


Review Article         
A SCOPING REVIEW OF LASER-BASED VISUAL CUEING STRATEGIES FOR THE MANAGEMENT OF FREEZING OF GAIT IN PARKINSON’S DISEASE


Abstract
Background: Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by dopaminergic degeneration and Lewy body pathology, leading to impaired basal ganglia function and motor symptoms such as bradykinesia, rigidity, tremor, and gait disturbances. Freezing of gait (FOG) is a challenging feature that may increase fall risk and affect quality of life. Visual cueing, particularly laser-based strategies, may enhance motor control by engaging cortical and visuomotor pathways.	Comment by Ganesh Neupane: neuron	Comment by Ganesh Neupane: 	Comment by Ganesh Neupane: What pathology ??? rewrite
Objective: To synthesize evidence on laser-based visual cueing for managing FOG and gait dysfunction in PD, and to examine the influence of device design and patient characteristics on outcomes.	Comment by Ganesh Neupane: Avoid abbreviation in abstract 
Methods: A scoping review was conducted using PubMed, Scopus, and open-access sources. Studies involving PD patients using laser-based cueing with quantitative gait or FOG outcomes were included. Interventions were categorized by device type, delivery mode, study design, and duration.	Comment by Ganesh Neupane: Avoid abbreviation
Results: Eight studies (sample sizes 10–80; Hoehn and Yahr stages 1–4) were included. Laser cueing was associated with reduced FOG severity and frequency in some studies, with reported improvements in NFOGO scores, reduced FOG episodes (~31%) and fewer falls and near-falls (~41% and ~58%); however, findings were not consistent across all devices or participants. Accelerometry showed a reduced Freeze Index in some studies. Laser canes demonstrated a benefit for gait initiation freezing in one study. Spatiotemporal outcomes were mixed, with some devices improving stride length and velocity, while others increased variability, suggesting cautious gait. Kinematic improvements included better joint motion and stability.
Conclusion: Laser-based visual cueing may act as a promising non-pharmacological intervention for FOG in PD, though effects vary by device and patient profile, highlighting the need for individualized approaches, larger controlled trials and further long-term research to establish robust evidence.	Comment by Ganesh Neupane: Rewrite this sentence with conclusion
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Introduction
Parkinson’s disease (PD) is a progressive neurological disorder that has increasingly been recognized for its clinical and pathological complexity. Traditionally, it is characterized by the classical motor features of parkinsonism, which are closely associated with the presence of Lewy bodies and degeneration of dopaminergic neurons within the substantia nigra pars compacta. These pathological changes disrupt normal basal ganglia function, leading to impaired motor control and coordination. Clinically, Parkinson’s disease manifests as bradykinesia, muscular rigidity, resting tremor, and impairments in posture and gait, all of which significantly affect movement efficiency and activities of daily living.1
Gait disturbances represent one of the most clinically meaningful and functionally impactful challenges encountered by individuals with Parkinson’s disease. These disturbances include bradykinetic gait, reduced step length, shuffling, festination, and episodes of freezing of gait (FOG). Collectively, these impairments contribute to postural instability and substantially increase the risk of falls, thereby limiting functional independence and quality of life. To address these deficits, therapeutic strategies frequently incorporate external cueing techniques that utilize auditory, somatosensory, and visual inputs to facilitate and enhance motor performance.²
External cueing in Parkinson’s disease is believed to compensate for impaired internal movement generation by enhancing cortical activation and modulating dysfunctional basal ganglia activity. Specifically, cueing has been associated with a reduction in abnormal beta oscillations (10–30 Hz), primarily through suppression of subthalamic nucleus activity via direct motor pathways.³ In the case of visual cueing, intact visual–motor pathways are thought to bypass basal ganglia dysfunction, thereby facilitating movement execution through alternative neural circuits.
Among the various cueing modalities, auditory cueing has been extensively studied, particularly in the form of rhythmic auditory stimulation (RAS). This approach has been shown to significantly improve stride length, walking speed, and turning performance, while also reducing the frequency of freezing episodes in individuals with Parkinson’s disease.² Furthermore, rhythmic auditory cueing enhances cadence consistency during prolonged walking tasks. Continuous cueing strategies have demonstrated effectiveness in maintaining cadence; however, they may also increase fatigue levels. In contrast, intelligent cueing approaches have been shown to provide comparable benefits while minimizing fatigue.⁴ Additionally, closed-loop auditory feedback systems, in which each step triggers a corresponding auditory cue, have demonstrated further improvements in walking speed and stride length.⁵
Somatosensory cueing represents another effective strategy for improving gait in Parkinson’s disease. Techniques such as rhythmic electrical stimulation applied at the waist have been shown to reduce walking task duration,⁶ while vibratory stimulation at the wrist has been associated with increased stride time and step length.⁷ Alternating vibratory stimulation applied to the lower limbs has demonstrated improvements in stride length, cadence, and gait velocity.⁸ Furthermore, freezing of gait-triggered vibratory stimulation has been shown to enhance task completion,⁹ while wrist stimulation during the stance phase reduces freezing episodes.¹⁰ Step-synchronized vibratory stimulation delivered to the plantar surface has also been found to improve walking speed and cadence.¹¹ Collectively, these findings highlight the versatility and effectiveness of somatosensory cueing in mitigating gait disturbances in Parkinson’s disease.
Visual cueing strategies have also been widely employed in gait rehabilitation for Parkinson’s disease. These typically involve the presentation of external visual markers to guide foot placement, such as transverse floor markings, stripes, or projected visual targets. The spacing of these cues is often individualized based on the patient’s baseline step or stride length to optimize gait performance. Among visual cueing techniques, laser-guided cueing has emerged as a particularly promising intervention due to its portability, adaptability, and ease of integration into daily activities.
Laser-guided visual cueing interventions have been implemented through multiple modalities. These include canes equipped with laser projection systems that provide visual stepping targets,¹² walkers integrated with laser devices that deliver continuous cues,¹³ ¹⁴ and wearable systems positioned at the chest¹⁵ or waist level,¹⁶ projecting visual lines onto the walking surface to facilitate stepping. More advanced systems incorporate laser cueing with sensor-based technologies, such as plantar pressure plates, enabling real-time feedback and improved double-stance stability. Collectively, these variations demonstrate the versatility and clinical potential of laser-based visual cueing in addressing gait disturbances and freezing of gait in Parkinson’s disease.¹⁷, ¹⁸
Despite growing interest in laser cueing interventions, the current body of literature presents mixed findings regarding their effectiveness. While several studies report improvements in freezing of gait and gait initiation, others demonstrate limited or inconsistent effects on overall gait parameters such as speed, cadence, and variability. Therefore, a comprehensive synthesis of available evidence is essential to better understand the clinical applicability and effectiveness of laser cueing in Parkinson’s disease rehabilitation.
Methodology
This scoping review was conducted and reported in accordance with the preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines. The review protocol was guided by the Arksey and O’Malley framework, encompassing five stages: (1) identifying the research question; (2) identifying relevant studies; (3) study selection; (4) charting the data; and (5) collating, summarizing and reporting the results. 
Research Question: What is the extent, nature and clinical impact of laser-based visual cueing interventions on freezing of gait and gait parameters in individuals with Parkinson’s disease?
Information Sources and Search Strategy: A systematic electronic database search was performed across PubMed (MEDLINE), Scopus and open-access repositories, from database inception to March 2025. The following Medical Subject Headings (MeSH) terms and free-text keywords were applied in combination using Boolean operators (AND, OR): Parkinson’s disease, laser cueing, visual cueing, laser shoes, gait rehabilitation, freezing of gait, external cueing, laser cane, wearable laser, and gait disturbances. Reference lists of all included articles were manually screened to identify any additional eligible studies not captured through the electronic search.
Eligibility Criteria: Studies were assessed for eligibility using the population, concept and context (PCC) framework recommended by the PRISMA-ScR guidelines. Regarding population, studies were required to include participants with a diagnosis of idiopathic Parkinson’s disease or Parkinsonism of any age, sex or disease stage (Hoehn and Yahr stages I-IV). Regarding concepts, eligible studies were required to employ a laser-based visual cueing intervention including laser canes, laser shoes, wearable laser module or sensor-integrated laser systems and report at least one quantitative gait or FOG outcome measure (step length, stride length, gait speed, cadence, gait variability, FOG episode frequency or Freeze Index). Regarding context, studies conducted in any setting (laboratory, clinical or home-based) and of any study design (randomized controlled trials, crossover trials, pilot studies, quasi-experimental or comparative observational studies) were considered eligible, provided they were published in peer-reviewed sources (Table 1).
Studies were excluded if they: did not include participants with Parkinson’s disease or Parkinsonism; did not employ a laser-based visual cueing modality as the primary intervention; lacked quantitative gait or FOG outcome data; focused on general rehabilitation programs without an isolated laser cueing component; were reviews, meta-analyses, editorials or conference abstracts without full-text data; or were published in a language other than English without an available validated translation.
Study Selection: Following the database search, all identified records were screened in two sequential stages. In the first stage, titles and abstracts were independently reviewed by two reviewers (AK KR and RB KB) against the pre-defined PCC eligibility criteria. Disagreements were resolved through discussion and consensus. In the second stage, full texts of potentially eligible studies were retrieved and assessed in detail. The number of records identified, screened, assessed for eligibility and ultimately included was documented according to the PRISMA-ScR flow diagram (Figure 1). Reasons for exclusion at the full-text stage were recorded systematically. 
Data Charting and Extraction: Data from included studies were extracted using a standardized charting form developed a priori. The following variables were recorded: author(s) and year of publication; study design; sample size and participant characteristics; type of laser-based cueing device; mode of application (continuous, closed-loop or triggered); outcome measures and instruments used; key findings; and reported limitations. Included studies were subsequently categorized by device type (laser cane, laser shoes, wearable module, sensor-integrated systems), application mode (open-loop vs. closed-loop; continuous vs. intermittent) and intervention duration (single-session/acute vs. multi-session/longitudinal).
Synthesis of Results: Given the heterogeneity in study designs, participant characteristics, intervention protocols, and outcome measures across included studies, a narrative synthesis approach was adopted in lieu of a quantitative meta-analysis. Findings were organized and reported thematically across four 
domains: (1) FOG severity and frequency; (2) spatiotemporal gait parameters; (3) kinematics and kinetics; and (4) postural stability. This approach aligns with PRISMA-ScR guidance for scoping reviews, which aim to map the breadth and distribution of available evidence rather than generate pooled effect estimates.
RESULTS	Comment by Ganesh Neupane: Where is PRISMA FLOW DIAGRAM mention in methods and results section?
The reviewed research articles indicate that laser-based visual cueing may serve for managing freezing of gait (FOG) in Parkinson’s disease, though its effectiveness appears to vary based on the device type and individual’s specific gait profile (Table 1).

	Author(s) & Year
	Study Design
	Sample Size
	Population
	Disease Stage (H&Y)
	Device Type
	Setting

	Barthel et al., (2018)19
	Pilot study
	21
	PD with severe FOG
	Not staged (Severe FOG)
	Laser Shoes
	Home

	Buated et al., (2012)20
	Comparative experimental trial
	30
	Idiopathic PD with gait problems
	H&Y 2–3
	Laser Cane
	Clinical Hospital

	Chan et al., (2024)21
	Comparative experimental trial
	22
	PD with self-reported FOG
	H&Y 1–4
	Sensor-Integrated Shoes
	Laboratory

	McCandless et al., (2016)22
	Randomized crossover trial
	20
	Idiopathic PD with FOG
	UPDRS Item 14 score 2–3
	Laser Cane
	Gait Lab

	Ruthiraphong et al., (2025)23
	Randomized crossover controlled trial
	10
	Parkinsonism with FOG
	H&Y 1–4
	Ankle Bracelet Laser
	Hospital Clinic

	Stuart et al., (2025)24
	Comparative cross-sectional study
	80
	Idiopathic PD
	H&Y 1–3
	Digital Laser Shoes
	Clinical Gait Lab

	Tang et al., (2019)25
	Comparative study
	34 PD / 32 HC
	PD with FOG
	H&Y 2–4
	Sternum-mounted Laser
	Gait Laboratory

	Zhang et al., (2023)18
	Comparative study
	18 PD / 18 HC
	Idiopathic PD
	H&Y 2–3
	Wearable Waist Laser
	Motion Analysis Lab


Table 1: Study Design and Population Characteristics

	Author(s) & Year
	Intervention
	Outcome Measures
	Key Findings
	Overall Effects

	Barthel et al., (2018)19
	Laser shoes providing continuous or triggered cues
	FOG severity (NFOGQ), falls/near-falls, FOG episodes, and relative locomotion duration
	NFOGQ improved significantly; falls decreased by 41%, near-falls by 58%, and FOG episodes by 31%
	Potent home-based device to reduce FOG severity and risk of falls

	Buated et al., (2012)20
	Low-cost cane projecting a 75 cm laser line triggered by a sensor
	Number of freezes, stride length, gait velocity, and cadence
	Significant increase in stride length and velocity during "off" medication periods; reduction in freezes
	Effective low-cost tool for solving FOG in low- and middle-income countries

	Chan et al., (2024)21
	Sensor-integrated laser shoes providing one-side-at-a-time cueing
	Stride time/length, stance/swing %, centre of pressure (COP) metrics, and Freeze Index (FI)
	Decreased FI and freeze-prone intervals in "worse-gait" group; slowed gait and reduced stride in "well-gait" group
	Variable efficacy based on gait quality—facilitates impaired gait but induces cautious patterns in proficient walkers

	McCandless et al., (2016)22
	Laser cane vs. sound/vibrating metronomes and regular walking sticks
	% freezing episodes, step length, COM velocity, and sways
	Laser cane was the most effective at improving movement and had the fewest freezing episodes
	Immediate functional benefits for overcoming "start hesitation"

	Ruthiraphong et al., (2025)23
	Closed-loop wearable ankle bracelet using ultrasonic sensors
	Gait speed, TUG test, stride length, and locomotor rehabilitation index (LRI)
	Significant improvement in all parameters: speed (+0.07 m/s), stride (+0.17 m), and TUG (-7.69s)
	Acutely enhances gait performance and metabolic economy in parkinsonism

	Stuart et al., (2025)24
	Digital Path Finder laser shoes set to usual step length
	Gait speed, cadence, stride length, double support time, and gait variability
	No improvement in gait parameters; decreased speed/cadence and increased variability and double support phase
	Device may induce a more cautious but undesirable and variable gait pattern

	Tang et al., (2019)25
	Sternum-mounted laser projecting one step length ahead
	Spatiotemporal, joint kinematics (ROM), and kinetics (joint power)
	Significant improvements in stride length, velocity, joint ROM (ankle/hip), and mechanical power generation
	Ameliorates abnormal gait patterns through comprehensive mechanical improvements

	Zhang et al., (2023)18
	Wearable waist-mounted laser device
	Spatiotemporal, sagittal kinematics, dynamic COP, and toe clearance
	Increased stride length and toe clearance; decreased AP COP deviations; shortened double stance
	Improves gait pattern and dynamic stability during ambulation


Table 2: Intervention Overview, Outcomes, and Key Findings

 
	Author(s) & Year
	Proposed Mechanism
	Limitations

	
	
	

	Barthel et al., (2018)19
	Bypassing impaired basal ganglia to boost confidence or provide training effects
	Open-label pilot study; potential placebo effects; small sample size

	Buated et al., (2012)20
	Normalizing pathological brain circuitry and providing a spatial target for stepping forward
	Use of low-tech manual tracking; small subgroup sizes for staging comparisons

	Chan et al., (2024)21
	Shifting movement from automatic to cognitive-controlled gait via discrete goals
	Limited projection distance; absence of participant usability feedback

	McCandless et al., (2016)22
	Providing an external driver to facilitate transition from stance to walking
	Laboratory setting may not reflect home FOG triggers; participant fatigue

	Ruthiraphong et al., (2025)23
	Sensory-motor loop promoting neuroplasticity via movement-triggered feedback
	Acute trial (5 minutes); lack of long-term data or home setting evaluation

	Stuart et al., (2025)24
	Dual-task interference; cues consume limited executive-attentional resources
	Did not measure FOG episodes directly; only immediate effects tested

	Tang et al., (2019)25
	Using visual targets to unload emphasis on automatic motor function via alternative circuits
	Myoelectrical (EMG) activity was not analysed; short-term laboratory analysis

	Zhang et al., (2023)18
	External drivers facilitating a shift toward a goal-directed mode of motor control
	Small sample size; on-medication only; unknown "wake" effects after removal


Table 3: Article Mechanisms, Outcomes, and Limitations
Impact on freezing of gait (FOG) severity and frequency (Table 2): The available evidence suggest that laser-based visual cueing may generally help reduce the impact and occurrence of FOG, particularly in home settings and during specific triggers such as gait initiation. Laser shoes have shown encouraging results for home-based management, as evidenced by a pilot study where participants with severe FOG reported a meaningful improvement in FOG severity, with New Freezing of Gait Questionnaire (NFOGQ) scores decreasing from 20.35 to 18.12. Secondary outcomes in home settings included a 31% reduction in self-reported FOG episodes and a 58% reduction in near-falls.19
In terms of gait initiation, also known as "start hesitation," the laser cane was identified as the most effective device among several tested, including metronomes and traditional walking sticks. During gait initiation trials, the laser cane resulted in the fewest number of freezing episodes. Quantitative analysis using foot accelerometers to calculate the Freeze Index (FI) further supports these findings; in participants categorized as having "worse-gait," visual cueing resulted in a decreased FI and a reduction in the proportion of intervals prone to freezing episodes, particularly during U-turns and straight walking.22 Conversely, some laboratory-based research using rolling walkers at ankle-level reported no significant reduction in FOG occurrences, suggesting that the placement and height of the cue may influence its effectiveness.21
Spatiotemporal gait parameters (Table 2): The impact on spatiotemporal gait parameters including stride length, velocity, and cadence is well-documented but shows conflicting results between smaller pilot trials and large-scale studies. Quantitative analysis using a sternum-mounted laser generator showed that for PD patients with FOG, stride length improved from 0.93m to 1.06m, and gait velocity increased from 0.87 m/s to 1.01 m/s.25 Similarly, a novel ankle bracelet laser produced immediate improvements in gait speed (a mean increase of 0.07 m/s) and stride length (a mean increase of 0.17 m).23	Comment by Ganesh Neupane: Which is table 2, indicate above ?? 
However, the largest study involving digital laser shoes (Path Finder) (n=80) found that laser shoe cueing did not improve gait speed or stride length regardless of disease severity or freezing status. Instead, participants in this study showed decreased gait speed and cadence, alongside increased gait variability and double support time. This suggests that the laser cues might induce a more "cautious" and variable gait pattern in some individuals.24 These findings are echoed in sensor-integrated shoe research, where "well-gait" participants (those with fewer impairments) actually decreased their stride length and slowed down, potentially because the fixed projection distance of the laser (30–35 cm) was shorter than their natural stride.21 In contrast, patients in moderate PD stages (H&Y 3) often experience the greatest improvements in velocity and stride length compared to those in mild stages.20, 23
Kinematics and Kinetics (Table 2): Gait analysis from two laboratory studies suggests that laser cues may enhance the mechanical quality of movement by addressing sagittal plane deficiencies. In terms of kinematics, laser cueing was associated with improved ankle peak dorsiflexion during the swing phase.18, 25 This is clinically relevant as it may help improve toe clearance, which was found to increase significantly under cued conditions (Minimum Toe Clearance increased from 50.46 mm to 59.30 mm), thereby reducing the risk of tripping.18 Laser cues were also associated with increased the range of motion (ROM) of the hip and ankle joints. Specifically, hip ROM during the gait cycle increased from 38.61 degrees to 42.43 degrees with cues.18, 25
Kinetic data suggests that laser cues may contribute to notable improvement in power generation in the ankle and hip joints during the push-off and pre-swing phases. For example, power generation in the ankle joint increased from 1.37 W/kg to 2.03 W/kg with cues. Furthermore, laser cues appeared to improve power absorption in the knee during the late stance phase, which is a natural result of increased energy being transferred from the ankle plantar flexors. These improvements suggest that visual cues may support PD patients in engaging alternative visual-motor circuits, potentially facilitating more effective mechanical execution of steps by circumventing disrupted basal ganglia pathways. 25
Postural stability (Table 2): Gait stability and postural control may be positively influenced by visual cueing, as measured through Centre of Pressure (COP) trajectories and timed balance tests. Research suggests that laser cues may help normalize the altered COP pattern often seen in PD gait. A key finding was the reduction in the anteroposterior (AP) position of the COP intersection point, which shifted from 9.17 mm at baseline to 5.45 mm under cued conditions, indicating improved gait stability. Multiple linear regression analysis confirmed that this AP position stability is negatively correlated with ankle peak dorsiflexion, meaning that improved foot lifting directly enhances balance.18
Additionally, laser cues led to a shortened double stance phase. Since a prolonged double stance phase is often a compensatory mechanism for fear of falling or instability, its reduction suggests that participants required less time to achieve stability between steps. In participants with severe impairments, laser shoes also helped mitigate asymmetry in the COP trajectory.18,25 Furthermore, the Timed Up and Go (TUG) test duration, a standard measure of dynamic balance was reduced by 7.69 to 8.55 seconds when using an ankle bracelet laser, which significantly exceeds the minimal detectable change for the Parkinson’s population.23 However, it is important to note that for some patients, the "cautious" gait induced by digital cues actually increased double support time and variability, which could potentially elevate the risk of falls if the patient becomes too distracted by the cue itself.24
DISCUSSION	Comment by Ganesh Neupane: It would be better if the discussion elaborates the findings in the results explaining the why laser cueing works, why some studies show stronger effects than other, weather it is clinically useful for managing freezing of gait. Either the individual study findings prove or dispute the hypothesis 
Interventions used and technical specifications: The interventions described in the literature range from simple mechanical aids to highly sophisticated wearable digital technologies. Laser canes represent one of the most accessible interventions, with low-cost versions costing approximately $50 USD. These devices typically project a 75 cm long, 3 mm wide laser line triggered by either a manual switch on the handgrip or a pressure sensor at the base of the cane that activates upon floor contact.20
Laser shoes have evolved into complex sensing platforms. The "Path Finder" system utilizes digital laser devices mounted on the toe area of the shoe to provide step-synchronized cueing.24 More advanced experimental prototypes integrate eleven force-sensitive resistors (FSRs) within the insole to precisely assess foot pressure and an inertial measurement unit (IMU) containing an accelerometer, gyroscope, and magnetometer to quantify stride parameters and the Freeze Index. These shoes use real-time algorithms to ensure one-side-at-a-time cueing, projecting a laser line 30–35 cm in front of the standing foot to guide the contralateral foot's next step.21
Wearable modules offer a versatile alternative to footwear-integrated systems. These include sternum-mounted generators, waist-mounted devices, and ankle bracelet lasers. The ankle bracelet laser is particularly notable for its closed-loop design, using ultrasonic sensors to detect the stance and swing phases, thereby automating the cue without requiring manual activation. Waist-mounted devices often project a red transverse line approximately 110% of the patient's average step length ahead of their toes.18, 23, 25
Mode of application and stimulus delivery: A critical distinction in the mode of application is between open-loop and closed-loop cueing systems. Open-loop systems provide a constant stimulus or require the user to manually trigger the cue, which can increase the cognitive dual-task burden for patients who already experience challenges with attention or executive function. In contrast, closed-loop systems, such as the sensor-integrated shoes and ankle bracelets, use feedback-controlled mechanisms to project cues only when a specific gait phase (like heel-strike) is detected.21, 23
The intermittent nature of closed-loop cues is hypothesized to be more effective because it triggers reflexive visual processing. By appearing only when needed for the next step, these cues maintain their "novel saliency," preventing the habituation that often occurs with fixed or continuous cues.24 This mode of application mimics the natural triggers of the gait cycle, potentially promoting neuroplasticity and motor relearning through a reinforced sensory-motor feedback loop. Furthermore, systems that utilize one-side-at-a-time cueing prevent the visual confusion that can arise when two laser lines are projected simultaneously, a common issue during shuffling or gait initiation.21, 23
Intensity, timing, and duration of intervention: The intensity and duration of the interventions varied from acute laboratory exposures to week-long home trials. Many laboratory studies assessed immediate effects over short distances (e.g., 5-meter or 10-meter tracks) with trials lasting only a few minutes. For instance, the ankle bracelet laser showed clinical benefits after only 5 minutes of familiarization.20, 23
In contrast, the home-based study assessed intensity over three consecutive weeks: one week of wearing the shoes without cueing, one week with cueing, and a one-week follow-up. This longitudinal approach revealed that while FOG severity improved during the "with cueing" week, the effects did not consistently carry over to the follow-up week, suggesting that the benefits may be punctual rather than permanent after short-term use. However, the reduction in near-falls did continue through the follow-up period, hinting at a possible training effect or a boost in confidence.19
Proposed mechanisms of action (Table 3): The primary pathophysiological theory for the effectiveness of laser cues relates to their proposed ability to bypass the underactive basal ganglia-supplementary motor area (SMA) circuit. FOG is thought to arise from a disruption in the internal cueing mechanisms of the basal ganglia. By providing an external spatial target, laser cues allow the brain to utilize alternative motor pathways in the lateral premotor cortex (PMC) and posterior parietal cortex (PPC). This shifts movement from an internal, automatic control mode to an external, goal-directed mode. 18, 23
Furthermore, laser cues provide sensory compensation for proprioception processing deficits. The visual input of the laser line helps patients plan the amplitude of their steps at a cortical level, correcting the mismatch between intended and executed movement. Approaching the laser line also has dynamic properties that encourage the patient to step over the target, effectively breaking the "sequence effect" where steps become progressively smaller.25
The "Cautious Gait" paradox and variability: A noteworthy point of discussion in recent literature is the finding that laser cues do not consistently improve gait and may in some cases, result in less optimal outcomes. In a large cohort of 80 patients, laser shoes led to decreased speed, increased gait variability, and prolonged double support time. These changes are characteristic of the initial "cognitive stage" of motor learning, where movement is slow and variable as the individual consciously processes new information.24
For some patients, the requirement to look down and consciously step over a moving laser line acts as a distracting dual-task. This may consume limited executive-attentional resources, leading to inattention to the environment and an increased risk of falling despite the "cautious" approach. This paradox highlights that while cues facilitate movement for those in a "freeze" state, they may impair the efficiency of those who still have relatively preserved walking automaticity.21, 24
Individual variability and patient selection: The efficacy of laser-based interventions appears to be sensitive to the patient's disease stage and current gait quality. Greater improvements in spatiotemporal parameters more frequently observed in moderate PD (H&Y stage 3) compared to mild PD (H&Y stage 2).20,23 Patients in earlier stages may experience a counterproductive response where the cue interferes with their natural rhythm, whereas those with more advanced disease benefit from the external driver to overcome significant motor blocks.21
There is also a notable difference in response based on medication status. While laser cues can increase stride length in both "on" and "off" states, their ability to reduce the number of freezing episodes is often more pronounced during the "off" medication period.21,25 This suggests that laser devices are most valuable as a complementary therapy when pharmacological efficacy is diminished.20
Clinical significance and future directions: The reported improvements in gait speed (mean increase of 0.07 m/s) meet the threshold for a Minimal Clinically Important Difference (MCID) of 0.06 m/s in the Parkinson’s population. Likewise, the reduction in TUG time (mean of 8.55 seconds) far exceeds the minimal detectable change of 3.5 seconds. These metrics suggest that laser-based devices may offer clinically meaningful functional benefits for some patients, though findings are based on a limited number of heterogeneous studies and should be interpreted with caution.23
However, researchers emphasize the need for long-term home-based studies to determine if these immediate benefits are sustained and if they can eventually induce permanent changes in walking habits.19, 23 Future device development should focus on enhancing the projection distance to better accommodate different heights and stride lengths, and on co-designing devices with patients to ensure they are unobtrusive and socially acceptable. Finally, as certain devices may present attentional demands that could affect safety for some users, clinical guidance and individualized training are recommended before patients use these technologies independently in the community.21, 24
CONCLUSION
This scoping review suggests that laser-based visual cueing may represent as a potentially beneficial non-pharmacological approach for managing freezing of gait and supporting gait function in individuals with Parkinson’s disease. The available evidence raises the possibility that improvements in FOG severity, stride parameters, joint kinematics and postural stability may be observed with certain device configurations; however, these findings remain inconsistent and appears to vary according to device type, cueing mode and individual patient characteristics. Given the heterogeneity of current findings and the predominantly short-term study designs reviewed, there remains a need for further well-designed, longitudinal research to better understand the sustained clinical benefits and optimal application of laser cueing interventions in real-world settings. 
Limitations	Comment by Ganesh Neupane: What are limitations of this study ?
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Figure 1: Prisma-ScR flow Diagram


Figure 2: PRISMA-ScR Flow Diagram




