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Background: Many patients prefer local treatment to systemic therapy for onychomycosis but
efficacy rates, especially in moderate and severe cases have been poor. The aim of this study was to
assess laser therapy clearing in all degrees of severity.
Methods: Thirty-two patients with mycologically proven onychomycosis received three laser
treatments with a long pulse ND:YAG 1064nm laser. The proximal clear zones (PCZ),
onychomycosis severity index (OSI) and responses to standardized nail quality of life (Nail Q of L)
questions were recorded. The patients were followed for one year at 9 week intervals while using a
tolnaftate in oil topical antifungal after the laser treatments were completed.
Results: The PCZ improved an average of 3.46mms (p<.05), OSI improved an average of 54.6%
(p<.05) while the 15.8% improvement in the Nail Q of L responses was found to be not statistically
significant.
Conclusions: Severe total dystrophic type of onychomycosis improves significantly with laser
therapy. Clinically measuring the onychomycosis severity index and proximal clear zone can help to
guide management of an infection that can only improve one mm per month over 9-12 months.
Satisfaction surveys should not be performed frequently but may yield significant results if limited to
baseline and after one complete nail growth cycle. This study found improvement in both PCZ and
OSI with the 1064 YAG laser and it encourages further research combining the laser and either
pulsed oral or continuous topical antifungal therapies.
Keywords onychomycosis, ND:YAG 1064nm laser, onychomycosis severity index, nail quality of
life.
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nychomycosis is a progressive fungal infection of
the nail unit that leads to destruction and
deformity [1,2]. Approximately 2%-26% of
patients amongst various populations worldwide are
affected [3]. Patients with concurrent diabetes mellitus
and onychomycosis have an increased risk of subungual
ulceration and gangrene that can lead to amputation [4].

Onychomycosis can result in significant psychosocial
and emotional concerns that may have a significant
impact on quality of life [5,6]. It accounts for about half
of all nail disorders, and it is the most common nail
disease in adults [7]. Although many different modalities
are utilized for treatment, laser therapy offers a
non-systemic option that many patients prefer.
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Laser therapy is a FDA approved indication for the
temporary clearing of nail for patients with
onychomycosis [8]. The long pulsed Nd: YAG laser at
the wavelength of 1064nm has shown improvements
for patients with onychomycosis between 14% - 56%
[9,10]. This 1064nm wavelength is best absorbed by
darker fungal pigments resulting in fungal cell apoptosis
[11,12]. We offer additional evidence of the successful
partial clearing of toenail onychomycosis when treated
with a 1064 nm diode Nd: YAG laser. The aim of this
study was to assess the clinical clearing of moderate and
severe onychomycosis of the great toes with the long
pulsed Nd: YAG 1064nm laser and reduction of
recurrence with tolnaftate topical solution.
Materials and Methods
The subjects for this study were recruited from the
patient populations of the Cleveland Foot and Ankle
Clinics. This study was approved by the Kent State
University College of Podiatric Medicine Institutional
Review Board. All subjects signed informed consent
forms prior to participating. Thirty-five adult subjects
with dermatophyte positive mycology determined by
PAS stained nail plate biopsies, were enrolled over a
14-month period. Fungal cultures are done in FDA
drug approval protocols but podiatric physicians often
use PAS pathology which is more sensitive, timely and
less costly than fungal cultures. Any subjects with less
than 25% of nail involvement or negative mycology
were excluded. Subjects were not excluded with severe
onychomycosis. Due to the difficulty in measuring
lesser toenail progress accurately, data collection was
limited to only hallux toenails, however all ten toenails
were treated. Subjects were excluded who had received
oral antifungal therapy within the last 6 months or
topical antifungal therapy within last 3 months. Patients
with peripheral arterial disease, severe neuropathy,
immunocompromised status, current cancer, or
pregnancy were excluded (Table 1).
Characteristic
Male
Female
Caucasians
African Americans
Age Range

%
58% (18)
42% (13)
71% (22)
29% (9)
31-84 years

Figure 1 Digital thermogram of an actual laser procedure
as a pulse was delivered to a right third toe temporarily
raising the temperature of the nail unit to 41.4C. Not a
study patient.

We used a Nd: YAG 1064 long pulse laser with a spot
size of 5mm (Figure 1) [8]. Data was collected at
baseline, 6, 12, 18, 36, and 52 weeks. The maximal
extent of the infection was measured by determining
the proximal clear zone (PCZ) by measuring the
distance between the proximal extent of the infection
and the central cuticle. Digital photos were taken and
onychomycosis severity index (OSI) score was
calculated. A nail quality of life (Nail Q of L) survey was
administered at each visit. Lubeck’s 15 question nail q
of l survey was administered and scored on a 0-100
scale where 0 equals never; 25 equals rarely, 50 equals
sometimes, 75 equals often, and 100 equals always, at
each visit (Figure 2) [5]. The validated OSI of Carney et
al was determined at each observation (Table 2) [13].

OSI points [13]
Cured (0 pts)
Mild (1-5 pts)
Moderate (6-15 pts)
Severe (16-35pts)
All hallux nails

Baseline % (N)
0% (0)
0% (0)
14% (8)
86% (49)
100% (57)

Final % (N)
1.7% (1)
21.0% (12)
17.5% (10)
59.6% (34)
100% (57)

Table 2 Distribution of Study Severities over Time.

Table 1 Study cohort.
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

My nail condition hurts.
I worry that my nail condition may be serious.
I am ashamed of my nail condition.
I worry that my condition may get worse.
The skin around my nails is irritated.
I am embarrassed about my nail condition.
I am frustrated with my nail condition.
The skin around my nails and or nail is sensitive.
I am annoyed by my nail condition.
I have felt frustrated by the lack of improvement
of my nails with previous treatment.
My nails are difficult to cut.
I rely on other people to help cut my nail(s).
My nails make me feel less attractive.
My nails make me feel self-conscious.
I am worried I may give my nail fungus to other
people.

Figure 2 Nail Quality of Life Survey Questions.

At each visit, nails were debrided as needed utilizing a
nail nipper and rotary burr as in standard clinical
practice. The nails were cleansed with alcohol and
allowed to dry. Each subject received 3 laser treatments
at six week intervals. The Nd: YAG 1064 long pulse
laser total fluence was set at 16 Joules/cm2, 0.3
milliseconds duration and two pulses per second. Each
hallux nail unit received 400 pulses at each laser
treatment. Rest periods were allowed between lasing
cycles to accommodate an individual subject’s heat
tolerance. At week 18, after completing the 3 laser
treatments, patients were dispensed a topical solution of
tolnaftate in oil for daily application to prevent
reinfection [14]. Treatment failure was defined as an
actual reduction in the proximal clear zone rather than
slow improvement. Post treatment mycology was not
performed since mycological cure was not the goal of
this study.
The PCZ, OSI and Nail Q of L data were statistically
analyzed using either a One Way Repeated Measures
ANOVA or a Friedman Repeated Measures ANOVA
on Ranks, depending on whether the data was normally
distributed or not. Significance was defined as p<0.05.
When significance was detected, pairwise multiple
comparison procedures were performed using the
Holm-Sidak method for normally distributed data or
the Tukey test for data that was not normally
distributed. Again, significance was defined as p<0.05.

Figure 3 Progress of typical study patient’s hallux nail. A:
before laser treatment, B: 9 month follow-up, C: 12 month
follow-up.

Results
Thirty-five patients were enrolled in the study over a
period of 14 months (Figure 3). Thirty-one patients
with 59 infected great toenails completed all three laser
treatments. Four patients failed to complete the
treatment phase. One patient was excluded because his
baseline mycology failed to confirm onychomycosis.
One enrolled patient elected oral therapy during the
study and was excluded from the results enrolled. Two
patients were lost to follow up after not completing all
three laser treatments.
Both the PCZ (P<.001) and OSI (P<0.05) of the
moderately and severely infected great toe nails (57)
improved significantly and steadily over duration of the
study (P<.001) (Figures 4 and 5).
Interestingly, the 49 severely infected great toenails,
improved their PCZ and OSI scores over the course of
the study as well (P<0.001). Although the Nail Q of L
survey responses generally improved, the degree of
improvement was not statistically significant (P=0.245)
(Figure 6).

Figure 4 The average PCZ improved 3.46mms in all
patients (p<.05).
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Figure 5 OSI score reduced an average of 15.1 points
over one year (P<0.05).

Discussion
The FDA has approved Nd: YAG 1064nm lasers for
the temporary increase of clear nail [8]. Several recent
articles have studied the Nd: YAG 1064nm laser for
mild to moderate onychomycosis while this study
looked at the more difficult to treated severe toenail
onychomycosis (59.6% N=34). Recently, Renner, et al.,
studied the 1064 YAG laser and measured the OSI [9].
In our study, we evaluated the OSI, as well as the Nail
Q of L, over one year. Renner, et al., also allowed
patients with recent oral or topical therapy to be
enrolled while we excluded them. We did not perform
fungal cultures because they are less sensitive, costlier
and take longer.
Many practitioners use clinical
judgement, supplemented by PAS pathological studies,
which are faster, more sensitive and less costly to
diagnose onychomycosis [1,7,9]. In this clinical study,
to help reduce the anticipated reinfection and
recurrence rates that patients can incur, patients were
given a preventative topical tolnaftate 1% solution after
completing all the laser treatments. There is no
evidence that tolnaftate solution alone improves cure
rates and tolnaftate solution does not have an FDA
indication for onychomycosis but is commonly used to
decrease surface contamination [15].

Figure 6 Average Nail Q of L scores over one year.
Although the Nail Q of L survey responses improved over
one year, the improvement was not statistically significant
(P=0.245).

This study found improvement in both PCZ and OSI
with the 1064 YAG laser and it encourages further
research with comparative studies combining laser
therapy and pulsed oral or continuous topical antifungal
therapies [16].
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