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Abstract 

Background  

Amyotrophic lateral sclerosis (ALS) is a form of motor neuron disease (MND), a progressive 

neurodegenerative disorder with limited therapeutic options. Photobiomodulation (PBM) 

therapy has demonstrated neuroprotective properties in preclinical models, yet clinical 

evidence in human ALS patients remains sparse. 

Methods  

We present a 39-year-old male with bulbar-onset, upper motor neuron-predominant ALS who 

commenced twice-daily CeraThrive (Light Tree Ventures, Den Haag, Netherlands) red and 

near-infrared light therapy (630-1070 nm, 40 Hz) in January 2023, applied to the motor cortex, 

anterior neck, and abdomen.  

Results 

The clinician-administered ALSFRS-R score improved from 32 at baseline (February 2020) to 

37 (February 2025), representing a cumulative 5-point improvement. Peripheral oxygen 

saturation also improved, rising from 89% (February 2020) to 96% (February 2026). The 

patient reported subjective improvements in ambulation, spasticity, swallowing, and general 

wellbeing.  

Conclusions 

While the case report methodology has limitations, functional improvement in a disease 

characterised by rapid progressive decline provides rationale for controlled clinical trials 

investigating PBM in ALS. 
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1. Introduction 



 3 

Motor neurone disease (MND) is a progressive neurodegenerative disorder characterised by 

the degeneration of both upper and lower motor neurones, typically presenting in middle age 

(1-3). Its most common form is amyotrophic lateral sclerosis (ALS), which manifests across 

several phenotypes based on the site and severity of neurological involvement. 

1.1 Epidemiology, Pathogenesis, and Current Treatment Limitations 

According to 2019 Global Burden of Disease estimates, MND affected approximately 268,673 

individuals worldwide, with 63,700 incident cases and 39,081 deaths annually (4). The 

aetiology of ALS reflects a complex interplay between genetic predisposition and 

environmental factors (5). Pathogenic processes include mitochondrial dysfunction, oxidative 

stress, glutamate excitotoxicity, neuroinflammation, neuronal hyperexcitability, and axonal 

dysfunction (1, 6). 

Despite advances in understanding ALS pathophysiology, therapeutic options remain severely 

limited. Currently, three disease-modifying agents are approved: riluzole, a glutamate 

antagonist approved for general ALS; tofersen, an antisense oligonucleotide approved for 

SOD1-mutation ALS; and edaravone, an antioxidant (not approved in UK) (7-9). These agents 

modestly slow disease progression measured by the revised ALS Functional Rating Scale 

(ALSFRS-R) but offer only marginal improvements short-term in survival and autonomy (9-

14).  

Management relies heavily on multidisciplinary supportive care, including respiratory support, 

nutritional interventions, physical and occupational therapy, and symptomatic management of 

spasticity, sialorrhea, and pain (15). While these interventions can impact quality of life and 

may influence disease duration, they do not address the underlying neurodegenerative process. 

Challenges persist regarding disease definition, appropriate biomarkers of progression, 

interpretation of genetic heterogeneity, and the transition from promising preclinical findings 

to effective human therapeutics(15).  
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1.2 PBM and Infrared Light Therapy 

Photobiomodulation (PBM) therapy employs non-ionising light sources in the red to near-

infrared spectrum (600-1100 nm) to modulate cellular function through non-thermal 

mechanisms (16). The therapeutic effects of PBM are mediated through absorption of photon 

energy by chromophores, primarily cytochrome c oxidase in the mitochondrial respiratory 

chain and intracellular water molecules (17). This absorption initiates a cascade of cellular 

events, including modulation of signalling pathways, production of reactive oxygen species 

(eliciting a preconditioning response and increase in chaperone proteins, eg. Hsp70), ATP 

synthesis, and alterations in calcium, nitric oxide, and inositol phosphate dynamics (18-20). 

Secondary effects encompass stress signalling, metabolic regulation, inflammation, 

cytoskeletal organisation, and modulation of cell proliferation, differentiation, and homeostasis 

(21, 22). 

PBM therapy has demonstrated beneficial effects across diverse medical applications and 

exhibits a characteristic biphasic dose response (23, 24). Importantly, PBM has generally been 

reported as well-tolerated in clinical trials (25-27). 

Recent preclinical and clinical evidence suggests that PBM possesses significant 

neuroprotective and anti-inflammatory properties relevant to neurodegenerative diseases(23, 

24). In the context of ALS specifically, evidence from preclinical studies demonstrates promise 

(28-30). However, despite encouraging findings, research on PBM application in human ALS 

patients remains limited.  

1.3 Study Rationale and Significance 

Given the limited therapeutic options for ALS and the promising preclinical evidence for PBM 

therapy, clinical documentation of real-world applications becomes particularly valuable. This 

case report presents a patient with motor neurone disease who has used a near-infrared light 

therapy device targeting the gut-brain axis over an extended (over three year) period, with 



 5 

reported improvements in multiple functional domains. The significance of this case lies in 

several factors: the extended duration of device use, the comprehensive documentation of 

functional changes, the novel application of gut-brain axis-targeted PBM in ALS, and the 

potential to inform future large controlled clinical trials.  

2. Case Report 

2.1 Patient Presentation 

The patient is a 39-year-old male who presented with bulbar-onset, upper motor neurone-

predominant amyotrophic lateral sclerosis (ALS). Symptom onset occurred in June 2016 at age 

29, with initial manifestations of mild speech slurring. Formal diagnosis was established in 

February 2019 at age 32, following comprehensive neurological evaluation. Initial prognosis 

at diagnosis was 2-4 years. 

2.2 Clinical History and Disease Progression 

The patient, previously healthy with no significant past medical history, first noted subtle 

speech changes in mid-2016. These were initially dismissed until December 2017, when 

progressive motor symptoms became apparent. The patient developed left foot drag, difficulty 

ascending stairs requiring handrail support, impaired balance with multiple falls, upper limb 

tremor, and generalised bradykinesia predominantly affecting the left side. Concurrent bulbar 

symptoms included intermittent dysphagia for both solids and liquids. Significant weight loss 

of approximately 19 kg was documented from 2016, with accelerated decline in the months 

preceding diagnosis. The patient reported peripheral coldness in the extremities. Notably, 

cognitive function, sphincter control, and erectile function remained intact throughout. 

2.3 Examination Findings (2018-2019, Diagnostic Period) 

Neurological examination revealed a spastic gait with pseudobulbar dysarthria, hypermetric 

saccades, and a positive glabellar tap. Bulbar examination showed slow tongue movement 

without wasting. Upper limb examination was initially normal but subsequently revealed 
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bilateral first dorsal interosseous wasting (left greater than right), increased tone, hyperreflexia 

with spreading reflexes, and positive Hoffman signs bilaterally. Lower limb findings included 

increased tone (left predominant), mild left foot drop, bilateral sustained ankle clonus, and 

extensor plantar responses. Sensation was normal across all modalities and systemic 

examination was unremarkable. 

2.4 Examination Findings (February 2024) 

Neurological examination in February 2024 demonstrated reduced saccadic eye movements 

and spastic dysarthria that was slightly slower and more indistinct than previous assessments. 

Four-limb hypertonicity was present, and a slight decrease in left hand dexterity was noted over 

the preceding six months. The examination was otherwise relatively stable compared to prior 

evaluations. 

2.5 Laboratory and Diagnostic Investigations 

MRI of the brain (2018) demonstrated diffuse, non-specific cerebral volume loss with possible 

motor cortex atrophy; the cerebellum and pyramidal tracts appeared normal. Spinal MRI was 

unremarkable. Electromyography (EMG) revealed chronic denervation in both upper limbs, 

supporting the diagnosis. 

Genetic screening for SOD1, FUS, TARDBP, C9orf72, and hereditary spastic paraplegia was 

negative. Coeliac serology revealed markedly elevated tissue transglutaminase (tTG 1142 

U/mL) in October 2018, which normalised following a gluten-free diet. 

Forced vital capacity (FVC) was 60% predicted at initial assessment (February 2019), though 

suboptimal lip seal during testing was noted. Sniff nasal inspiratory pressure (86 cmH₂O) and 

peak cough flow (340 L/min), assessed in September 2023, were well preserved. The Epworth 

Sleepiness Score was 13/24 in 2023, with reported morning headaches and daytime 

somnolence. 

2.6 Diagnosis Summary 
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The primary diagnosis was upper motor neuron-predominant amyotrophic lateral sclerosis with 

bulbar onset, established in February 2019. Coeliac disease was identified as a secondary 

diagnosis, with serological markers responsive to a gluten-free diet. The patient is a slow 

progressor relative to typical ALS. Within-individual progression rates tend to remain 

relatively stable, making the patient's prior trajectory a useful reference point for interpreting 

subsequent change.  

2.7 Baseline Condition Prior to Intervention (Pre-January 2023) 

At the time of intervention initiation, the patient had been non-ambulatory and wheelchair-

dependent for over four years. A percutaneous endoscopic gastrostomy (PEG) tube had been 

inserted for nutritional support, though at the most recent assessment after intervention, the 

patient was not using the PEG tube for fluid supplementation or nutrition.  

2.8 Medications at Baseline 

Table 1. Patient Medication regimen at baseline 

Medication Dosage Notes 

Riluzole 50 mg twice daily Disease-modifying therapy 

Baclofen 100 mg daily For spasticity. 30mg AM, 

30mg Afternoon, 40mg PM. 

(Verified high dose) 

Levetiracetam 250 mg daily For spasticity 

Diazepam 5 mg daily - 

Citalopram 40mg daily For emotionality and mood 

Table 1. Patient medication regimen at baseline (January 2023). Medications listed reflect the regimen at initiation 

of CeraThrive photobiomodulation therapy. All medications were continued throughout the observation period.  

2.9 Supplement Regimen 

Table 2. Patient daily supplement protocol 
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Supplement Dosage 

Vitamin B1 (Thiamine HCl) 2 g/day 

Vitamin B12 (Methylcobalamin) As directed 

Methylfolate 5 mg/day 

B-Complex As directed 

Methylene Blue (tincture) 10 mg/day 

Ibudilast 30 mg/day 

Saccharomyces boulardii 1 capsule 

Akkermansia muciniphila 2 capsules 

Curcumin (with Bioperine) Up to 2 g/day 

Milk Thistle As directed 

Vitamin D3 ≥5000 IU/day 

Vitamin K2 400 mcg/day 

Aspirin 300 mg/day 

Table 2. Patient daily supplement protocol. Supplements listed reflect the regimen maintained during the 

observation period.  

The patient follows a pre-therapy protocol 30 minutes before each light therapy session, 

consisting of a minimum of 25 g of carbohydrates, 750 mg of pyruvate, and 500 mg of NAD+. 

3. Intervention: PBM Therapy 

3.1 Treatment Method 

The patient commenced CeraThrive (Light Tree Ventures, Den Haag, Netherlands) red and 

near-infrared (NIR) light therapy in January 2023. 

3.2 Treatment Parameters 

The transcranial device delivered 630-850-1070 nm PBM spanning the red to near-infrared 

spectrum, pulsed at gamma (40 Hz) frequency. Stimulation was delivered twice daily for 10 

minutes, with sessions spaced 12 hours apart.  
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3.3 Placement Protocol 

The patient adopted a modified placement protocol based on his specific symptom profile. The 

PBM Headband anterior cluster was positioned over the motor cortex rather than the 

manufacturer's standard prefrontal cortex placement, while the posterior cluster was placed 

against the anterior neck and throat region rather than the cerebellum. An additional abdominal 

PBM Body Panel device containing 60 dual-core (630 & 810nm) LEDs was used to modulate 

the gut microbiome. This treatment strategy sought to primarily stimulate the motor cortex 

given the patient's upper motor neuron-predominant presentation and to address bulbar 

symptoms including dysphagia. 

3.4 Timeline of key dates in patient history 

 

Figure 1. Timeline of key clinical events and assessments from symptom onset to time of report writing. 

4. Results 

4.1 Functional Outcomes 

The primary outcome measure was the Revised Amyotrophic Lateral Sclerosis Functional 

Rating Scale (ALSFRS-R), a validated 48-point instrument assessing functional status across 

bulbar, motor, and respiratory domains. Higher scores indicate better functional status. 

At baseline (February 2020), the participant's clinician-administered ALSFRS-R score was 32. 

Following initiation of twice-daily PBM therapy in January 2023, subsequent assessments 

revealed a score of 33 in December 2023, 35 in December 2024 and 37 in February 2025, 

representing a cumulative 5-point improvement over the observation period (Figure 2). 

Neurological follow-up in February 2024 documented overall clinical stability. Examination 

showed persistent spastic dysarthria and four-limb hypertonicity, with minor interval change 
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consisting of slightly reduced left-hand dexterity and somewhat slower, less distinct speech. 

Respiratory measures remained relatively preserved, including sniff nasal inspiratory pressure 

of 86 cmH₂O and peak cough flow of 340 L/min. 

  

Figure 2. ALSFRS-R scores across the observation period. ALSFRS-R scores were recorded at baseline (February 

2020; score 32), approximately 12 months after initiation of twice-daily PBM therapy (December 2023; score 33), 

23 months post-initiation (December 2024; score 35), and at 25 months post-initiation (February 2025; score 37), 

representing a cumulative 5-point improvement. Therapy was initiated in January 2023. n=1. 

4.2 Oxygenation and Sleep-Related Measures 

Peripheral oxygen saturation (SpO₂) was evaluated as an exploratory physiological measure. 

Pulse oximetry readings showed SpO₂ of 89% in February 2020, 93% in December 2023, 91% 

in December 2024, 95% in February 2025 and 96% in February 2026 (Figure 3A). A 

representative 24-hour SpO₂ profile obtained in February 2026 demonstrated daytime values 

ranging from 94% to 97%, with overnight values of 92% to 94% and intermittent desaturations 

below 90% (Figure 3B). By 2025, the Epworth Sleepiness Score had changed from 13/24 

(2023) to 15/24 (2024) to 12/24 (Sep 2025). 
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A 

 

B 

 

Figure 3A. Peripheral oxygen saturation (SpO₂) across the observation period. Pulse oximetry readings showed 

SpO₂ of 89% at baseline (February 2020), 93% in December 2023, 91% in December 2024, 95% in February 

2025, and a mean daytime value of 96% in February 2026. 3B. Peripheral oxygen saturation (SpO₂) over a 24 

hour period (2026). CeraThrive photobiomodulation therapy was initiated in January 2023. n=1. 

4.3 Patient-Reported Outcomes 
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The patient reports several subjective improvements since initiating PBM therapy. In terms of 

ambulation, after more than four years of complete wheelchair dependence, the patient reported 

being able to stand and take several steps with assistance. Additionally, the patient reported 

reduction in spasticity, clonus, and muscle spasms (previously his predominant symptom).  

Bulbar function was also reported to improve. The patient described better swallowing and the 

ability to maintain normal oral intake of food and fluids. He attributed this improvement in part 

to the NIR application to the anterior neck/throat region. 

Additional self-reported benefits included reduced fatigue, improved sense of mental clarity, 

increased muscle mass, weight gain, and an improved sense of wellbeing, morale, and agency 

in managing his condition. 

5. Discussion 

5.1 Principal Findings 

This case report documents functional improvement and sustained clinical stability in a patient 

with upper motor neurone-predominant ALS following extended use of PBM therapy. The 

principal findings were a five-point improvement in ALSFRS-R score over approximately two 

years of device use, rising from 32 at baseline to 37 at 25 months post-initiation, as well as an 

increase in peripheral oxygen saturation from 89% to 96%. This trajectory is notable given that 

ALS typically follows a course of rapid progressive functional decline. The observed 

improvements, combined with subjective reports of enhanced motor function, swallowing 

(eating and drinking normally), and general wellbeing, warrants careful consideration within 

the context of existing evidence for PBM in neurodegenerative disease. 

5.2 Mechanistic Considerations 

Several potential mechanisms may underlie the observed clinical effects, drawing on the 

established biological actions of PBM therapy. 
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The primary mechanism of PBM involves absorption of near-infrared photons by cytochrome 

c oxidase, the terminal enzyme of the mitochondrial electron transport chain (31). 

Mitochondrial dysfunction represents a central pathogenic mechanism in ALS. Therefore, by 

targeting this directly, PBM may address a fundamental component of ALS pathophysiology 

that current pharmacological agents do not adequately modulate (32).  

Peripheral oxygen saturation improved from 89% at baseline to 96% at most recent assessment 

(Figure 3). In ALS, SpO₂ typically declines as respiratory muscle weakness progresses, making 

this trajectory noteworthy (33). PBM has been shown to increase oxygenated haemoglobin 

concentration in vivo through upregulation of cytochrome c oxidase (34, 35). Photon 

absorption enhances electron transport efficiency and oxidative phosphorylation, while 

photodissociation of nitric oxide from cytochrome c oxidase may further support oxygen 

metabolism and promote microvascular perfusion (36, 37). PBM may therefore influence 

oxygen physiology through two complementary pathways: improved cellular oxygen 

utilisation and enhanced oxygen delivery through haemodynamic effects. Studies using 

broadband near-infrared spectroscopy have demonstrated that 1064 nm laser stimulation 

increases oxygenated haemoglobin in treated tissues, with effects persisting beyond the 

stimulation period (38). While the device used in this report operates across a broader 

wavelength range (630-1070 nm), these findings provide a plausible mechanism through which 

repeated PBM sessions could contribute to improved tissue oxygenation. However, peripheral 

SpO₂ is an indirect marker influenced by multiple respiratory and systemic factors, and the 

observed improvement could reflect changes in respiratory muscle function, posture, or natural 

variability. These observations should be considered hypothesis-generating rather than 

evidence of a treatment effect. 

Secondly, chronic neuroinflammation, characterised by microglial activation and elevated 

proinflammatory cytokines, contributes significantly to motor neurone degeneration in ALS 
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(39, 40). The participant's reported reductions in spasticity and muscle spasms, symptoms with 

inflammatory components, may partially reflect such anti-inflammatory effects. 

Neurotrophic factor upregulation is an additional potential effect of the therapy (41, 42). Given 

that neurotrophic factor deficiency has been implicated in ALS pathogenesis, enhanced 

neurotrophic signalling represents a plausible contributor to the observed functional 

improvements (43). 

Gut-brain axis modulation was likely affected by this therapy. Emerging evidence implicates 

gut microbiome dysbiosis and intestinal barrier dysfunction in ALS pathophysiology, with 

alterations in gut microbiota composition correlating with disease progression in both animal 

models and human patients (44, 45). PBM applied to the abdomen may modulate intestinal 

inflammation, barrier integrity, and vagal afferent signalling, potentially influencing central 

nervous system function through gut-brain communication pathways (46-48). While 

speculative, this mechanism aligns with growing recognition of the gut-brain axis as a 

therapeutic target in neurodegenerative disease. 

The device delivers PBM pulsed at 40 Hz, corresponding to the gamma frequency band. This 

is noteworthy given emerging evidence that 40 Hz sensory stimulation reduces 

neuroinflammation and modifies microglial activity in neurodegenerative disease models. 

Pioneering work demonstrated that 40 Hz stimulation in Alzheimer's disease mouse models 

reduced amyloid-beta levels and shifted microglia toward a phagocytic phenotype, with effects 

specific to this frequency (49). In human trials, chronic daily 40 Hz stimulation in patients with 

mild Alzheimer's dementia was associated with reduced brain atrophy and increased functional 

connectivity (50). While this research has focused predominantly on Alzheimer's disease, the 

underlying mechanisms are relevant to ALS pathophysiology, and whether the 40 Hz pulsed 

delivery in this case produced comparable entrainment effects warrants future investigation. 

5.3 Relationship to Existing Literature 
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The findings of this case report align with a growing body of preclinical and clinical evidence 

supporting PBM in neurodegenerative disease (30). Human studies in related 

neurodegenerative conditions have demonstrated cognitive improvements in Alzheimer's 

disease patients receiving transcranial PBM, motor benefits in Parkinson's disease, and mood 

improvements in major depressive disorder (51-53). The magnitude of improvement observed 

here, a 5-point ALSFRS-R increase, exceeds what has been reported with approved disease-

modifying therapies (9, 12-14).  

5.4 Limitations 

Several important limitations must be acknowledged. The single-subject design precludes 

statistical inference and generalisation; effects observed in one individual may not apply to the 

broader ALS population. The absence of a control condition, whether sham device, no-

treatment period, or crossover design, means that observed changes cannot be attributed to the 

intervention with certainty. 

The participant's use of riluzole and an extensive supplement regimen introduces confounding 

that complicates causal attribution. Interactions between multiple interventions cannot be 

excluded. Additionally, ibudilast and methylene blue are compounds with independent 

neuroprotective potential which could affect results. Similarly, the participant's dietary 

modifications (gluten-free diet for coeliac disease) and lifestyle factors may have contributed 

to outcomes. 

The absence of an ALSFRS-R score at intervention initiation (January 2023) is a further 

limitation, as the baseline measurement of 32 was recorded approximately three years earlier 

(February 2020); the patient's functional status immediately before treatment is therefore 

unknown. 

5.5 Future Directions 
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The observations documented in this case report highlight several priorities for future research. 

The most pressing need is for well-designed, adequately powered randomised controlled trials 

comparing PBM to sham treatment in ALS patients. 

Mechanistic studies incorporating biomarkers of mitochondrial function, neuroinflammation, 

oxidative stress, neuronal damage (NF-L) and neurotrophic factors would help elucidate the 

biological basis of any therapeutic effects of PBM therapy. Finally, given the novel application 

of gut-brain axis-targeted PBM in this case, studies examining effects on gut microbiome 

composition, intestinal permeability, and vagal function would help evaluate this proposed 

mechanism. 

6. Conclusion 

This case report documents a five-point improvement in ALSFRS-R score, an increase in 

peripheral oxygen saturation from 89% to 96%, and sustained clinical stability in a patient with 

ALS following extended use of PBM therapy. This was accompanied by subjective 

improvements in motor function, swallowing, and general wellbeing, an unexpected trajectory 

in a disease normally characterised by progressive decline.  

While case report methodology precludes causal inference, these observations, along with 

supportive preclinical evidence of PBM’s effects, provide rationale for systematic investigation 

of this therapeutic approach. Controlled clinical trials are needed to determine whether these 

findings can be replicated and generalised. 
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