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Abstract: 

Cervical radiculopathy (CR) is a debilitating illness characterized by pain, motor dysfunction, and 

postural problems, notably forward head position (FHP). Conventional rehabilitation methods 

frequently encounter difficulties in delivering engaging and efficacious therapies. Virtual reality (VR) 

training has developed as a novel rehabilitation instrument that incorporates real-time feedback and 

immersive experiences to promote pain alleviation, posture adjustment, and functional recovery. This 

narrative review investigates the etiology of cervical radiculopathy and forward head posture, analyzes 

the role of virtual reality in rehabilitation, and evaluates its efficacy in pain management, postural 

correction, and functional enhancement. Evidence indicates that VR-based therapies can facilitate 

neuroplastic changes and boost motor learning, resulting in better results for patients with CR. 

However, further high-quality clinical trials are necessary to establish standardized protocols and 

long-term benefits. 
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1.  Introduction 

Cervical radiculopathy (CR) is a disorder marked by the compression or irritation of 
cervical nerve roots, leading to pain, sensory abnormalities, and motor impairment. It is 

frequently linked to degenerative disc degeneration, herniated discs, or osteophyte 
development in the cervical spine (1). Forward head position (FHP) is a prevalent 

secondary symptom in CR that intensifies neural compression and musculoskeletal 

discomfort (2). Conventional rehabilitation approaches encompassing manual therapy, 
exercise therapy, and pharmaceutical interventions, frequently produce inadequate 

outcomes owing to patient adherence challenges and insufficient involvement (3). Virtual 
reality (VR) training is an innovative technique that provides an immersive and interactive 

rehabilitation experience, employing real-time feedback to better postural control, alleviate 
pain, and improve functional outcomes (4). 

This narrative review examines the pathophysiology of cervical radiculopathy and forward 

head posture, analyzes the utilization of virtual reality in rehabilitation, and assesses its 
efficacy in pain alleviation, postural correction, and functional enhancement. 

 

2. Pathophysiology of Cervical Radiculopathy and Forward Head Posture 

Cervical radiculopathy arises from the compression or inflammation of cervical nerve 
roots, resulting in pain, weakness, and sensory abnormalities (5). The nerve roots most 

frequently impacted are C5, C6, and C7, which are essential for the motor and sensory 
functions of the upper extremities (6). The pathogenesis encompasses disc herniation, 

osteophyte development, and diminished intervertebral foramen space, potentially 
resulting in nerve root irritation and chronic discomfort (7). 

Forward head posture (FHP) is a common postural abnormality in individuals with CR. It 

is characterized by an anterior displacement of the head relative to the shoulders, leading 
to increased strain on cervical structures (8). FHP correlates with muscular imbalances, 

characterized by tightness in the upper trapezius, sternocleidomastoid, and suboccipital 
muscles, along with weakness in the deep cervical flexors (9). These postural changes 

augment mechanical stress on the cervical vertebrae and exacerbate symptoms of CR (10). 

 

3.  Virtual Reality Training as a Rehabilitation Tool 

Virtual reality (VR) is an advanced technology that that offers an engaging and interactive 

rehabilitation experience. It employs computer-generated simulations to develop 

immersive settings for motor learning and pain desensitization (11). Virtual reality has been 
extensively utilized in neurological rehabilitation, proving effective in enhancing motor 

control, balance, and proprioception (12). The foundational ideas of VR-based therapy 
encompass neuroplasticity, motor imagery, and real-time feedback. Through the 

integration of multimodal inputs, virtual reality augments cognitive-motor engagement and 
enables task-specific training (13). The gamified aspect of VR enhances motivation and 

compliance with rehabilitation regimens (14). Research indicates that VR-based therapy 
enhances functional recovery in neurological disorders, including stroke, Parkinson’s 

disease, and spinal cord injuries, implying its potential utility in cervical radiculopathy 

(15). 
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4.  Virtual Reality Training for Pain Management 

Chronic pain in cervical radiculopathy is facilitated by central sensitization, wherein 

sustained nociceptive input induces maladaptive alterations in the central nervous system 
(16). Virtual reality interventions have demonstrated the ability to alter pain perception via 

distraction mechanisms and neuroplastic alterations (17). The analgesic effects of virtual 
reality are ascribed to its capacity to modify pain processing pathways by activating the 

attentional and emotive aspects of pain perception. Research has shown that virtual reality 
can diminish pain intensity and enhance the quality of life for persons with musculoskeletal 

pain problems (19). 

A systematic study indicated that VR-based therapies substantially alleviate pain in 
individuals with chronic neck pain by facilitating movement re-education and diminishing 

kinesiophobia (20). This indicates that virtual reality may serve as a helpful instrument for 
pain management in chronic pain patients. 

 

5. Virtual Reality Training for Forward Head Posture Correction 

Virtual reality therapies can improve postural control by delivering immediate feedback on 
head and neck alignment (21). Postural retraining in virtual reality environments enables 

patients to visualize their alignment and effectively rectify abnormalities (22). 

Biofeedback-integrated virtual reality has demonstrated enhancements in cervical 
proprioception and postural awareness (23). Randomized controlled research indicated that 

VR training markedly decreased FHP by improving neuromuscular coordination and 
facilitating postural corrections (24). Moreover, VR training has been associated with 

enhanced activation of the deep cervical flexors, crucial for sustaining appropriate head 
posture (25). 

 

6. Virtual Reality Training and Functional Outcomes 

Functional impairments in chronic pain extend beyond discomfort and posture, impacting 
everyday activities, occupational performance, and overall quality of life (26). Virtual 

reality-based rehabilitation methods integrate task-specific training to enhance functional 
outcomes (27). Research indicates that VR therapies can improve upper limb functionality, 

grip strength, and range of motion in individuals with cervical dysfunction (28). 

Furthermore, VR-induced motor learning enhances the long-term retention of movement 
patterns, leading to enduring enhancements in functional capability (29). A meta-analysis 

demonstrated that VR training markedly enhances activities of daily living (ADL) 
performance and motor function in individuals with neurological and musculoskeletal 

disorders (30). 

 

7. Limitations and Future Directions 

Despite its promising applications, VR-based rehabilitation has several limitations. 

Accessibility and cost remain significant barriers, limiting its widespread adoption (31). 
Additionally, variations in VR hardware and software standardization pose challenges for 

clinical implementation (32). Future research should focus on optimizing VR rehabilitation 
protocols, incorporating machine learning for personalized rehabilitation, and exploring 

long-term efficacy (33). Large-scale clinical trials are necessary to validate the 

effectiveness of VR in cervical radiculopathy rehabilitation (34). 
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8. Conclusion 

Virtual reality training presents an innovative approach for managing pain, correcting 
forward head posture, and improving functional outcomes in patients with cervical 

radiculopathy. By leveraging real-time feedback, neuroplastic adaptations, and gamified 
rehabilitation, VR enhances engagement and efficacy in rehabilitation programs. While 

preliminary evidence supports its effectiveness, further high-quality research is needed to 

establish standardized protocols and long-term benefits. 
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