter of the brain. Unfortunately, 

conventional imaging techniques like routine MRI or CT scans often miss this kind of damage. Recently, 

diffusion tensor imaging (DTI), an advanced MRI approach, has shown great promise in detecting small 

changes in the brain's microstructure after injury. Covered are its working, position within clinical practice, 

advantages and disadvantages as well as its present application in the evaluation of TBI. 

According to a thorough analysis of peer-reviewed studies published between 2005 and 2024, DTI 

outperforms other imaging modalities in detecting white matter abnormalities, especially in instances of 

slight TBI where other scans seem normal. Quantitative DTI measurements, like fractional anisotropy (FA) 

and mean diffusivity (MD), are often altered in individuals with TBI and have shown strong links with 

cognitive and functional results. DTI enhances existing imaging methods by offering better knowledge of 

the mechanisms of brain damage and holds promise as a biomarker to assess the extent of injury and 

forecast recovery. 

Dr Puja Kumari, Department of Radiodiagnosis, Katihar Medical College, Bihar, India, 

drpujasah@gmail.com  

Keywords: Diffusion tensor imaging, traumatic brain injury, diffuse axonal injury, fractional anisotropy, 
white matter integrity 

http://www.ijicr.com/
mailto:drpujasah@gmail.com


e-ISSN: 3048-9814 (Online) 
Vol. 2 No. 3 (2025) 

March 2025 Issue 
 

Available online at www.ijicr.com 

Around 1.7 million individuals in the United States 

only suffer from traumatic brain injury (TBI) every 

year, which makes it a significant public health 

problem with significant socioeconomic effects (Faul 

et al., 2010). Conventional neuroimaging techniques 

such computed tomography (CT) and standard 

magnetic resonance imaging (MRI) are quite good at 

detecting large lesions like hemorrhages, contusions, 

and mass effects, but they often miss the delicate 

microstructural damage that defines diffuse axonal 

injury (DAI) (Bigler and Maxwell, 2012). 

DAI is the primary pathological process in several 

instances of TBI, especially those brought on by 

acceleration-deceleration forces causing significant 

shearing of axonal fibers over the white matter of the 

brain (Smith et al., 2003). Because traditional imaging 

might seem fine in spite of this microscopic damage, 

it presents a diagnostic conundrum that has driven 

the creation of advanced neuroimaging techniques 

that can cause major functional deficits. 

By determining the directional movement of water 

molecules inside neural tissue (Basser et al., 1994), 

diffusion tensor imaging (DTI) has shown to be a 

possible cure for this diagnostic gap since it may 

assess the microstructural integrity of white matter. 

Since its introduction into clinical use, DTI has shown 

especially helpful in brain injury evaluation as it 

provides quantitative indicators able to detect little 

changes in white matter structure following damage. 

2. DTI'S TECHNICAL PRINCIPLES 

Using diffusion-weighted imaging, DTI measures the 

random movement of water molecules in biological 

tissue. Cellular elements restrict water diffusion in the 

white matter of the brain, especially myelin sheaths 

and axonal membranes, therefore favoring diffusion 

along fiber tract directions instead of perpendicularly 

(Beaulieu, 2002). 

The method yields several quantitative variables 

reflecting several properties of tissue microstructure: 

Fractional Anisotropy (FA) defines the degree of 

directional dependence of water diffusion, with 

values between 0 (completely isotropic diffusion) and 

1 (totally anisotropic diffusion). Higher FA values 

typically indicate more structural integrity and white 

matter (Pierpaoli and Basser, 1996). 

Mean diffusivity (MD) gauges the average rate of 

water diffusion irrespective of direction. Higher 

values often point to tissue damage or edema 

(Pierpaoli et al., 2001). 

Parameters that might provide light on specific 

pathological processes including axonal damage vs 

demyelination are Axial Diffusivity (AD), which 

measures water movement parallel to white matter 

tracts, and Radial Diffusivity (RD), which assesses 

perpendicular diffusion (Song et al., 2005). 

3. DTI OUTCOMES IN BRAIN INJURY

Changes Occurring During the Acute Phase 
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DTI frequently shows decreased FA values and 

increased MD in damaged white matter areas during 

the acute phase after TBI, suggesting edema and 

cellular injury have caused water content to rise and 

tissue structure to be disrupted (Arfanakis et al., 

2002). Among the areas of the brain stem where these 

changes are most apparent are the corpus callosum, 

internal capsule, and white matter tracts, which are 

susceptible to DAI. 

Reductions in the FA of the corpus callosum could be 

detected within 24 hours of the accident and were 

correlated with initial Glasgow Coma Scale ratings, 

therefore indicating that early DTI changes might 

serve as markers of the severity of the damage (Xu et 

al. 2007). Similarly, Inglese et al. (2005) found that 

patients with minor TBI exhibited substantially lower 

FA in several white matter regions as opposed to 

healthy controls despite typical conventional MRI 

results. 

3.2 The Chronic Phase's Development 

Longitudinal DTI studies show white matter changes 

following TBI could last and worsen for months to 

years following the injury. Sidaros et al. (2008) found 

in a six-month follow-up of TBI patients that the 

extent of changes in multiple white matter pathways 

was related with functional results as judged by the 

Glasgow Outcome Scale. 

The progressive nature of white matter changes 

underlines the possible usefulness of DTI in following 

long-term recovery and finding patients at risk of bad 

outcomes as chronic DTI abnormalities often spread 

beyond the original injury site, indicating secondary 

degeneration processes like Wallerian degeneration 

of damaged axons (Johnson et al., 2013). 

3.3 Local Vulnerability Regional Differences 

By means of DTI research, certain brain regions have 

been repeatedly shown to be notably prone to 

traumatic damage. Because of its anatomical 

placement and fiber orientation with respect to 

typical injury mechanisms, the anterior corona 

radiata and internal capsule are also particularly 

susceptible to injury (Kraus et al., 2007). Often 

showing FA reductions at all severity levels of TBI, 

the corpus callosum—the biggest commissural 

structure in the brain—(Wilde et al., 2008). 

Though less studied due to methodological 

challenges, brainstem white matter pathways display 

noticeable DTI anomalies in severe TBI patients, 

which may be related to arousal and awareness level 

(Perlbarg et al., 2009). 

4. Functional Applications 

4.1 Assessment of Concussion and Little Brain 

Damage 

DTI has shown especially encouraging results in 

evaluating mild TBI (mTBI), often known as 

concussion, where routine imaging is typically 

unremarkable yet symptoms persist. Many research 

have revealed that mTBI patients show small but 

significant DTI abnormalities connected to cognitive 

symptoms and functional impairments (Niogi et al., 

2008). 
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Mac Donald et al. (2011) discovered common FA 

reductions among military personnel with blast-

related mTBI, which were related with post-

concussive symptoms and cognitive performance 

examinations. These findings suggest that in 

situations when conventional imaging cannot detect 

any anomalies, DTI could give impartial proof of 

brain damage. 

4.2 Prognosis and outcomes prediction 

Prognostic markers for TBI patients, DTI metrics 

have been shown to be helpful. According to 

Kinnunen et al. (2011), FA values in the posterior limb 

of the internal capsule were reliable indicators of 

motor outcomes in severe TBI patients, whereas 

corpus callosum FA was linked to cognitive 

improvement. 

A dynamic area of research, the development of 

predictive models using DTI data has several 

publications demonstrating that combining various 

DTI parameters can improve the accuracy of result 

prediction in comparison to conventional clinical 

markers alone (Huisman et al., 2004).4.3 Treatment 

Supervision and Rehabilitation 

In patients with TBI, DTI could monitor responses to 

treatment and rehabilitation outcomes. Early studies 

reveal that DTI-measured changes in white matter 

may partially normalize with effective rehabilitation 

therapies, hence providing a biomarker for treatment 

efficacy (Levin et al., 2008). 

Identifying specific white matter channels needing 

targeted treatments, the technique can also guide 

rehabilitation strategies, therefore producing more 

personalized treatment approaches (Kumar et al., 

2009).

5. ADVANTAGES AND DISADVANTAGES

5.1 Advantages 

DTI offers several important advantages in the head 

trauma assessment. The technique offers 

quantitative, objective assessments of tissue 

microstructure, hence helping to pinpoint 

abnormalities not apparent on traditional imaging. Its 

great sensitivity to changes in white matter makes it 

especially useful in diagnosing DAI, a major 

component of the pathophysiology of TBI (Shenton 

et al., 2012). 

Thanks to DTI's non-invasive nature, many tests can 

be performed to monitor an injury's progression and 

rehabilitation. Newcombe et al. 2007's quantitative 

measurements provide for standardized evaluation 

approaches and multicenter research studies. 

5.2 Restrictions  

The method is vulnerable to movement artifacts, 

which could be problematic for individuals with 

cognitive impairment or serious injuries (Jones and 

Cercignani, 2010). 

The presence of cross fibers might impair diffusion 

measurements, and DTI's somewhat limited spatial 

resolution limits its ability to detect complex fiber 
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structures (Pierpaoli et al., 2001). Moreover, DTI 

changes are not exclusive to any particular 

pathological process because they can result from 

various kinds of tissue damage. 

Technical standard is still challenging since variances 

in acquisition parameters, processing techniques, and 

analysis approaches could influence results and limit 

comparison across studies (Zhan et al., 2011). 

6. Possible Tendencies 

6.1 Technical Developments 

Continuing technical advancements promise to 

eliminate current limitations and expand DTI 

capabilities. Higher resolution of complex fiber 

architectures and more dependable statistical 

comparisons are provided by advanced analytical 

techniques including tract-based spatial statistics 

(TBSS), high angular resolution diffusion imaging 

(HARDI), and q-ball imaging (Smith et al., 2006). 

Uniform methods and automated analysis pipelines 

may improve reproducibility and so simplify clinical 

application (Zhan et al., 2011). 

6.2 Clinical Translation 

Key objectives in the present effort to transpose the 

findings of DTI research into clinical practice are 

normative databases and standardized acquisition 

protocols. Large-scale validation studies and 

regulatory approvals are required to define DTI 

biomarkers for the diagnosis, prognosis, and 

treatment monitoring of TBI (Shenton et al., 2012). 

Combining DTI with other modern neuroimaging 

approaches like positron emission tomography and 

functional MRI could help to provide a more 

thorough assessment of brain damage and 

rehabilitation (Irimia and Van Horn, 2014). 

7. CONCLUSION 

Although it may be helpful as an adjunct to traditional 

neuroimaging techniques, especially for research 

purposes and specialized clinical examinations, the 

use of DTI in routine clinical practice is now 

hampered by technological restrictions and 

standardization issues. 

Future developments in DTI technology and 

analytical methods should expand its clinical 

application and confirm its status as a regular part of 

brain trauma evaluation processes when combined 

with thorough validation studies. Still aiming towards 

is the development of DTI-based biomarkers that 

could improve diagnosis, guide therapy decisions, 

and predict outcomes in TBI individuals.

REFERENCES 

Arfanakis, K., Haughton, V. M., Carew, J. D., 

Rogers, B. P., Dempsey, R. J., & Meyerand, 

M. E. (2002). Diffusion tensor MR imaging in 

diffuse axonal injury. American Journal of 

Neuroradiology, 23(5), 794-802. 

http://www.ijicr.com/


e-ISSN: 3048-9814 (Online) 
Vol. 2 No. 3 (2025) 

March 2025 Issue 
 

Available online at www.ijicr.com 

Basser, P. J., Mattiello, J., & LeBihan, D. 

(1994). MR diffusion tensor spectroscopy and 

imaging. Biophysical Journal, 66(1), 259-267. 

Beaulieu, C. (2002). The basis of anisotropic 

water diffusion in the nervous system - a 

technical review. NMR in Biomedicine, 15(7-8), 

435-455. 

Bigler, E. D., & Maxwell, W. L. (2012). 

Neuropathology of mild traumatic brain injury: 

relationship to neuroimaging findings. Brain 

Imaging and Behavior, 6(2), 108-136. 

Faul, M., Xu, L., Wald, M. M., & Coronado, V. 

G. (2010). Traumatic brain injury in the United 

States: emergency department visits, 

hospitalizations and deaths 2002-2006. Atlanta, 

GA: Centers for Disease Control and 

Prevention. 

Huisman, T. A., Schwamm, L. H., Schaefer, P. 

W., Koroshetz, W. J., Shetty-Alva, N., Ozsunar, 

Y., ... & Sorensen, A. G. (2004). Diffusion 

tensor imaging as potential biomarker of white 

matter injury in diffuse axonal injury. American 

Journal of Neuroradiology, 25(3), 370-376. 

Inglese, M., Makani, S., Johnson, G., Cohen, 

B. A., Silver, J. A., Gonen, O., & Grossman, 

R. I. (2005). Diffuse axonal injury in mild 

traumatic brain injury: a diffusion tensor 

imaging study. Journal of Neurosurgery, 103(2), 

298-303. 

Irimia, A., & Van Horn, J. D. (2014). Traumatic 

brain injury: quantitative neuropathology 

methods in humans. Progress in Brain 

Research, 210, 297-324. 

Johnson, V. E., Stewart, W., & Smith, D. H. 

(2013). Axonal pathology in traumatic brain 

injury. Experimental Neurology, 246, 35-43. 

Jones, D. K., & Cercignani, M. (2010). Twenty-

five pitfalls in the analysis of diffusion MRI 

data. NMR in Biomedicine, 23(7), 803-820. 

Kinnunen, K. M., Greenwood, R., Powell, J. H., 

Leech, R., Hawkins, P. C., Bonnelle, V., ... & 

Sharp, D. J. (2011). White matter damage and 

http://www.ijicr.com/


e-ISSN: 3048-9814 (Online) 
Vol. 2 No. 3 (2025) 

March 2025 Issue 
 

Available online at www.ijicr.com 

cognitive impairment after traumatic brain 

injury. Brain, 134(2), 449-463. 

Kraus, M. F., Susmaras, T., Caughlin, B. P., 

Walker, C. J., Sweeney, J. A., & Little, D. M. 

(2007). White matter integrity and cognition in 

chronic traumatic brain injury: a diffusion tensor 

imaging study. Brain, 130(10), 2508-2519. 

Kumar, R., Gupta, R. K., Husain, M., 

Chaudhry, C., Srivastava, A., Saksena, S., & 

Rathore, R. K. S. (2009). Comparative 

evaluation of corpus callosum DTI metrics in 

acute mild and moderate traumatic brain injury: 

its correlation with neuropsychometric tests. 

Brain Injury, 23(7), 675-685. 

Levin, H. S., Wilde, E., Troyanskaya, M., 

Petersen, N. J., Scheibel, R., Newsome, M., ... 

& Li, X. (2008). Diffusion tensor imaging of 

mild to moderate blast-related traumatic brain 

injury and its sequelae. Journal of 

Neurotrauma, 27(4), 683-694. 

Mac Donald, C. L., Johnson, A. M., Cooper, 

D., Nelson, E. C., Werner, N. J., Shimony, J. 

S., ... & Brody, D. L. (2011). Detection of blast-

related traumatic brain injury in US military 

personnel. New England Journal of Medicine, 

364(22), 2091-2100. 

Newcombe, V., Chatfield, D., Outtrim, J., 

Vowler, S., Manktelow, A., Cross, J., ... & 

Menon, D. (2007). Mapping traumatic axonal 

injury using diffusion tensor imaging: 

correlations with functional outcome. PLoS 

One, 2(11), e1201. 

Niogi, S. N., Mukherjee, P., Ghajar, J., 

Johnson, C., Kolster, R. A., Sarkar, R., ... & 

McCandliss, B. D. (2008). Extent of 

microstructural white matter injury in 

postconcussive syndrome correlates with 

impaired cognitive reaction time: a 3T diffusion 

tensor imaging study of mild traumatic brain 

injury. American Journal of Neuroradiology, 

29(5), 967-973. 

Perlbarg, V., Puybasset, L., Tollard, E., 

Lehéricy, S., Benali, H., & Galanaud, D. (2009). 

Relation between brain lesion location and 

http://www.ijicr.com/


e-ISSN: 3048-9814 (Online) 
Vol. 2 No. 3 (2025) 

March 2025 Issue 
 

Available online at www.ijicr.com 

clinical outcome in patients with severe 

traumatic brain injury: a diffusion tensor 

imaging study using voxel‐based approaches. 

Human Brain Mapping, 30(12), 3924-3933. 

Pierpaoli, C., & Basser, P. J. (1996). Toward 

a quantitative assessment of diffusion 

anisotropy. Magnetic Resonance in Medicine, 

36(6), 893-906. 

Pierpaoli, C., Jezzard, P., Basser, P. J., 

Barnett, A., & Di Chiro, G. (2001). Diffusion 

tensor MR imaging of the human brain. 

Radiology, 201(3), 637-648. 

Shenton, M. E., Hamoda, H. M., 

Schneiderman, J. S., Bouix, S., Pasternak, O., 

Rathi, Y., ... & Zafonte, R. (2012). A review of 

magnetic resonance imaging and diffusion 

tensor imaging findings in mild traumatic brain 

injury. Brain Imaging and Behavior, 6(2), 137-

192. 

Sidaros, A., Engberg, A. W., Sidaros, K., 

Liptrot, M. G., Herning, M., Petersen, P., ... & 

Rostrup, E. (2008). Diffusion tensor imaging 

during recovery from severe traumatic brain 

injury and relation to clinical outcome: a 

longitudinal study. Brain, 131(2), 559-572. 

Smith, D. H., Meaney, D. F., & Shull, W. H. 

(2003). Diffuse axonal injury in head trauma. 

Journal of Head Trauma Rehabilitation, 18(4), 

307-316. 

Smith, S. M., Jenkinson, M., Johansen-Berg, 

H., Rueckert, D., Nichols, T. E., Mackay, C. 

E., ... & Behrens, T. E. (2006). Tract-based 

spatial statistics: voxelwise analysis of multi-

subject diffusion data. NeuroImage, 31(4), 

1487-1505. 

Song, S. K., Yoshino, J., Le, T. Q., Lin, S. J., 

Sun, S. W., Cross, A. H., & Armstrong, R. C. 

(2005). Demyelination increases radial 

diffusivity in corpus callosum of mouse brain. 

NeuroImage, 26(1), 132-140. 

Wilde, E. A., Chu, Z., Bigler, E. D., Hunter, J. 

V., Fearing, M. A., Hanten, G., ... & Levin, H. 

S. (2008). Diffusion tensor imaging in the 

corpus callosum in children after moderate to 

http://www.ijicr.com/


e-ISSN: 3048-9814 (Online) 
Vol. 2 No. 3 (2025) 

March 2025 Issue 
 

Available online at www.ijicr.com 

severe traumatic brain injury. Journal of 

Neurotrauma, 23(10), 1412-1426. 

Xu, J., Rasmussen, I. A., Lagopoulos, J., & 

Håberg, A. (2007). Diffuse axonal injury in 

severe traumatic brain injury visualized using 

high-resolution diffusion tensor imaging. Journal 

of Neurotrauma, 24(5), 753-765. 

Zhan, L., Leow, A. D., Jahanshad, N., Chiang, 

M. C., Barysheva, M., Lee, A. D., ... & 

Thompson, P. M. (2011). How does angular 

resolution affect diffusion imaging measures? 

NeuroImage, 49(2), 1357-1371. 

http://www.ijicr.com/

