
The Lingo of Lasers: Understanding Laser 
Resurfacing and its Use in Esthetics
Instructor Courtney Sykes





History
Albert Einstein: 1917
● Published a paper on Quantum Theory, outlining the 

theory of laser light in a German journal. 
● Einstein was able to mathematically describe the 

emission of spontaneous sunlight and theorize how a 
brilliant form of light energy could be artificially 
created. 

Theodore Townes & Arthur Schawlow: 1958
● Published the first theoretical calculations for visible 

light source at Bell Laboratories 
● The MASER (microwave amplification by the 

stimulated emission of radiation) was initially created 
as the first type of invisible light using ammonia gas 
and microwave radiation. 

In March 1905 , Einstein 
created the quantum 
theory of light, the idea 
that light exists as tiny 
packets, or particles, 
which he called photons. 
Later in 1905 came an 
extension of special 
relativity in which 
Einstein proved that 
energy and matter are 
linked in the most 
famous relationship in 
physics: E=mc2.



History
Theodore Mainman: 1960
● Created the first laser at the 694 

nanometer (nm) red spectrum of 
light from a ruby crystal

1961 
● The neodymium-doped glass laser 

was created
1962
● The argon laser, which used two 

visible wavelengths of blue-green 
light, was created for 
ophthalmologists to use in the 
treatment of retinal disorders



Neodymium
Neodymium is a chemical element with 
the symbol Nd and atomic number 60. 
Neodymium belongs to the lanthanide 
series and is a rare-earth element. It is a 
hard, slightly malleable silvery metal that 
quickly tarnishes in air and moisture.



History
One of 3,072 
Neodymium-doped laser 
glass slabs used to 
amplify the NIF laser 
from a picojoule to 4 
megajoules at 1053 nm.  



History



History
1964
● The first neodymium-doped 

yttrium-aluminum garnet (Nd: 
YAG) laser was developed for 
experimental removal of tattoos 
and vascular lesions

1965
● First carbon dioxide (CO2) laser 

was created from CO2 gas. 

Nd Yag Laser



History
1964
● The first neodymium-doped 

yttrium-aluminum garnet 
(Nd: YAG) laser was 
developed for experimental 
removal of tattoos and 
vascular lesions

1965
● First carbon dioxide (CO2) 

laser was created from CO2 
gas. 

CO2 Laser Technology



Physics
● Laser light is much like a high-powered 

flashlight that has been efficiently 
harnessed to provide a narrow, directional 
beam of light. The sun emits rays of light 
that are composed of a multitude of 
invisible and visible forms of energy. This 
light can be broken down into invisible 
ultraviolet energy, invisible infrared light, 
and visible light. 

● The type of energy in the electromagnetic 
spectrum of radiation is composed of 
discrete particles called PHOTONS. 

A photon is the smallest discrete amount 
or quantum of electromagnetic 
radiation. It is the basic unit of all light.

Photons are always in motion and, in a 
vacuum, travel at a constant speed to all 
observers of 2.998 x 108 m/s. This is 
commonly referred to as the speed of 
light.



Physics
● FUN FACT: Photons 

travel at the speed of 
light in the form of a 
wave at 186,000 miles 
per second. 

● WAVELENGTH: refers to 
the physical distance 
between the top 
(amplitude) of one wave 
to the top of the next 
wave. 

● Each wavelength of 
light energy that is 
generated is measured 
in units of length called 
nanometers and 
micrometers. 

● NANOMETER: a 
billionth of a meter. 



Physics
● FUN FACT: The human eye responds primarily to energy wavelengths between 400 nm and 750 nm. 

○ The RAINBOW’s Spectrum of Light: 488 nm is blue, 532 nm is green, 577 nm is yellow, 590 nm is 
orange, and 694 nm is deep red. 

● Cosmetic infrared lasers can be classified as either near-infrared (700 nm to 1200 nm) or 
mid-infrared (1200 nm to 3000 nm) wavelengths of light. 



Creation of Laser Light
Bohr Atomic Model
● RESTING STATE: Electrons are at their lowest 

energy level. 
● When an INTENSE ENERGY SOURCE is applied 

to a molecule, the energy is ABSORBED for a 
fraction of a second and orbiting electrons 
move to a higher, EXCITED orbit. 

● As the electrons descend back down to the 
ground level, this energy is released as a 
PHOTON with a particular wavelength on the 
Electromagnetic Spectrum of Radiation. 

● This reaction is called SPONTANEOUS 
EMISSION OF LIGHT and occurs naturally, as 
seen with sunlight. 



Creation of Laser 
Light
● LASER: “Light Amplification by the 

Stimulated Emission of Radiation”

● Einstein proposed the theory of 
STIMULATED EMISSION OF LIGHT - 
which states that in an excited 
state, a PHOTON of energy would 
be produced, in the presence of 
other IDENTICAL PHOTONS. He also 
proposed that two identical 
photons would travel in the SAME 
DIRECTION!



Laser Light in the Laser
● Stimulated emission occurs when an 

already-excited electron absorbs a 
newly created photon of equal energy. 

● Upon descending back to its resting 
state, two identical photos are now 
released!

● This formation of a laser beam occurs 
inside the tube or head of your laser. 

● Turning on the laser machine will 
produce intense energy. Electrons 
become stimulated by this intense 
energy and spontaneously create 
identical photons as they collide with 
mirrors placed on opposite ends of the 
laser tube. These mirrors reflect the 
emitted photons back and forth 
between the mirrors. 



Laser Light in the Laser
● Two photons collide with two more photons, resulting in four 

photons, and a chain reaction occurs! 
● Each time they pass back through the MEDIUM, more photons 

are created, until a population inversion occurs!
● Population inversion is defined as a state where more than 50% 

of the photons emitted are identical to each other. 



Laser Light in the Laser
OPTICAL RESONATOR CAVITY: The part of the laser that contains the active 
MEDIUM. 

ACTIVE MEDIUM: The part of the laser that absorbs and stores energy. 
● Gas, liquid, or solid = examples of active mediums within a laser. 
● Common Gas Mediums: Argon, Carbon Dioxide, Helium-Neon Gas particles
● Liquid Mediums: Organic Liquid or Dye
● Crystal Medium: Crystal of Yttrium-Aluminum Garnet (YAG) particles that 

are doped with certain elements such as holmium, neodymium, thulium, or 
erbium electrons. 



Coherent Light
● Normal light from a lightbulb can be 

viewed as a multitude of frequencies, 
all out of phase with each other, all 
traveling in different directions. 

● Laser light is considered COHERENT 
because the laser photons travel 
through space both temporally and 
spatially. Each wavelength of light is 
composed of photons that are 
traveling in both time and space as 
a single unit of energy. 



Laser Terminology
● OPTICAL ENERGY is determined by the 

laser’s power, the spot size, and the pulse 
duration or pulse width. 

● A common unit of energy that is used 
with lasers in the esthetics field is 
JOULES. Joules is the term that 
describes the amount of energy delivered 
to tissue multiplied by the time it takes to 
deliver it. FLUENCE, or RADIANT ENERGY, 
refers to the energy of the pulsed laser 
beam - it is expressed in joules per cm2 
(J/cm2). 



Laser Terminology
● Power is the rate of doing the work, and a unit of power is referred to as a WATT. POWER 

DENSITY is the rate of energy that is being delivered to tissue by a laser light source and is a 
common unit of measurement with continuous wave lasers. Power density is a parameter that 
describes how powerful the laser beam is at the surface of the skin. IRRADIANCE, or power 
density, is measured in watts per centimeter squared (W/cm2). 



Laser Terminology
● PULSE DURATION (or PULSE WIDTH), 

which is measured in nanoseconds, 
microseconds, or milliseconds, is the 
timing of the light energy, or how 
long the laser is actually emitted on 
the skin. 

● SPOT SIZE is also necessary to reach 
high optical energy. It is a 
measurement of the diameter of the 
beam that is in contact with the skin 
tissue. 



Laser Properties
● Chromophore: The target of the epidermis 

or dermis that absorbs the laser beam’s 
thermal energy, causing the desired 
ablation. 
○ COMMON CHROMOPHORES: Water, 

Hemoglobin in the blood, Collagen, 
and Melanin. 

● Absorption: The physical process in which 
light energy is converted by the targeted 
tissue into either heat, an acoustic 
response, a chemical reaction, or cellular 
stimulation. 
○ Particular wavelengths are absorbed 

by particular chromophores. 



Laser Properties
● Reflection: About 4-6% of natural light is reflected at the level of the stratum corneum. A laser beam can 

also reflect off the skin or any shiny surface such as a mirror, jewelry, or instrument. Once reflected, the 
thermal properties of the laser light could possibly cause a surface skin burn, fire, or even eye damage.

● Transmission: The amount of transmission depends on the wavelength of the light. The shorter the 
wavelength, the more superficial transmission (penetration of laser light occurs), and vice versa. 

● Scatter: Scattering of laser light refers to the physical processes of the skin that cause a beam to be 
deflected into some or all new directions. 



Chromophores
Different cosmetic lasers are absorbed by different chromophores. 

● Hair removal lasers are absorbed by dark pigment, or melanin.
● Vascular lasers seek out blood or oxyhemoglobin as their chromophore.
● Lasers that produce new collagen and rejuvenation tend to be water or collagen absorbers. --- > 

Produce FIBROBLASTS in the dermis of the skin! 
● Lasers used for clearance of pigmented lesions or lentigos target melanin in the epidermis and 

dermis. 
● Tattoo lasers target specific dyes or tattoo pigment. 



Laser Terminology
● SELECTIVE PHOTOTHERMOLYSIS: The 

selective targeting of an area using 
specific wavelengths to absorb light into 
the target area sufficient to damage the 
tissue of the target while allowing the 
surrounding area to remain relatively 
untouched. 

● THERMAL RELAXATION TIME: The 
amount of time it takes a substance (i.e. 
dermal tissue) after healing, to return to 
its normal temperature. 

● ABSORPTION COEFFICIENT: A 
logarithmic measurement describing 
how a particular wavelength of light will 
be absorbed and to what depth. 



Pay attention 
to the nm 
depth of 
penetration 
into the skin. 





Laser 
Resurfacing

● Safely utilize laser 
resurfacing technologies on 
a hybrid and ablative level to 
maximize patient results

● Understand laser resurfacing 
for specific skin conditions 
and concerns 

● Pair laser resurfacing 
technology with light-based 
laser treatments for 
incredible results



Hybrid 
Fractional 

Laser 
Resurfacing

Hybrid Fractional Laser Resurfacing = can 
sequentially utilize two wavelengths in its 
delivery, non-ablative 1470 nm and ablative 
2940 nm. 1470 nm wavelength is absorbed 
by water making it ideal for non- ablation 
of soft tissue and creating controlled zones 
of coagulation to chosen depths into the 
dermis. 2940 nm is utilized for its high 
absorption in water which results in 
precision ablation as desired in the 
epidermis. This combination allows for 
fractionated non-ablative and ablative skin 
resurfacing resulting in a cosmetic 
improvement in pigmentation, tone and 
texture of skin as well as other effects of 
photoaging.



Erbium 
Yag/Total 

Laser 
Resurfacing

Erbium Yag/Total Laser 
Resurfacing = emits a 
mid-infrared beam at 2940 
nm, which coincides with the 
highest absorption peak for 
water. Its principal use is to 
ablate tissue for a cosmetic 
improvement of wrinkles and 
other effects of photoaging.



2940nm 
Erbium 

Resurfacing

2940nm Erbium Resurfacing is 
designed for use in surgical 
applications requiring the excision, 
incision, ablation, vaporization, and 
coagulation of soft tissue, and for skin 
resurfacing.

Aesthetic Surgery: Skin resurfacing 
and treatment of wrinkles.

Dermatology & Plastic Surgery: 
Indications include epidermal nevi, 
actinic cheilitis, keloids, verrucae, skin 
tags, anal tags, keratoses, scar 
revision, debulking benign tumors, 
and decubitis ulcers. It is also used for 
laser assisted site preparation for hair 
transplantation.



2940nm Erbium 
Resurfacing: 

Contraindications

2940nm Erbium Resurfacing is 
contraindicated for: 

- Patients who are intolerant to anesthesia
- Patients with infectious diseases
- Patients with connective tissue disease
- Patients with propensity for keloid 

formation
- Patients who are immunocompromised
- Pregnancy
- Isotretinoin Use (Accutane) within the 

past 12 months
- Medical use that affects wound healing
- Use of anticoagulants 



2940nm Erbium 
Resurfacing: 

Potential 
Complications

Potential complications from 2940nm 
Erbium Resurfacing are: 

- Scarring - hypertrophic and 
non-hypertrophic

-  Burns
-  Extensive tissue destruction
-  Ulceration
-  Hyperpigmentation
-  Hypopigmentation
-  Induced hemorrhage 
- Edema



Skin 
Thickness

It is important to avoid ablation of the full 
thickness of both the epidermis and dermis 
(E+D). Full thickness ablation markedly 
increases the risk of scarring and long 
term tissue.



Perfect 
Pairing!

● Pairing IPL Laser Treatments 
with Laser Resurfacing 
(whether Hybrid Fractional or 
completely Ablative) reaps 
REWARDS!

● Pair in PACKAGES! Sell a 
package of 4-6 IPL Laser 
Facials with 1-2 Laser 
Resurfacing sessions per 
year. Mix in peels, 
hydra-dermabrasion, and 
more for serious RESULTS! 



Client Care Plans: 
Medical 

Aesthetics

● Create a meaningful experience for 
your guests paired with customized 
plans for medical aesthetics practices

● Pair cosmetic procedures with the joy 
of science education to help 
consumers understand laser 
technology

● Create evolutionary branding for your 
medical spa practice by outlining why 
laser treatments can be year-round 
skin rejuvenation procedures 



Client Care Plans: 
Medical 

Aesthetics
The creation of custom CARE PLANS is 

critical to practice success - and paints a 
picture for your patients/clients. They 

need to see the END result! 


