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ABSTRACT 

Background:  A sudden trauma that damages cerebral parenchyma is known as traumatic brain injury (TBI). TBI 

can happen when the head strikes something hard and fast or when something pierces cranial bones and gets 

into the brain is the most prevalent cause of death after trauma in middle-income countries. The objective of 

the study was to evaluate the frequency and findings of traumatic brain injury on computed tomography in 

Tertiary Care Teaching Hospital, Mardan Medical Complex. 

Materials & Methods:  A prospective cross-sectional study from March 2023 to February 2024 was done in 

Mardan Medical Complex (MMC), Mardan. Non-probability convenience sampling technique was used with a 

sample size of 680. Data collection was done from the Radiology and Emergency departments with consent 

taken. Data descriptive statistical analysis was done through SPSS version 22. 

Results:  A total of 680 patients were scanned including 471(69.26%) males and 209(30.74%) females. The 

frequency (389) (57.20%) of traumatic brain injury was high in age group 1-19 and least (60) (8.82%) in age 

group >60. CT brain scan findings revealed 397(58.39%) normal and 283(41.62%) abnormal patients. In 

abnormal patients, the most common findings on CT were intra-axial hemorrhage 117(41.36%). The most 

common mode of injury was RTA 326(47.94%) followed by HOF 212(31.18%). 

Conclusion:  The study showed that in traumatic brain injury, the majority of the subjects were male as 

compared to female and the most common mode of injury was road traffic accidents followed by falls from 

height. The findings of intra-axial hemorrhage were the highest in all traumatic brain injuries. 

Keywords:  Computed Tomography, Traumatic Brain Injury, Road Traffic Accident (RTA), Fall from Height (FH), 

Fire Arm Injury. 
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INTRODUCTION 

A sudden trauma that damages cerebral 

parenchyma is known as traumatic brain injury 

(TBI), which is one kind of acquired brain injury. 

Traumatic brain injury (TBI) can happen when the 

head strikes something hard and fast or when 

something pierces cranial bones and gets into the 

brain.1 The most prevalent cause of death after 

trauma in middle-income countries.2 The number 

of accidents and traumatic brain injuries (TBI) has 

greatly increased in developing nations as a result 

of huge vehicle traffic. According to World Health 

Organization estimations, vehicle accidents will be 

at the number 3 rank for injuries soon. Traffic 

safety rules implication and prevention initiatives 

have greatly decreased the number of instances of 

traumatic brain injury resulting from accidents 

while driving in developed nations. However, there 

is an increase in the rate of traumatic brain injury 

as a result of falls from height, which is causing an 

upsurge in the median age of traumatic brain 

injury patients.3,4 Damage to the cranium and brain 

of any sort is considered to be a head injury. Head 

injuries are majorly classified into two groups. One 

is closed injuries and the other group contains 

those injuries to the brain which are penetrative.2 

Numerous things, including attacks, falls from 

great heights, car collisions, and striking by 

vehicles while crossing the road can result in close 

injuries. Sharp items and weapon pellets/bullets 

are two of the primary culprits of penetrating one.5 

Traumatic brain injuries (TBI) are closely associated 

with frequent head trauma (RTA) in teenagers and 

falls from height among kids.6,7 Men are more 

exposed to traumatic brain injuries because they 

are usually involved in outside activities like 

working and driving.8 The results of earlier studies 

revealed that generalized cerebral edema and 

swelling (63.34%), subdural hemorrhage (SDH) 

(19.38%), cranial fractures (62.04%), subarachnoid 

hemorrhage (SAH) (28.78%), epidural hemorrhage 

(EDH) (30.35%), and pneumocephalus (12.05%).9 

The patients having traumatic brain injury may 

have symptoms of LOC, persistent headache, 

vomiting, convulsions, dilatation of the pupils of 

eyes, seizures, amnesia, and loss of  short-term 

memory.10,11 

 In the past, the modality of choice for skull 

imaging was plain radiography because of the not 

developed radiologic techniques but now axial 

(cross-sectional) imaging is the best choice for 

diagnosing and management of traumatic brain 

injury.2,12 Computed tomography has now 

replaced plain X-ray radiography.13 The sensitivity 

of CT is high and it has a high acquisition rate, cost-

effective, and accessible as compared to magnetic 

resonance imaging.14 

 Computed tomography imaging is crucial in 

diagnosing and managing traumatic brain injury,15 

especially its role in those patients who require 

prompt surgical attention.16 This study aimed to 

find out the frequency of traumatic brain injuries in 

different age groups, CT scan findings, and mode 

of injury. 

 
MATERIALS AND METHODS 

Study Design, Duration, and Setting 

This study was a prospective cross-sectional study 

from March 2023 to February 2024 which was 

done in Mardan Medical Complex (MMC), Mardan. 

 

Sampling Technique and Sample Size 

Non-probability convenience sampling technique 

was used with a sample size of 680. The sample 

size was duration-based. 

 

Ethical Approval 

Ethical   approval   was   taken   from   the   Hospital 
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 Ethical Committee with Reference No. 362/BKMC 

dated 27/02/2023, along with consent from each 

participant involved in this study. 

 

Data Collection Procedure 

Data collection was done from the Radiology and 

Emergency departments. Patients with traumatic 

brain injury due to; road traffic accidents, falls from 

height, firearm injury, physical assault patients who 

died before CT Brain/Head scanning, patients 

having congenital abnormalities of the brain, and 

brain injury due to stroke. The data was recorded 

from the patient or a relative of the patient in the 

case of an unconscious patient through a pre-

designed questionnaire. 

 

Imaging Procedure and Reporting 

Each patient was scanned for axial imaging of the 

brain through Aquilion CT Scanner 64 Slice from 

the base of the skull to the vertex with a 3mm slice 

thickness and having 3mm slice interval with both 

soft tissue and bone window scanning. No contrast 

administration was given to avoid any other 

damage to cerebral parenchyma and masking of 

hyperdensities. The raw data volume was 

reconstructed in multiple planes like coronal, 

sagittal, and oblique through multi-planar 

reconstruction (MPR). CT scanner was quality 

assured before this study. After scan completion, 

the same technique/protocol was used for each 

patient, and data were acquired. Radiologists 

reported the scans after their completion and the 

CT scan abnormal findings data was acquired from 

the reports. 

 

Statistical Analysis 

Data analysis was performed through SPSS version 

22. Frequency and Percentage were calculated for 

categorical variables. All final results were 

presented in text, tabular, and graphical forms. The 

P-value was calculated for categorical data after 

applying Chi-square statistical tests. A P-value less 

than 0.05 was considered significant. 

 
RESULTS 

Age and Gender-wise Distribution 

There were 680 patients scanned and reported. All 

patients were categorized gender-wise into males 

having a frequency of 471(69.26%) and females 

having a frequency of 209 (30.74%). Patients were 

also categorized into age-wise groups. The study 

showed 389 (57.20%) patients from the age group 

1-19 years and merely a small portion 60 (8.82%) 

belonging to the age group >60. The p-value was 

calculated at 0.251 (Table 1). 

 

Computed Tomography Findings 

The findings of computed tomography scanning of 

the head showed normal findings in 397(58.39%) 

patients and abnormal findings in 283(41.62%) 

with p-value 0.251. Among abnormal findings 

69(24.45%) patients had extra-axial hemorrhage in 

which   there   was   19(27.54%)   patients   of   EDH,

 
Table 1:  Age and gender distribution. 

Parameters 
Gender of Patient Total 

% (n) 

P-

value Male Female 

Age of 

Patient 

in Years 

1-19 286 103 57.2 (389) 

0.251 

20-39 103 58 23.7 (161) 

40-59 44 26 10.3 (70) 

>60 38 22 8.8 (60) 

Total 69.3% (471) 30.7% (209) 680 

 

35(50.72%) of SDH, 16(23.19%) of 

SAH. Intra-axial hemorrhages were 

noted in 117(41.36%) patients of 

which there were 34(29.10%) patients 

with contusions and 83(70.94%) of 

hematomas. Skull fractures were 

noted in 46(16.25%) patients, 

intraventricular bleeding was noted in 

9(3.18%), inflammatory changes were 

noted      in      7(2.47%),      generalized
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Table 2:  Comparison of Age with CT Brain Findings and Mode of Injury. 

Parameter Detail 
Age Groups 

P-Value 
1-19 Years 20-39 Years 40-59 Years >60 Years 

CT Brain 
Normal 221 90 47 39 

0.251 
Abnormal 168 71 23 21 

Mode of Injury 

RTA 199 66 33 28 

0.666 
HOF 111 56 25 20 

FAI   67 33 11 11 

Physical Assault   12   6   1   1 
 

RTA: Road Traffic Accident; HOF: Fall from Height; FAI: Fire Arm Injury 

 
Table 3:  Comparison of Gender with CT brain Findings, Reporting, and Mode of Injury. 

Parameter Detail 
Gender 

P-Value 
Male Female 

CT Brain 
Normal 270 127 0.33 

Abnormal 201 82 

CT Brain 

Findings on 

Report 

Extra-axial Hemorrhage (EDH, SDH, SAH) 55 14 0.92 

Intra-axial Hemorrhage (Contusion, Hematoma) 75 42 

Skull Fracture 35 11 

Intraventricular Bleed 3 6 

Inflammatory Changes 4 3 

Generalized Edema 15 5 

Pneumocranium 12 3 

Mode of Injury 

RTA 216 110 0.025 

HOF 143 69 

FAI 98 24 

Physical Assault 14 6 

 
Table 4:  CT findings related to head injury. 

CT Findings Frequency Percentage (%) 

Normal 397 58.39 

Abnormal 283 41.62 

Extra-axial Hemorrhage 69 24.45 

EDH 19 27.54 

SDH 35 50.72 

SAH 16 23.19 

Intra-axial Hemorrhage 117 41.36 

Contusion 34 29.10 

Hematoma 83 70.94 

Skull Fractures 46 16.25 

Intraventricular Bleed 9 3.18 

Inflammatory Changes 7 2.47 

Generalized Edema 20 7.07 

Pneumocranium 15 5.30 

 
cerebral edema was noted in 20(7.07%) and 

pneumocranium was noted in 15(5.3%) patients. 

The p-value was calculated at 0.666 (Table 2, 3 & 

4). 

 

Table 5:  Mode of Injury of Patients. 

Mode of Injury Frequency Percentage (%) 

Road Traffic Accidents 

(RTA) 
326 47.99 

Fall from Height (HOF) 212 31.18 

Fire Arm Injury (FAI) 122 17.94 

Physical Assault   20 29.41 

 

Patient Classification According to 

Mode of Injury 

Patients were also classified according to mode of 

injury into 4 groups including RTA, HOF, FAI, and 

physical assault. Among total, 326(47.94%) 

patients    were    reported    with   traffic   accidents,
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Figure 1:  Showing (A) Road Traffic Accident (B) Fall from Height (C) Fire Arm Injury. 

 
history of fall was 212(31.18%), fire arm injuries 

were 122(17.94%) and physical assault were 

20(29.41%) (Table 5). 

 
DISCUSSION 

Our findings are consistent with earlier research 

indicating that traumatic brain injuries have been 

frequent in road traffic accidents for many years. 

According to research, 63% of vehicle accident 

patients reported brain trauma.17 However, 

another study found that teenagers account for 

59–69% of traumatic brain injuries.18 In line with 

the findings of the Akanji et al, report,19 They 

showed that 16.8% of traumatic brain injuries in 

their subjects were caused by falls; in our study, 

falls caused 31.18% of brain injuries and were the 

second most common cause of traumatic brain 

injury.19 

 Compared to females, male patients 

experienced greater brain injuries as a result of 

their more active work schedules.20 The percentage 

of male and female participants in our study were 

69.26% and 30.4% respectively, indicating a high 

male ratio as compared to female. The leading 

mode of injury was RTA followed by falls from 

height. Roughly one-third of all brain injury cases 

in America were caused by collisions on the road. 

Research conducted in Egypt and Nigeria revealed 

that the majority of cases included brain injuries 

brought on by car crashes.21,22 It can be compared 

to our study in which patients had traumatic brain 

injuries most frequently from road traffic accidents 

(47.94%), followed by falls (31.18%). CT findings 

noted in our study were showing normal findings 

(58.39%) and abnormal (41.62%). In abnormal 

there were extra-axial hemorrhage (24.45%) and 

intra-axial hemorrhage (41.45%). In extra-axial 

hemorrhage, there was epidural hemorrhage 

(27.54%), subdural hemorrhage (50.72%), and 

subarachnoid hemorrhage (23.19%). In intra-axial 

hemorrhage, there were contusions (29.10%) and 

hematomas (70.94%). Skull fracture (16.25%), 

intraventricular bleed (3.18%), inflammatory 

changes (2.47%), generalized edema (7.07%), and 

pneumocephalus (5.3%) were similar to some 

other studies.23,24 Most common spinal cord injury 

was observed due to a fall from height.25 

 
RECOMMENDATION AND 

LIMITATIONS 

Safety measures for road traffic should be strictly 

followed. For prompt and better diagnosing and 
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managing traumatic brain injury, health care, and 

traumatic centers must have computed 

tomography scanning machines installed in them. 

The limitations of this study were that the patients 

with traumatic brain injury were only diagnosed 

and further management of the patients was not 

assessed, moreover, the data was collected from a 

single teaching hospital in the region. 

 
CONCLUSION 

The study showed that in traumatic brain injury 

majority of the subjects were male as compared to 

female and the most common mode of injury was 

road traffic accident (RTA) followed by falls from 

height (HOF). It also showed that traumatic brain 

injuries were more common in teenagers. The 

findings of intra-axial hemorrhage were the 

highest in all traumatic brain injuries. 

 
ACKNOWLEDGEMENTS 

We would like to express our gratitude to Ali Khan 

for his assistance with data input as well as the staff 

of the Mardan Medical Complex's Radiology 

Department for their assistance in reporting CT 

brain images. 

 
References 

1. Kajoak S, Osman H, Ayad CE, Musa A, Yousef M, 

Faizo NL, Malik BA. Study of Traumatic Head Injuries 

Using Computed Tomography. International 

Journal of Biomedicine. 2021;11(1):82-6. 

http://dx.doi.org/10.21103/Article11(1)_OA14 

2.  Ahmad I, Raza Mh, Abdullah A, Saeed S. Intracranial 

CT Scan Findings in the Patients of Head Injury: An 

Early Experience at Dera Ghazi Khan Teaching 

Hospital. Pakistan Journal of Neurological Surgery. 

2020;24(3):248-52. 

 DOI: https://doi.org/10.36552/pjns.v24i3.468 

3.  Cusimano MD, Zanetti K, Sheridan C. Letters to the 

Editor: Severe traumatic brain injury. Journal of 

Neurosurgery. 2013;119(3):822-3. 

 DOI: https://doi.org/10.3171/2012.11.JNS121419 

4. Maas  AI,  Stocchetti  N,  Bullock  R.  Moderate  and 

severe traumatic brain injury in adults. The Lancet 

Neurology. 2008;7(8):728-41. 

 DOI: https://doi.org/10.1016/S1474-

4422(08)70164-9 

5. Yattoo GH, Tabish A. The profile of head injuries and 

traumatic brain injury deaths in Kashmir. Journal of 

trauma management & outcomes. 2008;2:1-9. 

 Doi: https://doi.org/10.1186/1752-2897-2-5 

6. Hans P, Mehrotra A, Kumar P, Agarwal M, Kumar L, 

Parakh P, Tyagi S. Role of Computerized 

Tomography as Prime Imaging Modality in the 

Evaluation of Traumatic Brain Injury. Int J AdvInteg 

Med Sci. 2017;2(1):17-23. Doi: 10.5005/jp-journals-

10050-10067 

7. Khatun MM, Akter MS, Parvin SS, Reza MT. 

Traumatic Brain Injury and Its Findings on 

Computed Tomography; A Tertiary Care Hospital 

Experience. Journal of Radiology and Clinical 

Imaging. 2023;6(2):123-6. 

 Doi: 10.26502/jrci.2809079 

8. Mehta RA, Bambhaniya AB. Profile of Fatal Head 

Injuries in and Around Jamnagar Region. Indian 

Journal of Forensic Medicine and Pathology. 

2018;11(3):187.  DOI: http://dx.doi.org/10.21088/ijf

mp.0974.3383.11318.7 

9. Gupta PK, Krishna A, Dwivedi AN, Gupta K, Madhu 

B, Gouri G, Shivani A. CT scan findings and 

outcomes of head injury patients: A cross sectional 

study. Journal of Pioneering Medical Sciences. 

2011;1(3):78. https://jpmsonline.com/article/jpms-

volume-1-issue-3-pages78-82-oa/ 

10. Sosin DM, Sniezek JE, Waxweiler RJ. Trends in death 

associated with traumatic brain injury, 1979 

through 1992: success and failure. Jama. 

1995;273(22):1778-80. 

Doi: 10.1001/jama.1995.03520460060036 

11. Kong MH, Jang SY, Kim JH, Kang DS, Song KY. The 

usefulness of brain magnetic resonance imaging 

with mild head injury and the negative findings of 

brain computed tomography. Journal of Korean 

Neurosurgical Society. 2013;54(2):100. 

 Doi: 10.3340/jkns.2013.54.2.100 

12. Merino-deVillasante J, Taveras JM. Computerized 

tomography (CT) in acute head trauma. American 

Journal of Roentgenology. 1976;126(4):765-78. 

https://doi.org/10.2214/ajr.126.4.765 

13. Lee B, Newberg A. Neuroimaging in traumatic brain 

imaging. NeuroRx. 2005;2(2):372-83. 

https://doi.org/10.36552/pjns.v24i3.468
https://doi.org/10.3171/2012.11.JNS121419
https://doi.org/10.3340/jkns.2013.54.2.100
https://doi.org/10.2214/ajr.126.4.765


Muhammad Rizwan, et al: Computed Tomography Findings of Traumatic Brain Injury and its Assessment in a Teaching 

 

  168        Pak. J. of Neurol. Surg. – 2024 – 28 (2): 162-169.        http//www.pakjns.org 
 

 https://doi.org/10.1602/neurorx.2.2.372 

14. Norlund A, Marké LÅ, af Geijerstam JL, Oredsson S, 

Britton M. Immediate computed tomography or 

admission for observation after mild head injury: 

cost comparison in randomised controlled trial. 

BMJ. 2006;333(7566):469. 

 Doi: https://doi.org/10.1136/bmj.38918.659120.4F 

15. Ashaleye CM, Famurewa OC, Komolafe EO, 

Komolafe MA, Amusa YB. The pattern of 

computerised tomographic findings in moderate 

and severe head injuries in Ile-Ife, Nigeria. West Afr 

J Radiol. 2005;12:8-13. 

 DOI: 10.4314/wajr.v12i1.34199 

16. Zimmerman RA, Bilaniuk LT, Gennarelli T, Bruce D, 

Dolinskas C, Uzzell B. Cranial computed 

tomography in diagnosis and management of acute 

head trauma. American Journal of Roentgenology. 

1978;131(1):27-34. DOI: 10.2214/ajr.131.1.27 

17. Bharti P, Nagar AM, Umesh T. Pattern of trauma in 

western Uttar Pradesh. Neurology India. 

1993;41:49-50. 

https://journals.lww.com/neur/abstract/1993/4101

0/epileptic_nystagmus_from_a_parietal_lesion.15.as

pxAdd DOI here  

18. Sano K, Nakamura N. [Head injury in children]. 

Nihon Ishikai Zasshi. 1967;57(3):477-87. Japanese. 

PMID: 6068892. PMID: 6068892. 

 https://pubmed.ncbi.nlm.nih.gov/6068892/ 

DOI Not Available 

19. Akanji OA, Akinola RA, Balogun BO, Akano AO, 

Atalabi OM, Akinkunmi MA, et al. Computerized 

tomography scan and head injury: The experience 

in a tertiary hospital in Nigeria. Acad J. 2015;6(1):1–

15. https://doi.org/10.5897/MPR.2014.0125 

20. Jeret JS, Mandell M, Anziska B, Lipitz M, Vilceus AP, 

Ware JA, Zesiewicz TA. Clinical predictors of 

abnormality disclosed by computed tomography 

after mild head trauma. Neurosurgery. 

1993;32(1):9-16. 

 DOI: 10.1227/00006123-199301000-00002 

21. 1. Critchley G, Memon A. Epidemiology of head 

injury. In: Whitfield PC, Thomas EO, Summers F, 

Whyte M, Hutchinson PJ, eds. Head Injury: A 

Multidisciplinary Approach. Cambridge University 

Press; 2009:1-11. 

 DOI: https://doi.org/10.1017/CBO9780511576515.

002 

22. Ogbeide E, Isara AR. Computed tomographic 

findings in elderly patients with head trauma in a 

Southern Nigerian tertiary hospital. International 

Journal of Medicine and Health Development. 

2014;19(1):36-53. 

https://www.ajol.info/index.php/jcm/article/view/1

28554 DOI Not Available 

23. Macpherson BC, MacPherson P, Jennett B. CT 

evidence of intracranial contusion and haematoma 

in relation to the presence, site and type of skull 

fracture. Clinical radiology. 1990;42(5):321-6. 

https://doi.org/10.1016/S0009-9260(05)82145-2 

24. Shiomi N, Echigo T, Hino A, Hashimoto N, Yamaki T. 

Criteria for CT and initial management of head 

injured infants: a review. Neurologia medico-

chirurgica. 2016;56(7):442-8. 

 https://doi.org/10.2176/nmc.ra.2015-0318 

25. Ullah Z, Bilal M, Khan NA, Shams H, Pathan A, Ullah 

I. Causes of Traumatic Spinal Cord Injury with 

Gender Distribution and Most Commonly Affected 

Age Group. National Journal of Life and Health 

Sciences. 2022;1(2):29-32. 

 DOI: https://doi.org/10.62746/njlhs.v1n2.40 

 

 

 

 

Additional Information 

Disclosures:  Authors report no conflict of interest. 

Ethical Review Board Approval:  The study conformed to the ethical review board requirements. 

Human Subjects:  Waiver of Consent was obtained from the ethical review board. 

Conflicts of Interest:  In compliance with the ICMJE uniform disclosure form, all authors declare the following: 

Financial Relationships:  All authors declare that they have no financial relationships at present or within the 

previous three years with any organizations that might have an interest in the submitted work. 

Funding:  None. 

https://doi.org/10.1602/neurorx.2.2.372
https://doi.org/10.1136/bmj.38918.659120.4F
https://doi.org/10.4314/wajr.v12i1.34199
https://doi.org/10.2214/ajr.131.1.27
https://doi.org/10.5897/MPR.2014.0125
https://doi.org/10.1227/00006123-199301000-00002
https://doi.org/10.1017/CBO9780511576515.002
https://doi.org/10.1017/CBO9780511576515.002
https://doi.org/10.1016/S0009-9260(05)82145-2
https://doi.org/10.2176/nmc.ra.2015-0318
https://doi.org/10.62746/njlhs.v1n2.40


Muhammad Rizwan, et al: Computed Tomography Findings of Traumatic Brain Injury and its Assessment in a Teaching 

 

http//www.pakjns.org         Pak. J. of Neurol. Surg. – 2024 – 28 (2): 162-169.        169   
 

Human Subjects:  Consent was obtained from all patients participated in this study. Pictures of CT scan images 

were added with the consent of the patient. 

Data Availability Statement:  or data sharing, interested researchers can contact the corresponding authors.  

 

 

 

AUTHORS CONTRIBUTIONS 
 

Sr.# Author’s Full Name Intellectual Contribution to Paper in Terms of: 

1. Ghazan Khan Study design and methodology, manuscript drafting and approval. 

2. Mewat Shah Paper writing, critical review, and manuscript approval. 

3. Khurram Saleem Data collection, analysis and manuscript approval. 

4. Yasmeen Syed Analysis of data and interpretation of results and manuscript approval. 

5. Shifa A. Khan Literature review and referencing and manuscript review and approval. 

6. Muhammad Rizwan Editing and quality insurance, drafting and manuscript approval. 

 

 

 


