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Abstract  

Context: Onychomycosis is among the most prevalent fungal infections, accounting for as much as 50% of nail 

illnesses. Even though there are systemic and topical antifungal medications available, treatment hurdles such 

inadequate penetration, drug resistance, and adverse effects still exist. A targeted and non-invasive approach to 

treating onychomycosis that has become resistant to other treatments is photodynamic therapy (PDT).. It uses light-

activated photosensitizers to produce reactive oxygen species. Objective: To what extent is photodynamic therapy 

safe and effective in treating onychomycosis? That is the goal of this narrative evaluation. Methods: In order to 

determine the effectiveness, safety, and mechanisms of PDT in treating onychomycosis, a systematic literature 

review was performed. The study also looked at how well PDT may work to improve patient compliance and 

decrease the development of fungal biofilms. In summary: As an alternative to conventional antifungal treatments, 

photodynamic therapy shows promise in the treatment of onychomycosis. Fewer side effects, less likelihood of 

medication resistance, and increased antifungal efficacy when combined with other treatments are some of its 

benefits. For patients who are resistant to other treatments or have side effects from them, PDT is a good alternative 

because of its safety record and its capacity to target fungal biofilms. 
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Introduction 

Half of all nail abnormalities are caused by 

onychomycosis, making it one of the most common 

fungal infections. With a treatment failure rate of 10–

53%, it is among the most therapeutically difficult 

superficial mycoses. There are a number of 

pharmacological shortcomings with the antifungal 

terbinafine, such as its low penetration capacity and 

the development of resistance [1]. Despite its best 

cure rates, however, it needs extended administration, 

may induce unpleasant effects, and suffers from these 

issues. 

Onychomycosis occurs in a range of 2–13% of 

North American populations. Adults are thirty times 

more likely to be affected than children, and it 

disproportionately affects men. Age, 

immunodeficiency, aberrant nail morphology, and 

hereditary variables are among the risk factors that 

raise the disease's prevalence [2]. 

The symptoms of onychomycosis include 

coloring, thickness, splitting, and roughening of the 

nails. It may cause secondary bacterial infections like 

cellulitis in addition to pain, discomfort, and mobility 

issues with everyday tasks. Even minor occurrences 

of onychomycosis may cause substantial anguish to 

patients due to its psychological effects, such as 

lowered self-esteem and humiliation. A major health 

concern is onychomycosis. Onychomycosis may 

impair social and occupational life due to its 

psychological and social restrictions [3]. 

Traditional methods of treating onychomycosis 

often include the use of either systemic or topical 

antifungal medications; however, there are some 

limits to both of these treatments. Although they are 

effective, oral antifungals include side effects such 

medication interactions and damage to the liver. 

However, since they can't get past the nail plate and 

into the infection site, topical antifungals don't work 

very well [4]. 

One potential alternative to traditional methods 

of treating superficial skin infections, such as 

onychomycosis, is photodynamic treatment (PDT). 

Short treatment duration promotes adherence; low 

probability of resistance development implies a 

multitarget mechanism of action; lack of drug 

interaction allows for possible combination with 

antifungals; easy reproducibility; mild adverse effects 

with an acceptable risk-benefit profile; and last but 

not least, this modality has a lack of drug interaction. 

This narrative review aims to assess how well 

and how safely Patients with onychomycosis who are 

unable to tolerate systemic medications or who are at 

risk for side effects may benefit from photodynamic 

therapy, which has the ability to be used as either a 

primary or supplementary treatment. 

The Fungus Nails 

The nail unit—the nail plate, matrix, and bed—

is infected with fungus in the most prevalent nail 

condition, known as onychomycosis. It usually 

manifests as thickening, discolouration, and 

onycholysis in nails and is caused by yeasts, non-

dermatophyte molds, and dermatophytes. Over half 

of all nail illnesses are caused by this, so getting a 

proper diagnosis—and treatment that doesn't break 

the bank—requires testing in a lab. The management 

of onychomycosis has been greatly enhanced by 

recent developments in diagnostic tools and therapy 

choices, providing more accurate and sensitive 

approaches to care [6]. 

The origin: 
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Yeasts, molds, and dermatophytes are all 

potential culprits in the development of 

onychomycosis. For over 90% of toenail infections 

and 75% of fingernail infections, the dermatophytes 

to blame are Trichophyton mentagrophytes and 

Trichophyton rubrum. Epidermophyton floccosum, 

Microsporum, and a number of Trichophyton species 

are among the less frequent dermatophyte species. 

Around 10% of cases worldwide are caused by molds 

that aren't dermatophytes, such as Aspergillus, 

Scopulariopsis, and Fusarium. Onychomycosis 

caused by yeast, most often Candida albicans, is 

uncommon but more common in those with impaired 

immune systems, particularly in the fingernails [7]. 

Epidemiology: Onychomycosis has an 

estimated 5.5% worldwide prevalence, with 

increasing rates linked to variables including 

urbanization, obesity, and longer life expectancy. 

While children have a frequency of 0.4%, adults, 

especially those over the age of 65, have a prevalence 

of up to 35%. While females are more likely to have 

Candida infections in their fingernails, men are more 

likely to get onychomycosis in their toenails. Tinea 

pedis, persistent paronychia, occlusive shoes, nail 

damage, immunodeficiency, diabetes, obesity, 

psoriasis, peripheral vascular disease, and other 

disorders are risk factors [8]. 

The nail unit does not have good cell-mediated 

immunity, therefore it is susceptible to infection by 

dermatophytes, non-dermatophyte molds, or yeasts, 

which may lead to onychomycosis. In order for fungi 

to invade a nail, fungal enzymes that are proteolytic, 

keratinolytic, and lipolytic break down the nail's 

keratin. Infection is more likely to occur if the nail's 

protective barriers are compromised. The different 

varieties of onychomycosis are based on where the 

fungus invaded and how it spread. Fungi may also 

become resistant to antifungal treatments by forming 

biofilms, which they use to avoid being treated [9]. 

Clinical Signs and Symptoms: 

The most common nail discolorations caused by 

onychomycosis are white or yellow-brown, but 

violaceous, green, and black discolorations may also 

happen. Subungual hyperkeratosis, onychauxis, or 

the separation of the nail from its bed, are further 

symptoms. The unique skin condition known as 

dermatoma, with its characteristic bands of white, 

yellow, orange, or brown, is exclusive to 

onychomycosis. Tinea pedis is more often linked to 

toenails than fingernails; it most typically affects the 

large toes. It is common for many toenails to be 

affected, but individual fingernails to be unaffected 

unless the patient has impaired immunity or a history 

of trauma (Figure 1) [10]. 

Patients may exhibit symptoms from more than 

one clinical subtype of onychomycosis, which is 

depending on the pattern of fungal invasion. A 

typical kind of onychomycosis is distal lateral 

subungual onychomycosis, which manifests as 

discolouration, hyperkeratosis, and onycholysis. This 

infection begins in the hyponychium and spreads 

across the nail plate (Fig 2-A). Easily scraped white 

spots are the hallmark of white superficial 

onychomycosis, which affects the surface of the nail 

(Fig 2-B). In immunocompromised individuals, 

proximal subungual onychomycosis begins close to 

the cuticle and spreads outward (Fig 2-C). The nail 

bed is unaffected by Endonyx onychomycosis, which 

affects just the nail plate and causes cracking and 

milky spots. At last, the nail is entirely destroyed in 

total dystrophic onychomycosis (Fig 2-D). Species of 

the fungus Trichophyton are the most prevalent 

culprits [13]. 

 

 
 

Fig. (1) A. The nail plate of the right big toe displays a linear, yellow band in a patient with distal lateral subungual 

onychomycosis, which is known as a dermatophytoma [11]. Onychomycosis with tinea pedis in the same patient 

[12]. 
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Fig. 2: Distal lateral subungual onychomycosis in right big toe (a) and right thumb (b) of same patient. 

[13]
. 

 

Diagnosis: 

1. The Nail discolouration, hyperkeratosis, 

onycholysis, and thickness are the main clinical 

signs used to diagnose onychomycosis. 

Dermoscopy is a useful non-invasive diagnostic 

method that may separate it from other nail 

illnesses. Transverse onycholysis points to a 

different diagnosis, but common dermoscopy 

patterns include dermatophytoma, longitudinal 

streaks, and jagged proximal margins. For cost-

effective and tailored therapy, laboratory 

confirmation is required prior to treatment, even 

though dermatologists and non-dermatologists 

have different levels of clinical diagnostic 

accuracy [14]. 

2. Fungal cultures, PCR tests, histopathologic 

evaluation using PAS staining, and potassium 

hydroxide (KOH) wet-mount preparation are all 

examples of laboratory procedures. Although 

KOH is an inexpensive and easy way to find 

fungal hyphae, it isn't very sensitive or good for 

identifying species. Unfortunately, PAS stain is 

not able to detect fungal species or viability, 

despite its increased sensitivity. Although 

laborious, fungal cultures are useful for 

identifying species and directing therapy; 

nevertheless, they are not very sensitive. PCR 

tests are costly and not often used, yet they 

provide fast and accurate findings. To ensure that 

viable fungal components are acquired from the 

most active infection locations, it is necessary to 

use sample collection procedures that are guided 

by clinical presentation and dermoscopy [15]. 

This will allow for an accurate diagnosis. 

3. Possible Alternative Diagnoses: 

4. Onychomycosis has several possible causes, 

including other nail disorders such psoriasis, 

chronic dermatitis, alopecia areata, lichen planus, 

and onychogryphosis. Pityriasis rubra pilaris, 

subungual melanoma, chronic paronychia, 

autoimmune illnesses such as lupus 

erythematosus and pemphigus vulgaris, 

trachyonychia, melanonychia striata, and 

pachyonychia congenita are among the other 

potential causes. The differential diagnosis also 

takes into account subungual warts, 

keratoacanthoma, traumatic onychodystrophy, 

yellow nail syndrome, and a variety of cancers 

such squamous cell carcinoma, fibroma, and 

myxoid cysts [16]. 

5. Other issues: 

6. Another cutaneous fungal infection that 

onychomycosis may harbor and disseminate to 

other nails is tinea pedis, tinea corporis, and tinea 

cruris. In those with impaired immune systems, 

such as diabetics, it heightens the likelihood of 

bacterial infections, such as cellulitis and 

paronychia. In extreme circumstances, it may 

cause discomfort, numbness, abnormalities in the 

nails, and problems with normal tasks including 

walking, standing, and cutting nails. In the 

absence of treatment, it may lead to pain, trouble 

fitting shoes, and a decline in self-esteem and 

quality of life as a result of its humiliating and 

ugly look [14]. 

7. Methods Currently Used to Treat 

Onychomycosis 

8. Drugs for Fungal Overgrowth: 

9. Onychomycosis is often treated with systemic 

antifungal medications such as fluconazole, 

terbinafine, and itraconazole. A fungicidal agent 

like terbinafine may break down fungal cell 

walls by blocking the production of ergosterol, 

but a fungistatic agent like itraconazole or 

fluconazole can slow the development of fungi 

without really killing them. In more serious 

instances, oral antifungals are usually used as a 

first line of defense. Due to their increased risk 

of adverse effects, such as hepatotoxicity, and 

decreased effectiveness, glimepiride and 

ketoconazole are currently seldom used [17]. 

10. When systemic treatment is not an option or 

when the nail infection is mild to severe, a 

topical antifungal agent such as efinaconazole, 

amorolfine, or ciclopirox may be used. Although 

these chemicals are applied directly to the nail 

a  b 
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and the skin around it, their effectiveness is often 

hindered due to the lack of penetration into the 

nail. Patients who are unable to receive systemic 

therapies, or who have conditions such white 

superficial onychomycosis, may benefit from a 

combination of oral and topical antifungals to 

increase the likelihood of a cure [17]. 

11. Treatment with Lasers: Lasers, such fractional 

CO₂  and long-pulsed Nd:YAG lasers, kill 

fungus cells via selective photothermolysis. They 

are localized to the affected region, reducing the 

likelihood of systemic adverse effects that are 

common with oral antifungal drugs. When 

systemic treatments are either not appropriate or 

have not worked, laser therapy is often used as 

an additional therapeutic option [18]. 

12. In photodynamic treatment, photosensitizers like 

methylene blue, 5-aminolevulinic acid (5-ALA), 

or methylaminolevulinate (MAL) are used to 

activate photosensitizers. Light at specified 

wavelengths then produces reactive oxygen 

species (ROS), which kill the cells of the fungus. 

Patients who are unable to take systemic 

antifungal therapy or who have resistant 

onychomycosis may find PDT to be a viable 

option [19]. 

13. In addition to the methods already mentioned, 

keratolytic drugs and surgical avulsion may be 

helpful in treating thickened nails [20]. 

14. Photodynamic treatment  

15. Effect Mechanism: 

16. There are three stages to the process of 

photodynamic therapy: 

17. Use of a Photosensitizer: The affected nail or 

tissues are treated with a photosensitizing agent, 

such as 5-ALA or MAL. As the photosensitizer 

builds up within the fungal cells, it ensures 

focused therapy since healthy tissues absorb very 

little of it [21]. 

18. After photosensitizer absorption, it is activated 

by exposure to light of a certain wavelength, 

often in the red, blue, or green spectrum. The 

photosensitizer employed determines the 

activation wavelength [21]. 

19. The photosensitizer enters an excited state when 

exposed to light, transferring energy to the 

oxygen molecules around it. This process 

generates reactive oxygen species (ROS) such 

superoxide anions, hydroxyl radicals, and singlet 

oxygen. Cell death by necrosis or apoptosis 

results from oxidative damage caused by these 

ROS to fungal cell components, including 

membranes, mitochondria, and proteins. Even 

fungal biofilms, which are notoriously difficult 

to cure, may be broken up by PDT in some 

instances. Because biofilms may develop on the 

nail plate and cause onychomycosis to reoccur, 

this is a very essential consideration [22]. 

 

 
 

Fig. (3) Photodynamic therapy's mechanism of action. [21]. 

 

Potential Benefits: 

PDT is able to selectively target diseased tissues, 

which is one of its main benefits over conventional 

antifungal treatments. By being so exact, the danger 

of adverse effects is reduced and harm to healthy skin 

and nails around the area is minimized. In 

comparison to oral antifungal drugs, PDT has very 

low systemic absorption, which greatly reduces the 

likelihood of side effects such liver damage and drug 

interactions. One problem with conventional 

antifungal therapies is that fungal infections may 

evolve resistance. This medication works by 

generating reactive oxygen species (ROS), which 

targets several pathways and reduces the risk of this 

happening [22]. 

The fact that PDT is not intrusive means that it may 

be performed as an outpatient operation without the 

need for general anesthesia or systemic medicine; this 

is particularly helpful for individuals who have 

problems responding to systemic treatments. In 

situations of persistent onychomycosis, it is possible 

to enhance results by combining PDT with oral or 

topical antifungal medications. When opposed to 

patients who get systemic medications, those who 



Ghady F. El Bakly, Ahmed A. Saleh, Aliaa E. Daifalla and Asmaa M. Elbakry                                                  35 

 

Benha Journal of Applied Sciences, Vol. (9) Issue (10) (2024( 

undergo PDT often recover faster and have faster nail 

regeneration. A helpful therapeutic alternative in 

controlling onychomycosis is PDT because of its 

tailored therapy, safety, and increased recovery [23]. 

Disclaimers & CAUTIONS: 

Although PDT has many advantages, it is not without 

its drawbacks. Patients may experience an increase in 

treatment costs and burden due to the need of many 

PDT treatments (generally weekly or bi-weekly) for 

maximum effectiveness. Even though photodynamic 

therapy (PDT) works in most situations, the degree to 

which it works depends on the kind of fungus, how 

much of the nail is affected, and the photosensitizer 

that is employed. Depending on the photosensitizer 

and light source, cure rates may range from 50% to 

100%, according to certain studies [24]. 

Compared to more conventional methods of treating 

fungal infections, such as topical or oral antifungal 

treatments, PDT may be somewhat expensive. This 

makes it harder for people to use, particularly in areas 

with little resources. Patients with hyperkeratotic or 

dystrophic nails may also find that some 

photosensitizers are less effective due to the nail 

plate's thick keratin structure, which limits their 

penetration. If you want better penetration, you may 

need to use keratolytic agents (like urea) or shave 

your nails beforehand. Pain, redness, or burning may 

occur at the treatment site during or after 

photodynamic therapy (PDT) sessions; however, this 

is usually well-tolerated. Typically, these side effects 

won't last more than a few days until they go away 

[24]. 

Practical Considerations: 

For individuals with onychomycosis who have not 

had success with conventional therapies or who are 

unable to use systemic antifungals, photodynamic 

therapy holds great promise. When deeper nail 

penetration is not required, it may be used as a first-

line treatment for mild to moderate instances, 

including white superficial onychomycosis. To 

improve cure rates and reduce systemic treatment 

time, PDT may be coupled with systemic antifungals 

such as terbinafine for more severe patients. 

Particularly helpful in treating biofilm-associated 

onychomycosis, it reduces recurrence and improves 

results by disrupting fungal biofilms. Additionally, 

PDT provides a less hazardous option for individuals 

who are more likely to have side effects from oral 

antifungals, including the elderly and those with 

several medical conditions. After more testing, PDT 

has the potential to replace more intrusive methods as 

a standard part of onychomycosis treatment plans. 

Conclusions 

Ultimately, photodynamic therapy stands as a 

worthwhile substitute for traditional methods of 

treating onychomycosis. Whether administered alone 

or in conjunction with systemic or topical treatments, 

it can lessen the dosage of systemic antifungals 

needed, lessen the chances of side effects and 

interactions, and achieve even better cure rates, 

particularly in cases where the infection is caused by 

dermatophytes.   
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