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Abstract 

“CT is the single most informative diagnostic modality in the evaluation of a patient with a 

head injury. Besides facilitating rapid implementation it can demonstrate significant primary 

traumatic injuries including extradural, Subdural, intracerebral haematomas, subarachnoid 

and intraventricular haemorrhages, skull fractures, cerebral oedema, contusions and cerebral 

herniations. The present day scanners, due to refined technology, can further help in 

diagnosing diffuse axonal injuries which were never thought before. Contribution of CT is 

crucial to complete injury assessment and forms the basis of patientmanagement”
3
. 

Fortunately a perceptible change has occurred in the past 25 years. A sense of urgency is now 

discernable and a determination to improve results is increasingly visible. “Today it is clearly 

recognized that trauma can be identified, evaluated and often prevented. The effects of 

trauma can be ameliorated and lives saved.” 

 

Introduction  

Fortunately a perceptible change has occurred in the past 25 years. A sense of urgency is now 

discernable and a determination to improve results is increasingly visible. “Today it is clearly 

recognized that trauma can be identified, evaluated and often prevented. The effects of 

trauma can be ameliorated and lives saved.” 

 

“CT is the single most informative diagnostic modality in the evaluation of a patient with a 

head injury. Besides facilitating rapid implementation it can demonstrate significant primary 

traumatic injuries including extradural, Subdural, intracerebral haematomas, subarachnoid 

and intraventricular haemorrhages, skull fractures, cerebral oedema, contusions and cerebral 

herniations. The present day scanners, due to refined technology, can further help in 

diagnosing diffuse axonal injuries which were never thought before. Contribution of CT is 

crucial to complete injury assessment and forms the basis of patientmanagement”
3
. 
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“This study attempts to assess the utility of CT in the diagnosis, management and prognosis 

of patients with cerebral trauma” 

Aim and Objectives  

“To evaluate the role of computed tomography in patients with head trauma.” 

 

Review of Literature 

Historical Review:  

Hounsfield along with Ambrose in 1973 presented the first paper on "computerized Axial 

Tomography (CAT) - A new method utilizing X-rays" at the 32
nd

 Annual Congress of the 

British Institute of Radiology. It was a great leap for medical science
5
. 

 

“A rotating scanning apparatus was described in which x-ray transmission readings were 

taken through the head of a multitude of angles with the help of crystal detectors. From this 

data, absorption values of the material contained in the head were calculated on a computer 

and presented a series of pictures of slices of the cranium, which showed transverse anatomy 

of the brain.”  

 

Markwalder T.M. in 1981 reviewed the cause and factors promoting formation and increase 

in the size of chronic SDH. “He stated that rebleeding from capillaries in the membrane was a 

more likely cause of increase in the size of chronic SDH than the osmotic gradient theory. He 

said that chronic SDH were more common in elderly patients with minor craniocerebral 

trauma due to absence of tamponade effect of contusion and oedema, which occurs in major 

trauma and by presence of cerebral atrophy
21

.” 

 

In 1981, Smith and Batnitzky stated that anaemia can give an isodense appearance to an 

acute SDH, thereby causing discrepancy between the age and density of SDH
22

. 

 

“The contribution of CT scanning in the early diagnosis of delayed traumatic intracerebral 

hematomas was emphasized by Diaz, Douglas et al they said that the head is usually in 

motion at the time of trauma in patients who develop delayed traumatic 

intracerebralhematomas
27

.” 
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The radiological signs in patients with diffuse axonal injury were illustrated in an article by 

Levi L., Guiburd J.N. et al in 1990
28

. They said that differential acceleration of parts of 

brain on impact can produce shearing forces at grey white matter junction, in the brainstem or 

corpus callosum. Axons and small vessels tear to produce picture of diffuse axonal injury. 

Diagnosis was based on visualization of small, non expansive hemorrhagic lesion at 

corticomedullary junction, corpus callosum or cerebellum and small intraventricular bleeds 

with generalized oedema. 

 

Vander Naalt J., Hew J.M. et al in 1999 agreed that CT was most frequently used imaging 

technique in patients with acute head injury in which it provides accurate detection of 

parenchymal and subarachnoid hemorrhages. MRI on other hand is more sensitive in 

detection of smaller lesions / non-hemorrhagic contusions
32

. 

 

NICE guidelines in 2003 recommended that “patients who have sustained  a head injury and 

present with GCS less than 13 at any point since the injury or GCS equal to 13 or 14 at 2 

hours after the injury or with a suspected open or depressed skull fracture should have CT 

scanning of the head immediately requested
33

.” 

 

Multi-slice Spiral CT
42

: 

This overcomes the limits of spiral CT. “They use the third-generation geometry (rotate only) 

with the added dimension of multiple arcs of detectors. The first deployment of this 

technology included a dual-arc detector.” 

 

“The multiple detector rows can acquire multiple slices per rotation. Also the speed of gantry 

rotation is increased resulting in an overall increase in scan speed. The dramatic reduction in 

scan time allows larger volumes to be scanned in the same time and the same volume in a 

much reduced time at narrower collimation leading to higher axial resolution.” 

 

It has an promising application in CT angiography, CT chest, abdomen and also in cardiac 

CT with virtually motion free, high resolution images. 

 

Cardiovascular Computed Tomography (CVCT) 

Here magnetic focusing and deflection of an electronic beam replaces X- ray tube motion. 

Scan time is "50 m sec". 
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X-ray tubes 

“New fan beam units have a diagnostic type of X-ray tube with a rotating anode and a much 

smaller focal spot (0.6 mm). These tubes have large heat loading and heat dissipation 

capabilities to withstand the very high heat loads generated when multiple slices are obtained 

in rapid sequence.” 

 

CT Numbers 

The CT scanner calculates, from the collected data, the linear attenuation coefficients of each 

pixel. “After the CT computer calculates a value for the linear attenuation co-efficient of each 

pixel,” the value is converted to a new number called "CT number". 

 

To honor Hounsfield, CT numbers based on magnification constant of 1000 are called 

Hounsfield units (H.U.). 

 

Table 1: Attenuation coefficients and CT Numbers for Biological Tissues (AT 60 KeV) 

Tissue Attenuation Coefficient U(Em *) CT Numbers 

Bone 0.400 + 1000 

Blood 0.215 + 100 (approx) 

Brain matter 0.210 + 30 (approx) 

CSF 0.207 + 5 (approx) 

Water 0.203 0 

Fat 0.185 - 100 (approx) 

Air 0.0002 - 10000 

 

Image Display 

 A “CT image is usually displayed on a television monitor for immediate viewing and 

recorded on a film.” 

 Original EMI scanner used 80 x 80 matrixes but newer scan matrix has 512x512or 1024 x 

1024 sizes. 

 The basic shades of gray are256. 

 

Normal Axial CT 

“CT scans are reviewed from caudal to cephalic levels; the scans are obtained at 15º to 20º 

angulations to canthomeatal line. These scores are divided into posterior fossa cuts of 5 mm 

increments and supratentorial cuts of 3mm increments”
43,44,45,46.

 



 

1798 

 

 

Posterior Fossa Cuts: 

“Four slices from the foramen magnum to the suprasellar region are viewed.” 

 

Above the foramen magnum: 

“The cerebellar tonsil can be seen lateral to the medulla. In middle fossa, the foramen ovale 

and spinosum can be visualized if a wide window setting is used. The inferior portion of 

cisterna magna outlines the posterior aspect of the cerebella hemisphere.” 

 

Above the fourth ventricle level: 

“The superior cerebella surface is seen with separation of two hemispheres by the superior 

vermis. With contrast studies, the transverse sinuses can be seen joining together in the 

torcula. In the middle fossa, the temporal lobes are separated from the frontal lobe by the 

sylvian fissure. The temporal horn, seen as a comma shaped structure in the middle of 

temporal lobes is easily visualized in patients older than 50 years of age. The medial aspect of 

the temporal lobes bounds the suprasellar cistern and contains the internal carotid artery, the 

optic chiasm, the infundibulum, the mamillary bodies and top of basilarartery. In the anterior 

fossa, the most inferior part of the frontal lobe can be seen separated by inter hemispheric 

fissure.” 

 

Tentorial Level: 

“The V-shaped enhancement of the tentorial notch outlines the superior vermis and junction 

of the pons to the midbrain.” 

 

Supratentorial Cuts:  

Third Ventricular Level: 

“The most inferior aspects of the frontal lobes can be seen with part of the posterior inferior 

inter hemispheric fissure medial to them. The third ventricle (a midline structure) is seen as a 

slit like cavity. Generally, its transverse diameter should not exceed 5 mm. Superficially, the 

sylvian fissure can be seen extending medially to separate the frontal lobe from the temporal 

lobe. Medial to the medial aspect of the sylvian fissure, the insular cortex, external capsule, 

putamen and globus pallidus are visualized. Behind the third ventricle, part of brainstem 

including the quadrigeminal plates and cistern can be seen.” 
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Skullfractures
47,60

: 

The unique morphology of the skull modifies the brain injury in several ways. First, the 

characteristic structure of the skull, consisting of both an inner and an outer table of compact 

bone separated by a layer of cancellous bone, is optimally designed to protect against 

mechanical loading. 

 

Second, the skull can be considered a combination of both a hemisphere and a sphere, a 

configuration that is important for the pressure response at  impact. Third, the smoothness of 

the inner surface of the skull has an effect on the ultimate injury to the brain. The more 

irregular the inner table, the more likely the brain will be injured as it rubs over the 

roughened surface. 

Fourth, the thickness of the skull, like the thickness of the scalp, has a role in buffering the 

brain. Where the cranium is covered by scalp muscle, such as in the temporal region, the 

skull is typically thin. The skull is dense and thickened over exposed regions such as the 

parietal region. The orbital surface of the anterior cranial fossa is both thin and irregular. 

Therefore, concentration of stress in this area more easily causes deformation, fracture and 

injury to the cortical surface of the brain. 

 

Delayed Epidural Hematoma 

It is an unusual group where hematoma arises hours to days after injury. The reduction in the 

tamponade effect caused by the initial surgical intervention has been suggested as the cause 

of such delayed lesions. Sequential CT scanning in an acute period is useful for detection of 

delayed epidural hematomas. 

 

Treatment 

Surgical evacuation and follow up CT scan forms the basis of treatment. 

Posterior fossa lesions require prompt and rapid surgical decompression. 

 

2) Subdural Haematoma (SDH)
16,24,63 

Subdural hematoma is one of the commonest extra axial lesion seen in patients with acute 

cranio cerebral trauma
62

. These arise within the subdural space, a potential space between the 

dura and arachnoid membranes 
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Etiology of Sub dural Hematoma 

It occurs secondary to laceration of dura and it’s contained venous in uses. 

It may occur due to hemorrhage from the veins that bridge the subdural space between the 

cortex and the duralsinuses. 

 

Rarely, in severe injury, a parenchymal artery may rupture associated with contusion causing 

an arterial sub dural hematoma. 

 

Figure 1: Subdural Hematoma 

Subdural hematoma is almost always due to trauma, although the injury may be so slight that 

no history of trauma is obtained. Subdural hematoma is caused by linear and rotational 

acceleration. The hemorrhage which collects between the internal and external layers of the 

dura is called as "intradural hematoma". 

 

Traumatic Subarachnoid Hemorrhage and its Mimics
47

: 

Subarachnoid hemorrhage accompanies most cases of moderate to severe head trauma. On 

non enhanced CT scans, acute SAH appears as thin high density fluid collections within the 

superficial sulci and CSF cisterns. Pseudo subarachnoid hemorrhage is seen in cases of 

severe, diffuse cerebral edema when the brain becomes very low in attenuation, and dura and 

circulating blood in the cranial vasculature appear unusually hyperdense compared to 

adjacent structures. Posterior parafalcine or Interhemispheric subarachnoid hemorrhage can 

mimic the "empty delta sign" of superior sagittal sinus thrombosis and should not be 

mistaken for dural sinus obstruction. 
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INTRAAXIALLESIONS
47

: 

Diffuse axonalinjury: 

These injuries tend to be diffuse, bilateral and occur in very predictable locations. The 

characteristics of shearing injuries are microscopic axonal bulbs or "retraction balls". 

Disruption of penetrating blood vessels at the corticomedullary junction, corpus callosum and 

internal capsule, deep gray matter and upper brainstem produce numerous small hemorrhagic 

foci that may be the only gross pathologic markers of DAI. 

 

Location: DAI tends to occur in the following three very specific areas 

1. “Lobar white matter, particularly at the gray white matter interface.” 

2. “Corpus callosum” 

3. “Dorsolateral aspect of the upper brain stem.” 

 

Figure 2: Typical locations of diffuse axonal injury (DAI) 

 

If during a short interval several different responses occur, Teasdale and Jannet
74 

recommended that the best response in each category be used in noting patient’s reaction. 

“To follow trends in individual progress, however it is better to report both the best and the 

worst responses. Right and left motor responses should be recorded separately. In patients 

who obey commands motor response to single stage commands can be divisible into brisk 



 

1802 

 

and sluggish responses.” This distinction separates the patient who is quite lethargic but 

follows commands after much stimulation from the patient who is nearly alert and requires 

little prompting to respond to verbal commands. 

 

Methodology 

Source of Data 

“The present study was carried out in patients with head trauma, referred to Krishna hospital, 

Krishna institute of medical sciences, Karad, in the Department of Radio-diagnosis during a 

period from November 2017 To April 2019.” 

 

Sample Size 

“The study comprised a total of one hundred patients with head injury referred to Krishna 

hospital, Karad.”  

 

Inclusion Criteria 

1) “Patients of all age groups with head trauma.” 

2) “Head trauma that has occurred within 24 hours.” 

3) “Patients with head trauma treated as in-patients.” 

Exclusion Criteria 

1) “Cranial trauma during childbirth.” 

2) “Patients with non traumatic intracranial bleed.” 

 

Plan of Study 

“A complete clinical history of the patients was noted on proforma, which included, age sex, 

type of injury. The type of trauma was further classified into Road traffic accidents, Falls, 

Assaults, industrial accidents and miscellaneous. Follow up of Patients during their hospital 

stay was performed.” 

“After initial resuscitation, severity of the craniocerebral injury was graded” with the help of 

"Glasgow Coma Scale" (GCS). 

 

Eye opening 

“Spontaneous”    4 

“To sound”    3 

“To pain”    2 
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“Never”    1 

Verbal Response: 

“Oriented”          5 

“Confused Speech”   4 

“Inappropriate Words”  3 

“Incomprehensible sounds  2 

“Never “    1 

Motor response: 

“Obeys commands”   6 

“Localises pain”   5 

“Normal flexion (withdrawal)” 4 

“Abnormal flexion”   3 

“Extension”    2 

“Nil”     1 

 

Rating: 

Mild head injury .................................. GCS of 13-15 

Moderate head injury........................... GCS of 9-12 

     Severe head injury ............................... GCS of 8 

 

EQUIPMENTS 

The patients were scanned using Somatom emotion 16 slice. 

 Matrixsize-512 

 Slice thickness - 4.8mm, 2.4 mm 

 K.V-80tol30. 

 MAS -50 to270 

 

CT PROTOCOL 

“Patients were examined with CT scanner in the supine position. Proper immobilization and 

positioning of head was achieved in all patients.” 

 

“Unco-operative patients were sedated by giving I.V Diazepam (5-20 mg).  The Gantry tilt 

was given in the range of ± 0-20 degrees, so as to parallel the scan plane to the orbito-
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meatalline. Bone algorithms & wide window settings were studied to visualise the various 

craniocerebral changes.” 

 

Statistical Methods 

“Rates, ratios and percentages of different diagnosis and outcome made by Computed 

tomography will be computed and compiled with the help of SPSS (version 20) software. Chi 

square test will be used for comparison of CT findings of different variables and P value will 

be calculated.” 

 

Results 

“A total of hundred patients of sustained head trauma with positive findings on CT scan were 

included in the present study. Out of 100, 70 patients were male and 30 were female.” 

 

Table 2: Sex wise Distribution in head trauma 

Sex No. of Cases Percentage 

Male 70 70 

Females 30 30 

Total 100 100.00 

 

In the present study, “the peak incidence of head injury in males occurred in the age group of 

21-30 i.e. 21 patients. Incidence in males in other age groups being 9 patients in 0-10, 11 in 

11-20, 17 in 31-40, 5 in 41-50, 3 in 51-60 and 04in patients aged above 61 years of age.” 

 

“In females also the peak incidence occurred in 21-30 age group i.e. 8 patients. The other age 

groups being 04 in 0-10, 04 in 11-20, 04 in 31-40,02 in 41-50, 05 in 51-60 and 03 in patients 

above 61 years.” 

 

Table 3:  Incidence of the Types of Fractures as Bbserved on CT scan 

Type of Fracture No. of Cases Percentage 

Linear 42 64.6 

Depressed 15 23.1 

Skull Base 8 12.3 

Mixed 12 18.46 

Total 65 100.00 
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Table 4:  Incidence of Various Lesions as Observed on CT Scan 

Lesions Cases / Percentage 

“Contusions” 43 

“Cerebral Edema” 45 

“Midline Shift” 37 

“Subdural Hematoma” 39 

“Extradural Hematoma” 32 

“Intra Cerebral Hematoma” 21 

“Subarachnoid Hemorrhage”                                 20 

“Intraventricular Hemorrhage” 03 

“SDH+EDH” 15 

“SDH+Contusion” 20 

“SDH+Contusion+SAH” 16 

“Pneumocephalus” 12 

 

“In the present study contusions of brain were the commonest intracranial lesion noted in 

43% patients and fractures were the commonest of all lesions accounting for 65 %cases. 

Other lesions which were seen on CT scan are Cerebral  edema (45%), Midline shift (37%),  

Subdural hematoma (39%), Extradural hematoma (32%), Intracerebral  hematoma (21%), 

Subarachnoid hemorrhage (20%), Intraventricular  hemorrhage (3%) and pneumocephalus 

(12%) & fractures (65%). SDH+EDH accounted for 15 %, SDH+Contusion-20 %, 

SDH+Contusion+SAH-16%.” 

Table 5: Relationship between GCS values & positive CT findings 

 Total no of cases 
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<8  25 28 20 20 17 10 10 2 6 

9-12  10 10 10 11 10 7 6 1 4 

13-14  8 7 7 8 5 4 4 0 2 

 

According to the study, in patients with GCS values <8,positive CT findings were in much 

more compared to the patients with higher GCS values. 
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IMAGES 

  

 

Image 1: “Axial CT Section in 30 year old man with history of RTA showing Epidural 

hemorrhage along left temporal conexity with linear fracture (seen on bone window 

,also seen on 3D reconstruction,VRT image).” 
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Image 2: “Axial CT Section in 32 year old man with history of RTA showing SAH in 

bilateral frontoparietal sulcal spaces with Diffuse cerebral oedema” 

 

Image 3: Axial CT Section in 45 year old man with history of RTA showing 

Subarachnoid hemorrhage with intraventricular hemorrhage 
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Discussion  

Table 6: Comparative studies of Road Traffic Accidents 

Author Road Traffic Accident (%) 

“Igun GO” 72.00 

“Masih Saboori et al” 88.20 

“Zimmermann” 39.00 

“Present study” 68 

 

“Road traffic accidents were found to be the commonest mode of injury in the present study 

accounting for 68%. Zimmermann et al
61

also reported RTA as the major cause albeit at a 

lesser population (39%). Igun G O
79

in his study reported vehicular accidents as the major 

mode of head injury with an incidence  of 72% and Masih Saboori et al
75

 reported incidence 

of 88.2%. This increased incidence due to RTA can be attributed to the increased vehicular 

movement in cohesion with the population explosion.” 

 

Summary & Conclusions 

The study revealed the following results: 

 Incidence of head injury was more in male population. 

 Patient in the age group of 21-30 & 31-40 years formed the major bulk of thestudy. 

 Commonest mode of injury was found to be due to road traffic accidents. 

 Linear fractures formed the major bulk of skull fractures detected on CT. 

 Computed tomography could detect skull fractures that were missed on plain 

radiographs. 

 Patients with GCS score of <8 classified as severe head injury were more common. 

 Incidence of contusion was highest among the intracranial lesions observed. 

 Cerebral edema was the next common intracranial lesion observed. 

 Incidence of subdural hematoma was more as compared to other hemorrhages. 

 Extradural hematoma was associated with an overlying fracture in most of the cases. 

 Subdural hematoma with secondary cerebral oedema was the most common finding 

observed in patients who expired. 

 Patients with low GCS score of <8 had highest mortality. 

 

 

 

 



 

1809 

 

BIBLIOGRAPHY 

1. Yoshiro Toyama, Takayu Kobayashi, Yoshihiro Nishiyama, Katashi Satoh, Matoomi 

Ohkawa, and Keisuke Seki. CT for acute stage of closed head injury. Radiation 

Medicine, 2005; 23(5):309-316. 

2. Rabie JA, Otto S Roux AJ le. Is CT necessary in patients in with clinically suspected 

depressed skull fractures and No Neurological deficit. South African Journal of 

Radiology June-1 2010. Geo code 1CANA. Article type: clinicalreport. 

3. Besenski N. Traumatic injury. Eur Radiol 2002 Jun; 12(6): 1237-52. 

4. Kelly C. Bordignon, Walter Oleschko Arruda. CT scan findings in mild head trauma. 

A series of 2000 patients. Arq Neuropsiquiatr 2002; 60 (2-A):204-210. 

5. Maria Mogoseanu, Magda Pascut, Florin Birsasteanu, Sorin Motoi, Adrian Tutelca, 

Ana Maria Vesa, Cristian Socoliuc. Computed tomography (CT) Vs Magnetic 

resonance imaging (MRI) in Evaluation of head injuries. TMJ 2003, Vol. 53. No.3-4. 

6. Khilnani Praveen. IJCCM 2004; Vol. 8, Issue 2:85-92. 

7. CT of head trauma. Zee C S, GO JL. Dept of radiology, US, School of med, LA 

California 90033, USA. Neuroimaging Clin N. Am.1998 August; 8(3):525-539. 

8. Minor Head Injury: Guidelines for use of CT. Marion Smits et al. Vol. 245: Nov-3 

December 2007 (RSNA2007). 

9. Lee F Rogers. Helical CT: The Revolution in Imaging. Am J Roentgenol. 2003; 180: 

883. 

10. Udsteun GJ, Claar JM. Imaging of acute head injury in the adult. Seminar in 

Ultrasound CT MR, 2001; 22 (2):135-147. 

11. Riegor J, Linesenmaier U, Pfeifer M. Radiological diagnosis in acute craniocerebral 

trauma. Radiologe, 2002 ; 42 (7) :547-55. 

12. Gentry LR, Godersky JC, Thompson B, Dunn VD. Prospective comparative study of 

intermediate field MR and CT evaluation of closed head trauma. Am J Roentgenol. 

1988; 150:673-82. 

13. Ambrose J, Hounsfield G. Computerized transverse axial tomography. Abstracts of 

32nd Annual Congress of the British Institute of Radiology. Br J Radiol 1973 ; 46 

(542):148-149. 

14. New PF, Scott WR, Schnur JA, Davis KR, Taveras JM. Computerized axial 

tomography with EMI scanner. Radiology 1974 ; 110(1) : 109-123. 



 

1810 

 

15. Baker HL, Campbell JK, Houser OW, Reese DF, Sheddy Ph. Holman CB. Computer 

assisted tomography of the head. An early evaluation. Mayo Clin Proc 1974 ; 49 

(1):17-27. 

16. Baker H.L. The impact of computed tomography on neuroradiologic practice. 

Radiology 1975 ,116(3):637-640. 

17. Evans RG. New frontier for Radiology. Computed Tomography. 40th Annual Preston 

M. Hickney Memorial Lecture. Am J Roentgenol 1976; 126(6):1117-1129. 

18. Villasante JMD, Taveras JM. Computerized Tomography (CT) in acute head trauma. 

AJR Am J Roentgenol 1976 ; 126 (4):765-778. 

19. Ambrose J, Gooding CA. EMI Scanner in Head Injury. Lancer 1976; 1 (7964) :847-

848. 

20. Marion DW, Darby J, Yonas H. Acute regional cerebral blood flow changes caused by 

severe head injury. J Neurosurg. 1991 ; 74 (3) : 407-414. 

21. Cordobes F, Lobato RD. Rivas JJ, Munoz MJ, Chiilon D, PortilloJM. Lamas E. 

Observations on 82 patients with extradural haematoma. Comparison of results before 

and after the advent of computerized tomography.J Neurosurg 1981 ; 54 (2): 179-186. 

22. Zimmerman RA, Bilaniuk LT. Computed tomographic staging of traumatic epidural 

bleeding. Radiology 1982 ; 144 (4):809-812. 

23. Amendola MA, Ostrum BJ. Diagnosis of isodense subdural haematomas by computed 

tomography. Am J Roentgenol 1977 ; 129 (4) : 693- 697. 

24. Scotti G, Terberugge K, Melancon D, Belanger G. Evaluation of the age of subdural 

haematomas by computerized tomography. J Neurosurg 1977 ; 47 (3) :311-315. 

25. Dublin AB, French B.N., Rennick J.M. Computed Tomography in head trauma. 

Radiology 122: 365-369, February1977. 

26. Galbraith S.. Teasdale G. Predicting the need for operation in the patient with an occult 

traumatic intracranial hematoma. J. Neurosourg 55: 75-81,1981. 

27. Hayman LA, Evans RA, Hinck VC. Rapid high dose contrast computed tomography of 

isodense subdural haematoma and cerebral swelling. Radiology 1979 ; 131 (2): 381-

383. 

28. Miller A, Ericson K. CT'of isoattenauting subdural haematomas. Radiology 

1979 ; 130(1): 149-152. 

29. Markwalder TM. Chronic subdural haematomas : A review. JNeurosurg 1981 ; 54 (5): 

637-645. 



 

1811 

 

30. Smith WP, Batnitzky S., Rengachary SS. Acute isodense subdural haematomas : A 

problem in anemic patients. Am J  Roentgenol1981 ; 136(3) :543-546. 

31. Barmier E, Dubowitz B. Gray white matter interface displacement:a new sign in the 

CT diagnosis of subtle subdural haematomas. Clin Radiol 1981; 32 (4): 393-396. 

32. Reed D, Robertson WD, Graeb DA, Lapointe JS, Nugent RA, Woodhurst WB. Acute 

subdural haematomas : A typical CT findings. Am J Neuroradiol 1986 ; 7 (3) :417-

421. 

33. Baratham G, Dennyson WG. Delayed traumatic  intracerebral haemorrhage. J 

Neurosurg Psychiatry 1972 ; 35 (5):698-706. 

34. Upper MH, Kishore PR, Girevendulis AK, Miller JD, Bcker DP. Delayed intracranial 

haematoma in patients with severe head injury. Radiology 1979 ; 133 (3 Pt 1):645-649 

35. Diaz FG, Yock DH, Larson D, Rockswoid GL. Early diagnosis  ofdelayed 

posttraumatic intracerebral haematomas. J Neurosurg1979 ; 50 (2) : 217-223. 

36. Levi L, Guilburd JN, Lemberger A, Soustiel JF, Feinsod M. Diffuse Axonal Injury : 

Analysis of 100 patients with Radiological signs. Neurosurgery 1990 ; 27 (3) :429-432. 

37. Kido DK, Cox C, Hamill RW, Rothenberg BM, Woolf PD. Traumatic Brain Injuries : 

Predictive Usefulness of CT. Radiology 1992 ; 182 (3):777-781. 

38. Zimmerman RA, Bilaniuk LT, Hackney DB, Goldberg Hi, Grossman Rl. Head injury : 

Early results of comparing Ct and high field MR. Am J Neuroradiology 1986 ; 147(6) 

:1215-1222. 

39. Gentry LR, Godersky JC, Thompson B, Dunn VD. Prospective comparative study of 

intermediate field MR and CT evaluation of closed head trauma. Am J Roentgenol. 

1988; 150:673-82. 

40. van der Naalt J, Hew JM, van Zomeran H, Sluter WJ, Minderhoud JM. CT 

andMRIinmildtomoderateheadinjury:Earlyandlateimaging related to outcome. Ann 

Neurol 1999 ; 46 (1): 70-78. 

41. National Institute for Clinical Excellence (NICE).Head injury: triage, assessment, 

investigation and early management of head injury in infants, children and adults. 

London (UK); 2003 Jun. 248 p. [373 references]. 

42. Susan Mayor. NICE recommends greater use of CT imaging for head injuries. Br Med 

Journal. 2003 (28 June);326:1414. 

43. Suzanne Laughlin, Walter Montanera, When is CT more appropriate than MRI? 

Postgraduate Medicine. 1998; 104(5). 



 

1812 

 

44. Reed MJ, Browning JG, Wilkinson AG, Beattie T. Archives of disease in childhood: 

2005;859-864. 

45. Besenski N. Traumatic injuries: imaging of head injuries. Eur Radiol. 2002 

Jun;12(6):1237-52. 

46. Curry TS, Christensen's.  Physics of Diagnostic Radiology:  Computed Tomography. 

Philadelphia: Lea and Febiger;1990. 

47. Fishmar ED, Jeffrey RB. Basic principles of spiral CT: Spiral CT Principles, 

Techniques and Clinical Application. New York: Raven Press;1995. 

48. Reuben AD, Wattsmith SR, Dobson D, Golding SJ. A comparative study of evaluating 

of radiographs, CT and 3D reformatted CT infacialtrauma:  What is the role of 3D. Br 

J Radiol. 2005; 78:198-201. 

49. Theory ofspiral CT. Marconi Medical Systems. 1994 

50. Arenson JS, Levinson R, Freundlich D: Dual slice scanner. U.S. patent no 5 

228069.1993. 

51.GossC:Gray’sanatomy.29thedition.Philadelphia.LeaandFebiger,1973. 

52. Hanaway J, Scott W, Strother C: Atlas of the human brain and the orbitfor computed 

tomography. St. Louis, Warren Green, 1997. 

53. Masdeu JC, Grossman BC: Head and spine imaging. New York, John Wileyand 

Sons,1985. 

54. Matsui T, Hirano A: Atlas of the human brain for computed tomography. New York, 

Igaku-Shoin,1978. 

55. Osborn AG. "Craniocerebral trauma". In Diagnostic Neuroradiology; USA: Mosby 

Year Book, 1994 :199-246. 

56. Povlishock JT. Pathobiology of traumatically induced axonal injury in animal and 

man. Ann Emerg Med 1993 ; 22 (6):980-986. 

57. Povlishock JT. Traumatically induced axonal injury Pathogenesis and pathobiological 

implications. Brain Pathology 1992 ; 2 (1):1-12. 

58. Chestnut RM. Management of severe traumatic brain injury. Emerg Med Clin North 

Am 1997 ; 15 (3):581-640. 

59. Jenkins LW, Moszynski K, Lyeth BG, Leyth BG, Lewelt  W,  De  Witi  DS et al. 

Increased vulnerability of the mildly traumatized rat brain to cerebral ischaemia: The 

use of controlled secondary Ischaemia as a research tool to identify common or 

different mechanisms contributing to mechanical and ischaemic brain injury. Brain Res 

1989: 477(1-2) :211-224. 



 

1813 

 

60. Bouma GJ, Muizelaar JP, Choi SC, Newlon PG, Young HF. Cerebral circulation and 

metabolism after severe traumatic injury. The elusive role of ischaemia. J Neurosurg 

1991 ; 75 (5):685-693. 

61. Bouma GT, Stringer WA, Muizelaar JP, Stringer WA, Choi SC, Fatouros P, Young 

HF. Ultra-early evaluation of cerebral blood flow in severely head injured patient using 

xenon-enhanced computerized tomography. J Neurosurg 1992 ; 77 (3):360-368. 

62. CliftonGL,GrossmanRG,MakelaME,MinerME,HandelS,SadhuV. Neurological course 

and correlated computerized tomography findings after severe closed head injury. J 

Neurosurg 198 ;52 (5): 611-624. 

63. Hall ED. Lipid antioxidants in acute CAB injury. Ann Emerg Med 1993; 22 (6):1022-

1027. 

64. Hall ED. The role of oxygen radicals in traumatic injury: Clinical implications. J 

Emerg Med 1993 ; 11 (Suppl 1):31-36. 

65. Marzatico F, Cafe C. Oxygen radicals and other toxic oxygen metabolites as key 

mediators of the central nervous system tissue injury. Fund. Neurol 1993 ; 8 (1):51-66. 

66. Palmer AM, Marion DW, Botscheller ML, Bowen DM, De Kosky ST. Increased 

neurotransmitter aminoacid concentration in human ventricular CSF after brain 

trauma. Neuroradiology 1994 ; 6 (1) : 153-156. 

67. Ruff RJ, Osborn AG, Hamsberger HR, Kubal WS. Extracranial soft tissues in cranial 

computed tomography. Invest. Radiol. 1985; 0:374-80. 

68. Gean AD. "Skull and scalp trauma". In Imaging of head trauma, New York, Raven 

Press, 1994 :27-74. 

69. Zimmerman RA, Bilaniuk LT, Genneralli T, Bruce D, Dolinskas C,Uzzell 

B. Cranial CT. in the diagnosis and management of acute head trauma.Am J 

Roentgenol.1978; 131:27-34. 

70. Kalsbeek WD, McLaurin RL, Harris BSH, Miller JD. The national head and spinal 

cord injury survey: Major findings. J Neuro. Surg. 1980; 53:519-31. 

71. New PF, Aronow S. Attenuation measurements of whole blood and blood fractions in 

computed tomography. Radiology 1976 ; 121 (3 Pt.1) : 635-640. 

 72. French AN, Limitations and pitfalls of computed tomography in the evaluation of 

craniocerebral injury. Surg. Neurol. 1978; 10:395-401. 

73. Lanksch. W, Gramme TH. C.T. in head injuries: Radiology of skull and brain. Berlin: 

C.V. Mosby Company;1979. 



 

1814 

 

74. Zimmerman RA, Bilaniuk LT,Gennarelli T. Computed tomography of shearing 

injuries of cerebral white matter. Radiology. 1978; 127: 393- 6. 

75. Fisher CM. Acute brain herniations: A revised concept. Semin.  Neurol. 1984; 4: 417-

21. 

76. Stovring J, Fernando LT. Wallerian degeneration of the corticospinal tract region of 

the brain stem: Demonstration by computed tomography. Radiology. 1983;149:717-20. 

77. LewinW.Cerebrospinalfluidrhinorrheainnonmissileheadinjuries.Clin. Neurosurg. 1966; 

12:237-52. 

78. Dichino G. Ommaya AK, Ashburn WL, Briner WH.  Isotope cisternography in the 

diagnosis and follow-up of cerebro spinal fluid rhinorrhea. J. Neuro. Surg. 1968; 

28:522-9. 

79. Rothfus WE, Deeb ZL, Daffner RH, Prostko ER. Head hanging CT; An alternative 

method for evaluating traumatic CSF rhinorrhea. A. J. N.R. 1987; 8:155-6. 

80. Lende RA, Erickson TC. Growing fracture of childhood. J. Neuro Surgery. 

1961;15:56-62. 

81. Cabral DA, Flodmark O, Farell K: Prospective study o computed tomography in acute 

bacterial meningitis. J Pediatr III: 201-205, 1987. 

82. Teasdale, Janet B. Assessment of coma and impaired consciousness scale. Lancet. 

1974; 2:81-4. 

 83. Masih Saboori, Jalal Ahmadi, Zahra Farajzadegan. Indications for brain CT scan in 

patients with minor head injury. Clinical Neurology and Neurosurgery. Volume 109, 

Issue 5, June 2007, Pages399-405 

84. James F. Holmes, Gregory W. Hendey, Jennifer A. Oman, Valerie C. Norton, Gerald 

Lazarenko, Steven E. Ross, Jerome R. Hoffman, William R. Mower. Epidemiology of 

blunt head injury victims undergoing ED cranial computed tomographic scanning. The 

American Journal of Emergency Medicine. Volume 24, Issue 2, March 2006, Pages 

167-173. 

85. Ogunseyinde AO, Obajimi MO, Ogundare SM. Radiological evaluation of head 

trauma by computer tomography in Ibadan, Nigeria. West Ar  J Med, 1999Jan-

Mar;18(1):33-8. 

86. Fary Khan, Ian J Baguley, Ian D Cameron. Rehabilitation after traumatic head injury: 

MJA. 2003; 178 (6):290-293. 

87. Igun GO. Predictive indices in traumatic intracranial haematomas. East African 

Medical Journal. 2000 Jan; 77(1):9-12. 



 

1815 

 

88. Prof David A Lloyd, Helen Carty, Mal Patterson, Clifford K Butcher and David Roe. 

Predictive value of skull radiography for intracranial injury in children with blunt head 

injury. Volume 349, Issue 9055, 22 March 1997, Pages821-824. 

89. Dr ProfIan G Stiell, George A Wells, Katherine Vandemheen, Catherine Clement, 

Howard Lesiuk, Andreas Laupacis, et al. The Canadian CT Head Rule for patients 

with minor head injury. Volume 357, Issue 9266, 5 May 2001, Pages 1391-1396. 

90. LeRoux PD, Haglund MM, Newell DW: Intraventricular hemorrhage in blunt 

headtrauma;ananalysisof43cases,Neurosurg,31:678-685,1992. 

91. Lee JP, Lui TN, Change CN: Acute post-traumatic intraventricular hemorrhage; 

analysis of 25 patients with emphasis on final outcome, ActaNeurol84:89-90,1991  

.92. Cooper PR. Head Injury: Post traumatic intracranial mass lesions. 2ndEd. Baltimore 

MD: Williams and Wilkins;1987. 

93. Bricolo AP, Pasut LM: Extradural hematoma; toward zero mortality, Neurosurg 1984; 

14:8-12. 

94. Smith HK, Miller JD: The danger o an ultra early computed tomographic scan in a 

patient with an evolving acute epidural hematoma. Neurosurg 1991; 29:258-260. 

95. Gordon    Stuart,    John     D.     N.     Yelland,     Glenda     Balderson 3000 head 

injuries: a prospective study of patients admitted to Brisbane neurosurgical units. 

Journal of Clinical Neuroscience. October 1998; 5(4):402-405. 

96. Phoebe SY Cheung, Jenny M.Y.Lam, Janice H.H.Yeung, Colin  A.Graham, Timothy 

H. Rainer. Outcome of traumatic extradural hematoma in hong kong. Injury: vol 38, 

issue 1, 76-80 (Jan2007). 

97. J. T. Liu, Y. S. Tyan, Y.K. Lee, J. T. Wang. Emergency management  of epidural 

haematoma through burr hole evacuation and drainage. A preliminary report: Acta 

Neurochirurgica. Volume 148, Number 3/ March,2006. 

 

 

 

 

 


