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In this prospective clinical study, the Q-Switched Nd:YAG 1064 nm/532 nm laser (Light Age, Inc., Somerset, NJ, USA) was used
on 131 onychomycosis subjects (94 females, 37 males; ages 18 to 68 years). Mycotic cultures were taken and fungus types were
detected. The laser protocol included two sessions with a one-month interval. Treatment duration was approximately 15 minutes
per session and patients were observed over a 3-month time period. Laser fluencies of 14 J/cm2 were applied at 9 billionths of a
second pulse duration and at 5Hz frequency. Follow-up was performed at 3 months with mycological cultures. Before and after
digital photographswere taken. Adverse effects were recorded and all participants completed “self-evaluation questionnaires” rating
their level of satisfaction. All subjects were well satisfied with the treatments, there were no noticeable side effects, and no significant
differences were found treatingmen versus women. At the 3-month follow-up 95.42% of the patients were laboratorymycologically
cured of fungal infection. This clinical study demonstrates that fungal nail infections can be effectively and safely treated with Q-
Switched Nd:YAG 1064 nm/532 nm laser. It can also be combined with systemic oral antifungals providing more limited treatment
time.

1. Introduction

Onychomycosis is defined as a fungal infection of the nail
that expands slowly and if left untreated leads to complete
destruction of the nail plate. Onychomycosis can be der-
matophytic (99%) and/or nondermatophytic (1%) (including
yeasts) infections of the nail plate.

The dermatophytes Trichophyton rubrum and Tricho-
phyton mentagrophytes are the most common causative path-
ogens responsible for up to 90% of all cases [1]. Onychomyco-
sis represents about 30% of all dermatophyte infections and
accounts for 18%–40% of all nail disorders.The prevalence of

onychomycosis ranges between 2% and 28% of the general
population and it is estimated to be significantly higher in
specific populations such as in diabetes mellitus, the immu-
nosuppressed, and elderly [2, 3].

Among the nondermatophytes, the yeast Candida albi-
cans, Candida tropicalis, aspergillus, and other molds may be
responsible. It usually represents contamination and is an
emerging problem in HIV patients.

Toenails are far more likely to be involved than finger-
nails. Initially solitary nails are involved; later, many may be
infected, but often one or more can stay disease-free. Ony-
chomycosis has no tendency for spontaneous remission and
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should be considered as a problem with serious medical,
social, and emotional extensions, not solely a cosmetic
problem. The primary concerns of the patients are the risk
of spread to other nails or to people in their environment.
Others consider their deformed nails as unattractive to other
people, which may lead to lower self-esteem, a sense of inad-
equacy, and even depression [4, 5]. In addition to these
social and emotional problems, onychomycosis is a serious
medical problem that can be the source of further fungal
infections to surrounding tissues. Also, it may predispose
patients to secondary bacterial infections leading to localized
paronychia and perhaps worse and deeper infections such as
erysipelas-cellulitis, especially in the high-risk groups such as
diabetics [6, 7]. Clinically it can cause varying degrees of pain
or discomfort (especially in walking) and problems in cutting
nails.

Classical treatment options include mechanical and
chemical debridement, topical antifungal lacquers, systemic
antifungal drugs, and finally various combinations of the
above.Themost effective mono-therapies for onychomycosis
are antifungal agents which have been the gold standard
and mainstay of therapy for years. The downside of the
antifungals are that they require blood testing to monitor
the liver because they are systemic and also that they require
long treatment courses (approximately 6 months for toenails
and 4 months for fingernails). This requires liver function-
transaminases and kidney function blot test control. Patients
may also receive concomitant medications for comorbidities,
so there is also the issue of drug interactions. Additionally,
long lasting treatment means high treatment costs for both
the patient and health insurers. Finally, high recurrence rates
have been described, 22% three years after completion of
treatment and higher recurrence rates at five years follow-up
[8–10].

Recently, lasers have emerged as potential new treatment
modalities. These treatments offer the advantage of having
few contraindications and minimal side effects [11–13]. Laser
energy has the potential to eliminate microorganisms. Vural
et al. recently demonstrated direct inhibitory activity of
laser energy on T. rubrum isolates in vitro [14]. Manevitch
et al. recently published the direct antifungal effect of the
femtosecond laser on T. rubrum onychomycosis as well [7].
The laser must have the ability to penetrate under the nail
plate in order to reach the fungi colonies of the nail bed and
nail matrix. When it gets to that point it should selectively
deliver laser energy to fungi while respecting the surrounding
healthy tissues.

In this study we planned to evaluate the effect of the
neodymium: yttrium-aluminum-garnet (Nd:YAG) 1064 nm/
532 nm laser in the treatment of onychomycosis in vivo.

2. Material and Methods

2.1. Nail Sampling and Fungal Cultures. Nail cuttings sized 2
× 3mm were obtained from patients with clinical suspicion
of onychomycosis. After direct microscopy to observe spores,
hyphae, mycelia, and colonies of the latter, samples were
plated on Sabouraud glucose agars with cyclohexamide to
select for dermatophytes, in order to verify fungal infection.

Cultures were incubated at 28∘C for 3 weeks until fungal
colonies developed.

2.2. Evaluation of Fungal Elimination. Before the treatment
culturewas performed and4weeks after the second treatment
session (8 weeks after the first positive culture), culture was
repeated. Mycological cure is defined as negative microscopy
and culture. Clinical cure is associated with the alteration
of the percentages of disease-free nails. Complete cure is
accepted as the combination of mycological and clinical cure.
Threemonths after the first treatment session, laser treatment
was evaluated [15, 16].

2.3. Inclusion Criteria. To take part in the study each patient
had to have one or more toenail and/or fingernail fungal
infections of the following types: distal subungual ony-
chomycosis, proximal subungual onychomycosis, superficial
white onychomycosis, or total dystrophic type onychomy-
cosis. Patients with diabetes mellitus, immunocompromised
patients, and organ transplant patients were also included,
although we considered that these patient groups success
rates could be considerably less.

2.4. Exclusion Criteria. Patients who used systemic antifun-
gal or isoretinoin within 6 months of the first scheduled laser
session were excluded. The following conditions, which can
cause various physiological changes to the nail plate, were also
excluded: subungual hematoma, nevoid subungual forma-
tion, bacterial nail infections, concomitant nail disorders due
to psoriasis, atopic dermatitis, lichen planus, and pregnant
women were not included.

2.5. Pretreatment. As onychomycosis causes significant
thickening (hyperkeratosis) of the nail plate, before
starting our laser sessions we performed the mechanical
debridement of any excessive nail thickness. This procedure
was conducted with a file by a trained podiatrist. This
mechanical debridement alone does not constitute an
effective treatment, but it helps the laser penetrate under the
nail plate to reach the fungal colonies of the nail bed and nail
matrix.

2.6. Grading the Severity of Onychomycosis: Onychomycosis
Severity Index. The Onychomycosis Severity Index (OSI)
score is obtained by multiplying the score for the area of
involvement with a range of 0–5 (1–10% is rated with 1,
11–25% with 2, 26–50% with 3, 51–75% with 4, and finally
76–100% with 5) by the score for the proximity of disease
to the matrix with also a range of 1–5. Ten points are
added for the presence of a longitudinal streak or a patch
(dermatophytoma) or for greater than 2mm of subungual
hyperkeratosis. Mild onychomycosis corresponds to a score
of 1 through 5; moderate, 6 through 15; and severe, 16 through
35. All patients were examined monthly for the evidence
of proximal extension of the nail bed lesion. Any proximal
extension of the lesion during treatment was a treatment
failure [17, 18].
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2.7. Laser Irradiation. The irradiation was performed with a
Q-SwitchedNd:YAG 1064 nm (Q-Clear, Light Age, Somerset,
New Jersey,USA). Laser protocolwas performedwith 2.5mm
spot size and a power level of 4 which delivers 14 joules/cm2,
9 billionths of a second pulse duration, and a 5Hz frequency.

The second passwas donewith the same laser operating at
532 nm Nd:YAG with the following parameters: 2.5mm spot
size and a power level of 4 which delivers 14 joules/cm2, 9
billionths of a second pulse duration, and a 5Hz frequency.
No local anesthesia was applied preoperatively.

In one session two passes across each nail plate were
performed with two minutes pauses between each pass. The
first pass was performed with the 1064 nm Nd:YAG laser.
Each nail was fully covered with a laser beam, including the
areas of the hyponychium and the proximal and lateral nail
folds. After a two minute intermission the second pass was
performed with the 532 nm Nd:YAG, fully covering the nail
plate but not the hyponychium and nail folds. All patients
were also evaluated with posttreatment fungal cultures.

Postoperative analgesic treatment was not required. No
prophylactic antibiotics or antivirals were given to any
patient.

The full treatment consisted of two sessions executed
on days 0 and 30. Nails were photographed with a high-
resolution digital camera before treatment at day 0 (pre-
treatment photograph). Follow-up visits were done at day
30 (before the second session). Photographs were taken
again using the same camera settings, with lighting and nail
position at baseline and day 60.

3. Results

3.1.Clinical Onychomycosis Types. Patients had all fourmajor
clinical types of onychomycosis: distal subungual onychomy-
cosis, proximal subungual onychomycosis, superficial white
onychomycosis, or dystrophic type onychomycosis. Another
group is onychomycosis that affects only the lateral edge.The
clinical onychomycosis types separated by gender and age
group are given in Table 1.

Distal subungual is the most common clinical type of
onychomycosis among both genders and all age groups since
it appears in 123 (93.9%) of the total patients, followed
by lateral edge (in 47 patients (35.9%)), dystrophic type
(in 13 or 9.9%), superficial white (in 2 patients or 1.5%),
and, last, proximal subungual (in only 1 patient or 0.8%).
Moreover, 94.7% of female patients, 91.9% of the males, 95%
of patients under 30 years old, 93% between 30 and 60 years
old, and 95.8% over 60 suffer from distal subungual. The
corresponding counts and percents for the rest of the clinical
types of onychomycosis may be seen in Table 1.

3.2. Fungus Types. The most frequent fungus found among
treated patients was T. rubrum (in 108 patients or 82.3%), fol-
lowed by Candida (in 19 patients 14.6%) and then Trichophy-
ton mentagrophytes (in 4 patients 3.1%). Table 2 presents
the types of fungi found in patient populations and their
percentages. The fungus types can also be seen by patient’s
ages and genders.

3.3. Severity of Onychomycosis. Table 3 shows all patients
according to onychomycosis severity.

Regarding the severity of onychomycosis, severe ony-
chomycosis seems to be more frequent in men (78.4%
versus 62.8%). A chi-square test for the differences between
genders suggested that those differences are not statistically
significant at any significance level (𝜒2 = 3.681, 𝑃 = 0.159).
We draw the same conclusions from a chi-square test for the
differences in age (𝜒2 = 3.002, 𝑃 = 0.557).

We also evaluated our patients according to great nail
and/or multiple nail involvement (Table 4).

3.4. Mycologic Cure of Nail Fungal Infections. At 3-month
follow-up 125 patients (95.42%) showed mycological cure
(negative microscopy and culture). There was no treatment
failure (proximal extension of the lesion during treatment).
Clinical cure is associated with the alteration of percentages
of disease-free nail. We find a change of >76% as excellent
response, 51–75% as very good response, 26–50 as good
response, 6–25% as moderate response, and >5% as low
response to treatment.

It can be seen in Table 5 that the clinical type of
onychomycosis seems to have an important influence on
response: “distal subungual” had the best response followed
by “lateral edge, dystrophic type, and superficial white”; how-
ever “proximal subungual” type showed the lowest response.

Dermatophytes (T. rubrum) seem to have the best
response rate followed by Trichophyton mentagrophytes and
Candida comes last. Paradoxically, moderate onychomycosis
showed the best results, whilemild is next and severe last.

The age group under 30 revealed the best results, addi-
tionally women showed the best response (Figures 1(a), 1(b),
2(a), 2(b), 3(a), 3(b), 4(a), 4(b), 5(a), 5(b), 6(a), 6(b), 7(a), and
7(b)).

Among the above differences, only three are statistically
significant.

The following are the differences.

(i) Genders: women seem to be cured more effectively
than men do at a 5% significance level (𝑓 = 5.237 and
𝑃-value = 0.024).

(ii) Severity of onychomycosis: mild severity patients are
cured most effectively, followed by moderate severity
and lastly severe severity patients at a 1% significance
level (𝑓 = 9.963 and 𝑃-value = 0.00).

(iii) The responsible nail fungi: T. rubrum recedes more
quickly after the cure, followed by trichophyton men-
tagrophytes and Candida at a 1% significance level
(𝑓 = 15.347 and 𝑃-value = 0.00).

3.5. Adverse Event Evaluation. Most patients, 94 (83.21%),
reported mild pain; 22 patients (16.79%) reported no pain.
This “pain” sensation was described as “a stinging” during
the 1064 nm pass and as “burning” during the 532 nm pass.
None of the patients treated had severe or intolerable pain.No
postoperative analgesic treatment was required. Interestingly
many of patients developed a kind of pain resistance during
the therapy, meaning they reported the highest level of pain
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Table 1: Clinical onychomycosis types.

Patients Total Distal subungual Proximal subungual Superficial white Dystrophic type Lateral edge
131 (100.0%) 123 (93.9%) 1 (0.8%) 2 (1.5%) 13 (9.9%) 47 (35.9%)

Gender
Female 94 (71.8%) 89 (94.7%) 0 (0.0%) 2 (2.1%) 9 (9.6%) 26 (27.7%)
Male 37 (28.2%) 34 (91.9%) 1 (2.7%) 0 (0.0%) 4 (10.8%) 24 (56.8%)

Age group
<30 20 (15.3%) 19 (95.0%) 0 (0.0%) 1 (5.0%) 4 (20.0%) 1 (5.0%)
30–60 86 (65.6%) 80 (93.0%) 0 (0.0%) 1 (1.2%) 7 (8.1%) 31 (36.0%)
>60 25 (18.3%) 23 (95.8%) 1 (2.7%) 0 (0.0%) 2 (8.3%) 14 (58.3%)

Table 2: Fungal culture results and distribution according to age and gender.

Fungus type
Patients Trichophyton rubrum Candida Trichophyton mentagrophytes All types of onychomycosis

108 (82.3%) 19 (14.6%) 4 (3.1%) 131 (100.0%)
Gender

Female 79 (84.0%) 12 (12.8%) 3 (3.2%) 94 (100.0%)
Male 29 (78.4%) 7 (18.9%) 1 (2.7%) 37 (100.0%)

Age Group
<30 19 (95.0%) 1 (5.0%) 0 (0.0%) 20 (100.0%)
30–60 71 (82.6%) 12 (14.0%) 3 (3.5%) 86 (100.0%)
>60 17 (70.8%) 6 (25%) 1 (4.2%) 24 (100.0%)

Table 3: Onychomycosis severity index [15, 17] with age and gender
relation.

Patients Mild (1–5) Moderate (6–15) Severe (16–30)
6 (4.6%) 37 (28.2%) 88 (67.2%)

Gender
Female 4 (4.3%) 31 (33.0%) 59 (62.8%)
Male 2 (5.4%) 6 (16.2%) 29 (78.4%)

Age group
<30 1 (5.0%) 5 (25.0%) 14 (70.0%)
30–60 5 (5.8%) 27 (31.4%) 54 (62.8%)
>60 0 (0.0%) 5 (20.8%) 19 (79.2%)

Table 4: Evaluation of patients to multiple nail involvements.

Patients Great nail involvement Multiple nail involvement
74 (56.5%) 33 (25.2%)

Gender
Female 58 (61.7%) 27 (28.7%)
Male 16 (43.2%) 6 (16.2%)

Age group
<30 y.o 7 (35%) 5 (25.0%)
30–60 54 (62.8%) 23 (26.7%)
>60 12 (50%) 5 (20.8%)

during the first session. We believe this suggests the patients
knewwhat to expect or that the fear of an unknown treatment
no longer existed.

Patients were also asked to report all possible adverse
events that could be related to our treatment. There were no
reports of any other side effects.

4. Discussion

Treatment of onychomycosis is difficult. Laser treatment is
considered by some authors to be a promising new method.
Our study population comprised of 131 individuals. 15.3%
of the participants in the study were below 30 years of age,
65.6% between 30 and 60 years, and finally 18.3%, were over
60 years old. These groups allowed us to maintain a large
enough sample within each group to compare the effect-
iveness of the laser treatment on different age groups.Women
were the 71.8% of our patient sample. This does not mean
that onychomycosis occurs more frequently in women but
that men may be more negligent in matters relating to the
cosmetic appearance and hygiene of their feet.

In a recent paper Vural et al. showed that 1064 nm and
532 nm Q-Switched Nd:YAG laser systems had significant
inhibitory effect upon T. rubrum isolates and caused colony
growth inhibition in vitro [14]. It is well known that the
efficacy of laser energy depends on the light-tissue interaction
which is a function of wavelength, fluence, and tissue optics
[7]. We have used various spot sizes in all power levels with
our system. This can provide combinations which deliver
different energy fluence. We found that the most powerful
treatment was 14 joules/cm2; additionally, the 7.5 joules/cm2
(3.5mm spot size and a power level of 4) was also effec-
tive. Since the treatment session is very well tolerated in
the maximum energy fluence, we used these settings. We
have noticed a significant improvement in the proximal
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Table 5: Laser treatment response according to age, gender, type of fungi, clinical type of onychomycosis, and location.

Patients Excellent
response (>75%)

Very good
response (50–74)

Good response
(25–49)

Moderate response
(10–24%)

Low response
(>9%)

No response
(0%)

Gender
Female 10 (10.6%) 44 (46.8%) 25 (26.6%) 10 (10.6%) 0 (0.0%) 5 (5.3%)
Male 2 (5.4%) 9 (24.3%) 16 (43.2%) 9 (24.3%) 0 (0.0%) 1 (2.7%)

Age
<30 y.o 3 (15.0%) 4 (20.0%) 10 (50.0%) 2 (10.0%) 0 (0.0%) 1 (5.0%)
30–60 9 (10.5%) 37 (43.0%) 24 (27.9%) 13 (15.1%) 0 (0.0%) 3 (3.5%)
>60 0 (0.0%) 12 (50.0%) 6 (25.0%) 4 (16.7%) 0 (0.0%) 2 (8.3%)

Onychomycosis
severity

Mild 3 (50.0%) 2 (33.3%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Moderate 5 (13.5%) 23 (62.2%) 9 (24.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Severe 4 (4.5%) 28 (31.8%) 31 (35.2%) 19 (21.6%) 0 (0.0%) 6 (6.8%)

Types of fungi
T. rubrum 10 (9.3%) 51 (47.2%) 38 (35.2%) 8 (7.4%) 0 (0.0%) 1 (0.9%)
Candida 1 (5.3%) 1 (5.3%) 3 (15.8%) 10 (52.6%) 0 (0.0%) 4 (21.1%)
Non dermatophytes 1 (25.0%) 1 (25.0%) 0 (0.0%) 1 0 (0.0%) 1 (25.0%)
T. mentographytes 9 (9.4%) 48 (50.0%) 35 (36.5%) 4 (4.2%) 0 (0.0%) 0 (0.0%)

Clinical type of
onychomycosis

Distal subungual 9 (7.3%) 50 (40.7%) 40 (32.5%) 18 (14.6%) 0 (0.0%) 6 (4.9%)
Proximal
subungual 0 (0.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Superficial white 1 (50.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 0 (0.0%) 0 (0.0%)
Dystrophic 2 (4.3%) 14 (29.8%) 17 (36.2%) 11 (23.4%) 0 (0.0%) 3 (6.4%)
Lateral edge 2 (4.3%) 5 (38.5%) 5 (38.5%) 0 (0.0%) 0 (0.0%) 1 (7.7%)

Location
Hand 0 (0.0%) 1 (9.1%) 3 (27.3%) 6 (54.5%) 0 (0.0%) 1 (9.1%)
Feet 9 (9.9%) 38 (41.8%) 27 (29.7%) 14 (15.4%) 0 (0.0%) 3 (3.3%)

(a) (b)

Figure 1: (a) 68-year-old female patient, before treatment. Trichophyton rubrumwas isolated onmycological testing. Onychomycosis severity
index (OSI) was 16. (b) After treatment with good improvement. OSI is 6 showing 69.5% improvement.
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(a) (b)

Figure 2: (a) 64-year-old female patient before treatment. Trichophyton rubrum was isolated on mycological testing. OSI is 26. (b) After
treatment with great improvement. OSI is 9 showing 65.38% improvement.

(a) (b)

Figure 3: (a) 48-year-old female patient before treatment. Trichophyton rubrum was isolated on mycological testing. OSI was 9. (b) After
treatment with great improvement. OSI is 2, showing 77.78% improvement.

portion of the nail where there was mild initial mycotic
involvement. Our results were better especially in moderate
severity patients. That seems reasonable as severe cases are
accompanied by dermatophytoma or significant subungual
hyperkeratosis, which require more time for the nail plate to
restore. Poor prognostic indicators are the total dystrophic
onychomycosis, the involvement of the lateral edge of the
nail plate, and the involvement of the matrix [18–21]. The
thick plate or subungual hyperkeratosis >2mm histologically
contains numerous air-filled spaces in which fungal spores
can survive for weeks or months. These resting arthrospores
do not form hyphae, so various antifungal agents have proven
ineffective. This phenomenon, termed as dermatophytoma,
can be seen as linear streaks or rounded white areas in the
nail plate. The fungal elements are believed to be forming a
biofilm, making them refractory to therapy [15, 22, 23]. Laser
therapy seems not to be affected of this biofilm formation;

this may explain why we achieved very good and good
response in 67% of our severe cases. Moreover, old age,
presence of immunosuppression, poor peripheral circulation
and nonresponsive organisms (nondermatophyte molds),
other dermatoses (e.g., nail psoriasis), and drug resistance
are poor prognostic indicators [15, 23, 24]. With the laser we
solve the problem of resistance. We suggest that we do not
have nonresponsive cases but some poor responding fungi.
As another example, occupational factors, as well as occlusive
and prolonged contact with water, can contribute to poor
response of treatment [21].

On the contrary, superficial white onychomycosis is asso-
ciated with the best therapeutic response to antifungal drugs,
and our results seem to agreewith this [16, 19]. Our distal sub-
ungual clinical cases had good results as well. Even dystrophic
types showed a very good and good response in 66% of the
cases. This supports laser treatment efficacy. Laser treatment
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(a) (b)

Figure 4: (a) 28-year-old female patient before treatment. Trichophyton rubrum was isolated on mycological testing. OSI was 12. (b) After
treatment with great improvement. OSI is 1, showing 91.67% improvement.

(a) (b)

Figure 5: (a) 60-year-old female patient, before treatment.Verticillium sp.was isolated onmycological testing. OSI was 30. (b) After treatment
with great improvement. OSI is 4 showing 86.67% improvement.

seems to outweigh classical treatments where involvement of
the matrix, a thick plate, or subungual hyperkeratosis >2mm
are factors associated with poor outcome [15, 21].

TheQ-Clear Laser System, in differentiation to other laser
treatments, provides a selective, both thermal (photother-
molytic) and mechanical (photomechanical), effect on the
fungi. The mechanism of this fungal destruction may offer
some differences. The inhibitory effect is likely due to more
than simple nonspecific thermal damage. Denaturing one or
more of themoleculeswithin the pathogenmaydeactivate the
fungi. Vural et al. discusses that 532 nm setting, which is well
absorbed by red pigment in canthomegnin in T. rubrum, this
wavelength generates mechanical damage in the irradiated
fungal colony [14].

The 1064 nm setting is beyond the absorption spectrum
of xanthomegnin, but its effectiveness is due to another

absorbing chromophore, perhaps melanin, which is present
in the fungal cell wall [14]. Melanin is an essential inhabitant
of the fungal cell wall and has been described in many
pathogenic species. The type of melanin varies, although it
is commonly Dopa or pentaketide melanin. Moreover, the
laser beam may initiate a photobiological or photochemical
reaction that attacks the pathogen cell. We can also suggest
a multiphoton dielectric breakdown at the fungal target as
the cause of their destruction, while depth-selective thermal
effects by the laser could also be occurring [7].

Another possible scenario is by inducing an immune
response that attacks the organism. All of the above hypothe-
ses explain how the surrounding host tissue cells are pro-
tected from this attack, with little or no collateral damage.
The amount of energy delivered by our treatment session
may serve as a deactivating dose. That amount of energy can
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(a) (b)

Figure 6: (a) 32-year-old male patient, before treatment. Trichophyton rubrum was isolated on mycological testing. OSI was 35. (b) After
treatment with great improvement. OSI is 12 showing 65.71% improvement.

(a) (b)

Figure 7: (a) 58-year-old male patient, before treatment. Trichophyton rubrum was isolated on mycological testing. OSI was 30. (b) After
treatment with great improvement. OSI is 9 showing 70.00% improvement.

deactivate 80–99% of the organisms present in an affected
nail without instantly killing the fungal colonies but it can
disable their ability to replicate or survive according to an
apoptotic mechanism. Apoptosis, a physiological type of cell
death, plays an important role in the selective deletion of
cells in divergent situations of various tissues [25]. Induced
apoptosis may cause direct DNA damage, for example, strand
breaks, chromosomal aberrations, induction by transduced
signals, for example, FAS/APO-1 transmembrane signals,
and stress (heat) mediated death. Hyperthermia, a typical
environmental stress, has long been known as toxic to cells. It
has been recognized the mode of cell killing to be influenced
by the severity of the heat treatment [26]. A number of
reports have been published to demonstrate the induction of
apoptosis by mild hyperthermia [27, 28].

We are waiting to assess our results following twelve
months since the completion of treatment, which is the
time required for complete regeneration of the nail plate.

Additionally, we will follow the patients at greater time
intervals to assess the occurrence of relapse. Zaias et al.
recommended that the treatment of onychomycosis with oral
antifungals should be continued until the mycotic nail bed
had been completely replaced by a new mycotic bed (that
requires about 12 months for toenails). With this treatment
the authors achieved significantly better cure rates [18]. Itmay
be that this maintenance therapy will provide a safety net
for those at risk of relapse after the discontinuation of laser
treatments.

In contrast to our results, recently Carney et al. evaluated
thermal response and optical effects of a submillisecond
neodymium: yttrium-aluminum-garnet (Nd:YAG) 1064 nm
laser on common fungal nail pathogens and the clinical effi-
cacy and safety laser of onychomycotic toenails. A fungicidal
effect for T. rubrum was seen at 50∘C after 15 minutes and
for Epidermophyton floccosum at 50∘C after 10 minutes.
No inhibition was observed after laser treatment of fungal
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colonies or suspensions. In vivo treatment of toenails showed
no improvement in Onychomycosis Severity Index score.
They discussed that laser treatment of onychomycosis was not
related to thermal damage or direct laser effects [29].

Similarly Hees et al. were also unable to show the effect
of Nd:YAG laser on T. rubrum colonies. They assumed
that the effect could be due to unspecific tissue heating
with a subsequent increase in circulation and stimulation
of immunologic process. They also discussed the associated
risks of laser treatment with the use of higher densities
[30]. Laser systems vary widely and it is understandable
that there are differeing results. The Q-Clear’s 1064/532 nm
wavelengths and unique time-structured pulse profile specif-
ically target the fungal elements, inducing a progressive and
eventually lethal temperature increase. At the same time the
low-absorption, high water content tissues (dermal), and
vascular flow, allow rapid dissipation of absorbed energy, thus
“antitargeting” the nail bed and other dermal tissues.

Competing “long pulse” systems presumably relay on
bulk heating of fungal colonies in situ on the nail bed with the
associated discomfort which necessitate multiple treatments
and a high treatment failure rate. Some of the papers in
the literature calling laser a failure were also only Petri dish
studies which cannot replicate these in vitro applications.

Although some studies have yielded conflicting results,
other studies like ours have shown some promise [31–34].

Zhang et al. had satisfactory results with the Nd:YAG
without significant complications. They discussed that the
thicker the nail plates the higher the laser energy needed to be.
Different fungal strains may also have different sensitivities
[32]. Hochman [33] and Bornstein et al. [34] described the
formation of free radicals as well as the influence of the laser
on cellular reaction. These results support our study.

Finally, we find the treatment of onychomycosis with
this specific Q-Switched Nd:YAG, 1064 nm/532 nm laser in
vivo as extremely promising and efficient. In addition, laser-
based treatments have the advantage of a regimen that
is devoid of mutagenic and genotoxic effects. They could
be combined with systemic oral antifungals providing the
benefit of limiting treatment time.

4.1. Weaknesses of the Research. Whereas the present study
demonstrates the efficacy of the specific laser in the treatment
of onychomycosis, we should keep in mind that negative
cultures, that is, mycological cure, do not always constitute
proof of clinical cure due to the well-known high rate of false-
negative culture results.
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[24] E. Sarifakioglu, D. Seçkin, M. Demirbilek, and F. Can, “In vitro
antifungal susceptibility patterns of dermatophyte strains caus-
ing tinea unguium,” Clinical and Experimental Dermatology,
vol. 32, no. 6, pp. 675–679, 2007.

[25] E. White, “Life, death, and the pursuit of apoptosis,” Genes and
Development, vol. 10, no. 1, pp. 1–15, 1996.

[26] E. P. Armour, D. McEachern, Z. Wang, P. M. Corry, and A.
Martinez, “Sensitivity of human cells to mild hyperthermia,”
Cancer Research, vol. 53, no. 12, pp. 2740–2744, 1993.

[27] E. Cuende, J. E. Ales-Martinez, L. Ding, M. Gonzalez-Garcia,
-A. C. Martinez, and G. Nunez, “Programmed cell death by
bcl-2-dependent and independent mechanisms in B lymphoma
cells,”The EMBO Journal, vol. 12, no. 4, pp. 1555–1560, 1993.

[28] G. Deng and E. R. Podack, “Suppression of apoptosis in a
cytotoxic T-cell line by interleukin 2- mediated gene transcrip-
tion and deregulated expression of the protooncogene bcl-2,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 90, no. 6, pp. 2189–2193, 1993.

[29] C. Carney, W. Cantrell, J. Warner, and B. Elewski, “Treat-
ment of onychomycosis using a submillisecond 1064-nm
neodymium: yttrium-aluminum-garnet laser,” Journal of the
American Academy of Dermatology, vol. 69, no. 4, pp. 578–582,
2013.

[30] H. Hees, C. Raulin, and W. Bäumler, “Laser treatment of ony-
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Study# -
Patient's 
Initials

Date of 
Service

Wavelength
(nm)

Power 
Setting
J/cm2

Spot Size
(mm) Hertz Picture # Comments

Percentage 
of Clear Nail 
pre/post Tx

#1 - JT 3/16/10 1064 3.0 5.0 5 #1.1
6/15/10 1064 3.0 5.0 5 #1.2 No Treatment
9/11/10 1064 3.0 5.0 5 #1.3 No Treatment

12/16/10 1064 3.0 5.0 5 #1.4 No Treatment 72%/100%

#2 - SM 3/11/10 1064 1.8 5.0 1 #2.1
6/17/10 1064 11.8 2.5 5 #2.2

10/19/10 1064 11.8 2.5 5 #2.3 54%/100%

#3 - BN 3/11/10 1064 3.0 5.0 1 #3.1
7/20/10 1064 11.8 2.5 5 #3.2

10/19/10 1064 11.8 2.5 5 #3.3 36%/50%

#4 - RS 3/8/10 1064 11.8 2.5 5 #4.1
12/10/10 1064 11.8 2.5 5 #4.2 No Treatment 4%/52%

#5 - RP 3/25/10 1064 5.2 3.5 5 #5.1L Left 
7/1/10 1064 5.2 3.5 5 #5.2L No Treatment
11/8/10 1064 5.2 3.5 5 #5.3L No Treatment 82%/100%

#6 - RP 3/25/10 1064 5.2 3.5 5 #5.1R Right
7/1/10 1064 5.2 3.5 5 #5.2R No Treatment
11/8/10 1064 5.2 3.5 5 #5.3R No Treatment 80%/100%

#7 - LW 3/23/10 1064 5.2 3.5 5 #6.1L Left
6/23/10 1064 11.8 2.5 5 #6.2L
9/21/10 1064 11.8 2.5 5 #6.3L
3/15/11 532/1064 6.5 3.5 5 #6.4L 5%/58%

#8 - LW 3/23/10 1064 5.2 3.5 5 #6.1R Right
6/23/10 1064 11.8 2.5 5 #6.2R
9/21/10 1064 11.8 2.5 5 #6.3R
3/15/11 532/1064 6.5 3.5 5 #6.4R 16%/62%

#9 - SH 4/12/10 1064 5.2 3.5 5 #7,1
7/15/10 1064 No treatment
1/13/11 532/1064 3.9 3.5 5 #7,2 4%/59%

#10 - JS 3/18/10 1064 6.5 3.5 5 #8.1
6/18/10 1064 #8.2 No treatment

12/10/10 1064 11.8 2.5 5 #8.3 3%/38%

#11 - JO 3/22/10 1064 3.9 3.5 5 #9.1
8/30/10 1064 No treatment 72%/97%

#12 - LH 3/23/10 1064 5.2 3.5 5 #10.1
6/24/10 1064 7.0 2.5 5 #10.2
9/23/10 1064 7.5 3.5 5 #10.3 0%/30%

#13 - AM 3/22/10 1064 5.2 3.5 5 #11.1L Left
6/22/10 1064 #11.2L No treatment
8/12/10 1064 #11.3L No treatment 0%/91%

#14 - AM 3/22/10 1064 5.2 3.5 5 #11.1 Right
6/22/10 1064 #11.2 No treatment
8/12/10 1064 #11.3 No treatment 0%/92%



Study Data

1-Study Data Light Age Confidential Page 2

#15 - MD 3/26/10 1064 5.2 3.5 5 #12.1
7/19/10 1064 11.8 2.5 5 #12.2 77%/98%

#16 - ES 4/7/10 1064 5.2 3.5 5 #13.1
7/1/10 #13.2 No treatment

10/7/10 #13.3 No treatment 79%/100%

#17 - MH 4/7/10 1064 5.2 3.5 3 #14.1
10/6/10 1064 11.8 2.5 5 #14.2 52%/100%

#18 - DT 4/14/10 1064 6.5 3.5 2 #15.1
7/14/10 1064 11.8 2.5 3 #15.2 76%/97%

#19 - LH 4/21/10 1064 5.2 3.5 5 #16.1
11/11/10 1064 11.8 2.5 5 #16.2 28%/100%

#20 - ST 4/28/10 1064 11.8 2.5 3 #17.1
8/4/10 1064 11.8 2.5 3 #17.2

10/13/10 1064 11.8 2.5 3 #17.3 23%/86%

#21 - BB 5/4/10 1064 11.8 2.5 3 #18.1
8/4/10 1064 11.8 2.5 3 #18.2
11/3/10 1064 11.8 2.5 3 #18.3 58%/93%

#22 - SV 5/10/10 1064 7.0 2.5 1 #19.1
8/16/10 #19.2 No treatment 66%/97%

#23 - JJ 5/18/10 1064 11.8 2.5 3 #20.1
8/25/10 1064 11.8 2.5 3 #20.2
11/30/10 1064 11.8 2.5 3 #20.3 93%/95%

#24 - SC 5/20/10 1064 9.4 2.5 2 #21.2L Left
9/16/10 #21.3L No treatment 85%/100%

#25 - SC 5/20/10 1064 9.4 2.5 2 #21.1 Right
9/16/10 #21.4 No treatment 64%/87%

#26 - RS 5/24/10 1064 9.4 2.5 2 #22.1
9/20/10 #22.2 No treatment
1/17/11 #22.3 No treatment 0%/42%

#27 - FA 5/27/10 1064 11.8 2.5 3 #23.1
9/2/10 #23.2 No treatment

12/9/10 #23.3 No treatment 57%/85%

#28 - TR 6/2/10 1064 11.8 2.5 3 #24.1
9/8/10 #24.2 No treatment 88%/97%

#29 - JA 6/3/10 1064 11.8 2.5 3 #25.1
9/2/10 #25.2 No treatment

12/2/10 #25.3 No treatment 94%/95%

#30 - DS 6/11/10 1064 9.4 2.5 2 #26.1
10/13/10 #26.2 No treatment
2/18/11 #26.3 No treatment 21%/92%

#31 -DJ 6/25/10 1064 11.8 2.5 3 #27.1
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10/1/10 #27.2 No treatment 37%/96%

#32 - JM 6/29/10 1064 11.8 2.5 3 #28.1
9/28/10 #28.2 No treatment

12/28/10 #28.3 No treatment 33%/88%

#33 - CK 6/30/10 1064 9.4 2.5 2 #29.1
10/27/10 #29.2 No treatment

3/1/11 532/1064 11.8 2.5 4 #29.3 20%/50%

#34 - KW 7/22/10 1064 11.8 2.5 3 #30.1
10/19/10 1064 11.8 2.5 3 #30.2 90%/97%

#35 - FB 7/28/10 1064 5.2 2.5 4 #31.1
11/3/10 #31.2 No treatment
2/9/11 1064 6.5 3.5 4 #31.3 19%/92%

#36 - MR 8/11/10 1064 7.0 2.5 3 #32.1
11/8/10 #32.2 No treatment
2/10/11 #32.3 No treatment 29%/80%

#37 - TP 8/31/10 1064 11.8 2.5 5 #33.1
12/21/10 11.8 2.5 5 #33.2
2/22/11 532/1064 11.8 3.0 4 #33.3 38%/77%

#38 - MC 9/23/10 1064 3.6 5.0 3 #34.1
3/24/11 1064 3.0 5.0 5 #34.2 92%/96%

#39 - DP 10/1/10 1064 11.8 3.0 5 #35.1
1/14/11 1064 11.8 3.0 4 #35.2 0%/63%

#40 - SL 10/26/10 1064 11.8 3.0 5 #36.1
2/22/11 #36.2 No treatment 88%/97%

#41 - JS 10/26/10 1064 6.5 3.5 3 #37.1L Left
2/22/11 532/1064 6.5 3.5 3 #37.2L 41%/95%

#42 - JS 10/26/10 1064 6.5 3.5 3 #37.3 Right
2/22/11 532/1064 6.5 3.5 3 #37.4 55%/98%

#43 - CD 11/30/10 1064 11.8 2.5 5 #38.1
4/5/11 1064 6.5 3.5 5 #38.2 36%/98%

#44 - JB 5/12/10 1064 7.0 2.5 2 #39.1
10/28/10 #39.2 No Treatment 78%/91%

#45 - MC 8/31/10 1064 11.8 2.5 3 #40.1
11/30/10 #40.2 No Treatment
2/22/11 532/1064 6.5 3.5 3 #40.3
5/10/11 1064 11.8 2.5 5 #40.4 0%/65%

#46 - KM 4/26/10 1064 9.4 2.5 1 #41.1
7/26/10 No Treatment 0%/34%

#47 - MM 4/13/10 1064 5.2 3.5 5 #42.1
11/16/10 No Treatment
2/24/11 532/1064 3.9 3.5 5 #42.3 25%/57%
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#48 - ES 5/4/10 1064 11.8 2.5 3 #43.1
8/3/10 #43.2 No Treatment
2/22/11 532/1064 6.5 3.5 3 #43.3 21%/54%

#49 - RV 6/21/10 1064 11.8 2.5 3 #44.1
9/20/10 1064 11.8 2.5 3 #44.2
3/14/11 532/1064 6.5 3.5 5 #44.3 27%/70%

#50 - HC 6/22/10 1064 11.8 2.5 3 #45.1
9/21/10 1064 11.8 2.5 3 #45.2

12/14/10 532/1064 7.0 2.5 1 #45.3 0%/5%

#51 - BH 6/24/10 1064 11.8 2.5 4 #46.1 3rd toe
9/27/10 #46.2 No Treatment

12/20/10 #46.3 No Treatment 67%/71%

#52 -MC 6/29/10 1064 11.8 2.5 1 #47.1
9/27/10 #47.2 No Treatment

12/20/10 1064 11.8 2.5 1 #47.3
3/21/11 532/1064 6.5 3.5 3 #47.4 10%/23%

#53 - EM 6/29/10 1064 11.8 2.5 3 #48.1
9/28/10 #48.2 No Treatment

12/14/10 1064 11.8 2.5 3 #48.3 11%/26%

#54 - WW 7/15/10 1064 11.8 2.5 3 #49.1
11/9/10 #49.2 No Treatment
2/1/11 1064 6.5 3.5 5 #49.3
5/5/11 1064 11.8 2.5 5 #49.4 15%/48%

#55 - CL 7/26/10 1064 11.8 2.5 3 #50.1
11/8/10 #50.2 No Treatment 18%/42%

#56 - MB 7/27/10 1064 9.4 2.5 5 #51.1
10/26/10 #51.2 No Treatment
1/25/11 532/1064 3.0 5.0 5 #51.3 9%/29%

#57 - MC 7/29/10 1064 11.8 2.5 3 #52.1
10/26/10 #52.2 No Treatment
1/25/11 #52.3 No Treatment 84%/89%

#58 - JM 7/29/10 1064 11.8 2.5 3 #53.1L Left
10/21/10 No Treatment 94%/98%

#59 - JM 7/29/10 1064 11.8 2.5 3 #53.3 Right
10/21/10 No Treatment 86%/97%

#60 - JC 8/10/10 1064 7.0 2.5 5 #54.1L Left
11/9/10 1064 7.5 3.5 4 #54.2L
2/10/11 #54.3L No Treatment 9%/59%

#61 - JC 8/10/10 1064 7.0 2.5 5 #54.4 Right
11/9/10 1064 7.5 3.5 4 #54.5
2/10/11 #54.6 No Treatment 32%/55%

#62 - RG 8/10/10 1064 7.0 2.5 5 #55.1
11/11/10 1064 11.8 2.5 5 #55.2
2/10/11 1064 6.5 3.5 5 #55.3 27%/41%
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#63 - BK 9/13/10 1064 11.8 2.5 5 #56.1
12/30/10 532/1064 3.9 3.5 2 #56.2

4/7/11 1064 6.5 3.5 5 #56.3 21%/92%

#64 - GF 9/14/10 1064 11.8 2.5 5 #57.1
12/9/10 #57.2 No Treatment 92%/95%

#65 - MM 10/26/10 1064 11.8 2.5 5 #58.1L Left
2/22/11 532/1064 6.5 3.5 5 #58.2L 38%/56%

#66 - MM 10/26/10 1064 11.8 2.5 5 #58.3 Right
2/22/11 532/1064 6.5 3.5 5 #58.4 58%/76%

#67 - LR 11/30/10 1064 11.8 2.5 5 #59.1
3/29/11 1064 11.8 2.5 5 #59.2 53%/71%

#68 - JF 12/9/10 1064 11.8 2.5 5 #60.1
4/28/11 1064 11.8 2.5 5 #60.2 35%/52%

#69 - WH 8/25/10 1064 11.8 2.5 3 #61.1L Left
11/29/10 1064 11.8 2.5 3 #61.2L 17%/26%

#70 - WH 8/25/10 1064 11.8 2.5 3 #61.3 Right
11/29/10 1064 11.8 2.5 3 #61.4 37%/84%

#71 - WY 8/2/10 1064 11.8 2.5 3 #62.1
12/6/10 #62.2 No Treatment 17%/53%

#72 - JV 9/1/10 1064 11.8 2.5 3 #63.1L Left
12/1/10 1064 11.8 2.5 3 #63.2L 40%/30%

#73 - JV 9/1/10 1064 11.8 2.5 3 #63.3 Right
12/1/10 1064 11.8 2.5 3 #63.4 48%/96%

#74 - SE 3/17/10 1064 3.0 5.0 5 #64.1
9/28/10 1064 11.8 2.5 3 #64.2 0%/11%

#75 - MH 4/6/10 1064 5.2 3.5 3 #65.1
7/6/10 #65.2 No Treatment

10/5/10 1064 11.8 2.5 3 #65.3 65%/98%

#76 - DR 4/27/10 1064 11.8 2.5 3 #66.1
7/27/10 1064 11.8 2.5 3 #66.2
11/2/10 1064 11.8 2.5 3 #66.3 11%/52%

# 77 - PW 5/11/10 1064 11.8 2.5 3 #67.1
8/11/10 1064 11.8 2.5 3 #67.2 0%/81%

#78 - CT 5/14/10 1064 11.8 2.5 3 #68.1
8/27/10 1064 11.8 2.5 3 #68.2
11/19/10 1064 11.8 2.5 3 #68.3 0%/23%

#79 - WF 10/28/10 1064 11.8 2.5 5 #69.1
2/18/11 #69.2 No Treatment 53%/91%

#80 - GS 9/7/10 1064 11.8 2.5 5 #70.1
1/5/11 1064 11.8 2.5 5 #70.2 3%/3%

#81 - DS 5/25/10 1064 11.8 2.5 3 #71.1
9/13/10 1064 11.8 2.5 3 #71.2 14%/24%
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#82 - GH 5/26/10 1064 11.8 2.5 3 #72.1
8/27/10 1064 11.8 2.5 3 #72.2 91%/97%

#83 - SP 5/26/10 1064 11.8 2.5 3 #73.1
9/3/10 1064 11.8 2.5 3 #73.2 3%/36%

#84 - MS 6/8/10 1064 11.8 2.5 3 #74.1
9/8/10 1064 11.8 2.5 3 #74.2

12/8/10 1064 11.8 2.5 3 #74.3 21%/49%

#85 - DC 6/15/10 1064 11.8 2.5 3 #75.1
10/11/10 1064 11.8 2.5 3 #75.2 56%/45%

#86 - LZ 6/15/10 1064 11.8 2.5 3 #76.1
9/15/10 1064 11.8 2.5 3 #76.2 81%/100%

#87 - DS 7/6/10 1064 11.8 2.5 3 #77.3 Left
10/5/10 1064 11.8 2.5 3 #77.2L 69%/83%

#88 - DS 7/6/10 1064 11.8 2.5 3 #77.1l Right
10/5/10 1064 11.8 2.5 3 #77.4 77%/68%

# 89 - CR 7/14/10 1064 11.8 2.5 3 #78.1L Left
10/29/10 1064 11.8 2.5 3 #78.2L 27%/86%

#90 - CR 7/14/10 1064 11.8 2.5 3 #78.3 Right
10/29/10 1064 11.8 2.5 3 #78.4 57%/79%

#91 - VC 8/3/10 1064 11.8 2.5 3 #79.1L Left
11/2/10 1064 11.8 2.5 3 #79.2L 0%/37%

#92 - VC 8/3/10 1064 11.8 2.5 3 #79.3 Right
11/2/10 1064 11.8 2.5 3 #79.4 28%/56%

#93 - TD 8/4/10 1064 11.8 2.5 3 #80.1
11/3/10 ` 11.8 2.5 3 #80.2 0%/32%

# 94 - PS 9/15/10 1064 6.5 3.5 3 #81.1L Left
12/15/10 1064 11.8 2.5 3 #81.2L 58%/83%

# 95 -PS 9/15/10 1064 6.5 3.5 3 #81.3 Right
12/15/10 1064 11.8 2.5 3 #81.4 48%/68%

#96 - SR 11/16/10 1064 11.8 2.5 5 #82.1
3/15/10 1064 11.8 2.5 5 #82.2 79%/88%

# 97 - LD 1/17/11 1064 6.5 3.5 5 #83,1r Right
5/16/11 #83.2r No treatment 24%/91%

#98 - LD 1/17/11 1064 6.5 3.5 5 #83.1l Left
5/16/11 #83.2l No treatment 12%/95%

#99 - KS 1/18/11 1064 6.5 3.5 5 #84.1
5/16/11 1064 11.8 2.5 5 #84.2 60%/60%

#100 - DD 10/20/10 1064 11.8 2.5 5 #85.1
1/20/11 1064/532 6.5 3.5 5 #85.2 0%/47%
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Case #

STUDY 
PERIOD        
Months 

Post Initial 
Tx

Use of 532 
nm

 Treatment 
Fluence 
Level: 

(L)ow<5, 
(M)edium 5-8, 
(H)igh 8-12, 
(V)ariable

Number of 
Tx- prior 
to last 

observatio
n

Clearance of 
Dystrophy 
(post-pre)÷ 

(1-pre)

1 9. 0 L 1 100%
2 7. 0 V 2 100%
3 7. 0 V 2 22%
4 9. 0 H 1 50%
5 7.5 0 M 1 100%
6 7.5 0 M 1 100%
7 12. Last Only V 3 56%
8 12. Last Only V 3 55%
9 9. Last Only M 1 57%

10 9. 0 M 1 36%
11 5. 0 L 1 89%
12 6. 0 M 2 30%
13 4.5 0 M 1 91%
14 4.5 0 M 1 92%
15 4. 0 M 1 91%
16 6. 0 M 1 100%
17 6. 0 M 1 100%
18 3. 0 M 1 88%
19 7.7 0 M 1 100%
20 5.5 0 H 2 82%
21 6. 0 H 2 83%
22 3. 0 M 1 91%
23 6.5 0 H 2 29%
24 4. 0 H 1 100%
25 4. 0 H 1 64%
26 7.8 0 H 1 42%
27 6.5 0 H 1 65%
28 3. 0 H 1 75%
29 6. 0 H 1 17%
30 8. 0 H 1 90%
31 3.2 0 H 1 94%
32 6. 0 H 1 82%
33 8. 0 H 1 38%
34 3. 0 H 1 70%
35 6.5 0 M 1 90%
36 6. 0 M 1 72%
37 5.8 0 H 2 63%
38 6. 0 L 1 50%
39 3.5 0 H 1 63%
40 4. 0 H 1 75%
41 4. Last M 1 92%
42 4. Last M 1 96%
43 4.2 0 H 1 97%
44 5.5 0 M 1 59%
45 8.4 2.8 post V 2 65%
46 3. 0 H 1 34%
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47 10.4 Last M 1 43%
48 9.6 Last H 1 42%
49 8.8 Last H 2 59%
50 5.8 Last H 2 5%
51 6. 0 H 1 12%
52 8.8 Last H 2 14%
53 5.5 0 H 1 17%
54 9.7 0 V 2 39%
55 3.5 0 H 1 29%
56 6. Last H 1 22%
57 6. 0 H 1 31%
58 2.8 0 H 1 67%
59 2.8 0 H 1 79%
60 6. 0 M 2 55%
61 6. 0 M 2 34%
62 6. 0 M,H 2 19%
63 6.8 3.2 post V 2 90%
64 2.8 0 H 1 37%
65 4. Last H 1 29%
66 4. Last H 1 43%
67 4. 0 H 1 38%
68 5.6 0 H 1 25%
69 3. 0 H 1 11%
70 3. 0 H 1 75%
71 4. 0 H 1 43%
72 3. 0 H 1 -17%
73 3. 0 H 1 92%
74 6.2 0 L 1 11%
75 6. 0 M 1 94%
76 6.2 0 H 2 46%
77 3. 0 H 1 81%
78 6. 0 H 2 23%
79 3.8 0 H 1 81%
80 4. 0 H 1 0%
81 3.7 0 H 1 12%
82 3. 0 H 1 67%
83 3.3 0 H 1 34%
84 6. 0 H 2 35%
85 4. 0 H 1 -25%
86 3. 0 H 1 100%
87 3. 0 H 1 45%
88 3. 0 H 1 -39%
89 3.2 0 H 1 81%
90 3.2 0 H 1 51%
91 3. 0 H 1 37%
92 3. 0 H 1 39%
93 3. 0 H 1 32%
94 3. 0 M 1 60%
95 3. 0 M 1 38%
96 4. 0 H 1 43%
97 4. 0 M 1 88%
98 4. 0 M 1 94%
99 4. 0 M 1 0%

100 3. Last H 1 47%
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Statistics
100

Alpha value (for confidence interval) 0.02

Count 100 Skewness -0.1173
All Tx Count Cumulative CountPercent Cumulative Percent Mean 56.21752 Skewness Standard Error 0.23895
Up To 10 6. 6. 0.06 0.06 Mean LCL 48.98626 Kurtosis 1.8285
10 To 20 8. 14. 0.08 0.14 Mean UCL 63.44877 Kurtosis Standard Error 0.46393
20 To 30 8. 22. 0.08 0.22 Variance 935.21168 Alternative Skewness (Fisher's) -0.11909
30 To 40 14. 36. 0.14 0.36 Standard Deviation 30.58123 Alternative Kurtosis (Fisher's) -1.16977
40 To 50 11. 47. 0.11 0.47 Mean Standard Error 3.05812 Coefficient of Variation 0.54398
50 To 60 8. 55. 0.08 0.55 Minimum 0.E+0 Mean Deviation 26.54253
60 To 70 8. 63. 0.08 0.63 Maximum 100. Second Moment 925.85956
70 To 80 5. 68. 0.05 0.68 Range 100. Third Moment -3,304.58012
80 To 90 11. 79. 0.11 0.79 Sum 5,621.75158 Fourth Moment 1,567,422.06624
90 To 100 21. 100. 0.21 1. Sum Standard Error 305.81231 Median 55.36726
More 0.E+0 100. 0.E+0 1. Total Sum Squares 408,626.86431 Median Error 0.38328

Adjusted Sum Squares 92,585.9562 Percentile 25% (Q1) 34.
Geometric Mean 41.47678 Percentile 75% (Q2) 88.15789
Harmonic Mean 41.29189 IQR 54.15789
Mode 100. MAD 25.86585

One-Sample z-Test

All Tx
Mean 56.21752 56±7% Clearance of dystrophic nails
Variance 935.21168 achieved within Study Population
Sample size 100

Significance and Confidence 98%
p-level 0.02
Hypothesized Population Mean 56.22
Population Variance 935.21
Mean Difference -0.00248
Mean Difference - 98% LCL -7.11674
Mean Difference - 98% UCL 7.11177
Standard Error 3.05812

z -0.00081
P(Z<=z) - One-tailed distribution 0.49968

Note: At Entry ( Pre-Tx#1) All Subjects Are at 0% Clearance, by Definition of Metric. z Critical Value - One-tailed distribution 2.05375
P(Z<=z) - Two-tailed distribution 0.99935
z Critical Value - Two-tailed distribution 2.32635

Normality Test
Data with >80% "Cured Outliers" Stripped is nearyl Normal - This verifies statistical assumptions and significance (p-level) and confidence (alpha value) levels for data distribution

Statistics
68

Alpha value (for confidence interval) 0.02

Count 68 Skewness -0.12273
Clearance of Dystrophy<80Count Cumulative CountPercent Cumulative Percent Mean 39.30918 Skewness Standard Error 0.28646
Up To 10 6. 6. 0.08824 0.08824 Mean LCL 33.14227 Kurtosis 2.20345
10 To 20 8. 14. 0.11765 0.20588 Mean UCL 45.47609 Kurtosis Standard Error 0.54856
20 To 30 8. 22. 0.11765 0.32353 Variance 455.28747 Alternative Skewness (Fisher's) -0.12552
30 To 40 14. 36. 0.20588 0.52941 Standard Deviation 21.33747 Alternative Kurtosis (Fisher's) -0.76467
40 To 50 11. 47. 0.16176 0.69118 Mean Standard Error 2.58755 Coefficient of Variation 0.54281
50 To 60 8. 55. 0.11765 0.80882 Minimum 0.E+0 Mean Deviation 17.2229
60 To 70 8. 63. 0.11765 0.92647 Maximum 78.57143 Second Moment 448.59207
70 To 80 5. 68. 0.07353 1. Range 78.57143 Third Moment -1,166.10691
80 To 90 0.E+0 68. 0.E+0 1. Sum 2,673.02445 Fourth Moment 443,411.47483
90 To 100 0.E+0 68. 0.E+0 1. Sum Standard Error 175.95326 Median 38.64253
More 0.E+0 68. 0.E+0 1. Total Sum Squares 135,578.66813 Median Error 0.39327

Adjusted Sum Squares 30,504.26074 Percentile 25% (Q1) 25.
Geometric Mean 28.52147 Percentile 75% (Q2) 57.29167
Harmonic Mean 32.80652 IQR 32.29167
Mode 0.E+0 MAD 16.48352

One-Sample z-Test

Clearance of Dystrophy<80%
Mean 39.30918
Variance 455.28747
Sample size 68

p-level 0.02
Hypothesized Population Mean 39.
Population Variance 455.
Mean Difference 0.30918
Mean Difference - 98% LCL -5.70845
Mean Difference - 98% UCL 6.32682
Standard Error 2.58673

z 0.11953
P(Z<=z) - One-tailed distribution 0.45243
z Critical Value - One-tailed distribution 2.05375
P(Z<=z) - Two-tailed distribution 0.90486
z Critical Value - Two-tailed distribution 2.32635

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of All Tx

Variable #1 (All Tx)

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of Clearance of Dystrophy<80

Variable #1 (Clearance of Dystrophy<80%)
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4.1-T<6mos Light Age Confidential Page 1

Statistics
57 Alpha value (for confidence interval) 0.02

Variable #1 (T<6 months)
Count 57 Skewness -0.34806

T<6 months Count Cumulative Count Percent Cumulative Percent Mean 56.56613 Skewness Standard Error 0.31073
Up To 10 6. 6. 0.10526 0.10526 Mean LCL 46.57914 Kurtosis 1.90626
10 To 20 3. 9. 0.05263 0.15789 Mean UCL 66.55312 Kurtosis Standard Error 0.59015
20 To 30 3. 12. 0.05263 0.21053 Variance 991.29973 Alternative Skewness (Fisher's) -0.35754
30 To 40 8. 20. 0.14035 0.35088 Standard Deviation 31.48491 Alternative Kurtosis (Fisher's) -1.08298
40 To 50 5. 25. 0.08772 0.4386 Mean Standard Error 4.17028 Coefficient of Variation 0.5566
50 To 60 3. 28. 0.05263 0.49123 Minimum 0.E+0 Mean Deviation 27.38642
60 To 70 6. 34. 0.10526 0.59649 Maximum 100. Second Moment 973.90851
70 To 80 4. 38. 0.07018 0.66667 Range 100. Third Moment -10,578.76252
80 To 90 7. 45. 0.12281 0.78947 Sum 3,224.26955 Fourth Moment 1,808,084.35836
90 To 100 12. 57. 0.21053 1. Sum Standard Error 237.70588 Median 62.90323
More 0.E+0 57. 0.E+0 1. Total Sum Squares 237,897.24343 Median Error 0.69229

Adjusted Sum Squares 55,512.78493 Percentile 25% (Q1) 34.76546
Geometric Mean 37.73914 Percentile 75% (Q2) 87.99342
Harmonic Mean 44.20163 IQR 53.22796
Mode 0.E+0 MAD 25.90323

T<6 months
Mean 56.56613
Variance 991.29973
Sample size 57

p-level 0.02
Hypothesized Population Mean 56.57
Population Variance 991.3
Mean Difference -0.00387
Mean Difference - 98% LCL -9.70539
Mean Difference - 98% UCL 9.69765
Standard Error 4.17028

z -0.00093
P(Z<=z) - One-tailed distribution 0.49963
z Critical Value - One-tailed distribution 2.05375
P(Z<=z) - Two-tailed distribution 0.99926
z Critical Value - Two-tailed distribution 2.32635

Note: At Entry ( Pre-Tx#1) All Subjects Are at 0% Clearance, by Definition of Metric.

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of T<6 months

One-Sample z-Test
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34 Alpha value (for confidence interval) 0.02

Count 34 Skewness 0.11439
Mean 56.47924 Skewness Standard Error 0.39102

6!T<9 monthsCount Cumulative CountPercent Cumulative Percent Mean LCL 43.02017 Kurtosis 1.47989
Up To 10 0.E+0 0.E+0 0.E+0 0.E+0 Mean UCL 69.93831 Kurtosis Standard Error 0.71772
10 To 20 5. 5. 0.14706 0.14706 Variance 1,030.44336 Alternative Skewness (Fisher's) 0.11974
20 To 30 5. 10. 0.14706 0.29412 Standard Deviation 32.10052 Alternative Kurtosis (Fisher's) -1.57029
30 To 40 4. 14. 0.11765 0.41176 Mean Standard Error 5.50519 Coefficient of Variation 0.56836
40 To 50 3. 17. 0.08824 0.5 Minimum 11. Mean Deviation 28.63308
50 To 60 2. 19. 0.05882 0.55882 Maximum 100. Second Moment 1,000.1362
60 To 70 2. 21. 0.05882 0.61765 Range 89. Third Moment 3,618.07437
70 To 80 1. 22. 0.02941 0.64706 Sum 1,920.29416 Fourth Moment 1,480,288.67218
80 To 90 4. 26. 0.11765 0.76471 Sum Standard Error 187.17659 Median 52.47253
90 To 100 8. 34. 0.23529 1. Total Sum Squares 142,461.38572 Median Error 1.1833
More 0.E+0 34. 0.E+0 1. Adjusted Sum Squares 34,004.63091 Percentile 25% (Q1) 29.28571

Geometric Mean 46.09396 Percentile 75% (Q2) 89.99844
Harmonic Mean 35.87448 IQR 60.71272
Mode 100. MAD 30.54602

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of 6!T<9 months

Variable #1 (6!T<9 mos)
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9
Alpha value (for confidence interval) 0.02

Count 9 Skewness 1.73547
T?9 mos Count Cumulative CountPercent Cumulative Percent Mean 53.02087 Skewness Standard Error 0.63246
Up To 10 0.E+0 0.E+0 0.E+0 0.E+0 Mean LCL 34.42643 Kurtosis 5.13319
10 To 20 0.E+0 0.E+0 0.E+0 0.E+0 Mean UCL 71.61532 Kurtosis Standard Error 0.91856
20 To 30 0.E+0 0.E+0 0.E+0 0.E+0 Variance 370.91466 Alternative Skewness (Fisher's) 2.10371
30 To 40 2. 2. 0.22222 0.22222 Standard Deviation 19.25914 Alternative Kurtosis (Fisher's) 5.20607
40 To 50 3. 5. 0.33333 0.55556 Mean Standard Error 6.41971 Coefficient of Variation 0.36324
50 To 60 3. 8. 0.33333 0.88889 Minimum 36.08247 Mean Deviation 12.39101
60 To 70 0.E+0 8. 0.E+0 0.88889 Maximum 100. Second Moment 329.70192
70 To 80 0.E+0 8. 0.E+0 0.88889 Range 63.91753 Third Moment 10,389.63069
80 To 90 0.E+0 8. 0.E+0 0.88889 Sum 477.18787 Fourth Moment 557,994.64346
90 To 100 1. 9. 0.11111 1. Sum Standard Error 57.77743 Median 50.
More 0.E+0 9. 0.E+0 1. Total Sum Squares 28,268.23516 Median Error 2.68197

Adjusted Sum Squares 2,967.3173 Percentile 25% (Q1) 41.99578
Geometric Mean 50.62725 Percentile 75% (Q2) 56.91612
Harmonic Mean 48.78348 IQR 14.92034
Mode #N/A MAD 7.33333

No# of valid cases

Results for layer #1
Frequency distribution of T!9 mos

Variable #1 (9!T!12 mos)
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5-Fluence Dependence Light Age Confidential Page 1

27
Alpha value (for confidence interval) 0.02

Count 27 Skewness -0.94129
Medium      (5-8 J/cm2)Count Cumulative CountPercent Cumulative Percent Mean 73.72828 Skewness Standard Error 0.43095
Up To 10 1. 1. 0.03704 0.03704 Mean LCL 60.29754 Kurtosis 2.80387
10 To 20 0.E+0 1. 0.E+0 0.03704 Mean UCL 87.15903 Kurtosis Standard Error 0.77402
20 To 30 1. 2. 0.03704 0.07407 Variance 792.75822 Alternative Skewness (Fisher's) -0.99759
30 To 40 3. 5. 0.11111 0.18519 Standard Deviation 28.15596 Alternative Kurtosis (Fisher's) 0.02203
40 To 50 1. 6. 0.03704 0.22222 Mean Standard Error 5.41862 Coefficient of Variation 0.38189
50 To 60 4. 10. 0.14815 0.37037 Minimum 0.E+0 Mean Deviation 24.24404
60 To 70 0.E+0 10. 0.E+0 0.37037 Maximum 100. Second Moment 763.39681
70 To 80 1. 11. 0.03704 0.40741 Range 100. Third Moment -19,854.14243
80 To 90 2. 13. 0.07407 0.48148 Sum 1,990.66368 Fourth Moment 1,634,024.79943
90 To 100 14. 27. 0.51852 1. Sum Standard Error 146.30267 Median 90.12346
More 0.E+0 27. 0.E+0 1. Total Sum Squares 167,379.9319 Median Error 1.30697

Adjusted Sum Squares 20,611.71383 Percentile 25% (Q1) 56.70501
Geometric Mean 61.2687 Percentile 75% (Q2) 94.62753
Harmonic Mean 68.59835 IQR 37.92251
Mode 100. MAD 9.87654

Sensitivity Test
90-100% Outliers stripped
Alpha value (for confidence interval) 0.02

Count 12 Skewness 0.46202
Mean 54.94788 Skewness Standard Error 0.58177
Mean LCL 39.36537 Kurtosis 2.06004
Mean UCL 70.53038 Kurtosis Standard Error 0.91655
Variance 394.39528 Alternative Skewness (Fisher's) 0.53082
Standard Deviation 19.85939 Alternative Kurtosis (Fisher's) -0.76016
Mean Standard Error 5.73291 Coefficient of Variation 0.36142
Minimum 30. Mean Deviation 15.618
Maximum 88.15789 Second Moment 361.52901
Range 58.15789 Third Moment 3,175.97151
Sum 659.37453 Fourth Moment 269,253.85553
Sum Standard Error 68.79494 Median 56.11836
Total Sum Squares 40,569.57899 Median Error 2.07417
Adjusted Sum Squares 4,338.34812 Percentile 25% (Q1) 38.46154
Geometric Mean 51.74643 Percentile 75% (Q2) 71.83099
Harmonic Mean 48.75643 IQR 33.36945
Mode #N/A MAD 16.68472

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of Medium      (5-8 J/cm2)

Variable #1 (Medium      (5-8 J/cm2))

Variable #1 (0)
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61
Alpha value (for confidence interval) 0.02

Count 61 Skewness 0.10008
High             (>8-12 J/cm2)Count Cumulative CountPercent Cumulative Percent Mean 48.12296 Skewness Standard Error 0.30121
Up To 10 5. 5. 0.08197 0.08197 Mean LCL 39.41143 Kurtosis 1.99721
10 To 20 6. 11. 0.09836 0.18033 Mean UCL 56.8345 Kurtosis Standard Error 0.57398
20 To 30 6. 17. 0.09836 0.27869 Variance 810.36422 Alternative Skewness (Fisher's) 0.10262
30 To 40 10. 27. 0.16393 0.44262 Standard Deviation 28.4669 Alternative Kurtosis (Fisher's) -0.98491
40 To 50 9. 36. 0.14754 0.59016 Mean Standard Error 3.64481 Coefficient of Variation 0.59154
50 To 60 2. 38. 0.03279 0.62295 Minimum 0.E+0 Mean Deviation 24.02974
60 To 70 7. 45. 0.11475 0.7377 Maximum 100. Second Moment 797.07956
70 To 80 4. 49. 0.06557 0.80328 Range 100. Third Moment 2,252.21569
80 To 90 7. 56. 0.11475 0.91803 Sum 2,935.50078 Fourth Moment 1,268,900.38775
90 To 100 5. 61. 0.08197 1. Sum Standard Error 222.33357 Median 42.85714
More 0.E+0 61. 0.E+0 1. Total Sum Squares 189,886.84994 Median Error 0.58488

Adjusted Sum Squares 48,621.85309 Percentile 25% (Q1) 29.09127
Geometric Mean 33.93624 Percentile 75% (Q2) 74.90079
Harmonic Mean 35.88727 IQR 45.80953
Mode 0.E+0 MAD 22.25914

90-100% Outliers stripped
Alpha value (for confidence interval) 0.02

Count 55 Skewness 0.04658
Mean 43.68486 Skewness Standard Error 0.31584
Mean LCL 35.3671 Kurtosis 1.96519
Mean UCL 52.00262 Kurtosis Standard Error 0.59875
Variance 662.05036 Alternative Skewness (Fisher's) 0.04789
Standard Deviation 25.73034 Alternative Kurtosis (Fisher's) -1.01788
Mean Standard Error 3.46948 Coefficient of Variation 0.589
Minimum 0.E+0 Mean Deviation 21.26355
Maximum 89.87342 Second Moment 650.01308
Range 89.87342 Third Moment 771.89462
Sum 2,402.66729 Fourth Moment 830,326.0237
Sum Standard Error 190.8213 Median 41.77215
Total Sum Squares 140,710.9031 Median Error 0.58633
Adjusted Sum Squares 35,750.71932 Percentile 25% (Q1) 27.67857
Geometric Mean 30.64343 Percentile 75% (Q2) 66.66667
Harmonic Mean 33.78517 IQR 38.9881
Mode 0.E+0 MAD 21.22785

Variable #1 (50)

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of High             (>8-12 J/cm2)

Variable #1 (High             (>8-12 J/cm2))
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79
Alpha value (for confidence interval) 0.02

Count 79 Skewness -0.25327
1 Tx Only Count Cumulative CountPercent Cumulative Percent Mean 58.45818 Skewness Standard Error 0.2671
Up To 10 5. 5. 0.06329 0.06329 Mean LCL 50.07302 Kurtosis 1.84705
10 To 20 6. 11. 0.07595 0.13924 Mean UCL 66.84335 Kurtosis Standard Error 0.51455
20 To 30 4. 15. 0.05063 0.18987 Variance 984.6514 Alternative Skewness (Fisher's) -0.25819
30 To 40 11. 26. 0.13924 0.32911 Standard Deviation 31.37916 Alternative Kurtosis (Fisher's) -1.14942
40 To 50 10. 36. 0.12658 0.4557 Mean Standard Error 3.53043 Coefficient of Variation 0.53678
50 To 60 4. 40. 0.05063 0.50633 Minimum 0.E+0 Mean Deviation 27.49052
60 To 70 6. 46. 0.07595 0.58228 Maximum 100. Second Moment 972.18745
70 To 80 5. 51. 0.06329 0.64557 Range 100. Third Moment -7,677.15647
80 To 90 8. 59. 0.10127 0.74684 Sum 4,618.19641 Fourth Moment 1,745,736.33857
90 To 100 20. 79. 0.25316 1. Sum Standard Error 278.90403 Median 59.52381
More 0.E+0 79. 0.E+0 1. Total Sum Squares 346,774.1769 Median Error 0.49782

Adjusted Sum Squares 76,802.80888 Percentile 25% (Q1) 36.77062
Geometric Mean 42.0519 Percentile 75% (Q2) 90.34259
Harmonic Mean 46.75536 IQR 53.57197
Mode 100. MAD 27.97619

Sensitivity Test
Stripping 90% outliers
Alpha value (for confidence interval) 0.02

Count 59 Skewness -0.06226
Mean 45.83176 Skewness Standard Error 0.30586
Mean LCL 37.71856 Kurtosis 2.08095
Mean UCL 53.94496 Kurtosis Standard Error 0.5819
Variance 678.54173 Alternative Skewness (Fisher's) -0.0639
Standard Deviation 26.04883 Alternative Kurtosis (Fisher's) -0.89295
Mean Standard Error 3.39127 Coefficient of Variation 0.56836
Minimum 0.E+0 Mean Deviation 21.43617
Maximum 89.87342 Second Moment 667.04102
Range 89.87342 Third Moment -1,072.5895
Sum 2,704.07377 Fourth Moment 925,905.93927
Sum Standard Error 200.08489 Median 42.85714
Total Sum Squares 163,287.87716 Median Error 0.55335
Adjusted Sum Squares 39,355.42008 Percentile 25% (Q1) 30.75457
Geometric Mean 31.82983 Percentile 75% (Q2) 67.5
Harmonic Mean 39.85577 IQR 36.74543
Mode 0.E+0 MAD 20.87912

Variable #1 (1 Tx Only)

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of 1 Tx Only

Variable #1 (1 Tx Only)
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21
Alpha value (for confidence interval) 0.02

Count 21 Skewness 0.34363
2-3 Tx Count Cumulative CountPercent Cumulative Percent Mean 47.78834 Skewness Standard Error 0.47673
Up To 10 1. 1. 0.04762 0.04762 Mean LCL 33.24818 Kurtosis 2.18216
10 To 20 2. 3. 0.09524 0.14286 Mean UCL 62.3285 Kurtosis Standard Error 0.83101
20 To 30 4. 7. 0.19048 0.33333 Variance 694.72252 Alternative Skewness (Fisher's) 0.37065
30 To 40 3. 10. 0.14286 0.47619 Standard Deviation 26.35759 Alternative Kurtosis (Fisher's) -0.70132
40 To 50 1. 11. 0.04762 0.52381 Mean Standard Error 5.7517 Coefficient of Variation 0.55155
50 To 60 4. 15. 0.19048 0.71429 Minimum 5. Mean Deviation 21.85193
60 To 70 2. 17. 0.09524 0.80952 Maximum 100. Second Moment 661.64049
70 To 80 0.E+0 17. 0.E+0 0.80952 Range 95. Third Moment 5,848.25391
80 To 90 3. 20. 0.14286 0.95238 Sum 1,003.55517 Fourth Moment 955,278.5762
90 To 100 1. 21. 0.04762 1. Sum Standard Error 120.78565 Median 46.06742
More 0.E+0 21. 0.E+0 1. Total Sum Squares 61,852.68741 Median Error 1.57306

Adjusted Sum Squares 13,894.45036 Percentile 25% (Q1) 28.92857
Geometric Mean 39.38279 Percentile 75% (Q2) 64.47581
Harmonic Mean 28.68315 IQR 35.54724
Mode #N/A MAD 17.49599

Stripping 90% outlier
Alpha value (for confidence interval) 0.02

Count 19 Skewness 0.35151
Mean 47.29238 Skewness Standard Error 0.49543
Mean LCL 33.95901 Kurtosis 2.05219
Mean UCL 60.62575 Kurtosis Standard Error 0.85149
Variance 518.49318 Alternative Skewness (Fisher's) 0.38239
Standard Deviation 22.77045 Alternative Kurtosis (Fisher's) -0.8574
Mean Standard Error 5.2239 Coefficient of Variation 0.48148
Minimum 14.44444 Mean Deviation 19.12603
Maximum 89.87342 Second Moment 491.20407
Range 75.42897 Third Moment 3,826.77325
Sum 898.55517 Fourth Moment 495,155.10179
Sum Standard Error 99.25407 Median 46.06742
Total Sum Squares 51,827.68741 Median Error 1.50203
Adjusted Sum Squares 9,332.87728 Percentile 25% (Q1) 29.64286
Geometric Mean 41.80059 Percentile 75% (Q2) 63.42742
Harmonic Mean 36.38891 IQR 33.78456
Mode #N/A MAD 16.83581

Variable #1 (2-3 Tx)

Variable #1 (5)

Histogram
No# of valid cases

Results for layer #1
Frequency distribution of 2-3 Tx
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Lasers in Onychomycosis
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Abstract:	  	   	  1	  

Laser	   systems	   are	   an	   emerging	   device-‐based	   therapy	   for	   onychomycosis.	   To	   date,	   reported	  2	  

clinical	  efficacies,	  as	  well	  as	  anecdotal	  clinical	  results,	  have	  varied	  greatly,	  and	  the	  specific	  mechanism	  of	  3	  

action	  has	  not	  been	  well-‐elucidated.	   	  Here,	  we	  provide	   a	  distillation	  of	   reported	  data	   and	  provide	  an	  4	  

overview	  of	  the	  mechanisms	  of	  action	  involved	  together	  with	  discussion	  of	  how	  these	  are	  impacted	  by	  5	  

various	   laser	  properties.	   This	  provides	  a	   clearer	   view	  of	  why	   clinical	   results	  have	  been	   so	  diverse	  and	  6	  

what	  is	  needed	  for	  more	  effective	  laser	  therapies.	  7	  

	   	  8	  
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Capsule	  Summary:	  9	  

• Laser	  therapy	  is	  a	  new	  treatment	  option	  for	  onychomycosis.	  10	  

• This	  article	  describes	  the	  specific	  parameters	  that	  must	  be	  optimized	  for	  effective	  laser	  11	  

treatment	  of	  onychomycosis	  .	  	  12	  

• This	   article	   lays	   a	   blueprint	   for	   future	   optimization	   of	   laser	   therapies	   for	   onychomycosis	   and	  13	  

helps	  practitioners	  to	  evaluate	  the	  parameters	  of	  existing	  laser	  systems.	  	   	  14	  
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Introduction	  15	  

	   Onychomycosis	  is	  a	  fungal	  infection	  of	  the	  finger	  or	  toenails.1	  It	  comprises	  roughly	  50%	  of	  all	  nail	  16	  

disorders	   and	   has	   a	   global	   prevalence	   between	   2	   and	   8%.2	   The	   primary	   pathogens	   are	   80-‐90%	  17	  

dermatophytes,	   2-‐10%	   yeasts	   and	   2-‐11%	   non-‐dermatophyte	   molds.3–11	   Pharmacotherapy	   in	  18	  

onychomycosis	   is	  often	  unsuccessful,	  with	  20-‐25%	  rate	  of	  relapse/recurrence.12,13	  Older	  adults	  are	  at	  a	  19	  

higher	  risk	  of	  onychomycosis	  due	  to	  reduced	  peripheral	  circulation,	  brittle	  nails,	  and	  other	  predisposing	  20	  

health	   conditions.13	   Onychomycosis	   has	   frequent	   comorbidity	   with	   diabetes14,	   HIV15,	  21	  

immunosupression16,	   peripheral	   vascular	   disease,	   and	   smoking17.	   This	   is	   problematic	   because	   these	  22	  

patients	   typically	   require	   pharmacotherapy	   for	   their	   primary	   disorder	   with	   regimens	   that	   may	  23	  

contraindicate	  use	  of	  current	  anti-‐fungal	  systemic	  drugs.18,19	  24	  

	   The	  “gold	  standard”	  for	  onychomycosis	  therapy	  has	  been	  oral	  antifungal	  therapy.20,21	  This	  can	  be	  25	  

problematic,	   as	   allylamine	   and	   azole	   compounds	   can	   have	   substantial	   drug	   and	   hepatic	   interactions,	  26	  

which	  preclude	  individuals	  with	  comorbidities	  such	  as	  heart	  disease,	  diabetes	  or	  renal	  dysfunction	  and	  27	  

may	   be	   contraindicated	   in	   the	   case	   of	   early	   recurrence.20–23	   Topical	   antifungals	   are	   preferred	   in	  28	  

individuals	  who	  cannot,	  or	  choose	  not	  to,	  take	  oral	  antifungals.	  The	  two	  original	  topical	  drugs,	  ciclopirox	  29	  

and	  amorolfine	  have	  limited	  efficacy.24,25	  New	  topicals	  such	  as	  efinaconazole	  and	  tavaborole	  may	  have	  30	  

improved	   efficacy,	   but	   are	   new	  molecules	   that	   are	   not	   yet	   available	   for	   widespread	   use.26,27	   Topical	  31	  

antifungals	   require	   extended	   periods	   of	   administration	   and	   their	   efficacy	   depends	   upon	   patient	  32	  

compliance.	  	  33	  

	   Laser	   therapy	   for	   onychomycosis	   is	   an	   alternative	   solution	   to	   the	   issues	   that	   present	   with	  34	  

pharmacotherapy.	  Laser	  therapy	  uses	  light-‐energy	  to	  cause	  physiological	  effects,	  with	  limited	  potential	  35	  

for	   adverse	   events.	   Ideally,	   laser	   therapy	  would	   be	   a	   clinic-‐based	   procedure	  without	   requirement	   for	  36	  

patient	  compliance	  at	  home.	  The	  use	  of	   lasers	   in	  onychomycosis	   is	  a	  new	  and	  developing	   field,	  as	   the	  37	  
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parameters	  for	  optimal	  laser	  therapy	  regimens	  are	  still	  being	  examined.	  Here,	  the	  mechanism	  of	  action	  38	  

for	  lasers	  in	  onychomycosis	  is	  discussed,	  along	  with	  an	  examination	  of	  the	  important	  device	  parameters	  39	  

involved	  in	  achieving	  a	  cure.	  	   	  40	  
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Mechanism	  of	  Action	  41	  

	   Lasers	   emit	   narrow-‐spectra	   light	   to	   achieve	   photo-‐effects	   in	   targeted	  materials.	   These	   effects	  42	  

can	   induce	   photochemical,	   photomechanical	   and	   photothermal	   change	   in	   the	   target.	   As	   history	   has	  43	  

shown,	   laser-‐tissue	   interactions	   can	   be	   safe	   and	   effective,	   however,	   these	   sometimes	   have	   energetic	  44	  

requirements	   that	   exceed	   the	   safety	   parameters	   approved	   for	   clinical	   use	   in	   patients.	   The	   primary	  45	  

mechanism	  of	  action	  for	  most	  approved	  medical	  laser	  therapies	  is	  photothermal,	  where	  light	  energy	  is	  46	  

converted	   into	   heat	   in	   the	   absorbing	   tissue.	   Selective	   photothermolysis	   is	   the	   specific	   targeting	   of	  47	  

certain	  tissue	  or	  foreign	  matter,	  causing	  locally	  confined	  heating	  with	  the	  intention	  of	  causing	  minimal	  48	  

effects	  in	  the	  surrounding	  tissue.28	  Usually	  this	   is	  accomplished	  by	  matching	  the	  wavelength	  of	   light	  to	  49	  

some	   target-‐specific	   chromophore,	   but	   other	   factors	   are	   important	   as	   well	   (see	   below).	   The	   goal	   in	  50	  

treating	  onychomycosis	  by	  thermal	  means	  has	  been	  to	   induce	  high	  temperatures	   in	   the	   fungal	  matter	  51	  

under	   the	   nail	   plate	   for	   long	   enough	   periods	   to	   cause	   fungal	   thermolysis;	   this,	   while	   keeping	   the	  52	  

surrounding	  tissue	  temperature	  below	  the	  threshold	  for	  pain	  and	  necrosis	  (≈45°C).29,30	  	   	  53	  
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Laser	  Selectivity	  54	  

	   To	  obtain	  a	  selective	  photothermolytic	  effect,	  there	  are	  several	   laser	  parameters	  that	  must	  be	  55	  

calibrated	   to	   selectively	   target	   fungal	   matter.	   These	   parameters	   include	   the	   wavelength,	   spatial	   and	  56	  

temporal	  pulse	  format,	  peak	  and	  average	  power,	  pulse	  energy,	  and	  spot	  size	  of	  the	  laser	  beam.31	  These	  57	  

parameters	   need	   to	   be	   designed	   to	   support	   the	   rapid	   accumulation	   and	   confinement	   of	   heat	   in	   the	  58	  

fungi,	  while	  keeping	  the	  temperature	  in	  the	  surrounding	  nail	  plate	  and	  nail	  bed	  low.	  	   	  59	  
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Wavelength	  60	  

The	   wavelength	   of	   the	   light	   is	   a	   primary	   laser	   parameter	   required	   for	   successful	   selective	  61	  

photothermolysis.	  The	  choice	  of	  wavelength	  is	  dictated	  by	  the	  choice	  and	  distribution	  of	  chromophores	  62	  

and	   the	   required	  penetration	  depth	  of	   the	   light.	  Photo-‐selectivity	   is	  based	  on	   the	  differential	   spectral	  63	  

characteristics	  of	  the	  target	  and	  its	  surroundings.	  Ideally,	  the	  target	  will	  have	  a	  strong	  absorption	  peak	  64	  

at	  a	  wavelength	  where	  the	  surrounding	  tissue	  absorbs	  weakly.	  However,	  if	  this	  is	  not	  possible,	  selective	  65	  

photothermolysis	  can	  be	  effective	  if	  the	  density	  of	  chromophores	  is	  much	  higher	  in	  the	  target	  than	  in	  its	  66	  

surroundings,	   so	   more	   heat	   is	   initially	   imparted	   into	   the	   target	   than	   into	   its	   surroundings.	   In	  67	  

dermatological	   applications,	   a	   penetration	   depth	   of	   several	  millimeters	   or	  more	   is	   typically	   required;	  68	  

wavelengths	   in	   the	   deep	   red	   or	   near	   infrared	   (750	   -‐1300	   nm)	   have	   been	   approved	   by	   the	   FDA	   for	  69	  

indications	   requiring	   deep	  penetration	   in	   all	   Fitzpatrick	   skin	   types.32	   For	   treatment	   of	   onychomycosis,	  70	  

the	  targeted	  chromophore	  should	  be	  abundant	   in	  fungal	  hyphae	  and	  conidia	  and	   less	  prevalent	   in	  the	  71	  

nail	   plate,	   nail	   bed	   and	   surrounding	   skin.	   Possible	   chromophores	   include	   chitin,	   melanin	   and	   other	  72	  

common	   fungal	   pigments.	   Differential	   absorption	   characteristics	   are	   commonly	   believed	   to	   be	   the	  73	  

singular	  consideration	  for	  selective	  photothermolysis;	  however,	  selectivity	  can	  be	  achieved	  even	  when	  74	  

the	   absorption	   characteristics	   disfavor	   the	   target	   relative	   to	   its	   surroundings	   by	   optimizing	   the	   other	  75	  

important	  laser	  parameters.	  	   	  76	  
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Temporal	  Pulse	  Format	  	  77	  

	   The	  temporal	  pulse	  format	  of	  the	  laser	  refers	  to	  the	  way	  the	  pulse	  energy	  is	  distributed	  in	  time,	  78	  

including	   pulse	   duration,	   substructure,	   and	   pulse	   repetition	   rate.	   For	   photothermal	   interaction	   to	   be	  79	  

selective	   it	   is	   commonly	   believed	   that	   the	   duration	   of	   the	   pulse	   must	   be	   shorter	   than	   the	   “thermal	  80	  

relaxation	  time”	  of	   the	  target.	  For	  a	  given	  target	   the	  thermal	   relaxation	  time	   is	   related	  to	   the	  target’s	  81	  

shape,	   size,	   and	   thermal	   diffusivity.	   28	   Fungal	   hyphae	   are	   cylindrical	   structures	  with	   a	   chitin	   cell	  wall,	  82	  

which	   is	   a	   better	   insulator	   than	   the	   dermal	   cell	   membrane.	   For	   a	   roughly	   cylindrical	   target	   having	   a	  83	  

diameter	  d	  and	  a	  diffusivity	  κ,	  the	  thermal	  relation	  time	  is	  roughly	  τr≈d2/16κ.,	  where	  κ	  is	  the	  ratio	  of	  the	  84	  

thermal	   conductivity	   to	   the	   volumetric	   heat	   capacity.	   Conidia	   are	   roughly	   spherical,	   and	   they	   have	   a	  85	  

denser	  cell	  wall	  than	  hyphae.	  Since	  heat	   loss	  occurs	  through	  the	  surface,	   in	  the	  typical	  “optically	  thin”	  86	  

case	  where	  absorption	   is	  volumetric,	   cylindrical	  hyphae	  would	  have	  a	   thermal	   relaxation	   time	  roughly	  87	  

3/4	   that	   of	   conidia	   of	   similar	   composition	   and	   dimension,	   but	   the	   relaxation	   time	   for	   long	   cylindrical	  88	  

mycelia	  would	  be	  only	  2/3	  that	  of	  the	  conidia	  (Figure	  1).	  For	  concerted	  thermal	  confinement	  (for	  both	  89	  

fungal	  structures)	   the	  pulse	  duration	  should	  be	  on	  a	   timescale	  on	  the	  order	  of	  a	   few	  microseconds	  or	  90	  

shorter.	  	  91	  

	   The	  temporal	  pulse	  format	  is	  also	  critical	  to	  selectivity,	  as	  proper	  spacing	  of	  pulse	  components	  92	  

permits	   dissipation	   of	   heat	   in	   healthy	   tissue.	   A	   proper	   choice	   of	   temporal	   format	   can	   promote	   large	  93	  

temperature	   differences	   between	   the	   target	   and	   its	   surroundings.	   Dermal	   cells	   have	   a	   more	   heat	  94	  

conductive	  cell	  membrane	  and	  higher	  water	  content	  than	  fungi,	  so	  they	  have	  a	  higher	  heat	  capacity	  and	  95	  

higher	  thermal	  conductivity	  than	  fungal	  cells.	  Ultimately,	  circulatory	  and	   lymphatic	  systems,	  as	  well	  as	  96	  

convective	  airflow	  (if	  any)	  and	  radiation,	  act	  to	  dissipate	  heat	  from	  the	  irradiated	  volume.	  Leveraging	  on	  97	  

this,	  an	  appropriate	  temporal	  pulse	  structure	  can	  be	  designed	  to	  keep	  dermal	  temperatures	  low,	  while	  98	  

maintaining	   heat	   confinement	   and	   promoting	   temperature	   increase	   in	   the	   fungal	   cells.	   For	   selective	  99	  
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fungalysis,	  effective	  temporal	  pulse	  formats	  contain	  pulse	  components	  shorter	  than	  thermal	  relaxation	  100	  

times,	  but	  with	  spacings	  long	  enough	  to	  permit	  heat	  dissipation	  from	  the	  dermis,	  yet	  not	  from	  the	  fungi.	  101	  

Microsecond	   temporal	   pulse	   formats	   having	   nanosecond	   components	   take	   advantage	   of	   the	  102	  

disparities	  in	  absorbance,	  heat	  capacity	  and	  thermal	  conductivity	  between	  the	  fungi	  and	  dermal	  tissue,	  103	  

as	  outlined	  above.	  Low	  absorbance	  of	  the	  dermal	  tissue	  reduces	  initial	  temperature	  increase	  and	  initial	  104	  

volumetric	   tissue	   heating.	   This	   produces	   a	   significant,	   but	   nonlethal	   and	   typically	   non-‐painful,	  105	  

temperature	   increase	   in	  the	  higher	  heat	  capacity	  dermal	  tissue.	  Heat	  absorbed	  by	  the	  dermal	  tissue	   is	  106	  

relatively	   quickly,	   dissipated	   due	   to	   its	   relatively	   high	   thermal	   conductivity	   and	   coupling	   into	   the	  107	  

circulatory	   system.	   Such	   is	   not	   the	   case	   for	   the	   drier,	   uncoupled	   fungi.	   With	   proper	   temporal	   pulse	  108	  

component	   spacing,	   as	   the	   next	   pulse	   components	   strike,	   the	   internal	   temperature	   of	   the	   fungal	  109	  

organism	   increases	   cumulatively,	   while	   the	   surrounding	   dermal	   tissue	   remains	   close	   to	   its	   baseline	  110	  

temperature.	   With	   optimized	   pulse	   structure,	   typically	   a	   pulse	   having	   pulse	   components	   with	   sub-‐111	  

microsecond	  durations	   and	   inter-‐component	   spacings	   of	  many	  microseconds,	   the	   fungal	   temperature	  112	  

increases	   in	   time	  beyond	  a	   fungicidal	   level,	  while	   the	  temperature	  of	   the	  surrounding	  tissue	   increases	  113	  

only	  marginally.	  In	  this	  way,	  high	  internal	  fungal	  temperatures	  can	  be	  generated	  for	  sufficient	  time	  to	  be	  114	  

lethal,	   without	   causing	   significant	   pain	   or	   damage	   to	   the	   surrounding	   tissue.	   Figure	   2	   illustrates	   this	  115	  

effect	  for	  the	  fungal	  “Target”	  and	  surrounding	  (“anti-‐targeted”)	  tissue	  temperatures.	   	  116	  
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Spatial	  Format	  117	  

Treatment	   consistency,	   penetration	   depth,	   irradiated	   tissue	   volume,	   and	   reduction	   of	   side	  118	  

effects	  all	  depend	  upon	  the	  spatial	  beam	  format.	  	  Spatially	  uniform	  beams	  that	  have	  no	  significant	  “hot	  119	  

spots”	  provide	  the	  most	  consistent	  treatments	  with	  reduced	  side	  effect.	  The	  effective	  penetration	  depth	  120	  

and	  the	  irradiated	  tissue	  volume	  both	  depends	  upon	  both	  spot	  size	  and	  beam	  shape.	  As	  light	  propagates	  121	  

through	   tissue	   it	   tends	   to	  disperse	   radially;	   as	  a	   consequence,	   the	  energy	   that	   falls	  on	  any	  given	  area	  122	  

(the	  “fluence”	  or	  light	  dose)	  reduces	  with	  depth.	  The	  rate	  fluence	  falls	  off	  with	  penetration	  depth	  can	  be	  123	  

reduced	  by	  using	  larger	  beam	  (spot)	  sizes;	  however,	  large,	  high	  energy	  beams	  heat	  large	  tissue	  volumes,	  124	  

and	  this	  can	  cause	  significant	  temperature	  rise	  for	  long	  enough	  to	  cause	  accompanying	  side	  effects.	  It	  is	  125	  

best	  to	  select	  a	  spot	  size	  (spot	  diameter)	  that	  provides	  the	  fluence	  needed	  to	  treat	  the	  fungal	  pathogen	  126	  

effectively.	  Typically,	  for	  deep	  red	  and	  near	  IR	  wavelengths,	  the	  spot	  size	  optimizes	  at	  roughly	  twice	  the	  127	  

required	  penetration	  depth,	   so	  optimal	   spot	   sizes	   tend	   to	  be	   in	   the	   few	  millimeter	   range.	   Larger	   spot	  128	  

sizes	  can	  still	  be	  effective,	  as	  long	  as	  the	  side	  effects	  remain	  tolerable.	  	   	  129	  
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Power	  and	  Energy	  Fluence	  130	  

	   For	   a	   given	   pulse	   duration	   and	   spot	   size,	   the	   pulse	   energy	   of	   the	   laser	   determines	   the	   peak	  131	  

power	   (energy	  per	  unit	   time:	  W=J/s)	  and	   the	  applied	   treatment	   fluence	   (energy	  per	  unit	  area:	   J/cm2).	  132	  

Fluence	  has	  become	  a	  conventionally	   recognized	  measure	  of	   light	  dosage	  applied	   to	   tissue.	  While	   the	  133	  

fluence	  is	  independent	  of	  wavelength	  and	  temporal	  pulse	  format,	   it	  should	  not	  be	  forgotten	  that	  all	  of	  134	  

these	  parameters	  are	  important.	  The	  fluence	  level	  required	  for	  successful	  photothermolysis	  varies	  based	  135	  

on	  tissue	  and	  target	  properties	  and	  on	  the	  spatial	  and	  temporal	  pulse	  formats.	  For	  example,	  the	  fluence	  136	  

level	   required	   for	   effective	   treatment	   can	   exceed	   225	   J/cm2	   for	   longer	   pulsed	   systems,	   but	   can	   drop	  137	  

considerably	   for	  short	  pulse	  durations.31	  This	  dependence	  suggests	   that	   the	  mechanism	  of	  action	  may	  138	  

not	   be	   solely	   photothermal,	   particularly	   since	   the	   effect	   seems	   to	   continue,	   even	   when	   the	   pulse	  139	  

durations	  are	  substantially	  shorter	  than	  the	  nominal	  thermal	  relaxation	  times	  of	  the	  fungal	  hyphae	  and	  140	  

conidia.	  Typically,	  fungal	  thermal	  relaxation	  times	  are	  on	  the	  order	  of	  several	  microseconds,	  and	  dermal	  141	  

cell	  relaxation	  times	  are	  generally	  shorter.	  142	  

Many	  factors	  affect	  the	  choice	  of	  the	  optimal	  laser	  system	  for	  a	  given	  application.	  For	  any	  light-‐143	  

based	  procedure,	  efficacy	  depends	  upon	  wavelength,	  available	  pulse	  energy,	  temporal	  and	  spatial	  pulse	  144	  

format,	  and	  pulse	  rate.	  Successful	  photothermolysis	  for	  onychomycosis	  requires	  that	  peak	  power	  is	  kept	  145	  

below	  the	  ablation	  threshold	  of	   the	  nail	  plate	  and	  healthy	  dermal	   tissues	  and	  that	   the	  average	  power	  146	  

(pulse	   rate,	   for	   a	   given	   pulse	   energy:	   also	   in	   given	   in	   units	   of	   W)	   is	   kept	   sufficiently	   low	   to	   avoid	  147	  

significant	   volumetric	   heating	   of	   adjacent	   tissues.	   The	   laser	   parameters,	   such	   as	   pulse	   repetition	   rate	  148	  

and	  spot	  size	  can	  and	  should	  be	  adjusted	  within	  the	  capabilities	  of	  the	  laser	  system	  to	  provide	  effective	  149	  

and	  comfortable	  treatment	  for	  both	  patient	  and	  practitioner.	  	   	  150	  
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In	  Vitro	  Studies	  of	  Commercial	  Laser	  Models	  151	  

In	  vitro	  studies	  using	  commercially	  available	  lasers	  and	  IPLs	  have	  yielded	  poor	  to	  mixed	  results.	  152	  

Vural	  et	  al.	  tested	  a	  wide	  variety	  of	  light	  based	  devices	  including	  intense	  pulsed	  light,	  a	  585nm	  pulse	  dye	  153	  

laser,	  a	  532	  and	  1064nm	  Q-‐switched	  laser,	  a	  2940nm	  Er:YAG	  laser	  and	  a	  532nm	  KTP	  laser.33	  Only	  the	  Q-‐154	  

switched	   532nm	   and	   1064nm	   laser	   showed	   growth	   inhibition	   of	   T.	   rubrum	   (10Hz,	   2mm	   spot,	   1-‐10	  155	  

J/cm2).	   	   	   The	  1064nm	  wavelength	  was	  most	  effective	  at	   reducing	  growth	   rates	  at	   fluences	  of	  4	  and	  8	  156	  

J/cm2;	   the	   532nm	   wavelength	   was	   most	   effective	   at	   8	   J/cm2.	   Paasch	   et	   al.	   showed	   minor	   growth	  157	  

inhibition	  in	  T.	  interdigitale,	  but	  increased	  growth	  for	  M.	  gypseum	  at	  all	  fluences	  and	  no	  reduction	  in	  T.	  158	  

rubrum	   growth	   at	   100J/cm2.	   34	   Carney	   et	   al.	   established	   that	   heat	   treatment	   for	   T.	   rubrum	   was	  159	  

temporarily	  inhibiting	  at	  50°C	  for	  5	  minutes	  and	  fungicial	  after	  15	  minutes.35	  Heat	  was	  fungicidal	  for	  E.	  160	  

floccosum	  at	  10	  minutes	  and	  inhibiting	  at	  2	  minutes.	  S.	  dimidatum	  showed	  reduced	  growth	  at	  55°C	  for	  5	  161	  

minutes.	  Laser	  irradiation	  by	  a	  1064nm	  Nd:YAG	  laser	  (LaserGenesis,	  Cutera)	  did	  not	  result	   in	  inhibition	  162	  

of	  T.	  rubrum	  at	  any	  parameters	  assayed	  despite	  temperatures	  meeting	  40°C.	  	  163	  

	   	  A	  mode-‐locked	   femtosecond	  pulsed	  Ti:Sapphire	   laser	   tuned	   to	   800nm	  was	   also	  used	   in	   an	   in	  164	  

vitro	  study	  on	  infected	  nail	  clippings.36	  T.	  rubrum	  infections	  were	  confirmed	  by	  culture	  (n=99).	  The	  nails	  165	  

were	   irradiated	  with	   7x1031	   photons/m2-‐s	   emitted	  by	   200	   fs	   pulses	   (1.4x10-‐4	   J/cm2)	   at	   a	   pulse	   rate	   of	  166	  

76MHz	  (100	  W/cm2)	  through	  a	  variety	  of	  apertures.	  This	  treatment	  was	  completely	  fungicidal.	   	  167	  
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Clinical	  Trials	  of	  Commercial	  Laser	  Models	   	   	  168	  

	   Clinical	   trials	   have	   been	   conducted	   for	   a	   number	   of	   “normal-‐mode”	   (100	  microsecond	   to	   35	  169	  

millisecond	   pulse	   duration),	   commercial	   1064nm	   Nd:YAG	   laser	   models	   (Table	   1).	   These	   trials	   have	  170	  

largely	   been	   single-‐assignment,	   open-‐label	   trials	  with	  mixed	   results	   ranging	   from	   0-‐100%	  mycological	  171	  

cure	  rates.	  These	  trials	  have	  varied	  significantly	  by	  pulse	  format,	  number	  and	  frequency	  of	  treatments,	  172	  

and	  follow-‐up	  period.	  In	  the	  single	  (N=22)	  randomized,	  controlled	  clinical	  trial,	  the	  mycological	  cure	  rate	  173	  

did	   not	   differ	   significantly	   between	   the	   treated	   and	   control	   groups.37	   Further	   randomized,	   controlled	  174	  

trials	  are	  needed	  to	  establish	  efficacy	  for	  “normal-‐mode”	  1064nm	  lasers	  in	  treating	  onychomycosis.	  	  175	  

	   Clinical	   trials	   have	   also	   been	   conducted	   for	   a	   Q-‐switched	   1064nm	   Nd:YAG	   system	   having	   a	  176	  

temporal	   pulse	   format	   containing	   ns	   and	   µs	   components.	   The	   first	   study	   was	   included	   in	   the	   FDA	  177	  

submission	  and	  reported	  significant	  decrease	  in	  dystrophic	  nail	  plate	  area	  in	  95%	  of	  participants	  (Table	  178	  

2).38	   A	   second	   independent	   study	   conducted	   in	   Europe,	   used	   mycology	   as	   an	   inclusion	   criteria	   and	  179	  

reported	   both	   mycological	   and	   clinical	   outcome.	   A	   mycological	   cure	   rate	   in	   95.42%	   of	   subjects	   at	   3	  180	  

months	   was	   reported,	   together	   with	   high	   rates	   of	   clear	   nail	   regrowth.39	   A	   third	   study,	   conducted	   in	  181	  

Mexico,	  used	  the	  same	  laser	  system	  and	  claimed	  similar	  efficacy.40	  The	  increased	  success	  observed	  with	  182	  

this	  Q-‐switched	  laser	  type	  may	  be	  attributable	  to	  its	  particular	  temporal	  pulse	  format.	  	  	   	  183	  
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Conclusions	  184	  

	   Laser	  therapy	  may	  be	  an	  effective	  treatment	  for	  onychomycosis,	  but	  it	  is	  a	  technology	  that	  is	  still	  185	  

in	   its	   infancy.	   The	   development	   of	   lasers	   for	   onychomycosis	   is	   at	   an	   important	   phase,	   as	   primary	  186	  

research	  on	  fungal	  chromophores,	  the	  thermal	  properties	  of	  fungal	  hyphae	  and	  a	  clear	  understanding	  of	  187	  

laser	   penetrance	   through	   an	   infected	   nail	   plate	   are	   crucial	   to	   the	   achievement	   of	   effective	   selective	  188	  

photothermolysis.	   The	   results	   of	   early	   in	   vitro	   and	   in	   vivo	   studies	   of	   lasers	   in	   onychomycosis	   have	  189	  

yielded	   generally	   poor	   results.33–36,41	   This	   is	   most	   likely	   attributable	   to	   the	   use	   of	   non-‐optimal,	   pre-‐190	  

existing	  laser	  systems	  being	  applied	  for	  a	  new	  indication	  without	  re-‐optimization	  for	  a	  fungal	  target.	  The	  191	  

FDA	   clearance	   of	   these	   devices	   for	   onychomycosis	   states	   that	   they	   are	   substantially	   equivalent	   to	  192	  

predicate	   devices	   and	   are	   indicated	   for	   the	   cosmetic	   purpose	   of	   “Temporary	   increase	   of	   clear	   nail	   in	  193	  

patients	   with	   onychomycosis”.	   Mycology	   and	   clinical	   response	   to	   date	   indicate	   that	   temporal	   pulse	  194	  

formats	  having	  components	  substantially	   less	   than	  1µs	   in	  duration	  and	  operating	   in	   the	  deep	  red	  and	  195	  

near	   infrared	   regions	  of	   the	   spectrum	  can	  be	  effective	   in	  clearing	  dermatophytic	   infections	  below	  the	  196	  

nail	  plate,	  while	  very	  long	  pulses	  that	  volumetrically	  heat	  are	  much	  less	  effective	  (Tables	  1	  and	  2).35,37–197	  

39,42–51	  We	  note	  that	  heating	  fungal	  colonies	  to	  sub-‐lethal	  temperatures	  can	  increase	  sporation,	  incubate	  198	  

spores,	  and	  increase	  colony	  growth	  rates.	  	  199	  

Further	  study	  of	  the	  optical	  parameters	  of	  dermatophytes	  and	  the	  nail	  plate	  will	  provide	  more	  200	  

detailed	   information	   for	   the	   optimization	   of	   laser	   systems	   for	   onychomycosis.	   This	   should	   include	  201	  

randomized,	  clinical	  trials	  to	  determine	  the	  efficacy	  of	  lasers	  in	  clinical	  populations	  with	  onychomycosis.	  202	  

Not	  all	  lasers,	  not	  even	  all	  Nd:YAG	  lasers,	  are	  alike.	  The	  wide	  variation	  in	  clinical	  and	  mycological	  results	  203	  

reported	   to	   date	   is	   likely	   due	   to	   the	   lack	   of	   recognition	   of	   the	   significance	   of	   varying	   laser	   pulse	  204	  

properties	  (spatial	  and	  temporal)	  in	  addition	  to	  the	  effects	  of	  wavelength	  and	  fluence	  on	  the	  attendant	  205	  

chromophores	  and	  mechanisms	  of	  action.	  Better	  studies	  controlling	  for	  these	  factors,	  and	  the	  treatment	  206	  
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procedures	   used,	   should	   provide	   more	   consistent	   data	   and	   clearer	   recognition	   of	   effective	   laser	  207	  

treatment	   parameters	   and	   treatment	   protocols.	   Present	   clinical	   studies,	   in	   addition	   to	   the	   large	   and	  208	  

growing	  anecdotal	  base	  of	  practitioner	  treatments,	  do	  indicate	  that	  appropriate	  laser	  therapy	  can	  be	  an	  209	  

important	  tool	  in	  the	  battle	  against	  fungal	  disease,	  one	  of	  our	  oldest	  and	  most	  tenacious	  afflictions.	  	  210	  
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Figure	  Legends:	  326	  
	  327	  

Figure	  1:	  Dermatophyte	  hyphae	  and	  conidia:	  Dimensions	  of	  heat	  transfer	  from	  fungal	  structures	  in	  328	  

onychomycosis.	  	   	  329	  



20	  
	  

20	  
	  

Abbreviations	  and	  Acronyms	  330	  
cm	  -‐	  centimeter	  331	  

Er:YAG	  –	  erbium	  yttrium	  garnet	  	  332	  

FDA	  –	  United	  States	  Food	  and	  Drug	  Administration	  333	  

J	  -‐	  Joules	  334	  

Nd:YAG	  –	  neodymium	  yttrium	  garnet	  335	  

Nm	  -‐	  nanometers	  336	  

s	  -‐	  seconds	  337	  

Ti:Sapphire	  –	  titanium	  sapphire	  338	  

W	  -‐	  Watts	  339	  



Table	  1:	  Clinical	  Trials	  with	  Short	  Pulse	  Nd:YAG	  1064nm	  Lasers	  
Study	   Laser	  

System	  
Participant
s	  

Diagnosis	  	   Pulse	  
duration	  

Frequency	  
(Hz)	  

Spot	  
Size	  
(mm)	  

Energy	  
Fluenc
e	  
(J/cm2)	  

#	  of	  Tx	   Interval	   Follow	  
Up	  
Period	  

MCR	  (%)	   LNG	  (%)	  

Harris	  et	  
al.,	  2009	  

PinPointe	  
FootLaser	   14	   -‐	   -‐	   -‐	   2.5	   -‐	   1	   1	   6	  months	   -‐	   80%	  

Kozarev,	  
2010,	  
2011	  

Fotona	  
Dualis	  SP	   162	   Culture	  

and	  KOH	   35ms	   1	   4	   35-‐40	   4	   1	  week	   +12	  
months	   100%	   -‐	  

Weiss,	  
2011	  

Cutera	  
GenesisPlus	   7	   Not	  

specified	   300µs	   2	   5	   16	   2	   6	  weeks	   12	  
months	   -‐	   70%	  

Hochman,	  
2011	  

Aerolase,	  
LightPod	  
Neo	  

8	   Culture	  
or	  PAS	   650µs	   -‐	   2	   223	   3	   3	  weeks	   4-‐6	  

months	   87.5%	   -‐	  

Kimura	  et	  
al,	  2012	  

Cutera	  
GenesisPlus	  

13*	  
	   KOH	   300µs	   5	   5	   14	   1-‐3	   4	  or	  8	  

weeks	   16	  weeks	   51%	  *	   81%	  *	  

Waibel,	  
2013	  

Joule	  
ClearSense,	  

Sciton	  
7	   Culture	  

or	  PAS	   300µs	   6	   -‐	   13	   4	   1	  week	   6	  months	   100%	   -‐	  

Carney	  et	  
al,	  2014	  

Laser	  
Genesis,	  
Cutera	  

14	   Culture	   300µs	   2	   5	   16	   1	   -‐	   24	  weeks	   29%	   -‐	  

Hollmig	  et	  
al,	  2014	  

ClearSense,	  
Sciton	  

27	  
Laser:	  17	  
Control:	  10	  

Culture	  
or	  PAS	  
for	  NDM	  

300µs	   6	   6	   5	   2	   2	  weeks	   3	  months	   	  Laser:	  	  	  33%	  Control:20%	   -‐	  

Noguchi	  
et	  al,	  
2014	  

GentleYAG,	  
Candela	  	   12	   Culture	   500µs	   2	   6	   10	   3	   4	  weeks	   6	  months	   0%	   -‐	  

Moon	  et	  
al,	  2014	  

ClearSense,	  
Sciton	  

13	  (43	  
nails)	  

Culture	  
and	  KOH	   300µs	   5	   6	   5	   5	   4	  weeks	   6	  months	   70%*	   -‐	  

Hees	  et	  
al,	  2014	  

Elite,	  
Cynosure	  	  

10	   Culture	  
and	  KOH	  

40ms	  
100µs	  

-‐	   3	   50	  
2	   4	  weeks	   9	  months	  

20%	   -‐	  

PinPointe	  
Footlaser	   -‐	   1.5	   25.5	   20%	   -‐	  

*-‐reported	  as	  nails	  not	  participants.,	  MCR	  –	  mycological	  cure	  rate,	  LNG	  –	  increase	  in	  clear	  linear	  nail	  growth	  >2mm	  



Table	  2:	  Clinical	  Trials	  with	  Q-‐switched	  Nd:YAG	  1064nm	  Lasers	  
Study	   Laser	  

System	  
Participants	   Diagnosis	  	   Pulse	  

duration	  
Frequency	  
(Hz)	  

Spot	  
Size	  
(mm)	  

Energy	  
Fluence	  
(J/cm2)	  

#	  of	  
Tx	  

Interval	   Follow	  
Up	  
Period	  

MCR	  
(%)	  

CCR	   LNG	  
(%)	  

510(k)	  
K110370,	  
2011	  

Q-‐Clear	  
Light	  
Age,	  

100	   -‐	   ns,	  µs	   1	   2.5-‐6	   14	   1	   -‐	   -‐	   -‐	   	   95%	  

Kalokasidis	  
et	  al.	  2014	  

Q-‐Clear	  
Light	  
Age	  	  

100	   Culture	   ns,	  µs	   5	   2.5	   14	   2	   30	  days	   3	  
months	  

95.42%	   	   96.7%	  

Garcia	  
Galvan	  et	  
al.	  2014	  

Q-‐Clear,	  
Light	  
Age	  

62	   KOH	   ns,	  µs	   3	   3	   19	   1	   -‐	   9	   100%	   100%	   	  

CCR–	  clinical	  cure	  rate,MCR	  –	  mycological	  cure	  rate,LNG	  –	  increase	  in	  clear	  linear	  nail	  growth	  >2mm	  or	  significant	  reduction	  in	  affected	  nail	  area.	  
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