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Introduction
Phantom limb pain (PLP) remains a major unmet medical 
condition because many patients continue to experience chronic, 
debilitating pain despite currently available therapies, including 
medications, mirror therapy, neuromodulation, and rehabilitation 
approaches [1-7]. 

Historically, PLP was often misunderstood as a psychological 
phenomenon. Modern neuroscience now recognizes PLP as a 
complex disorder involving both peripheral nervous system (PNS) 
abnormalities, and central nervous system (CNS) reorganization. 

The randomized controlled trial by Chan et al. demonstrated that 
mirror therapy significantly reduced PLP in unilateral lower-
extremity amputees. Their key findings included (1) 100% of 
mirror-therapy patients reported pain reduction, and (2) whereas 
covered-mirror and mental-visualization groups frequently 
worsened. The authors proposed that visual restoration of 
movement congruence may reduce pathological pain signaling [2].

Similarly, Finn et al. conducted a randomized controlled 
trial involving unilateral upper-extremity male amputees and 
demonstrated significant reductions in pain severity, and daily 

pain duration [3]. Pain scores decreased from 44.1 mm to 27.5 mm 
on the Visual Analog Scale (VAS), with statistically significant 
improvement (p = 0.002). Total daily time experiencing pain 
decreased from 1,022 minutes to 448 minutes per day. These 
studies strongly support the importance of correcting abnormal 
sensory-motor mismatch in PLP.

One major limitation of mirror therapy is that it generally requires 
one intact contralateral limb to generate corrective visual feedback. 
[2,3,6,7]. Patients with bilateral leg amputations, bilateral arm 
amputations, or multiple limb loss, often cannot benefit from 
traditional mirror-based approaches. This therapeutic gap highlights 
the need for alternative non-contact whole-body approaches.

Other current PLP treatments include opioids, anticonvulsants, 
antidepressants, motor imagery, spinal cord stimulation, deep brain 
stimulation, virtual reality, and transcranial magnetic stimulation. 
However, long-term efficacy is inconsistent [1].

Despite extensive investigation, the precise mechanisms underlying 
PLP remain incompletely understood. This continuing uncertainty 
supports exploration of novel therapeutic approaches.

ABSTRACT
Phantom limb pain (PLP) is a debilitating neuropathic pain syndrome affecting most amputees and remains difficult to treat effectively. Current therapeutic 
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has demonstrated significant efficacy in unilateral amputees; however, it is fundamentally limited in patients with bilateral limb loss because it requires at 
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that UWPE may reduce PLP through mechanisms involving neuroplastic modulation, sensory-motor stabilization, and biological coherence. A speculative 
neurobiological information-processing framework is further discussed in which persistent pathological “information mismatch” between the brain and 
the missing limb contributes to phantom pain generation. Although the proposed mechanism remains hypothetical, findings from neuroscience, mirror 
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From a quantum-entanglement-inspired perspective, the missing 
limb may be understood not only as a lost physical structure, 
but also as a disrupted biological information network. Before 
amputation, the limb, nerves, spinal cord, brain, fascia, blood 
flow, and cellular photonic signaling may have functioned as one 
coherent system. After amputation, the physical limb is gone, 
but the brain’s “information memory” of the limb may remain 
abnormally active.

Ultra-Weak Photon Environments (UWPEs) may represent one 
such approach. Unlike localized interventions, UWPE proposes 
prolonged, whole-body exposure to ultraweak photonic fields 
that may support nervous-system coherence, cortical regulation, 
autonomic balance, and restorative sleep.

In this review, Ultra-Weak Photon Environment (UWPE) refers 
to a low-intensity, non-thermal environmental photonic exposure 
system designed to generate prolonged ultraweak photon emissions 
within the visible to near-infrared spectrum as previously reported 
[28]. Unlike conventional photo biomodulation, which typically 
uses localized higher-intensity light exposure for short durations, 
UWPE proposes prolonged whole-environment exposure at 
extremely low photon intensity. 

Preliminary real-world user feedback suggests that sleeping within 
a UWPE may be associated with reduction of phantom limb 
pain (PLP), improved sleep quality, and enhanced relaxation in 
some amputees. However, these observations remain anecdotal 
and are currently insufficient to establish causality or clinical 
efficacy. At present, the available information is too preliminary 
to support a formal case report or definitive medical conclusions. 
Carefully designed controlled clinical studies will be necessary 
to determine whether UWPE may provide a safe and effective 
adjunctive approach for PLP management.

This review hypothesizes that UWPE may represent a promising 
adjunctive strategy for PLP treatment. No clinical efficacy claims 
are made, and controlled clinical trials are necessary to evaluate 
safety and therapeutic potential.

Current Mechanistic Theories of Phantom Limb Pain
Cortical Remapping Theory
One of the leading mechanistic theories of PLP is Cortical 
Remapping Theory (CRT). Following amputation, cortical regions 
corresponding to the missing limb become deprived of sensory 
input. Neighboring cortical representations may then invade these 
regions, producing abnormal sensory experiences and pain [1,4].

Experimental studies demonstrated that (1) stimulation of the 
face may evoke sensations in a phantom hand, and (2) these 
findings suggest altered cortical representation after amputation. 
Functional imaging studies further support cortical reorganization 
after limb loss. 

The remarkable plasticity of the brain suggests that abnormal 
cortical network activity may contribute significantly to phantom 
pain generation.

Neuromatrix Theory
Melzack’s neuromatrix theory proposes that the brain maintains 
an internal representation of the body independent of external 
sensory input [5,6].

According to this theory, the body’s representation remains 
preserved after amputation, even though the physical limb no 

longer exists. This persistent internal representation may contribute 
to phantom sensations, phantom movement, and phantom pain.
 
The neuromatrix concept strongly supports the possibility that PLP 
may involve pathological persistence of brain-body informational 
patterns.

Sensory Motor Conflict
Sensory-motor conflict appears to play an important role in PLP 
[7]. Experiments involving the rubber-hand illusion demonstrated 
that (1) visual input, (2) proprioception, and (3) sensory feedback, 
can rapidly alter body representation within the brain. 

In healthy volunteers, conflicting sensory and motor signals 
produced numbness, aching, pins-and-needles sensations, and 
pain-like discomfort. 

These findings suggest that PLP may arise partly from disturbed 
integration between motor intention, proprioception, visual 
feedback, and cortical representation. 

Peripheral Nervous System Contributions
Although cortical theories dominate the literature, peripheral 
nervous system abnormalities also contribute substantially to PLP.

Collins et al. emphasized the role of severed peripheral nerves, 
dorsal root ganglion (DRG) hyperexcitability, ectopic discharges, 
inflammatory signaling, and abnormal nociceptive transmission 
[1]. 

Peripheral nerve injury may continuously generate aberrant 
signaling that maintains central sensitization and cortical 
reorganization.

This integrated CNS-PNS framework suggests that effective 
PLP therapy may require systemic modulation rather than purely 
localized intervention.

Figure 1 is a summary of the possible pathophysiology of PLP.

Figure 1: Pathophysiology of Phantom Limb Pain (PLP). 
Following limb amputation, loss of peripheral sensory input 
(deafferentation) leads to maladaptive cortical remapping 
within the somatosensory cortex. This cortical reorganization 
contributes to sensory-motor mismatch between motor intention, 
expected sensory feedback, and absent limb input. The brain may 
subsequently interpret these abnormal signals as pain originating 
from the missing limb, resulting in phantom limb pain.

Mirror Therapy and Its Limitations
Mirror therapy, introduced by Ramachandran and Rogers-
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Ramachandran, represented a major conceptual advance in PLP 
treatment [6]. By viewing the reflection of an intact limb in a 
mirror, amputees experience the illusion that the missing limb is 
present and moving normally.

Chan et al. demonstrated that mirror therapy significantly reduced 
PLP in unilateral lower-extremity amputees. Similarly, Finn et 
al. conducted a randomized controlled trial involving unilateral 
upper-extremity male amputees and demonstrated significant 
reductions in pain severity and daily pain duration [2,3]. These 
studies strongly support the importance of correcting abnormal 
sensory-motor mismatch in PLP.

However, mirror therapy has major limitations. Traditional mirror 
therapy fundamentally requires an intact contralateral limb, visual 
feedback, and active motor participation. Therefore, patients with 
bilateral arm amputations, bilateral leg amputations, or multiple 
limb loss may be unable to effectively use mirror therapy.

This limitation is clinically important because many combat 
veterans, severe trauma patients, and multiple-amputation patients 
have bilateral limb loss.

Ultra Weak Photon Environments (UWPE)
Ultra-Weak Photon Environments (UWPEs) involve prolonged 
exposure to ultraweak photon emissions, sometimes referred to 
as biophotons. 

Biophoton research by Popp and others proposed that living 
systems emit ultraweak photons that may participate in cellular 
communication, metabolic regulation, oxidative processes, and 
biological coherence [8]. 

Scholkmann et al. reviewed evidence that ultraweak photon 
emission may contribute to intercellular signaling and systemic 
biological communication [9].

Unlike conventional photo biomodulation, UWPE does not rely on 
localized high-intensity light, but instead proposes low-intensity, 
whole-environment exposure over prolonged durations [10-14].
This environmental approach may potentially influence nervous-
system regulation, sleep physiology, autonomic balance, and 
neuroplastic recovery [15-21].
 
Figure 2 illustrates that Ultra-Weak Photon Environments 
(UWPEs) involve prolonged whole-body exposure to biophotons 
(ultraweak photons) and proposes potential mechanisms by which 
UWPE may help reduce phantom limb pain (PLP), including 
nervous-system regulation, cortical stabilization, autonomic 
balance, and restoration of sensory-information coherence.

Figure 2: Comparison Between Mirror Therapy and Ultra-Weak Photon Environment (UWPE) for Phantom Limb Pain (PLP). Mirror 
therapy primarily relies on visual substitution using an intact contralateral limb and active patient participation to reduce sensory-
motor mismatch and support cortical reorganization. In contrast, Ultra-Weak Photon Environment (UWPE) represents a hypothetical 
whole-body, non-contact environmental approach that does not require visual feedback or intact limbs and may potentially support 
nervous-system regulation, sleep restoration, autonomic balance, and biological coherence in both unilateral and bilateral amputees.



Citation: James Z Liu, Helen Y Gu (2026) Ultra Weak Photon Environments as a Potential Adjunctive Approach for Phantom Limb Pain: A Neuroplasticity Based 
Hypothesis Review. Journal of Neurology Research Reviews & Reports. SRC/JNRRR-311. DOI: doi.org/10.47363/JNRRR/2026(8)252

J Neurol Res Rev Rep, 2026 Volume 8(6): 4-7

A Quantum-Information Hypothesis for Phantom Limb Pain
The present review proposes a theoretical quantum-information 
framework for PLP.

Before amputation, the limb existed as part of an integrated 
biological network involving peripheral nerves, spinal cord 
pathways, cortical sensory maps, proprioceptive memory, vascular 
signaling, and possibly photonic communication systems. 

After limb removal, the physical structure disappears but the brain’s 
internal representation persists. This persistent representation may 
create a pathological informational mismatch between motor 
intention, sensory expectation, and absent physical feedback. 

From a quantum-information-inspired perspective, PLP may 
represent persistence of an abnormal “entanglement-like” 
informational state between the brain and the missing limb 
representation.

While true quantum-inspired biological information processing in 
this context has not been experimentally established, the concept 
provides a theoretical framework for understanding persistent 
phantom sensation, proprioceptive memory, and pathological 
body-schema retention. 

Potential Mechanisms of UWPE in PLP Reduction
UWPE may theoretically reduce PLP through several mechanisms.

Nervous-System Coherence
UWPE may help stabilize dysregulated sensory-motor signaling 
networks involved in phantom pain generation. Current PLP 
theories suggest that persistent mismatch among motor intention, 
proprioception, and sensory feedback contributes to chronic pain 
states. By promoting systemic biological coherence, UWPE 
may hypothetically support stabilization of dysregulated neural 
signaling associated with maladaptive pain processing [1,4,10].

Cortical Reorganization Support
By supporting restorative neural states, UWPE may facilitate 
healthier cortical remapping after deafferentation. Since maladaptive 
cortical plasticity is believed to contribute significantly to PLP, 
environmental photonic support may help normalize cortical 
network organization and sensory integration over time [1,3,4].

Sleep Restoration
Sleep disturbance significantly worsens chronic pain. If UWPE 
improves restorative sleep, indirect reduction of PLP intensity may 
occur through reduced central sensitization, improved autonomic 
recovery, decreased inflammatory signaling, and enhanced neural 
repair processes [2,22,23].

Autonomic Nervous-System Regulation
Chronic pain is frequently associated with sympathetic 
overactivation and parasympathetic suppression. UWPE may help 
support parasympathetic recovery states and autonomic balance, 
potentially reducing chronic stress amplification of phantom pain 
signaling [24,25].

Neuroinflammatory and Mitochondrial Effects
Photo biomodulation literature suggests weak photonic 
interventions may influence mitochondrial metabolism, ATP 
production, oxidative stress, neuroinflammation, and cellular 
signaling pathways. These mechanisms may contribute to 
reduction of neuropathic pain signaling and improvement of 
neuronal recovery processes involved in PLP [12,13,26-28]. 

Whole-Body Non-Contact Therapy
Unlike mirror therapy, UWPE does not require an intact 
contralateral limb, does not require visual substitution, does 
not require active motor participation, and may potentially be 
applicable to bilateral amputees and multiple-limb amputees. This 
may represent a major conceptual advantage for patients who 
cannot perform traditional mirror therapy [1-4,28]. 

Figure 3 presents a hypothetical mechanistic model by which Ultra-
Weak Photon Environments (UWPEs) may help reduce phantom 
limb pain (PLP). The proposed framework suggests that prolonged 
whole-body exposure to ultraweak photons (biophotons) may 
promote restorative sleep, improve autonomic nervous-system 
balance, and support cortical stabilization, which together may 
help reduce maladaptive sensory-information mismatch associated 
with PLP. These proposed mechanisms are theoretical and intended 
to guide future experimental and clinical investigation.
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Figure 3: Hypothesized Mechanisms by Which Ultra-Weak Photon Environments (UWPEs) May Reduce Phantom Limb Pain (PLP). 
This figure illustrates a proposed mechanistic pathway in which prolonged whole-body exposure to ultraweak photons (biophotons) 
within a UWPE may support restorative sleep, autonomic nervous-system regulation, and cortical stabilization. These effects may 
help reduce sensory-information mismatch and maladaptive neuroplasticity associated with phantom limb pain, potentially leading 
to decreased pain intensity and improved quality of life. The proposed mechanisms remain theoretical and require clinical validation.

Potential Quantum-Entanglement-Like Information 
Stabilization
A theoretical quantum information framework offers an additional 
perspective on the persistence of phantom limb pain. Rather 
than focusing solely on structural changes within the nervous 
system, this model considers the possibility that biological systems 
maintain stable information networks that continue to influence 
function even after major physical alterations.

Prior to amputation, the limb participated in a highly integrated 
system involving sensory input, motor output, autonomic 
regulation, and distributed neural processing. Following limb 
removal, the physical component of this network is lost, yet the 
underlying neural and informational architecture may remain 
partially intact. As a result, the nervous system may continue to 
operate according to previously established patterns, despite the 
absence of the original peripheral target.

Within this framework, phantom limb pain may reflect a persistent 
instability in the brain’s attempt to reconcile existing informational 
networks with the altered physical reality. The continued activation 
of these established patterns could contribute to the perception 
of sensations, movement, or pain originating from a limb that is 
no longer present.

From a quantum-entanglement-inspired perspective, the nervous 
system may retain an “entanglement-like” informational relationship 
with the missing limb representation. Although true quantum 
entanglement has not been experimentally demonstrated in this context, 
the concept may provide a theoretical framework for understanding 
persistent phantom sensations, retained body-schema memory, 
proprioceptive persistence, and chronic maladaptive pain signaling.

UWPE may theoretically help reduce this pathological 
informational mismatch by promoting systemic biological 
coherence, stabilized neural oscillatory activity, synchronized 
brain-body signaling, and restoration of more physiologic sensory 
integration states. This proposed mechanism remains hypothetical 
and requires rigorous experimental validation.

Potential Relationship Between Biophotons and Quantum-
Inspired Biological Information Processing Coherent Photon 
Signaling 
One proposed connection is that coherent ultraweak photon 
emissions may facilitate synchronized biological activity.

If photon emissions exhibit sufficient coherence, they may 
theoretically contribute to long-range coordination, phase 
synchronization, and integrated biological information processing. 

Quantum-Information-Like Biological Networks
Long-distance person-to-person quantum entanglement remains 
scientifically unproven. In the context of UWPE and phantom limb 
pain, it is more appropriate to describe the concept as quantum-
inspired biological information coherence rather than literal 
quantum entanglement between persons or body parts.

Some theoretical models propose that biological systems operate 
partly as distributed information networks. In this framework cells, 
neural systems, mitochondria, and photon emissions may participate 
in dynamic information exchange. Biophotons could potentially act 
as carriers of biological information within these networks.

Entanglement-Like Persistence in Biological Systems
Some investigators speculate that persistent biological memory 
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or coordinated system behavior may involve quantum-
entanglement-like states. Examples of speculative areas include 
neural synchronization, body-schema persistence, phantom 
limb phenomena, collective cellular behavior, and organism-
wide coherence [30-32]. However, these theories remain highly 
exploratory. 

Potential Medical Implications
If future research demonstrates meaningful biological quantum 
coherence involving ultraweak photons, potential applications 
could include nervous-system regulation, brain disorders, 
neurodegenerative diseases, chronic pain, sleep regulation, tissue 
repair, and bioenergetic medicine [15-21].

Environmental ultraweak photon approaches, such as Ultra-
Weak Photon Environments (UWPEs), have been hypothesized 
to support biological coherence, autonomic balance, restorative 
sleep, and nervous-system stabilization [28]. However, these 
concepts require rigorous experimental validation.

Future Research Directions
Future research should focus on direct measurement of coherent 
biological photon signaling, reproducible quantum biological 
experiments, advanced photonic imaging, neurophysiological 
monitoring, and controlled clinical studies. 

Important goals include determining whether ultraweak photon 
fields influence neural synchronization, biological systems 
maintain measurable quantum coherence, or quantum-information-
like processes contribute meaningfully to physiology. 

Quantum biology research suggests that certain biological systems 
may utilize quantum phenomena such as coherence and spin effects 
[27,28]. This has led to theoretical proposals that biophotons may 
participate in quantum-information-like biological coordination 
[29-31]. 

However, direct evidence linking biophotons to true functional 
quantum entanglement in living organisms remains limited and 
highly speculative.

At present, biophoton research is scientifically legitimate, quantum 
biology is an emerging interdisciplinary field but claims regarding 
large-scale biological quantum entanglement should be viewed 
cautiously until validated experimentally. 

Nevertheless, continued advances in photonics, neuroscience, 
quantum physics, and systems biology may eventually clarify 
whether ultraweak photon signaling contributes to higher-order 
biological organization and human health.

Proposed Clinical Trial Design
Real-world reports suggesting PLP improvement with UWPE 
require rigorous clinical validation.
Future randomized controlled trials could compare UWPE alone, 
mirror therapy alone, combined UWPE + mirror therapy, sham-
control environments, and standard care. 

Potential study populations include unilateral amputees, bilateral 
amputees, military veterans, refractory PLP patients, and patients 
unable to perform mirror therapy. 

Validated endpoints may include Visual Analog Scale (VAS), 
McGill Pain Questionnaire, PROMIS Pain Interference, Pittsburgh 
Sleep Quality Index, anxiety/depression scales, qEEG, functional 

MRI, and quality-of-life measures. 

Limitations
The proposed quantum-information interpretation remains 
theoretical and should not be considered established medical 
doctrine.

At present, direct evidence for UWPE in PLP is limited, placebo-
controlled studies are lacking, and mechanistic validation remains 
necessary. Therefore, no definitive therapeutic claims can currently 
be made.

The proposed mechanisms involving biological coherence 
and quantum-inspired information processing are theoretical 
constructs intended to stimulate scientific discussion and future 
experimentation. These concepts should not be interpreted as 
established mechanisms of disease or treatment.

Conclusion
Phantom limb pain is a complex disorder involving cortical 
remapping, sensory-motor conflict, proprioceptive memory, 
peripheral nerve signaling, and maladaptive neuroplasticity. 

Mirror therapy has demonstrated that correcting abnormal sensory 
feedback can significantly reduce phantom pain. However, its 
applicability is limited in bilateral amputees and patients without 
intact contralateral limbs. Consequently, bilateral amputees remain 
a particularly underserved population with limited therapeutic 
options. This unmet need provides rationale for exploring non-
visual, whole-body therapeutic approaches such as UWPE.

UWPE may represent a promising non-invasive environmental 
approach capable of supporting nervous-system coherence, 
autonomic regulation, cortical recovery, and restorative sleep, 
without requiring visual substitution or intact limbs.

Although the proposed quantum-information mechanism remains 
hypothetical, current neuroscience and photo biomodulation 
literature provide a biologically plausible rationale for future 
investigation. Well-designed randomized controlled trials are 
warranted to determine whether UWPE may safely and effectively 
reduce phantom limb pain, particularly in bilateral amputees and 
patients refractory to conventional therapies.
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