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Onychomycosis is the fungal infection of the nail unit caused 
by dermatophytes, non-dermatophyte molds, and yeast.1 It is 
characterized by nail dystrophy, discoloration, and thickening 

with a prevalence of 50 percent among patients over 70 years of age.1

Onychomycosis can be acquired or predisposed by various genetic factors.1

Toenails are more commonly a� ected than � ngernails due to slower 
growth, the moist environment caused by occlusive footwear, and lower 
blood � ow to the area. A nail unit serves many functions, including 
protection of the digits, grasping, and scratching. Sporadically, the 
failure to treat onychomycosis can lead to permanent damage to the nail 
plates and the surrounding anatomical attachments, pain, transmission 
to others, the local spread of infection (paronychia) and/or spread to 
other body parts, mobility disability in the elderly, and cellulitis due to 
secondary bacterial and other organisms.2 The cosmetic appearance of 
a nail can be impaired by onychomycosis and a variety of cutaneous and 

systemic diseases and can have a psychological impact on those a� ected 
by chronic nail changes. 

Since most fungal infections of the nail unit are non-life-threatening, 
chronic, and super� cial, treatment depends on clinician recommendations 
and patient expectations.1 For the majority of patients, onychomycosis 
can not only be a health issue, but also a cosmetic issue, and it can have 
a psychological burden on patients and their family members.3 In the 
midst of the disease benign course, healthcare professionals should 
educate patients that onychomycosis is still an infection and it can spread 
to other body parts and their family members. However, it is challenging 
to treat this chronic condition with its high recurrence in the midst of 
limited medical, light-based, nutraceutical, and surgical options for 
several months of treatments in the majority of patients without severe 
symptoms or complications.3 Onychomycosis has a reinfection rate of 20 to 
25 percent after successful treatment and has a recurrence rate of 6.5 to 53 
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TABLE 1. E�  cacy, side e� ects, clinical evidences supported in various treatment options in onychomycosis.

TREATMENT
CLINICAL 
EVIDENCE

SIDE EFFECT
PATIENT 
ADHERENCE

COST PER 
MONTH

SPECIAL CONSIDERATION

Topical:
• Ciclopirox 8%
• E� naconazole 10%
• Tavaborole 5%
• Luciconazole
• TDT 067

Strong
Moderate

Minimal. Transient erythema, 
redness, and burning

Low $-$$

• Long treatment course and high frequency of application 
are needed for treatment.

• Luciconazole and TDT 067 are under investigation

Oral :
• Terbina� ne
• Itraconazole
• Fluconazole
• Fosravuconazole
• VT-1161

Strong
Moderate

Drug-drug interactions, 
hepatotoxicity, and congestive 
heart failure.

Extremely 
high

$

• Oral therapy has shorter durations, however, the side 
e� ects of oral medications are more severe than other 
forms of therapy due to their systemic absorption.

• Fosravuconazole and VT-1161 are under investigation.

Laser:
• 1064 nm Nd:YAG lasers, 
• Both short-pulsed and 

Q-switched lasers
• Carbon dioxide lasers,
• Diode 870, 930 

Strong

Generally mild and self-limited, 
mostly consisting of transient 
erythema, edema, mild pain, 
burning sensation, dry skin, and 
blisters.

High $$-$$$

Light and laser-based therapies can overcome accessibility 
and a� ordability challenges in complex patients with 
comorbid medical conditions who are poor candidates for 
classic therapies.

Photodynamic Therapy (PDT) Strong

Generally mild and self-limited, 
mostly consisting of transient 
erythema, edema, mild pain, 
burning sensation, dry skin, and 
blisters.

High $$-$$$
The application and operation of the device on the nail 
require appropriate settings to optimize the fungal apoptosis.

Low-Level Laser Therapy (LLLT):
• Lunula 
• Erchonia
• Daytona FL

Strong

Minimal side e� ects have been 
reported such as acne, burning 
sensation, dry skin, headache, and 
pruritus.

High
$$-$$$ (Up to 
two months)

Patients can use the device at home or at the clinical o�  ce

Procedural:
• Avulsions
• Matrixectomies

Strong

Risk of bleeding, tissue and bone 
infection, prolonged healing, 
cosmetic deformity, and the 
stunting of nail regrowth.

High $-$$ one time
Local anesthesia is required to alleviate pain during the 
procedure.

Supplements & Over-the-counter 
(OTC):
• Tea Tree oil (TTO)
• Topical cough suppressant (TCS, 

Vicks VapoRub)

Weak
Minimal to no signi� cant adverse 
e� ects.

Low $
Clinical trials with larger sample sizes are needed to further 
assess the safety and e�  cacy of TCS.

Plasma therapy Moderate
Plasma therapy does not have 
systemic side e� ects.

High $$ Ongoing Clinical trials

Clinical evidence: Weak, Moderate, Strong
Patient adherence: Low, Moderate, High, Extremely High
Cost per month: $= ≤ $100, $$ = $100-$500, $$$= $500-$1500, $$$$=>$1500
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percent3; therefore, healthcare providers should 
identify the ethical consequences, � nancial 
burden, adherence, and side e� ects involved in 
each therapeutic modality before selecting and 
justifying treatment in patients. 

Predisposing factors for onychomycosis 
can be categorized into three groups: genetic 
and nonmodi� able risk factors, medical 
conditions, and physical/environmental factors.4

Predisposing genetic and non-modi� able risk 
factors include older age, male sex, and having 
a parent or child with onychomycosis. Genetic 
predisposition is noted in distal subungual 
onychomycosis, which can be inherited in an 
autosomal dominant pattern, HLA-DR53 and 
HLA-DR6 may confer protection against the 
development of onychomycosis in a Mexican 
Mestizo population,5 Intercellular Adhesion 
Molecule 1 (ICAM-1), de� ciency can give 
rise to chronic nail candidiasis, and single 
nucleotide polymorphism in the dectin-1 
gene leads to decreased dectine-1 protein 
to detect fungal β-glucans.4,6 Predisposing 
medical conditions include diabetes mellitus, 
immunosuppression, human immunode� ciency 
virus (HIV), tinea pedis, psoriasis, peripheral 
arterial disease, and venous insu�  ciency.4

Lastly, environmental factors such as smoking, 
athletic activity, nail trauma, obesity, and the 
prevalence of opportunistic fungal pathogens 
in the environment can play a role.4 Moreover, 
nail tools at pedicures have been reported as a 
source of fungal transmission in nail polishes for 
individuals.7

Onychomycosis can be caused by 
dermatophytes (Trichophyton rubrum
and Trichophyton mentagrophytes), non-
dermatophytic molds (Scopulariopsis brevicaulis, 
Fusarium species, Aspergillus species, 
Scytalidium dimidiatum, and Acremonium
species), and yeasts (Candida).1 Dermatophyte 
infections constitute 80 to 90 percent of 
onychomycosis and are more responsive to 
antifungal treatment when compared to non-
dermatophytic molds.8 These organisms can 
alkalize the human nail plate pH, which leads 
to the clinical � ndings due to the inactivation of 
several of the skin's defense mechanisms.9

After fungi adhesion to the stratum corneum 
and invasion of the keratin layers, various 
patterns of infection may result. Onychomycosis 
can be classi� ed into � ve subtypes based on the 
pattern of nail unit involvement: distal lateral 
subungual onychomycosis (DLSO), super� cial 

onychomycosis (SO), proximal subungual 
onychomycosis (PSO), endonyx onychomycosis 
(EO), and total dystrophic onychomycosis 
(TDO).4 In addition, patients may present with 
mixed patterns of onychomycosis (MPO), most 
commonly with DLSO and SO.10

Diagnosis of onychomycosis can be complex 
and challenging but is needed prior to 
treatment. Empiric oral antifungal treatment 
of onychomycosis has shown medication 
resistance in patients.11,12 An accurate diagnosis 
can be made based on the patient's medical 
and social history. A patient's prior history of 
onychomycosis, and risk factors such as the use 
of gyms, pedicures, and military service, are 
integral to distinguishing onychomycosis from 
nail psoriasis. A variety of other conditions can 
cause nail dystrophy, including lichen planus, 
alopecia areata, eczema, and contact dermatitis, 
which should be taken into consideration 
while making a diagnosis.8 Periodic acid–Schi�  
(PAS) stain is the gold standard for diagnosis 
to examine the presence or absence of fungal 
elements, while fungal culture and polymerase 
chain reaction (PCR) analysis identify the 
fungus.1 KOH tests also can a�  rm the diagnosis 
but do not di� erentiate fungus live from and it 
cannot specify pathogen organism type.

The most common endpoints used in 
onychomycosis studies are a clinical cure and 
a mycological cure. A clinical cure is de� ned as 
a normal nail without any evidence of fungal 
infection, which is the most important outcome 
for patients. The mycological cure is de� ned as 
having a negative culture and negative direct 
microscopy. A complete cure is the combination 
of mycological cure plus a normal nail which 
physicians commonly use to assess the e�  cacy 
of treatment.13

TOPICAL THERAPY
Background and e�  cacy. Topical 

treatments o� er the bene� ts of low systemic 
exposure and minimal side e� ects.14 However, 
the number of Food and Drug Administration 
(FDA)-approved topical antifungal agents 
has been minimal due to the di�  culty 
of medications penetrating the nail bed 
successfully.15 All topical medications discussed 
are recommended for mild to moderate 
disease and the recommended duration of 
treatment is 48 weeks.16 Until 2014, only 
one topical treatment, topical ciclopirox 8% 
lacquer was FDA-approved for the treatment 

of onychomycosis.17 Ciclopirox is a broad-
spectrum antifungal medication that inhibits 
trivalent cations of fungal enzymes important 
for degrading toxic peroxides.18 In formulations 
for onychomycosis, ciclopirox acts as a hydro 
lacquer, forming a � lm over the nail and 
allowing for penetration of the nail plate.16

Ciclopirox has fairly low e�  cacy, with early 
studies demonstrating a mycologic cure rate 
of 34 percent versus 10 percent for placebo, 
and a complete cure rate of 5.5 to 8 percent.19

The medication is recommended for use in 
mild cases, as an adjuvant to other treatments, 
and in patients in whom oral therapy is 
contraindicated.19

In 2014, the FDA approved topical 
e� naconazole 10% and tavaborole 5% for 
the treatment of onychomycosis.16 These two 
medications are formulated as solutions, 
rather than lacquers, and have been shown 
to have superior penetration over ciclopirox 
and amorol� ne (a topical medication not 
approved for use in the United States).20

Additionally, nail polish does not signi� cantly 
a� ect the nail penetration of these solutions, 
enabling the concealment of onychomycosis 
during treatment.21,22 E� naconazole works by 
blocking ergosterol synthesis via inhibition of 
sterol 14α-demethylase, while tavaborole is 
a boron-based solution that inhibits fungal 
cell protein synthesis.14,16 In a meta-analysis, 
e� naconazole showed the highest probability of 
cure after oral treatment and was comparable to 
itraconazole.23 E� naconazole has demonstrated 
a mycologic cure rate of 54 percent and a 
complete cure rate of 17 percent.24

Some novel drugs are currently being tested 
but have not yet been approved by the FDA. 
In 2013, luciconazole was approved for the 
treatment of fungal infections of the skin and 
is now being investigated in the treatment of 
onychomycosis, with mycological and complete 
cure rates of 46 percent and 15 percent, 
respectively.25 TDT 067 is a spray formulation of 
terbina� ne that has shown potent antifungal 
e� ects and may be promising for treating 
onychomycosis in the future.26 Lastly, ME-111 
is a medication that inhibits fungal succinate 
dehydrogenase in the electron transport chain 
that is currently in Phase II clinical trials, and 
MOB-015 is a topical terbina� ne formula that is 
currently in Phase III clinical trials.26

Due to the di�  culty of clearing 
onychomycosis infection, recurrence is a 
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concern, even when there is no clinical evidence 
of infection. Prophylactic treatment with topical 
medications once every 2 to 3 weeks in high-risk 
patients has been shown to decrease the time to 
recurrence by 200 days.3,27

Side e� ects. Side e� ects of topical 
medications are minimal, in large part due to 
the lack of systemic absorption. Side e� ects are 
generally limited to application site reactions 
like erythema, redness, and burning.16 Drug-
drug interactions are not a concern due to little 
or no systemic absorption.

Ease of use. Adherence is a potential 
concern with topical treatment options due to 
the long treatment course and high frequency 
of application. Additionally, when applying 
these medications, ciclopirox needs to be 
removed once per week for better penetration 
of additional doses, whereas e� naconazole 
and tavaborole can be placed on top of existing 
treatment.26

Patient cost. Patient cost for topical 
therapies for onychomycosis range from less 
than $100 to $500 monthly. 

ORAL THERAPY
Background and e�  cacy. Oral therapies 

are regarded as the gold standard for 
treating moderate to severe onychomycosis 
and provide the most e� ective therapy.16

There are three main oral agents for the 
treatment of onychomycosis: terbina� ne, 
itraconazole, and � uconazole. Historically, 
griseofulvin and ketoconazole were also 
used to treat onychomycosis, but they are 
no longer recommended. Terbina� ne is an 
allylamine antifungal that inhibits ergosterol 
synthesis, an essential component of fungal 
cell membranes, via the inhibition of squalene 
epoxidase enzyme.28 Itraconazole and 
� uconazole, both azole antifungals, also work 
by inhibiting the synthesis of ergosterol, but 
di� er from terbina� ne by inhibiting lanosterol 
14α-demethylase.29

Oral therapy requires prolonged use due to 
limited bioavailability and limited capacity to 
maintain signi� cant drug concentrations in the 
nail bed.16 Terbina� ne is dosed (250mg daily) 
for six weeks for � ngernail onychomycosis and 
12 weeks for toenail onychomycosis.30 Pulsed 
dosing of terbina� ne has been shown to be less 
e� ective than continuous dosing.31 Itraconazole 
is typically dosed in a pulsed fashion (1 week 
on of 400mg/day, followed by 3 weeks o� ), 

eight weeks for � ngernail onychomycosis, 
and 12 weeks for toenail onychomycosis.32

Itraconazole can also be given in a continuous 
fashion of 200 mg/day for 12 weeks. Studies 
assessing cure rates of oral therapies show 
some variation. Several larger trials examining 
oral terbina� ne have demonstrated cure rates 
from 70 to 81 percent.33–35 Studies evaluating 
oral itraconazole have shown a cure rate of 46 
to 69 percent.33,34,36 Meta-analyses have shown 
that terbina� ne 250mg daily and itraconazole 
400mg pulsed dosing are superior to oral 
� uconazole and other topical treatments and 
that oral terbina� ne is the most e� ective 
treatment, overall.23,37 A meta-analysis found 
that continuous terbina� ne use is superior to 
pulsed terbina� ne for achieving a mycological 
cure.31 Lastly, terbina� ne has shown a 
broad range of e�  cacy in its ability to treat 
dermatophytes, non-dermatophyte molds, and 
mixed onychomycosis.23

There are currently some promising oral 
therapies under investigation that have 
not yet been approved. Fosravuconazole 
L-lysine ethanolate is a triazole drug that has 
demonstrated potent antifungal e� ects.38

In a Japanese study, fosravuconazole had 
mycological and complete cure rates of 82 
percent and 59 percent, respectively, after a 12-
week treatment course.38 Additionally, a novel 
tetrazole drug called VT-1161 taken for 10- or 
22-week courses showed a mycological cure rate 
of 61 to 72 percent and a complete cure rate of 
32 to 40 percent.38

Side e� ects. Side e� ects of oral medications 
are more severe than other forms of therapy due 
to their systemic absorption.16 These side e� ects 
include drug-drug interactions, hepatotoxicity, 
and congestive heart failure. A study with more 
than 25,000 patients on terbina� ne 250mg/
day showed an adverse event rate of 10.5 
percent, with gastrointestinal disturbance 
(4.9%) and cutaneous reactions (2.9%) being 
the most common.39 In this same study, oral 
terbina� ne was considered a possible or 
probable cause of 0.04% of the serious adverse 
events. A study with more than 15,000 patients 
on oral itraconazole therapy demonstrated 
that gastrointestinal disturbances, dizziness, 
pruritus, and headache are the most common 
side e� ects, with hepatotoxicity occurring 
rarely.40

Ease of use. Oral therapy has shorter 
durations than other types of treatment, 

including topical, device-based, and alternative 
treatments, making adherence more likely.16,23

Additionally, oral therapy is less time-
consuming, versus the application of a lacquer 
or o�  ce visits for device-based therapies. 
Additionally, although onychomycosis has been 
shown to have detrimental e� ects on physical, 
functional, psychosocial, and emotional aspects 
of life, some may consider it more of a cosmetic 
inconvenience.41 Having a thorough discussion 
about the side e� ects of oral therapies may 
deter some patients from adhering to treatment 
due to the belief that the risks outweigh the 
bene� ts.

Patient cost. Patient cost for oral therapies 
for onychomycosis are $100 or less per month. 

CLASSICAL LASER THERAPY
Background and e�  cacy. For patients 

with onychomycosis, laser therapy has 
shown promising outcomes. The selective 
photodermophysis property of laser results in 
fungal cell death.42 Although, oral and topical 
FDA-approved antifungal treatments have 
been demonstrated to be the most e�  cacious 
in the treatment of onychomycosis, light and 
laser-based therapies can overcome accessibility 
and a� ordability challenges in complex patients 
with comorbid medical conditions who are poor 
candidates for classic therapies. 

In order to have an e� ective laser treatment 
that penetrates the nail bed, the pulse duration 
should be shorter than the thermal relaxation 
time and a wavelength of 750-1300nm is 
traditionally used.43 Since 2012, the four FDA-
approved laser systems (1064nm Nd:YAG lasers, 
both short-pulsed and Q-switched lasers, carbon 
dioxide lasers, and the diode 870, 930nm) have 
been utilized due to short treatment times 
and fewer numbers of treatments required.44

However, clinical studies have not shown 
exceedingly better outcomes than current 
topical and oral antifungal therapies for 
complete resolution of onychomycosis.45

Side e� ects. Laser procedures are 
considered to be safe and well-tolerated. Side 
e� ects are generally mild and self-limited, 
mostly consisting of transient erythema, edema, 
mild pain, burning sensation, dry skin, and 
blisters.

Ease of use. The application and operation 
of the device on the nail require appropriate 
settings to optimize the fungal apoptosis.

Patient cost. The cost of laser treatments for 
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onychomycosis can range from $100 to $1,500 
per month. 

PHOTODYNAMIC LIGHT THERAPY
Background and e�  cacy. Photodynamic 

light therapy (PDT) uses selective 
photodermophysis to destroy fungal cells.42

PDT utilizes light with the photosynthesizer 
(5-aminolevulinic acid (5-ALA), methyl 
aminolevulinate (MAL), porphyrins, aluminum-
phthalocyanine chloride, methylene blue, 
toluidine blue, or rose bengal) to produce 
reactive oxygen species and free radicals to 
induce apoptosis and decrease the fungal 
burden.46–49 Clinical studies with PDT are limited; 
however, two studies found the e� ectiveness 
of methylene blue PDT in the treatment of 
onychomycosis in 20 patients.48,49 An 11-percent 
mycological cure rate has been reported with 
laser in comparison to 29 to 61 percent for 
topical and oral antifungal treatment.50

Side e� ects. PDT is considered to be a safe 
and well-tolerated procedure. Side e� ects 
are generally mild and self-limited, mostly 
consisting of transient erythema, edema, mild 
pain, burning sensation, dry skin, and blisters.

Ease of use. The application and operation 
of the device on the nail require appropriate 
settings to optimize the fungal apoptosis.

Patient cost. The cost of PDT for 
onychomycosis can range from $100 to $1,500 
per month. 

LOW-LEVEL LASER THERAPY
Background and e�  cacy. Low-

level laser therapy (LLLT), also known as 
photobiomodulation, has been utilized 
in various medical conditions, including 
onychomycosis with various wavelengths and 
energies (400–1064nm, 1–1000 mW).51 In 
one study in renal � brotic tissue, there was a 
proliferative activity in renal cortices with the 
532nm laser, increased endothelial proliferation 
with the 635nm laser or MSC plus 405nm, and 
reductions of TGF beta with 532nm laser alone 
and when combined with mesenchymal stem 
cells (MSC).52 In addition, LLLT uses speci� c 
wavelengths to stimulate cytochrome c oxidase 
in mitochondria to increase ATP and cAMP 
production.53 It is an excellent alternative 
treatment for onychomycosis patients who 
are unwilling or unable to take oral antifungal 
medication. While treating onychomycosis with 
LLLT, topical cream or brief oral medication 

should be considered for tinea pedis. 
The 635nm and 405nm dual-wavelength 

diode laser (Lunula® laser; Erchonia, Daytona 
Florida) is an FDA-approved device that utilizes 
LLLT technology and delivers a combined 
23.5-25.5mW 405nm and 15.5-17.5mW 635nm 
wavelengths by a rotating line-generated 
laser beam.54 The 405nm wavelength appears 
to provide antimicrobial, antibacterial, and 
antifungal e� ects while the 635nm wavelength 
appears to enhance the immunological function 
of resident neutrophils and macrophages 
to degrade the infectious agent and induce 
tissue rejuvenation.55 The delivery system 
ensures that all infected tissue nails and toes 
are properly targeted and treated via both 
photon concentration and treatment surface 
maximization.

In onychomycosis treatment, the combined 
405 and 635 produce peroxynitrite, which is 
an oxidant and nitrating agent, and react with 
lipids, DNA, and proteins, leading to oxidative 
injury, inducing cell apoptosis.56 In addition, 
peroxynitrite has powerful cytotoxic e� ects 
on fungal pathogens and speci� cally on 
dermatophytic fungi, candida, and bacteria, 
thus is extremely e� ective in the eradication of 
skin pathogens.56 The FDA approved this device 
via a retrospective analysis of a compilation 
of 54 great toenails with varying degrees of 
involvement which were treated with four 
sessions two weeks apart.54 Digital photographs 
were taken before treatment and six months 
after the last treatment. The photographs were 
evaluated by a blinded investigator using the 
GNU Image Manipulation Program (GIMP 2.8) 
validated software system.54 Sixty-seven percent 
(67%) of toenails met the individual success 
criteria of 3mm or more of clear nail growth at 
six months following treatment compared to 
baseline, exceeding the pre-established goal of 
60 percent.54 The mean increase in mm of clear 
nails across the six-month evaluation period was 
5.18mm (p<0.0001).54

In another study with 30 onychomycosis 
patients, the a� ected toenails were treated with 
Lunula® laser for 12-minute weekly sessions for 
one month, and an additional one session at 3, 
5, 7, 9, and 11 months.57 The result of the study 
entailed a 70 percent clinical cure rate and 95 
percent mycological cure rate with an overall 70 
percent complete cure rate.57

Side e� ects. Minimal side e� ects of LLLT 
have been reported, such as acne, burning 

sensation, dry skin, headache, and pruritus.58

Ease of use. Treatment frequency of LLLT 
was not standardized across the literature, 
ranging from daily to several times per week. 
However, patients can use the device at home or 
at the clinical o�  ce.

Patient cost. The cost of LLLT for 
onychomycosis can range from $100 to $1,500 
for up to two months. 

PROCEDURAL TREATMENTS
Background and e�  cacy. Routine 

procedures, such as debridement and trimming 
of the infected nails, can be considered in 
patients with onychomycosis recurrence or 
several traditional treatment failures to decrease 
the fungal burden in nails. Debridement allows 
for medications to better penetrate the nail 
bed. Surgical procedures can eliminate the 
entire fungal infection in some instances of 
limited onychomycosis, and dermatophytoma. 
Monotherapy with surgical procedures has 
shown less e�  cacy when compared to its use 
as an adjuvant to oral and topical therapy. In 
2009, Malay et al59 investigated the e� ects 
of debridement versus debridement with 
topical antifungal therapy in 55 patients 
with onychomycosis. The study showed the 
combination therapy resulted in a signi� cant 
76.7 percent mycological cure, however, there 
was no mycological cure with debridement 
alone.59

Although more invasive procedures, such as 
avulsions or matrixectomies, are not routine 
treatments they can be o� ered to patients 
with thick and painful nails despite multiple 
therapeutic failures.60 Patients should be 
aware of permanent nail plate loss with these 
procedures prior to treatment. The avulsion 
procedure can be quite time-consuming and 
di�  cult, but it may lessen the painful pressure 
on nail folds due to onychomycosis. In 1985, 
Baran et al61 studied the e� ects of combination 
therapy with partial nail avulsions with 
antifungal in 20 patients, which resulted in 
a 100-percent cure rate in the course of 6 to 
18 months. Yet, the compression force from 
the avulsion procedure may cause nail bed 
shrinkage and nail in-growing distal edge. As 
an alternative option, a week-long nail plate 
occlusion with 40 percent urea application can 
be utilized as a chemical avulsion without any 
associated pain.44

In the absence of improvement with 
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combination therapy, matrixectomy should be 
considered to remove the nail and the matrix. 
Sequentially, 89% phenol or 10% sodium 
hydroxide is applied 30 seconds 2 to 4 times to 
the matrix to prevent a recurrence.62

The nail procedures are usually co-
administered with other treatments to optimize 
the clinical bene� ts. It has been reported there 
are higher clinical cure rates in patients with 
nail debridement and oral terbina� ne, rather 
than oral terbina� ne alone.63 In another study, 
debridement and ciclopirox resulted in 77 
percent of mycological cure in comparison to the 
usage of ciclopirox alone.64

Side e� ects. The majority of these 
procedures require local anesthesia to alleviate 
pain during the procedure. There is a risk of 
bleeding, tissue and bone infection, prolonged 
healing, cosmetic deformity, and the stunting 
of nail regrowth. In matrixectomy, the loss of a 
nail unit in its entirety can be debilitating due to 
limited activity of daily living (ADL).

Ease of use. Debridement, avulsion, and 
matrixectomy procedures are common in 
outpatient podiatry practices. Local or regional 
anesthesia may be required for avulsion and 
matrixectomy.

Patient cost. The one-time patient cost of 
these procedures ranges from less than $100 to 
$500. 

SUPPLEMENTS AND OVER-THE-
COUNTER (OTC) TREATMENTS

Background and e�  cacy. Tea Tree oil 
(TTO). TTO is derived from Melaleuca alternifolia, 
predominantly found in Australia. In-vitro
studies demonstrate that TTO has an inhibitory 
e� ect on Candida spp., Microsporum spp. and 
Trichophyton spp.65,66 Gas chromatography has 
identi� ed over 100 active ingredients in TTO.67

Buck et al68 compared TTO 100% to clotrimazole 
2%, both applied twice daily to patients with 
onychomycosis for six months in combination 
with debridement at 0, 1, 3, and 6 months. 
At Month 6, treatment with TTO yielded an 
18-percent cure rate, while the clotrimazole 
yielded an 11-percent cure rate.68 Three-month 
follow-up data showed about 56-percent 
clinical cure rate for the TTO group. A placebo-
controlled trial showed that 2% butena� ne 
hydrochloride combined with 5% TTO in a cream 
were e�  cacious, with a clinical cure rate of 80 
percent, and was well tolerated.69 Clinical trials 
with larger sample sizes are needed to further 

assess the safety and e�  cacy of TTO.
Topical cough suppressant (TCS, Vicks 

VapoRub). TCS consists of camphor 4.8%, 
eucalyptus oil 1.2%, and menthol 2.6%. It can 
be applied topically on the chest and muscles 
to relieve cough and pain.70 In vitro study 
has identi� ed several key ingredients of TCS 
(camphor, menthol, thymol, and eucalyptus oil) 
for inhibiting fungal growth.71 The same author 
also conducted a respective chart review in 85 
patients who applied TCS once daily, of which 
32 patients (38%) had complete clearance after 
5 to 16 months of treatment.71 A pilot study 
recruited 18 participants who were instructed 
to apply TCS at least once daily and achieved a 
complete cure rate of 83 percent.72 Clinical trials 
with larger sample sizes are needed to further 
assess the safety and e�  cacy of TCS.

Side e� ects. These OTC treatments for 
onychomycosis have been shown to be well 
tolerated with minimal to no signi� cant adverse 
e� ects.

Ease of use. Patients are able to use these 
treatments at home, increasing ease of use and 
adherence.

Patient cost. OTC treatments for 
onychomycosis cost less than $100 per month. 

COMBINATION THERAPY
Background and e�  cacy. A caveat for 

monotherapy includes antifungal resistance and 
low bioavailability in the nail.10 The combination 
of multiple therapies tends to o� er better 
results owing to broad coverage and rapid 
recovery due to its action along multiple steps of 
the cell wall synthesis pathway.73,74 Combination 
therapy should be considered in recalcitrant 
diseases.10 Combination therapy may also 
reduce recurrences.75 Combination therapy can 
be administered in two ways: parallel (at the 
same time) and sequential (one after another).75

Parallel treatment is recommended for patients 
who are likely to fail monotherapy; whereas 
sequential may bene� t patients who are poor 
responders.75

In vitro study has demonstrated that synergy 
is a viable antifungal option.73 Currently, oral 
and topical synergy is the best-studied regimen 
in the literature.10 Oral drugs accumulate in 
the nail bed, whereas topical medications 
penetrate the nail plate and may contribute 
to the prevention of recurrence.75 However, 
the literature is scarce on this approach and 
heterogeneity exists in terms of endpoint 

assessed and treatment regimen.10 A recent 
review article examined 30 clinical trials (15 
trials on medication plus device and 15 trials 
on medication only). For medication-only 
trials, oral terbina� ne plus topical amorol� ne 
in addition to oral terbina� ne and topical 
ciclopirox were the most frequently reported 
treatments. The superiority of dual therapies 
versus monotherapy was supported in 9 out 
of 15 studies. For instance, a randomized 
trial recruited over 200 patients with matrix 
involvement who were treated with amorol� ne 
nail lacquer 5% once weekly plus oral 
terbina� ne 250mg once daily compared with 
oral terbina� ne alone. A signi� cantly higher 
success rate was seen in the combination group 
at the 18-month follow-up. Furthermore, the 
dual therapies approach is more a� ordable than 
monotherapy.76

For the medication and device trials, almost 
all the studies (14/15) revealed that dual 
therapies are advantageous over monotherapy. 
Laser treatment and oral terbina� ne were 
the most commonly reported procedures and 
medications, respectively.10 A comparison study 
assessing fractional 2940-nm Er: YAG laser and 
5% amorol� ne lacquer versus amorol� ne alone 
found that dual therapies are superior in regards 
to onychomycosis severity index (OSI) and 
fungal culture.77 However, the bene� cial e� ect 
of combination therapy is less obvious in nails 
with high OSI at baseline.77

The limitations of the aforementioned 
clinical trials include a short follow-up period, 
reproducibility, limited information on long-
term recurrence, and small sample size, thus, 
cautious extrapolation is warranted. 

PLASMA THERAPY
Background and e�  cacy. Plasma therapy 

is a newly investigated, e� ective, non-invasive 
treatment for onychomycosis with an ongoing 
clinical trial study.78,79 Plasma therapy can be 
further categorized into thermal atmospheric 
plasma (TAP) and non-thermal atmospheric 
plasma (NTAP).4 NTAP is tolerated better due to 
the lack of heat-induced pain.4 NTAP tissue has 
been used for other medical applications for 
two decades.78,80 The broad-spectrum antifungal 
e� ect of NTAP is achieved via the generation 
of ozone, hydroxyl radicals, and nitric oxide. 
The passage of air by strong electrical current 
produces these antifungal components which 
have been shown to inactivate Trichophyton 
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rubrum and Microsporum canis in vitro.4,78

NTAP therapy in onychomycosis has shown a 
53.8 percent and 15.4 percent improvement 
in clinical cure rate and mycologic cure rate 
respectively

Side E� ects. Plasma therapy does not have 
systemic side e� ects. NTAP therapy does not 
produce signi� cant heat which leads to pain in 
comparison to TAP.78

Ease of use. Plasma therapy can be 
individualized based on various nail textures 
and curvatures.78 Several a� ected nails can 
receive spontaneous treatment in a controlled 
and repeatable fashion if needed.78

Patient cost. Patient cost of treatment for 
onychomycosis with plasma therapy can range 
from $100 to $500 monthly. 

ETHICAL CONSIDERATIONS IN 
TREATING ONYCHOMYCOSIS

The hallmark of medical ethics is to have 
a detailed and honest counsel with patients 
regarding treatment e�  cacy, side e� ect pro� les, 
ease of use (need for adherence), and costs 
absolutely independent of the potential bene� t 
to the clinician.81 Recommendations should 
be based on the clinician's familiarity with 
certain remedies, the quality, and the quantity 
of current clinical evidence, instead of the 
monetary bene� t to the clinician. Creating an 
algorithm for treating onychomycosis provides 
clinicians with a foundation to triage available 
therapies based on clinical factors, and an 
ethical framework encourages clinicians to 
tailor treatment regimens according to patient's 
needs and expectations, including preferences, 
budget, and aesthetic goals. A subset of 
patients may choose to decline treatment due 
to indi� erence to the cosmetic appearance or 
concerns about the potential adverse e� ects 
of therapies. Patients should understand 
the signi� cance of treatment adherence and 
motivation when treating their onychomycosis, 
as well as treatment practicality. Preferences are 
critical to adherence that is, many individuals 
will not apply a topical agent once or twice daily 
and/or do not have the time or the budget to 
undergo some of the more costly options. The 
clinician must recognize the risk/bene� t balance 
of any treatment and clearly convey this to 
patients. Any treatment option requires long-
term adherence, because recurrence is common. 
Patient education is a paramount part of 
ensuring optional results, otherwise, treatment 

cessation can cause loss of any achieved 
outcomes and induce medication resistance. 

Consideration of e�  cacy. Onychomycosis 
treatment can be complex. Physicians and 
patients might use di� erent criteria to consider a 
treatment e�  cacious for this disease that entails 
high reinfection and recurrence rates. Many 
patients seek treatment to prevent the spread 
of infection to themselves and their family 
members. Asymptomatic patients are usually 
disturbed by the cosmetic appearance of this 
condition and they are satis� ed with the clinical 
cure and nail clearance results alone. However, 
physicians consider the complete cure which 
consists of the clinical cure and mycological cure 
to assess the e�  cacy of a treatment. Physicians 
associate a more e�  cacious treatment with 
higher clinical and mycological cures. However, 
it is important to note mycological cure rate can 
be 5 to 20 percent false-negative, and direct 
microscopy can be 53 to 94 percent sensitivity in 
patients with signi� cant improvement in clinical 
cure improvement.82

All the onychomycosis treatments discussed 
in this review appear to have some e�  cacy, 
however, oral terbina� ne and low-level laser 
therapy are considered more e�  cacious 
treatments due to higher clinical and 
mycological cure rates. 

Consideration of side e� ect pro� les.
Many of the side e� ect concerns involve oral 
medication treatment regimens, as this is a 
common treatment method and patients must 
take the medications for several months. These 
include manageable, yet irritating side e� ects 
like gastrointestinal upset and cutaneous 
reactions. In addition, oral medications have 
the potential to cause liver toxicity, drug-drug 
interactions, and other more serious side e� ects.

Avulsions or matrixectomies can cause 
signi� cant morbidity due to the procedures 
themselves and signi� cant healing time. 
Short-term side e� ects like bleeding, pain, and 
infection should be considered along with long-
term side e� ects like prolonged healing time in 
older patients and cosmetic deformity.

Low-level light therapy, topical medications, 
plasma therapy, and natural supplements o� er 
very low side e� ect pro� les. Overall, the risk of 
side e� ects alone should not deter physicians 
from treating onychomycosis which most are 
mild and manageable. In the case that more 
serious side e� ects arise, treatment can be 
ceased.

Consideration of ease of use 
(adherence). Patients’ medical comorbidities, 
availability, funding, and treatment goals are 
the factors that can a� ect their adherence 
with a particular treatment. As the majority 
of onychomycosis treatments require long-
term treatment, it is vital for physicians to 
educate patients on the chronic nature of 
onychomycosis, which entails high reinfection 
and recurrence rates. Before prescribing 
any treatment, physicians must evaluate 
and determine if therapeutic intervention is 
needed and necessary for a patient. Physicians 
should consider the factors that a� ect patient 
adherence with a certain intervention if 
treatment is warranted.

Asymptomatic and low-risk patients may 
see any treatments as a burden to the quality 
of their lives, especially if they are not bothered 
by the cosmetic appearance of their nails. 
However, treatments for symptomatic and high-
risk patients are warranted and encouraged. 
Patients may consider topical or oral treatment 
as more feasible to add to their daily routines. 
In others, they may prefer treatment modalities 
with less frequent treatment sessions, such 
as LLLT, despite being more expensive. Some 
patients may adhere better to non-oral 
treatments to avoid systematic side e� ects or 
drug interactions with medications they take for 
their comorbidities management. 

Consideration of cost. When advising 
patients on appropriate onychomycosis 
treatment options, it is important to consider 
patients’ insurance and socioeconomic status. 
Onychomycosis is not a self-limited condition 
and requires a prolonged treatment course, and 
in some cases, further management is needed 
due to posttreatment recurrence. Physicians 
should discuss the nature of this chronic disease 
and associated expenses with each treatment 
modality to avoid the � nancial burden on 
patients and to increase patient adherence. 
Unnecessary costs of treatment to patients and 
the healthcare system can be prevented with 
only supervision if patients are not symptomatic 
and at high risk.

Overall, oral treatment is the least expensive 
of the treatments discussed here. Physicians 
should only consider combination therapies 
for patients who are able to a� ord multiple 
modality treatments. Supplements and 
over-the-counter treatments are not generally 
covered by insurance, and this increases the 
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� nancial responsibilities to patients.
Lastly, it is important to remember and 

understand � nancial biases when o� ering 
in-o�  ce procedures. Laser, LLLT, PDT, and 
plasma therapy are more expensive procedures 
for patients that may potentially compensate 
physicians � nancially. Therefore, physicians 
should be mindful and conscious of their own 
gained interests when deciding these more 
costly treatments over less expensive options.

Patient and physician choice of 
treatment options. The physician and patient 
must � rst decide whether or not to treat 
onychomycosis. While it does not generally pose 
a signi� cant risk to a patient’s physical health, 
onychomycosis is an infection and causes other 
dermatophytes, such as tinea cruris and corporis.  
It also can be cosmetically dis� guring and cause 
psychological distress.

For instance, oral therapies o� er a decent 
cure rate at a low cost, but their systemic 
administration for several months increases the 
risk of side e� ects. On the other hand, topical 
therapies have a very low risk of side e� ects but 
are less e� ective than oral therapies, relatively 
expensive, and require long-term treatment. 
Combination therapies have proven to be the 
most e� ective, and given the treatment options 
available, would not signi� cantly increase 
the risk of side e� ects. However, combination 
therapies increase the cost and decrease the 
ease of use.

As with the treatment of any disease, the 
decision should be collaborative between the 
physician and the patient. A thorough discussion 
about the e�  cacies, side e� ects, ease of use, 
and costs of the various treatment options 
should be discussed with the patients in order to 
achieve the best treatment outcome and patient 
satisfaction.

CONCLUSION
Onychomycosis is the most highly prevalent 

nail disorder reported in the clinical setting. 
Despite the chronic and benign clinical 
course, onychomycosis has high reinfection 
and recurrence rates even after months of 
treatment. This disease is not self-limited, and 
the management of onychomycosis can be 
complex. In order to lower the severity and 
recurrence rate of onychomycosis, individuals 
should be educated on hygiene behavior, 
nail tools sanitization, shoe-selection-
induced nail trauma, sports participation, 

immunosuppression state, and early signs of 
infection relapse to prevent therapeutic failures 
and recurrence. Empiric antifungal treatment 
without a con� rmatory diagnosis may lead to 
antifungal resistance plus unnecessary side 
e� ects, lack of symptomatic improvement, 
and increased risk of morbidity and mortality. 
Alternative treatment modalities such as 
devices may be the best options since antifungal 
resistance has increased in prevalence,

Physicians have an ethical responsibility to 
patients to educate them on onychomycosis 
and the available treatment modalities. 
Onychomycosis is a chronic illness with a high 
risk of posttreatment recurrence. The vast 
majority of patients are asymptomatic and 
are only disturbed by the cosmetic nature of 
the disease. Treatment should be saved for 
symptomatic and high-risk patients whose 
quality of life has been a� ected. Physicians 
and patients should work together to make 
informed decisions and select appropriate 
treatments. Prior to onychomycosis treatment, 
physicians should review the e�  cacy and side 
e� ects pro� le, and the � nancial consideration of 
each intervention for better patient compliance. 
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