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Abstract
Cranioplasty has evolved from a procedure primarily intended for cranial defect reconstruction into an integral component of contemporary neurorestorative neurosurgery. While restoration of skull integrity and cosmetic appearance remain important objectives, accumulating evidence demonstrates that cranioplasty exerts profound physiological effects by improving cerebral blood flow, normalizing cerebrospinal fluid dynamics, restoring intracranial pressure homeostasis, enhancing cerebral metabolism, and promoting functional neuronal recovery. These mechanisms contribute to neurological improvement, reversal of the syndrome of the trephined, and optimization of rehabilitation following decompressive craniectomy. Despite these advances, significant controversies persist regarding the optimal timing of reconstruction, selection of implant materials, and strategies for minimizing postoperative complications. Recent evidence increasingly supports individualized decision-making based on patient physiology, neurological status, radiological findings, and rehabilitation potential rather than rigid chronological thresholds. Simultaneously, the evolution of biomaterials, from autologous bone to patient-specific titanium, polymethylmethacrylate, hydroxyapatite, and polyetheretherketone implants, has expanded reconstructive options while improving functional and cosmetic outcomes. Emerging technologies including computer-assisted design, three-dimensional printing, artificial intelligence, finite element modelling, bioactive scaffolds, and regenerative tissue engineering are further transforming the field toward precision cranial reconstruction. This narrative review summarizes the historical evolution, neurophysiological basis, contemporary controversies, and future innovations in cranioplasty. By integrating current evidence, the review highlights the paradigm shift from simple cranial reconstruction to restoration of cerebral physiology and neurological function. Future progress will likely depend upon personalized implant selection, optimized surgical timing, biologically active reconstructive materials, and multidisciplinary neurorehabilitation, ultimately redefining cranioplasty as a cornerstone of precision neurorestorative care rather than a purely reconstructive procedure.
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Introduction
Cranioplasty is one of the oldest documented procedures in surgery, with archaeological evidence suggesting attempts at cranial reconstruction dating back more than 7,000 years. [1,2] Ancient civilizations, including the Incas, Persians, Celts, and Egyptians, used materials such as gold, silver, gourds, shells, and xenografts to repair skull defects, reflecting an early appreciation of the importance of restoring cranial integrity despite limited understanding of cerebral physiology. [1,2] Over centuries, advances in surgical techniques, biomaterials, and perioperative care have transformed cranioplasty from a primitive reconstructive procedure into an indispensable component of modern neurosurgical practice. [3,4] Today, cranial reconstruction is routinely performed following decompressive craniectomy for traumatic brain injury (TBI), malignant cerebral infarction, intracerebral hemorrhage, infections, neoplasms, congenital cranial defects, and selected craniofacial disorders.
The traditional objectives of cranioplasty were largely confined to cerebral protection and cosmetic restoration. Reconstruction of calvarial defects restores the structural integrity of the skull, protects the underlying brain from external trauma, and improves facial symmetry, thereby reducing the psychological burden associated with visible cranial deformities. [5,6] However, accumulating experimental and clinical evidence over the past two decades has fundamentally altered this perspective. Contemporary research has demonstrated that cranioplasty exerts profound physiological effects by restoring cerebral blood flow, improving cerebrospinal fluid (CSF) dynamics, normalizing intracranial pressure relationships, enhancing cerebral metabolism, and facilitating cortical electrophysiological recovery.[5-8] These observations have established cranioplasty as a neurorestorative intervention capable of influencing neurological recovery rather than merely replacing missing bone.
This narrative review summarizes the contemporary evidence regarding the evolution of cranioplasty, physiological mechanisms underlying neurological recovery, optimal surgical timing, and future technological advances. By integrating historical perspectives with current clinical evidence and emerging innovations, the review aims to provide a comprehensive overview of modern cranioplasty while highlighting the transition of cranial reconstruction from a predominantly cosmetic operation to an essential component of neurorestorative care.
Evolution of Cranioplasty: From Ancient Reconstruction to Modern Neurorestoration
The history of cranioplasty mirrors the evolution of neurosurgery itself, reflecting continuous attempts to restore cranial integrity while improving patient survival and functional recovery. Archaeological evidence suggests that cranial reconstruction was practiced as early as 7000 BC, making cranioplasty one of the oldest documented surgical procedures. [1,2] Ancient civilizations including the Incas, Persians, Celts, North Africans, and Polynesians repaired cranial defects using locally available materials such as gourds, shells, precious metals, and animal bone. Although these procedures were performed without any understanding of neurophysiology or sterile surgical principles, the high degree of osseous healing observed in excavated skulls indicates that many patients survived long enough for successful incorporation of these primitive implants.[1,2] 
Significant progress remained limited until the renaissance, when greater anatomical understanding stimulated renewed interest in cranial reconstruction. During the sixteenth century, Fallopius advocated replacement of fractured cranial bone provided that the dura remained intact; whereas Petronius recommended the use of gold plates when primary bone replacement was not feasible. One of the earliest documented successful bone graft cranioplasties was reported in 1668 by the Dutch surgeon Job Janszoon van Meekeren, who described implantation of canine bone into a traumatic cranial defect.[1]
The first and second world wars profoundly accelerated the development of cranioplasty. Large numbers of soldiers surviving devastating cranial injuries created an unprecedented demand for reliable reconstructive materials. During this period, numerous metals, including aluminum, tantalum, silver, vitallium, and titanium, were investigated, together with acrylic compounds such as polymethylmethacrylate (PMMA).[1,9] Although many early materials demonstrated satisfactory mechanical strength, complications including corrosion, infection, thermal conductivity, implant fracture, and poor tissue integration limited widespread adoption. Nevertheless, these investigations established the fundamental principles that continue to guide modern biomaterial development. [9,10]
Contemporary cranial reconstruction has entered the era of precision medicine. High-resolution computed tomography, computer-assisted design (CAD), computer-assisted manufacturing (CAM), and additive manufacturing technologies now permit production of patient-specific implants with remarkable anatomical accuracy. Modern biomaterials, including titanium, hydroxyapatite, and polyetheretherketone (PEEK), provide superior mechanical performance, improved cosmetic outcomes, and greater long-term durability compared with earlier generations of implants. [8,9] Simultaneously, advances in regenerative medicine, bioactive scaffolds, tissue engineering, and artificial intelligence-assisted surgical planning continue to redefine the future of cranial reconstruction.
The evolution of cranioplasty therefore represents more than a chronological progression of surgical techniques and biomaterials. It reflects a paradigm shift in which the procedure has transitioned from simple replacement of missing bone to restoration of cerebral physiology and optimization of neurological recovery. This modern understanding forms the foundation for current controversies regarding surgical timing, implant selection, and individualized patient management, which are discussed in the subsequent sections.


Cranioplasty as a Neurorestorative Procedure
Traditionally, cranioplasty was regarded primarily as a reconstructive operation performed to restore skull integrity, however, advances in neuroimaging, cerebral physiology, and neurorehabilitation have fundamentally transformed this concept. Restoration of the cranial vault has been shown to improve cerebral blood flow, normalize cerebrospinal fluid (CSF) dynamics, restore intracranial pressure homeostasis, enhance cerebral metabolism, improve cortical electrical activity, and facilitate neurological recovery. [1-6] (Figure 1)
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Figure 1. Clinical photographs demonstrating the cosmetic outcome following autologous cranioplasty. (A) Preoperative frontal and left oblique views showing a significant left frontotemporoparietal cranial defect with scalp depression following decompressive craniectomy. (B) Postoperative frontal and left oblique views, 6 months after autologous cranioplasty demonstrating restoration of normal cranial contour with satisfactory cosmetic outcome.
Restoration of Cerebral Blood Flow
One of the earliest physiological changes recognized after successful cranioplasty is the improvement in cerebral blood flow (CBF). Following decompressive craniectomy, removal of a large cranial segment exposes the underlying brain to atmospheric pressure, resulting in distortion of cortical architecture and impairment of cerebral autoregulation. These alterations reduce regional cerebral perfusion beneath the cranial defect and may contribute to persistent neurological dysfunction despite stabilization of the primary brain injury. Experimental studies have demonstrated that decompressive craniectomy alters cerebrovascular resistance and disrupts the normal pressure gradient required for effective cerebral perfusion. [5,7]
Numerous imaging studies using transcranial Doppler ultrasonography, xenon-enhanced computed tomography, CT perfusion imaging, and magnetic resonance perfusion have consistently demonstrated significant increases in regional cerebral blood flow following cranioplasty. Improvements are often observed not only beneath the reconstructed defect but also in the contralateral hemisphere, suggesting restoration of global cerebral hemodynamics rather than merely local mechanical correction. [5,8] Increased cerebral perfusion correlates with improvements in motor strength, language function, attention, and level of consciousness, emphasizing that restoration of cerebral circulation represents one of the principal mechanisms responsible for neurological recovery after cranioplasty. [5,9]
Improvement in Cerebral Metabolism
Beyond restoring cerebral perfusion, cranioplasty has been shown to improve cerebral metabolic activity. Following decompressive craniectomy, altered intracranial biomechanics may lead to reduced neuronal activity and decreased glucose utilization within the affected cerebral hemisphere. Positron emission tomography (PET) studies have demonstrated reduced regional glucose metabolism beneath large cranial defects, reflecting impaired neuronal function despite adequate structural preservation. [1,5,7] Following cranioplasty, several investigators have documented significant increases in cerebral glucose metabolism involving both the ipsilateral and contralateral hemispheres. Restoration of normal cranial architecture appears to improve neurovascular coupling and optimize metabolic demand, thereby facilitating recovery of previously dysfunctional but viable neuronal tissue. Functional recovery observed after cranioplasty may therefore result not only from improved cerebral perfusion but also from enhanced metabolic efficiency throughout distributed cortical networks.
Restoration of Cerebrospinal Fluid Hydrodynamics
Normal cerebrospinal fluid circulation depends upon a rigid cranial vault that maintains physiological intracranial pressure gradients during the cardiac and respiratory cycles. Decompressive craniectomy disrupts this delicate equilibrium by allowing atmospheric pressure to influence intracranial compliance, thereby altering CSF pulsatility and ventricular dynamics. Disturbances in CSF hydrodynamics have been implicated in ventricular enlargement, subdural hygromas, delayed hydrocephalus, and neurological deterioration following decompressive craniectomy.[10,13]
Cranioplasty restores the closed intracranial compartment, allowing normalization of CSF circulation and intracranial compliance. Magnetic resonance imaging with CSF flow analysis has demonstrated improved CSF pulsatility following cranial reconstruction, while several clinical studies have reported stabilization of ventricular size and reduction in abnormal CSF accumulation after restoration of cranial integrity. Although hydrocephalus remains a recognized postoperative complication in selected patients, restoration of normal CSF physiology is generally considered one of the major neurophysiological benefits of cranioplasty. [10-13]
Normalization of Intracranial Pressure Dynamics
The rigid cranial vault plays a fundamental role in maintaining intracranial pressure (ICP) homeostasis according to the Monro–Kellie doctrine. Following decompressive craniectomy, atmospheric pressure directly influences the underlying cerebral cortex, producing abnormal pressure gradients and distortion of cortical tissue. These changes impair cerebral autoregulation, compromise venous drainage, and reduce compliance of the intracranial compartment. Cranioplasty restores physiological intracranial pressure relationships by re-establishing the rigid cranial boundary. Computational biomechanical studies suggest that reconstruction reduces abnormal cortical deformation and improves transmission of arterial pulsations throughout the intracranial compartment. Restoration of normal ICP dynamics likely contributes synergistically to improvements in cerebral blood flow, CSF circulation, and neuronal metabolism observed after surgery. [5,7, 10-13]
Syndrome of the Trephined: A Clinical Manifestation of Physiological Dysfunction
The syndrome of the trephined, also known as sinking skin flap syndrome, provides perhaps the strongest clinical evidence supporting the neurorestorative role of cranioplasty. This syndrome typically develops weeks to months following decompressive craniectomy and is characterized by progressive neurological deterioration associated with visible depression of the scalp overlying the cranial defect. Clinical manifestations include headache, dizziness, fatigue, cognitive decline, aphasia, hemiparesis, gait disturbance, mood disorders, impaired concentration, and reduced participation in rehabilitation. [5,11]
Although the precise pathophysiological mechanisms remain incompletely understood, current evidence suggests that atmospheric pressure acting upon the unprotected cerebral cortex, together with impaired cerebral perfusion, altered CSF circulation, and disturbed autoregulation, contributes to neurological dysfunction. Remarkably, many patients experience rapid neurological improvement within hours to days following cranioplasty, strongly supporting the reversible nature of these physiological abnormalities. Recognition of this syndrome has transformed the perceived indications for cranioplasty, emphasizing restoration of neurological function rather than cosmetic rehabilitation alone.
Radiological Evidence
Functional magnetic resonance imaging (fMRI) has provided important insights into the neurophysiological effects of cranioplasty. Resting-state fMRI studies have demonstrated restoration of functional connectivity within motor, language, and default mode networks following cranial reconstruction. Increased activation of sensorimotor cortices and improved interhemispheric connectivity have been observed after cranioplasty, suggesting recovery of distributed neuronal networks that extend beyond the immediate vicinity of the cranial defect. [12]
Positron emission tomography (PET) has further strengthened understanding of the metabolic consequences of cranioplasty. Studies using fluorodeoxyglucose (FDG)-PET have demonstrated significant postoperative increases in regional cerebral glucose utilization, particularly within frontal and parietal cortices underlying the reconstructed defect. Improved metabolic activity has also been observed in contralateral cortical regions, suggesting restoration of global neuronal network function rather than localized metabolic recovery alone. [7]
Electroencephalography (EEG) provides additional evidence supporting the physiological benefits of cranioplasty. Patients with large cranial defects often demonstrate slowing of cortical electrical activity, reduced background rhythms, and impaired interhemispheric synchronization. Following reconstruction, normalization of EEG patterns, including increased alpha activity and improved cortical synchronization, has been reported in association with neurological recovery.[12]
Clinical Neurological Recovery
The physiological improvements observed following cranioplasty ultimately translate into clinically meaningful functional recovery. Multiple observational studies and systematic reviews have demonstrated improvements in motor performance, cognitive function, language, balance, activities of daily living, Functional Independence Measure (FIM), Glasgow Outcome Scale-Extended (GOSE), and health-related quality of life after successful cranial reconstruction. [5,6,13]
Motor recovery appears to be the most consistently reported benefit, particularly when cranioplasty is performed during active rehabilitation. Cognitive improvement is more variable and may depend upon patient age, severity of primary brain injury, timing of reconstruction, and intensity of rehabilitation. Nevertheless, the growing body of evidence consistently supports the concept that restoration of cranial integrity enhances neurological recovery through multiple complementary physiological mechanisms rather than by cosmetic correction alone.
Taken together, current evidence establishes cranioplasty as a true neurorestorative procedure. Restoration of cerebral perfusion, normalization of CSF dynamics and intracranial pressure, improvement in cerebral metabolism, recovery of functional neuronal networks, and measurable gains in neurological function collectively explain why patients frequently improve following cranial reconstruction. [3-7] (Table 1) This evolving understanding has fundamentally changed the objectives of modern cranioplasty and forms the scientific basis for the ongoing debate regarding the optimal timing of surgery, discussed in the following section.

Table 1:  Mechanisms by which cranioplasty promotes neurological recovery
	Physiological Mechanism
	Pathophysiological effect after craniectomy
	Effect of cranioplasty
	Clinical implication

	Restoration of cerebral blood flow
	Reduced cerebral perfusion due to impaired autoregulation and atmospheric pressure effects
	Improves regional and global cerebral perfusion
	Better motor recovery, language function, cognition, and consciousness

	Improvement in cerebral metabolism
	Reduced glucose utilization and neuronal activity
	Restores metabolic activity and neurovascular coupling
	Enhanced functional recovery and rehabilitation potential

	Normalization of CSF dynamics
	Altered CSF pulsatility and ventricular compliance
	Restores physiological CSF circulation and intracranial compliance
	Reduction in syndrome of the trephined and improvement in neurological symptoms

	Restoration of intracranial pressure homeostasis
	Disturbed Monro–Kellie equilibrium with abnormal cortical deformation
	Re-establishes normal intracranial pressure gradients
	Improved cerebral autoregulation and venous drainage

	Recovery of functional neural networks
	Disrupted cortical connectivity after cranial defect
	Improved interhemispheric communication demonstrated by fMRI and EEG
	Enhanced motor, cognitive, and language recovery

	Optimization of neuroplasticity
	Suboptimal physiological environment during rehabilitation
	Restores conditions favourable for synaptic remodeling and cortical reorganization
	Accelerated neurological rehabilitation and functional independence




Contemporary Controversies in Cranioplasty: Timing, Neuroplasticity, and Clinical Decision-Making
Despite considerable advances in neurosurgical techniques and biomaterials, the optimal timing of cranioplasty remains one of the most debated issues in cranial reconstruction. Historically, cranioplasty was deliberately delayed for several months following decompressive craniectomy (DC) because of concerns regarding persistent cerebral edema, infection, CSF disturbances, and wound complications. This conservative approach became widely accepted despite limited high-quality evidence supporting prolonged delay. Over the past two decades, however, increasing recognition of the neurorestorative effects of cranioplasty has challenged this traditional paradigm.[1-5] Rather than considering cranial reconstruction merely as a delayed reconstructive procedure, contemporary neurosurgeons increasingly view cranioplasty as an intervention capable of influencing neurological recovery itself. Consequently, the debate has shifted from "When is it safe?" to "When can physiological recovery be maximized without compromising safety?" 
Why does the controversy exist?
The absence of consensus largely reflects the heterogeneity of patients undergoing DC. Individuals requiring DC differ considerably with respect to age, primary pathology, severity of brain injury, associated systemic trauma, cerebral edema, hydrocephalus, infection, and rehabilitation potential. Furthermore, definitions of "early" and "late" cranioplasty vary substantially among published studies. While most contemporary investigators define early cranioplasty as reconstruction performed within 90 days of decompressive craniectomy, others use thresholds ranging from 30 days to six months. Such variability complicates comparison of clinical outcomes and contributes to conflicting recommendations.
Another important limitation is that most available evidence originates from retrospective observational studies rather than randomized controlled trials. Consequently, patient selection bias remains unavoidable. Patients undergoing early cranioplasty are frequently younger, medically stable, free of infection, and actively participating in rehabilitation, whereas delayed reconstruction is often reserved for individuals with persistent cerebral edema, complex wound problems, or significant medical comorbidities. These differences make it difficult to determine whether postoperative outcomes are influenced by surgical timing itself or by underlying patient characteristics.
Traditional rationale for delayed cranioplasty
The conventional strategy of delaying reconstruction developed primarily to reduce postoperative complications. Persistent cerebral swelling following DC may prevent accurate implant positioning and increase tension on scalp closure, potentially predisposing to wound breakdown or implant exposure. Similarly, delayed reconstruction allows resolution of intracranial infection, maturation of scalp vascularity, stabilization of neurological status, and normalization of inflammatory responses. Some clinicians advocate delaying cranioplasty until ventricular dynamics stabilize or cerebrospinal fluid diversion procedures have been completed. Others recommend ventricular shunting before cranial reconstruction when hydrocephalus is clinically significant. Consequently, delayed cranioplasty became established as the traditional "safe" approach despite the limited evidence supporting mandatory postponement. [15]
Why early cranioplasty may improve neuroplasticity
The strongest contemporary argument supporting early cranioplasty is not related to surgical convenience but rather to brain recovery. The weeks immediately following severe brain injury represent a period of heightened neuroplasticity characterized by synaptic remodeling, axonal sprouting, cortical reorganization, and activity-dependent neuronal recovery. Intensive rehabilitation during this window aims to exploit the brain's intrinsic capacity for functional reorganization.Large cranial defects may interfere with this process by maintaining abnormal intracranial biomechanics. Persistent alterations in cerebral blood flow, cerebrospinal fluid dynamics, cortical metabolism, and electrophysiological activity may reduce neuronal efficiency during the very period when neuroplasticity is greatest. Early restoration of cranial integrity therefore has the potential to normalize the physiological environment required for effective neuronal remodeling. [7,12]
Improved cerebral perfusion following cranioplasty enhances oxygen and glucose delivery to recovering neural tissue, while normalization of intracranial compliance restores cerebrovascular autoregulation and CSF circulation. Functional neuroimaging studies demonstrating restoration of cortical connectivity following reconstruction further support the hypothesis that cranioplasty facilitates reintegration of distributed neural networks involved in motor, cognitive, and language recovery. Thus, rather than acting as an isolated surgical intervention, early cranioplasty may amplify the effectiveness of multidisciplinary neurorehabilitation by restoring the physiological substrate necessary for neuroplasticity. This concept has fundamentally altered the objectives of cranial reconstruction. Instead of postponing surgery until all theoretical risks disappear, increasing emphasis is placed on identifying the earliest time at which restoration of cerebral physiology can safely contribute to neurological recovery. (Table 2)
Table 2: Current Evidence Comparing Early and Delayed Cranioplasty [3-5,16-18]
	Parameter
	Early Cranioplasty (≤90 days)
	Delayed Cranioplasty (>90 days)

	Neurological recovery
	Earlier improvement in motor and cognitive function
	Improvement may occur but often later

	Cerebral physiology
	Earlier restoration of cerebral blood flow, CSF dynamics and metabolism
	Delayed restoration of physiological homeostasis

	Rehabilitation
	Better participation during the critical neuroplasticity period
	Rehabilitation may proceed with persistent physiological impairment

	Infection risk
	Comparable in appropriately selected patients
	Comparable

	Hydrocephalus
	Evidence remains conflicting; no consistent independent association
	Similar overall risk after adjustment for injury severity

	Surgical complications
	Similar overall complication profile in contemporary series
	Similar

	Current recommendation
	Appropriate in physiologically stable patients with resolved cerebral edema and no active infection
	Preferred when edema, infection, poor soft tissue condition, or significant medical instability persists



Integrating Our Clinical Experience
Our retrospective cohort study evaluating patients undergoing cranioplasty following traumatic brain injury contributes additional evidence to this evolving discussion. Patients undergoing reconstruction within 90 days demonstrated superior functional neurological recovery compared with those undergoing delayed surgery, while postoperative complication rates remained comparable between groups. These findings support the hypothesis that restoration of cranial integrity during the active phase of neurological rehabilitation facilitates functional recovery without compromising surgical safety in appropriately selected patients. [19]
Importantly, our study should not be interpreted as advocating universal early cranioplasty. Instead, it emphasizes that timing should be individualized according to physiological readiness rather than chronological thresholds. Patients demonstrating radiological resolution of cerebral edema, satisfactory wound healing, absence of active infection, and adequate medical stability may benefit from earlier restoration of normal cranial physiology, whereas delayed reconstruction remains appropriate when these conditions are not fulfilled.
From Chronological Timing to Physiological Timing
Perhaps the most important conceptual shift emerging from recent literature is the transition from chronological timing to physiological timing. Rather than asking whether cranioplasty should be performed before or after a predetermined number of days, contemporary practice increasingly focuses on determining when the patient is biologically prepared to derive maximal benefit from reconstruction. Factors influencing this decision include resolution of cerebral swelling on imaging, integrity of scalp soft tissues, absence of active infection, optimization of nutritional status, control of hydrocephalus when present, participation in rehabilitation, and overall neurological trajectory. This individualized approach aligns more closely with modern principles of precision neurosurgery and recognizes that the optimal timing of reconstruction cannot be reduced to a single numerical threshold applicable to every patient. Consequently, current evidence suggests that the question is no longer whether early or delayed cranioplasty is universally superior, but rather which patient is likely to benefit most from earlier restoration of cerebral physiology while maintaining an acceptable surgical risk profile. 
Conclusion
Cranioplasty has evolved from a procedure aimed primarily at cranial defect reconstruction into a key component of contemporary neurorestorative neurosurgery. Beyond restoring skull integrity and cosmetic appearance, increasing evidence demonstrates that cranioplasty improves cerebral blood flow, normalizes CSF dynamics, restores intracranial pressure homeostasis, enhances cerebral metabolism, and facilitates functional reorganization of neuronal networks. These physiological changes translate into meaningful improvements in neurological recovery, functional independence, and quality of life, emphasizing that cranioplasty should be regarded as a therapeutic intervention rather than merely a reconstructive procedure.
The long-standing debate regarding the optimal timing of reconstruction is also shifting from rigid chronological thresholds toward an individualized, physiology-based approach. Current evidence suggests that carefully selected patients may benefit from earlier restoration of cranial integrity during the period of heightened neuroplasticity, provided cerebral edema has resolved, infection has been excluded, and soft tissue conditions are favourable. Conversely, delayed reconstruction remains appropriate when these prerequisites are not met. This personalized strategy reflects the broader movement toward precision neurosurgery.
Future investigations should focus on prospective multicentre studies incorporating advanced neuroimaging, physiological biomarkers, and standardized functional outcome measures to better define patient selection and timing. As understanding of cerebral physiology continues to evolve, cranioplasty is increasingly recognized not simply as replacement of a skull defect, but as restoration of the biological environment necessary for neurological recovery. Integrating cranial reconstruction with individualized rehabilitation strategies will likely further enhance outcomes and establish cranioplasty as a cornerstone of precision neurorestorative care.
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