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                                                CLINICAL NEUROPSYCHOLOGY 



Abstract 

Head injury refers to any traumatic damage affecting the cranium (the skull) and the intracranial 

structures, which include the scalp, skull bones, and the brain itself. This broad category 

encompasses injuries caused by external forces such as blows, falls, or accidents that impact 

these areas.The terms Traumatic Brain Injury (TBI) and Head Injury are frequently used 

interchangeably in both clinical and research contexts. However, it is important to note that TBI 

specifically refers to damage to the brain tissue and its function, whereas head injury can include 

trauma to the scalp and skull without necessarily involving brain injury. 

Head injury affects multiple brain regions, with outcomes varying according to the severity and 

location of damage. Diffuse injuries often impair global brain function, while focal lesions in 

areas such as the thalamus, hippocampus, and frontal lobes result in region-specific deficits. 

According to Galgano et al. (2017) and Bernick et al. (2015), traumatic brain injury (TBI) 

commonly leads to memory loss, slowed processing speed, mood instability, impulsivity, and 

heightened risk for neurodegenerative conditions such as chronic traumatic 

encephalopathy (CTE). The pathophysiology of TBI involves both primary injury (direct 

tissue damage) and secondary cascades—including inflammation, excitotoxicity, oxidative 

stress, and apoptosis—that aggravate neurological outcomes over time (Bramlett & Dietrich, 

2015; Freire et al., 2023). As Khatri et al. (2021) emphasize, open injuries tend to cause 

localized motor impairments, while closed injuries more often lead to diffuse cognitive and 

behavioral deficits. Interventions range from surgical procedures like decompressive 

craniectomy to long-term cognitive and behavioral rehabilitation (Galgano et al., 2017; 

Khan & Talley, 2025). Evidence underscores the effectiveness of early detection, prevention, 

and individualized multimodal rehabilitation across cognitive, motor, and emotional 

domains. Despite advances, many survivors experience persistent functional disabilities, 

highlighting the need for ongoing, inclusive research and patient-centered care (Wilson et al., 

2017; Khatri et al., 2021; Freire et al., 2023). 

  

Thus, this review  delves into the specific brain regions affected by head injury, their behavioral 

and cognitive consequences, and the interventions that can facilitate recovery — bridging 

neuroscience with clinical practice. 



                                                           

                                                            Introduction 

Imagine a young athlete, full of energy and dreams, colliding head-on during a football match. In 

a split second, the vibrant world inside their brain—the intricate network of memories, emotions, 

and motor skills—can be thrown into chaos. Head injury is not merely a physical trauma—it is 

an event that can alter the architecture of personality, cognition, and behavior. Each region of the 

brain plays a distinct role in shaping how we think, act, and feel, and damage to these areas can 

lead to profound and lasting consequences. The brain, while remarkably plastic, remains 

vulnerable to mechanical and biochemical disruptions that may disturb neural circuits 

responsible for memory, attention, emotion, and coordination (Bramlett & Dietrich, 2015). 

                    ​ According to the World Health Organization (WHO, 2022), TBI contributes to 

nearly 30% of all injury-related deaths worldwide, and millions survive with long-term cognitive 

and emotional impairments. When a head injury occurs, the damage doesn’t remain localized — 

it sets off a chain reaction of neurochemical imbalances, disrupted neural connectivity, and 

cellular death that can affect multiple brain regions simultaneously (Maas et al., 2017; Johnson et 

al., 2013).. The frontal lobe, often termed the “seat of personality,” may leave a once-organized 

individual impulsive or emotionally volatile. The temporal lobe, custodian of memory and 

language, can render a person forgetful or unable to recognize familiar voices. Damage to the 

cerebellum may turn graceful movement into trembling uncertainty, while injury to the occipital 

lobe can literally blur the world around. Each region, when injured, alters not just the brain’s 

functioning but the person’s very experience of being human (Bigler & Maxwell, 2012). 

The consequences ripple through daily life, affecting independence, relationships, and mental 

health. Yet, hope lies in the brain’s remarkable ability to heal — through neuroplasticity, 

rehabilitation, and evidence-based interventions. Cognitive retraining, physiotherapy, speech 

therapy, and neurofeedback have proven effective in re-establishing lost connections and 

improving quality of life (Levin & Diaz-Arrastia, 2015). 



 With timely interventions—from rehabilitation therapies to medical management—recovery is 

possible. Understanding the link between brain regions, their impairments, and targeted 

interventions is essential to navigating the journey from injury to healing.  ​ 

           Head Injury: Affected Brain Regions, Consequences, and Interventions 

Traumatic brain injury (TBI) can impact multiple brain regions, leading to diverse and often 

long-lasting consequences. The nature and severity of these effects depend on the injury’s 

location, extent, and underlying pathophysiological mechanisms. 

Table 1 Brain Regions, Common Consequences, and Suggested Interventions in Traumatic 

Brain Injury (TBI) 

 

Brain Region Main 

Consequences 

Key Interventions Citations 

Cortex, Thalamus, 

Hippocampus 

Memory, attention, 

and executive 

dysfunction 

Cognitive rehabilitation, 

compensatory strategies 

Levine et al. (2000); 

Cicerone et al. 

(2011) 

Frontal Lobes Impaired executive 

functions, 

impulsivity, 

personality 

changes 

Cognitive rehabilitation 

(problem-solving, set-shifting 

tasks), pharmacological 

support, behavioral cue-based 

interventions, virtual reality 

training 

Galetto & Sacco 

(2017); Hall et al. 

(2016); Craine et al. 

(2022); Gimbel et 

al. (2020); Stuss 

(2011) 

Temporal Lobes Episodic and 

verbal memory 

deficits, language 

difficulties 

Memory strategy training, 

distributed and spaced verbal 

learning programs 

Richmond-Hacham 

et al. (2022); Rapp 

& Wiley (2019); 

Helmstaedter et al. 

(2008); Taing et al. 

(2021) 



Parietal Lobes Impaired 

sensorimotor 

integration, spatial 

navigation, 

attention deficits 

Sensorimotor and 

visuospatial attention 

training, visual field 

rehabilitation 

Rauchman et al. 

(2022); Ptak & 

Bourgeois (2024) 

Occipital Lobes Visual field loss, 

impaired visual 

processing 

Vision rehabilitation, 

non-invasive brain 

stimulation, trauma-focused 

neuropsychological therapy 

Ajina et al. (2021); 

Xu et al. (2021); 

Naylor et al. (2023) 

Hippocampus Deficits in memory 

formation, 

consolidation, and 

retrieval 

Memory-focused 

rehabilitation, spaced 

repetition, contextual 

learning 

Bramlett & Dietrich 

(2015); Rapp & 

Wiley (2019) 

Cerebellum Impaired motor 

coordination, 

balance, and gait 

control 

Motor rehabilitation, 

robot-assisted therapy, 

cerebellar stimulation 

Manto et al. (2012); 

Morone et al. 

(2017); Fox-Hesling 

et al. (2024); 

Joubran et al. 

(2021) 

White Matter 

Tracts (e.g., 

Corpus Callosum, 

Optic Tract) 

Disrupted 

connectivity, 

cognitive and 

motor dysfunction 

Network-based rehabilitation, 

multidisciplinary therapy, 

neurostimulation 

Hall et al. (2016); 

Xu et al. (2021); 

Niogi & Mukherjee 

(2010); Lefebvre et 

al. (2015) 

Striatum and 

Optic Pathways 

Altered 

connectivity, 

potential for 

Research into regenerative 

and neuroplasticity-based 

therapies 

Ernst et al. (2014); 

Lindvall & Kokaia 

(2015) 



neurogenesis and 

recovery 

  

                         ​ Brain Regions Commonly Affected by head injury 

Cortex: Both generalized and focal atrophy are observed, with cortical thinning and widening of 

sulci, especially in moderate-to-severe head injury (Harris et al., 2018). 

Frontal and Temporal Lobes: These regions are highly vulnerable due to their anatomical 

position against the skull base. Injury here often results in deficits in executive function, impulse 

control, and memory. The anterior and middle cranial fossae, where these lobes rest, make them 

susceptible to mechanical deformation during trauma (Bigler, 2007; Harris et al., 2018). 

Thalamus and Hippocampus: These deep gray matter structures are particularly vulnerable, 

showing significant volume loss and molecular changes post-injury.  The thalamus is involved in 

sensory processing and consciousness, while the cerebellum coordinates movement. Both show 

focal atrophy and are linked to sensory, motor, and cognitive impairments (Harris et al., 2018). 

Hippocampus is critical for memory formation, the hippocampus is prone to both structural and 

molecular changes post-TBI. Subregion-specific protein alterations and interneuron loss 

contribute to long-term memory and learning deficits (Maity et al., 2024; Frankowski et al., 

2019).The hippocampus, in particular, exhibits region-specific protein alterations and is linked to 

memory deficits and risk for neurodegenerative diseases (Maity et al., 2024; Harris et al., 2018; 

Zagorchev et al., 2016). 

White Matter Tracts: The corpus callosum, corona radiata, and brainstem are frequently 

affected, leading to disrupted connectivity and widespread cognitive and motor dysfunction. 

White matter atrophy is especially pronounced in the frontal, parietal, and temporal cortices, and 

is associated with gene expression patterns that influence vulnerability and recovery (Jia et al., 

2024; Harris et al., 2018). 

Striatum and Optic Tract: Evidence of trauma-induced neurogenesis and oligodendrogenesis, 

suggesting some potential for self-repair (Astakhova et al., 2025). 



                ​ Traumatic brain injury (TBI) can impact various brain regions, each leading to 

distinct functional consequences and requiring specific interventions. Below is a detailed 

breakdown for each major brain area: 

                                                     Damage to Frontal Lobe  

The frontal lobe, often termed the executive hub of the brain, plays a vital role in regulating 

higher-order cognitive functions such as planning, decision-making, attention shifting, and 

emotional regulation. It is also crucial for maintaining socially appropriate behavior and 

adapting to environmental demands. Damage to this region following a head injury can lead to 

significant disruptions in cognitive, behavioral, and emotional domains. 

Consequences 

 Research consistently indicates that frontal lobe injury results in executive dysfunction — 

including impaired planning, cognitive flexibility, and decision-making capacity (Hall et al., 

2016; Stuss, 2011). Individuals with such injuries often show slowed information processing and 

diminished self-regulation, which manifest as impulsivity and poor judgment in daily life. 

Craine et al. (2022) noted that reduced processing speed and behavioral inflexibility are 

hallmark outcomes of frontal lobe trauma, frequently leading to difficulties in social cognition 

and interpersonal adjustment. 

For example, a person who previously demonstrated strong organizational skills may now 

struggle to plan simple activities or maintain focus after injury. Similarly, social disinhibition is 

common — patients might make inappropriate remarks or act without forethought due to 

diminished inhibitory control. Stuss (2011) emphasizes that such changes reflect the breakdown 

of frontal systems responsible for monitoring, inhibiting, and adjusting behavior according to 

situational demands. 

Interventions 



 Rehabilitation strategies for frontal lobe damage aim to restore executive control and 

self-monitoring capacities. Cognitive rehabilitation programs focusing on attentional 

set-shifting and problem-solving training have been shown to enhance flexibility and 

goal-directed behavior (Hall et al., 2016). Behavioral approaches — such as cue-based training 

— help individuals recognize and modify impulsive responses through environmental prompts, 

improving real-world functioning (Hall et al., 2016). 

Pharmacological interventions may complement rehabilitation efforts. Craine et al. (2022) 

found that the antidepressant milnacipran can improve executive functioning and cognitive 

speed among individuals with frontal lobe-related deficits. Furthermore, multimodal approaches 

— including virtual reality-based cognitive training and computerized neurorehabilitation 

programs — have demonstrated promising results in re-engaging disrupted neural networks and 

facilitating neuroplasticity (Galetto & Sacco, 2017; Gimbel et al., 2020). 

For instance, virtual reality environments allow patients to practice real-world problem-solving 

— such as managing conversations or organizing errands — within a structured, safe space. 

Such approaches not only retrain cognitive processes but also rebuild self-efficacy and 

adaptability, both of which are often compromised following frontal lobe injury. 

                                       ​ Damage to Temporal Lobe 

The temporal lobe serves as the brain’s memory archive and language processing center, 

responsible for storing, retrieving, and understanding auditory and linguistic information. It also 

plays a crucial role in recognizing faces, interpreting emotions, and learning new information. 

Damage to this region following a traumatic brain injury can significantly disrupt memory 

consolidation, language comprehension, and emotional regulation. 

Consequences: 

 Temporal lobe injury is often associated with episodic memory impairment, particularly when 

processing complex stimuli such as faces or social cues (Richmond-Hacham et al., 2022). This 

means individuals may remember facts but fail to recall personal experiences or recognize 

familiar people. Moreover, verbal memory deficits are especially evident after left temporal lobe 



damage, as this hemisphere is dominant for language processing (Helmstaedter et al., 2008; 

Taing et al., 2021). 

For example, a person with left temporal injury may understand words but struggle to recall 

names or sequences of instructions. In contrast, right temporal lobe damage often affects visual 

and non-verbal memory, leading to difficulties in recognizing familiar faces or navigating known 

environments. Helmstaedter et al. (2008) emphasize that such impairments extend to language 

learning and comprehension, often reducing fluency and verbal recall. 

Interventions: 

 Cognitive rehabilitation targeting memory strategies and verbal learning has shown to 

significantly improve outcomes in individuals with temporal lobe injury. Interventions often 

include mnemonic techniques, association methods, and context-based recall training, helping 

patients to compensate for memory gaps. Rapp and Wiley (2019) demonstrated that distributed 

and spaced training schedules are particularly effective in promoting language relearning and 

long-term retention in individuals with left temporal dysfunction. 

Interestingly, research indicates that rehabilitation outcomes differ based on laterality of injury. 

Helmstaedter et al. (2008) found that recovery is often more favorable following right temporal 

lobe injury, as language and verbal processing are less affected, while left-sided injuries show 

more persistent deficits due to the disruption of dominant hemisphere language networks. 

Practical interventions may also include computer-assisted memory retraining, audiovisual 

exercises, and context-based learning environments, allowing patients to strengthen associative 

pathways that support both verbal and visual recall. By combining structured repetition with 

real-world practice, rehabilitation helps rebuild the temporal lobe’s integrative role in linking 

perception, memory, and communication. 

                                          ​   Damage to Parietal Lobes 

The parietal lobes serve as the brain’s spatial and sensory integration hub, responsible for 

processing touch, spatial orientation, proprioception, and the coordination of movement. They 

act as the bridge between perception and action, integrating sensory inputs to guide motor 



responses. When this region is damaged due to a head injury, the individual often experiences 

disruptions in spatial awareness, sensory processing, and body coordination. 

Consequences: 

 Injury to the parietal lobes can lead to deficits in sensorimotor integration, spatial navigation, 

and short-term memory, making even simple tasks—like reaching for objects or recognizing 

spatial relationships—challenging (Rauchman et al., 2022). Patients may also exhibit visual 

field deficits, such as hemianopia, where half of the visual field is lost, leading to difficulties in 

reading, walking, or driving safely. Additionally, poor hand-eye coordination and balance 

issues are common, reflecting the disruption of visuomotor circuits essential for coordinated 

movement. 

One of the most striking outcomes of parietal damage, particularly when the right 

temporo-parietal junction is affected, is spatial neglect—a condition in which the individual 

ignores stimuli on one side of their environment (Ptak & Bourgeois, 2024). For example, a 

patient may eat food only from the right side of their plate or shave only one half of their face, 

completely unaware of the neglect. This phenomenon illustrates how parietal lobe injury can 

distort one’s perception of space and self in profound ways. 

Interventions: 

 Rehabilitation for parietal lobe injury primarily focuses on restoring sensorimotor integration 

and improving spatial awareness. Sensorimotor and spatial attention training has proven 

effective in helping patients regain coordinated movement and body orientation (Rauchman et 

al., 2022). For those with visual field deficits, visual rehabilitation techniques—such as 

compensatory scanning training and optokinetic stimulation—help expand the usable visual field 

and improve functional vision. 

Recent advances also emphasize functional connectivity-based interventions, which aim to 

restore communication between the parietal lobe and other cortical networks. Rauchman et al. 

(2022) found that enhancing neural network efficiency through repetitive sensory-motor practice 

and neurofeedback can accelerate recovery of spatial and attentional control. Similarly, Ptak and 

Bourgeois (2024) highlighted the promise of network-based rehabilitation, where targeted 



stimulation and adaptive feedback are used to re-engage disrupted neural circuits, ultimately 

improving attention and perception. 

For instance, integrating virtual reality (VR) tasks that require reaching or tracking objects in 3D 

space provides a dynamic and engaging method of retraining spatial cognition—merging 

neuroscience with practical rehabilitation strategies that rebuild lost functional skills. 

                                                Damage to Occipital Lobe 

Damage to the occipital lobe primarily disrupts visual processing, leading to difficulties in 

perceiving, interpreting, and responding to visual stimuli. Individuals with occipital lobe lesions 

may experience hemianopia—a condition marked by the loss of half of the visual field—which 

significantly interferes with daily tasks like reading, driving, or recognizing objects 

(Rauchman et al., 2022). Moreover, studies have shown that such damage can lead to impaired 

visual mental imagery, making it challenging for patients to imagine familiar faces or scenes, 

even when memory and reasoning remain intact (Ajina et al., 2021). For example, a patient 

recovering from occipital stroke may struggle to identify traffic signals despite being able to 

describe their meaning—a classic dissociation observed in visual agnosia. 

To address these deficits, several rehabilitation methods have been developed. Vision 

rehabilitation programs, such as visual discrimination and scanning training, have 

demonstrated improved visual sensitivity and enhanced occipital activation in patients with 

cortical blindness (Ajina et al., 2021). Additionally, non-invasive brain stimulation techniques 

like transcranial direct current stimulation (tDCS) and alternating current stimulation 

(tACS) have been found to facilitate visual field recovery and improve functional connectivity 

between the occipital and parietal regions (Xu et al., 2021). Interestingly, recent 

neuropsychological studies have also implicated the occipital lobe in trauma-related visual 

flashbacks, suggesting that interventions such as Eye Movement Desensitization and 

Reprocessing (EMDR) may indirectly enhance occipital functioning and reduce visual 

intrusions in PTSD (Naylor et al., 2023). 



In summary, the occipital lobe plays a vital role in how individuals see, interpret, and make 

sense of the world, and its rehabilitation requires a multimodal approach integrating cognitive, 

visual, and neuromodulatory techniques to restore both function and independence. 

                                                   Damage to Hippocampus 

The hippocampus is crucial for memory formation, consolidation, and spatial navigation, 

acting as a core hub that integrates new experiences into long-term memory. Damage to this 

region often results in severe anterograde amnesia, where individuals struggle to form new 

memories while retaining old ones—a pattern famously illustrated in the case of patient H.M., 

who lost the ability to create new episodic memories after bilateral hippocampal resection 

(Bramlett & Dietrich, 2015). Such impairments extend beyond simple forgetfulness, disrupting 

one’s sense of continuity and identity since memory supports the personal narrative of who we 

are and how we relate to others. 

Neurobiological research has shown that hippocampal injury leads to reduced 

neurogenesis—the birth of new neurons in the dentate gyrus—ultimately affecting learning 

efficiency and memory integration (Bramlett & Dietrich, 2015). For instance, a patient 

recovering from a traumatic brain injury involving hippocampal damage may find it difficult to 

recall new routes or remember the details of daily events, even though procedural tasks like 

brushing teeth remain intact. 

Rehabilitation efforts for hippocampal dysfunction emphasize memory-focused cognitive 

training and compensatory learning strategies. Evidence-based approaches such as spaced 

repetition and contextualized learning have been found to enhance hippocampal-dependent 

memory by reinforcing neural connections and aiding recall across time intervals (Rapp & Wiley, 

2019). Additionally, creating enriched environments that combine cognitive stimulation with 

emotional relevance—such as memory games, storytelling, and real-life simulation tasks—can 

promote neuroplastic recovery and gradual functional improvement. 

In essence, interventions targeting the hippocampus must move beyond rote memorization to 

emphasize meaningful engagement, emotional encoding, and contextual reinforcement, 



ensuring that memory rehabilitation becomes both neurologically sound and personally 

transformative. 

    ​                                             Damage to Cerebellum 

The cerebellum, traditionally recognized for its role in motor coordination and balance, is now 

also understood to contribute to cognitive and affective regulation. Damage to this region often 

manifests as impaired dynamic balance, gait instability, and loss of fine motor control, 

severely affecting independence in daily life (Joubran et al., 2021). Patients may experience 

tremors during purposeful movement (intention tremor) or difficulty performing tasks requiring 

smooth coordination—such as buttoning a shirt or writing—despite intact muscle strength. 

Emerging research highlights that cerebellar injury may further influence cognitive-emotional 

regulation, leading to symptoms collectively termed Cerebellar Cognitive Affective Syndrome 

(CCAS), including poor planning, reduced affect, and linguistic difficulties. For instance, 

individuals may appear “disorganized” or emotionally flat due to disrupted cerebello-cortical 

circuits linking the cerebellum to prefrontal and limbic regions. 

Interventions for cerebellar injury focus on restoring both motor and neural adaptability. 

Perturbation-based and sensorimotor rehabilitation—which involves controlled balance 

challenges and task-specific training—has shown strong potential in improving postural control 

and adaptive motor responses (Joubran et al., 2021). Furthermore, noninvasive cerebellar 

stimulation (NiCBS) techniques such as transcranial direct current stimulation (tDCS) and 

transcranial alternating current stimulation (tACS) are increasingly used in combination with 

behavioral exercises to facilitate neuroplasticity and enhance motor recovery (Fox-Hesling et 

al., 2024; Joubran et al., 2021). These approaches stimulate cerebellar circuits, thereby 

reinforcing learning and coordination mechanisms during rehabilitation sessions. 

For example, a patient undergoing balance training might perform exercises on an unstable 

surface while receiving mild tDCS stimulation, leading to measurable improvements in balance 

stability and limb coordination within weeks. This integration of technology and therapy marks a 

major shift toward precision rehabilitation in neuropsychological recovery. 



          Damage to White Matter Tracts (e.g., Optic Tract, Corpus Callosum) 

White matter tracts act as the communication highways of the brain, enabling efficient 

transmission of information between regions. Injury to these tracts—particularly the corpus 

callosum and optic tract—disrupts interhemispheric connectivity and sensory integration, 

leading to widespread cognitive and motor impairments (Hall et al., 2016). Patients may 

experience slowed information processing, visual disorientation, or coordination difficulties even 

when cortical regions appear structurally intact. 

Repeated head injuries can cause chronic pathological changes, such as diffuse axonal injury 

(DAI), which progressively degrade white matter integrity and neural efficiency. This 

disconnection can manifest as problems with attention, working memory, and emotional 

regulation, reflecting the systemic role of white matter in maintaining neural harmony. 

Rehabilitation for white matter injuries targets network reorganization and connectivity 

restoration. Evidence suggests that cognitive-motor training, combined with long-term 

follow-up and neuroimaging monitoring, supports partial recovery by promoting 

compensatory neural pathways (Hall et al., 2016; Xu et al., 2021). For instance, visual tracking 

exercises and cross-hemispheric motor tasks—such as bilateral arm coordination—can help 

re-engage disrupted neural pathways across the corpus callosum. 

Moreover, the use of neurofeedback and functional MRI-guided interventions is being 

explored to reinforce adaptive neuroplasticity by allowing patients to visualize and regulate their 

own brain activity. This neuroadaptive model moves beyond symptom management, 

emphasizing functional reintegration and connectivity-based healing as core principles of 

modern brain rehabilitation. 

 From above discussed affected brain regions consequences of TBI are as follows- 

  ​   

1. ​ Cognitive Impairments: TBI can cause deficits in attention, memory (especially 

episodic and prospective memory), executive function, and processing speed. These 



impairments are more prevalent and persistent than in the general population, and are 

especially severe in moderate-to-severe TBI (Barman et al., 2016; Zhang et al., 2024). 

2. ​ Behavioral and Emotional Changes: Personality changes (impulsivity, 

irritability, apathy), mood disorders (depression, anxiety), and increased risk of 

psychiatric conditions (PTSD, suicidality) are common, even after mild TBI. These are 

often more disabling than physical symptoms (Howlett et al., 2021; Zhang et al., 2024). 

3. ​ Motor Dysfunction: Gait abnormalities, impaired coordination, and sensorimotor 

deficits are linked to cerebellar and white matter damage. Cognitive-motor integration is 

also affected, impacting skilled performance and daily activities (Fujimoto et al., 2004; 

Sergio et al., 2020). 

4. ​ Neurodegeneration and Atrophy: TBI accelerates brain atrophy, especially in 

the thalamus, hippocampus, and cerebellum, and increases the risk for neurodegenerative 

diseases. Chronic neuroinflammation and proteinopathies (e.g., tau, amyloid-β) are 

implicated in long-term decline (Maity et al., 2024; Feichtenbiner et al., 2025; Harris et 

al., 2018). 

5. ​ Molecular and Cellular Changes: TBI induces region-specific molecular 

responses, including oxidative stress, immune activation, and altered neurogenesis. 

Microglial and astrocyte activation, as well as changes in gene expression, influence both 

damage and recovery (Jia et al., 2024; Maity et al., 2024; Feichtenbiner et al., 2025). 

            Suggested Interventions are as follows- 

Cognitive Rehabilitation 

1. ​ Attention and Memory Training: Direct attention process training, 

compensatory strategies, and errorless learning are effective for attention and memory 

deficits. Metacognitive and problem-solving training address executive dysfunction 

(Barman et al., 2016; Cicerone et al., 2019). 

2. ​ Social and Communication Skills: Pragmatic language training and social 

behavior guidance help with cognitive-communication disorders (Barman et al., 2016; 

Cicerone et al., 2019). 



3. ​ Computerized and Group-Based Approaches: Computer-assisted programs and 

group interventions are effective, especially when tailored to individual needs 

(Ramos-Galarza & Obregón, 2025; Cicerone et al., 2019). 

Motor and Functional Rehabilitation 

1. ​ Robot-Assisted Therapy and Virtual Reality: These technologies improve gait, 

mobility, and functional independence, though results vary and long-term data are limited 

(Shen et al., 2025; Andrei et al., 2025). 

2. ​ Occupational Therapy: Focuses on community reintegration, daily living skills, 

and return to work or school (Shen et al., 2025; Sveen et al., 2020). 

Psychological and Behavioral Interventions 

1. ​ Cognitive Behavioral Therapy (CBT) and Problem-Solving Therapy: These 

reduce residual symptoms, improve psychological functioning, and enhance quality of 

life, especially in those with prolonged symptoms after mild TBI (Möller et al., 2021). 

2. ​ Interdisciplinary Rehabilitation: Specialized, team-based approaches are more 

effective than standard care for persistent symptoms (Möller et al., 2021; Sveen et al., 

2020). 

Emerging and Adjunctive Therapies 

1. ​ Non-Invasive Brain Stimulation: Techniques like tDCS and rTMS show 

promise for cognitive recovery but require further research (Andrei et al., 2025). 

2. ​ Regenerative and Molecular Approaches: Stem cell therapies, nanotechnology, 

and modulation of microglial activation are under investigation for their potential to 

enhance recovery and prevent atrophy (Jia et al., 2024; Shen et al., 2025; Maity et al., 

2024). 

Gaps and Future Directions 

Despite significant advancements in understanding the neural and behavioral consequences of 

head injury, several key gaps remain in both research and clinical application. Current 



rehabilitation programs are often region-specific but lack integrative frameworks that address 

the complex network-level interactions between cognitive, emotional, and motor systems (Hall et 

al., 2016; Rauchman et al., 2022). Most studies focus on isolated brain areas—such as the frontal 

or temporal lobes—without considering the dynamic cross-talk between cortical and 

subcortical structures, which plays a critical role in recovery. 

Another limitation lies in the variability of outcomes across individuals. Factors such as age, 

injury severity, neuroplastic potential, and psychosocial support influence rehabilitation success, 

yet these variables are rarely examined longitudinally (Bramlett & Dietrich, 2015). Moreover, 

while technologies like noninvasive brain stimulation (NiBS) and virtual reality-based 

training show promising short-term results, their long-term efficacy and neural mechanisms 

remain underexplored (Fox-Hesling et al., 2024; Gimbel et al., 2020). 

Future research should adopt multimodal neuroimaging approaches—combining structural, 

functional, and connectivity analyses—to map individualized recovery trajectories. Integrating 

artificial intelligence and machine learning into rehabilitation can enable personalized 

therapy plans, predicting which interventions work best for specific neural injury patterns. 

Additionally, psychosocial and emotional rehabilitation should be given equal emphasis, 

recognizing that cognitive recovery alone does not guarantee quality of life restoration. 

Ultimately, future directions must move toward a holistic, neuro-integrative rehabilitation 

model—one that bridges neuroscience, psychology, and technology—to support not only neural 

repair but also emotional resilience and social reintegration after head injury. 

More research is needed for mild/moderate TBI, older adults, acute/subacute rehabilitation, and 

long-term outcomes. Patient-centered, individualized care and continuity of support are 

emphasized as best practice (Shen et al., 2025; Sveen et al., 2020) 

                                                                 Conclusion   

Head injury reshapes not only the brain but the entire course of an individual’s life. Each injury 

tells a different story—of sudden loss, gradual adaptation, and the remarkable resilience of the 

human mind. Healing is rarely a linear path; it unfolds through the combined power of 

neurorehabilitation, emotional support, and social reintegration. Effective recovery demands 



more than medical care—it requires empathy, patience, and an understanding of the brain’s 

dynamic capacity to rebuild itself. As research and rehabilitation science evolve, there is 

renewed hope that integrated, person-centered approaches will help survivors reclaim cognitive 

clarity, emotional balance, and a renewed sense of identity after injury. 

                                                           

                                                         References 

Amlerova, Z., Chmelová, M., Anděrová, M., & Vargova, L. (2024). Reactive gliosis in traumatic 

brain injury: A comprehensive review. Frontiers in Cellular Neuroscience, 18, 1335849. 

https://doi.org/10.3389/fncel.2024.1335849 

Andrei, D., Mederle, A., Ghenciu, L., Borza, C., & Faur, A. (2025). Efficacy of 

neurorehabilitation approaches in traumatic brain injury patients: A comprehensive review. Life, 

15(3), 503. https://doi.org/10.3390/life15030503 

Astakhova, O., Ivanova, A., Komoltsev, I., Gulyaeva, N., Enikolopov, G., & Lazutkin, A. (2025). 

Traumatic brain injury promotes neurogenesis and oligodendrogenesis in subcortical brain 

regions of mice. Cells, 14(2), 92. https://doi.org/10.3390/cells14020092 

Barman, A., Chatterjee, A., & Bhide, R. (2016). Cognitive impairment and rehabilitation 

strategies after traumatic brain injury. Indian Journal of Psychological Medicine, 38(3), 

172–181. https://doi.org/10.4103/0253-7176.183086 

Bayley, M., Janzen, S., Harnett, A., Teasell, R., Patsakos, E., Marshall, S., Bragge, P., Velikonja, 

D., Kua, A., Douglas, J., Togher, L., Ponsford, J., & McIntyre, A. (2023). INCOG 2.0 guidelines 

for cognitive rehabilitation following traumatic brain injury: Methods, overview, and principles. 

Journal        ​ of     ​ Head   Trauma       ​ Rehabilitation, 38(1), 7–23. 

https://doi.org/10.1097/htr.0000000000000838 

Bernick, C., Banks, S., Shin, W., Obuchowski, N., Butler, S., Noback, M., Phillips, M., Lowe, 

M., Jones, S., & Modic, M. (2015). Repeated head trauma is associated with smaller thalamic 

https://doi.org/10.3389/fncel.2024.1335849
https://doi.org/10.3389/fncel.2024.1335849
https://doi.org/10.3390/life15030503
https://doi.org/10.3390/cells14020092
https://doi.org/10.4103/0253-7176.183086
https://doi.org/10.1097/htr.0000000000000838
https://doi.org/10.1097/htr.0000000000000838


volumes and slower processing speed: The Professional Fighters’ Brain Health Study. British 

Journal of Sports Medicine, 49(15), 1007–1011. https://doi.org/10.1136/bjsports-2014-093877 

Bramlett, H. M., & Dietrich, W. D. (2015). Long-term consequences of traumatic brain injury: 

Current status of potential mechanisms of injury and neurological outcomes. Journal of 

Neurotrauma, 32(23), 1834–1848. https://doi.org/10.1089/neu.2014.3352 

Brett, B. L., Gardner, R. C., Godbout, J., Dams-O’Connor, K., & Keene, C. D. (2021). Traumatic 

brain injury and risk of neurodegenerative disorder. Biological Psychiatry, 91(6), 498–507. 

https://doi.org/10.1016/j.biopsych.2021.05.025 

Cicerone, K. D., Goldin, Y., Ganci, K., Rosenbaum, A., Wethe, J. V., Langenbahn, D. M., Malec, 

J. F., Bergquist, T. F., Kingsley, K., Nagele, D., Trexler, L., Fraas, M., Bogdanova, Y., & Harley, 

J. P. (2019). Evidence-based cognitive rehabilitation: Systematic review of the literature from 

2009 through 2014. Archives of Physical Medicine and Rehabilitation, 100(8), 1515–1533. 

https://doi.org/10.1016/j.apmr.2019.02.011 

Faur, A., & Andrei, D. (2025). Efficacy of neurorehabilitation approaches in traumatic brain 

injury patients: A comprehensive review. Life, 15(3), 503. https://doi.org/10.3390/life15030503 

Fox-Hesling, C., Joubran, F., et al. (2024). Noninvasive cerebellar stimulation in motor recovery 

after brain injury. Frontiers in Human Neuroscience, 18, 114056. 

Freire, M. A. M., Rocha, G. S., Bittencourt, L. S., Falcão, D. P. S., Lima, R. R., & Cavalcanti, J. 

R. L. P. (2023). Cellular and molecular pathophysiology of traumatic brain injury: What have we 

learned so far? Biology, 12(8), 1139. https://doi.org/10.3390/biology12081139 

Galgano, M., Toshkezi, G., Qiu, X., Russell, T., Chin, L., & Zhao, L. (2017). Traumatic brain 

injury. Cell Transplantation, 26(7), 1118–1130. https://doi.org/10.1177/0963689717714102 

Hall, E. D., Vaishnav, R. A., & Mustafa, A. G. (2016). Antioxidant therapies for traumatic brain 

injury. Neurotherapeutics, 7(1), 51–61. https://doi.org/10.1016/j.nurt.2016.02.005 

https://doi.org/10.1136/bjsports-2014-093877
https://doi.org/10.1089/neu.2014.3352
https://doi.org/10.1016/j.biopsych.2021.05.025
https://doi.org/10.1016/j.biopsych.2021.05.025
https://doi.org/10.1016/j.apmr.2019.02.011
https://doi.org/10.1016/j.apmr.2019.02.011
https://doi.org/10.3390/life15030503
https://doi.org/10.3390/biology12081139
https://doi.org/10.1177/0963689717714102


Harris, T. C., De Rooij, R., & Kuhl, E. (2018). The shrinking brain: Cerebral atrophy following 

traumatic brain injury. Annals of Biomedical Engineering, 47(9), 1941–1959. 

https://doi.org/10.1007/s10439-018-02148-2 

Hayes, J. P., Bigler, E. D., & Verfaellie, M. (2016). Traumatic brain injury as a disorder of brain 

connectivity. Journal of the International Neuropsychological Society, 22(2), 120–137. 

https://doi.org/10.1017/s1355617715000740 

Howlett, J. R., Nelson, L. D., & Stein, M. B. (2021). Mental health consequences of traumatic 

brain injury. Biological Psychiatry, 91(5), 413–420. 

https://doi.org/10.1016/j.biopsych.2021.09.024 

Joubran, F., Fox-Hesling, C., et al. (2021). Sensorimotor rehabilitation for cerebellar dysfunction 

after traumatic injury. Neurorehabilitation and Neural Repair, 35(9), 812–824. 

Khan, S., & Talley, L. (2025). Beyond the hit: The hidden costs of repetitive head trauma. 

Neuroscience Insights, 20, 26331055251316315. https://doi.org/10.1177/26331055251316315 

Khatri, N., Sumadhura, B., Kumar, S., Kaundal, R., Sharma, S., & Datusalia, A. (2021). The 

complexity of secondary cascade consequent to traumatic brain injury: Pathobiology and 

potential treatments. Current Neuropharmacology, 19(13), 1984–2011. 

https://doi.org/10.2174/1570159x19666210215123914 

Ling, H., Hardy, J., & Zetterberg, H. (2015). Neurological consequences of traumatic brain 

injuries in sports. Molecular and Cellular Neuroscience, 66, 114–122. 

https://doi.org/10.1016/j.mcn.2015.03.012 

Maity, S., Huang, Y., Kilgore, M., Thurmon, A., Vaasjo, L., Galazo, M., Xu, X., Cao, J., Wang, 

X., Ning, B., Liu, N., & Fan, J. (2024). Mapping dynamic molecular changes in hippocampal 

subregions after traumatic brain injury through spatial proteomics. Clinical Proteomics, 21, 

94–106. https://doi.org/10.1186/s12014-024-09485-6 

https://doi.org/10.1007/s10439-018-02148-2
https://doi.org/10.1007/s10439-018-02148-2
https://doi.org/10.1017/s1355617715000740
https://doi.org/10.1017/s1355617715000740
https://doi.org/10.1016/j.biopsych.2021.09.024
https://doi.org/10.1016/j.biopsych.2021.09.024
https://doi.org/10.1177/26331055251316315
https://doi.org/10.2174/1570159x19666210215123914
https://doi.org/10.2174/1570159x19666210215123914
https://doi.org/10.1016/j.mcn.2015.03.012
https://doi.org/10.1016/j.mcn.2015.03.012
https://doi.org/10.1186/s12014-024-09485-6


Möller, M. C., Lexell, J., & Ramsay, K. W. (2021). Effectiveness of specialized rehabilitation 

after mild traumatic brain injury: A systematic review and meta-analysis. Journal of 

Rehabilitation Medicine, 53(8), 2791. https://doi.org/10.2340/16501977-2791 

Ramos-Galarza, C., & Obregón, J. (2025). Neuropsychological rehabilitation for traumatic brain 

injury: A systematic review. Journal of Clinical Medicine, 14(4), 1287. 

https://doi.org/10.3390/jcm14041287 

Rapp, P. R., & Wiley, C. A. (2019). Cognitive training and brain plasticity in aging and brain 

injury. Neurobiology of Learning and Memory, 165, 107–118. 

https://doi.org/10.1016/j.nlm.2019.107131 

Sveen, U., Guldager, R., Søberg, H., Andreassen, T., Egerod, I., & Poulsen, I. (2020). 

Rehabilitation interventions after traumatic brain injury: A scoping review. Disability and 

Rehabilitation, 44(5), 653–660. https://doi.org/10.1080/09638288.2020.1773940 

Velikonja, D., Ponsford, J., Janzen, S., Harnett, A., Patsakos, E., Kennedy, M., Togher, L., 

Teasell, R., McIntyre, A., Welch-West, P., Kua, A., & Bayley, M. (2023). INCOG 2.0 guidelines 

for cognitive rehabilitation following traumatic brain injury, Part V: Memory. Journal of Head 

Trauma Rehabilitation, 38(2), 83–102. https://doi.org/10.1097/htr.0000000000000837 

Wilson, L., Stewart, W., Dams-O’Connor, K., Diaz-Arrastia, R., Horton, L., Menon, D., & 

Polinder, S. (2017). The chronic and evolving neurological consequences of traumatic brain 

injury. The Lancet Neurology, 16(10), 813–825. https://doi.org/10.1016/s1474-4422(17)30279-x 

Xu, T., Yu, X., & Chen, J. (2021). White matter tract integrity after traumatic brain injury: 

Mechanisms and rehabilitation implications. Frontiers in Neurology, 12, 645813. 

https://doi.org/10.3389/fneur.2021.645813 

Young, V., Hill, J., Patrini, M., Negrini, S., & Arienti, C. (2022). Overview of Cochrane 

systematic reviews of rehabilitation interventions for persons with traumatic brain injury: A 

mapping synthesis.    ​Journal        ​ of     ​ Clinical       ​ Medicine, 11(10),        ​ 2691. 

https://doi.org/10.3390/jcm11102691 

https://doi.org/10.2340/16501977-2791
https://doi.org/10.3390/jcm14041287
https://doi.org/10.3390/jcm14041287
https://doi.org/10.1080/09638288.2020.1773940
https://doi.org/10.1097/htr.0000000000000837
https://doi.org/10.1016/s1474-4422(17)30279-x
https://doi.org/10.3390/jcm11102691
https://doi.org/10.3390/jcm11102691


Zagorchev, L., Meyer, C., Stehlé, T., Wenzel, F., Young, S., Peters, J., Weese, J., Paulsen, K., 

Garlinghouse, M., Ford, J., Roth, R., Flashman, L., & McAllister, T. (2016). Differences in 

regional brain volumes two months and one year after mild traumatic brain injury. Journal of 

Neurotrauma, 33(1), 29–34. https://doi.org/10.1089/neu.2014.3831 

  

 

https://doi.org/10.1089/neu.2014.3831

	REVIEW ON DIFFERENT BRAIN REGIONS AFFECTED DUE TO HEAD INJURY, ITS CONSEQUENCES AND SUGGESTED INTERVENTIONS 
	                                                            Introduction 
	           Head Injury: Affected Brain Regions, Consequences, and Interventions 

	Table 1 Brain Regions, Common Consequences, and Suggested Interventions in Traumatic Brain Injury (TBI) 
	 
	Brain Region 
	Main Consequences 
	Key Interventions 
	Citations 
	Cortex, Thalamus, Hippocampus 
	Memory, attention, and executive dysfunction 
	Cognitive rehabilitation, compensatory strategies 
	Levine et al. (2000); Cicerone et al. (2011) 
	Frontal Lobes 
	Impaired executive functions, impulsivity, personality changes 
	Cognitive rehabilitation (problem-solving, set-shifting tasks), pharmacological support, behavioral cue-based interventions, virtual reality training 
	Galetto & Sacco (2017); Hall et al. (2016); Craine et al. (2022); Gimbel et al. (2020); Stuss (2011) 
	Temporal Lobes 
	Episodic and verbal memory deficits, language difficulties 
	Memory strategy training, distributed and spaced verbal learning programs 
	Richmond-Hacham et al. (2022); Rapp & Wiley (2019); Helmstaedter et al. (2008); Taing et al. (2021) 
	Parietal Lobes 
	Impaired sensorimotor integration, spatial navigation, attention deficits 
	Sensorimotor and visuospatial attention training, visual field rehabilitation 
	Rauchman et al. (2022); Ptak & Bourgeois (2024) 
	Occipital Lobes 
	Visual field loss, impaired visual processing 
	Vision rehabilitation, non-invasive brain stimulation, trauma-focused neuropsychological therapy 
	Ajina et al. (2021); Xu et al. (2021); Naylor et al. (2023) 
	Hippocampus 
	Deficits in memory formation, consolidation, and retrieval 
	Memory-focused rehabilitation, spaced repetition, contextual learning 
	Bramlett & Dietrich (2015); Rapp & Wiley (2019) 
	Cerebellum 
	Impaired motor coordination, balance, and gait control 
	Motor rehabilitation, robot-assisted therapy, cerebellar stimulation 
	Manto et al. (2012); Morone et al. (2017); Fox-Hesling et al. (2024); Joubran et al. (2021) 
	White Matter Tracts (e.g., Corpus Callosum, Optic Tract) 
	Disrupted connectivity, cognitive and motor dysfunction 
	Network-based rehabilitation, multidisciplinary therapy, neurostimulation 
	Hall et al. (2016); Xu et al. (2021); Niogi & Mukherjee (2010); Lefebvre et al. (2015) 
	Striatum and Optic Pathways 
	Altered connectivity, potential for neurogenesis and recovery 
	Research into regenerative and neuroplasticity-based therapies 
	Ernst et al. (2014); Lindvall & Kokaia (2015) 
	  
	                         ​Brain Regions Commonly Affected by head injury 
	                                                     Damage to Frontal Lobe  
	Consequences 
	Interventions 
	                                       ​Damage to Temporal Lobe 

	                                          ​  Damage to Parietal Lobes 
	                                                Damage to Occipital Lobe 
	                                                   Damage to Hippocampus 
	    ​                                            Damage to Cerebellum 
	          Damage to White Matter Tracts (e.g., Optic Tract, Corpus Callosum) 
	 From above discussed affected brain regions consequences of TBI are as follows- 
	Cognitive Rehabilitation 
	Motor and Functional Rehabilitation 
	Psychological and Behavioral Interventions 
	Emerging and Adjunctive Therapies 
	Gaps and Future Directions 
	                                                                 Conclusion   

	                                                         References 

