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A thorough understanding of the parameters involved in 
choosing a laser/light treatment as a therapeutic option is 
essential for safe and effective treatment. Much like the 
order of operations in algebra, these core principles have 
a parallel effect. If they are not mastered and applied prop-
erly, you will never have control of the treatment and be 
at the complete mercy of the device and manufacturer 
protocols, which are often only “safe.”

Five parameters should be considered each time a laser 
or light-based device is used: wavelength, power, spot 
size, pulse width, and cooling. If a laser device allowed 
control of each of these parameters independent of the 
other, you would be able to adjust the treatment more 
precisely to match your patient. Devices that allow the 
practitioner the freedom to individualize these 5 settings 
create the ideal environment for maximum efficiency at 
minimal risk.

Wavelength

Wavelength is determined by our target chromophore. 
Each wavelength will have a unique absorption character-
istic in one of our endogenous chromophores: melanin, 
hemoglobin, oxyhemoglobin, and water. Two basic princi-
ples are involved in light tissue interaction: absorption and 
scatter. Absorption is critical in the targeted treatment 
effect. The higher the absorption and less scatter, the less 

energy will be required to heat the target to the desired 
temperature and to achieve the resultant effect. Also, the 
higher the absorption, the more superficial the penetra-
tion. Generally, in the ultraviolet (UV) to the near infrared 
(IR) spectrum, the shorter wavelengths (200-600 nm) have 
more superficial penetration due to their absorption pat-
tern, and longer absorption wavelengths (650-1200 nm) 
have deeper penetration in the tissue. The least penetrat-
ing wavelengths are in the far UV (excimer) and far IR 
(CO2) spectrum due to their high affinity to water1-8 
(Figure 1). Common erbium and carbon dioxide resurfac-
ing devices utilize these far IR wavelengths (2940, 10 600 
nm) to achieve epidermal/dermal removal.

Target chromophores have differing locations in tissue. 
The first and most abundant of these is water, which is 
homogeneous throughout tissue. Water is commonly tar-
geted directly or indirectly for tissue stimulation and abla-
tive therapies such as microresurfacing. Carbon dioxide 
and erbium lasers are the 2 most commonly instituted 
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resurfacing modalities. Newer fractionated resurfacing 
techniques create microislands of damage surrounded by 
spared collagen and dermal adnexae, resulting in a theo-
retical advantage in downtime from less total tissue treat-
ment surface area and an increased rate of collagenesis 
within the affected areas. Melanin is most prevalent in the 
epidermis, produced by melanocytes at or near the der-
mal/epidermal (DE) junction. These cells are also located 
in the deep dermis and subcutaneous tissues, as well as on 
the surface of hair follicles, which is the target for depila-
tion and hair removal procedures.

Blood is another chromophore targeted for treatment 
with many laser and light devices, with the actual target 
being the translucent vessel walls, which are located at or 
deep to the DE junction within the papillary or reticular 
dermis2 (Figure 2). Wavelengths within the visible spec-
trum respond best to their color opposite, as shown in 
Figure 3. Wavelengths in the near IR spectrum respond to 
the darkest shade of gray present. Much like the difference 
in the heating of a car in sunlight, the blue car is hotter at 
the end of the day than the yellow car of the same make 
and model. This principle also holds true for lasers and 
tissue targets. White epidermis contains a significantly 
lower amount of melanin than black skin and therefore 
less target based on the chromophore (pigment) density. 
At the longer wavelengths (1200 nm), the epidermal trans-
mission/absorption of the energy depends on the water 
content as opposed to pigment.1,2,5,6,8-13

PoWer and SPot Size
Power and spot size are individual parameters that, when 
combined, provide power density (Figure 4). The combi-
nation of these 2 characteristics will tell us how much 
energy and heat are delivered to the desired target. Much 
like a magnifying lens, a given number of photons are 
directed to a concentrated area, which creates a specific 
temperature rise at the target as the energy creates its ther-
mal effect to the target tissue. By controlling density, 
devices are able to increase their power output. For exam-
ple, if the biggest spot size available for a given device is 
12 mm and maximum energy output is 50 J/cm2, but the 
treatment we wish to deliver requires more energy/cm2, 
an available option is to decrease the spot size to create a 

Figure 2. Graphical representation of the depth of the 
various targets within the skin: pigmented lesions (dermis/
epidermis junction and above), vascular, and hair follicles.

Figure 3. Wavelengths within the visible spectrum respond 
best to their corresponding color opposite. Wavelengths in 
the near infrared spectrum respond to the darkest shade of 
gray present.

Figure 1. Illustration depicting the depth of penetration 
of the various common wavelengths of devices in the near 
infrared spectrum.
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higher power density for treatment. This is a very simple 
way to explain how power density can be controlled to 
increase energy delivery for a given target.

As valuable as this is and as easy as this sounds, remem-
ber that when you change spot size, you have other effects 
that must be taken into account. When the spot size is 
decreased, so is the depth of penetration due to more rapid 
scatter of the photons under the tissue surface, creating a 
more superficial treatment effect.1,14,15 When the beam radius 
is less than the penetration depth, the energy intensity rap-
idly decreases due to the beam scatter.1,5,14,15 Figure 5 shows 
the treatment response when altering spot size and density; 
an arbitrary 6-mm spot size beam (light green) hits the tissue 
surface and creates an inverse pyramid (darker green) where 
approximately 63% of the photon concentration is located. If 
we can surround our target with this 63% concentration, we 
will be able to use the least amount of energy at the surface 
to successfully treat the target. The lower the energy, the 
lower the complication risk. You will also note that as the 
spot size decreases, the 63% area also decreases proportion-
ally. This has a tremendous effect on heating of the target 
when, for example, the target (represented in the figure) falls 
outside the effective treatment zone. A general rule is that 
when you decrease the spot size by half, you will need to 
deliver double the energy to create an effect at the same treat-
ment depth because of the scatter and decreased intensity of 
the incident beam.1,14,15

For example, in a clinically translatable scenario, when 
targeting a 6-mm spot, you might need 90 J/cm2 to close 
the vessel, but when you target a 3-mm spot, 180 J/cm2 
would be needed to have the same effect. Further, if you 
target a 1.5-mm spot, 360 J/cm2 would be needed and 

have the same effect as 90 J/cm2 on a 6-mm spot. 
Naturally, 90 J/cm2 would be the safest and most effective 
setting but not always the most practical. While larger spot 
sizes do allow the wavelength’s effective treatment zone 
be at maximum efficiency, if the more superficial treat-
ment is desired, you could simply reduce the spot size, 
which will increase the scatter in tissue, thus decreasing 
the effective treatment zone depth.

It is theorized that decreasing the spot size causes more 
scatter among the photons, decreasing the efficacy of the 
treatment; with larger spot sizes, the scatter is reduced, 
allowing more photons to be delivered to the desired target 
in a wavelength-dependent matter.1,3,5-8 This can also be ben-
eficial when treating areas with competing chromophores 
that might lie beneath the primary target. Smaller spot size 
will help avoid the underlying target and reduce the compli-
cation rate. However, as previously discussed, the improved 
delivery of the photons to the larger area will create more 
thermal effect to the tissue and may lead to increased pain 
with treatment. The ultimate governor of treatment depth is 
wavelength, regardless of energy or spot size. Wavelength-
dependent scatter differs within the epidermis and dermis 
and, generally speaking, coincides in a direct linear relation-
ship with wavelengths from 355 to 1200 nm and then 
inversely for wavelengths greater than ~1200 nm with 
increased affinity to water. Unfortunately, accurate direct 
measurements of fluence and absorption scatter profiles at a 
given depth for a given wavelength are lacking.8,11-13

PulSe Width

Pulse width is the delivery time or exposure time of the 
selected energy delivered to the target tissue. Different 

Figure 4. Much like a magnifying lens, a given number of 
photons are directed to a concentrated area, which creates a 
specific temperature rise to our target as the energy creates 
its thermal effect to the target tissue. By controlling density, 
devices are able to increase their power output.

Figure 5. Illustration of the treatment response when 
altering spot size and density.
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target volumes require different energy exposure times. 
For example, smaller volumes of water take less time to 
reach their boiling point when compared with larger vol-
umes. The principal component that is essential in under-
standing pulse width is thermal relaxation time 
(TRT).1,5,8,16-18 Thermal relaxation time is defined as the 
unit time for a target to release more than half of the tem-
perature rise in the target tissue.8,13,19 To clarify, when 
placing energy into the target tissue, the energy is trans-
ferred as heat. The target tissue will give off the heat or 
cool down at a constant interval of time, so to achieve a 
desired heating effect in the tissue target, the energy must 
be contained in the target without “losing” the heat into 
the surrounding tissue. Therefore, the delivery time must 
be faster than the target TRT or cooling time. This theory, 
described by Anderson et al, is better known as selective 
photothermolyis.1,5,8,16-18 Extending the pulse width or 
delivery time of energy will create the desired effect on a 
larger target. If attempting to treat a larger volume target 
at a short pulse width, your treatment will be inadequate 
because of the larger target volume. Again, using the boil-
ing water analogy, a pint will boil much faster than a gal-
lon of water, and if you allow the same time interval to 
reach the boiling point for the gallon of water, you’ll only 
achieve warm instead of boiling water (desired effect). 
The ideal pulse width or energy exposure time to the tar-
get is half of the TRT.5,10,16-18,21-23

Cooling

Photothermic/laser therapy aims to maximize and direct 
thermal damage to target chromophores (superficial ves-
sels, hair shaft, or dermal water) while minimizing injury 
to the superficial epidermis. Clinicians have struggled in 
determining how to amply protect the superficial layers of 
the skin without compromising the efficacy of the laser 
treatment. Conventional ablative therapy consists of 
removing the superficial epidermis and papillary dermis, 

with the hope of sparing the reticular dermis and deeper 
tissues.8,11-13,19 In some scenarios, epidermal disruption 
has been found to cause unnecessary morbidity by increas-
ing the risk of infection, erythema, scarring, and hypopig-
mentation of the treated area.

Selective cooling of the superficial skin layers during some 
treatments reduces undesired thermal injury to the epider-
mis. Contact cooling of the skin is achieved by heat conduc-
tion into an adjacent precooled solid body, kept at a constant 
temperature (–10°C to + 4°C) by a cooling system.24-27 Ross 
et al27 discussed the principles behind the laser therapy and 
cooling strategy, while emphasizing the distribution of heat-
ing principles with depth and absorption. The heating effect 
of tissue will decrease as treatment depth is increased 
because of the absorptive capacity of the shallower tissue 
and scattering of the thermal energy. As active cooling is 
performed synchronously with the laser, therapy heat trans-
fer will be directed downward, focusing the treatment zone 
while protecting the superficial tissue24-28 (Figure 6). 

Sapphire plate contact cooling and cryogen spray cool-
ing are 2 of the better-studied cooling modalities in prac-
tice. The contact cooling system works by recirculating 
chilled water, often at 4°C, around a transparent medium 
that is kept in direct contact with the target for less than 2 
seconds, after which time it is manually removed. The 
second modality, selective epidermal cooling or dynamic 
cooling, uses the Freon substitute (cryogen) as the con-
ductive medium and is delivered in spurts of spray 
directed over a treated area of a fixed diameter. The drop-
let temperature is variable but is usually set clinically 
between 45°C and 55°C.8,19,26-28

As the target tissue layer is treated with the hyperthermic/
laser therapy, certain bimolecular and cellular alterations will 
occur. Melanin, which is contained in the epidermis and 
highly concentrated at the DE junction, absorbs the photon 
energy, causing the temperature rise in the tissue layer. 
Above a certain threshold value, the epidermal temperature 
will continue to rise, causing nonspecific thermal injury. The 
appropriate protective superficial cooling temperatures 

Figure 6. The degree of cooling delivered to the underlying tissue has a profound effect on skin protection. Levels of cooling 
with 5°C, 10°C, and 25°C are shown.
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needed for a given wavelength or energy of laser therapy 
have not been well established.19

ConCluSionS

In this brief overview, we have summarized and simplified 
the basic principles of laser/light devices utilized in photo-
therapeutic treatment. This elementary synopsis generalizes 
the common device parameters with the intention of provid-
ing practitioners with a more complete understanding of the 
critical components for treatment. This information is invalu-
able in furthering understanding of light/tissue interaction, 
arming practitioners with the necessary tools to provide the 
safest and most efficacious treatment to their patients.

disclosures

The authors declared no potential conflicts of interest with 
respect to the research, authorship, and publication of this 
article.

Funding

The authors received no financial support for the research, 
authorship, and publication of this article.

reFerenCeS

 1. Anderson RR, Parrish JA. The optics of human skin. J 
Invest Dermatol. 1981;77:13-19.

 2. Anderson RR, Parrish JA. Microvasculature can be selec-
tively damaged using dye lasers: a basic theory and 
experimental evidence in human skin. Lasers Surg Med. 
1981;1:263-276.

 3. Anderson RR, Parrish JA. Lasers in dermatology provide 
a model for exploring new applications in surgical oncol-
ogy. Int Adv Surg Oncol. 1982;5:341-358.

 4. Anderson RR, Jaenicke KF, Parrish JA. Mechanisms of 
selective vascular changes caused by dye lasers. Lasers 
Surg Med. 1983;3:211-215.

 5. Anderson RR, Parrish JA. Selective photothermolysis: 
precise microsurgery by selective absorption of pulsed 
radiation. Science. 1983;220:524-527.

 6. Lui H, Anderson RR. Photodynamic therapy in derma-
tology: shedding a different light on skin disease. Arch 
Dermatol. 1992;128:1631-1636.

 7. Lui H, Anderson RR. Photodynamic therapy in dermatol-
ogy: recent developments. Dermatol Clin. 1993;11:1-13.

 8. Goldman MP, Fitzpatrick RE. Cutaneous Laser Surgery: 
The Art and Science of Selective Photothermolysis. St 
Louis, MO: Mosby; 1994.

 9. Greenwald J, Rosen S, Anderson RR, et al. Comparative 
histological studies of the tunable dye (at 577 nm) laser 
and argon laser: the specific vascular effects of the dye 
laser. J Invest Dermatol. 1981;77:305-310.

 10. Margolis RJ, Dover JS, Polla LL, et al. Visible action spec-
trum for melanin-specific selective photothermolysis. 
Lasers Surg Med. 1989;9:389-397.

 11. Acland KM, Barlow RJ. Lasers for the dermatologist. Br J 
Dermatol. 2000;143:244-255.

 12. Farkas JP, Richardson JA, Burrus CF, Hoopman JE, 
Brown SA, Kenkel JM. In vivo histopathologic com-
parison of the acute injury following treatment with 
five fractional ablative laser devices. Aesthetic Surg J. 
2010;30:457-464.

 13. Farkas JP, Richardson JA, Hoopman J, Brown SA, Kenkel 
JM. Micro-island damage with a nonablative 1540-nm 
Er:Glass fractional laser device in human skin. J Cosmet 
Dermatol. 2009;8:119-126.

 14. Everett MA, Waltermire JA, Olson R, Sayre R. Modifi-
cation of ultra-violet erythema by epidermal stripping. 
Nature. 1965;205:812-813.

 15. Everett MA, Yeargers E, Sayre RM, Olson RL. Penetration 
of epidermis by ultraviolet rays. Photochem Photobiol. 
1966;5:533-542.

 16. Altshuler GB, Anderson RR, Manstein D, Zenzie HH, 
Smirnov MZ. Extended theory of selective photothermol-
ysis. Lasers Surg Med. 2001;29:416-432.

 17. Anderson RR, Farinelli W, Laubach H, et al. Selective 
photothermolysis of lipid-rich tissues: a free electron 
laser study. Lasers Surg Med. 2006;38:913-919.

 18. Anderson RR, Margolis RJ, Watenabe S, Flotte T, Hruza 
GJ, Dover JS. Selective photothermolysis of cutane-
ous pigmentation by Q-switched Nd:YAG laser pulses  
at 1064, 532, and 355 nm. J Invest Dermatol. 1989;93: 
28-32.

 19. Brown SA, Farkas JP, Arnold C, et al. Heat shock proteins 
47 and 70 expression in rodent skin model as a function 
of contact cooling temperature: are we overcooling our 
target? Lasers Surg Med. 2007;39:504-512.

 20. Parrish JA, Anderson RR, Harrist T, Paul B, Murphy 
GF. Selective thermal effects with pulsed irradiation 
from lasers: from organ to organelle. J Invest Dermatol. 
1983;80:75s-80s.

 21. Polla LL, Jacques SL, Margolis RJ, et al. Selective pho-
tothermolysis: contribution to the treatment of flat 
angiomas (port wine stains) by laser [in French]. Ann 
Dermatol Venereol. 1987;114:497-505.

 22. Sakamoto FH, Doukas AG, Farinelli WA, et al. Selective 
photothermolysis to target sebaceous glands: theoretical 
estimation of parameters and preliminary results using a 
free electron laser. Lasers Surg Med. 2012;44:175-183.

 23. Rubin IK, Farinelli WA, Doukas A, Anderson RR. Optimal 
wavelengths for vein-selective photothermolysis. Lasers 
Surg Med. 2012;44:152-157.

 24. Mordon S, Capon A, Creusy C, et al. In vivo experimental 
evaluation of skin remodeling by using an Er:Glass laser 
with contact cooling. Lasers Surg Med. 2000;27:1-9.

 25. Nelson JS, Milner TE, Anvari B, et al. Dynamic epidermal 
cooling during pulsed laser treatment of port-wine stain: 
a new methodology with preliminary clinical evaluation. 
Arch Dermatol. 1995;131:695-700.

 26. Nelson JS, Milner TE, Anvari B, Tanenbaum BS, Svaas-
and LO, Kimel S. Dynamic epidermal cooling in con-
junction with laser-induced photothermolysis of port 
wine stain blood vessels. Lasers Surg Med. 1996;19: 
224-229.



6  Aesthetic Surgery Journal XX(X)

 27. Ross EV, Sajben FP, Hsia J, Barnette D, Miller CH, McKin-
lay JR. Nonablative skin remodeling: selective dermal 
heating with a mid-infrared laser and contact cooling 
combination. Lasers Surg Med. 2000;26:186-195.

 28. Svaasand LO, Nelson JS. On the physics of laser-induced 
selective photothermolysis of hair follicles: influence of 
wavelength, pulse duration, and epidermal cooling. J 
Biomed Opt. 2004;9:353-361.


