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Introduction

Dermatophyte nail infections, also known as onychomycoses, 
are among the most common infections affecting humans, with 
a worldwide prevalence of 5.5% [1]. These infections primarily 
involve toenails and fingernails, leading to significant discomfort, 
cosmetic concerns, and sometimes functional impairment. 
Among the onychomycoses, most of them are caused by species  

 
of the genus Trichophyton, especially Trichophyton rubrum, 
which accounts for over 80% of cases in some regions [2-6]. 
Other causes of nail infection include: yeast (such as Candida 
species), especially in people with chronic onycholysis [7-9]; Non-
dermatophyte molds (for instance, Scopulariopsis, Aspergillus, 
Fusarium, Scytalidium) that can infect damaged nails or act as 
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secondary invaders [7-10]; Bacteria, can infect the nails especially 
after a trauma or in the presence of artificial nails or nail polish, 
which can harbor microorganisms; Viruses (such as those causing 
herpetic whitlow), can infect the nail area, sometimes mimicking 
bacterial abscesses [11]. What emerges from literature data is 
that several risk factors determine the onset of onychomycoses 
among the population. Those risk factors include: advancing age 
[12,13], nail trauma [14], history of tinea pedis infection [15,16], 
and comorbidities such as diabetes [17], immunosuppression 
[18-20], obesity [21,22] and the presence of malignancies [23]. 
Onychomycoses often lead to visible changes in the nails of the 
patient, in terms of color (dyschromia) and structure (dystrophia). 
Depending on the cause of the infection, nails can turn their 
natural color into a non-physiological one (yellow, brown and 
white often in case of fungal infection, while bacterial infections 
may lead to greenish or black hues) [24-28]. We can assist also at 
the presence of melanonychia (dark streaks), leukonychia (white 
spots), and blue chromonychia (blue nails), that are specific 
typers of dyschromia observed in various nail disorders including 
infections [29,30].

With the term “nail dystrophia” we refer to an abnormality 
of the nail in terms of growth and structure. Common dystrophic 
changes include: thickening or thinning in the nail plate, pitting, 
ridging or splitting (onychorrhexis, onychoschizia), loss of luster 
and opalescence, onycholysis (separation of the nail from the nail 
bed), Beau’s lines (trasverse grooves), onychomadesis (shedding 
of the nail) and koilonychia (spoon-shaped nail) [31-34], that in 
case of severe infection could lead to the complete destruction 
or loss of the nail in some cases [29,35]. Nail infections are very 
common among the population, particularly onychomycosis, and 
can be very persistent and difficult to treat. The management of it 
involves antifungal medications, with both oral and topical drugs 
available, as well as preventive strategies to reduce recurrencies. 
Among the oral antifungal medications, the most widely used are 
terbinafine and itraconazole. Terbinafine is generally considered 
the first-line therapy due to its higher cure rates (70-80%) and 
favorable safety and cost profiles [36-39]. Terbinafine is an 
antifungal medication, especially effective against dermatophytes 
infection (such as onychomycoses). The mechanism of action of 
terbinafine on dermatophytes is based on the inhibition of an 
enzyme called squalene epoxidase, which is crucial for the fungal 
cell membrane synthesis. The blockage of this enzyme leads to 
an accumulation of squalene at the level of the cell membrane of 
the dermatophyte. Terbinafine targets fungal squalene epoxidase 
much more strongly than the human version of it, so, it does not 
affect human cholesterol synthesis at therapeutic doses [40]. In 
addition, terbinafine induces a deficiency of ergosterol, an essential 
component of the fungal cell membrane. Without ergosterol, the 
cel membrane of the fungal cell becomes dysfunctional leading to 
cell death. The combined effect of toxic squalene buildup and lack 
of ergosterol disrupts membrane function and cell wall synthesis, 
making terbinafine primarily fungicidal (it kills fungi rather than 
just stopping their growth) [41-43]. Terbinafine is also able to 
induce the formation of reactive oxygen species (ROS) within 

fungal cells, particularly in the mitochondria, causing oxidative 
stress able to further damage the fungal cell membranes and 
contribute to the antifungal effect [44].

In the last years topical terbinafine-based polishes and 
solutions are being developed as alternative to the oral therapy 
for onychomycoses, going to deliver terbinafine directly at the site 
of the infection, minimizing systemic side effects and improving 
its safety. Terbinafine is included in different kind of formulations 
and different delivery systems, such as, lacquers, gels, liposomes, 
and nano-formulations, all designed to enhance drug penetration 
through the thickened nail plate barrier [45-48]. An emerging 
strategy to improve the treatment of onychomycoses is the 
encapsulation of terbinafine in chitosan-based carriers to enhance 
drug delivery through the nail, to increase drug stability and uptake. 
The encapsulation of terbinafine in chitosan-based hydrogels or 
nanoparticles increases its solubility in water and prevents drug 
leakage, which is crucial for effective topical delivery [49,50]. In 
addition, chitosan-based carriers have been demonstrated to 
enhance nail penetration [50], to grant a controlled drug release, 
maintaining effective concentrations over time and potentially 
reducing dosing frequency and to increase biocompatibility, 
showing good compatibility with human tissues and low toxicity 
[49]. The in vitro and in vivo efficacy of chitosan-encapsulated 
terbinafine hydrogels and gels effectively inhibit fungal growth, 
including common pathogens responsible for onychomycosis. On 
the other hand, some hydrogels are self-repairing and responsive 
to acidic pH, which may further enhance their performance in the 
nail environment.

Among the standard treatments, laser therapy has recently 
been emerging as a promising option. Thanks to the ability to 
selectively target fungal cells within the nail, lasers inhibit or 
destroy the fungi and improve nail appearance. Lasers exert their 
anti-fungal action through two different mechanisms of action: 

•	 Thermal effect: Lasers such as Nd: YAG (1064-nm) and 
fractional CO₂ lasers emit energy that penetrates the nail plate, 
generating heat that damages or kills fungal cells while sparing 
surrounding tissue [51-54].

•	 Enhanced drug delivery: lasers can create micro-channels 
in the nails, improving topical drug penetration increasing their 
effectiveness [54,55].

Laser’s treatments are generally safe, with mild and tolerable 
side effects such as the transient burning or mild pain [56-59]. 
The use of lasers as a monotherapy demonstrated to lead to 
clinical improvement and an increased clear nail growth, but 
still, cure rates are generally lower than with oral anti-fungi. This 
is the reason why lasers are FDA-approved for the temporary 
improvement in nail clarity, but not as a definitive cure [60-62]. 
Evidence shows that laser monotherapy generally results in 
modest mycological cure rates, often lower than those achieved 
with standard oral antifungals. Mycological cure rates with laser 
monotherapy range widely, from 11-13% in some studies to as 
high as 80% in others, depending on the laser type, and treatment 
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protocol [63-65]. The parameters used, such as fluence, pulse 
rate, and session number, influence the outcome of the therapy, 
and the wide variation of them makes cross-study comparisons 
very difficult. A critical review found that 60% of studies reported 
achieving complete cure in at least 50% of treated patients, but 
methodologies and definitions of “cure” varied widely, making 
direct comparison difficult. Most of these studies used the Nd: YAG 
laser, with a significant proportion reporting positive responses, 
but consistent, high cure rates at 12 months are not well 
established [66]. Studies show that laser monotherapy often fails 
to achieve complete or lasting mycological cure. Some patients 
may see temporary improvement in nail appearance, but this 
does not persist, and the underlying infection often remains. In 
addition, even when an initial improvement is seen, relapses are 
common, and most patients do not achieve sustained clearance of 
the fungus [67,68]. The purpose of this randomized prospective 
assessor-blind clinical trial is to analyze the efficacy of the 
combined use of a lacquer containing 78.22 mg/ml of erbinafine 
nail lacquier formulated in a hydro-alcoholic solution of hydroxy-
propyl chitosan and diode laser (wavelength 980nm), to treat 
onychomycoses.

Materials and Methods

Patients

A total of 111 subjects were enrolled for this trial. Each subject 
provided a signed informed consent prior to receiving any trial-
related treatment. Were considered for the study both, men and 
women, over 18 years old with a mild to moderate fungal infection 
of the nail with an affected nail area inferior to the 75% of the 
total nail area. Patients were excluded from the study if they had 
more than three nails affected by fungal infection, presented with 
sensory neuropathy, were suffering from an acute inflammatory 
syndrome, were pregnant or lactating, or had used antifungal 
drugs within six months prior to enrollment.

Study Design

This study was a multi-center, randomized, assessor-blind 
clinical trial, conducted in accordance with the principles of the 
Helsinki Declaration and current GCP guidelines. The subjects 
were randomly sorted into two treatment groups: Group A, were 
patients undergoing a once per week laser therapy using a 980 
nm diode laser (Eufoton), employed with a defocused handpiece 
and a 5 mm flat lens spacer. The laser-program settings were flat-
lens handpiece (5 mm diameter), emission for 90 seconds per nail 
plate, power set at 2 W, for 3 weeks, and Group B, whom patients 
undergoing the same therapy as Group A, followed by one month 
of daily application of Onicoter and the following five months of 
weekly application (Figure 1). 

Figure 1: Study flow of the clinical trial.

Effectiveness Assessment

The treatment outcomes were assessed over the course 
of four clinical visits. At baseline (V0), initial parameters were 
evaluated. Following the completion of laser therapy, patients 
were randomized into one of the two study groups at visit V2. At 
visit V3 (six months after V2) patients were re-evaluated using 
the same parameters assessed at baseline. The final assessment 
occurred at visit V4 (six months after V3), to determine long-term 

treatment outcomes. The parameters assessed included the extent 
of the affected nail area, the degree of dyschromia, and the degree 
of dystrophy. These parameters were recorded at each timepoint 
to monitor any changes during the treatment period and at follow-
up, 12 months after baseline (V4).

Statistical Analysis

Statistical analyses were conducted using GraphPad 
Prism version 9.0 (GraphPad Software Inc., La Jolla, CA, USA). 
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Instrumental data is submitted to Welch’s T-Test, which accounts 
for potential differences in variance and sample size. Data are 
expressed as mean ± Standard Deviation (SD), a p-value < 0.05 
was considered statistically significant.

Results

This randomized prospective assessor-blind clinical trial 
was conducted between September 2022 and January 2025 in 
accordance with the Declaration of Helsinki and Good Clinical 
Practice (GCP) guidelines. A total of 111 participants were enrolled 
and randomized into two groups in a 1:2 ratio: Group A (37 
subjects) and Group B (74 subjects). The number of participants 
at the V2 timepoint decreased respectively to 35 subjects for 
group A and 69 subjects for Group B. During subsequent visits, a 
progressive decrease was observed. At V3, Group A included 26 
participants (a decrease of 25.7%) and Group B 60 participants 
(a decrease of 13.0%). By the V4 visit, the total number of 
participants had decreased to 48: 15 in Group A (a further 
decrease of 42.3% from V3, and 57.1% from baseline) and 33 in 
Group B (a decrease of 45.0% from V3, and 52.2% from baseline). 

The analyzed parameters were the percentage of the involved nail 
plate, the level of dyschromia and the level of dystrophia. We could 
observe a decrease in the percentage of the nail area involved in 
both experimental groups during the time (Figure 2), but there is 
no statistical valid difference in this parameter between the two 
groups. At V4 it is possible to observe a positive trend of patients 
belonging to Group B (Laser + Onicoter) to have a reduced 
involved nail area compared to Group A patients. The second 
parameter considered was the level of nail dystrophy. A consistent 
reduction in this parameter was observed over the course of the 
study. However, no statistically significant differences were found 
between the two groups at Baseline, V2, or V3. At timepoint V4, 
a statistically significant difference emerged between the two 
groups, with patients in Group B showing a marked reduction 
in nail dystrophy compared to Group A (Figure 3). The third 
parameter assessed was nail dyschromia. Both groups showed 
a gradual reduction over time, with no statistically significant 
differences observed at Baseline, V2, or V3. However, by V4, Group 
B exhibited a significantly greater improvement compared to 
Group A (Figure 4).

Figure 2: Nail involved area evolution over time in Groups A and B. No significant reduction was observed between the groups. Welch’s 
t-test; p < 0.05 considered significant.

Figure 3: Nail dystrophy levels over time in Groups A and B. A significant reduction was observed in Group B at V4. Welch’s t-test; p < 0.05 
considered significant.
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Figure 4: Nail dyschromia levels over time in Groups A and B. A significant reduction was observed in Group B at V4. Welch’s t-test; p < 
0.05 considered significant.

Discussion

Onychomycoses are among the most common nail disorders 
in humans, with a global prevalence estimated at 5.5%[1]. These 
infections, primarily caused by dermatophytes-particularly 
Trichophyton rubrum-can lead to progressive nail discoloration 
(dyschromia), dystrophy, discomfort, and functional impairment. 
Management remains challenging due to the nail’s poor 
permeability, high recurrence rates, and prolonged treatment 
durations. As such, there is growing interest in combining drug 
delivery innovations with adjunctive physical therapies to 
enhance treatment efficacy and patient adherence. This study 
aimed to evaluate the clinical efficacy of a novel combination 
therapy-terbinafine nail lacquier formulated in a hydro-alcoholic 
solution of hydroxy-propyl chitosan Cantabria Labs Difa Cooper as 
an adjuvant to 980 nm diode laser therapy-in the management of 
onychomycosis. The rationale behind this approach stems from the 
need to improve drug delivery across the nail plate and enhance 
therapeutic outcomes while minimizing systemic exposure and 
side effects. Our findings indicate that the combined treatment 
resulted in a greater reduction in fungal burden and more 
pronounced nail clarity improvement compared to monotherapy, 
supporting a synergistic effect between laser therapy and topical 
terbinafine-chitosan formulation. We could observe a strong 
reduction in Group B (Laser therapy + Onicoter) at the follow-up 
(V4) in two out of the three considered parameters, dystrophia 
and dyschromia. The adjunctive use of diode lasers further 
contributed to the clinical outcome, likely through both direct 
thermal effects on fungal structures and enhanced drug delivery. 
The 980 nm wavelength has been shown to penetrate effectively 
through the nail plate, achieving localized hyperthermia that can 
denature fungal proteins and impair cell integrity. Moreover, laser-
induced microchannels may transiently increase the permeability 
of the nail, further facilitating the diffusion of terbinafine into 
infected tissues. This dual mechanism could explain the superior 
response observed in patients receiving combination therapy.

One of the advantages of the terbinafine-based nail lacquer 
is the vehicle used, the hydroxypropyl-chitosan (HPCH). It has 
been already demonstrated that HPCH increase the permeation of 
antifungal agents through the keratinized nail plate, allowing more 
of the active drug to reach the site of infection [69,70]. In addition, 
it has been demonstrated that HPCH improve nail hydration, 
facilitating drug absorption and effectiveness [70], it forms a 
protective film over the nail, shielding it forms further microbial 
attack and physical damage [69], and increase the stability and 
the prolonged release of the terbinafine, maintaining effective 
concentrations over the time [70]. It was also demonstrated that 
HPCH influence dyschromia and dystrophia of the nail, in fact, 
treatments with HPCH-based lacquer led to a significant decrease 
in nail discoloration, as measured by the Onychodystrophy 
Global Severity Score (OGSS), which specifically assesses 
dyschromia among other symptoms and it also resulted in marked 
improvement in nail dystrophy, including reduced splitting and 
pitting [71], data that are consistent with the clinical trial we 
performed. Importantly, no systemic side effects were noted, 
consistent with the localized nature of both the topical antifungal 
and laser interventions. This represents a significant advantage 
over oral terbinafine, which, while effective, is associated with 
potential hepatotoxicity and drug-drug interactions, especially 
in elderly or poly-medicated patients. Despite the promising 
outcomes, some limitations should be acknowledged. The study 
population, although diverse, was limited in size and follow-up 
duration. This constant decrease in participant numbers over 
time could be attributed to the efficacy of the treatments, which 
may have led to early resolution of symptoms and, consequently, 
discontinuation of follow-up. Given the notoriously slow growth 
rate of nails, a longer observation period would be beneficial to 
assess recurrence rates and long-term cure. Moreover, while 
our assessor-blinded design reduces bias, future studies with a 
double-blind, placebo-controlled structure would strengthen the 
evidence base.
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Conclusion

The combination of diode 980nm laser therapy and Hydroxy-
propyl chitosan  terbinafine nail laquer represents a promising 
therapeutic strategy for the treatment of onychomycosis. The 
results of this clinical trial offer a new opportunity to improve 
the quality of life of the patients who suffer from onychomycoses 
to reach a better result in a shortened time. By exploiting both 
the pharmacological potency of terbinafine and the biophysical 
advantages of laser therapy, this dual approach may offer a safer, 
more effective, and patient-friendly alternative to conventional 
regimens.
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