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Abstract
Background: Onychomycosis means fungal infection of nails. Causative agents are yeasts and
dermatophyte or nondermatophyte molds. Toenail onychomycosis mainly caused by
dermatophytes while yeasts come into prominence for fingernails. Risk factors are genetic
predisposition, age, swimming, tinea pedis, psoriasis, diabetes and immunodeficiency. It is important
to consider differential diagnosis including trauma, eczema, psoriasis, lichen planus, onychogryphosis
before starting antimycotic treatment. Although there are different clinical forms such as distal
subungual, proximal subungual, white superficial, nondermatophytic and yeast onychomycosis,
treatment options are similar. Topical therapies for onychomycosis are generally not effective so
systemic antifungals are required.

Introduction
Onychomycosis is fungal infection of nails
caused by yeasts, dermatophyte and nondermatophyte molds. This term expresses infection of nails with any fungal agent differently
from the term tinea unguium that means only
dermatophytic infection of nails. Onychomycosis of toenails mainly caused by dermatophytes (so called tinea unguium) while yeasts
are main pathogens for fingernails [1, 2].
Patients usually have concomitant tinea
pedis. Genetic predisposition, age, swimming,
psoriasis, diabetes and immunodeficiency are
other risk factors for onychomycosis. The prevelance is 4 to 18 percent and most of them
are toenail involvement. Tinea unguium has
three clinical forms consisting of distal subungual, proximal subungual and white superficial with the former is most frequent. The
causative agent is mainly Trichophyton

rubrum. In white superficial form, T. mentagrophytes takes over. Candida albicans is
major yeast causing onychomycosis [1, 2, 3].

Diagnosis
Nail dystrophies are caused not only by fungal infections but also trauma, eczema, psoriasis, lichen planus and onychogryphosis. It
is important to mind differantial diagnoses
before starting antimycotic treatment. KOH
examination of scrapings is useful to observe
dermatophytic hyphae and spores. Nail culture on Sabouraud’s medium is helpful to determine causative agent but it takes four
weeks and has one third false negative ratio.
The dermatophyte test medium (DTM) is an
alternative culture and results are available
in seven days. Histopathological examination
of the nail plate with PAS staining is more
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sensitive method for diagnosis but also more
expensive one. Polymerase chain reaction test
is also sensitive but not widely used [1, 4].
Treatment
Onychomycosis may cause physical discomfort
beside generating cosmetic worry. It may also
increase the risk of bacterial infections. Treatment is indicated for patients having history of
cellulitis or predisposition such as venous insufficiency, and also for patients having cosmetic worry. There are different clinical forms
such as distal subungual, proximal subungual, white superficial, nondermatophytic and
yeast onychomycosis, but treatment options
are similar. Topical therapies for onychomycosis are generally not effective so systemic antifungals are required [1].
Antifungal therapy aims mycological clearence
and clinical cure. Clinical improvement may
take several months particularly in toenails so
follow up period must be at least six months
after therapy. In patients with white superficial
form, distal subungual form affecting < 50 %
of nail plate without matrix involvement and
patients with intolerance to systemic therapy,
topical therapy may be used. Systemic therapy
is indicated in proximal subungual form, distal
subungual form affecting > 50 % of the nail
with matrix involvement or affecting more than
two nails. Also we can switch to systemic therapy for the patients not responding to topical
therapy for six months [5, 6]. Criteria for treatment success or failure are summarized in
table modified from study of Scher RK et al
[Table 1] [4].
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oral itraconazole for nondermatophyte onychomycosis and yeast onychomycosis.
Griseofulvin
Griseofulvin is the first approved antimycotic
drug for onychomycosis treatment and is
effective only against dermatophytes [6, 7]. The
mechanism of action is arresting fungal cell
mitosis by blocking the formation of mitotic
spindle [5, 6]. It is ineffective against yeasts
and nondermatophyte molds [7]. Prolonged
administration, up to 18 months, is required
because it takes a long time to reach
therapeutic concentrations in nail plate [6, 8].
Griseofulvin has lower clinical cure rates and
higher recurrence rates than terbinafin and
itraconazole [1, 7]. The daily dosage for adults
is 500-1000 mg [9]. In children, griseofulvin is
the only licensed antimycotic drug and dosage
is 10 mg/kg daily [6]. Gastrointestinal
complaints and headache are the most
common
side
effects.
Hypersensitivity
reactions and serious side effects such as
cytopenias and hepatotoxicity are rare.
Hemogram and liver function tests must be
controlled during treatment. It may cause drug
interactions by it’s effects on cyp-450 enzyme
[5, 7].
Terbinafine

Oral Therapy

Terbinafine is the most effective oral
treatment for toenail onycomycosis [10]. It
has fungicidal activity against dermatophytes
by inhibiting the enzyme squalen epoxidase
leading to accumulation of squalene in the
cytoplasm and lysis of the cell. It has also
fungostatic activity against C. Albicans via
inhibition of ergosterol synthesis [6, 7].

Most frequently used drugs are oral terbinafine for dermatophyte onychomycosis and

Bioavailability is high as 70 % after oral
intake and it’s detectable in nail from 7 days

Table 1. Criteria for Treatment Success and Failure
Cure

Noncure

Clinically normal nails

Positive mycology

Remaining onycholysis or subungual
hyperkeratosis < 10 % of nail plate, mycology negative

Residual changes compatible with fungal infection affecting more than 10 % of nail plate
Lateral hyperkeratosis or onycholysis

Remaining nail thickening caused by other
conditions, mycology negative
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of therapy up to 90 days after treatment.
Daily dosage is 250 mg during 6 weeks for
fingernails and 12 weeks for toenails [6].
Terbinafine was compared with other
antifungal agents in a meta analysis of 36
studies by Gupta et al. Terbinafine is found
more effective than others for treatment of
dermatophyte onychomycosis [11]. In L.I.ON.
study with 496 patients, continuous
terbinafine was significantly more effective
than intermittent itraconazole in the
treatment of toenail dermatophyte onychomycosis [12]. Gupta et al and Sikder et al
found intermittent terbinafine treatment as
effective as continuous terbinafine and more
efficacious than pulse itraconazole [13, 14].
Side effects are nausea, diarrhea, abdominal
pain, pruritus, skin rash and taste
alterations. Serious side effects are rare and
include hepatitis, agranulocytosis, acute
generalized exanthematous pustulosis and
lupus
erythematosus.
Terbinafine
is
metabolized by cytochrome P 450 enzymes so
interacted with rifampicin, cimetidine,
cyclosporin, TCA antidepressants and beta
blockers [5, 6, 7].

but hepatic function tests must be monitored
during treatment. It is contraindicated in
patients with congestive cardiac failure and
one must pay attention when using
itraconazole in patients with arrhythmia [15,
16].

Itraconazole

Other Azoles

Itraconazole is a triazole antifungal which has
a broad spectrum of activity against
dermatopyhtes, nondermatophytes and
yeasts. The mechanism of action is interfering
with the cell wall synthesis via inhibiting the
enzyme called 14-alpha demethylase which
transforms lanosterol to ergosterol. It is
rapidly absorbed after oral intake and it has
a high affinity to keratin. Itraconazole is
detectable in distal nail plate 1 month after
the starting of therapy and persists in nail
even 9 months after the end of therapy [15,
16]. It is used as 200 mg daily for 3 months.
Intermittent dosing regimen, with 200 mg
twice daily for one week of every month, is as
efficacious as continuous regimen and also
more economic [17].

Other
azoles
including
voriconazole,
posaconazole and ravuconazole also inhibit
14-alfa demethylase enzyme and interfere
with the ergosterol synthesis. Voriconazole is
effective against Scopulariopis brevicaulis,
Fusarium spp and Scytalidium dimidiatum.
It may be the drug of choice for resistant
cases. Posaconazole is effective against different types of non dermatophyte, such as Aspergillus, yeasts like candida spp and
zygomycete infections. Spectrum of Ravuconazole includes Candida spp, Cryptoccus
neoformans, dermatophytes and dematiaceous fungi. There are also many new azoles
like isavuconazole, pramiconazole and albaconzaole subjected to new clinical trails [19,
20, 21].

Physician must be aware of drug interactions
because of binding to cyp-3A4 enzyme
system. It should not be used with cisapride,
midazolam, triazolam, simvastatin and
lovastatin. Itraconazole is a well tolerated
drug. Common side effects are nausea,
vomiting, abdominal pain and headache.
Serious side effects such as hepatitis are rare

Comparison of Oral Therapies

Fluconazole
Fluconazole is a hydrophilic antifungal drug
that interferes with the synthesis of ergosterol, like itraconazole does. It is effective
against dermatophytes and Candida spp. but
not approved for onychomycosis treatment in
USA. Placebo controlled studies with fluconazole revealed cure rates of 36 to 100 %. It is
administered at the dose of 150 mg daily or
300 mg weekly for up to 6 months [6, 7].
Scher et al reported that there was no significant difference in the efficacy of doses 150,
300 and 450 mg weekly for toenail onycomycosis [18]. Side effects are headache, nausea,
skin rashes, insomnia and palpitations. Drug
interactions with oral hypoglicemic agents,
cyclosporine and phenytoin are important issues.

A meta analysis performed by Gupta et al, mycological cure rates for dermatophyte onychomycosis in randomized controlled trials
were 76±3 % for terbinafine, 63±7 % for itraconazole pulse therapy, 60±6 % for griseofulvin, 59±5 for itraconazole continuous therapy
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and 48±5 % for fluconazole in a decending sort
[11].
Sequential Therapy
Combining two oral antifungal agents may
shorten the treatment and reduce the cumulative doses. In one clinical trial with 190 patients, itraconazole pulse therapy for two
months followed by one or two pulses of
terbinafine showed better results than usage
of three or four terbinafine pulses alone [6].
Topical Therapy
Antifungal creams poorly penetrate the nail
plate so they are formulated as lacquers to be
effective topical treatment choices [22]. Indications for topical monotherapy are: white
superficial form, distal subungual form affecting < 50 % of nail plate without matrix involvement and patients with intolerance to
systemic therapy. Nail lacquers are discussed
below.
Ciclopirox
Ciclopirox olamine 8 % is a topical antifungal
nail lacquer which has a broad spectrum. It
blocks the cellular uptake of important ingredients and become fungicidal. It is applied
once a day and nail plate must be debrided
once weekly after cleaned by alcohol [1, 7].
When used as monotherapy, complete resolution occurs in only 7 percent of the patients. Trials in which ciclopirox was used in
combination with systemic terbinafine,
showed no superiority of combination to
terbinafine alone [23, 24].
Amorolfine
Amorolfine 5% lacquer has also broad spectrum and is effective against yeasts, dermatophyte and nondermatophyte molds [19]. It is
a lypophilic molecule which blocks the synthesis of ergosterol. Amorolfine persists in the
nail plate longer than ciclopirox and it may
be used once a week [1, 6, 7].
There are no systemic side effects of nail lacquers. Local side effects are transient and include erythema, burning and discoloration
[25].
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Nail Surgery
Nails infected by fungi are mostly thickened
and deformed. There may be onycholysis at
distal or lateral sides of nail plate. These affected nails may be removed by chemicals or
surgical procedure. These methods can be
used in combination with topical or systemic
therapies so it would be possible to reduce
the fungal load and make drug penentration
easier. Chemical removal is painless and performed with keratinolytic and keratinoplastic
agents such as urea, salicylic acid and resorcin. They disrupt the bonds between keratin
molecules and cause loosing of nail plate. 40
% urea is applied under occlusion for up to 2
weeks and nail can be removed more comfortably. Topical bifonazole may be used for a
month following the procedure. Skin infections must be considered during surgical removal especially in patients with diabetes [6,
7, 19, 26].
Photodynamic Therapy
There are some case reports about patients
treated with phototherapy followed by topical
photosensitizer application but data are limited for this treatment modality. Fungicidal
activitiy occurs via reactive oxygen species. 5aminolevulinic acid (ALA) and methylaminolevulate (MAL) may be used as
photosensitizer but one clinical trial reported
only 43 % success rate [27, 28, 29].
Laser Therapy
Laser systems are new treatment options for
onychomycosis but our knowlege about their
efficacy is limited. Neodymium-doped:yttrium aluminum garnet (Nd:YAG) and diode
lasers have been used for this purpose. Also
ablative fractional CO2 laser combined with
topical antifungal was found effective for 50
% of patients in a study with 24 patients after
12 weeks.
In a study with Q switched Nd:YAG, maximal
inhibiton of dermatophytes had been reported with 4-8 J/cm2 for 1064 nm and 8
J/cm2 for 532 nm and postulated that target
chromophores were melanin and xanthomegnin of fungus, respectively. The Noveon
laser, a diode laser, was found effective for 85
% of the patients in one study. It had been
used for four sessions on days 1, 14, 42 and
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120. Ti: Sapphire laser was used in vitro
study and found fungicidal on T. rubrum
with appropriate energy levels [27].
Treatment Failure and Recurrence
Onychomycosis treatment is troublesome
even with usage of systemic agents. Misdiagnosis, inadequate therapy and resistance to
drugs are significant factors associated with
treatment failure and recurrence. Long term
recurrence rates are up to 50 % in studies.
Intermittent oral therapy and topical maintenance therapy may be useful [1].

References
1. Goldstein AO. Onychomycosis. Literature review current through: Mar 2014. UpToDate 2014.
2. Gupta AK, Jain HC, Lynde CW, Macdonald P, Cooper
EA, Summerbell RC. Prevalence and epidemiology of
onychomycosis in patients visiting physicians' offices:
a multicenter canadian survey of 15,000 patients. J
Am Acad Dermatol 2000; 43: 244-248. PMID:
10906646
3. Romano C, Gianni C, Difonzo EM. Retrospective
study of onychomycosis in Italy: 1985-2000. Mycoses
2005; 48: 42-44. PMID: 15679665
4. Scher RK, Tavakkol A, Sigurgeirsson B et al. Onychomycosis: diagnosis and definition of cure. J Am
Acad Dermatol 2007; 56: 939-944. PMID: 17307276
5. Iorizzo M, Piraccini BM, Tosti A. Today's treatments
options for onychomycosis. J Dtsch Dermatol Ges
2010; 8: 875-879. PMID: 20738460
6. Singal A, Khanna D. Onychomycosis: Diagnosis and
management. Indian J Dermatol Venereol Leprol
2011; 77: 659-672. PMID: 22016272
7. Shemer A. Update: medical treatment of onychomycosis. Dermatol Ther 2012. PMID: 23210757
8. Gupta AK, Ryder JE. The use of oral antifungal
agents to treat onychomycosis. Dermatol Clin 2003;
21: 469-479. PMID: 12956199
9. Roberts DT, Taylor WD, Boyle J; British Association
of Dermatologists. Guidelines for treatment of onychomycosis. Br J Dermatol 2003; 148: 402-410.
PMID: 12653730
10. Haugh M, Helou S, Boissel JP, Cribier BJ.
Terbinafine in fungal infections of the nails: a metaanalysis of randomized clinical trials. Br J Dermatol
2002; 147: 118-121. PMID: 12100193
11. Gupta AK, Ryder JE, Johnson AM. Cumulative metaanalysis of systemic antifungal agents for the treatment of onychomycosis. Br J Dermatol 2004; 150:
537-544. PMID: 15030339

http://www.jtad.org/2014/2/jtad1482r1.pdf
12. Sigurgeirsson B, Billstein S, Rantanen T et al. L.I.ON.
Study: efficacy and tolerability of continuous
terbinafine (Lamisil) compared to intermittent itraconazole in the treatment of toenail onychomycosis.
Lamisil vs. Itraconazole in Onychomycosis. Br J Dermatol 1999; 141 suppl 56: 5-14. PMID: 10730908
13. Gupta AK, Lynch LE, Kogan N, Cooper EA. The use
of an intermittent terbinafine regimen for the treatment of dermatophyte toenail onychomycosis. J Eur
Acad Dermatol Venereol 2009; 23: 256-262. PMID:
19438818
14. Sikder AU, Mamun SA, Chowdhury AH, Khan RM,
Hoque MM. Study of oral itraconazole and terbinafine
pulse therapy in onychomycosis. Mymensingh Med J
2006; 15: 71-80. PMID: 16467768
15. Elewski B. Onychomycosis: pathogenesis, diagnosis,
and management. Clin Microbiol Rev 1998; 11: 415429
16. Baran R, Hat R, Haneke E, Tosti A, editors. Onychomycosis: The current approach to diagnosis and
therapy. London: Informa Healthcare; 2006.
17. Havu V, Brandt H, Heikkilä H et al. A double-blind,
randomized study comparing itraconazole pulse therapy with continuous dosing for the treatment of toenail onychomycosis. Br J Dermatol 1997; 136:
230-234. PMID: 9068738
18. Scher RK, Breneman D, Rich P et al. Once-weekly
fluconazole (150, 300, or 450 mg) in the treatment of
distal subungual onychomycosis of the toenail. J Am
Acad Dermatol 1998; 38: 77-86. PMID: 9631989
19. Welsh O, Vera-Cabrera L, Welsh E. Onychomycosis.
Clin Dermatol 2010; 28: 151-159. PMID: 20347657
20. Girmenia C. New generation azole antifungals in clinical investigation. Expert Opin Investig Drugs 2009;
18: 1279-1295. PMID: 19678798
21. Pasqualotto AC, Denning DW. New and emerging
treatments for fungal infections. J Antimicrob
Chemother 2008; 61: 19-30. PMID: 18063600
22. Murdan S. Drug delivery to the nail following topical
application. Int J Pharm 2002; 236: 1-26. PMID:
11891066
23. Gupta AK, Fleckman P, Baran R. Ciclopirox nail lacquer topical solution 8% in the treatment of toenail
onychomycosis. J Am Acad Dermatol 2000; 43: 7080. PMID: 11051136
24. Avner S, Nir N, Henri T. Combination of oral
terbinafine and topical ciclopirox compared to oral
terbinafine for the treatment of onychomycosis. J
Dermatolog Treat 2005; 16: 327-330.
PMID:
16428154
25. Rigopoulos D, Katsambas A, Antoniou C, Christofidou E, Balaskas E, Stratigos J Discoloration of the
nail plate due to the misuse of amorolfine 5% nail lacquer. Acta Derm Venereol 1996; 76: 83-84. PMID:
8721508

Page 5 of 6
(page number not for citation purposes)

J Turk Acad Dermatol 2014; 8 (2): 1482r1.

http://www.jtad.org/2014/2/jtad1482r1.pdf

26. Bonifaz A, Ibarra G. Onychomycosis in children:
treatment with bifonazole-urea. Pediatr Dermatol
2000; 17: 310-314. PMID: 10990584

28. Piraccini BM, Rech G, Tosti A. Photodynamic therapy
of onychomycosis caused by trichophyton rubrum. J
Am Acad Dermatol 2008; 59: 75-76.

27. Aditya K Gupta, Fiona C Simpson. New therapeutic
options for onychomycosis. Expert Opin Pharmacother 2012; 13: 1131-1142.

29. Sotiriou E, Koussidou-Eremonti T, Chaidemenos G,
et al. Photodynamic therapy for distal and lateral
subungual toenail onychomycosis caused by tri-

Page 6 of 6
(page number not for citation purposes)

