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ABSTRACT
This systematic review presents qualitative comparisons between LED and LASER photobiomodulation in cutaneous wound 
healing, limited by the substantial heterogeneity of experimental parameters. Chronic wounds represent a major clinical challenge 
due to prolonged healing times, high risk of infection, and increased healthcare costs. Photobiomodulation (PBM) using low‐level 
laser therapy (LLLT) and light‐emitting diode (LED) devices has emerged as a promising therapeutic strategy for tissue repair. 
However, the equivalence of the biological and therapeutic effects of these light sources remains debated. The aim of this review is 
to clarify these effects by systematically comparing LLLT and LED sources on cutaneous wound healing. Comprehensive searches 
were conducted in PubMed, Web of Science, Scopus, and Embase using terms related to wound healing, LLLT, and LED. We 
included exclusively controlled in vivo or in vitro studies that directly compared the effects of LLLT and LED on cutaneous wound 
healing or related biological processes. Of 2020 identified studies, 16 met the inclusion criteria. Both LED and laser promote 
relevant cellular effects, contributing to the tissue repair process. Findings indicate that both devices promote similar photo
biomodulatory effects by activating key cellular and molecular mechanisms essential for wound repair. This review presents 
predominantly qualitative comparisons between LED and LASER in wound healing, limited by the substantial heterogeneity of 
experimental parameters. Nevertheless, the available evidence indicates that, although LLLT shows quantitatively superior effects 
on parameters such as blood vessel density and caliber and type I collagen deposition, both modalities demonstrate similar 
preclinical effects. (International Prospective Register of Systematic Reviews registration number: CRD420251086145).

1 | Introduction 

A wound is defined as an interruption in the anatomical and 
functional continuity of tissue, ranging from a simple epithelial 
breach to deep lesions involving the dermis, subcutaneous tissue, 
and, in severe cases, muscles, blood vessels, and organs [1]. 

Wound healing is a complex, dynamic biological process that 
progresses through sequential and interdependent phases: hemo
stasis, inflammation, proliferation, and remodeling. Successful 
repair depends on the orderly and continuous progression of these 
phases [2, 3]. Failure of this progression results in chronic wounds, 
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which negatively affect quality of life and increase the financial 
burden on healthcare systems [4, 5].

The economic impact of wound management is substantial, 
with costs estimated at US$28.1–96.8 billion annually [6]. Loss 
of the skin barrier further predisposes wounds to bacterial 
colonization, increasing morbidity, mortality, and treatment 
costs [7, 8]. Prolonged healing also drives up expenses by 
increasing the frequency of dressing changes, use of products, 
and time required from healthcare professionals [9].

Low‐level laser therapy (LLLT) and light‐emitting diode (light‐ 
emitting diode (LED) has emerged as effective strategies for 
tissue repair [10, 11]. Although both emit light within a narrow 
spectral range, they differ in beam properties: LLLT is colli
mated, coherent, and monochromatic, whereas LED light is 
non‐coherent and less collimated [12]. The divergent nature of 
LED light limits tissue penetration but allows for more uniform 
coverage of large, superficial areas [13]. Conversely, LLLT 
penetrates deeper, effectively stimulating fibroblasts and blood 
vessels within the dermis [12].

At the cellular level, the therapeutic effects of light result from 
photobiological reactions triggered when endogenous chromo
phores such as cytochrome c oxidase (COX) in mitochondria [14]. 
This initiates a cascade of biochemical events that enhance ATP 
production, modulate oxidative stress, stimulate collagen synthesis, 
promote growth factor release, and activate cell signaling pathways, 
thereby boosting cell proliferation and migration [15, 16].

Despite differences in coherence and penetration, both LLLT 
and LED have demonstrated therapeutic potential [11, 17]. 
However, debate persists regarding the equivalence of their 
biological and clinical effects. This review sought to clarify these 

effects by systematically comparing coherent (LLLT) and non‐ 
coherent (LED) light sources in skin wound healing. To the best 
of our knowledge, this is the first systematic review to directly 
and exclusively compare LLLT and LED in experimental 
models of skin wound repair, providing an unprecedented 
synthesis of their relative effects.

2 | Methods 

This systematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta‐ 
Analyses (PRISMA) guidelines [18]. The study protocol was 
registered with the International Prospective Register of Sys
tematic Reviews (PROSPERO) under the registration number 
CRD420251086145.

2.1 | Eligibility Criteria 

We included exclusively controlled in vivo or in vitro studies that 
directly compared the effects of LLLT and LED on cutaneous 
wound healing or related biological processes, without restriction 
on the year of publication or language. Studies that combined 
LED or LLLT with other therapies (pharmacological, invasive, or 
adjuvant), as well as systematic reviews, narrative reviews, clin
ical trials, case reports, and observational studies were excluded.

2.2 | Information Sources and Search Strategy 

A comprehensive search was conducted in PubMed, Scopus, 
Web of Science, and Embase, with the most recent search 
completed in November 2025. The strategy was based on the 
predefined PICO (model, intervention/exposure, comparison/ 
control, outcome) framework and incorporated both controlled 
vocabulary and free‐text terms combined with Boolean opera
tors. Search terms included wound healing, wounds and inju
ries, ulcers, skin ulcers, skin lesions, tissue repair, excisional 
wounds, pressure ulcers, diabetic ulcers, skin burns, fibroblasts, 
keratinocytes, macrophages, light‐emitting diodes, LED, non‐ 
coherent light, NASA light‐emitting diodes, laser therapy, low‐ 
level light therapy, laser biostimulation, low‐level laser 
irradiation, low‐power laser irradiation, low‐level laser therapy, 
and coherent light. Additionally, the reference lists of selected 
studies were manually screened for relevant articles. Detailed 
search strategies for each database are presented in Table 1.

2.3 | Study Selection Process 

After searching for articles, titles and abstracts were initially 
identified, followed by a full‐text analysis to determine their 
final inclusion in the study. Study selection was performed 
independently by two reviewers, with disagreements resolved 
through discussion. If consensus could not be reached, a third 
reviewer was consulted to ensure consistency with the inclusion 
criteria and study objectives.

2.4 | Data Extraction 

Data extraction was independently performed by two reviewers. 
Extracted information included study title and year, experimental 

Summary 
• Chronic wounds present a major clinical challenge, 

characterized by delayed healing, heightened risk of 
infection, and significant healthcare costs.

• Photobiomodulation, using low‐level laser therapy 
(LLLT) and light‐emitting diodes (LEDs), has been 
widely investigated as a therapeutic strategy to accelerate 
repair.

• However, debate continues regarding whether these two 
light sources produce equivalent biological effects.

• This systematic review compiled in vitro and in vivo 
studies that directly compared the effects of LED and 
LLLT on skin wound healing.

• Findings revealed that both modalities enhanced cell 
viability, proliferation, migration, inflammatory modu
lation, collagen deposition, and angiogenesis.

• While LLLT demonstrated quantitatively superior 
outcomes for certain parameters, such as blood vessel 
density and type I collagen deposition, the overall 
effects were comparable.

• These results support clinical decision‐making based 
not only on biological efficacy but also on practical 
considerations such as cost, availability, and wound 
characteristics.
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TABLE 1 | Search strategy used in the databases included in the study.

Databases Search strategy

PUBMED #1 ((((((((((((((“Wound Healing”[Title/Abstract]) OR (“Wounds and Injuries”[Title/Abstract])) OR 
(“Ulcer”[Title/Abstract])) OR (“Skin Ulcer”[Title/Abstract])) OR (“Skin lesions”[Title/Abstract])) 
OR (“Tissue 
repair”[Title/Abstract])) OR (“Excisional wound”[Title/Abstract])) OR (“pressure ulcer”[Title/ 
Abstract])) OR (“diabetic ulcer”[Title/Abstract])) OR (“Skin burn”[Title/Abstract])) OR 
(“Fibroblast*”[Title/Abstract])) OR (“Keratinocyte*”[Title/Abstract])) OR (“Macrophage*”[Title/ 
Abstract])) 
AND 
#2 (((((“Light Emitting Diode”[Title/Abstract]) OR (“light‐emitting diode”[Title/Abstract])) OR 
(“LED”[Title/Abstract])) OR (“Non‐ coherent light”[Title/Abstract])) OR (“NASA light‐emitting 
diode”[Title/Abstract]))) 
AND 
#3 (((((((((“LASER”[Title/Abstract]) OR (“LASER Therapy”[Title/Abstract])) OR (“Low‐Level Light 
Therapy”[Title/Abstract])) OR (“LLLT”[Title/Abstract])) OR (“LASER Biostimulation”[Title/ 
Abstract])) OR (“Low Level Laser Irradiation”[Title/Abstract])) OR (“Low Power Laser 
Irradiation”[Title/Abstract])) OR (“Low Level Laser Therapy”[Title/Abstract])) OR (“Coherent light 
[Title/Abstract]))

SCOPUS #1 (TITLE‐ABS‐KEY (“Wound Healing”) OR TITLE‐ABS‐KEY (“Wounds and Injuries”) OR TITLE‐ 
ABS‐KEY (“Ulcer”) OR TITLE‐ABS‐KEY (“Skin Ulcer”) OR TITLE‐ABS‐KEY (“Skin lesions”) OR 
TITLE‐ABS‐KEY (“Tissue repair”) OR TITLE‐ABS‐KEY (“Excisional wound”) OR TITLE‐ABS‐KEY 
(“pressure ulcer”) OR TITLE‐ABS‐KEY (“diabetic ulcer”) OR TITLE‐ABS‐KEY (“Skin burn”) OR 
TITLE‐ABS‐KEY (“Fibroblast*”) OR TITLE‐ABS‐KEY (“Keratinocyte*”) OR TITLE‐ABS‐KEY 
(“Macrophage*”)) 
AND 
#2 (TITLE‐ABS‐KEY (“Light Emitting Diode”) OR TITLE‐ABS‐KEY (“light‐emitting diode”) OR 
TITLE‐ABS‐KEY (“LED”) OR TITLE‐ABS‐KEY (“Non‐ coherent light”) OR TITLE‐ABS‐KEY 
(“NASA light‐emitting diode”)) 
AND 
#3 (TITLE‐ABS‐KEY (“LASER”) OR TITLE‐ABS‐KEY (“LASER Therapy”) OR TITLE‐ABS‐KEY 
(“Low‐Level Light Therapy”) OR TITLE‐ABS‐KEY (“LLLT”) OR TITLE‐ABS‐KEY (“LASER 
Biostimulation”) OR TITLE‐ABS‐KEY (“Low Level Laser Irradiation”) OR TITLE‐ABS‐KEY (“Low 
Power Laser Irradiation”) OR TITLE‐ABS‐KEY (“Low Level Laser Therapy”) OR TITLE‐ABS‐KEY 
(“Coherent light”))

WEB OF SCIENCE #1 “LASER” (Title) or “LASER Therapy” (Title) or “Low‐Level Light Therapy” (Title) or “LLLT” 
(Title) or “LASER Biostimulation” (Title) or “Low Level Laser Irradiation” (Title) or “Low Power 
Laser Irradiation” (Title) or “Low Level Laser Therapy” (Title) or “Coherent light” (Title) 
AND 
#2 “Light Emitting Diode” (Title) or “light‐emitting diode” (Title) or “LED” (Title) or “Non‐ coherent 
light” (Title) or “NASA light‐emitting diode” (Title) 
AND 
#3 “Wound Healing” (Title) or “Wounds and Injuries” (Title) or “Ulcer” (Title) or “Skin Ulcer” 
(Title) or “Skin lesions” (Title) or “Tissue repair” (Title) or “Excisional wound” (Title) or “pressure 
ulcer” (Title) or “diabetic ulcer” (Title) or “Skin burn” (Title) or “Fibroblast*” (Title) or 
“Keratinocyte*” (Title) or “Macrophage*” (Title) 
#1 ‘wound healing’:ti OR (wounds:ti AND injuries:ti) OR ‘ulcer’:ti OR ‘skin ulcer’:ti OR ‘skin 
lesions’:ti OR ‘tissue repair’:ti OR ‘excisional wound’:ti OR ‘pressure ulcer’:ti OR ‘diabetic ulcer’:ti OR 
‘skin burn’:ti OR ‘fibroblast*’:ti OR ‘keratinocyte*’:ti OR ‘macrophage*’:ti 
AND 
#2 ‘laser’:ti OR (wounds:ti AND injuries:ti) OR ‘laser therapy’:ti OR ‘low‐level light therapy’:ti OR 
‘lllt’:ti OR ‘laser biostimulation’:ti OR ‘low level laser irradiation’:ti OR ‘low power laser irradiation’:ti 
OR ‘low level laser therapy’:ti OR ‘coherent light’:ti 
AND 
#3 ‘light emitting diode’:ti OR ‘light‐emitting diode’:ti OR ‘laser therapy’:ti OR ‘led’:ti OR ‘non‐ 
coherent light’:ti OR ‘nasa light‐emitting diode’:ti
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model, wound type, intervention type and parameters, and re
ported outcomes. For in vitro studies, data on cell viability, 
migration, and colony formation were collected. For in vivo 
studies, data on microscopic, histological, and molecular analy
ses, inflammatory markers, and oxidative stress were extracted. 
Discrepancies were reviewed and resolved with input from a 
third reviewer.

2.5 | Assessment of Methodological Quality 

The risk of bias in animal model intervention studies was 
assessed using the SYRCLE's Risk of Bias (RoB) tool [19]. This 
tool consists of ten items that evaluate six types of bias: selection, 
performance, detection, attrition, reporting, and other potential 
sources. Each item was classified as “YES” (low risk of bias), 
“NO” (high risk of bias), or “UNCLEAR” (uncertain risk of bias). 
For in vitro studies, the risk of bias was assessed using the 
methodology proposed by Kulkarni et al. [20]. This tool com
prises eight criteria, each rated as “YES” or “NO.” Studies were 
then categorized as follows: high risk of bias (more than five 
“NO” responses), moderate risk (two to five “NO” responses), 

and low risk (zero or one “NO” response). The application of 
both tools was carried out independently by two reviewers, and 
any disagreements were resolved by a third reviewer.

3 | Results 

The search identified 2020 studies. After removing duplicates 
and screening titles and abstracts, 616 studies were selected for 
full‐text review. Sixteen studies published between 2006 and 
2024 met the eligibility criteria and were included in the final 
analysis. The selection process is illustrated in Figure 1.

Among the experimental studies included in the review, four 
used in vitro designs with cell cultures, whereas 12 employed 
in vivo preclinical assays using mice, rats, and rabbits. Table 2
summarizes the main characteristics and results of these studies.

3.1 | Light Characterization 

The included studies compared the effects of LED and LLLT with 
or without sham irradiation or no intervention, with only one study 

Records identified from*:

PubMed (n = 438)

Scopus (n=1334)

Web of Science (n=23)

Embase (n=222)

Records removed before screening:

Duplicate records removed (n = 922)

Records marked as ineligible by 

automation tools (n = 0)

Records removed for other reasons 

(n = 3)

Records screened

(n = 1095)

Records excluded

(n =479)

Reports sought for retrieval

(n = 616)

Reports excluded:

-Not focusing on skin wound healing

(n= 70)

-Not directly comparing LED and 

LLLT (n= 262)

- Combining LED or LLLT with other 

treatments,invasive and/or

pharmacological interventions (n= 205)

- Not focusing on cutaneous wound 

healing (n= 60)

- Studies with oral tissue (n= 3)

Reports assessed for eligibility

(n = 16)

Studies included in review

(n = 16)

Identification of studies via databases and registers

Id
en
ti
fi
ca
ti
on

Sc
re
en
in
g

In
cl
ud
ed

FIGURE 1 | Flowchart of the study selection process according to the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses 
(PRISMA) guidelines. 
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utilizing broadband light [23]. LLLT interventions used wave
lengths in the red and infrared ranges, whereas LEDs included red, 
infrared, green, and blue spectra. Wavelengths ranged from 460 to 
950 nm, with 660–830 nm being the most commonly used range 
[21–24, 26, 29–34]. Energy densities ranged from 1 to 60 J/cm², 
with most studies using 1–10 J/cm². Continuous‐mode irradiation 
was used in most studies [21–25, 28–33], five studies did not specify 
the mode [26, 27, 34–36], and only one study directly compared 
continuous LLLT and pulsed LED [29]. A summary of the 
irradiation parameters is provided in Table 3.

3.2 | In Vitro 

3.2.1 | Cell Viability and Cell Proliferation 

Three studies evaluated cell viability using MTT assays [21, 22, 24]. 
Both red and infrared LED and LLLT promoted increased cell 
viability and proliferation, with outcomes varying by wavelength, 
power, and dose [21, 26]. One study demonstrated a superior effect 
of LED therapy, whereas LLLT produced better outcomes in 
another study [22, 24]. Ferro et al. [21] reported similar effects with 
both light modalities.

3.2.2 | Cell Migration 

Only one study evaluated cell migration using a scratch assay 
[21]. Both LLLT and LED promoted cell migration, although 
the effects varied according to wavelength and time point. 
However, at 6 and 24 h, LLLT produced the greatest reduction 
in wound area.

3.2.3 | Colony Formation Epitelial 

One study assessed epithelial colony formation [23]. Khan et al. 
[23] reported that LLLT 830 and 810 nm and LED 660 and 
850 nm all stimulated colony formation. However, lower doses 
of LLLT at 830 and 810 nm produced a more pronounced 
increase in both the number and size of epithelial colonies.

3.3 | In Vivo 

3.3.1 | Macroscopic Analysis 

Six studies performed macroscopic analyses [25, 27, 31–34]. All 
studies reported a reduction in wound area following LLLT 
(633–810 nm) and LED (530–640 nm). Two studies found no 
significant differences in wound closure between LED and LLLT 
in diabetic and healthy animals [25, 31]. De Sousa et al. [33] 
reported enhanced re‐epithelialization with LED at 530 nm 
compared with other LED wavelengths and LLLT, conversely, 
one study demonstrated superior effects of LLLT [26]. In animal 
burn models, LLLT promoted faster wound healing [32, 34].

3.3.2 | Microscopic Analysis 

Ten studies performed microscopic analyses [26–32, 34–36]. Both 
LLLT (660–810 nm) and LED (635–808 nm) promoted improved 
cellular organization, enhanced fibroblast proliferation, angiogen
esis, collagen accumulation, epidermal migration, and increased 
expression of Proliferating Cell Nuclear Antigen (PCNA) and 
Transforming Growth Factor‐β2 (TGF‐β2). Two studies reported 

reduced neutrophil infiltration and increased lymphocyte and 
macrophage counts with LED and LLLT [34, 35]. Conversely, LED 
did not increase collagen fiber content but improved structural 
organization compared to LLLT [29]. LLLT 660 nm induced better 
tissue organization and regeneration than LLLT and other LEDs 
wavelengths [30]. LLLT promoted keratinized epithelium with 
parallel collagen and spindle‐shaped fibroblasts, reducing inflam
mation in non‐anemic animals at Day 14, whereas LED produced 
similar results in anemic animals [31]. LLLT 780 nm yielded 
greater type I collagen deposition than LED and others LLLT 
wavelengths [35].

3.3.3 | Molecular Analysis 

Four studies assessed protein expression [26, 27, 29, 34]. LLLT 
(660–904 nm) and LED (460–850 nm) modulated proteins 
involved in proliferation, collagen synthesis, migration, VEGF 
formation, and extracellular matrix regeneration [27, 29, 34]. 
One study reported increased DNA, total protein, hydroxy
proline, and hyaluronic acid levels with LLLT and LED in burn 
models compared with controls [27]. Pulsed LLLT regulated 727 
differentially expressed proteins linked to cell signaling and 
neuronal function, while LED modulated 822 proteins, partic
ularly in metabolic and inflammatory pathways [24]. LED was 
associated with increased mitofusin‐2 (MFN2) and decreased 
mitochondrial fission protein 1 (FIS1), favoring mitochondrial 
balance, whereas LLLT increased both proteins, suggesting 
mitochondrial stress [28].

3.4 | Expression of Inflammatory Activity 
Markers 

Four studies analyzed inflammatory markers [26, 28, 29, 36]. 
LLLT and LED reduced TNF‐α, IL‐1β, IL‐6, COX‐2 levels, 
increased ERK1/2 phosphorylation and produced the highest 
nitrite levels [26, 29, 36]. LED produced greater COX‐2 reduc
tion than LLLT [28].

3.5 | Determinants of Oxidative Stress 

Three studies evaluated oxidative stress markers [30, 36, 37]. 
LLLT 904 nm and LED 632 nm increased oxidative stress, 
whereas LLLT 660 nm and LED 850 nm exerted antioxidant 
effects, reducing glutathione peroxidase activity and lowering 
nitrite and carbonyl levels [30]. LLLT and LED at low doses 
stimulated nitrite production, leukocyte activity and reactive 
oxygen species generation, whereas higher doses inhibited these 
processes [36, 37]. Both LED and LLLT reduced lipid peroxi
dation from day 4 onward compared with controls [37].

3.6 | Quality Assessment of the Studies 

Four studies used an in vitro methodology, three of which were 
classified as having a moderate risk of bias [21, 22, 24] and one 
as low risk [23]. The criteria that received the most negative 
evaluations were related to reporting of cell passage number, 
missed wells, cell handling between establishment and mea
surement, and cell characterization. Table 4 summarizes the 
risk of bias assessment for the in vitro studies.
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Twelve studies conducted in vivo assays [25–30]. In all evaluated 
articles, six of the ten domains of the scale were classified as 
uncertain risk or high risk. Only three studies explicitly reported 
random sequence generation of animals [31, 33, 34]. The domain 
blinded animal intervention was assessed as high risk in all 
studies. The domains allocation concealment, random housing, 
random outcome assessment, and other types of bias were rated 
as uncertain risk in all twelve included studies. The results of the 
risk of bias (RoB) assessment are presented in Table 5.

4 | Discussion 

This review aimed to compare the healing effects of coherent 
and non‐coherent light. The studies analyzed demonstrate that 
both LLLT and LED promote essential cellular and molecular 
effects in in vivo and in vitro wound‐healing models when 
compared with control groups. Both light sources effectively 
modulate fundamental aspects of tissue repair, including cell 
viability, proliferation, migration, extracellular matrix deposi
tion, and angiogenesis, leading to accelerated wound healing 
(Figure 2). It should be noted, however, that such comparisons 
are qualitative and influenced by the substantial heterogeneity 
of the experimental parameters.

Despite the comparable biological effects observed between 
LLLT and LED, practical considerations such as cost and 
accessibility must also be taken into account. LLLT systems are 
substantially more expensive than LED devices, which may 
limit their use in clinical applications. On the other hand, LEDs 
offer a more affordable and safer alternative, justifying their 
wider adoption in clinical settings [37].

The primary physical characteristics of LLLT devices are the 
collimation and coherence of their emitted light beams. These 
properties contrast with those of LED devices, which have 
lower beam coherence [37]. However, this difference in light‐ 
emission characteristics does not seem to significantly influence 
the therapeutic outcome, as the results consistently show that 
both devices can produce similar photobiomodulatory effects at 
the cellular level. These effects are largely attributed to the 
photochemical mechanisms of photobiomodulation, which are 
independent of light coherence [38].

The biological response to photobiomodulation is directly 
related to the dose‐response relationship and the depth of light 
penetration into tissues. According to the principle of biphasic 
response, low doses tend to stimulate cellular activity, while 
high doses can inhibit proliferation or induce photothermal 
stress [39]. Therefore, the precise definition of irradiation 
parameters, including wavelength, fluence, and exposure time, 
becomes fundamental to ensure consistent therapeutic effects.

Wavelength is crucial for both absorption by chromophores and 
the depth of tissue action. Red light (600–700 nm) exhibits 
strong absorption by cytochrome c oxidase and mitochondrial 
flavoproteins, favoring ATP synthesis and cell proliferation in 
epidermal and superficial dermal layers. Near‐infrared light 
(780–950 nm) has greater penetration capacity (5–10 mm), 
reaching fibroblasts, endothelial cells, and vascular structures 
located in the dermis and hypodermis [40, 41]. In contrast, blue 
and green wavelengths (450–550 nm) have limited penetration 
(< 1 mm), acting mainly in the modulation of bacterial load and 
superficial wound inflammation [42].T
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Although both light sources stimulate similar biological mech
anisms, several authors suggest that LLLT may have a superior 
effect in certain aspects. Specifically, LLLT was found to 
increase blood vessel density and caliber, as well as type I col
lagen deposition, to a greater extent than LED [26, 34]. 
Nevertheless, these differences were primarily quantitative, 
since LED also promoted significant improvements in these 
parameters compared with controls. This enhanced vascular 
response may explain the faster lesion closure observed in 
wounds treated with LLLT. Vascular restoration is a critical step 
in the healing process, as neovascularization at the injury site is 
essential for restoring blood flow and ensuring the delivery of 
oxygen and nutrients required by repair‐associated cells [43].

LLLT also modulates the early inflammatory response by pro
moting cell recruitment, vasodilation, and local angiogenesis 
[44]. Additional studies support the role of LLLT in vascular
ization and collagen deposition. Cury et al. [45] reported that 
LLLT irradiation (660 and 780 nm; 30 and 40 J/cm²) in ischemic 
skin flaps enhanced new vessel formation, increased expression 
of hypoxia‐inducible factor 1‐alpha (HIF‐1α) and VEGF, and 
reduced MMP‐2 activity. Similarly, in fibroblast cultures, LLLT 
(904 nm; 2 J/cm²) activated pathways involved in collagen dep
osition (COL1α1) and VEGF expression, reinforcing its contri
bution to extracellular matrix synthesis and angiogenesis [46].

Molecular analyses revealed that both devices activate similar 
pathways, however, LED primarily modulates inflammatory 
pathways, whereas LLLT predominantly influences proteins 
associated with cell proliferation [25, 28]. LED activates path
ways such as SPHK1/NF‐κB, reducing pro‐inflammatory cyto
kines (TNF‐α, IL‐1β, COX‐2) and increasing anti‐inflammatory 
mediators [47, 48]. In contrast, LLLT primarily activates prolif
erative pathways, including PI3K/Akt and MAPK/ERK, which 
promote collagen synthesis, angiogenesis, and cell migration, key 
processes in the later phases of tissue repair [49, 50].

Findings from experimental studies are supported by clinical 
trials demonstrating that both LED and LLLT accelerate tissue 
repair and wound healing. Borges et al. [51] treated diabetic foot 
ulcers (DFUs) with 620 and 904 nm LEDs daily for 12 weeks, 
reporting complete healing and significant area reduction at 
both wavelengths. Similarly, Cardoso et al. [52] evaluated three 
doses of 904 nm LLLT (4, 8, and 10 J/cm²) for DFU treatment 
and found improved healing rates at all doses, with 10 J/cm² 
achieving the highest proportion of completely healed ulcers.

This systematic review suggests that the two different types of light 
coherence used in photobiomodulation produce similar effects in 
stimulating key cellular events involved in tissue repair. In this 
context, the energy dose applied may have a greater influence on 
the outcomes. However, the included studies reported results 

TABLE 4 | Summary of risk of bias of in vitro studies.

Study

Items

1 2 3 4 5 6 7 8 Result

Ferro et al. [21] Yes Yes No Yes Yes No No Yes Moderate
Vink et al. [22] Yes Yes Yes PA Yes No Yes Yes Moderate
Khan et al. [23] Yes Yes Yes PA PA No No Yes Low
Volpato et al. [24] Yes Yes Yes Yes Yes No No Yes Moderate

Note: 1. Cell type. 2. Were the laser parameters reported for all the study groups? 3. Have cell passages been performed? 4. Cell characterization was performed as 
previously described. 5. Was the cell culture method used? 6. Was the number of lost wells accurately reported? 7. Was cell culture handling reported between the 
establishment and measurement? 8. Have all results been reported. Abbreviations: NL, Nothing lost; PA, Partial.

TABLE 5 | RoB bias risk assessment (Syrcle's RoB tool).

Study
Syrcle Item

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10

Keshri et al. 2021 [25] UR No UR UR Yes UR No No No UR
Corazza et al. 2007 [26] UR No UR UR Yes UR UR No No UR
Ghaemi et al. 2019 [27] UR No UR UR Yes UR Yes No No UR
Tatmatsu‐Rocha et al. 2018 [28] UR No UR UR Yes UR Yes No No UR
Silveira et al. 2016 [29] UR No UR UR Yes UR No No No UR
Oliveira Sampaio et al. 2013 [30] UR No UR UR Yes UR No No No UR
Dall Agnol et al. 2009 [31] No No UR UR Yes UR No No No UR
Al‐Watban et al. 2009 [32] UR No UR UR Yes UR UR No No UR
De Sousa et al. 2013 [33] No No UR UR Yes UR No No No UR
De Vasconcelos et al. 2015 [34] No No UR UR Yes UR No No No UR
Klebanov et al. 2006 [35] UR No UR UR Yes UR No No No UR
Klebanov et al. 2006 [36] UR No UR UR Yes UR No No No UR

Note: D1: sequence generation. D2: baseline characteristics. D3: allocation concealment. D4: random housing. D5: blinded animal intervention. D6: random outcome 
assessment. D7: blinding outcome assessors. D8: incomplete outcome data. D9: selective outcome reporting. D10: other types of bias. Abbreviations: No, low risk of bias; 
UR, uncertain risk; Yes, high risk of.
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obtained using devices with varying physical characteristics, even 
within the same experiment. One of the parameters showing the 
greatest variability was power, which represents the rate of energy 
emission over time [53]. Therefore, for future research, we rec
ommend the standardization of irradiation parameters, as the use 
of standardized reporting templates could enhance data compa
rability and help clarify whether parameters such as power 
influence the measured outcomes.

The combination of parameters is also important in determin
ing the temperature variation induced by PBM. In addition to 

the non‐thermal effects resulting from chromophore stimula
tion, the absorption of irradiation by the target tissue may lead 
to an increase in temperature and consequently generate ther
mal effects. Cronshaw et al. [54] identified temperature varia
tions ranging from 2°C to 12°C, depending on the tissue 
thickness used in the in vitro experiments, beam size, wave
length, irradiance, fluence, and application technique. The 
temperature rise may activate cellular stimulation mechanisms, 
however, at higher levels, it can result in cellular inhibition or 
photothermal damage [54]. The studies included in this review 

FIGURE 2 | Cellular effects of photobiomodulation with LED and LASER. 
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did not compare outcomes from the perspective of thermal ef
fects; therefore, it is suggested that future investigations address 
this aspect.

Chronic wounds represent a major clinical challenge due to 
delayed healing, susceptibility to infections, and substantial 
functional and economic burdens [55]. Although this review 
presents consistent preclinical evidence, the relevance of these 
cellular responses to the context of chronic wounds is still 
uncertain, given that these models exhibit persistent inflamma
tion, hypoxia, phenotypic alterations of fibroblasts, and vascular 
compromise. Therefore, the next translational step should focus 
on rigorously characterized chronic animal models capable of 
reproducing this pathophysiological complexity.

4.1 | Study Limitations 

This review presents important methodological limitations. The 
main one is the impossibility of normalizing power density 
between LED and LASER devices, due to the absence, in most 
studies, of essential information for calculating optical dose 
(power in the target plane, beam area and profile, and pulse 
parameters). This gap prevents the standardization of energy 
between modalities and limits more robust quantitative com
parisons. There was also great heterogeneity in irradiation 
parameters and outcomes evaluated, reducing the internal 
consistency of the evidence. Furthermore, although the protocol 
foresaw the inclusion of studies with control, placebo, or sham 
groups, this review focused only on direct comparisons between 
LASER and LED.

5 | Conclusion 

In general, evidence indicates that both LED therapy and low‐ 
level laser therapy (LLLT) stimulate cellular and molecular 
mechanisms essential for tissue repair. Although LLLT dem
onstrates quantitatively greater effects on parameters such as 
blood vessel density and caliber and type I collagen deposition, 
both modalities show similar preclinical effects.
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