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ABSTRACT

Background:Traumatic brain injury (TBI) is a leading cause of mortality worldwide,
particularly in low- and middle-income countries. Fatal head injuries are commonly associated
with road traffic accidents and result in significant medico-legal burden. Understanding the
pathological spectrum of fatal TBI is essential for prevention and forensic interpretation.

Objectives:To study the demographic profile, mechanisms of injury, and pathological patterns
of traumatic brain injuries in fatal head injury cases in a tertiary care hospital in North India.

Methods:A retrospective observational study was conducted on 46 medicolegal autopsy cases
of fatal head injury from February 2024 to September 2024. Data were collected from autopsy
records and medico-legal documents using a structured proforma. Variables included age, sex,
mechanism of injury, skull fractures, intracranial lesions, and survival duration. Statistical
analysis was performed using descriptive methods. A p-value <0.05 was considered significant
where applicable.

Results:Out of 46 cases, the majority were males (78.3%) and belonged to the 2140 years age
group (47.8%). Road traffic accidents were the most common cause of injury (60.9%). Skull
fractures were present in 69.6% of cases. Subdural hemorrhage was the most frequent
intracranial lesion (52.2%), followed by diffuse cerebral edema (43.5%) and subarachnoid
hemorrhage (39.1%). Most deaths (43.5%) occurred within 24 hours of injury, and 26.1% were
brought dead to the hospital.
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Conclusion:Fatal traumatic brain injuries predominantly affect young males, with road traffic
accidents being the leading cause. Subdural hemorrhage is the most common fatal intracranial
lesion. The study highlights the need for improved road safety measures and strengthened
trauma care systems to reduce preventable mortality.
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INTRODUCTION

Traumatic brain injury (TBI) is a leading cause of mortality and long-term disability
worldwide, contributing substantially to the global burden of disease across all age groups. It
is estimated that injuries, including head trauma, account for nearly 9% of global deaths, with
TBI being a major contributor, particularly in low- and middle-income countries where road
traffic incidents, violence, and falls are prevalent causes [1]. The World Health Organization
has identified road traffic injuries as one of the top causes of death among individuals aged 5—
29 years, with a significant proportion involving head injuries [2]. The increasing
mechanization of transport, rapid urbanization, and insufficient enforcement of safety
regulations have further amplified the incidence of traumatic head injuries globally.

In high-income countries, improvements in trauma systems and pre-hospital care have led to
better survival rates, whereas in developing regions, outcomes remain poor due to delayed
presentation and limited neurosurgical resources [3]. TBI encompasses a spectrum of injuries
ranging from mild concussions to severe diffuse axonal injury and intracranial hemorrhage,
with fatal outcomes often associated with severe primary brain injury or secondary
complications such as cerebral edema, herniation, and hypoxic insult [4].

In the Indian context, trauma is a major public health concern, with road traffic accidents
contributing significantly to injury-related mortality. India accounts for a substantial proportion
of global road traffic deaths, and head injuries are implicated in a large percentage of these
fatalities [5]. Studies from tertiary care centers in India have consistently shown that young
males are disproportionately affected, reflecting occupational exposure and higher risk
behaviors [6]. Furthermore, inadequate use of protective measures such as helmets and
seatbelts continues to exacerbate injury severity.

Postmortem studies of fatal head injury cases provide valuable insights into the pattern,
mechanism, and severity of brain injuries, which are essential for forensic interpretation,
medicolegal evaluation, and formulation of preventive strategies [7]. Common pathological
findings in fatal TBI include subdural hematoma, subarachnoid hemorrhage, cerebral
contusions, and diffuse axonal injury, often in combination, reflecting complex biomechanical
forces involved in trauma [8]. Despite the availability of clinical data on TBI, there remains a
relative paucity of detailed pathological characterization of fatal head injury cases in tertiary
care settings in North India, particularly correlating injury patterns with causative mechanisms.

Understanding the spectrum of traumatic brain injuries in fatal cases is crucial for improving
forensic documentation, guiding public health interventions, and strengthening trauma care
systems. However, regional variations in injury patterns, coupled with differences in
socioeconomic and infrastructural factors, necessitate localized studies to generate context-
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specific evidence [9]. Such data are essential for informing preventive policies, improving
emergency response systems, and reducing avoidable mortality.

Therefore, the present study aims to analyze the patterns and characteristics of traumatic brain
injuries in fatal head injury cases admitted to a tertiary care hospital in North India, with an
emphasis on demographic profile, mechanism of injury, and pathological findings.

METHODOLOGY

Study Design:This was a hospital-based retrospective observational study conducted on fatal
head injury cases. The design was chosen to systematically analyze postmortem findings and
associated epidemiological variables in deceased patients with traumatic brain injury.

Study Setting:The study was conducted in the Department of Forensic Medicine and
Toxicology of a tertiary care teaching hospital in North India. The hospital serves as a major
referral center for medico-legal autopsies from surrounding urban and rural regions.

Study Duration:February 2024 to September 2024.

Study Population: All medicolegal autopsy cases of fatal head injury brought to the mortuary
during the study period were included. A total of 46 cases fulfilling the inclusion criteria were
analyzed.

Inclusion Criteria
All confirmed autopsy cases of fatal head injury with demonstrable traumatic brain
injury
Cases with complete medico-legal records and autopsy findings available
Both sexes and all age groups

Exclusion Criteria
Decomposed bodies where intracranial findings could not be reliably interpreted
Cases with prior neurosurgical intervention altering primary injury pattern
Incomplete medico-legal documentation
Deaths due to non-traumatic brain lesions

Sample Size:A total of 46 cases were included using complete enumeration sampling during
the study period. All eligible autopsy cases of fatal head injury received within the defined
duration were included; therefore, no formal sample size formula calculation was applied.

Sampling Technique:Consecutive sampling technique was used, wherein all eligible cases of
fatal head injury during the study period were included until the sample size was achieved.

Data Collection Tools & Procedure:Data were collected from medico-legal autopsy records,
hospital case sheets, police inquest reports, and postmortem examination findings. A
predesigned and pretested proforma was used to record demographic details, mechanism of
injury, time interval between injury and death, and associated clinical history when available.
Detailed autopsy examination findings of the scalp, skull fractures, and intracranial lesions
were documented systematically. Particular attention was given to types of traumatic brain
injury such as contusions, subdural hemorrhage, subarachnoid hemorrhage, extradural
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hemorrhage, diffuse axonal injury, and cerebral edema. Findings were corroborated with
available radiological records when present.

Study Variables:Independent variables included age, sex, mechanism of injury (road traffic
accident, fall from height, assault, others), and survival interval. Dependent variables
included type and pattern of traumatic brain injury, presence of skull fractures, and associated
intracranial hemorrhages.

Statistical Analysis:Data were entered into Microsoft Excel and analyzed using appropriate
statistical software (SPSS version 22 or equivalent). Categorical variables were expressed as
frequencies and percentages. Continuous variables were summarized as mean tstandard
deviation. Associations between categorical variables were assessed using Chi-square test or
Fisher’s exact test where applicable. A p-value of <0.05 was considered statistically
significant.

Ethical Considerations:As the study involved autopsy-based retrospective data,
confidentiality of deceased individuals was strictly maintained. No personal identifiers were
disclosed. The study adhered to the principles of the Declaration of Helsinki. Since this was a
medico-legal autopsy-based study, formal written consent was not required; however, all
procedures were conducted as per institutional and legal guidelines governing postmortem
examinations.

RESULTS

A total of 46 fatal head injury cases were analyzed. The majority of victims belonged to the
2140 years age group (47.8%), followed by 41-60 years (26.1%). Males constituted a
significantly higher proportion (78.3%) compared to females (21.7%).(Table 1)

Table 1: Demographic profile of fatal head injury cases (n = 46)

Variable Category Frequency (n) Percentage (%)
<20 years 6 13.0
21-40 years 22 47.8
Age group
41-60 years 12 26.1
>60 years 6 13.0
Male 36 78.3
Sex
Female 10 21.7

Road traffic accidents were the most common mechanism of injury, accounting for 60.9% of
cases, followed by falls from height (21.7%) and assault (13.0%).(Table 2)
Table 2: Mechanism of injury in fatal head injury cases (n = 46)

Mechanism Frequency (n) Percentage (%)
Road traffic accidents 28 60.9
Fall from height 10 21.7
Assault 6 13.0
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‘Other causes ‘ 2 4.4

Skull fractures were present in 69.6% of cases, indicating significant blunt force trauma
involvement.(Table 3)

Table 3: Distribution of skull fractures (n = 46)

Skull fracture type Frequency (n) Percentage (%)
Present 32 69.6
Absent 14 30.4

Among intracranial lesions, subdural hemorrhage was the most frequently observed finding
(52.2%), followed by diffuse cerebral edema (43.5%) and subarachnoid hemorrhage (39.1%).
(Table 4)

Table 4: Types of intracranial hemorrhages observed (n = 46)

Intracranial lesion Frequency (n) Percentage (%)
Subdural hemorrhage 24 52.2
Subarachnoid hemorrhage 18 39.1
Extradural hemorrhage 10 21.7
Intracerebral hemorrhage 12 26.1
Diffuse cerebral edema 20 43.5

(Note: Multiple lesions coexisted in several cases)

Regarding survival duration, most cases (43.5%) died within 24 hours of injury, while only a
small proportion survived beyond 3 days (8.7%). A significant proportion (26.1%) were
brought dead to the hospital, indicating pre-hospital mortality in severe trauma cases(Table

5).

Table S: Survival interval after injury (n = 46)

Survival time | Frequency (n) | Percentage (%)
Brought dead 12 26.1
<24 hours 20 43.5
1-3 days 10 21.7
>3 days 4 8.7
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DISCUSSION

The present study analyzed 46 fatal head injury cases to evaluate demographic patterns,
mechanisms of injury, and neuropathological findings in a tertiary care hospital in North India.
The key findings indicate a predominance of young adult males, with road traffic accidents
being the most common cause of injury. Subdural hemorrhage emerged as the most frequent
intracranial lesion, and a majority of deaths occurred within 24 hours of injury. These findings
collectively highlight the severity of traumatic brain injury (TBI) patterns in fatal cases and
their strong association with high-energy blunt trauma.

The observed male predominance (78.3%) and higher involvement of the 2140 years age
group is consistent with global and national literature, which identifies young males as the most
vulnerable population due to increased exposure to vehicular movement, occupational hazards,
and risk-taking behaviors [1]. Similar demographic trends have been reported in multicentric
trauma studies, where economically productive age groups are disproportionately affected,
leading to significant societal and economic burden [2].

Road traffic accidents accounted for 60.9% of cases in the present study, reaffirming their role
as the leading cause of fatal head injuries in developing countries. This finding aligns with
global estimates indicating that road traffic injuries remain a major contributor to TBI-related
mortality, particularly in low- and middle-income regions where enforcement of safety
regulations is suboptimal [3]. Studies from India have also reported road traffic accidents as
the predominant mechanism, often linked with non-use of helmets and poor road infrastructure

[4].

Skull fractures were present in nearly 70% of cases, reflecting high-impact blunt force trauma.
However, absence of skull fracture in a substantial proportion of cases underscores the
possibility of fatal intracranial injury without external bony damage, a phenomenon well
documented in forensic literature [5]. This highlights the importance of meticulous intracranial
examination even in the absence of skull fractures during autopsy.

Among intracranial lesions, subdural hemorrhage was the most common finding. This is
consistent with biomechanical studies suggesting that bridging vein rupture due to
acceleration—deceleration forces is a frequent mechanism in fatal TBI [6]. Diffuse cerebral
edema and subarachnoid hemorrhage were also frequently observed, indicating severe primary
and secondary brain injury. The coexistence of multiple lesions in many cases suggests
complex injury mechanisms involving both focal and diffuse brain damage.

The majority of patients died within 24 hours of injury, emphasizing the critical nature of
primary brain injury in determining outcomes. Early mortality in TBI has been associated with
the severity of initial insult and limited window for effective intervention [7]. A notable
proportion of cases were brought dead, reflecting pre-hospital mortality and possible delays in
emergency response systems.

From a forensic perspective, understanding the pattern of injuries is crucial for reconstructing
the mechanism of trauma and assisting medicolegal investigations. From a public health
standpoint, the findings reinforce the urgent need for improved road safety measures,
enforcement of protective gear usage, and strengthening of trauma care systems.
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Strengths of the study include detailed autopsy-based evaluation and systematic
documentation of intracranial findings. However, limitations include the relatively small
sample size and single-center design, which may limit generalizability. Additionally, lack of
long-term clinical correlation restricts outcome analysis beyond mortality.

Overall, the study emphasizes that fatal head injuries predominantly affect young males
involved in road traffic accidents, with subdural hemorrhage being the most common lethal
intracranial lesion. Preventive strategies focusing on road safety enforcement and rapid trauma
response systems are essential to reduce mortality.

CONCLUSION

Traumatic brain injury remains a major cause of preventable mortality, particularly among
young adult males in the productive age group. The present study highlights that road traffic
accidents are the predominant mechanism of fatal head injuries, followed by falls and assaults.
Subdural hemorrhage was the most frequent intracranial lesion, often occurring in combination
with other brain injuries such as cerebral edema and subarachnoid hemorrhage, indicating
severe and complex trauma patterns.Most deaths occurred within 24 hours of injury, reflecting
the high lethality of primary brain injury and possible limitations in early emergency care and
trauma response systems. The findings emphasize the need for strict enforcement of road safety
regulations, including helmet and seatbelt use, along with strengthening pre-hospital care and
rapid neurotrauma management.

From a forensic perspective, detailed autopsy evaluation of intracranial injuries remains crucial
for accurate reconstruction of injury mechanisms and medicolegal interpretation. Overall,
targeted preventive strategies and improved trauma systems are essential to reduce the burden
of fatal traumatic brain injuries in this region.
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