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Abstract

Botulinum Toxin Type A (BoNT/A) is a cornerstone of modern aesthetic and therapeutic medicine, used
in millions of procedures worldwide each year. By inducing temporary chemo denervation, BoNT/A offers
benefits in conditions ranging from dystonias and spasticity to hyperhidrosis and cosmetic applications.
Despite its favorable safety profile, a subset of patients experiences adverse effects such as eyelid ptosis,
asymmetry, diplopia, or excessive local paralysis. These complications, although reversible, can persist for
weeks or even months, significantly impairing quality of life and patient satisfaction. Currently, there are
no standardized therapeutic interventions to actively accelerate recovery, and management is typically
conservative, relying on the natural decline of BONT/A enzymatic activity and neuromuscular plasticity.
Photobiomodulation (PBM), a non-invasive modality that applies red or near-infrared light to stimulate
cellular metabolism and tissue repair, has emerged as a potential supportive strategy. PBM is known
to enhance mitochondrial function, upregulate neurotrophic factors, and promote synaptic remodeling-
mechanisms directly relevant to recovery from BoNT/A-induced synaptic blockade. Preclinical studies
in models of nerve injury and neurodegeneration, as well as anecdotal clinical observations, provide
indirect support for its application. However, no controlled clinical trial has yet evaluated PBM specifically
in BoNT/A complications. This mini review expands on the biological rationale, experimental evidence,
and translational perspectives for PBM in this setting, building upon recent work published in Life [1].
We argue that PBM may represent a biologically plausible, time-dependent, and clinically valuable
intervention deserving of systematic investigation.
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Introduction

Botulinum Toxin Type A (BoNT/A) has revolutionized clinical practice over the past three
decades. Initially employed in neurology to manage strabismus and dystonias, it has since
become one of the most frequently performed aesthetic procedures worldwide. By cleaving
SNAP-25, a synaptic protein critical for acetylcholine release, BONT/A induces temporary
neuromuscular blockade, producing effects that last several months. This property underlies
its therapeutic efficacy in conditions such as spasticity and migraine, as well as its widespread
cosmetic use for reducing dynamic wrinkles. Although generally considered safe, adverse
events are not uncommon. Clinical series report that between 1% and 6.5% of patients may
experience complications, including eyelid ptosis, eyebrow or facial asymmetry, dysphagia, or
excessive weakening of unintended muscles. While these effects are transient, they can cause
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functional limitations, psychological distress, and dissatisfaction
with treatment outcomes. Currently, there are no evidence-
based strategies to accelerate recovery from such complications.
Management relies on reassurance, symptomatic support, or
temporary pharmacological measures (e.g., apraclonidine eye
drops for ptosis), while patients wait for spontaneous resolution
as new SNAP-25 proteins are synthesized and axonal sprouting
restores neuromuscular transmission. This therapeutic gap
highlights the need for novel interventions capable of supporting
neural and muscular regeneration in the aftermath of BoNT/A
exposure. Photobiomodulation (PBM) has gained increasing
attention as a safe, non-invasive modality with well-documented
effects on mitochondrial bioenergetics, neuroplasticity, and tissue
repair. By promoting synaptic remodeling, increasing neurotrophic
signaling, and enhancing axonal regeneration, PBM offers a
biologically plausible pathway to accelerate functional recovery in
patients affected by BoNT/A complications. Recent translational
discussions, including our contribution published in Life [1],
propose PBM as a candidate intervention deserving systematic
preclinical and clinical evaluation [2]. This perspective article aims
to consolidate the mechanistic rationale, summarize supporting
experimental evidence, and outline future directions for integrating
PBM into the management of BoONT/A-related adverse effects.

Biological rationale and mechanisms

PBM involves red to near-infrared light absorption by
cytochrome c¢ oxidase in the mitochondrial respiratory chain,
leading to increased ATP production, modulation of redox-sensitive
signaling [3], and downstream activation of survival and plasticity
pathways such as PI3K/Akt and MAPK/ERK. Preclinical studies
have consistently shown that PBM can:

a)  Upregulate neurotrophic factors such as BDNF and NGF.
b)  Promote axonal sprouting and synaptogenesis.

c) Enhance SNAP-25 expression in nerve regeneration
models.

d) Reduce inflammation and neurovascular

remodeling.

support

These effects align with the biological requirements for recovery
from BoNT/A-induced blockade, suggesting that PBM could
accelerate the reestablishment of neuromuscular transmission
once the toxin’s enzymatic activity subsides [4].

Evidence and translational perspectives

Experimental models in nerve injury, traumatic brain injury,
and neurodegenerative diseases have demonstrated PBM’s ability
to enhance structural and functional recovery. Importantly, PBM
has shown beneficial effects on muscle fatigue and myonecrosis,
further supporting its relevance in neuromuscular recovery [5].
However, it is critical to emphasize that no study has yet tested
PBM in the specific context of BoNT/A-induced paralysis. The
hypothesis remains unvalidated in both preclinical and clinical
settings. While anecdotal reports suggest potential benefits in

cases of iatrogenic ptosis, controlled trials are lacking. From a
translational standpoint, PBM should be considered a supportive,
time-dependent strategy rather than a direct antagonist to BoONT/A
[6]. Its possible application window would begin once toxin activity
declines, potentially accelerating synaptic reorganization and
functional recovery [7].

Limitations and future directions
Several challenges must be addressed:

a)  Specificity-BoNT/A acts through irreversible proteolysis
of SNAP-25, a process PBM cannot reverse directly.

b) Dose-response-PBM exhibits biphasic effects [8],
insufficient or excessive exposure may be ineffective or
inhibitory.

c) Safety-Application in periorbital regions raises concerns
regarding ocular safety.

d) Clinical gaps-No randomized controlled trials have
evaluated PBM for BoNT/A complications.

Future research should begin with BoNT/A-specific animal
models to establish optimal PBM parameters and intervention
windows, followed by carefully designed pilot clinical studies.

Conclusion

Photobiomodulation emerges as a biologically plausible,
safe, and non-invasive strategy that could support recovery from
botulinum toxin type A (BoNT/A)-related complications. By
targeting mitochondrial metabolism, upregulating neurotrophic
pathways, and enhancing synaptic plasticity, PBM provides a
mechanistic framework directly aligned with the processes required
for neuromuscular restoration after BoNT/A-induced paralysis.
Nevertheless, the current evidence remains preliminary and largely
extrapolated from models of nerve injury, neurodegeneration, and
muscle performance. To date, no experimental study has specifically
evaluated PBM in the context of BONT/A-induced synaptic blockade,
and clinical data are limited to anecdotal observations. This gap
underscores the urgent need for translational research, beginning
with animal models of BoNT/A exposure, followed by rigorously
designed clinical trials to establish safety, optimal parameters, and
efficacy. If validated, PBM could represent not only a supportive
tool to accelerate recovery from iatrogenic complications but also
a paradigm shift in how clinicians approach adverse outcomes
associated with BoNT/A. Its integration into clinical practice
could improve patient satisfaction, reduce downtime, and expand
the therapeutic armamentarium in both neurology and aesthetic
medicine. By bridging mechanistic plausibility with clinical need,
PBM highlights the value of translational science in addressing
unmet challenges at the interface of technology and patient care.
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