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A b s t r ac t
Traumatic brain injuries (TBI) are common and cost heavily to both society and the individual. The diagnosis of TBI is a clinical decision; however,
imaging, particularly CT, plays an important role in diagnostic work-up, classification, prognosis, and follow-up. The goal of this study was to
contrast and compare the roles of different imaging modalities in craniocerebral trauma. Radiologists are critical in the detection of craniocerebral
trauma, and they must look for injury patterns, methods of injury, and subsequent injuries such as herniation and mass effect. CT has a much
greater sensitivity for fracture detection when compared to MRI and no risk for safety, which is vital in penetrating or blast injuries. MRI holds
higher sensitivity in diagnosing intra- and extra-axial hemorrhages, white matter axonal injuries, and brainstem abnormalities.
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Introduction
Traumatic brain injuries are common and cost heavily to both
society and the individual. The diagnosis of TBI is a clinical decision;
however, imaging, particularly CT, plays an important role in
diagnostic work-up, classification, prognosis, and follow-up. In the
event of a traumatic head injury, a CT scan can quickly identify skull
fractures, traumatic hemorrhages, and edema, allowing for prompt
treatment. Computed tomography can be used to detect infarction
and subarachnoid hematoma. The goal of this research was to
contrast and compare the roles of different imaging modalities in
craniocerebral trauma.

P r i m a ry I n j u ry 1,2
Mechanical forces cause this to happen during the injury. Primary
injury is caused by two mechanisms:
•
•

Contact, which occurs when an object collides with the head or
when the brain collides with the inside of the skull.
Acceleration and deceleration.

Unstopped head movement induces shear, tensile, and compressive strains in the acceleration-deceleration primary injury.
Intracranial hemorrhage, widespread vascular injury, and
damage to cranial nerves and the pituitary stalk are all possible
outcomes of these stresses.

S e co n da ry I n j u ry 1,2
A secondary injury occurs after the initial hit and may add harm
to a brain that has already been damaged by a mechanical injury.
A cascade of mechanisms affecting “cerebral blood flow (hyper or
hypoperfusion), reduced cerebrovascular autoregulation, cerebral
metabolic dysfunction, and impaired cerebral oxygenation” results in
the secondary insult. Secondary injuries include ischemia and edema.

I m ag i n g

in

C r a n i o c e r e b r a l T r au m a

The history of imaging started on November 8, 1895, when a
German physicist WC Roentgen discovered X-rays. The concept of
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X-ray is based on the principle of ionizing radiation passing through
the body and projecting images on a photosensitive plate placed
behind it.
In the 1970s, computed tomography scan was developed. AM
Cormack, a physicist, and G Hounsfield, an electrical engineer,
created the machine. A CT scan is an X-ray procedure in which a
sequence of X-rays are rotated around a bodily part to obtain crosssectional images. When compared to traditional X-rays, these images
have the advantage of containing comprehensive information in
cross section, which eliminates image superimposition and gives
them a significant advantage over plain films.3–9
Through a gantry, the CT scanner equipment moves the X-ray
tube around the patient’s body. Computerized data are collected
every time the machine rotates. Different cross-sections are created
as the subject is moved up and down in the table. A 2D picture
slice is created with each rotation. The operator determines the
thickness of each subsequent image slice. The thickness of each
subsequent imaging slice is determined by the operator and the
radiologist, and typically ranges from 1 to 10 mm. A scan is copied
into a computer image and simply stored once the required number
of slices is obtained.
The image is made up of pixels that correspond to the
radiosensitivity of the image and is presented in Hounsfield scale
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units. Water has a density of 0, air has a density of 1,000, and bone
has a density of 400–2,000. Intravenous iodine can be injected into
the bloodstream to evaluate blood arteries, tumors, and infectious
diseases.10
The digestive tract is depicted using intravenous iodine or oral
barium contrast. The photographs can be digitally stitched together
to provide a three-dimensional image of a target location. The CT
scans are procured from feet to head direction.
CT has more sensitivity for detecting fractures, CSF leaks, and
vascular injuries than MRI, and there is no need to screen for MRI
safety (particularly in the case of penetrating injury).11
CT scans provide information that is as close to real-time as
possible, assisting in the effective management of a variety of
disorders. CT scan can show traumatic hematomas, skull fractures,
and edema in a quick way to obtain rapid management in case of
traumatic head injury. Computed tomography could be used to
diagnose strokes and sudden subarachnoid hematoma.
When fractures extend into the carotid canal, there is a risk
of posttraumatic vasospasm, or there is an abnormal cerebral
bleeding pattern, computed tomography or magnetic resonance
angiography is recommended.12
Lee and Newberg13 ascertained that the neuroimaging can
detect the presence and extent of injury and support surgical
planning and minimally invasive interventions and also vital in
chronic therapy of TBI, recognizing chronic sequelae, defining
prognosis and rehabilitation.
Prashanth et al.14 found that with the introduction of CT imaging,
assessment has changed dramatically since it can accurately
describe the nature and location of the causative pathology(s).
Among 382 patients, CT showed skull fractures (62.04%), epidural
hematoma (30.36%), intracerebral hematoma (46.33%), subdural
hemorrhage (19.37%), subarachnoid hemorrhage (28.79%), diffuse
axonal damage, brain edema (63.35%), midline displacement
(24.34%), pneumocranium (12.04%), and intraventricular
hemorrhage (10.73%). The parenchymal injury to the brain was
detected and correctly regionalized using a CT scan, and the
functional prognosis was accurately predicted.
Doddamani et al.15 conducted a study to determine the
significance of serial CT scans in detecting changes in intracranial
diseases and their impact on therapy. Patients with complex
lesions were the most likely to progress (21.8%). At CT-2, 5.5% of
patients had newer lesions, and at CT-3, 5.8% had newer lesions.
They discovered that patients who had their first CT scan within
6 hours of acute trauma had a higher rate of intervention. They
concluded that repeat CT scans is of value in diagnosing changes
at early stages.
Bhaskar et al.16 did a study to look for features on the admission
CT scan adding significantly to other baseline clinical information
for predicting mortality in patients with head injury. In this study
of 211 patients, 55 succumbed accounting for 26.06%. Marshall’s CT
grading mortality prediction in moderate and severe head injury
patients holds good. Status of midline shift and basal cisterns serves
as independent factors for in-hospital mortality.
Mutch et al.17 reviewed the current state of TBI imaging was
examined, including its uses, benefits and drawbacks, imaging
techniques, and imaging findings. They also analyzed recent
imaging techniques and found out the importance of CT imaging
in early detection and timely intervention to prevent long-standing
morbidity and disability.
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Lolli et al.18 identified that CT plays a vital role in the acute event
of head trauma, precise recognition of pathologies necessitating
instant neurosurgical treatment. CT also helps in identifying
secondary injuries and is important in follow-up.
Khadka et al.19 did a study to evaluate the CT findings in patients
suffering from head injury and to establish the importance of CT
scan in head injury. Linear skull fracture was the commonest skull
fracture. They came to the conclusion that early and prompt CT
identification of correct pathology had a significant impact on
therapy initiation, intervention, and outcome.
Heit et al.20 reviewed that imaging is very important for the
treating doctor to establish the cause of hemorrhage, the location
and severity of hemorrhage, and the risk of impending brain injury
and to assist in immediate treatment. CT and MRI were reviewed
extensively for intracranial hemorrhage with the aim of providing
an overview of the different causes and varied appearances of
intracranial hemorrhage.
Prasad et al.21 did a prospective study among patients with
clinically suspected head injury. CT was slightly better at detecting
linear fractures than skull radiography, which was more specific
for depressed fractures. In this investigation, CT has a diagnostic
accuracy of 99%. Contusion was the most prevalent pathology
(39%) followed by edema (34%) and subdural bleeding (16%).
Alfageeh et al.22 reviewed that acute brain imaging is essential
for individuals sustaining traumatic brain injury to detect treatable
conditions. They discussed the vital role of CT imaging in assessing
patients with TBI, its advantages, disadvantages, and prognostic
values. For the assessment of patients with head injuries, CT
scanning of the brain is the preferred method.
Nagesh et al. 23 did a study to see whether patients with
mild-to-moderate head trauma need routine follow-up head CT
scans following an initial aberrant CT scan. Lower Glasgow Coma
Scale (GCS) score at arrival, presence of midline displacement,
abnormal INR, multiple lesions, and effaced basal cisterns on initial
CT were all found to be strongly linked to neurological and imaging
worsening, and/or the requirement for intervention, according to
the authors.
Rao et al.24 did a study in patients with craniofacial trauma.
Numerous cerebral traumatic lesions were the most prevalent. They
found that the typical age-group for head injuries was 21–40 years,
common in males.
Schweitzer et al.12 in their study concluded that CT is especially
important in the case of acute TBI because of its quick assessment,
accessibility, and greater sensitivity for finding diseases that require
care. Although MRI has a higher sensitivity for detecting intracranial
injuries, its use in TBI is still under investigation. MRI is currently used
when the CT scan is normal or unable to detect any pathology, and
there are persisting neurological symptoms.

C o n c lu s i o n
In craniocerebral trauma, radiologists play an important role in
assessing injury patterns, injury mechanisms, and subsequent
injuries that can occur due to mass effect and herniation. When
compared to MRI, CT offers a considerably higher sensitivity for
detecting fractures and does not require any safety concerns, which
is essential in piercing or explosion injuries. For intra- and extra-axial
hemorrhages, brainstem injuries, and white matter axonal damage,
MRI has a better sensitivity. With safety problems, availability,
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longer scanning duration, patient movements, and greater costs,
the function of MRI in TBI remains uncertain.

Orcid
Nikhil Ravooru https://orcid.org/0000-0001-6866-7352
Subramaniyan V https://orcid.org/0000-0003-0182-8216
Harshavardhan Balaganesan https://orcid.org/0000-0001-77385154

References
1. McAllister TW, Sparling MB, Flashman LA, Saykin AJ. Neuroimaging
findings in mild traumatic brain injury. J Clin Exp Neuropsychol
2001;23(6):775–791. DOI: 10.1076/jcen.23.6.775.1026.
2. Werner C, Engelhard K. Pathophysiology of traumatic brain injury.
Br J Anaesth 2007;99(1):4–9. DOI: 10.1093/bja/aem131.
3. Andriole KP, Wolfe JM, Khorasani R, Treves ST, Getty DJ, Jacobson FL,
et al. Optimizing analysis, visualization, and navigation of large
image data sets: one 5000-section CT scan can ruin your whole day.
Radiology 2011;259(2):346–362. DOI: 10.1148/radiol.11091276.
4. Petrik V, Apok V, Britton JA, Bell BA, Papadopoulos MC. Godfrey
Hounsfield and the dawn of computed tomography. Neurosurgery
2006;58(4):780–787. DOI: 10.1227/01.NEU.0000204309.91666.06.
5. Bhattacharyya KB. Godfrey Newbold Hounsfield (1919–2004): the
man who revolutionized neuroimaging. Ann Indian Acad Neurol
2016;19(4):448. DOI: 10.4103/0972-2327.194414.
6. Tan SY, Poole PS. Allan MacLeod Cormack (1924–1998): discoverer of
computerised axial tomography. Singapore Med J 2020;61(1):4. DOI:
10.11622/smedj.2020003.
7. De Jesus O, Fogwe DT, Mesfin FB, Das JM. Neuromodulation surgery
for psychiatric disorders. StatPearls [Internet] 2021.
8. Raju TN. The nobel chronicles. 1979: Allan MacLeod Cormack
(b 1924); and Sir Godfrey Newbold Hounsfield (b 1919). Lancet
1999;354(9190):1653. DOI: 10.1016/s0140-6736(05)77147-6.
9. Ambrose J. Computerized transverse axial scanning (tomography):
Part 2. Clinical application. Br J Radiol 1973;46(552):1023–1047. DOI:
10.1259/0007-1285-46-552-1023.
10. Bae KT. Intravenous contrast medium administration and scan timing
at CT: considerations and approaches. Radiology 2010;256(1):32–61.
DOI: 10.1148/radiol.10090908.

11. Saber M, Knipe H. Traumatic brain injury. Radiology reference article.
Radiopedia.org. Radiopaedia 2021. DOI: 10.53347/rID-46289.
12. Schweitzer AD, Niogi SN, Whitlow CT, Tsiouris AJ. Traumatic
brain injury: imaging patterns and complications. Radiographics
2019;39(6):1571–1595. DOI: 10.1148/rg.2019190076.
13. Lee B, Newberg A. Neuroimaging in traumatic brain imaging. NeuroRx
2005;2(2):372–383. DOI: 10.1602/neurorx.2.2.372.
14. Gupta PK, Atul K, Dwivedi AN, Gupta PK, Madhu B, Gouri G, et al. CT
scan findings and outcomes of head injury patients: a cross-sectional
study. J Pak Med Stud 2011;1(3):78–82.
15. Doddamani RS, Gupta SK, Singla N, Mohindra S, Singh P. Role of
repeat CT scans in the management of traumatic brain injury. Indian
J Neurotrauma 2012;9(1):33–39. DOI: 10.1016/j.ijnt.2012.04.007.
16. Bhaskar Naidu P, Truman Srinivas M, Selvakumar K. Computed
tomography predictors for in-hospital mortality in severe and
moderate head injury patients. Int Surg J 2016;3(3):1306–1309. DOI:
10.18203/2349-2902.isj20162028.
17. Mutch CA, Talbott JF, Gean A. Imaging evaluation of acute traumatic
brain injury. Neurosurg Clin N Am 2016;27(4):409. DOI: 10.1016/
j.nec.2016.05.011.
18. Lolli V, Pezzullo M, Delpierre I, Sadeghi N. MDCT imaging of traumatic
brain injury. Br J Radiol 2016;89(1061):20150849. DOI: 10.1259/
bjr.20150849.
19. Khadka B, Deka PK, Karki A. Role of CT (computed tomography) in
head injury. J Manmohan Mem Inst Health Sci 2016;2:45–52. DOI:
10.3126/jmmihs.v2i0.15796.
20. Heit JJ, Iv M, Wintermark M. Imaging of intracranial hemorrhage.
J Stroke 2017;19(1):11–27. DOI: 10.5853/jos.2016.00563.
21. Prasad J. Role of computerized tomography in craniocerebral trauma.
JMSCR 2017;5(3):18540–18546. DOI: 10.18535/jmscr/v5i3.45.
22. Alfageeh M, Bahran M, Albargi S, Althomali I, Alzahrani A, Al-Buqaisi A,
et al. CT Scan importance in the first eight hours of head injury. Int
J Adv Med 2018;5(4):766–771. DOI: 10.18203/2349-3933.ijam20182446.
23. Nagesh M, Patel KR, Mishra A, Yeole U, Prabhuraj AR, Shukla D. Role
of repeat CT in mild to moderate head injury: an institutional study.
Neurosurg Focus 2019;47(5):E2. DOI: 10.3171/2019.8.FOCUS19527.
24. Rao DVR, Vinay NVP, Suneetha KS, Chandra TJ. Role of computed
tomography (CT) in traumatic head injury evaluation–a cross-sectional
study. Int J Med Res Rev 2020;8(1):40–44. DOI: 10.17511/10.17511/
IJMRR.2020.I01.06.

SBV Journal of Basic, Clinical and Applied Health Science, Volume 5 Issue 3 (July–September 2022)

65

