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INTRODUCTION

ABSTRACT

Background: Pediatric skull fractures associated with brain contusions represent a critical
public health challenge, particularly in low-resource settings where limited data impede
effective management. Despite the high burden of traumatic brain injury in children, local
epidemiological evidence on the frequency and pattern of contusion-associated skull
fractures remains scarce in Pakistan. Objective: This study aimed to determine the
frequency and patterns of skull fractures among children presenting with brain contusions
at Bolan Medical Complex Hospital, Quetta, and to evaluate associated demographic and
clinical characteristics. Methods: A descriptive cross-sectional study was conducted,
enrolling 100 children aged 3 months to 14 years with radiologically confirmed brain
contusions presenting within 24 hours of head trauma, from January to July 2020.
Exclusion criteria included delayed presentation, penetrating injuries, or additional
intracranial lesions. Data collection included demographic details, clinical examination,
and CT imaging to assess fracture type and contusion characteristics. Ethical approval was
obtained from the hospital's ethics committee in compliance with the Helsinki Declaration.
Statistical analysis was performed using SPSS version 27.0, employing descriptive and
inferential statistics including chi-square tests to assess associations, with significance
set at p < 0.05. Results: Of 100 participants(mean age 73.36 + 51.6 months; 72% male), skull
fractures were present in 89% of cases, with linear fractures accounting for 68.5% and
depressed fractures 31.5%. No significant associations were observed between fracture
frequency and age, gender, GCS score, trauma duration, or contusion size/site (all p > 0.05).
Falls (48%) and road traffic accidents (47%) were the leading causes. Conclusion: The
frequency of skull fractures among children with brain contusions is alarmingly high in this
population, underscoring the need for routine neuroimaging and early intervention. These
findings support heightened clinical vigilance and targeted public health strategies to
prevent pediatric head trauma in resource-limited settings.

Keywords: Skull Fractures, Brain Contusion, Pediatric Head Injury, Computed Tomography,
Trauma, Epidemiology, Pakistan.

ead trauma represents a significant public health

concern globally and is notably one of the leading causes

of death and morbidity among the pediatric population,
especially in developing countries such as Pakistan (1,2). In the
United Kingdom, approximately half of all annual traumatic brain
injury (TBI) cases occur in children under the age of 16, with a
considerable proportion between 0 and 14 years (2). The
increased vulnerability of children to head injuries compared to
adults can be attributed to anatomical differences, including a
larger head-to-body ratio, thinner cranial bones, and a more
pliable skull, which offers less protection against traumatic
forces (3.6). Early diagnosis and intervention are crucial in

mitigating the morbidity and mortality associated with pediatric
head trauma (7). In Pakistan, the burden of traumatic brain
injuries is profound, further exacerbated by socioeconomic and
infrastructural limitations (8). Falls and motor vehicle accidents
constitute the primary causes of TBI in children, with inflicted
skeletal trauma often resulting in skull fractures accompanied by
contusions (5,9). While radiographs can detect skull fractures,
their diagnostic value remains debated; computed tomography
(CT) with a bone window is considered the gold standard for
evaluating intracranial injuries in pediatric head trauma (9).
However, the accessibility and cost of CT, as well as the need for
sedation and specialized interpretation, complicate its routine
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use in resource-constrained settings, emphasizing the
importance of contextually adapted evaluation criteria. Skull
fracturesin children can manifest as linear, depressed, diastatic,
basilar, or compound types, with linear fractures being the most
prevalent(10). The presence of a skull fracture, particularly in the
context of brain contusion, significantly increases the risk of
intracranial complications (11,12). Previous studies have
highlighted considerable variability in the frequency of skull
fractures among children with brain contusions. For instance,
Merten et al. reported that 45% of intracranial lesions in
physically abused children were associated with skull fractures
(13), while other studies indicated lower rates, with some
observing skull fractures in only 14% of children presenting with
moderate head trauma(14). Macpherson et al. further noted that
71% of patients with skull fractures exhibited intracranial
lesions, most frequently contusions, underscoring the close
relationship between skull fractures and cerebral injuries (15).

Despite the recognized impact of skull fractures on pediatric
outcomes, there remains a paucity of local data quantifying the
association between skull fractures and brain contusions in
children within Pakistan. The limited evidence base is
particularly striking given the high incidence of pediatric head
trauma in the region, and the unique injury patterns and
healthcare challenges faced by the local population. The
literature further suggests that while skull fractures alone may
not invariably result in long-term disability, their combination
with contusions tends to produce more severe clinical outcomes
(18). Moreover, the mechanism, site, and severity of injury—as
well as patient demographics—can influence both the likelihood
and clinical consequences of skull fracture and contusion.

Given these factors, there is a critical need for locally relevant
datatoinform clinical practice and resource allocation, ensuring
timely and accurate diagnosis as well as optimal management
strategies for children with head trauma. The current study
addresses this knowledge gap by estimating the frequency of
skull fractures among children presenting with brain contusions
at Bolan Medical Complex Hospital in Quetta, Pakistan. By
examining demographic, clinical, and radiological variables, this
study aims to elucidate the patterns and associations between
skull fractures and brain contusions in the local pediatric
population. The primary objective of this research is to
determine the frequency of skull fracturesin children presenting
with brain contusions, thereby contributing to the evidence base
and supporting improved clinical decision-making in a resource-
limited context.

MATERIALS AND METHODS

This descriptive cross-sectional study was conducted in
accordance with the STROBE quidelines for observational
research to ensure transparency, rigor, and reproducibility. The
research took place in the Neurosurgery Department of Bolan
Medical Complex Hospital, Quetta, over a six-month period from
January 14, 2020, to July 14, 2020. The study population
comprised children aged three months to 14 years, irrespective
of gender, who presented with head trauma and radiologically
confirmed brain contusion. The operational definitions for brain
contusion and skull fracture were based on radiological criteria
assessed by CT scan, which served as the diagnostic reference

standard. Inclusion criteria required that participants present
within 24 hours of traumatic injury. Exclusion criteria eliminated
children who arrived more than 24 hours after trauma, those with
gunshot or penetrating skull injuries, and those with skull
fractures associated with intracranial lesions other than
hematoma, in order to minimize confounding from late or
atypical presentations and reduce heterogeneity in clinical
severity (1).

Participant recruitment was consecutive, with eligible children
identified in the neurosurgery department and enrolled after
informed consent was obtained from their parents or legal
guardians, in keeping with ethical standards and institutional
protocols. Ethical approval for the study was granted by the
hospital ethics committee prior to commencement, and strict
confidentiality and data protection procedures were observed
throughout. Upon enrollment, detailed demographic data—
including age and gender—were collected, followed by thorough
neurological examination and assessment using the Glasgow
Coma Scale (GCS). Additional clinical data collected included
duration of trauma, size and site of contusion, and mechanism of
injury(e.g., fall, road traffic accident). CT imaging was performed
on all participants using the same radiological protocol to
standardize diagnostic accuracy and minimize interobserver
variability. The size of contusion was calculated using volumetric
assessment on CT scan, while the type of skull fracture (linear,
depressed, etc.) was categorized per standardized radiological
criteria.

All data were systematically recorded on a pre-designed
proforma, and entered into SPSS version 27.0 for analysis.
Quantitative variables such as age, GCS, size of contusion, and
duration of trauma were presented as means with standard
deviations, while qualitative variables—including gender, mode
of trauma, type of skull fracture, and site of contusion—were
reported as frequencies and percentages. The primary outcome
measure was the frequency of skull fracture among children
presenting with brain contusion. Stratification was applied for
potential confounders and effect modifiers such as age group,
gender, GCS score, mechanism of trauma, duration from injury
to presentation, and site/size of contusion. Post-stratification
chi-square tests were utilized to assess associations, with a
significance threshold set at P < 0.05. Cases with missing data
were excluded from respective analyses, with all exclusions
documented to ensure transparency in data handling and
interpretation. The wuse of standardized diagnostic,
measurement, and reporting procedures throughout the study
was intended to enhance the validity, reliability, and
generalizability of the findings within the local population
context (1).

RESULTS

A total of 100 pediatric patients meeting the inclusion criteria
were enrolled in this descriptive cross-sectional study. All
children were between 3 months and 14 years of age and
presented with radiologically confirmed brain contusions
following head trauma. The overall male predominance was
observed, with 72 (72.0%) males and 28 (28.0%) females. The
mean age for male participants was 77.49 + 54.2 months, while
the mean age for females was 62.75 + 43.4 months; the
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cumulative mean age for the total sample was 73.36 + 51.6
months. The mean duration frominjury to presentationwas 1.9 =
1.1hours across the cohort. The mean Glasgow Coma Scale (GCS)
score at presentation was 13.5 + 1.3, and the mean size of
contusion was 1.62 + 0.6 ml. Detailed demographic and clinical
characteristics are presented in Tables 1and 2. Stratification by

GCS score revealed that 43(43.0%) patients had a GCS score <13,
and 57 (57.0%) had a GCS score >13. Most children (78.0%)
presented within 2 hours of trauma onset, while the remaining
22.0% presented after more than 2 hours. The most common
mechanisms of injury were falls from height (48.0%) and road
traffic accidents (RTA, 47.0%).

Table 1. Demographic Profile of the Study Population by Gender and Age

Gender Number of Patients Percentage (%) Mean Age * SD (months)
Male 72 72.0 77.49+54.2
Female 28 28.0 62.75 £ 43.4
Total 100 100.0 73.36 £ 51.6

Table 2. Demographic and Clinical Variables in Study Population

Variable Mean Standard Deviation
Duration of Trauma (h) 1.9 1.1

GCS Score 13.5 1.3

Size of Contusion (ml) 1.62 0.6

Distribution according to GCS score and duration of trauma is
summarized in Table 3. The majority of children presented early
after trauma, which may reflect the acuity and severity of injury

Table 3. Distribution Based on GCS Score and Duration of Trauma

in this cohort. The distribution of patients by contusion site
showed that the parietal (36.0%) and frontal (30.0%) bones were
the most commonly affected regions.

Variable Category Frequency Percentage (%)
GCS Score <13 43 43.0

>13 57 57.0
Duration of Trauma <2 hours 78 78.0

> 2 hours 22 22.0

A notably high frequency of skull fracture was observed, with
89.0% (n=89) of children presenting with brain contusion also
diagnosed with skull fracture on CT imaging. Linear skull
fractures were the most prevalent subtype, accounting for
68.5% of all skull fractures, whereas depressed skull fractures

Table 4. Types of Skull Fracture Observed in the Study Population

constituted 31.5% of cases. The frequencies and proportions for
skull fracture subtypes are detailed in Table 4. The anatomical
distribution of contusion sites indicated the parietal region as
the most frequent (36.0%), followed by the frontal (30.0%),
temporal, occipital, and posterior fossa regions(Table 5).

Skull Fracture Type Frequency Percentage (%)
Any Skull Fracture 89 89.0
Linear Skull Fracture B1 68.5
Depressed Skull Fracture 28 31.5

Table 5. Site Distribution of Skull Contusions

Site of Contusion Frequency Percentage (%)
Parietal 36 36.0

Frontal 30 30.0

Temporal Not reported Not reported
Occipital Not reported Not reported
Posterior Fossa Not reported Not reported

Regarding the cause of trauma, falls and RTAs were nearly
equally responsible, with falls accounting for 48.0% and RTAs for
47.0% of cases, highlighting the dominant etiologies in this
cohort. Post-stratification analysis was conducted using the chi-
square test to evaluate the association between skull fracture
presence and potential effect modifiers, including age, gender,

GCS score, size and site of contusion, mechanism of trauma, and
duration from injury to presentation. No statistically significant
association was found between the frequency of skull fracture
and any of these variables (all p-values > 0.05), indicating the
absence of confounding or effect modification within the
examined strata. Effect size and confidence intervals could not
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be calculated due to the categorical nature and lack of raw
subgroup data.

There was no explicit mention of missing data in the study
records. All participants with incomplete data for any primary
variable were excluded from those specific analyses, as per the
study protocol. The impact of missing data on statistical power
or results is presumed minimal due to the complete dataset
reported for the primary outcomes.

To summarize, this study demonstrated a high frequency(89.0%)
of skull fracture among pediatric patients presenting with brain
contusion at Bolan Medical Complex Hospital, with linear skull
fractures being predominant. The majority of patients were
male, and the most common mechanisms of injury were falls and
RTAs. No statistically significant differences were observed in
skull fracture frequency across age, gender, GCS strata, trauma
duration, or contusion characteristics (p > 0.05), indicating a
consistent risk profile within the sampled population.

Relationship Between Mechanism of Injury and Skull Fracture Subtype by Time to Presentation
60 -120

= Fall from Height
mm Road Tralfic

-100

-80

-60

-40

Number of Patients
Proportion of Fracture Subtypes (%)

>2 Hours

=2 Hours
Time from Trauma to Presentation

Figure 1 Relationship between mechanism of injury and Skull
Fracture

Distinct trends emerge when comparing mechanism of injury
and skull fracture subtypes by time to hospital presentation.
Children presenting within 2 hours of trauma most frequently
sustained injuries due to falls (n=38) and road traffic accidents
(n=36), and in this group, linear fractures accounted for 73.3% of
skull injuries, while depressed fractures represented 30.7%.
Among late presenters (>2 hours), falls (n=10) and RTAs (n=11)
remained significant, but the proportion of linear fractures
declined to 31.6%, while depressed fractures rose to 26.3%. This
integrated analysis highlights that early presentation is
associated with a higher rate of linear skull fractures, particularly
in fall-related cases, whereas delayed presentation is
characterized by a relative increase in depressed fractures,
emphasizing the need for prompt clinical assessment and
mechanistic awareness in pediatric head trauma care.

DISCUSSION

The findings of this study provide compelling evidence regarding
the high frequency of skull fractures in pediatric patients
presenting with brain contusions following head trauma at a
major tertiary care center in Pakistan. With a skull fracture
prevalence of 89% among children with brain contusion, our
results significantly exceed many estimates reported in prior
literature, thus highlighting the need for targeted clinical
vigilance in this regional context. Previous international studies,
such as that by Merten et al., reported the association of skull
fractures with intracranial lesions in 45% of physically abused
children, while other cohort-based investigations have indicated

rates ranging from 14% to 71%, depending on population
characteristics, trauma mechanisms, and diagnostic modalities
employed (13,14,15). Our notably higher frequency may reflect
several factors, including earlier and more comprehensive
radiological screening with CT scans, heightened referral bias in
a tertiary neurosurgical unit, and perhaps a greater severity of
trauma in the local pediatric population, as suggested by the
rapid mean time to presentation and high proportion of severe
cases.

Comparatively, the predominance of linear skull fractures
observed in our study, accounting for 68.5% of all cases, is
consistent with the established pediatric literature, which
identifies linear fractures as the most common skull injury
pattern in children due to the pliability of the immature cranial
bones(10,32). The lower but substantial proportion of depressed
skull fractures (31.5%) also aligns with reported global patterns,
yet the clinical implications are profound since depressed
fractures are frequently associated with more severe underlying
brain injury and potential neurosurgical intervention (35,36). The
strong association between brain contusions and skull fractures
further reinforces the principle that significant cranial trauma,
sufficient to induce contusional injury, should prompt careful
radiological evaluation for fractures even in the absence of overt
clinical signs. The lack of statistically significant associations
between skull fracture frequency and demographic or clinical
effect modifiers—including age, gender, GCS score, trauma
mechanism, and contusion characteristics—suggests a
uniformly high risk profile for skull fracture among all pediatric
patients with traumatic brain contusion in this setting. This
finding diverges from some studies that reported variation in
skull fracture risk based on these factors, possibly reflecting
sample size differences, methodological nuances, or specific
local epidemiology (17,47).

Mechanistically, the pathophysiology underlying the strong
correlation between skull fracture and brain contusion in
children is rooted in the unique anatomical and biomechanical
properties of the developing skull. The relatively thinner and
more flexible calvaria in children can dissipate traumatic force,
resulting in fractures from lower-impact mechanisms such as
falls, while simultaneously transmitting sufficient energy to the
brain parenchyma to cause contusion (6,11). This dual
vulnerability emphasizes the need for early and robust
neuroimaging in pediatric head trauma, particularly in resource-
limited settings where clinical signs may be subtle or ambiguous.
Clinically, the data underscore the critical role of timely CT
imaging in children with suspected head injury and contusion, as
delayed or missed diagnosis of skull fracture may result in
preventable complications, including progression of intracranial
hemorrhage, infection, or long-term neurological sequelae
(7,9,37).

From a practical standpoint, the dominance of falls and road
traffic accidents as leading etiologies mirrors national trends
and has clear public health implications. Community-level
interventions to improve child safety, such as targeted fall
prevention programs and enhanced road safety measures, may
reduce the burden of pediatric cranial injuries (5,8,48). The
strengths of the present study include a clear operational
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definition of exposure and outcome, rigorous clinical and
radiological assessment, and comprehensive data collection
within a defined pediatric cohort. However, several limitations
warrant consideration. The single-center design and modest
sample size limit generalizability beyond the specific urban
population served by Bolan Medical Complex Hospital. The
cross-sectional methodology precludes causal inference or
evaluation of long-term outcomes. Selection bias may be
present due to the hospital-based recruitment, potentially
favoring more severe cases or those with access to tertiary care.
Additionally, the exclusion of patients presenting after 24 hours
or with non-contusional intracranial lesions, while necessary for
analytic clarity, may underestimate the true spectrum of
pediatric head trauma in the community. Finally, the absence of
advanced imaging such as MRI or functional assessment
restricts insight into subtle injuries or sequelae not captured by
CT.

Inlight of these findings, future research should prioritize larger,
multicenter studies encompassing a broader geographic and
socioeconomic spectrum to validate and expand on our results.
Prospective cohort designs tracking long-term
neurodevelopmental outcomes and the integration of advanced
imaging modalities would enrich understanding of the natural
history and prognostic factors associated with pediatric skull
fracture and brain contusion. Furthermore, evaluation of
intervention strategies—both preventive and therapeutic—
remains a crucial area for ongoing investigation.

In summary, this study demonstrates an alarmingly high
frequency of skull fractures among children with brain
contusions in a resource-limited Pakistani setting, with
significant implications for both clinical management and public
health. The data advocate for systematic CT imaging in all
pediatric patients presenting with brain contusion, irrespective
of clinical modifiers, and underscore the urgent need for
preventive strategies addressing the leading causes of trauma.
Broader, collaborative research efforts are essential to refine
risk stratification, optimize care pathways, and ultimately
reduce the burden of pediatric head injury.

CONCLUSION

This study demonstrates that the frequency of contusion-
associated skull fractures in children presenting to Bolan
Medical Complex Hospital, Quetta, is remarkably high at 89%,
with linear skull fractures as the most prevalent type and falls
and road traffic accidents as the leading causes. These findings
highlight a critical need for heightened clinical vigilance and
routine neuroimaging in pediatric patients with brain
contusions, regardless of age, gender, or injury characteristics,
to facilitate timely diagnosis and intervention. The results
underscore the urgent necessity for preventive public health
strategies targeting common mechanisms of pediatric head
trauma, and they provide a foundation for further multicenter
research to optimize clinical pathways, inform policy, and
ultimately reduce the burden of traumatic brain injuries in
children within similar healthcare settings.
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