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Abstract:

Introduction: To improve laser hair removal (LHR) for dark skin, the fluence rate reaching 
the hair follicle in LHR is important. This paper presents the results of a comparative study 
examining the function of wavelength on dark skin types using 755 nm alexandrite and 810 nm 
diode lasers.
Methods: The structure of the skin was created using a realistic skin model by the Advanced 
Systems Analysis Program.
Result: In this study, the alexandrite laser (755 nm) and diode laser (810 nm) beam–skin tissue 
interactions were simulated. The simulation results for both lasers differed. The transmission 
ratio of the diode laser to the dark skin dermis was approximately 4% more than that of the 
alexandrite laser for the same skin type. For the diode laser at skin depth z = 0.67 mm, the 
average transmission ratios of both samples were 36% and 27.5%, but those for the alexandrite 
laser at the same skin depth were 32% and 25%.
Conclusion: Both lasers were suitable in LHR for dark skin types, but the diode laser was 
better than the alexandrite laser because the former could penetrate deeper into the dermis layer.
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Introduction
Given the potential use of lasers in various medical 

applications, including laser hair removal (LHR) and 
orthopedic treatments, the mechanism of laser-tissue 
interaction has been widely studied. LHR is currently 
the most commonly requested cosmetic procedure in the 
world, particularly for female clients. Thirty years ago, 
the ability of lasers to damage hair follicles was noted1. 
Physicians involved in simulation investigations need to 
assure that the fluence rates of the alexandrite and diode 
lasers for hair removal in deep parts of the skin have an 
effect on situations leading to skin darkening. Managing 
human skin in a cosmetic center for investigational 

purposes on the laser fluence rate is difficult, so different 
types of phantoms are used to simulate the properties of 
tissue. Skin-simulating phantoms have been developed 
to analyze bio-optical instrumentation and techniques 
for several purposes. Data reported in previous papers2-4 
indicated that the computer model can be used to 
accurately calculate the light fluence rate even at the 
deepest parts of the skin layer. Kareten reported that 
the epidermal contents affect the fluence rate entering 
the skin depth3.

Various simulations and modalities of light-based 
technology are currently used in the field of laser 
skin interaction. These simulations include MCL5, 
Monte Carlo, and Advanced Systems Analysis Program 
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(ASAP®) software.
LHR system is the most effective for people who have 

light skin and dark hair. A recent study reported that both 
the skin color and hair color influence the success of 
LHR5,6. As of this writing, few studies have evaluated 
patient satisfaction and complications after LHR among 
people of color7-11. The penetration of laser beam through 
human skin for hair removal is extremely dependent on 
the optical properties of skin12. The absorption coefficient 
of the epidermis varies with the volume fraction of 
melanosomes and amount of eumelanin concentration in 
the epidermis3. The absorption and scattering of the light 
in the skin layers determine the fluence rate of the light 
reaching the intended treatment site. To effectively destroy 
the target, losses caused by reflection, scattering and 
absorption must be considered4. However, the idea of laser 
fluence rate for hair removal, including the appropriate 
approaches for dark skin types and laser sources, has not 
yet been optimized with the simulation method.

Different types of lasers mainly vary in terms of 
wavelength13; different laser wavelengths target different 
skin issues. Therefore, various lasers are needed to treat a 
variety of skin concerns5,14,15. An investigation of different 
laser wavelengths for hair removal should be conducted to 
address all the problems that these procedures may have. 
An explanation of the differences between these different 
laser types may be very lengthy, technical, and rather 
confusing, so we focused on the diode and alexandrite 
lasers as optimal options for LHR of candidates with dark 
skin types. The fluence rates of the alexandrite and diode 
lasers in dark skin were compared using computational 
simulated skin from the Realistic Skin Model (RSM) part 
of the ASAP® software from Breault Research.

Methodology

1. Implementation of the simulation model by 
Advanced Systems Analysis Program (ASAP)

Biomedical researchers and optical engineers have 
long used modeling software to efficiently develop new 
products and applications16,17. The ASAP program is the 
gold standard for simulation in the present study. The 
version of ASAP V1R1 2009 creates realistic tissue 
phantoms for the investigation of the optical properties 
of skin. This ASAP version is a new technique in the 
optical simulation program that permits the simulation of 
photon propagation and power density recording of laser 
in the skin layers17,18. This technique is also useful for 
predicting radiation transfer and fluence rate delivery into 
the target17. This model is roughly divided into four major 
parts. Part I describes the principles of ASAP simulations 
of building system, units, and the sampling model, and 
how the simulation can be realized in software. Part II 
provides detailed instructions for creating, using, and 
modifying a source. Part III creates ray tracing and some 
computational results and verifications, and exhibits the 
analysis of results. Part IV, the final part of the model, 
introduces some basic analytical tools and concepts. This 
part is generally the most interesting step in the modeling 
procedure because questions about the optical behavior 
of the model can be answered in this step.

2. Creating the skin

Figure 1 shows the geometry of the RSM. The arbitrary 
part of the human skin is chosen, and the area of the skin 
is 100 mm2. This area is modeled as a three-dimensional 

Figure 1. Model specifying the layers of skin, laser beam, hair parameter, and VOXEL element.
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medium divided into four layers. The details of the skin 
structure are presented in Table 1. The first layer is the 
stratum corneum, a 0.01 mm-thick top layer mainly 
containing keratin and dead cells. The second layer is the 
epidermis, a 0.0875 mm-thick layer that mainly contains 
living cells. Aside from containing primarily living cells, 
this layer holds a fraction of chromophore and melanin. 
The third layer is the dermis, a 1.8 mm-thick layer mainly 
containing oxyhemoglobin and deoxyhemoglobin. The 
fourth layer is the hypodermis, a 3 mm-thick layer 
containing fat cells.

In this study, the only difference between the skin 
samples was the volume fraction of melanosomes 
and melanin concentrations in the epidermal layer. 
Differences in the epidermal thickness were not explicitly 
considered. Two types of skin were created by changing 
the volume fraction of melanosomes in the epidermis 
(Table 1). The RSM parameters for the eumelanin and 
pheomelanin concentrations in the epidermis were 80 and 
12 g/L, respectively. The eumelanin and pheomelanin 
concentrations were maintained at the above values for 
both skin types.

Table 1 shows a detailed description of the parameter 
input of chromophore concentrations for skin layers. In 
this study, the parameter input methods of using default 
parameters and visual characteristics in ASAP software 
library were applied (Table 1).

3. Hair modeling

Hair modeling, which is part of the RSM in the ASAP 
software, was used to create and model hair on the skin 
surface. Two types of skin were created in this study: 
medium and dark skin with the same hair density (50 
no. hair cm−2), same hair diameter (0.1 mm), same hair 
color (light brown), and same hair angle and length (60° 
and 5 mm) (Figure 1).

4. Laser sources

Diode and alexandrite lasers with wavelengths of 810 
and 755 nm, respectively, were used in this study. An 
irradiation power of 1000 mW with a beam diameter of 
5 mm was used in the model. The distance between the 
laser beam and target was set to 5 mm. An irradiation 
beam with ray traces of 1,000,000 rays transferred the 
power from the source to the skin (Figure 1). The fluence 
rate of the laser was obtained with a VOXEL (volume 
picture or pixel elements) command. VOXEL in ASAP 
was used to capture the energy that passed through the 
volume of the skin.

The simulation model was applied on both types of 
skin. We applied both the alexandrite and diode lasers 
according to the same power and spot diameters, and 
the fluence rates were calculated in different depths of 
skin layers. For the first simulation, the alexandrite laser 
at 755 nm was used for dark and medium skin. For the 
second simulation, the diode laser at 810 nm was used 
for medium and dark skin.

Results and discussion

The data and fitting results of the two types of laser 
sources for the two types of skin are shown in Figure 2. 
One case shows the diode laser, and the other case shows 
the alexandrite laser. Simulations of the transmitted diode 
laser and alexandrite laser from the layers of skin with 
two different types of skin were performed. Photons 
penetrated into the skin layer and advanced randomly. 
In each layer of skin, the photon was absorbed by the 
chromophore concentrations. The results show that the 
fluence rate was influenced by both the wavelength and 
composition of the tissue. Given that melanin and water 
have a wavelength-dependent absorption coefficient, the 
distribution of these components (melanin and water) 

Skin layers Stratum corneum Epidermis Dermis Hypodermis
Index of refraction 1.55 1.5 1.4 1.44
An isotropic factor 0.9 0.79 0.82 0.9
Thickness (mm) 0.015 0.0875 1.8 3
Eumelanin concentrations (g/L) — 80 — —
Pheomelanin concentrations (g/L) — 12 — —
Volume fraction of water 0.13 0.67 0.8 —
Volume fraction of oxyhemoglobin — — 0.72 —
Volume fraction of blood in dermis — — 0.01 —
Hemoglobin blood concentration in dermis (g/L) — — 150 —
Beta carotene concentrations (g/L) 0.00021 0.00021 0.00007 —
Bilirubin concentrations (g/L) — — 0.005 —

Table 1. Optical properties and chromophore concentrations for the different layers in the model.
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influences the optical properties of skin3.
The exponential fit to the laser fluence rate data 

indicates a relationship between the fluence rate and 
skin depth of the epidermis and dermis for both sources 
of laser. The ratio of photons transmitted via the laser 
diode was not equal to the photons of the alexandrite 
laser through the layers of skin in both samples. This 
finding indicates that the number of photons transmitted 
from both sources of laser differed through dark and 
medium skin. According to the figure, the fluence rate 
within the skin dropped rapidly with depth. Although 
the decrease in the fluence rate was more considerable 
after a depth of 0.2 mm, a rapid decrease in the fluence 
rate in the epidermis and dermis layer was observed for 
both sources of laser.

As illustrated in Figure 3, the amount of transmission 
of radiation was calculated for both sources of laser in 
dark and medium skin with varying skin depths of the 
skin layer using the following equation19:

T=ϕ/ϕ° * 100% ... ... ...	 (1)

where T is the percentage transmission (transmittance), 
f is the total fluence rate through the skin of thickness 
z, and is the incident fluence rate on the volume of the 
skin surface.

Figures 3A and 3B display the results for transmission 
at different depths for both types of skin. Figures 3A 
and 3B show that the optimal wavelength for deep 
transmission was dependent on the skin type and volume 

fraction of melanosomes in the epidermis. In Figure 3, 
the laser transmissions (as calculated at 755 and 810 nm) 
are presented as bar graphs with the skin depth for dark 
and medium skin. The low transmissions of the diode 
laser in dark and medium skin at a skin depth (z) of 
1.32 mm were 14.5% and 17%, respectively. By contrast, 
the low transmissions of the alexandrite laser in dark 
and medium skin at the same skin depth were 11% and 
13.5%, respectively. The main reason for this shift was 
the difference in absorption of the epidermis. Karesten 
reported that each layer of the skin has different optical 
properties, thereby affecting the way in which light is 
distributed on the surface3.

Many devices of medical lasers using related 
technologies have been approved worldwide for hair 
removal over the past 20 years. These technologies involve 
various types of lasers, such as diode laser (630 nm to 
900 nm), Nd:YAG laser (1064 nm), alexandrite laser 
(755 nm), and ruby laser (680 nm)5,20. Lasers with red 
wavelengths actually damage the hair follicles in deep 
layers of skin but work by destroying the epidermis and 
penetrating down into the dermis and living tissues. 
Intensity of lasers are extremely painful, and leave scars 
on the skin surface6,21. By contrast, lasers with near 
infrared function deeper in the skin without damaging 
the stratum corneum and epidermis layers; these lasers 
are fast and painless22,23. Thus, variations in outcome and 
side effects associated with cosmetic procedures affect 
LHR procedure13,14. All hair removal devices provide a 

Figure 2. Fluence of two types of laser; (A) Diode laser (810 nm) and (B) Alexandrite laser (755 nm) as a function of skin depth for both dark 
skin and medium skin.
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significant opportunity for epidermal injury during the 
process. By studying the types of laser and skin with the 
simulation system, determining which type of skin will 
show the best results with LHR is easy.

Our simulation results show that a low fluence rate 
should be delivered to the target for a given amount of 
power for the diode laser used on light brown hair in 
dark skin. For the alexandrite laser, which has a short 
wavelength, a higher fluence rate may be needed to 
reach the same dose effect because of the high risk of 
thermal damage to the surrounding tissue, especially 
the epidermis. However, a high fluence rate is not 

recommended.
The results in Figures 2 and 3 show the effects from 

different lasers, which suggest that the diode laser at 
810 nm was the most effective laser for hair removal 
in dark and medium skin. These results suggest that the 
number of photons absorbed by the target increased as 
the number of photons passing into the dermis increased. 
This increase was also consistent with the increase in z. 
Thus, a high number of absorbed photons could result 
in great damage to hair follicles.

The results of our simulation study in the discussion 
support the positive results observed in previous studies24. 

Figure 3. Variation of laser transmission ratio as a function of laser source and skin depth for two types of skin: (A) Dark skin and (B) Medium skin.
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Further clinical trials were conducted to evaluate the 
safety and effectiveness of a diode laser for unwanted hair 
in 201223, and showed that the wavelength of 810 nm can 
be safely applied on dark skin to achieve complete hair 
reduction without the risk of adverse thermal damage. In 
2011, a case of burning on the upper extremity caused 
by an alexandrite laser was reported10. Thus, laser 
wavelengths should be considered to improve efficacy 
for both types of skin, namely, medium and dark skin.

Conclusions

This study confirmed that diode and alexandrite lasers 
had no similar outcomes in simulations with medium 
and dark skin types. Results show that the diode laser 
at 810 nm was a better option for hair removal than the 
alexandrite laser at 755 nm.
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