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ABSTRACT
We report on “eye-safe” erbium glass laser operating at Short-Wave Infra-Red (SWIR) region at 1534nm, to treat
Onychomycosis or toenail fungus. Infected toenails of 12 patients were treated over a 3 month period using both long
pulse and Q-switched laser output pulses. Our results compared favorably to Neodymium Yittrium Aluminum Garnet
(Nd:YAG) laser fungus treatment studies as reported in literature. Nd:YAG laser devices, operating in the Near InfraRed, (NIR) region at 1064nm, have recently become an effective alternative treatment to traditional oral medications
used to treat nail fungal infections. Conventional nail infection treatments employ medications such as allylamines,
azoles and other classes of antifungal drugs that are unpopular due to numerous side-affects and drug interactions. Sideeffects of these drugs include headache, itching, loss of sense of taste, nausea, diarrhea, heart failure and even potential
death from liver failure [1,2,3]. The effectiveness of conventional oral antifungal medications varies. In addition,
antifungal prescription drugs are administered for long periods ranging from 6 weeks to 18 months. Nd:YAG antifungal
laser treatment reports claim high success rates (65-95%) in eradicating toenail fungus and without adverse side-affects.
Multiple laser treatments are administered over a 3 to 6 month period [4,5,6,7]. Our initial treatments performed with
the Er:glass laser on toenail fungus patients required only 1 to 2 treatments for cure. This same SWIR laser was used in
experiments to treat Athlete's Foot fungal infections. The 1534nm Er:glass laser emission has been found to be well
optimized for dermatological treatments due high transmission properties of human skin in the SWIR region. Increased
depth of tissue penetration is well-tolerated and provides for effective treatment of various skin conditions. [8,9,10,11]
“Eye-safe” Class I lasers provide for practical skin and nail tissue treatment without the need for eye-protection goggles.
Laser safety filters may inhibit a practitioner’s vision and ability to distinguish skin and nail regions exhibiting different
colors and textures. The laser is “eye-safe” due to the fact that Megawatt peak power Q-switched lasers operating at
1.54um in the narrow spectral window between 1.4um and 1.6um are approximately 8000 times more eye-safe than other
laser devices operating in the visible and near infrared. Long-pulse or free running lasers operating in this wavelength
range are ~ 2000 times more eye-safe [12].
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1. INTRODUCTION
Onychomycosis is a tenacious fungal infection of the nail bed that typically affects adult toenails [13-16]. Mycoses is the
term for a fungal infection of humans and animals. A cutaneous mycoses is a fungal infection that extends deeper into
the epidermis, including the hair and nails. The infection is typically restricted to the keratinized layers of the skin, hair,
and nails. This type of fungal infection is also referred to as ringworm (even though there is no worm involved).
Another common skin disease is the athlete's foot. This is a fungal infection often affecting the region between the toes.
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It is divided into three categories: chronic interdigital athlete's foot, chronic scaly athlete's foot, and acute vesicular
athlete's foot.
Conventional nail fungus infection treatment employs medications such as allylamines, azoles and other classes of
antifungal drugs. These drugs are unpopular due to numerous side-affects and drug interactions. Side-effects of nail
fungus drugs include headache, itching, loss of sense of taste, nausea, diarrhea, heart failure and even potential death
from liver failure. Treatment of athlete's foot involves regular applications of topical medications and severe athlete's
foot fungal infections are treated with oral antifungal medications. In general, there are limited “highly effective”
treatment options for nail and skin fungal infections. Recent laser treatments of onychomycosis using Nd:YAG lasers
operating at the Near InfraRed (NIR) wavelength of 1064nm have been shown to be an effective alternative to
conventional treatment [4,5,7]. Dermatological lasers operating in the Short Wave InfraRed (SWIR) between 14001600nm region are often used for the removing wrinkles and acne scars. The superior effectiveness of non-Q-switched
NIR and SWIR lasers in aesthetic dermatological procedures is apparently due their ability to provide greater penetration
of skin tissue when compared to visible laser wavelengths. Optical transmission spectra for human skin and nail tissues
increase with longer wavelength radiation. This is illustrated in figures 1, 2 and 3 below. The curves indicate that with
longer laser wavelengths extending from the visible through the NIR and SWIR region we can expect deeper light
penetration though the skin tissue or nail bed, providing more effective treatment of the fungal infection [17-23].

Figure 1. Spectral transmission of the stratum corneum (upper curve) and of the entire epidermis (lower curve) in the
wavelength regions UVB, UVA and visible light corresponding to skin type III or IV [18].

Figure 2. Spectral transmission of excised white human breast skin [22].
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Figure 3. NIR-vis reflectance spectra for fusarial fungal infections [24].

Absorption spectra of mycotoxin fusarium fungi show an increased absorption in the short wave infrared region (1400 –
3000nm [25]). Increased nail tissue absorption in the SWIR due to an onychomycosis fungal infection may provide for a
more effective treatment when compared to NIR or visible light applications[26, 27]. This is illustrated in the spectra
shown in figure 4.

Figure 4. NIR-SWIR absorption spectra for fusarium fungal infection [26].

The transmission spectra shown in figure 5, illustrates a comparison of NIR and SWIR absorption for yeast fungi. The
1534nm Er:glass laser emission corresponds to a higher absorption (lower transmission value) than the 1064nm Nd:YAG
laser emission. This increased absorption at 1534nm for fungi coupled with a higher depth of penetration in human skin
and nail tissues helps to explain why only one or two treatments were found necessary for effective Er:Glass laser
treatment when compared to 4 to 6 treatments using the Nd:YAG laser [4,5,7].
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Figure 5. NIR-SWIR transmission spectra for yeast fungi in DMSO and water [31].

2. INSTRUMENTATION
Nail treatment was applied with a Kigre model AO-1010 erbium glass laser head operating at 1534nm. A modified
model HESP-E-AO-PS laboratory power supply (including an Acusto-Optic Q-switch driver) allowed the practitioner to
select and deliver 1mm beam diameter pulses either short Q-switched (6ns) or “long pulses” free running (3ms). The
laser produced ~ 15mj/pulse in Q-switch mode and ~ 100mj/pulse in free running mode. A foot switch triggered the start
and stop of laser operation. Pulse repetition rate options included single shot, 3Hz and 5Hz. An image of the AO-1010
laser head (mounted on gun hand grip) and the laboratory power supply front panel is shown in figure 6.

Figure 6. AO-1010 laser head (mounted on paintball gun grip) and laboratory power supply front panel [28,29,30].

In addition to the SWIR laser, we employed during this investigation a Jasco model V-670 spectophotometer and quartz
cuvette to record transmission spectra. A Leitz, Ergolux microscope and Panasonic GP-KR222 color digital camera was
employed to capture micrographs of stained fungus. Toenail pictures were taken with a Canon SX110 digital camera. A
20mW RGBLase 488nm semiconductor laser was used for dye excitation.
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3. MATERIALS & METHODS
The effectiveness of the 1534nm laser was evaluated through the use of a yeast fungus viability kit capable of
distinguishing live and dead yeast. The kit included a green-fluorescent nucleic acid, and red-fluorescent nucleic acid dye
in propidium iodide. The dyes differ in color and ability to penetrate healthy yeast cells. The red stain penetrates only
yeast with damaged membranes and produces a red fluorescence emission. The green stain penetrates yeast with intact
cell membranes and produces a green fluorescent emission. The excitation/emission maxima for the dyes is 480/500 nm
for the green stain and 490/635 nm for the red stain. Micrographs (under 488nm excitation) of live yeast fungi before
and after laser treatment are shown below in figure 7 and 8.

Figure 7. Live/dead yeast micrograph before treatment with 1534nm laser.

Figure 8. Live/dead yeast micrograph after treatment with 1534nm laser.

Initial treatment included both Q-switched & long pulse laser pulses. Both (long pulse and Q-switched) treatments were
applied to patient #1 (adult female, 69) and patient #2 (adult male, 58) using single shot, 1Hz, 3Hz and 5Hz pulse
repetition rates. A comparison of the effectiveness of the two treatment options indicated more efficient results with the
use of (3ms) long pulse laser setting. The longer pulses killed the fungus more efficiently and provided for better nail
tissue surface penetration than the alternative Q-switch short pulse (6ns) laser setting. The 3ms long pulse laser output
setting was applied for the remainder of this study.
12 patients between the ages of 56 and 83 years of age treated and observed over a 7 month period. Subjects exhibited
mild to severe onychomycosis fungal infection on one or more toenail. A 50mm standoff between the laser output
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window and the targeted nail surface was used to insure a consistent power density and laser energy/pulse dosage. Laser
pulses (~ 2mm beam diameter) were applied across the entire nail surface in a matrix pattern to insure uniform coverage.
No anesthesia was applied or deemed necessary as the long pulse laser output did not induce significant discomfort.

4. RESULTS
The recording of initial and follow-up toe nail images are shown below in figures 9, 10 and 11. Patients #4 through #12
each received one treatment. Patient #2 and #3 received two treatments each. Patient #1 received three treatments total.
Example progress photos shown below cover a period of no more than 6-months from the time of their initial laser
treatment. All of the patients responded well to treatment and are expected to be completely free of toe nail fungal
infection after ~12 month period when the entire nail is replaced with new growth.

Figure 9. Patient #1 (adult female, age 69)
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Figure 10. Patient #2 (adult male, age 58)

Figure 11. Patient #9 (adult female, age 56)
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5. CONCLUSION
We examined the effects of 1534nm laser treatment on Onychomycosis fungal infections of the toenail. A simple and
efficient procedure was developed that proved to be an effective method of killing toenail fungus with little to no patient
discomfort. Low power density laser pulses (~ 100mj, 3ms) were employed in a matrix pattern covering the nail surface.
Spectroscopic evidence suggests that the 1534nm laser emission wavelength is well suited for this application due to its
deep depth of penetration into the nail and nail bed tissues. In addition, the fungus shows a relatively high absorption at
the 1534nm “eye-safe” laser wavelength. Many antifungal drugs are associated with numerous serious side-affects and
dangerous drug interactions. The laser treatment appears to provide a safe and effective alternative method to
conventional antifungal medications.
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