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Abstract:

Background: Depressed skull fractures represent a significant proportion of traumatic
brain injuries and are commonly associated with underlying dural tears, intracranial
hematomas, and cosmetic deformity. Surgical elevation is generally recommended when
depression exceeds the skull thickness or when neurological compromise is present.
Traditional management may involve removal of fragmented bone and delayed
cranioplasty; however, simple bone chip replacement at the time of initial surgery has been
proposed as a safe, cost-effective alternative that preserves autologous tissue and
reduces the need for secondary reconstruction.
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Introduction:

Depressed skull fractures account for approximately 6—11% of all head injuries and are more commonly encountered
in young adults following high-impact trauma. The degree of depression, presence of neurological deficit, dural
involvement, and wound contamination are critical determinants in clinical decision-making. Imaging with
computed tomography (CT) remains the gold standard for diagnosis, allowing accurate assessment of fracture depth,
associated intracranial hematomas, and parenchymal injury. Early identification and timely surgical intervention are
essential to reduce the risk of secondary brain injury and long-term neurological sequelae (1).

Open or compound depressed skull fractures carry a significantly higher risk of infectious complications due to direct
communication between the external environment and intracranial contents. Reported complications include
meningitis, brain abscess, osteomyelitis, and post-traumatic epilepsy. For this reason, prompt antibiotic coverage,
meticulous wound debridement, and careful evaluation of bone fragment viability are emphasized in contemporary
neurosurgical guidelines. Advances in perioperative care and surgical technique have improved outcomes and
reduced morbidity associated with these injuries (2).

Depressed skull fractures represent a significant subset of traumatic cranial injuries, frequently resulting from
high-energy blunt trauma such as road traffic accidents, falls, or assault. These injuries are characterized by the
displacement of skull bone fragments inward toward the cerebral cortex, often leading to underlying brain injury,
dural tears, and potential for infection. Traditionally, the surgical management of depressed skull fractures has
included debridement of contaminated bone fragments and delayed cranioplasty using either autologous bone or
synthetic materials. However, a growing body of literature supports the immediate replacement of viable bone
fragments a technique known as simple bone chip replacement as a safe, effective, and resource-conscious
alternative (3).
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Figure (1): Ct brain of patient with depressed fracture managed by simple replacement of bone chips.
Historical Perspectives and Evolution of Surgical Approaches:

Historically, the management of depressed skull fractures prioritized aggressive debridement and the avoidance
of primary bone replacement due to the high perceived risk of infection. As early as the 20th century, neurosurgical
textbooks recommended discarding bone fragments in open fractures to prevent osteomyelitis and meningitis (4).
In the era preceding modern antibiotics, this approach was justified. However, as surgical asepsis, antibiotic
prophylaxis, and perioperative care improved, these traditional practices were re-evaluated. Beginning in the late
20th century, neurosurgeons began to consider the reimplantation of autologous bone fragments, especially in
pediatric patients whose skulls demonstrate significant regenerative capacity (5). Over time, this approach was
extended to adult populations, particularly in scenarios where the bone chips were clean, viable, and where
secondary surgery would impose additional economic and logistical burdens. The evolution of this surgical
technique reflects broader trends in neurosurgery toward minimally invasive, cost-effective, and biologically
respectful interventions.

Biological Rationale for Bone Chip Replacement:

The biological justification for simple bone chip replacement lies in the osteoconductive and osteoinductive
properties of autologous bone. Osteoconduction refers to the scaffold-like role bone fragments play in supporting
the in-growth of new bone, while osteoinduction involves the recruitment of osteoprogenitor cells that
differentiate into osteoblasts under the influence of bone morphogenetic proteins (6).

When viable bone chips are repositioned accurately and stabilized by surrounding soft tissue or residual bone
architecture, they can reintegrate into the cranial vault over time. Furthermore, the use of autologous bone
eliminates the risks associated with immune rejection and foreign body reactions, which are common
complications of synthetic cranioplasty materials. In pediatric populations, the regenerative capacity is even more
pronounced, with studies documenting near-complete remodeling and fusion within months. Importantly,
replacing bone fragments during the initial surgery avoids the prolonged bone storage that may reduce cell
viability and increase the risk of infection (7).

Surgical Technique and Intraoperative Considerations:

The technique of simple bone chip replacement involves several critical steps.
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After the initial exposure of the fracture site, bone fragments are carefully elevated, irrigated with antiseptic
solution (commonly povidone-iodine or saline), and assessed for viability. Fragments that are grossly
contaminated, comminuted beyond recognition, or devitalized are discarded. Viable fragments are then realigned
to their anatomical positions. Fixation may or may not be employed, depending on fragment stability and available
resources. Dural tears are meticulously repaired using sutures or dural substitutes, and the wound is closed in
layers to ensure watertight closure. The use of prophylactic antibiotics is standard and typically extends for 24 to
72 hours postoperatively. Key intraoperative considerations include minimizing brain manipulation, ensuring
clean surgical fields, and maintaining hemostasis. Postoperative imaging is used to confirm fragment positioning
and to monitor for complications such as hematoma formation, infection, or fragment displacement (8).

Clinical Outcomes and Efficacy:

Recent literature supports the efficacy of bone chip replacement in achieving both functional and cosmetic
outcomes comparable, if not superior, to traditional methods. A study by Adesina et al. (7) on pediatric patients
demonstrated that more than 90% of children who underwent this procedure achieved complete bony fusion with
excellent cosmetic results and no need for secondary cranioplasty. Similarly, adult studies have reported low
complication rates and high patient satisfaction. Pathak et al. (8) found that among 42 patients treated with simple
bone chip replacement, over 95% exhibited satisfactory healing without infection or neurological deterioration.
Radiological evaluations at 3- and 6-month intervals confirmed the reintegration of bone fragments and restoration
of skull contour. In resource-limited environments, the technique has additional benefits by reducing hospital stay,
avoiding repeat anesthesia, and eliminating the costs associated with prosthetic implants.

Infection Risk and Safety Profile:

One of the most cited concerns with primary bone replacement is the risk of infection, particularly in open or
compound fractures. However, contemporary studies reveal that when appropriate surgical technique is employed,
the infection rates are comparable to or even lower than those observed with synthetic cranioplasty. For instance,
Al-Tameemi et al. (9) compared outcomes in two cohorts- one undergoing bone chip replacement and the other
synthetic cranioplasty-and reported infection rates of 2% and 6%, respectively. The lower infection rate in the
bone chip group was attributed to the absence of foreign materials and a single-stage surgical intervention.

Furthermore, the use of prophylactic antibiotics, rigorous irrigation, and meticulous wound closure contribute
significantly to reducing infection risk. Importantly, early intervention (within 24—48 hours post-trauma) also
appears to correlate with better outcomes, as delayed surgery may increase contamination and complicate
fragment viability.

Pediatric Considerations and Growth Potential:

Children represent a unique subset in the management of depressed skull fractures due to their high osteogenic
potential and ongoing cranial growth. In pediatric patients, the skull bones are thinner and more pliable, allowing
for greater remodeling and integration of replaced fragments. Moreover, synthetic materials pose long-term risks
such as interference with skull growth, allergic reactions, and need for revision surgeries. Studies by Gossman et
al. (5) and Adesina et al. (7) underscore the success of simple bone chip replacement in children, with evidence
of near-complete ossification within 3 to 6 months and minimal contour irregularities. The technique also avoids
psychological trauma associated with cosmetic deformities or repeated surgeries. Given these benefits, many
pediatric neurosurgeons advocate for primary bone chip replacement as the first-line approach in managing
uncomplicated depressed skull fractures.

Cost-Effectiveness and Global Applicability:

In low- and middle-income countries (LMICs), access to synthetic cranioplasty materials can be limited due to
cost, supply chain issues, and lack of infrastructure. Simple bone chip replacement offers a highly cost-effective
alternative, especially in rural or district hospitals.
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Studies conducted in India, Nigeria, and parts of Southeast Asia report that this technique has become standard
practice in many centers, with outcomes rivaling those of tertiary care hospitals. Pathak et al. (8) emphasized the
economic advantages, noting that patients avoided the financial burden of a second operation and hospitalization.
Moreover, the method reduces operative time, requires fewer surgical instruments, and utilizes materials readily
available in most operating rooms. Its simplicity and effectiveness make it an ideal technique for global
implementation, particularly where neurosurgical resources are scarce.

Cosmetic Outcomes and Patient Satisfaction:

Cosmetic restoration is a key component of skull fracture management, given the psychosocial impact of visible
cranial deformities. Simple bone chip replacement, by preserving native bone contour, offers superior aesthetic
outcomes compared to delayed cranioplasty. Patients frequently report high satisfaction levels due to the
immediate restoration of skull symmetry. Radiological follow-up often demonstrates remodeling of bone
fragments and smooth integration with adjacent bone, further supporting its cosmetic efficacy. In the study by Al-
Tameemi et al. (9), 88% of patients rated their postoperative appearance as "very satisfactory," with only a small
minority requiring minor corrective procedures. The avoidance of synthetic implants also reduces the risk of
palpable or visible edges that sometimes occur with prosthetic materials.

Complications and Limitations:

Despite its advantages, simple bone chip replacement is not without limitations. Fragment comminution,
contamination, and intraoperative instability may preclude successful replacement. In such cases, partial
replacement or delayed cranioplasty may be necessary. Additionally, the absence of rigid fixation in some
procedures may raise concerns about fragment mobility, although soft tissue healing and dural tension often
provide adequate stabilization. Rare complications include bone resorption, fragment dislocation, and superficial
wound infection, though these are typically manageable with conservative treatment or minor revision surgery.
The lack of standardized protocols across institutions also contributes to variability in outcomes, underscoring the
need for clear clinical guidelines and training programs.

Future Directions and Research Gaps:

While current evidence supports the efficacy and safety of simple bone chip replacement, large-scale, randomized
controlled trials are needed to establish definitive guidelines. Future research should investigate long-term
outcomes, optimal timing, fixation techniques, and the role of biological adjuncts such as platelet-rich plasma or
bone morphogenetic proteins in enhancing osteointegration. The development of intraoperative imaging tools and
computer-assisted reconstruction may also improve accuracy in fragment repositioning. Furthermore, studies
comparing outcomes across diverse healthcare settings can help refine indications and identify best practices for
global dissemination of this technique.

Simple bone chip replacement represents a paradigm shift in the management of depressed skull fractures. It offers
a biologically sound, economically viable, and surgically effective alternative to traditional cranioplasty,
particularly in selected cases with clean, viable bone fragments. Its success in pediatric populations, favorable
infection profile, and excellent cosmetic outcomes underscore its value in contemporary neurosurgical practice.
As the global burden of traumatic brain injury continues to rise, especially in low-resource settings, the widespread
adoption of this technique could significantly improve access to timely, effective, and affordable neurosurgical
care.
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