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Abstract
Diabetes mellitus (DM) is a multifactorial metabolic disorder characterized by chronic hyperglycemia, insulin resistance, 
and systemic inflammation. Diabetic neuropathy (DN) is a prevalent and debilitating complication of type 2 diabetes mel-
litus (T2D), associated with sensory impairment, persistent pain, and increased risk of lower limb amputations. Photobio-
modulation (PBM) has been investigated as an adjunctive treatment due to its effects on cellular repair mechanisms, pain 
modulation, and wound healing.This review aims to synthesize evidence from clinical and preclinical studies published 
between 2015 and 2025, focusing on dosimetric parameters used in PBM for DN and their association with clinical out-
comes.The search was conducted in the LILACS, SciELO, EMBASE, MEDLINE, PubMed e Cochrane Library, covering 
publications from 2015 to 2025. A total of 23 studies met the inclusion criteria. This review provides comprehensive evi-
dence supporting PBM as a promising, safe and effective adjunctive therapy for diabetic neuropathy. The most consistent 
therapeutic effects were observed with wavelengths ((630–670  nm/808–904  nm), fluences of 3–10  J/cm², output power 
between 45 and 100 mW, and treatment protocols comprising at least 12 sessions. Despite the favorable therapeutic out-
comes, the absence of standardized dosimetry among the studies remains a major challenge. Therefore, further research 
is needed to define optimized and reproducible therapeutic protocols. 
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Introduction

Diabetes mellitus (DM) is one of the most pressing global 
public health challenges, with projections from the Interna-
tional Diabetes Federation (IDF) estimating that more than 
700 million people will be affected by 2045. This dramatic 
increase highlights the urgent need for effective preven-
tion and management strategies to reduce complications, 
improve patients’ quality of life, and alleviate the burden on 
healthcare systems. Type 2 diabetes (T2D) faces significant 
barriers to both prevention and treatment, particularly in 
high-risk populations. Although lifestyle interventions such 
as healthy eating, regular physical activity, and weight loss 
can reduce the risk of progression from prediabetes by up 
to 70%, their practical implementation is limited by poor 
long-term adherence, socioeconomic inequalities, lack of 
structured programs, and clinical inertia [1, 2].

The main risk factors for T2D include advanced age, 
family history of diabetes, abdominal obesity, increased 
body mass index, fatty liver disease, sedentary lifestyle, 
smoking, diets with high insulinogenic potential or rich in 
processed meats, psychosocial conditions such as anxiety 
and depression, and comorbidities including hypertension, 
dyslipidemia, and impaired glucose levels [2]. Early detec-
tion is also hindered by the silent progression of the disease, 

the limitations of current diagnostic methods, the low cov-
erage of population screening, insufficient risk perception 
among individuals, and restricted access to laboratory tests, 
especially in low- and middle-income countries. Together, 
these factors delay timely interventions and contribute to 
the early onset of complications [3].

DM is a heterogeneous group of metabolic disorders 
characterized by sustained hyperglycemia, with T2D being 
the most prevalent form, driven by insulin resistance, 
impaired insulin secretion, and frequently associated with 
obesity and sedentary lifestyle. Its chronic nature leads to 
systemic complications, both microvascular and macrovas-
cular, and its epidemiology highlights a strong association 
with excess body weight and sedentary behavior, which act 
as triggers of a genetic predisposition that varies among 
individuals and ethnic groups [1, 4].The natural history of 
T2D typically progresses in two phases: initially, isolated 
insulin resistance caused by excess adiposity, in which 
pancreatic hypersecretion maintains normoglycemia at the 
expense of persistent hyperinsulinemia; followed by the 
onset of clinically apparent diabetes, when genetic suscep-
tibility or β-cell exhaustion prevents adequate insulin pro-
duction, resulting in chronic hyperglycemia [5]. Given this 
pathophysiological trajectory, insulin resistance emerges 
as a central target for preventive interventions, and recent 
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evidence demonstrates that lifestyle modifications particu-
larly dietary adjustments and increased physical activity are 
highly effective in reducing adiposity, improving metabolic 
parameters, and delaying or even preventing the develop-
ment of diabetes in high-risk individuals [6].

Among its chronic complications, diabetic neuropa-
thy (DN) stands out due to its high prevalence, affecting 
up to 50% of individuals during the course of the disease 
and representing the leading cause of peripheral neuropa-
thy worldwide. DN is a heterogeneous condition that may 
present in generalized, multifocal, or focal forms, with dis-
tal sensorimotor polyneuropathy being the most common 
[7]. This variant typically develops insidiously, follows 
a length-dependent pattern, and is often associated with 
other microvascular complications such as retinopathy and 
nephropathy. Clinical manifestations range from mild, fre-
quently subclinical cases to severely disabling conditions, 
with substantial impact on functionality, quality of life, and 
survival [8].

T2D is characterized by persistent hyperglycemia, which, 
in combination with β-cell dysfunction and immune-medi-
ated inflammation, accelerates the onset of chronic com-
plications. In this context, DN emerges as one of the most 
prevalent complications, arising from the convergence of 
multiple pathogenic pathways [9]. Metabolic disturbances 
induce oxidative stress and mitochondrial dysfunction; 
chronic inflammation amplifies neural and vascular injury; 
ischemic mechanisms compromise endoneurial blood flow; 
and compressive processes further aggravate nerve dam-
age. Together, these factors explain the heterogeneous clini-
cal presentation of DN, ranging from subclinical sensory 
changes to severe, disabling neuropathic syndromes with 
significant impact on functionality [6, 9].

DN, as classified by the Toronto Expert Panel on Dia-
betic Neuropathy, encompasses distinct clinical forms that 
facilitate diagnostic and therapeutic standardization. The 
most prevalent type is distal symmetric polyneuropathy 
(DSPN), which manifests in a “glove and stocking” dis-
tribution with progressive sensory, motor, and autonomic 
fiber involvement. Patients often present with burning 
pain, numbness, tingling, and loss of protective sensation, 
significantly increasing the risk of foot ulcers and amputa-
tions. Other forms include autonomic neuropathies, which 
affect cardiovascular, gastrointestinal, genitourinary, and 
sudomotor systems; mononeuropathies, which typically 
involve isolated cranial or peripheral nerves with acute 
onset and self-limiting progression; radiculoplexopathies or 
diabetic amyotrophy, marked by severe proximal pain and 
weakness in older adults with type 2 diabetes; and thoracic 
and cervical polyradiculopathies, which produce band-like 
pain that may mimic visceral or musculoskeletal disease. 
Additionally, small-fiber neuropathy presents with pain and 

temperature disturbances, often requiring specific diagnos-
tic tests such as skin biopsy or quantitative sensory testing 
[10, 11].

Clinically, DN is also characterized by chronic pain man-
ifestations, including allodynia and hyperalgesia, which 
substantially impair quality of life. Allodynia, defined as 
pain elicited by normally non-painful stimuli (light touch 
or clothing contact), is particularly distressing and a fre-
quent reason for seeking medical care [12]. Hyperalgesia, 
in contrast, refers to an exaggerated response to painful 
stimuli; the two phenomena often coexist in neuropathic 
pain syndromes. Both are attributed to structural and 
functional changes in peripheral nerves, driven largely by 
chronic hyperglycemia, oxidative stress, and microvascular 
damage affecting both myelinated and unmyelinated fibers 
[13]. These mechanisms contribute to progressive sensory 
dysfunction, chronic neuropathic pain, and autonomic dis-
turbances, underscoring the complexity of DN and its mul-
tifactorial pathophysiology [14].

Diabetic foot evaluation is an essential component of DN 
assessment and risk stratification. Screening begins with 
a detailed clinical history and systematic foot inspection, 
requiring removal of shoes and socks to detect early signs of 
at-risk feet. A key tool is the 10 g Semmes-Weinstein mono-
filament test, performed on four plantar sites: the hallux 
(plantar surface of the distal phalanx) and the plantar sur-
faces of the first, third, and fifth metatarsal heads, to detect 
loss of protective sensation [15]. Complementary assess-
ments include vibration perception using a 128 Hz tuning 
fork or biothesiometer, evaluation of ankle reflexes to assess 
large motor fibers, pinprick or disposable stick testing for 
pain perception, cotton wool for light touch, and thermal 
testing to examine small-fiber function. These combined 
approaches allow for early identification of neuropathy, pre-
vention of ulceration, and reduction of amputation risk in 
individuals with diabetes [16].

Since the 1960 s, photobiomodulation (PBM), also 
referred to as low-level laser (LLL), has emerged as a prom-
ising non-invasive modality for the treatment of neuropathic 
pain [17]. PBM was officially adopted as a unifying term 
in 2014, replacing previous nomenclatures such as LLL. 
PBM refers to a non-ionizing light therapy modality that 
utilizes low-power lasers, light-emitting diodes (LEDs), 
or lamps operating in the red (RL) and near-infrared (NIR) 
spectrum. This therapy induces photochemical and photo-
physical changes within cellular structures through photon 
absorption, resulting in therapeutic effects such as reduced 
inflammation, pain relief, and accelerated wound healing 
[18]. PBM stimulates cellular metabolism and significantly 
enhances microcirculation, increasing tissue oxygen-
ation and nutrient delivery. These improvements in blood 
flow directly contribute to tissue repair and have shown 
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However, the absence of standardized dosimetric guidelines 
has limited its clinical adoption. By critically examining the 
influence of wavelength, energy dose, and treatment dura-
tion on clinical and biological outcomes, this review aims 
to synthesize current knowledge, identify existing gaps, and 
provide a foundation for protocol optimization tailored to 
DN management.

Here, we present a critical narrative review of the dosi-
metric parameters reported in preclinical and clinical stud-
ies. A systematic review following PRISMA guidelines 
was not feasible because of the heterogeneity of available 
evidence [31]. Instead, this work summarizes findings from 
both experimental and clinical studies, with a focus on the 
relationship between PBM dosimetry and clinical outcomes 
in DN.

Methods

This review followed the PICO framework [32] to guide 
evidence-based analysis.

Research question  In patients with diabetic neuropathy, 
what dosimetric parameters have been used in clinical stud-
ies of photobiomodulation, and how are they associated 
with observed clinical outcomes?

Population (P)  Patients with diabetic neuropathy DN (any 
subtype, diagnosed by clinical and/or neurophysiological 
criteria).

Intervention (I)  PBM using LLL or LEDs with any clinical 
protocol. Comparator (C): Placebo, no treatment, conven-
tional therapies (pharmacological or non-pharmacological), 
or experimental interventions.

Outcomes (O)  Primary: Reported dosimetric parameters 
(wavelength, energy density, power, application time, num-
ber of sessions, treatment sites).

Secondary  Clinical outcomes (pain reduction, sensory/
motor improvement, quality of life, neurophysiological 
changes, safety, and adverse effects). In this context, the 
completeness of protocols plays a key role in interpreting 
and comparing study outcomes.

This research question was further broken down into:

1.	 Clinical Evidence Review: Which clinical studies have 
investigated PBM in DN patients, and what dosimetric 
parameters were reported?

promising results in conditions such as diabetic foot ulcers, 
where vascular impairment is a key pathological factor [18, 
19].

PBM uses LEDs to stimulate cellular metabolism, 
enhance microcirculation, reduce inflammation, and accel-
erate tissue repair, with suggested benefits in diabetic foot 
ulcers. The primary mechanism of PBM involves photon 
absorption by intracellular chromophores, mainly cyto-
chrome c oxidase within mitochondria. This interaction 
triggers biochemical cascades that enhance ATP synthesis, 
modulate oxidative stress, and regulate cell signaling path-
ways, thereby contributing to nerve repair and restoration of 
tissue function [19]. In the context of inflammation, PBM 
downregulates the expression of pro-inflammatory cyto-
kines such as TNF-α, IL-1β, and IL-6, while upregulating 
anti-inflammatory mediators like IL-10. It also influences 
immune cell infiltration, promoting a controlled inflam-
matory response. In terms of analgesia, PBM reduces pain 
by inhibiting nerve conduction in unmyelinated C fibers, 
stimulating endorphin release, and decreasing nociceptor 
excitability [20]. Furthermore, it supports sensory nerve 
regeneration by enhancing axonal growth and remyelin-
ation. During wound healing, PBM positively influences 
all phases of the repair process including the inflammatory, 
proliferative, and remodeling stages by promoting fibroblast 
proliferation, collagen deposition, angiogenesis, and re-epi-
thelialization. These cellular and molecular effects reinforce 
PBM as a safe, non-invasive, and effective therapeutic strat-
egy with broad clinical applicability in regenerative medi-
cine, neurology, and rehabilitation [20, 21].

Despite encouraging preclinical and clinical evidence 
suggesting that PBM can reduce pain and improve nerve 
function in DN patients [22, 23], there remains no consen-
sus on the optimal dosimetric parameters. Reported treat-
ment regimens vary widely in wavelength (630–660 nm for 
RL and 808–904 nm for NIR), energy density (2–15 J/cm²), 
and treatment duration, resulting in heterogeneous outcomes 
[18, 24–28]. Such variability hampers the reproducibility of 
results, complicates clinical translation, and raises concerns 
regarding treatment consistency and safety [29].

Therapeutic efficacy in PBM is strongly influenced by 
parameters such as total energy delivered, irradiance, expo-
sure time, pulse configuration, and treatment area. These 
factors are further modulated by the biphasic dose–response 
described by the Arndt–Schulz law and can be affected by 
patient-specific factors such as Fitzpatrick skin type [30]. 
The lack of consistency in protocols therefore represents a 
major barrier to optimizing PBM for DN management [24].

This review is particularly relevant because DN is a 
highly prevalent and disabling complication of DM, and 
PBM has emerged as a promising adjunctive therapy. 
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Preclinical studies and clinical trials contributed fewer 
publications, with LE 1–2 and GR A–B, reflecting some 
heterogeneity in methodological rigor. Only one system-
atic review was identified, graded as LE 2 and GR B. Taken 
together, the literature indicates that most available data are 
derived from high-quality designs, providing robust evi-
dence (LE 1, GR A) for therapeutic approaches in diabetic 
neuropathy.

Studies predominantly identified RL (600–660 nm) [18, 
34–39] and NIR (800–890 nm) [22, 23, 27, 35–47] wave-
lengths as most effective for DN, with reported benefits in 
pain reduction, nerve regeneration, and wound healing. Sev-
eral trials suggested synergistic effects from combined RL 
and NIR light. Across the sample, wavelengths clustered at 
660, 808, 830, and 904 nm. However, reviews consistency 
highlighted the lack of standardization in wavelength selec-
tion and its impact on outcomes [48].

Energy doses varied widely, from 40 J/cm² in animal 
models [27] to 4–12 J/cm² in effective clinical protocols [27, 
49]. Several studies reported dose-dependent effects, with 
moderate doses (4–8 J/cm²) being optimal for wound heal-
ing and neuropathic pain relief. Power levels ranged from 
30 to 150 mW, though most recent protocols employed 
45–100 mW.

Treatment duration and number of sessions varied: Short-
term protocols: 10 consecutive days [34, 39]. Medium-term 
protocols: 12 sessions over 3–4 weeks [18, 22, 46]. Long 
-term protocols: ≥20 sessions up to 60 days [37, 40, 50], 
generally associated with more sustained benefits.

Application sites most often included the dorsal and 
plantar surfaces of the feet, along peripheral nerve pathways 
(fibular, tibial), and ulcerated regions, with some protocols 
irradiating proximal sites such as the popliteal fossa [39].

A critical analysis of the selected articles revealed consis-
tent findings: PBM promotes peripheral nerve regeneration, 
reduction of inflammatory mediators, and pain relief, lead-
ing to faster and more effective functional recovery. How-
ever, inconsistencies in dosimetric parameters highlight the 
need for protocol standardization.

Discussion

The therapeutic effects of PBM are influenced by multiple 
variables, including skin phototype, wavelength, power 
mode, and dosimetry. In lighter skin types (I–III), melanin 
absorption is lower, enabling deeper penetration, whereas 
darker phototypes (IV–VI) require dose and wavelength 
adjustments due to higher epidermal absorption [30].

RL (600–700 nm) provides superficial penetration, making 
it optimal for skin and epithelial tissues, while NIR (780–1100 
nm) penetrates deeper and is therefore suitable for muscle and 

2.	 Dosimetry–Outcome Association: How are reported 
dosimetric parameters associated with clinical outcomes 
such as pain reduction and sensory/motor function?

3.	 Protocol Standardization: Is there consistency in dosi-
metric parameters and protocols across DN studies?

4.	 Evidence Gaps and Recommendations: What evidence 
gaps remain, and what are the recommendations for 
future research?

We included experimental and clinical studies assessing 
PBM in DN with no language restrictions. Inclusion crite-
ria: original articles, systematic reviews, clinical trials, clin-
ical protocols, and randomized controlled trials. Exclusion 
criteria: case reports, book chapters, conference abstracts, 
or studies unrelated to DN and PBM.

Searches were conducted across LILACS, SciELO, 
EMBASE, MEDLINE, PubMed, and the Cochrane Library, 
covering the period 1990–2025. Search terms combined 
Medical Subject Headings (MeSH) such as “Diabetic 
Neuropathy”, “Type 2 Diabetes”, “Photobiomodulation”, 
“Low-Level Laser”, and “Allodynia”, using Boolean opera-
tors “AND/OR” The search, conducted from March to May 
2025, initially identified 94 articles. After applying inclu-
sion and exclusion criteria, 23 articles published between 
2015 and 2025 were retained for analysis. In Fig. 1, Flow 
diagram Strategy used to select the studies.

Results

The variability in treatment parameters across studies has 
hindered consensus on standardized dosimetric guidelines. 
By systematically analyzing the influence of wavelength, 
energy dose, and treatment duration on clinical and biologi-
cal outcomes, this review aims to synthesize current knowl-
edge, identify gaps, and provide a foundation for optimizing 
PBM protocols tailored to DN management.

Table 1 summarizes the studies published between 2015 
and 2025, including author, year, dosimetry parameters, 
and main results, serving as a reference for researchers and 
clinicians interested in PBM application in DN. In Fig. 2, 
dosimetry parameters on Year (2015–2025).

In Table 2, most of the studies were classified Levels 
of Evidence (LE) and Grades of Recommendation (GR), 
according to Oxford Centre Evidence Based Medicine [33]. 
In Table 3, evidence base on diabetic neuropathy is mainly 
composed of randomized controlled trials (RCTs), meta-
analyses (MAs), and a smaller proportion of clinical trials 
(CTs), preclinical studies (PCs), and systematic reviews 
(SRs). Overall, the majority of studies were RCTs (n = 11) 
and meta-analyses (n = 4), both consistently rated as LE 1 
and GR A [33].
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Fig. 1  Flow diagram, Strategy 
used to select the studies
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Table 1  Articles on photobiomodulation and dosimetric parametrics in diabetic neuropathy between 2015 and 2025
Author(s) Year Wave-

length 
(nm)

Energy 
(mW)

Energy 
Density 
(J/cm2)

Radiation Amount Summary Results

Cg SK et al. 2015 [33] 632,8
660, 
850

50
150

3,1
3,4

plantar and dorsum of foot, 
fibula for 10 days

↓ pain
↓ nerve injury

Andrade et al. 2017 [27] 808 10,20,40 10,20,40 No related Higher doses more effective for neuropathic pain
Santos Mendes-Costa et 
al. 2020 [34]

632.8
660

30
30

4
6

non-contact point; 80 s
13 s

↓pain
↓ time of tissue restoration and allowed the return of 
tactile sensitivity

Rastogi et al. 2021 [35] 890 No 
related

58,5 3 times a week, for 12 weeks
Sites: 4,

↓ pain
↑ Quality of Life-Diabetic No effect on cutaneous 
reinnervation

Rocha et al. 2021 [23] 904 45 6,23 non-contact point;18 s Reversing mitochondrial dynamics dysfunction in the 
course of peripheral nervous system damage in ND

Wadee et al. 2021 [36] 670–
950

No 
related

4 8 min,3 times per week for
6 weeks

↑ oxygenation, morpho-functional activity, and sub-
stantial expansion of the microcirculatory bed

Santos et al. 2021 [37] 632.8–
685

No 
related

3–6 30–80 s,
3 times weekly for a month

↓pain
↓ulcer area and rate of healing
↓Colony Count

Yosifova, Bokova. 2022 
[38]

632,8
660, 
850

50
150

3,1
3,4

plantar and dorsum of foot, 
fibula for 10 days

↓ pain
↓ nerve injury

Haze et al. 2022 [39] 808 80 8,8 twice daily for 1–3 weeks Site: 
1, for 8 min, in contact

↑vascular cells and nitric oxide release ↑migration and 
collagen production, ↓apoptosis and pro-inflammatory 
cytokines.

Karkada et al. 2022 [40] 655–
808

No 
related

4, 6, 8 No related Improved oxidative stress markers, wound healing

Leal et al. 2023 [22] 808 100 12 30 days, 3x/week, 12 sessions ↓pain improved quality of life
Nair et al. 2023 [41] 660, 

800, 
and 
970

30 No 
related

handpiece over a 3 min wound area reduction and new granulomatous tissue

Ebadi et al. 2023 [18] 630, 
810

35 32,08 15 min/session, 3x/week, 12 
sessions

improved sensation,
↓ neuropathic symptoms

Lourenço et al. 2024 
[42]

660–
850

23–28,5 8–10 Once a day for 60 days Site: 1, 
for 6 min, in contact with skin

↓ TNF-α and IL-1β levels, ↓ p38-MAPK mRNA 
expression and ↓ neuronal sensitisation through modu-
lation of Ca2+ dynamics

Torkaman et al. 2024 
[43]

904 90 2 3 days/week for 4 weeks (11 
sessions)

↑effectively angiogenesis

Borges et al. 2024 [44] 620–
940

64–72 6 83–94 s No effect in changes in skin temperature, sensitivity 
and pain

Chacur et al. 2024 [45] 850 No 
related

No 
related

2 min/session, 3x/week, 3–4 
weeks

↓ allodynia

Santos et al. 2024 [46] 904 45 4,8,10 No related ↓ pain in all groups.
Tabeie et al. 2024 [47] 630–

810
35.65 64,17 Three sessions per week, for 

20 sessions
↓surface and depth, improvements in the healing of 
their foot ulcers;13 s

Saura et al. 2024 [48] 904 30 4–8−10 13 s 10 J/cm2: angiogenesis and hastening the inflamma-
tory process

Miranda et al. 2025 [49] 660 No 
related

20 28 s per point to 5 min, with 
application frequencies of 
daily or twice daily for 6 days 
to 16 weeks

↓ulcer area, time and rate of healing

Chen et al. 2025 [50] 630–
890

50–180 2–10 30s–30 min ↓ pain accelerates wound healing

Anju et al. 2025 [51] 632.8
660–
850

No 
related
No 
related

3.1
3.4

2,9 min, at each foot’s plantar 
and dorsal surface contact 
method over popliteal fossa for 
3 min daily for ten days

↓ pain and inflammation with neuroprotective effect
PBM given at a dosage of 3.1 J/cm2 at the plantar and 
dorsal surface of the foot improved microcirculation

*Systematic Reviews (SR); “Randomized Controlled Trial (RCT); *Meta-Analysis (MA); *Preclinical (PC), *Clinical Trial (CT)
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Its efficacy is achieved in PBM through the modulation 
of sensory nerve fiber activity, the reduction of pro-inflam-
matory mediators such as prostaglandins and cytokines, and 
the increased production of β-endorphins, endogenous neu-
rotransmitters with analgesic properties [23, 26, 27, 34–36, 
46, 53].

nerve targets. Continuous wave (CW) delivers constant stim-
ulation with mild thermal effects, whereas superpulsed mode 
offers high peak power with low average energy, allowing 
deeper penetration without overheating [51].

PC and clinical evidence consistency supports the thera-
peutic potential of PBM in DN. RCTs and animal models 
demonstrate its role in reducing neuropathic pain, enhanc-
ing nerve conduction, and exerting neuroprotective effects. 
RCTs [18, 22, 52] and animal studies [23, 46] consistently 
support its role in reducing neuropathic pain, improv-
ing nerve conduction, and promoting tissue repair. For 
example, a 2024 preclinical study demonstrated decreased 
nociceptive thresholds in diabetic animals from the first ses-
sion, suggesting PBM as a promising approach for severe 
peripheral pain. Clinically, PBM at a dosage of 3.1 J/cm² 
on the plantar and dorsal foot surfaces reduced neuropathic 
pain, alleviated DN symptoms, and exerted neuroprotective 
effects [39].

Table 2  Levels of evidence (LE) and grades of recommendation (GR), 
according to Oxford centre evidence based medicine [33]
GR* LE* Type of Study
A 1 Systematic review of RCTs* (with or without 

meta-analysis), with homogeneity
Individual RCTs with narrow confidence intervals 
and consistent results

B 2 Systematic review of cohort studies (with homo-
geneity) Individual high-quality cohort studies 
non-randomized controlled clinical trials

B 3 Well-conducted case-control studies
C 4 Case series and lower-quality observational studies
D 5 Expert opinion, consensus, guidelines without 

systematic critical appraisal
Grade of Recommendation (GR)*; Level of Evidence (LE)*; Ran-
domized Controlled Trial (RCT)*

Table 3  Types of the studies, grades of Recommendation(G) and levels 
of evidence (LE) in the diabetic neuropathy [33]
Authors Type of study LE GR
Cg SK et al. [33] CT* 1 A
Andrade et al. [27] PC* 1 A
Santos Mendes-Costa L et al. [34] MA* 1 A
Rastogi A et al. [35] RCT* 1 A
Rocha et al. [23] PC* 1 A
Wadee AN et al. [36] RCT* 1 A
Santos CMD et al. [37] MA* 1 A
Yosifova, Dokova [38] CT* 2 B
Haze A et al. [39] RCT* 1 A
Karkada et al. [40] PC* 1 A
Leal et al. [22] RCT* 1 A
Ebadi et al. [18] RCT* 1 A
Nair et al. [41] CT* 2 B
Lourenço et al. [42] SR* 2 B
Torkaman et al. [43] RCT* 1 A
Borges et al. [44] RCT* 1 A
Santos CM et al. [45] RCT* 1 A
Tabeie et al. [46] RCT* 1 A
Saura CV et al. [47] RCT* 1 A
Chacur et al. [48] PC* 1 A
Miranda et al. [49] MA* 1 A
Chen et al. [50] MA* 1 A
Anju et al. [51] RCT* 1 A
*Systematic Reviews (SR); “Randomized Controlled Trial (RCT); 
*Meta-Analysis (MA); *Preclinical (PC), *Clinical Trial (CT)

Fig. 2  Dosimetric on Year (2015–
2025). n: number of studies; µ: 
average dose; med: median dose
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Ebadi et al. 2023, evaluated the effects of PBM using two 
wavelengths, 630 nm and 810 nm, on DN. Both wavelengths 
significantly improved behavioral and functional outcomes 
related to neuropathy, with 810 nm showing slightly supe-
rior efficacy in nerve regeneration markers. However, the 
study lacked detailed reporting on irradiance and total 
energy delivered. These results highlight the therapeutic 
potential of dual wavelength PBM in DN and underscore 
the necessity of standardized dosimetric [18].

Chacur et al. 2024, investigated the effects of PBM using 
850 nm near-infrared light for the prevention and reversal 
of neuropathic pain in rats, applying 2 min of irradiation, 
three times per week, for up to four weeks. Although a sig-
nificant reduction in mechanical allodynia was noted, no 
improvement in the preservation of myelinated fibers was 
detected, and a reduction in C fibers was noted in treated 
animals. Notably, essential parameters such as irradiance, 
fluence, and total power were omitted, which limits repro-
ducibility and comparison with other studies. The discrep-
ancy between analgesic effects and the absence of structural 
recovery suggests that the therapeutic benefits are linked 
to functional neural modulation mechanisms, underscoring 
the necessity for future research to include the underlying 
molecular pathways [46].

In a 2021 RCT, the effects of LLL irradiation and hyper-
baric oxygen therapy (HBOT) were investigated in patients 
with chronic diabetic foot ulcers. The laser treatment uti-
lized specific dosimetric parameters, including low power 
output (~ 100 mW), wavelengths within the RL to NIR 
spectrum (630–850 nm), and irradiation times calibrated 
to deliver therapeutic energy doses. Both therapies sig-
nificantly enhanced local oxygenation, critical for wound 
healing, with LLL offering the added benefit of being less 
invasive. The study highlighted the need for accurate dosi-
metric control to maximize treatment efficacy [41].

Protocols often included 12 or more sessions, though ses-
sion frequency and total treatment duration varied widely. 
Application modes were both contact and non-contact, with 
inconsistent reporting of beam size, aperture diameter, or 
divergence. While most studies demonstrated clinical or PC 
benefits, these methodological inconsistencies complicate 
cross-study comparisons and hinder the development of 
standardized clinical guidelines [31, 58].

A major limitation across the literature is the incomplete 
reporting of essential dosimetric parameters. Many studies 
did not provide irradiance, fluence, treatment area, cali-
bration procedures, or total delivered energy. Without this 
information, it is difficult to establish dose response relation-
ships or compare outcomes across studies. In several cases, 
discrepancies were also noted between reported energy 
wavelength and power wavelength relationships, further 
complicating reproducibility. These omissions, combined 

Animal studies also corroborate these effects. A study 
2017, investigated the effects of PBM using an 808 nm 
wavelength on neuropathic pain control in mice. The treat-
ment protocol employed specific dosimetric parameters, 
including power output, irradiation time, and energy den-
sity tailored to modulate nociceptive pathways effectively. 
Results demonstrated a significant reduction in pain behav-
iors, indicating the analgesic potential of PBM. However, 
detailed reporting of key parameters such as irradiance and 
total energy delivered was limited, which may affect repro-
ducibility and comparison with other studies. The findings 
suggest that PBM at 808 nm can effectively alleviate neuro-
pathic pain [41].

Fan et al. 2024 and Korada et al. 2023 further highlighted 
improvements in safety, nerve conduction velocity, and 
quality of life, particularly in the plantar region [25, 29].

PBM also reduces nociceptor excitability and regulates 
ion channel expression, while modulating macrophages, 
neutrophils, and lymphocytes, thereby accelerating the 
resolution of inflammation [18, 37, 43, 47]. Research fur-
ther indicates that PBM modulates key signaling pathways 
implicated in neuropathic pain, notably MAPK (p38 and 
ERK) signaling, intracellular calcium dynamics, and cyto-
kine release (TNF-α, IL-1β, IL-6) [54–56].

In the context of diabetic wound healing, PBM promotes 
cell proliferation through ERK activation, regulates the 
activity of matrix metalloproteinases (MMP-1/8 and MMP-
2) and their inhibitors (TIMP), and stimulates angiogene-
sis by modulating VEGF expression and improving tissue 
oxygenation. Collectively, these mechanisms contribute to 
enhanced microcirculation and faster ulcer healing in DN 
patients [57].

Clinical application of 2025 study [38] demonstrated 
marked variability in wavelength, dosage, power, and expo-
sure time, complicating the establishment of optimized 
protocols. In several trials, methodological reporting was 
incomplete. The most commonly reported laser parameters 
were continuous mode, non-contact application, wave-
lengths between 632.8 and 830 nm, power of ~ 30 mW, 
and a dosage of 4 J/cm². For LED treatments, wavelengths 
ranged from 600 to 900 nm, with a power of ~ 48 mW and a 
dosage of 2.4 J/cm² [40].

Several clinical trials also highlight PBM potential in 
DN. Leal et al. 2025, investigated the effects of PBM using 
an 808 nm wavelength on pain relief and quality of life 
in patients with DN. Results demonstrated a significant 
reduction in neuropathic pain and a notable improvement 
in patients quality of life. The findings support the clinical 
potential of PBM at 808 nm for managing DN symptoms, 
highlighting the importance of detailed dosimetric reporting 
to optimize treatment protocols and ensure reproducibility 
[22].
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critical, emphasizing early intervention during prediabetes 
and diabetes diagnosis, alongside public health efforts to 
improve access, education, and monitoring [62].

In this context, PBM has gained attention as a non-inva-
sive adjunct therapy that stimulates cellular metabolism, 
enhances microcirculation, reduces inflammation, and pro-
motes tissue repair by modulating mitochondrial activity 
through cytochrome c oxidase activation. PBM increases 
ATP production, mitigates oxidative stress, and influences 
cellular signaling pathways involved in nerve regeneration 
and pain modulation [63]. Clinical evidence suggests PBM 
can alleviate neuropathic pain and improve nerve function, 
providing a valuable complement or alternative to conven-
tional treatments, particularly given its favorable safety and 
tolerability profile. Its ability to enhance microvascular cir-
culation addresses a key pathological factor in diabetic neu-
ropathy, potentially improving outcomes and quality of life. 
Nevertheless, further rigorous clinical trials are required to 
standardize protocols and validate the long-term benefits of 
PBM in diabetic neuropathy management [39, 49].

Conclusion

PBM emerges as a safe, effective, and non-invasive thera-
peutic option for DN. Clinical benefits consistently include 
pain reduction, sensory improvement, and accelerated ulcer 
healing. The most common parameters reported were RL 
(630–670 nm) and NIR (808–904 nm) wavelengths, energy 
densities of 3–10 J/cm², output powers of 45–100 mW, and 
treatment protocols extending to at least 12 sessions. How-
ever, considerable heterogeneity and incomplete dosimetric 
reporting remain significant barriers to protocol optimiza-
tion. While most included studies were of high methodolog-
ical quality (LE 1, GR A), future well-designed multicenter 
RCTs with standardized dosimetric datasets are essential for 
establishing optimized protocols and incorporating PBM 
into evidence-based clinical guidelines for DN management.
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with small sample sizes and heterogeneous designs, com-
promise external validity and may yield inconclusive or 
misleading results [31, 48, 57, 58].

Future research must therefore prioritize methodological 
rigor and protocol standardization. Multicenter randomized 
controlled trials with adequate sample sizes are required to 
confirm PBM efficacy across diverse populations. A mini-
mum dataset of essential parameters including wavelength, 
output power, irradiance, exposure time, fluence, aper-
ture diameter, beam divergence, and calibration should be 
consistently reported to ensure reproducibility and enable 
meta-analytical synthesis. Dose-response designs will be 
especially important for correlating specific regimens with 
biological and clinical outcomes. Technological innovations, 
such as wearable devices and combined RL/NIRsystems, 
may improve coverage, adherence, and efficacy. Further-
more, long-term follow-up studies of ≥ 12 months are neces-
sary to evaluate the durability of PBM effects [31, 57].

Current studies have primarily focused on pain relief, 
sensory recovery, and ulcer healing, outcomes of major 
importance for diabetic patients suffering from painful 
neuropathy. However, autonomic neuropathy, a frequent 
and debilitating complication manifesting as cardiovascu-
lar dysregulation, gastroparesis, urinary dysfunction, and 
sudomotor abnormalities remains largely unexplored. Gas-
troparesis, in particular, significantly worsens quality of life 
in diabetic patients but no PBM studies have evaluated its 
effects on gastric emptying, visceral innervation, or auto-
nomic. This gap underscores the urgent need for future trials 
to investigate PBM not only in painful sensory neuropathy 
but also in autonomic dysfunction, aiming at broader and 
more integrated therapeutic outcomes in DN [10, 11, 59].

DN particularly painful peripheral neuropathy is a com-
plex and challenging complication of T2D, with difficul-
ties ranging from early diagnosis to effective treatment. 
Early symptoms are often subtle or nonspecific, and limited 
access to diagnostic tools such as nerve conduction studies 
contributes to under-recognition, especially of autonomic 
neuropathy. Pharmacological treatments, including anticon-
vulsants (gabapentin, pregabalin), antidepressants (tricy-
clics, serotonin-norepinephrine reuptake inhibitors such as 
duloxetine), topical agents (capsaicin, lidocaine), and anti-
oxidant supplements (alpha-lipoic acid) offer only modest 
pain relief [60, 61].

Neuromodulation therapies such as transcutaneous elec-
trical nerve stimulation (TENS) and spinal cord stimulation 
(SCS) show promise in refractory cases but are limited by 
side effects and poor adherence. While glycemic control 
is effective in preventing neuropathy in type 1 diabetes, 
its impact in T2D is less pronounced due to multifactorial 
contributors, including microvascular dysfunction, oxida-
tive stress, adiposity, and dyslipidemia. Prevention remains 
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