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Abstract  
Background: Pediatric skull fractures are a common consequence of head trauma, with a high incidence in emergency 

settings. The unique anatomical and biomechanical properties of the developing skull, such as its thinness and pliability, 

influence fracture patterns and increase the risk of associated intracranial injury. Etiologies range from accidental falls to non-

accidental trauma, necessitating a high index of suspicion in young children. 

Aim: This review aims to detail the clinical assessment, diagnostic evaluation, and emergency management principles for 

pediatric skull fractures, emphasizing a systematic, evidence-based approach and the critical role of multidisciplinary care. 

Methods: A comprehensive synthesis of current literature and clinical guidelines is presented, covering epidemiology, 

pathophysiology, and standardized evaluation protocols. The use of clinical decision rules (e.g., PECARN) to guide imaging, 

primarily non-contrast head CT, is discussed. Management strategies from initial Advanced Trauma Life Support (ATLS) 

stabilization to definitive neurosurgical intervention are outlined. 

Results: Most simple, linear skull fractures can be managed conservatively with observation. Neurosurgical intervention is 

indicated for depressed fractures (>5 mm), open fractures, fractures with dural violation (CSF leak), associated intracranial 

hematomas, and growing skull fractures. A thorough evaluation must always consider the possibility of abusive head trauma, 

especially in infants. 

Conclusion: Successful management of pediatric skull fractures requires rapid primary assessment, judicious use of imaging 

guided by clinical decision rules, and a tailored approach to intervention based on fracture type and associated injuries. 

Outcomes are optimized through coordinated, interprofessional teamwork involving emergency medicine, neurosurgery, 

pediatrics, and child protection services. 
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Introduction 

Head injury represents one of the most 

frequent and clinically significant causes of trauma in 

the pediatric population, contributing substantially to 

both short-term morbidity and long-term 

neurodevelopmental consequences, as well as 

mortality. The annual incidence has been estimated at 

approximately 250 cases per 100,000 children, 

translating into nearly 600,000 pediatric emergency 

department presentations each year, underscoring the 

considerable burden on healthcare systems and 

families alike [1][2]. Beyond the sheer frequency of 

these injuries, their impact is magnified by the unique 

anatomical and physiological characteristics of the 

developing child, which influence both injury 

patterns and clinical outcomes. Fractures in children, 

including those of the skull, differ fundamentally 

from those in adults owing to the distinctive 

biomechanical properties of pediatric bone. 

Children’s bones possess a greater capacity for 

remodeling, which can favorably influence long-term 

structural outcomes following fracture healing [3]. 

However, this advantage is counterbalanced by the 

fact that the craniofacial skeleton and the brain are 

simultaneously undergoing rapid growth and 

maturation, rendering them particularly vulnerable to 

external mechanical forces [3]. Infants and young 

children exhibit a relatively larger head-to-body 

surface area ratio compared with adults; this 

proportion declines from about 18% in early infancy 

to approximately 9% in adulthood, a transition that 

has important implications for the mechanics of falls 

and impacts [4]. Because the head constitutes a 

disproportionately large segment of body mass in 

younger age groups, it is more likely to be the point 

of contact in both low- and high-energy trauma. 
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In addition, the pediatric calvarium is 

characteristically thinner and more compliant than the 

adult skull, a structural feature that provides some 

degree of deformation under impact but at the same 

time offers comparatively less rigid protection to the 

underlying brain parenchyma [4][5][6][7]. This 

relative pliability can mitigate overt fracture in some 

instances, yet it also predisposes children to a 

spectrum of cranial injuries, including skull fractures 

and associated intracranial pathology. 

Epidemiological data indicate that approximately 

10% to 30% of pediatric head trauma cases are 

complicated by skull fractures, and the detection of a 

skull fracture is clinically important because it is 

associated with an increased likelihood of 

concomitant intracranial injury, such as epidural or 

subdural hematoma, cerebral contusion, or traumatic 

subarachnoid hemorrhage [8][9][10]. Consequently, 

understanding the distinctive anatomical, 

developmental, and biomechanical factors that 

characterize pediatric patients is essential for accurate 

risk stratification, timely diagnosis, and optimal 

management of head injuries in this vulnerable 

population [9][10]. 

Etiology 
The etiology of pediatric head injuries is 

classically divided into 2 broad categories: accidental 

and nonaccidental causes. Within this framework, 

pediatric head trauma in general, and abusive head 

trauma (AHT) in particular, have been the focus of 

substantial clinical and epidemiologic research, 

reflecting both their frequency and the severity of 

their consequences [11]. Despite this, specific 

fracture characteristics that reliably distinguish 

accidental skull fractures from those resulting from 

abuse remain insufficiently delineated, and 

considerable overlap exists in the radiologic 

appearance of injuries arising from different 

mechanisms [11]. This diagnostic ambiguity places a 

premium on a thorough and contextualized clinical 

assessment, integrating the reported history, the 

developmental capabilities of the child, associated 

injuries, and social circumstances. Nonaccidental 

trauma must be a central consideration in the 

evaluation of any pediatric head injury, especially in 

infants and young children who are nonverbal and 

cannot provide a history of the event [12][13][14]. In 

this vulnerable group, inflicted injury accounts for a 

substantial proportion of head and neck trauma, with 

estimates suggesting that 30% to 50% of such 

injuries may be attributable to abusive mechanisms 

[12][13][14]. The clinician’s level of suspicion 

should be heightened when there is an inconsistent or 

evolving history, a mechanism of injury that is 

implausible given the child’s developmental stage, or 

discordance between the severity of the injury and the 

reported cause. Failure to identify AHT not only risks 

immediate morbidity and mortality but also exposes 

the child to the possibility of recurrent abuse and 

cumulative neurological damage. Accordingly, skull 

fractures in infants and young children should always 

prompt careful consideration of nonaccidental 

etiologies within a multidisciplinary framework 

involving pediatrics, radiology, neurosurgery, and, 

when appropriate, social services and child protection 

teams. 

Accidental mechanisms of pediatric skull 

fractures encompass a spectrum of scenarios that vary 

with age, environment, and supervision. Commonly 

reported causes include low- and high-energy falls, 

whether from furniture, playground equipment, stairs, 

or caregiver arms; direct impact to the head from 

falling or flying objects; interpersonal assault in older 

children; and involvement in motor vehicle–related 

events such as passenger collisions, pedestrian 

strikes, or bicycle incidents [15][16][17][18][19][20]. 

Falls are particularly frequent in toddlers and young 

children who are developing mobility but lack full 

motor coordination and safety awareness, whereas 

motor vehicle collisions are a prominent cause of 

head injury in older children and adolescents. Being 

struck on the head by an object may occur in 

domestic, recreational, or sports settings and can 

result in focal skull fractures at the point of impact. 

Assault, whether peer-related in older children or 

caregiver-related in the context of abuse, also 

contributes to the burden of traumatic cranial injury 

[15][16][17][18][19][20]. Understanding these injury 

mechanisms and their typical contexts is essential not 

only for accurate diagnosis and appropriate 

management but also for guiding preventive 

strategies tailored to age-specific risks in the pediatric 

population. 

Epidemiology 
Head injuries constitute one of the most 

common reasons for pediatric presentation to 

emergency departments and remain the foremost 

cause of fatal trauma in children across all age 

groups. The majority of these injuries—estimated at 

approximately 80% to 90%—are classified as mild, 

meaning that they typically do not result in 

significant neurological compromise, require 

neurosurgical intervention, or lead to prolonged 

hospitalization. Most affected children are evaluated, 

managed, and discharged within the first 24 hours of 

presentation, reflecting the predominance of low-

severity mechanisms and favorable outcomes in this 

cohort [21][22][23]. Nevertheless, despite the 

predominance of mild cases, pediatric head trauma 

represents a major public health issue due to the 

absolute number of children affected, the potential for 

long-term neurocognitive sequelae even after 

seemingly minor injury, and the subset of cases that 

progress to severe and life-threatening complications. 

Epidemiological estimates place the annual incidence 

of pediatric head injuries at roughly 250 per 100,000 

children, translating into a substantial nationwide 

healthcare burden. In the United States alone, 
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pediatric head injuries contribute to more than 7,000 

deaths each year, approximately 60,000 hospital 

admissions, and close to 600,000 emergency 

department visits annually [24]. These statistics 

highlight not only the frequency of these injuries but 

also their significant clinical and societal impact. 

Mortality is concentrated primarily among the subset 

of children who suffer severe traumatic brain injury, 

often associated with high-energy mechanisms such 

as motor vehicle collisions, abusive head trauma, or 

catastrophic falls. Hospitalization is generally 

reserved for children with concerning neurological 

findings, radiographic abnormalities such as 

intracranial hemorrhage or depressed skull fractures, 

or those requiring close observation due to young age 

or comorbid conditions [24]. 

Demographically, the incidence of head 

injuries displays notable variation across age and sex. 

Boys consistently present with head trauma at higher 

rates than girls, a trend attributed to behavioral 

differences, activity patterns, and environmental 

exposures [24]. Children younger than 2 years 

represent another high-risk group, in part because of 

their disproportionately large head-to-body ratio, 

immature motor coordination, and vulnerability to 

both accidental and nonaccidental trauma. 

Additionally, infants and toddlers lack the ability to 

provide a reliable history, complicating assessment 

and potentially delaying recognition of significant 

injury. The developmental fragility of this age group, 

combined with the high frequency of household falls 

and the risk of inflicted injury, contributes to their 

elevated susceptibility. Overall, the epidemiology of 

pediatric head injury reflects a combination of 

biological vulnerability, developmental behavior, 

environmental hazards, and social factors. 

Understanding these epidemiological trends is crucial 

for informing clinical assessment, designing injury-

prevention strategies, allocating healthcare resources, 

and developing targeted interventions aimed at 

reducing morbidity and mortality associated with 

head trauma in children [24]. 

Pathophysiology 
The pediatric skull is anatomically and 

physiologically distinct from that of adults, and these 

differences play a critical role in determining the 

nature, severity, and progression of traumatic 

injuries. Structurally, the skull is divided into two 

major components: the calvarium and the skull base. 

The calvarium comprises the frontal, parietal, 

occipital, and temporal bones, which collectively 

form the dome-like upper portion that encases the 

brain. In contrast, the skull base is composed of the 

sphenoid, palatine, and maxillary bones, along with 

portions of the temporal and occipital bones. This 

complex anatomical arrangement creates areas of 

varying thickness and elasticity, contributing to the 

wide spectrum of fracture patterns observed 

following head trauma in children. Several fracture 

types are characteristically seen in the pediatric 

population, each with its own pathophysiological 

implications. Simple linear fractures, which represent 

nondepressed disruptions of the cranial bones, are 

among the most common. These fractures generally 

follow the path of least resistance through the thin 

pediatric calvarium and may be clinically benign; 

however, their presence requires careful evaluation 

for underlying intracranial injury. By contrast, 

compound or depressed fractures exhibit inward 

displacement of the bone, often exceeding 1 cm, 

causing a significantly greater risk of cortical 

laceration and intracranial complications such as 

contusions or hematomas [25]. The inward 

displacement can compress or penetrate brain tissue, 

creating focal neurological deficits or initiating 

secondary injury cascades related to edema, ischemia, 

or hemorrhage. Unique to infants and young children 

are pingpong fractures, so named for their 

resemblance to a dented ping-pong ball. These 

fractures present as inward buckling of the cranial 

bones without overt cortical discontinuity, reflecting 

the pliability of the pediatric skull and its capacity to 

deform under pressure [26]. Although often 

associated with favorable outcomes, the underlying 

forces capable of producing such deformation must 

be taken seriously, as they may still transmit 

significant kinetic energy to intracranial structures 

[25][26]. 

 
Fig. 1: Pediatric Skull Fracture.  

More severe and clinically consequential are 

open fractures, which involve direct violation of the 

cranial vault and expose the intracranial contents to 

the external environment. These injuries carry a 

substantial risk of infection, including meningitis, 

osteomyelitis, and intracranial abscess formation. 

Another distinct and rare complication seen almost 

exclusively in young children is the growing skull 

fracture, or craniocerebral erosion. Occurring 

predominantly in children younger than 3 years, these 

injuries arise when a fracture is accompanied by a 
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tear in the dura mater or arachnoid membrane, 

permitting herniation of brain tissue or cerebrospinal 

fluid pulsations through the defect. Over time, these 

forces progressively widen the fracture gap, often 

resulting in a palpable, expanding cranial defect that 

may be associated with neurological deficits or 

seizures [27][28]. Fractures involving the orbital roof 

are also more frequently encountered in children, a 

reflection of the relatively thinner and less ossified 

bone in this region during early development. Such 

fractures pose risks to adjacent neurovascular and 

soft tissue structures and may result in entrapment of 

orbital contents, leading to diplopia, pain, or impaired 

ocular mobility. Similarly, skull base fractures 

represent a significant subset of pediatric cranial 

injuries and are commonly associated with dural tears 

and cerebrospinal fluid (CSF) leakage. These 

fractures, especially those in the anterior fossa where 

the dura is tightly adherent to bone, may give rise to 

rhinorrhea or otorrhea and characteristic clinical signs 

including periorbital ecchymosis, retroauricular 

bruising, and hemotympanum. The presence of CSF 

leakage not only serves as a diagnostic indicator but 

also raises the risk of ascending infections such as 

meningitis, necessitating vigilant monitoring and 

prompt management [29][30]. Overall, the 

pathophysiology of pediatric skull fractures reflects a 

complex interplay between anatomical development, 

biomechanical forces, and the unique properties of 

the growing cranium. Understanding these factors is 

essential for accurate diagnosis, risk assessment, and 

targeted intervention in this vulnerable population. 

History and Physical 
A thorough and meticulously documented 

history is fundamental to the evaluation of any child 

presenting with head trauma, as it provides the 

clinical framework necessary for accurate diagnosis 

and appropriate management. In pediatric patients, it 

is crucial to determine whether the reported 

mechanism of injury aligns with the child’s 

developmental abilities and with the physical 

findings noted during examination [31]. Young 

children, particularly those who are pre-verbal or 

depend entirely on caregivers for historical 

information, require heightened scrutiny, as 

inconsistencies in the account of the injury may raise 

concern for nonaccidental trauma. The reliability of 

the history, the timing and circumstances of the 

injury, and the presence of any prior trauma or 

medical conditions all contribute to a more complete 

clinical picture. The American College of Surgeons 

underscores the importance of using a standardized 

and systematic protocol during the initial assessment 

and stabilization of suspected trauma cases, including 

situations in which abusive head trauma (AHT) may 

be a concern. These principles are outlined in the 

Advanced Trauma Life Support (ATLS) program, 

which stresses rapid identification of life-threatening 

conditions, prioritization of airway, breathing, and 

circulation, and early recognition of neurological 

compromise [32]. Such an organized approach 

ensures that critical findings are not overlooked and 

that the child’s most urgent needs are addressed 

promptly before proceeding to a more comprehensive 

evaluation. 

Following initial stabilization, a thorough 

head-to-toe physical examination is essential. This 

detailed assessment must include careful inspection 

for bruising, abrasions, lacerations, or other soft 

tissue injuries, with special attention to areas 

commonly associated with either accidental trauma or 

suspicious for inflicted injury [33]. Assessment of the 

head should include systematic palpation to detect 

soft tissue swelling, hematomas, tenderness, step-off 

deformities suggestive of displaced fractures, and 

areas of crepitus that may indicate underlying bone 

discontinuity. Because the pediatric skull is thinner 

and more pliable than that of adults, subtle findings 

can be clinically significant. Recognition of basilar 

skull fractures is particularly important due to their 

association with dural tears and potential 

cerebrospinal fluid (CSF) leakage. Clinical signs 

include hemotympanum, periorbital ecchymosis—

commonly referred to as raccoon eyes—

retroauricular or mastoid ecchymosis known as Battle 

sign, and CSF rhinorrhea or otorrhea. Neurological 

deficits affecting cranial nerves may also be present, 

manifesting as facial paralysis, anosmia, vertigo, 

nystagmus, tinnitus, hearing loss, papilledema, or 

visual field abnormalities. When blood-tinged fluid is 

noted draining from the nose or ears, the ring sign, 

also called the halo test, can assist in determining the 

presence of CSF. When a drop of the fluid is placed 

on filter paper, CSF separates and creates a distinct 

clear halo encircling the central blood spot, 

supporting the diagnosis of CSF leakage [34]. Taken 

together, a structured and detail-oriented history and 

physical examination lay the foundation for accurate 

risk stratification, timely imaging decisions, and 

appropriate intervention, ultimately guiding clinicians 

toward the safest and most effective management 

strategies for pediatric head trauma. 

Evaluation 
The evaluation of pediatric head trauma 

requires a structured, evidence-based approach, as 

clinical examination alone is insufficient to reliably 

exclude significant underlying injury. Although many 

children with head trauma appear neurologically 

intact at presentation, occult skull fractures or 

intracranial hemorrhage may still be present. For this 

reason, imaging has become a cornerstone of modern 

diagnostic assessment, offering timely and accurate 

visualization of both osseous and intracranial 

pathology and serving as an essential complement to 

clinical judgment. Rapid identification of skull 

fractures, hematomas, and other traumatic 

abnormalities is critical for determining the need for 

neurosurgical intervention and guiding acute 
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management decisions. Noncontrast-enhanced head 

computed tomography (CT) remains the first-line 

imaging modality in the acute setting, particularly 

when there is concern for moderate to severe injury 

or when neurological symptoms are present. CT is 

highly sensitive for detecting skull fractures and the 

major types of intracranial bleeding, including 

epidural, subdural, and subarachnoid hemorrhage, 

making it the preferred tool in emergency 

departments for rapid triage and stabilization [35]. 

However, concerns about ionizing radiation exposure 

in children have led to the development and 

widespread adoption of clinical decision rules that 

help identify which patients can safely forgo CT 

imaging. Among the most validated and influential of 

these are the Pediatric Emergency Care Applied 

Research Network (PECARN) Head CT Rules, the 

Canadian Assessment of Tomography for Childhood 

Head Injury (CATCH), and the Children’s Head 

Injury Algorithm for the Prediction of Important 

Clinical Events (CHALICE). These evidence-based 

rules use combinations of historical factors, physical 

findings, and mechanism-related risks to accurately 

stratify children with minor head trauma and reduce 

unnecessary imaging without compromising safety 

[36][37][38]. 

 
Fig. 2: Imaging Skull fracture. 

Traditional skull radiography, once a routine 

component of head injury assessment, is no longer 

recommended because CT far surpasses it in 

sensitivity and diagnostic yield for both fractures and 

intracranial injuries [39][40]. Although radiographs 

can detect some fractures, they offer limited 

information about associated brain injury, making 

them inadequate as primary diagnostic tools in 

contemporary practice. Point-of-care ultrasound 

(POCUS), when performed by trained emergency 

physicians, has shown encouraging diagnostic 

accuracy, with reported sensitivities of 77% to 100% 

and specificities of 85% to 100% for detecting skull 

fractures [41][42]. Despite these promising results, 

the clinical role of POCUS remains supplemental, as 

its reliability across varied clinical contexts has not 

been fully validated, and it cannot detect intracranial 

pathology. Magnetic resonance imaging (MRI) offers 

a radiation-free alternative, and rapid MRI techniques 

have enhanced its feasibility in emergency settings. 

Nevertheless, limited availability, higher cost, longer 

acquisition times, and reduced sensitivity for 

identifying skull fractures limit its broader use, 

particularly in urgent scenarios where CT remains 

superior for detecting acute hemorrhage [43]. 

Conventional brain MRI, however, plays a critical 

role in evaluating suspected abusive head trauma 

(AHT), as it can differentiate acute from chronic 

hemorrhagic collections, estimate the age of bleeding, 

and detect patterns of parenchymal injury, edema, 

and ischemia that may not be visible on CT. In cases 

where nonaccidental trauma is suspected, especially 

in children younger than 2 years, skeletal surveys are 

essential. Following American College of Radiology 

guidelines, these surveys include comprehensive 

radiographic imaging of the skull, spine, ribs, and 

long bones. Repeat skeletal surveys performed after 2 

to 3 weeks increase the detection rate of occult 

fractures by revealing healing injuries that were not 

initially visible [44][45][46][47]. Together, these 

imaging strategies provide a critical framework for 

accurate diagnosis, timely intervention, and 

comprehensive evaluation of pediatric head trauma 

across a spectrum of clinical presentations. 

Treatment / Management 
The management of pediatric skull fractures 

and associated head trauma encompasses a 

continuum of care beginning with rapid stabilization 

and extending through definitive treatment and long-

term follow-up. In children, the primary objectives 

are to preserve life, prevent secondary brain injury, 

protect neural structures, minimize infection and 

other complications, and optimize neurocognitive 

outcomes. Because abusive head trauma (AHT) 

remains an important cause of serious pediatric 

injury, all aspects of treatment must be framed within 

a systematic trauma approach that is sensitive to both 

accidental and nonaccidental mechanisms. The 

American College of Surgeons advocates the use of a 

standardized protocol for the early assessment and 

stabilization of all patients with suspected trauma, 

including infants and children, to ensure that life-

threatening conditions are recognized and managed 

promptly and consistently across care settings [48]. 

Initial evaluation is guided by the classic ABCDE 

sequence of the primary survey. Airway management 

with simultaneous protection of the cervical spine is 

the first priority, as hypoxia and cervical cord injury 

can rapidly exacerbate neurological damage. In 

pediatric patients, anatomical differences in airway 

size, shape, and reactivity require age-appropriate 

techniques and equipment, and vigilance for airway 

compromise is heightened in the presence of facial 

trauma or depressed consciousness. Once the airway 

is secured, attention shifts to breathing and 

ventilation, including inspection, auscultation, and 

assessment of chest wall movement, oxygen 

saturation, and work of breathing. Adequate 

oxygenation and ventilation are essential to avoid 

secondary brain insult, as children with head injury 

are highly vulnerable to the deleterious effects of 

hypoxemia and hypercarbia [48].  

The circulation component of the primary 

survey focuses on evaluation of perfusion and rapid 
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control of hemorrhage. This includes assessment of 

heart rate, blood pressure, capillary refill, and 

peripheral pulses, as well as identification of external 

bleeding and signs of shock. Hypotension in the 

context of traumatic brain injury is associated with 

markedly worse outcomes, and early fluid 

resuscitation and hemodynamic support are therefore 

crucial. The disability assessment centers on 

neurological status, and in this context the Glasgow 

Coma Scale (GCS) is the most widely used tool. An 

age-appropriate pediatric modification of the GCS is 

applied in preverbal children to account for 

developmental differences in verbal and motor 

responses [48]. The neurological examination 

emphasizes three core components: eye opening, 

scored from 1 to 4; verbal response, scored from 1 to 

5; and motor response, scored from 1 to 6. Together, 

these domains yield a composite GCS score that 

guides triage decisions, imaging strategies, and the 

urgency of neurosurgical consultation [49]. Finally, 

exposure entails completely undressing the child to 

visualize all potential injuries while simultaneously 

preventing hypothermia through the use of warm 

blankets, fluid warmers, and environmental control. 

After initial stabilization and primary assessment, 

management transitions to a more focused evaluation 

of specific injuries, including those to the skull. In 

many children, skull fractures are simple, linear, and 

isolated, without accompanying brain injury. These 

fractures do not typically require operative 

intervention and are often managed conservatively. 

When the child is neurologically intact, 

hemodynamically stable, and has no radiographic 

evidence of intracranial pathology, simple linear skull 

fractures can be safely managed without hospital 

admission. Such patients may be discharged directly 

from the emergency department after an appropriate 

period of observation, provided that caregivers are 

reliable, receive clear instructions regarding warning 

signs, and have access to prompt medical review 

should the child’s condition change [50][51]. This 

conservative strategy reflects the benign natural 

history of uncomplicated linear fractures in children 

and the excellent capacity of the pediatric skull to 

remodel over time. 

 
Fig. 3: Treatment and Management Scheme. 

Nonsurgical management also includes 

meticulous pain control, monitoring for delayed 

symptoms such as vomiting or altered mental status, 

and counseling families about activity restrictions 

and follow-up. In some situations, such as very 

young age, social concerns, coexisting injuries, or 

suspicion of abuse, clinicians may elect to admit 

children with seemingly minor fractures for 

observation despite the absence of overt brain injury. 

The presence of a skull fracture in an infant, 

particularly when the history is inconsistent or 

inadequate, should prompt careful multidisciplinary 

evaluation for potential AHT, even if immediate 

neurosurgical treatment is not required. 

Neurosurgical intervention is reserved for a subset of 

pediatric skull fractures associated with high-risk 

features or complications, as most head injuries can 

be effectively managed without surgery. The 

overarching goals of operative treatment are to 

prevent life-threatening deterioration, protect the 

brain and cranial nerves, minimize the risk of 

infection, and reduce long-term cosmetic and 

functional deficits. Several specific fracture patterns 

and associated conditions constitute accepted 

indications for surgical management. Frontal bone 

fractures in older children that involve aerated frontal 

sinuses often require surgical repair because they 

may disrupt sinus drainage pathways, create a conduit 

for infection, or result in cosmetic deformity if left 

untreated. Depressed skull fractures in which the 

bone is displaced more than 5 mm below the inner 

table, or sufficiently to compress underlying cortex, 

generally merit elevation to relieve pressure on brain 

tissue, remove bone fragments, and restore the 

contour of the calvarium. Dural injury represents 

another important indication for neurosurgical 

intervention. When a fracture is associated with 

disruption of the dura mater, repair is needed to re-

establish a watertight barrier, prevent cerebrospinal 

fluid (CSF) leakage, and reduce the risk of meningitis 

and chronic subdural collections. Similarly, the 

presence of an underlying intracranial hematoma—

whether epidural, subdural, or intraparenchymal—

may necessitate surgical evacuation to relieve mass 

effect and prevent herniation, particularly in children 

with declining neurological status. Open skull 

fractures and wounds that are grossly contaminated 

warrant urgent debridement, fracture stabilization or 

reconstruction, and dural closure when necessary, in 

order to minimize the likelihood of infection and 

ensure appropriate healing [50][51]. 

Basal skull fractures complicated by CSF 

leakage constitute a distinct operative indication. 

Persistent CSF rhinorrhea or otorrhea reflects a 

communication between the subarachnoid space and 

the nasopharynx, paranasal sinuses, or middle ear, 

creating a potential route for ascending infection. If 

untreated, CSF leaks can lead to meningitis, 

hydrocephalus, subdural fluid collections, and long-
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term neurocognitive complications [52]. Surgical 

repair aims to close the dural defect and any 

associated bony gaps, thereby restoring normal CSF 

compartmentalization and decreasing infection risk. 

Another critical entity is the growing skull fracture, 

which typically occurs in younger children and is 

characterized by progressive enlargement of a 

fracture line due to herniation of arachnoid or brain 

tissue through a dural tear. These lesions require 

operative dural repair, often combined with 

cranioplasty, to prevent further brain herniation, 

control seizures, and correct cranial deformity 

[53][54]. Orbital roof fractures and sphenoid wing 

fractures often necessitate neurosurgical and 

sometimes craniofacial or ophthalmologic 

collaboration because of their proximity to the orbit, 

cranial nerves, and major vascular structures. These 

injuries can lead to ocular motility disturbances, 

diplopia, globe displacement, or optic nerve 

compromise if not appropriately addressed. Surgical 

management focuses on decompression of entrapped 

soft tissues, restoration of orbital volume, and 

stabilization of bony structures to preserve both 

vision and facial symmetry. In all of these operative 

scenarios, the specific techniques employed—such as 

hematoma evacuation, dural closure with autologous 

or synthetic grafts, repair of paranasal sinus or skull 

base defects, and reconstructive cranioplasty—are 

tailored to the fracture configuration, the child’s age, 

and the extent of associated intracranial injury 

[53][54]. 

Early involvement of a neurosurgeon is 

essential whenever high-risk fracture patterns, CSF 

leaks, significant hematomas, or neurological 

deterioration are identified. Close collaboration 

among emergency medicine, neurosurgery, pediatric 

critical care, radiology, and, when indicated, child 

protection services ensures that both the immediate 

and underlying causes of injury are comprehensively 

addressed. Postoperative and long-term management 

may include intensive care monitoring, seizure 

prophylaxis, rehabilitation services, 

neuropsychological assessment, and regular follow-

up imaging or clinical evaluations. Through a 

combination of meticulous initial stabilization, 

judicious use of conservative strategies, and timely 

neurosurgical intervention when indicated, clinicians 

can optimize outcomes and reduce the burden of 

morbidity associated with pediatric skull fractures 

and head trauma. 

Differential Diagnosis 
Pediatric skull fractures can resemble a 

variety of other benign or pathologic conditions that 

produce changes in scalp contour, cranial shape, or 

localized swelling. Careful differentiation is essential 

to avoid misdiagnosis and inappropriate 

management. Subgaleal hematoma, for instance, may 

present as a fluctuating, often extensive scalp 

swelling that crosses suture lines and can mimic the 

soft tissue changes seen overlying a fracture. 

Infections such as subdural effusion or empyema may 

also distort cranial contour or cause neurologic 

symptoms, and in some cases may coexist with prior 

trauma, further complicating the clinical picture. 

Birth injuries, including cephalohematoma or linear 

fractures sustained during delivery, may present later 

in infancy and be mistaken for recent trauma if the 

perinatal history is not carefully reviewed. Bony 

dyscrasias and congenital or metabolic bone disorders 

can result in abnormal skull modeling, focal cranial 

defects, or ridging along sutures that may resemble 

fracture lines on physical examination or plain 

radiography. Similarly, scalp lacerations and scalp 

hematomas are common following head trauma and 

may produce tenderness, swelling, or step-off–like 

irregularities, yet these soft tissue lesions do not 

necessarily indicate a fracture of the underlying 

calvarium. Distinguishing between these entities 

relies on a synthesis of historical details, mechanism 

of injury, developmental stage of the child, and 

meticulous physical evaluation. Imaging plays a 

pivotal role in resolving diagnostic uncertainty. 

Computed tomography (CT) provides rapid, high-

resolution assessment of the cranial bones and 

intracranial compartment, allowing clinicians to 

confirm or exclude a skull fracture definitively and to 

identify associated hemorrhage or parenchymal 

injury. Magnetic resonance imaging (MRI) offers 

complementary information, particularly in 

evaluating intracranial infections, subdural 

collections, or underlying structural brain 

abnormalities. Together, careful clinical assessment 

combined with targeted CT and MRI imaging enables 

clinicians to distinguish traumatic skull fractures 

from nontraumatic scalp conditions, infectious 

processes, and congenital or metabolic bone 

disorders, ensuring that children receive appropriate, 

etiology-specific management [53][54]. 

Prognosis 
The prognosis for children with skull 

fractures is generally favorable when certain clinical 

and social criteria are satisfied at the time of 

discharge. A key determinant is the absence of 

significant extracranial injuries, as isolated skull 

fractures without systemic trauma tend to follow a 

benign course. Similarly, children who exhibit no 

clinical features of elevated intracranial pressure—

such as persistent vomiting, severe or worsening 

headache, altered mental status, or focal neurological 

deficits—are less likely to harbor serious intracranial 

pathology and typically have good outcomes. A 

normal mental status and a nonfocal neurological 

examination at the time of disposition further support 

a low risk of deterioration and a positive long-term 

prognosis. Equally important are nonmedical factors. 

The absence of concerns for abuse, neglect, or 

nonaccidental trauma (NAT) is critical, as missed or 

unaddressed maltreatment can lead to recurrent injury 

and cumulative neurological harm. Reliable 

caregivers, capable of understanding discharge 
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instructions, recognizing red-flag symptoms, and 

returning promptly for reevaluation if the child’s 

condition changes, are essential to safe outpatient 

management and contribute significantly to favorable 

outcomes [55]. When these conditions are met, most 

children recover without significant neurocognitive 

or functional sequelae. In contrast, prognosis worsens 

when skull fractures coexist with intracranial 

pathology such as hematomas, contusions, or diffuse 

brain injury, particularly in the presence of raised 

intracranial pressure. Delayed recognition or 

misinterpretation of early warning signs may result in 

preventable neurological damage or death. Outcomes 

are also notably poor when NAT is missed, as 

ongoing exposure to abusive environments increases 

the risk of repeated trauma and long-term 

developmental impairment. Ultimately, favorable 

prognosis hinges on timely identification of high-risk 

injuries, prompt neurosurgical consultation and 

intervention when indicated, meticulous monitoring 

in the acute phase, and careful discharge planning 

that incorporates both medical stability and social 

safety, supported by appropriate follow-up to detect 

late-emerging complications [55].  

Complications 
Pediatric skull fractures can give rise to a 

broad range of complications that extend beyond the 

immediate structural disruption of the cranial bones. 

Many of these sequelae reflect the severity and nature 

of the initial traumatic event rather than the fracture 

itself. Neurological complications are particularly 

prominent and include seizures, which may occur 

early after injury or emerge later as part of 

posttraumatic epilepsy. In some cases, seizures can 

escalate to status epilepticus, necessitating intensive 

care and long-term anticonvulsant therapy. Persistent 

headaches are also common and may represent part 

of a postconcussive syndrome, especially in children 

with concurrent traumatic brain injury. Cognitive and 

behavioral consequences are frequently reported, 

including learning difficulties, attention problems, 

and changes in mood or behavior. These impairments 

may arise from diffuse axonal injury, focal brain 

damage, or psychosocial stressors following trauma, 

and can significantly impact academic performance 

and social functioning. Vascular complications such 

as venous sinus thrombosis and intracerebral 

hemorrhage may occur, particularly in association 

with fractures that cross venous sinuses or involve 

the skull base. These conditions can further 

compromise cerebral perfusion and increase 

intracranial pressure, leading to additional 

neurological deficits. Infectious complications are of 

particular concern in open fractures or those 

associated with cerebrospinal fluid (CSF) leakage. 

Meningitis and encephalitis may develop when 

pathogens gain access to the central nervous system 

through dural tears or fractures involving the 

paranasal sinuses, temporal bone, or skull base. 

Growing skull fractures, characterized by progressive 

enlargement of a fracture site due to herniation of 

leptomeninges or brain tissue, represent another 

serious complication in younger children and may 

result in seizures, neurologic deficits, and cranial 

deformity. Persistent CSF leaks can predispose to 

recurrent meningitis and require surgical repair. 

Ocular injury or visual impairment may arise from 

fractures involving the orbital roof, sphenoid wing, or 

optic canal, potentially leading to diplopia, visual 

field defects, or vision loss. Finally, cosmetic 

deformity, resulting from depressed fractures, 

malunion, or bone loss, can have psychosocial 

implications and may necessitate reconstructive 

surgery. Overall, most complications are a direct 

consequence of the primary trauma rather than 

neurosurgical intervention, underscoring the 

importance of early recognition, comprehensive 

evaluation, and ongoing follow-up to mitigate long-

term morbidity [56]. 

Consultations 
Optimal management of pediatric skull 

fractures relies heavily on timely and coordinated 

input from multiple specialties. Trauma surgery plays 

a central role in the initial stabilization and global 

assessment of the injured child, ensuring that life-

threatening systemic injuries are identified and 

managed concurrently with cranial trauma. Pediatric 

neurosurgery is integral to evaluating the need for 

operative intervention in cases of depressed fractures, 

intracranial hematomas, CSF leaks, growing skull 

fractures, or complex skull base and orbital injuries. 

Early neurosurgical involvement facilitates prompt 

decision-making regarding imaging, operative 

timing, and postoperative monitoring, which is 

essential for preventing secondary neurological injury 

and minimizing long-term sequelae [56]. Child abuse 

pediatrics provides specialized expertise in cases 

where nonaccidental trauma is suspected. These 

clinicians assist in interpreting injury patterns, 

correlating clinical and historical findings, and 

coordinating mandated reporting to protective 

services when indicated. Their input ensures that 

subtle or complex cases of abusive head trauma are 

not overlooked and that appropriate social and legal 

interventions are implemented. Plastic and 

craniofacial surgeons may be consulted for 

management of fractures with significant cosmetic 

implications, such as those involving the frontal 

bone, orbital rim, or facial skeleton. Their 

interventions help restore cranial and facial 

symmetry, reduce visible deformities, and improve 

long-term psychosocial outcomes. Ophthalmology 

consultation is particularly important for fractures 

involving the orbit, sphenoid wing, or skull base, 

where there is risk of ocular injury, optic nerve 

compression, extraocular muscle entrapment, or 

visual field compromise [57][58]. Comprehensive 

ophthalmologic assessment can detect subtle visual 
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disturbances and guide interventions to preserve or 

restore visual function. In complex cases, additional 

collaboration with pediatric intensivists, radiologists, 

rehabilitation specialists, and social workers further 

supports comprehensive care. Interprofessional 

coordination among these disciplines reduces the risk 

of missed injuries, streamlines care pathways, and 

promotes timely, evidence-based interventions, 

thereby improving both functional and cosmetic 

outcomes in children with skull fractures [57][58]. 

Deterrence and Patient Education 
Prevention of pediatric skull fractures hinges 

on effective education of parents, caregivers, and, 

when appropriate, the children themselves. Clear 

guidance on injury prevention strategies can 

substantially reduce the incidence of head trauma in 

everyday activities and recreational settings. One of 

the most effective measures is the consistent use of 

properly fitted helmets during activities with a 

recognized risk of head injury, including bicycling, 

scooter and skateboard use, rollerblading, and 

participation in contact or collision sports. Educating 

families about the protective value of helmets and 

ensuring children model safe behavior can 

significantly decrease the severity of head injuries 

when accidents occur. Motor vehicle safety is another 

crucial area for deterrence. Parents and caregivers 

should be counseled to use age- and size-appropriate 

car seats or booster seats, adhering to current 

guidelines on rear-facing and forward-facing 

positions, harness use, and placement in the back 

seat. Transition to standard seat belts should occur 

only when the child meets recommended height and 

weight thresholds, ensuring that restraint systems 

function as intended in the event of a collision. 

Emphasizing the importance of proper installation 

and regular checks of car seats and boosters further 

enhances safety. Everyday play and recreational 

activities also require attention. Caregivers should 

discourage head-first sliding on sleds or playground 

slides, as this significantly increases the risk of 

cranial impact and cervical spine injury. At water 

parks, swimming pools, and natural bodies of water, 

close supervision is essential, particularly for younger 

children and inexperienced swimmers. Families 

should be reminded to follow posted safety rules, 

observe depth markings, and avoid diving into 

shallow or unfamiliar water. In addition to specific 

behavioral recommendations, clinicians should 

encourage the creation of a safe home environment 

by using stair gates, window guards, and non-slip 

surfaces in high-risk areas. Education should be 

delivered in clear, culturally sensitive language and 

reinforced during routine pediatric visits, post-injury 

counseling, and community health programs. By 

promoting a culture of safety and proactive risk 

reduction, healthcare providers can play a pivotal role 

in decreasing the burden of pediatric skull fractures 

and associated head trauma [58][59]. 

 

Other Issues 
Several key principles distinguish the 

evaluation and management of pediatric skull 

fractures from those in adults, reflecting 

developmental differences in skull anatomy, brain 

maturation, and healing capacity. Most pediatric skull 

fractures, particularly simple linear fractures without 

associated intracranial injury, can be managed 

nonoperatively with careful observation and follow-

up. However, fracture patterns of both the cranial 

vault and skull base differ in children because the 

bones are thinner, more pliable, and incompletely 

ossified. These characteristics predispose children to 

unique injury types, such as pingpong and growing 

skull fractures, and necessitate close monitoring for 

delayed complications. Surgical strategies likewise 

differ from adult techniques, especially in the context 

of growing skull fractures, orbital involvement, and 

the risk of bone flap resorption after craniotomy. An 

important clinical pearl is that many long-term 

complications arise primarily from the original 

traumatic insult rather than from neurosurgical 

intervention itself. CSF leaks, ocular complications, 

and cosmetic deformities may be directly attributable 

to fracture location and severity, whereas 

neurosurgical procedures are typically aimed at 

mitigating these risks. In contrast, the trajectory of 

posttraumatic seizures, chronic headaches, learning 

disabilities, and behavioral or cognitive difficulties is 

often determined by the extent of brain injury 

sustained at the time of impact. While surgery may 

stabilize structural damage or relieve mass effect, it 

rarely alters the underlying pathophysiologic 

mechanisms responsible for these neurocognitive 

sequelae. Another critical issue is the need for 

vigilance regarding patient safety and the possibility 

of nonaccidental trauma. Any discrepancy between 

the reported mechanism and the child’s 

developmental capabilities, unexplained delays in 

seeking care, or associated injuries in various stages 

of healing should prompt thorough, objective 

evaluation for potential abuse. This process should be 

conducted within an interprofessional framework 

involving child abuse pediatrics, social work, and, 

when necessary, law enforcement or child protective 

services. By integrating anatomic, developmental, 

and psychosocial considerations, clinicians can more 

accurately identify children at risk, tailor 

management strategies, and ensure that both medical 

and safety needs are adequately addressed [59]. 

Enhancing Healthcare Team Outcomes 
The complex nature of pediatric skull 

fractures and associated head injuries demands a 

robust interprofessional approach to care. Optimal 

outcomes are achieved when trauma surgeons, 

pediatric neurosurgeons, general pediatricians, child 

abuse specialists, radiologists, intensivists, 

rehabilitation therapists, and social workers 

collaborate seamlessly from the time of initial 

presentation through long-term follow-up. Trauma 
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and emergency teams focus on rapid stabilization, 

accurate triage, and early imaging, while 

neurosurgeons determine the need for operative 

versus conservative management based on fracture 

characteristics, intracranial findings, and neurological 

status. Pediatricians and intensivists oversee ongoing 

medical care, monitor for evolving complications, 

and coordinate rehabilitation and outpatient follow-

up. In cases where nonaccidental trauma is suspected, 

child abuse specialists and social workers play a 

central role. They help interpret injury patterns, 

gather collateral information, and ensure that 

suspected NAT is reported to Child Protective 

Services in accordance with mandatory reporting 

laws. This process is crucial for safeguarding the 

child from further harm and for initiating broader 

family or community interventions when needed. 

Clear communication and shared decision-making 

among team members reduce fragmentation of care, 

minimize delays, and promote consistent application 

of evidence-based protocols [59][60]. 

Outcomes for children with skull fractures 

and head trauma span a wide spectrum, from full 

recovery with no lasting deficits to severe disability 

or death. Prognosis is influenced by numerous 

factors, including the presence of associated systemic 

injuries, the severity of neurological deficits at 

presentation, initial Glasgow Coma Scale (GCS) 

score, and the need for mechanical ventilation or 

intensive care. Early recognition and treatment of 

raised intracranial pressure, prompt evacuation of 

significant hematomas, and rigorous prevention of 

secondary insults such as hypoxia and hypotension 

are key determinants of neurological recovery. By 

fostering a culture of interdisciplinary collaboration, 

ongoing education, and quality improvement, 

healthcare teams can enhance diagnostic accuracy, 

streamline management pathways, and provide 

holistic care that addresses both the medical and 

psychosocial needs of children and their families. 

This interprofessional model not only improves 

individual patient outcomes but also contributes to 

broader public health efforts aimed at reducing the 

burden of pediatric head trauma [59][60]. 

Conclusion: 

In conclusion, the management of pediatric 

skull fractures is a nuanced process that balances the 

typically benign course of simple linear fractures 

against the serious risks posed by complex or 

depressed injuries. Initial care must adhere to 

standardized trauma protocols, prioritizing airway, 

breathing, and circulation while conducting a 

thorough neurological assessment. The judicious 

application of clinical decision rules, such as 

PECARN, is essential to guide appropriate 

neuroimaging, minimizing unnecessary radiation 

exposure while ensuring significant injuries are not 

missed. Most patients with isolated, non-displaced 

fractures and normal neurological exams can be 

safely discharged with careful caregiver instruction. 

Crucially, clinicians must maintain a high vigilance 

for non-accidental trauma, particularly in infants and 

young children where the history is inconsistent. A 

multidisciplinary approach is paramount, integrating 

emergency medicine, neurosurgery, pediatrics, 

radiology, and child protection teams to address both 

the immediate injury and underlying safety concerns. 

While most children recover fully, timely 

identification and surgical intervention for high-risk 

fractures—such as those with significant depression, 

dural tears, or growing skull fractures—are critical to 

preventing long-term neurological, infectious, or 

cosmetic complications. Ultimately, optimized 

outcomes depend on systematic evaluation, tailored 

management, and coordinated interprofessional care. 
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