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Abstract: Background: Onychomycosis is the most prevalent nail disease, posing a chal-
lenge for health professionals in terms of treatment. Conventional topical antifungal
treatments can often prove insufficient, and the use of oral antifungal drugs carries a high
frequency of adverse events and drug–drug interactions. Objective: The primary aim of
this study was to determine the cure rate of onychomycosis using a combined treatment
of diode laser and photodynamic therapy with red-laser photodynamic therapy (PDT)
and toluidine blue gel. Methods: A series of onychomycosis cases were treated and mon-
itored for 6 months with eight applications of diode laser therapy. This treatment was
combined with three applications of red-laser PDT paired with toluidine blue gel. Clinical
cure was evaluated one week after the treatment’s conclusion, while mycological cure was
assessed via microbiological culture. Results: The study included 12 patients and a total
of 17 nails. At the end of treatment, clinical, mycological, and complete cure rates were
100% for all patients and nails. No adverse reactions were reported during or after the
PDT application. However, all patients experienced pain during laser application, and two
patients experienced hematoma and subungual blistering post-treatment. Two patients
(2/12) experienced recurrence in three nails (3/17; recurrence rate: 17.6%) within 6 months
following treatment. Conclusions: The combination of diode laser therapy and red-laser
PDT with toluidine blue gel seems effective and safe for the treatment of mild, moderate,
and severe onychomycosis.

Keywords: onychomycosis; treatment; laser; photodynamic; toluidine

1. Background
Onychomycosis is a fungal infection of the nails, accounting for approximately half of

all nail pathologies and affecting about 5.5% of the global population [1,2]. This infection
most commonly affects the toenails, causing thickening, discoloration of the nail plate,
onycholysis, and subungual hyperkeratosis [1,3]. Given its high prevalence and the physical
and psychological discomfort it inflicts, onychomycosis is considered a substantial health
issue [3].

Clinical signs and tools like dermatoscopy enable the establishment of a diagnosis, and
the Onychomycosis Severity Index (OSI) helps classify the severity of onychomycosis [4–6].
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Nonetheless, it is recommended to validate the presence of a fungal infection using lab-
oratory tests, including microbiological culture, potassium hydroxide (KOH) tests, or
polymerase chain reaction (PCR). These assist in detecting the pathogen, which helps
guide subsequent treatment, and it is also vital to avert growing resistance to antifungal
treatments [7–9].

Dermatophyte fungi like Trichophyton rubrum are the most commonly found kinds of
fungus (accounting for over 90% of onychomycosis cases), followed by non-dermatophyte
molds and yeasts [1,9].

There are several treatments, including topical antifungal lacquer, oral antifungals, and
external therapies, such as laser, photodynamic therapy (PDT), and iontophoresis [10,11].
Sometimes, depending on the location, area of involvement, and causative agent, a combi-
nation of several treatments is necessary and indicated [12].

Oral antifungals, such as terbinafine and itraconazole, when paired with avulsion
or debridement, are seen as the standard treatment, showing cure rates between 40 and
80% [13]. However, oral antifungals can lead to severe side effects, like drug interac-
tions, kidney or liver damage, and even congestive heart failure [14–16]. Other associated
symptoms may include gastrointestinal issues, skin rashes, headaches, and nausea [14,16].
Furthermore, numerous scientific articles have reported on the rise and spread of antifungal
resistance among Trichophyton species. This could potentially result in reduced efficacy
of treatment, lowered adherence, and extended treatment duration. These factors, in turn,
may increase the probability of the development of resistance to these drugs [7].

Topical antifungal drugs like amorolfine and ciclopirox are typically applied in the
form of nail varnish. This formulation enhances drug penetration and maintains the drug
concentration on the nail’s surface. They are indicated for mild to moderate onychomycosis
and when oral antifungals are contraindicated. They are associated with a low risk of
systemic adverse effects and drug–drug interactions [10,17,18]. Despite the emergence of
new topical treatments like water-soluble lacquer such as ciclopirox P-3051 (the current
reference topical treatment in Europe), clinical improvement rates (20–27%), mycological
cure rates (46–47%), and complete cure rates (10–11%) are still very low [10,19,20]. Other
topical drugs, such as tavaborole 5% and efinaconazole 10%, have shown better clinical
results and are approved by the Food and Drug Administration (FDA), but they are
currently not marketed in Europe [10,16,21]. Another issue with topical antifungals is the
low patient adherence due to the lengthy treatment time, typically 48 weeks, and the high
frequency of application required [15].

The efficacy of oral and topical treatments can be improved by mechanically or chemi-
cally debriding/avulsing the nail plate or dermatophytoma to decrease the fungal load [22].

Recent literature supports the use of external devices for temporary nail clearance in
patients with onychomycosis, showing fewer adverse effects than oral antifungals, and
the FDA approved an Nd-YAG laser for use in temporarily improving the appearance of
onychomycotic nails in 2012 [16,23]. Lasers offer some advantages over drugs, such as
shorter treatment times and no systemic side effects [11]. Although recent studies indicate
that it is capable of producing an aesthetic improvement in different onychopathies, its
effects on fungal cells are unclear [11,24]. It is believed that laser irradiation can induce
changes in fungal cells due to its unique photothermolysis property, leading to fungal
cell death [15]. Similarly, photodynamic therapy (PDT) utilizes light combined with a
photosensitizer to produce reactive oxygen species and free radicals, which in turn induce
apoptosis and reduce fungal burden [15,25]. Although both oral and topical antifungal
treatments have proven most effective in treating onychomycosis, light- and laser-based
therapies could enhance nail and nail bed penetration, improve patient adherence to
treatment, and serve as alternatives for complex patients who are not suitable candidates
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for conventional therapies [15]. However, studies evaluating the effectiveness and safety
of these therapies are limited compared to traditional treatments and treatment protocols
are lacking [11,16]. A recent systematic review with meta-analysis [16] highlighted laser
treatment’s effectiveness in treating onychomycosis, compared to terbinafine and other
drugs, noting higher mycological cure rates in patients undergoing laser treatment. Despite
this, the same meta-analysis reported higher rates of adverse effects with laser therapy
compared to topical treatments. It concluded that, while laser therapy presents promising
results, clinical trials are needed to validate these findings and establish laser therapy as
a standardized treatment option for onychomycosis [16]. On the other hand, recent trials
have explored the combination of laser therapy in combination with topical medications
and a meta-analysis published in 2022 reported that combination therapy has better results
than topical antifungals used alone [16,26].

Thus, the primary objective of this study was to determine the cure rate of ony-
chomycosis after eight applications of diode laser treatment, complemented with three
applications of red-laser PDT using toluidine blue gel.

2. Material and Methods
2.1. Participants and Samples

This study was conducted in line with the Declaration of Helsinki, as well as all
current national legislation governing research with patients [27]. Before taking part in the
study, patients signed informed consent forms. This case series forms part of a randomized
controlled clinical trial conducted at the University Podiatry Clinic of Complutense Uni-
versity of Madrid. Therefore, all patients included in the laser and photodynamic therapy
treatment arm of that randomized clinical trial (RCT) were included in this case series. The
protocol was approved by the Medical Ethics Committee of the Health Research Institute
of San Carlos Clinical Hospital (IdISSC) (protocol number: 23/061-EC_M) and by the
Spanish Agency for Medicines and Health Products (number: EudraCT 2022-003913-12).
Additionally, it is registered at ClinicalTrials.gov (NCT05809297).

Participants were eligible for the study if they were 18 years or older with a confirmed
diagnosis of onychomycosis, established by microbiological culture and/or a previously
conducted PCR test. Both the microbiological culture and PCR analyses adhered to proto-
cols from previous studies [9,28]. The PCR results identified samples as either positive or
negative for dermatophytes only, while the microbiological culture indicated a ‘positive’
or ‘negative’ status for dermatophytes and non-dermatophyte molds. Exclusion from the
study occurred if participants had received topical or systemic antifungal treatment within
the past month, were pregnant or breastfeeding, had peripheral vascular disease or an
immune system disorder, were immunosuppressed, or were taking immunosuppressive
drugs. Additionally, individuals with central or peripheral neuropathy, coagulation is-
sues, Raynaud’s syndrome, impaired cold and/or heat perception, or impaired healing or
collagen synthesis were also excluded from the study.

This case series was conducted between January and October 2024, involving
12 patients who were treated in a specialized foot clinic in Madrid, Spain. These patients
underwent a combined treatment for onychomycosis using a diode laser and PDT.

2.2. Intervention

The same podiatrist and researcher carried out patient follow-up and all interventions
performed during the study (responsible podiatrist for the study).

All patients received the following hygiene recommendations: daily washing with
acidic pH soap (5.5), thorough drying of the entire foot, daily disinfection of footwear
after use, discarding very old and potentially contaminated footwear, avoiding the sharing
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of footwear, minimizing microtrauma to nails through a good footwear fit, and avoid-
ing potential exposure areas by not going barefoot in places like public showers and
swimming pools.

Visits were made every 7 days for 9 weeks for the application of the diode laser at
different wavelengths (810–1064 nm) in combination with red-laser PDT (635 nm), utilizing
the Rapido Podia Diode Laser® (Medency Srl, Vicenza, Italy) (Figure 1).
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Figure 1. Application of diode laser using Rapid Podia Diode Laser®.

The delivery system used was the DIRECTO® collimated handpiece (Medency Srl,
Vicenza, Italy) with a 1 cm2 spot.

Compared to traditional tools, this particular handpiece enables a consistent diffusion
of the laser beam without energy dispersion, even when the application distance increases.

At each visit and during subsequent revisions, debridement (cutting and milling) of
the detached nail plate, along with delamination of the peri- and subungual hyperkeratotic
tissue with a No. 15 scalpel, was performed to enhance the effects of the treatment, as
described in previous studies [22].

In line with the manufacturer’s recommendations, eight treatment sessions were conducted
(Figure 2). Three sessions encompassed the application of diode laser and photodynamic therapy
at varying wavelengths and durations, as per the PDT-ONYCHOMYCOSIS protocol.

This protocol consists of the following: (1) performing a mechanical debridement of
the nail; (2) disinfecting the nail with alcohol; (3) applying an 810 ± 10 nm diode laser
within a power range of 1–5 W and a frequency range between CW and 10 Hz for 3 min
to avoid thermal shock to the nail; (4) applying a topical photosensitizer (toluidine blue
gel) and keeping the nail covered for 5 min to prevent premature chemical activation
from natural light exposure; (5) activating the topical photosensitizer through a 10 min
application of a 635 ± 10 nm diode laser at a power of 0.2 W—CW; (6) cleaning the applied
area; and (7) applying a 1064 ± 10 nm diode laser with a power range of 6–8 W and a
frequency range between CW and 10 Hz for 3 min.



Microbiol. Res. 2025, 16, 51 5 of 13
Microbiol. Res. 2025, 16, 51 5 of 13 
 

 

 

Figure 2. Diode laser and photodynamic therapy application strategy over 8 sessions. 

The remaining sessions (five in total) involved only diode laser treatment at various 
wavelengths, adhering to the LASER-ONYCHOMYCOSIS protocol. This protocol in-
cludes (1) mechanical debridement of the nail; (2) disinfection of the nail with alcohol; (3) 
application of an 810 ± 10 nm diode laser with a power range between 1 W and 5 W and a 
frequency range between CW and 10 Hz for 3 min; (4) a pause for 3 min; and (5) applica-
tion of a 1064 ± 10 nm diode laser with a power range between 6 W and 8 W and a fre-
quency range between CW and 10 Hz for 3 min. 

The DIRECTO® collimated handpiece used for laser and PDT applications was con-
sistently positioned approximately 1 cm away from the nail plate (Figure 1). 

The appearance of local adverse effects like pain, subungual hematoma, and/or 
wound will be monitored. The pain variable was recorded in those patients who reported 
a subjective sensation of pain during the application of the treatment. For pain manage-
ment during laser treatment, the laser’s power was lessened for better tolerance. Wound 
management for subungual injuries entailed suspending the treatment and applying pov-
idone–iodine dressings until the lesion healed. 

One week following the completion of treatment, patients underwent reassessment 
for clinical cure, and new microbiological cultures and PCR tests were conducted. 

Regardless of the week of follow-up in which a cure occurred, all patients were re-
viewed at 3 and 6 months after the initiation of treatment (Figure 3). 

Figure 2. Diode laser and photodynamic therapy application strategy over 8 sessions.

The remaining sessions (five in total) involved only diode laser treatment at vari-
ous wavelengths, adhering to the LASER-ONYCHOMYCOSIS protocol. This protocol
includes (1) mechanical debridement of the nail; (2) disinfection of the nail with alcohol;
(3) application of an 810 ± 10 nm diode laser with a power range between 1 W and 5 W
and a frequency range between CW and 10 Hz for 3 min; (4) a pause for 3 min; and
(5) application of a 1064 ± 10 nm diode laser with a power range between 6 W and 8 W
and a frequency range between CW and 10 Hz for 3 min.

The DIRECTO® collimated handpiece used for laser and PDT applications was consis-
tently positioned approximately 1 cm away from the nail plate (Figure 1).

The appearance of local adverse effects like pain, subungual hematoma, and/or wound
will be monitored. The pain variable was recorded in those patients who reported a subjec-
tive sensation of pain during the application of the treatment. For pain management during
laser treatment, the laser’s power was lessened for better tolerance. Wound management
for subungual injuries entailed suspending the treatment and applying povidone–iodine
dressings until the lesion healed.

One week following the completion of treatment, patients underwent reassessment
for clinical cure, and new microbiological cultures and PCR tests were conducted.

Regardless of the week of follow-up in which a cure occurred, all patients were
reviewed at 3 and 6 months after the initiation of treatment (Figure 3).



Microbiol. Res. 2025, 16, 51 6 of 13Microbiol. Res. 2025, 16, 51 6 of 13 
 

 

 

Figure 3. Example of a nail with onychomycosis treated with laser therapy combined with photo-
dynamic therapy with toluidine blue gel: (A) appearance of the nail plate at the start of treatment; 
(B) appearance of the nail plate after completion of treatment; (C) appearance of the nail plate 6 
months after treatment. 

2.3. Outcome Measurements 

The primary outcome was the complete cure of onychomycosis after the eight treat-
ment sessions, defined as a simultaneous clinical and mycological cure. 

The clinical cure was defined as the absence of the following signs and symptoms: 
subungual detritus, dermatophytoma, color modifications of the nail plate, and ony-
cholysis [1,4]. 

A mycological cure was defined as a negative result in a microbiological culture. PCR 
was not considered for the assessment of mycological cure since it is a highly sensitive 
test. It can detect DNA from non-viable fungal cells and may produce false-positive re-
sults after treatment [8]. 

Secondary outcomes encompassed the following: (a) Observation for adverse effects 
during treatment, like pain, subungual hematoma, or subungual wound. (b) The emer-
gence of recurrences at 3 and 6 months post-treatment. Recurrence was determined by the 
return of clinical signs of onychomycosis in a nail previously treated and cured. (c) Inves-
tigation of the correlation between recurrence and other factors, such as age, sex, number 
of affected nails, location of onychomycosis, type of onychomycosis, microorganism in-
volved, duration of the condition, prior treatment and type, number of treatment sessions, 
and results of culture and PCR at the treatment’s conclusion. 

2.4. Statistical Analysis 

Statistical analysis was performed using SPSS v.22 (IBM Corp., Armonk, NY, USA). 
Frequency and descriptive analyses were carried out as part of the study. 

The Shapiro–Wilk test was used to assess whether the variables followed a normal 
distribution (p > 0.05), which is suitable for applying parametric tests, or displayed a non-
normal distribution (p < 0.05), which necessitates the use of nonparametric tests. From the 
Shapiro–Wilk test results, it was found that all quantitative variables analyzed exhibited 
a non-normal distribution (p < 0.05). Consequently, we employed nonparametric tests for 
their analysis. 

The primary outcome measure was the complete cure rate of onychomycosis, with 
the calculation of clinical and mycologic cure rates additionally undertaken. A logistic 
regression model was utilized to analyze the association of the recurrence variable with 

Figure 3. Example of a nail with onychomycosis treated with laser therapy combined with photo-
dynamic therapy with toluidine blue gel: (A) appearance of the nail plate at the start of treatment;
(B) appearance of the nail plate after completion of treatment; (C) appearance of the nail plate
6 months after treatment.

2.3. Outcome Measurements

The primary outcome was the complete cure of onychomycosis after the eight treat-
ment sessions, defined as a simultaneous clinical and mycological cure.

The clinical cure was defined as the absence of the following signs and symp-
toms: subungual detritus, dermatophytoma, color modifications of the nail plate, and
onycholysis [1,4].

A mycological cure was defined as a negative result in a microbiological culture. PCR
was not considered for the assessment of mycological cure since it is a highly sensitive test.
It can detect DNA from non-viable fungal cells and may produce false-positive results after
treatment [8].

Secondary outcomes encompassed the following: (a) Observation for adverse effects
during treatment, like pain, subungual hematoma, or subungual wound. (b) The emergence
of recurrences at 3 and 6 months post-treatment. Recurrence was determined by the return
of clinical signs of onychomycosis in a nail previously treated and cured. (c) Investigation
of the correlation between recurrence and other factors, such as age, sex, number of
affected nails, location of onychomycosis, type of onychomycosis, microorganism involved,
duration of the condition, prior treatment and type, number of treatment sessions, and
results of culture and PCR at the treatment’s conclusion.

2.4. Statistical Analysis

Statistical analysis was performed using SPSS v.22 (IBM Corp., Armonk, NY, USA).
Frequency and descriptive analyses were carried out as part of the study.

The Shapiro–Wilk test was used to assess whether the variables followed a normal
distribution (p > 0.05), which is suitable for applying parametric tests, or displayed a
non-normal distribution (p < 0.05), which necessitates the use of nonparametric tests. From
the Shapiro–Wilk test results, it was found that all quantitative variables analyzed exhibited
a non-normal distribution (p < 0.05). Consequently, we employed nonparametric tests for
their analysis.

The primary outcome measure was the complete cure rate of onychomycosis, with the
calculation of clinical and mycologic cure rates additionally undertaken. A logistic regres-
sion model was utilized to analyze the association of the recurrence variable with other
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qualitative and/or quantitative variables. The χ2 test was employed for the comparison of
other qualitative variables.

Statistical significance was set at p < 0.05, with a confidence level of 95%.

3. Results
In the end, this study included 12 patients and 17 nails with onychomycosis. Table 1

presents the baseline characteristics of the participants, while Table 2 details the traits of the
nails included in the study. Further, Table 2 summarizes the results of the microbiological
analyses via culture/PCR conducted before treatment started. The PCR testing yielded
positive results for 11 samples, all of which were culture-negative, whereas only two sam-
ples with a positive outcome according to the microbiological culture were PCR-negative
(p < 0.05). Both laboratory tests—microbiological culture and PCR—confirmed the positive
status of the four sample tests.

Table 1. Baseline characteristics of the patients.

Characteristic Frequency Percentage (%)

Sex
Female 5 41.7
Male 7 58.3

Age (years)
Mean (SD) 65.33 (1.42) -

Median (range) 70 (36–75)

History of onychomycosis 3 25

Table 2. Characteristics of onychomycosis in the patients included in the study.

Characteristics Nail Frequency Percentage (%)

No. of affected nails per patient
1 7 58.3
2 5 41.7

Evolution time
1–6 months 1 5.9

12–24 months 3 17.6
>24 months 13 76.5

Location
Hallux left foot 9 52.9

Hallux right foot 6 35.3
Right second toe 1 5.9
Fourth toe right 1 5.9

Type of onychomycosis
Distal 7 41.2

Distal-lateral 3 17.6
Total dystrophic 7 41.2

Previous treatment 15 88.2

Type of previous treatment
Topical antifungal 10 62.5

Oral antifungal 3 18.8
Oral and topical antifungal combination 3 18.8

Type of fungus
Dermatophyte 15 88.2
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Table 2. Cont.

Characteristics Nail Frequency Percentage (%)

Mold 2 11.8

Microorganism
Trichopyton rubrum 3 50

Trichopyton mentagrophytes 1 16.7
Cladosporium spp. 2 33.3

The clinical, mycological, and complete cure rates were 100% at the end of treatment
for all patients and nails (i.e., 12/12 patients and 17/17 nails).

The microbiological culture results were negative for all patients at the end of treatment
(12/12). However, post-treatment PCR was positive for 66.7% (8/12) of the patients and
64.7% (11/17) of the nails. The summary of the clinical and microbiological processes of
each nail can be found in Table 3.

Table 3. Summary of the clinical and microbiological processes of each nail.

Nail Type of
Onychomycosis

Culture
Positive

PCR
Positive Dermatophyte Mold T. rubrum T. mentagro-

phytes Cladosporium spp.

Culture
Negative

After
Treatment

1 distal ✓ ✓ ✓ ✓ ✓

2 distal ✓ ✓ ✓ ✓ ✓

3 distal ✓ ✓ ✓

4 total dystrophic ✓ ✓ ✓ ✓

5 total dystrophic ✓ ✓ ✓ ✓

6 distal ✓ ✓ ✓

7 distal-lateral ✓ ✓ ✓

8 total dystrophic ✓ ✓ ✓

9 distal ✓ ✓ ✓

10 distal ✓ ✓ ✓

11 total dystrophic ✓ ✓ ✓

12 distal-lateral ✓ ✓ ✓ ✓ ✓

13 total dystrophic ✓ ✓ ✓ ✓ ✓

14 distal ✓ ✓ ✓

15 total dystrophic ✓ ✓ ✓

16 total dystrophic ✓ ✓ ✓

17 distal-lateral ✓ ✓

✓: Confirmation of variables.

No patient experienced pain during the application of toluidine blue gel or PDT.
However, all patients felt pain when the laser therapy (810–1064 nm) was applied. Most
patients (75%; 9 out of 12) did not have any other adverse effects during or after treatment.
One in twelve (8.3%) developed a subungual hematoma during treatment on one of their
nails (1 out of 17 nails in the study). Additionally, 16.7% of patients (2 out of 12) developed
subungual hematoma and injury to the laser-treated nails during treatment (representing 4
out of the 17 nails in the study).

Most patients (10/12) underwent eight sessions of laser therapy and five sessions of
PDT (Figure 4). However, two patients experienced adverse effects after the fifth session,
leading to an inability to conduct laser therapy during the sixth and seventh sessions.
These adverse effects were, namely, hematoma and a subungual blister on one nail (2/17).
Therapy was not re-introduced in these patients until their lesions had completely healed.
Consequently, they received a total of five laser and three PDT sessions.
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Figure 4. Example of a nail with onychomycosis before the 8 treatment sessions: (A) appearance of
the nail plate before the start of treatment; (B) appearance of the nail plate after 4 treatment sessions;
(C) appearance of the nail plate after 8 treatment sessions; (D) appearance of the nail plate 6 months
after treatment.

There was no recurrence of onychomycosis observed at the 3-month mark. However,
after 6 months post-treatment, two patients (2/12) exhibited recurrence in three nails (3/17),
amounting to a recurrence rate of 17.6%. No correlation was discovered between 6-month
recurrence and the following variables: sex, age, type of onychomycosis, number of affected
nails, location, type of fungus, microorganism, period of progression, previous treatment,
number of treatment applications, or the outcomes of the cultures and PCR testing at
treatment conclusion (p > 0.05).

4. Discussion
In this study involving 12 patients who underwent combined laser and red-laser PDT

with toluidine blue gel, a clinical and mycological cure was observed in all cases, leading
to a total cure rate of 100%. These findings are clinically significant, considering that
41.2% (5/12) of the nails clinically displayed total dystrophic onychomycosis, indicating
that the treatment was effective even for the most severe instances. While there is an
existing need for alternative onychomycosis treatments, national regulatory bodies have
not widely evaluated them. Hence, their approval typically pertains to the ‘temporary
enhancement of the clear nail’, with most clinical trials based solely on this criterion,
without the requirement of establishing a clinical and mycological cure [29].

In a recent meta-analysis published in 2024, authors compared the efficacy of laser
therapy to other treatments for onychomycosis. They observed higher mycological and
clinical cure rates with laser therapy than with terbinafine and itraconazole. However, there
was high heterogeneity (I2 = 68%) among the eight included studies, of which only four
were controlled clinical trials. Another meta-analysis on laser therapy, published in 2020, by
Yeung et al. [23], included 22 prospective studies (four RCTs and 18 uncontrolled trials) [16].
It analyzed the mycological, clinical, and complete cure rates. High heterogeneity was
found among the studies (mycological cure: I2 = 88%, clinical improvement: I2 = 69%, and
complete cure: I2 = 60%). The mycological cure rate was 70.4%, the clinical improvement
rate was 67.2%, and the complete cure rate was 7.2%. These percentages were calculated
from studies in which patients were the unit of analysis. In studies where nails were
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the unit of analysis, the mycological cure rate was 22.9%, the clinical improvement rate
was 56.2%, and the complete cure rate was 24.5% [23]. A 2020 Cochrane review [10]
on the efficacy of different topical treatments for onychomycosis concluded that there is
insufficient evidence to recommend or discourage the use of a 1064 nm Nd:YAG laser.
Furthermore, a 2023 review by Gupta et al. [29], which included 53 laser studies (18 of
which were randomized controlled clinical trials, or RCTs), examined the efficacy of treating
onychomycosis with different types of lasers, including diode lasers, Nd:YAG, fractional
CO2, and Er:YAG. The review concludes that Nd:YAG and CO2 lasers are the most studied
and that the data from the RCTs are generally of poor quality. This is because a limited
number of clinical trials include results in terms of mycological cure [29]. Moreover, the
laser treatment parameters, such as power, wavelength, application time, and number of
sessions, varied greatly among the different studies [29].

Gupta et al. [29] included five RCTs and four non-randomized clinical trials in their
review concerning the use of PDT in onychomycosis. Different topical photosensitizers,
such as methylene blue (MB), methyl aminolevulinate (MAL) and 5-aminolevulinic acid
(ALA), were utilized. However, the application of the treatment across the studies was quite
heterogeneous. In all studies, 40% urea was applied as a pre-treatment [29]. The mycological
cure rates with PDT accompanied by a 40% urea pre-treatment reached 70% in different
studies, while clinical cure rates ranged from 60–80% [29]. The absence of a comparator
group solely applying photodynamic therapy without prior urea utilization, coupled with
non-standardized methods, led the authors to deduce that while photodynamic therapy
demonstrates an effective antifungal effect, further and well-regulated trials are necessitated
to confirm its effectiveness [29].

In a separate systematic review, Dong et al. [30] evaluated the safety and efficacy of
PDT in treating superficial fungal infections. An overall mycological cure rate of 55% was
noted in the included studies. However, these studies were abundant with heterogeneity
in terms of treatment protocols, which included the type of photosensitizing gel used,
and a moderate to high risk of bias was reported. They also disclosed the fungal cure
rate of onychomycosis according to the OSI. The results highlighted a 60% cure rate for
moderate to severe onychomycosis (95% CI 0.47–0.73) and a 66% cure rate for moderate
onychomycosis (95% CI 0.56–0.76) [30].

The authors attribute the high cure rates in this study to several factors, as follows:
(1) The utilization of a combination of two treatments encompassing five sessions of the
diode laser alone and three sessions of the diode laser combined with PDT. Recent published
studies have reported that laser therapy combined with other topical treatments has better
results [16,26]. (2) Applying diode lasers at varied powers (0.2–8 W) and on a specific array
of wavelengths (635 with a photosensitizer, 810, and 1064 ± 10 nm). Despite the lack of
solid scientific evidence from clinical trials, recent systematic reviews of the literature have
attributed various effects to lasers. The laser wavelength, along with other parameters of
the laser, determines its mechanism of action and penetration depth. Wavelengths ranging
from 750 to 1300 nm provide optimal penetration into the nail plate [29,31]. Temporary
pulses heighten the temperature of the fungus, resulting in cell death and also decreases the
patient’s sensation of heat [29,31]. Alternatively, at wavelengths of 405–635 nm, together
with the application of a topical photosensitizer, the laser does not generate heat, but it
modifies the metabolic activity of the fungal cells and the host [29,31]. This leads to the
death of the fungus and an increased immune response from nearby cells [29,31]. (3) The
application of PDT uses a toluidine blue photosensitizing gel. To our knowledge, this
gel has not been used in onychomycosis studies previously. It is noteworthy that this gel
activates with 10 min of laser exposure, compared to other topical photosensitizers which
may require several hours for activation [32]. (4) The intervals between treatments were
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typically weekly. (5) Pre-treatment debridements, performed by the treating podiatrist,
have been reported in previous studies to improve treatment outcomes [22]. (6) All patients
followed instructions regarding hygiene measures and daily disinfection. In a separate
study by Zalacaín et al. [13], pre-treatment debridement was performed and a hygienic
protocol was followed, which included footwear disinfection and use of acid pH soap. They
observed a complete cure rate (both clinical and mycological) of 85% after three sessions of
1064 nm laser therapy, administered every 15 days.

In the current study, we observed no adverse reactions during or after PDT application.
However, due to exposure to high temperatures, all patients reported a sensation of pain
and ‘burning’ during laser application. This issue could be resolved by lowering the power
output. Post-treatment, we noticed a hematoma and subungual blistering in two patients.
In a recent meta-analysis by Meretsky et al. [16], it was found that within the eight studies
considered, adverse events were only documented in three and were higher in laser-treated
patients compared to those treated with terbinafine or other drugs, with high heterogeneity
(I2 = 70%); thus, the results are inconclusive. In a 2023 review by Gupta et al. [29], they
reported that the laser’s adverse effects were mild to moderate and largely included pain.
In addition, in one of the studies they included, they noted moderate to severe pain, a
burning sensation, and nail fold inflammation [29].

Two patients (2/12) experienced recurrence in three nails (3/17; recurrence rate of
17.6%) within 6 months post-treatment. We found no statistically significant association
between recurrence and any of the variables analyzed.

The primary limitations of this study include its small participant size, absence of a
control group, and follow-up period limited to 6 months, despite treatment randomization,
as these patients were part of a forthcoming clinical trial. Other limitations were the
absence of the OSI scale for quantification of pre-treatment severity or the use of a pain
measurement tool.

In conclusion, the combination of eight sessions of diode laser therapy and three
sessions of red-laser PDT with toluidine blue gel appears to be effective and safe in the
treatment of mild, moderate, and severe onychomycosis.

In our study, two patients received a lower number of applications of the treatment
because of adverse effects, obtaining similar cure rates, so future studies should evaluate
both single and combination therapies to assess their safety and efficacy. Additionally,
future studies could consider whether a smaller number of sessions retains effectiveness,
whether efficacy is maintained at lower strengths, and whether patient discomfort is
diminished and the adverse impacts of laser therapy alleviated.
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