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 ABSTRACT 

Oral fungal infections can impair function, cause significant discomfort, and negative-

ly affect quality of life. Candida albicans is the most frequently identified pathogen 

and is commonly associated with denture stomatitis, mucosal candidiasis, and angular 

cheilitis. Although conventional antifungal therapy remains the standard of care, chal-

lenges such as antifungal resistance, recurrence, and adverse effects highlight the need 

for alternative non-invasive approaches. Low-level laser therapy (LLLT), or photobi-

omodulation, has gained attention for its potential to modulate inflammation, support 

tissue repair, and influence microbial activity. However, findings across the literature 

remain inconsistent. Sub-therapeutic laser parameters may unintentionally stimulate 

Candida albicans proliferation, whereas higher fluence levels or photodynamically 

active settings demonstrate more reliable antifungal effects. This scoping review maps 

the current evidence on the use of LLLT for oral fungal infections by synthesizing in 

vitro studies, clinical investigations, and systematic reviews. A structured search was 

performed in PubMed, Scopus, ScienceDirect, and Google Scholar, covering studies 

published from January 2015 to August 2025. The findings indicate that therapeutic 

outcomes are highly dependent on laser wavelength, energy density, irradiation dura-

tion, delivery mode, and photosensitizer use. Incorporating LLLT with photodynamic 

therapy or topical antifungal agents may further enhance efficacy and reduce recur-

rence. 
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Introduction 

Oral fungal infections are a common clinical concern, 

particularly among high-risk groups such as denture 

wearers, older adults, and immunocompromised indi-

viduals [1-2]. Candida albicans (C. albicans), although 

a normal oral commensal, can overgrow under condi-

tions of immune suppression or disrupted oral ecology, 

leading to clinical manifestations including denture 

stomatitis, mucosal candidiasis, and angular cheilitis. 

These infections often cause significant discomfort and 

functional impairment and are frequently recurrent. In-

creasing resistance to conventional antifungal therapies 

such as nystatin and azole derivatives further under-

scores the need for alternative noninvasive treatment 

modalities [1]. 

Low-level laser therapy (LLLT), which operates 

through photobiomodulation, has gained attention for its 

capacity to enhance mitochondrial activity, stimulate 

cellular repair, and modulate inflammatory responses 

[3-4]. Although initially applied for wound healing and 

pain control, LLLT has more recently been investigated 

for its antimicrobial effects, including its potential role 

in managing Candida-associated infections [5]. Howev-

er, current evidence reveals substantial variability in 
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antifungal outcomes, largely attributable to differences 

in laser wavelength, fluence, power output, irradiation 

time, and delivery mode.  

In vitro studies demonstrate that low-dose laser exp-

osure may exert stimulatory effects on C. albicans. Naj-

afi et al. [1] showed that diode laser irradiation at 38 

J/cm² increased fungal colony counts in low-density 

suspensions, suggesting that sub-therapeutic parameters 

may enhance mitochondrial activity and promote prolif-

eration [1,3]. Conversely, higher-energy protocols such 

as 1064 nm Nd:YAG irradiation at 59 J produced mark-

ed reductions in fungal colonies through photothermal 

microbial damage [6]. Additional investigations high-

light the importance of precise dosimetry, with certain 

fluences such as GaAlAs irradiation at 6J/cm², resulting 

in optimal suppression of fungal proliferation [3]. 

Photodynamic therapy (PDT) offers another path-

way for fungal inactivation by combining laser light 

with photosensitizers that generate reactive oxygen spe-

cies capable of disrupting fungal cell membranes [2-3]. 

Multiple studies, including those utilizing methylene 

blue (MB), methyl-pheophorbide a, 5-aminolevulinic 

acid (ALA) derivatives, and 1,9-dimethylmethylene 

blue (DMMB), have shown that PDT consistently pro-

duces stronger antifungal effects than laser irradiation 

alone and can even achieve near-complete fungal inac-

tivation under optimized conditions [2,10,12,15-16]. 

High-intensity diode lasers also demonstrate fungistatic 

activity, though their effects remain inferior to nystatin 

in direct comparisons [13]. Recent findings also em-

phasize the relevance of PDT as a promising adjunc-

tive modality for Candida management. Methylene-

blue–mediated PDT at 660 nm has demonstrated sig-

nificant inhibitory effects against C. albicans, Candida 

tropicalis (C. tropicalis), and even resistant species 

such as Candida krusei (C. krusei), achieving greater 

fungal reduction than laser irradiation alone [17].  

Clinical findings support additional benefits of 

LLLT beyond direct antifungal action. In angular 

cheilitis, LLLT achieved clinical improvement compa-

rable to topical antifungal therapy [4]. In oral lichen 

planus, laser treatment reduced lesion size and pain 

while enhancing epithelial regeneration [5]. Among 

oncology and transplant patients, prophylactic LLLT 

has been shown to reduce the severity of oral mucositis 

and improve mucosal integrity, which may indirectly 

lower susceptibility to opportunistic fungal infections 

[6-7]. Ablative CO2 laser therapy has also demonstrated 

effective lesion removal and accelerated healing, there-

by reducing the risk of secondary colonization [8]. 

LLLT continues to gain attention for its broader pho-

tobiomodulation effects, including enhanced ATP syn-

thesis, reduced inflammation, and accelerated mucosal 

repair, which may indirectly improve host resistance to 

opportunistic fungal infections [18]. 

Collectively, the available evidence indicates that 

the antifungal response to LLLT is highly parameter-

dependent. Low-energy exposures may inadvertently 

stimulate fungal metabolism, whereas higher fluences or 

PDT-assisted protocols consistently demonstrate 

stronger inhibitory effects. Given the heterogeneity in 

wavelengths, fluence levels, photosensitizers, and clini-

cal applications across existing studies, a structured 

synthesis of current findings is essential to clarify the 

therapeutic potential of LLLT and PDT in managing 

Candida-related oral fungal infections.  

Therefore, this scoping review aims to systematical-

ly map and synthesize the existing evidence on the use 

of LLLT, for the management of Candida-associated 

oral fungal infections. Specifically, this review seeks to 

identify the range of laser parameters and photosensitiz-

ers employed across in vitro, in vivo, and clinical stud-

ies; evaluate their reported antifungal effectiveness; and 

highlight knowledge gaps and methodological variabil-

ity that must be addressed to establish standardized and 

clinically relevant LLLT-based protocols for oral can-

didiasis. 

Materials and Method 

Study Design 

A scoping review was conducted to identify, analyze, 

and map the existing research on the application of 

LLLT for oral fungal infections caused by C. albicans 

[2]. This review followed the framework proposed by 

Arksey and O’Malley and was reported in accordance 

with the PRISMA-ScR guidelines. A systematic search 

was carried out using PubMed, ScienceDirect, and 

Google Scholar between January 2015 and Agustus 

2025. The search strategy utilized Boolean operators 

and keyword combinations, including: (“low-level laser 

therapy” OR “LLLT” OR “photobiomodulation”) AND 

(“Candida albicans” OR “oral fungal infections” OR 

“oral candidiasis”) AND (“photodynamic therapy” OR 
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“PDT” OR antifungal) AND (“laser parameters” OR 

wavelength OR “energy density”). Eligible full-text 

studies consisting of in vitro experiments, randomized 

or quasi-experimental clinical studies, and systematic 

reviews were screened and included in the review. 

Inclusion Criteria 

To ensure a robust and contemporary evaluation of the 

literature, specific inclusion criteria were established 

to select eligible publications. This review considered 

original research articles that evaluated the effects of 

LLLT or PDT on C. albicans or clinically relevant oral 

fungal infections caused by Candida species. To main-

tain methodological rigor, included studies were re-

quired to report specific and clearly described laser 

parameters, including wavelength, power output, irra-

diation duration, fluence, and delivery mode, alongside 

quantitative microbiological or clinical outcomes, such 

as a reduction in colony-forming units. Furthermore, 

the selection was restricted to articles published in the 

English language within a ten-year window spanning 

from January 2015 to August 2025. Finally, eligible 

studies were limited to those identified through a struc-

tured search of the PubMed, Scopus, ScienceDirect, 

and Google Scholar databases conducted within this 

defined timeframe. 

Exclusion Criteria 

Conversely, specific exclusion criteria were applied to 

eliminate irrelevant or redundant literature from the 

review. Studies were excluded if they did not present 

specific data on oral fungal infections or if they fo-

cused solely on laser ablation for surgical purposes 

without evaluating antimicrobial effects. Additionally, 

secondary, or non-original literature such as editorials, 

commentaries, and literature reviews lacking original 

empirical data- was omitted from consideration. Last-

ly, any studies published prior to January 2015, falling 

outside the designated ten-year contemporary window, 

were excluded from the analysis. 

Data Extraction and Analysis 

Two reviewers independently extracted relevant data, 

including study design, population or sample character-

istics, laser type and parameters, outcome measures 

(such as colony forming unit (CFU) counts, microscopic 

analysis, or clinical evaluations), and key findings [2]. 

Extracted data were tabulated and analyzed narratively 

to identify trends, discrepancies, and research gaps. 

Qualitative comparisons were made to assess how vary-

ing laser parameters affect the proliferation of C. albi-

cans [3]. 

Results 

After removing 8 duplicate records, two authors inde-

pendently conducted the title, abstract, and full-text 

screening. From the initial 64 articles identified (39 

from Scopus and 25 from PubMed), 56 unique articles 

remained for screening. Of these, 10 were excluded 

during title and abstract screening, leaving 46 full-text 

articles assessed for eligibility. Following full-text eval-

uation, 30 articles were excluded for not meeting the 

inclusion criteria, resulting in 16 studies that fulfilled all 

criteria and were included in this review. These studies 

consisted of in vitro experiments, clinical trials, and 

systematic reviews, providing a comprehensive over-

view of the application of LLLT for oral fungal infec-

tions. The PRISMA flow diagram in Figure 1 illustrates 

the study selection process, while Table 1 summarizes 

the key findings. 

 

Literature Review 

In vitro Studies 

Najafi et al. [1] evaluated the effects of a diode laser 

(940 nm, 1W) on two concentrations of C. albicans (10
4
 

and 10
6
 CFU/mL). The study divided specimens into 

three groups: untreated controls, samples treated with 

nystatin, and samples exposed to LLLT for 30 seconds 

(38 J/cm²) or 60 seconds (76 J/cm²). The results re-

vealed that nystatin completely eradicated fungal colo-

nies, whereas LLLT increased colony counts signifi-

cantly in the low-concentration group (10
4
 CFU/mL). 

This unexpected stimulatory effect was attributed to the 

sub-therapeutic energy level, which may enhance mito-

chondrial activity and ATP production, thereby promot-

ing fungal proliferation [1, 3]. 

Grzech-Leśniak et al. [7] employed a Nd:YAG laser 

(1064 nm) with two different settings: 0.25 W for 15 

seconds (3 J) and 1 W for 60 seconds (59 J), using a 

flat-top handpiece to ensure even energy distribution 

across the target. Their study found that the higher ener-

gy setting produced a significant reduction in the growth 

of both C. albicans and Streptococcus mutans. The re-

duction in microbial colonies was primarily attributed to 

the strong photothermal effect induced by the Nd:YAG 

laser, which led to irreversible damage to the microbial
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Figure 1: Methodology of the study 

 

cell structure [6]. 

Hasanah et al. [11] investigated the in vitro effect of 

LLLT on isolates of C. albicans obtained from head and 

neck cancer patients undergoing radiotherapy. The 

study applied two energy doses (5 J/cm² and 10 J/cm²) 

using a continuous mode laser. Although both energy 

levels resulted in a reduction of fungal colony counts, 

the differences were not statistically significant. This 

finding highlights the importance of fine-tuning laser 

dosimetry to achieve optimal antifungal effects without 

stimulating fungal growth [11]. 

Carneiro et al. [3] assessed the antifungal effects of 

LLLT using two types of semiconductor lasers: In-

GaAlP (685 nm) and GaAlAs (830 nm) with energy 

densities ranging from 6 to 12 J/cm². Their results 

demonstrated that the GaAlAs laser at an energy density 

of 6 J/cm² resulted in the lowest mean fungal prolifera-

tion compared to higher dosimetry, suggesting that even 

small adjustments in energy parameters can influence 

microbial outcomes [3]. 

Several in vitro studies demonstrate that the effects 

of LLLT on Candida species largely depend on laser 

parameters [1,3,7,11]. Najafi et al. [1] reported that 

exposure to a 940nm diode laser increased colony cou-

nts in low-concentration samples (10
4
 CFU/mL), likely 

due to sub-therapeutic energy stimulating mitochon-

drial activity and ATP synthesis. In contrast, Grzech-

Leśniak et al. [7], using a Nd:YAG laser (1064 nm) 

with higher energy, observed a significant reduction in 

C.albicans growth, attributed to photothermal-induced 

irreversible microbial cell damage. Hasanah et al. [11] 

found that energy densities of 5 and 10J/cm² reduced 

colony numbers, although not significantly, suggesting 

the need for optimized laser dosimetry. Similarly, Car-

neiro et al. [3] demonstrated that GaAlAs laser at 

830nm and 6J/cm² yielded the lowest fungal prolifera-

tion, indicating that even minor adjustments in laser 

parameters may influence antifungal outcomes. 

Clinical Studies 

Clinical studies evaluating LLLT in oral mucosal con- 
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Table 1: Summary of the findings of included studies 
 

No Authors & Year 
Study 

Type 

Sample/ 

Population 
Laser Parameters 

Manifestation of 

LLLT Effects 
Main Findings 

1 
Najafi et al. (2019) 

[1] 
In vitro 

Candida albicans (10^4 

& 10^6 CFU/mL) 

Diode laser 940 nm, 1 

W; 30 s (38 J/cm²) & 60 
s (76 J/cm²) 

Stimulatory effect on 
Candida albicans 

colony growth (low 

dose) 

LLLT at 38 J/cm² increased 
fungal colonies, suggesting 

sub-therapeutic doses may 

stimulate mitochondrial 
activity and proliferation. 

Nystatin completely eradi-

cated colonies. 

2 
Gholami et al. 
(2023) [2] 

In vitro  

Biofilm-forming Can-

dida albicans, cultured 
under laboratory condi-

tions 

Diode laser 660 nm, 

continuous mode; power 
100 mW, irradiation 

time e.g., 60–120s per 

site; fluence range 6–12 

J/cm². Used methylene 

blue (MB) 0.01-0.1% 

Laser + MB results 

strong fungicidal 

action 

Combination therapy 
demonstrated superior 

antifungal effect compared 

to laser irradiation alone. 
Effects were dose-

dependent, with higher 

fluence achieving greater 
microbial suppression. 

3 
Carneiro et al. 

(2016) [3] 

Experi-
mental 

(conference 

paper) 

Candida albicans prolif-

eration assay 

InGaAlP 685 nm & 

GaAlAs 830 nm; 6, 8, 
10, 12 J/cm² 

Optimal energy densi-

ty reduces fungal 
proliferation 

GaAlAs laser at 6 J/cm² 

yielded the lowest fungal 

proliferation, highlighting 
the importance of dosime-

try optimization. 

4 
Salam et al. (2024) 

[4] 

Clinical 

trial 

45 patients with angular 

cheilitis 

Low-power diode laser 

vs 2% miconazole gel 

Comparable recovery 

to antifungal treatment 

LLLT provided similar 

improvements in pain 
reduction and lesion heal-

ing compared to micona-

zole, supporting its role as 
an alternative therapy. 

5 
Elshenawy et al. 

(2015) [5] 

Clinical 

study 

10 patients with oral 
lichen planus unrespon-

sive to steroids 

Diode laser 970 nm 
Reduction in lesion 

size and pain 

LLLT decreased pain and 

burning sensation, reduced 

lesion size, and enhanced 

epithelial regeneration. 

6 
Nishi et al. (2023) 
[6] 

Prospective 

single-arm 

study 

Hematologic cancer 

patients post stem cell 

transplant 

Prophylactic LLLT 

(parameters not speci-

fied) 

Reduced incidence and 

severity of oral mu-

cositis 

LLLT significantly lowered 

Grade ≥2 mucositis, im-

proved mucosal integrity, 
and potentially reduced 

secondary fungal infec-
tions. 

7 
Gr  ch-Leśniak et 

al. (2018) [7] 
In vitro 

Candida albicans & 

Streptococcus mutans 

Nd:YAG laser 1064 nm; 

0.25 W 15 s (3 J) & 1 W 
60 s (59 J) 

Reduced fungal and 

bacterial CFU 

Higher energy setting 

significantly decreased 

colony counts due to strong 
photothermal microbial 

damage. 

8 
Mello et al. (2025) 
[8] 

Prospective 

cohort 

study 

Hematologic malignancy 

patients undergoing 

chemotherapy 

Prophylactic LLLT 

(parameters not speci-

fied) 

Improved mucosal 

integrity in chemother-

apy patients 

Preventive LLLT improved 

mucosal conditions, lower-
ing the risk of secondary 

fungal infections. 

9 
Condor et al. 

(2021) [9] 

Systematic 

review 
Oral mucosal lesions 

CO2 laser (ablative 

settings) 

Effective tissue abla-

tion and healing 

CO2 laser ablates lesions 

(leukoplakia, lichen 
planus), promotes rapid 

healing, indirectly reducing 

fungal colonization. 

10 
Yook et al. (2022) 

[10] 
In vitro  

Candida albicans 
ATCC 15,022, cultured 

in Sabouraud dextrose 

agar for 48h at 37°C 
with 5% CO2. Final 

concentration approx. 

1.5×10⁵ cells/mL in 
sterile deionized water.  

Diode laser 

660nm±10nm, continu-

ous, 200-400 W, Irradia-
tion in dark, after 30 

min incubation with PS; 

Photosensitizers - Me-
thyl pheophorbide a 

(MPa) 0.1% 

MPa and PhotoMed + 
laser achieved 100% 

fungal death; Photo-

Cure + laser showed 
moderate reduction; 

Laser alone (no PS): 

no significant antifun-
gal effect; Photosensi-

tizer alone (no laser): 

no cytotoxicity 

Concluded PDI using MPa 
and PhotoMed is a promis-

ing alternative to conven-

tional antifungals, which 
may have resistance and 

incomplete eradication 

risks. 

11 
Hasanah et al. 

(2024) [11] 
In vitro 

Candida albicans iso-

lates from head & neck 
cancer patients 

Continuous diode laser; 5 

J/cm² & 10 J/cm² 

Reduced Candida 

albicans colonies 

Both doses decreased 
fungal counts, though 

differences were not statis-

tically significant. 

12 
Vila-Nova et al. 

(2023) [12] 

Systematic 

review & 

meta-
analysis 

PDT for denture stomati-

tis 

PDT (ALA/MB photo-

sensitizers + laser) 

Reduced fungal load in 

denture stomatitis 

PDT decreased CFU on 
palate and denture surfaces; 

antifungals performed 

better at some points, but 
PDT remains a viable non-

invasive alternative. 
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No 
Authors & 

Year 
Study Type 

Sample/ 

Population 
Laser Parameters 

Manifestation of LLLT 

Effects 
Main Findings 

13 

Momeni  

et al. 

(2022) [13] 

In vitro  

Candida albicans ATCC 
18804, tested as planktonic 

culture suspensions at two 

concentrations: 1×10⁴ 
cells/mL and 1×10⁶ 
cells/mL. Total n=72 sam-

ples 

High-intensity Ga-Al-

As diode laser, 940nm, 

2W, 20 s, 60J/ 

Significant reduction in 

colony count compared 

to control (p< 0.05), in 
both fungal concentra-

tions. However, nysta-

tin completely eradicat-
ed colonies, while the 

laser only partially 

reduced them. 

High-intensity 940 nm 
laser significantly reduced 

Candida albicans prolifera-

tion in vitro, but was less 
effective compared to 

nystatin. Laser monothera-

py had fungistatic but not 
fungicidal effect. 

14 
Ryu et al. 
(2021) [14] 

Comprehen-

sive review 
(Decade Long 

Survey) 

Animal and clinical studies 
on oral mucositis 

Near-infrared LLLT 
(various dosimetries) 

Prophylactic, reduces 
pain & mucositis 

LLLT accelerates mucosal 
healing, decreases pain, and 

indirectly prevents fungal 

infection by maintaining 

mucosal integrity. 

15 
Nunes et al. 

(2023) [15] 
In vitro  

Candida albicans ATCC 

90028 planktonic cultures 
(not biofilm). Cultivated at 

37°C for 24 h. Resuspended 

in sterile saline to 2 × 10⁸ 
cells/mL. 

Red LED, density 20 

J/cm²; Photosensitizer- 

DMMB at 750 ng/mL 

(IC₅₀).  
 

Most effective was dual 
application in a single 

PDT session (Protocol 

2), achieving ~99.991% 
inhibition of fungal 

proliferation. 

LLLT/PDT caused 
major reduction in 

viable fungal cells. 

Dual PDT application 

applied in the same session 

demonstrated significantly 
higher antifungal activity 

compared to conventional 

or split-session PDT. The 
study suggests that opti-

mizing application timing 

enhances PDT efficacy. 
PDT using DMMB with 

red LED light is highly 

effective against Candida 
albicans in vitro.  

16 

Adnan & 

Jawad (2024) 

[16]  

In vitro  

Candida albicans isolated 

from oral samples of 75 

patients diagnosed with oral 
thrush. From this, *25 

samples were used (10⁻⁴ 
cells/mL) divided into 5 

groups (n= 5 per group): 
Control, nystatin only, laser 

only, laser+MB (photosen-

sitizer), laser+nystatin 

Low-power 650 nm 

diode laser, 200mW, 

300s, 330–350 
J/cm²; MB:  

100µg/mL, pre-

incubated 5 minutes. 

Laser alone → moder-

ate inhibition of fungal 

growth; Laser+ MB 

(PDT)→ stronger 

reduction; Laser+ 
nystatin → highest 

antifungal effect; PDT 

demonstrated photosen-
sitizer-dependent anti-

microbial enhancement. 

PDT (650 nm + MB) 

effectively reduced C. 

albicans colony count. 
• Best results found in 

combination therapy (laser 

+ nystatin); Laser alone 
showed reduced but in-

complete antifungal effect 

(fungistatic) 

 

ditions provide additional evidence for its potential 

relevance in reducing susceptibility to fungal coloniza-

tion. Mello et al. [8] reported that prophylactic LLLT 

in patients undergoing chemotherapy improved muco-

sal integrity and reduced the severity of oral mucositis, 

suggesting that enhanced epithelial resilience may help 

prevent opportunistic infections, including those 

caused by C. albicans. Similarly, Nishi et al. [6] 

demonstrated that LLLT significantly lowered the in-

cidence and grade of oral mucositis in hematologic 

patients following stem cell transplantation, reinforc-

ing its role in maintaining a functional mucosal barrier. 

In inflammatory mucosal diseases such as oral li-

chen planus, Elshenawy et al. [5] found that diode 

laser therapy reduced lesion size, pain, and burning 

sensation while promoting epithelial regeneration. This 

improvement in mucosal quality may indirectly de-

crease fungal colonization by restoring tissue integrity. 

For conditions with a fungal component, such as 

angular cheilitis, Salam et al. [4] reported that low-

power diode laser therapy achieved clinical outcomes 

comparable to topical miconazole. The comparable 

healing response indicates that LLLT may serve as an 

alternative or adjunctive modality for managing in-

flammatory lesions in which Candida plays a contribu-

tory role. 

Evidence from broader clinical surveys further 

supports these findings. Ryu et al. [14] summarized 

multiple animal and human studies demonstrating that 

near-infrared LLLT accelerates wound healing and 

reduces inflammation, which may limit secondary 

fungal involvement by maintaining tissue integrity. 

Clinical studies consistently show that LLLT en-

hances mucosal healing, reduces inflammatory burden, 

and strengthens epithelial barriers mechanisms that 

may limit Candida adherence and colonization. While 

not primarily designed as antifungal trials, these inves-

tigations highlight the potential of LLLT as an adjunc-

tive approach for reducing the risk of fungal infections 

in compromised oral environments. 
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Discussion 

The findings from this scoping review demonstrate that 

LLLT produces variable effects on C. albicans and oral 

fungal infections, reflecting a complex interaction be-

tween wavelength, fluence, exposure duration, photo-

sensitizer use, fungal phenotype, and tissue condition. 

This section provides a deeper interpretation of these 

patterns to clarify the mechanistic and clinical relevance 

of LLLT and PDT. 

In vitro studies consistently show that C. albicans e-

xhibits a highly parameter-dependent and biphasic re-

sponse to irradiation. Najafi et al. [1] and Hasanah et al. 

[11] reported that low-fluence diode laser exposure, 

such as 38 J/cm², increased fungal colony formation, in-

dicating that sub-therapeutic photobiomodulation may 

enhance mitochondrial activation and ATP synthesis ra-

ther than suppress growth. Carneiro et al. [3] further de-

monstrated that minor variations in energy density (6-12 

J/cm²) can significantly shift fungal proliferation pat-ter-

ns, underscoring the importance of precise dosimetry. 

These collective findings suggest that inadequate or low 

-dose LLLT may unintentionally stimulate fungal meta-

bolism and should be avoided in antifungal applications. 

 n contrast, studies using higher energy densities 

produced more reliable antifungal suppression. Gr  ch-

Leśniak et al. [7] showed that Nd:YAG irradiation at 59 

J significantly reduced fungal and bacterial CFU counts. 

Momeni et al. [13] confirmed that high-intensity 940-

nm laser exposure at 60 J inhibited fungal proliferation 

across different inoculum concentrations, although 

complete eradication remained inferior to that of nysta-

tin. These findings support the interpretation that LLLT 

alone is typically fungistatic rather than fungicidal un-

less applied at higher energy thresholds approaching 

photothermal effects. 

PDT offers a more consistent antifungal mechanism 

through photosensitizer activation followed by reactive 

oxygen species (ROS)–mediated cellular injury, directly 

targeting fungal membranes and intracellular structures. 

Vila-Nova et al. [12] and Gholami et al. [2] demonstrat-

ed that PDT using MB or ALA derivatives produced 

substantial reductions in fungal load. Yook et al. [10] 

reported near-complete fungal death with methyl phe-

ophorbide a-photodynamic therapy (MPa-PDT), while 

Nunes et al. [16] achieved approximately 99.991% in-

hibition using DMMB and red LED activation in a dual-

application protocol. Adnan and Jawad [16] further 

showed that methylene blue-photodynamic therapy 

(MB-PDT) produced stronger suppression than laser 

alone, with laser–nystatin combination yielding the 

highest antifungal efficacy. Collectively, these results 

indicate that PDT produces more predictable and robust 

antifungal effects than LLLT monotherapy. 

Clinical studies highlight that LLLT’s primary ther-

apeutic contribution lies in host-tissue modulation rather 

than direct antifungal activity. Mello et al. [8] and Nishi 

et al. [6] found that prophylactic LLLT improved muco-

sal integrity and reduced mucositis severity in oncology 

and hematology patients, thereby lowering susceptibility 

to opportunistic fungal colonization by preserving epi-

thelial barriers. Salam et al. [4] showed that LLLT 

achieved outcomes comparable to 2% miconazole gel in 

angular cheilitis, while Elshenawy et al. [5] reported 

significant reduction in pain and lesion size in steroid-

resistant oral lichen planus due to enhanced epithelial 

regeneration. These observations align with evidence 

summarized by Ryu et al. [14], which shows that LLLT 

enhances local circulation, reduces inflammation, accel-

erates tissue repair, and indirectly prevents secondary 

fungal invasion. 

Additional perspectives come from other laser mo-

dalities. Condor et al. [9] demonstrated that CO2 laser 

ablation promotes rapid re-epithelialization and reduces 

fungal colonization by physically removing diseased 

mucosal tissue, reinforcing the broader rehabilitative 

potential of laser-based therapy. 

Several limitations within the existing literature re-

quire careful consideration. Many studies lacked com-

plete reporting of wavelength, fluence, irradiation time, 

delivery mode, or fungal strain identification. Some 

publications originated from conference abstracts or 

pilot data with limited methodological detail, reducing 

reproducibility. Considerable heterogeneity across stud-

ies in laser parameters and photosensitizer concentra-

tions complicates comparisons and impedes efforts to 

recommend standardized protocols. The absence of 

quantitative statistical synthesis further restricts inter-

pretation of effect magnitude across settings. 

Across the combined evidence, a consistent pattern 

emerges antifungal outcomes depend strongly on accu-

rate dosimetry. Sub-therapeutic doses below approxi-

mately 30-40 J/cm² may stimulate rather than inhibit 
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Candida, whereas moderate doses produce partial and 

inconsistent suppression. Higher fluence levels at or 

above 50-60 J, or energies optimized for PDT activa-

tion, yield more reliable antifungal effects. PDT consist-

ently outperforms LLLT monotherapy, and combination 

approaches such as laser plus antifungal agents demon-

strate the greatest inhibitory potential. 

These findings suggest that LLLT may serve as an 

adjunctive modality through its regenerative, anti-

inflammatory, and mucosa-protective effects, particular-

ly in immunocompromised populations, while its direct 

antifungal efficacy remains limited and highly dose-

dependent. Furthermore, the results of this review align 

with recent experimental studies showing that laser 

irradiation without photosensitizers generally produces 

minimal antifungal effects, as seen in methylene-blue 

studies where laser-only exposure failed to significant-

ly reduce colony counts across multiple Candida spe-

cies [17]. In contrast, PDT and laser-based combination 

therapies show greater potential for achieving predicta-

ble antimicrobial outcomes. Conversely, PDT consist-

ently demonstrates stronger inhibition due to ROS-

mediated cytotoxicity, reinforcing its superiority over 

LLLT monotherapy. At the same time, LLLT’s role in 

enhancing mitochondrial activity, modulating inflam-

mation, and promoting epithelial repair suggests that 

its primary value lies in supporting mucosal recovery 

rather than direct fungal killing [18]. Taken together, 

these findings highlight PDT as the more reliable an-

timicrobial approach, while LLLT may function best 

as an adjunctive therapy that improves tissue resilience 

and reduces recurrence risk. Future investigations 

should prioritize standardized dosimetry, precise report-

ing of fungal strains, controlled experimental designs, 

and well-structured randomized clinical trials to estab-

lish clinically reliable parameters for LLLT and PDT in 

the management of oral fungal infections. 

 

Conclusion 

LLLT shows potential as an adjunctive approach for 

managing oral fungal infections, although its effects on 

C.albicans are strongly dose-dependent. Sub-therapeu-

tic energy may stimulate fungal growth, whereas higher 

fluence or PDT-activated parameters provide more reli-

able antifungal effects through photothermal or ROS-

mediated mechanisms. Clinically, LLLT supports mu-

cosal healing and may reduce secondary fungal coloni-

zation, but its direct antifungal activity remains incon-

sistent. Further standardized, well-designed trials are 

needed to determine optimal parameters and establish 

the clinical applicability of LLLT and PDT. 

 

Acknowledgements 

The authors gratefully acknowledge the contributions of 

all researchers whose work informed this scoping re-

view. Their valuable findings and scientific insights 

have significantly supported the development of this 

manuscript on the application of Low-Level Laser 

Therapy in managing oral fungal infections. The authors 

would also like to acknowledge the support from the 

Department of Oral Medicine, Faculty of Dental Medi-

cine, Universitas Airlangga throughout the process mak-

ing of this scoping review. 

 

References 

[1] Najafi S, Sheykhbahaei N, Khayamzadeh M, Gholizadeh 

N. The effect of low level laser on number of Candida al-

bicans colonies in vitro: a new finding. BMC Oral 

Health. 2019; 19: 104. 

[2] Gholami L, Shahabi S, Jazaeri M, Hadilou M, Fekrazad 

R. Clinical applications of antimicrobial photodynamic 

therapy in dentistry. Front Microbiol. 2023; 13: 

1020995 

[3] Carneiro VSM, Araújo NC, Sousa FR, Oliveira P, Silva 

J, Santos T, et al. Effect of low-level laser therapy on the 

fungal proliferation of Candida albicans. Proc SPIE. 

2016; 9695: 96950E. 

[4] Salam S, Mahdi SS, Alyassiri AM, Abood FM. Clinical 

application of both low power laser therapy and tradi-

tional treatment in recovery of angular cheilitis with 

comparable outcomes. J Int Dent Med Res. 2024; 17: 

1157-1162. 

[5] Elshenawy HM, Eldin AM, Abdelmonem MA. Clinical 

assessment of the efficiency of low level laser therapy in 

the treatment of oral lichen planus. Open Access Maced J 

Med Sci. 2015; 3: 717-721. 

[6] Nishi H, Horikoshi S, Ohta K, Yoshida T, Fukushima N, 

Oshita K, et al. Efficacy of low-level laser therapy for 

oral mucositis in hematologic patients undergoing trans-

plantation: a single-arm prospective study. J Pers Med. 

2023; 13: 1603  

[7] Grzech-Leśniak K, Nowicka J, Pając kowska M, Matys  



Radithia D, et al  J Dent Shiraz Univ Med Sci 

9 

J, Szymonowicz M, Kuropka P, et al. Effects of Nd:YAG 

laser irradiation on the growth of Candida albicans and 

Streptococcus mutans: in vitro study. Lasers Med Sci. 

2019; 34: 129-137. 

[8] Mello EL, Pena NG, Souza VA, Silva CM, Ribeiro LN, 

Albuquerque RF, et al. Oral manifestations in hematolog-

ical patients undergoing chemotherapy: a prospective co-

hort study. Med Oral Patol Oral Cir Bucal. 2025; 30: e17-

23. 

[9] Condor D, Culcitchi C, Blum R, Baru O, Buduru S, Kui 

A, et al. A review of CO2 laser-mediated therapy for oral 

mucosal lesions. Appl Sci. 2021; 11: 7744. 

[10] Yook KD, Kim JW, Song YK. In vitro study on the 

effects of photodynamic inactivation using methyl phe-

ophorbide A, PhotoMed, PhotoCure, and 660 nm diode 

lasers on Candida albicans. Photodiagnosis Photodyn 

Ther. 2022; 38: 102871. 

[11] Hasanah NT, Sufiawati I, Kusumadjati A, Sunardi MA. 

In vitro effect of low-level laser therapy on Candida albi-

cans colonies isolated from patients undergoing radio-

therapy for head and neck cancer. J Lasers Med Sci. 

2024; 15: e11. 

[12] Vila-Nova T, Leão RS, Santiago JF, Pellizzer EP, Vasco-

ncelos BC. Photodynamic therapy in the treatment of de-

nture stomatitis: a systematic review and meta-analysis. J 

Prosthet Dent. 2023; 130: 825-832.  

[13] Momeni E, Didehdar M, Sarlak E, Safari M. In vitro 

effect of a high-intensity laser on Candida albicans col-

ony count. J Lasers Med Sci. 2022; 13: e59. 

[14] Ryu HS, Abueva C, Chung PS, Woo SH. Decade long 

survey of low-level laser therapy/photobiomodulation 

therapy for oral mucositis treatment. Med Lasers. 2021; 

10: 138-145. 

[15] Nunes IPF, Crugeira PJL, Sampaio FJP, de Oliveira 

SCPS, Azevedo JM, Santos CLO, et al. Evaluation of 

du-al application of photodynamic therapy in Candida 

albicans. Photodiagnosis Photodyn Ther. 2023; 42: 

103327. 

[16] Adnan RO, Jawad HA. Antimicrobial photodynamic 

therapy using a low-power 650 nm laser to inhibit oral 

Candida albicans activity: an in vitro study. J Med Life. 

2024; 17: 28–34. 

[17] Khozeimeh F, Tavangar A, Razzaghi-Abyaneh M, 

Amini M, Ghayour M. Evaluation of the effects of pho-

todynamic therapy with methylene blue on different 

Candida species in vitro. J Lasers Med Sci. 2023; 14: 

e34.  

[18] Arjmand B, Khodadost M, Jahani Sherafat S, Rezaei 

Tavirani M, Ahmadi N, Hamzeloo Moghadam M, et al. 

Low-level laser therapy: potential and complications. J 

Lasers Med Sci. 2021; 12: e42. 

 

 


