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What makes a good 
surgical laser ?

… Efficient Cutting 

& 
Sufficient Hemostasis 
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10,600 nm CO2 laser SuperPulse

Immediate 

Post OP
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Laser Surgery Science:

Wavelength,

Absorption & Scattering, 

Pulsing,

Ablation & Coagulation
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Practical Soft Tissue ABLATIVE Lasers

~1 µm
Near-IR

~3 µm
Mid-IR

~10 µm
IR

~1,000 nm ~10,000 nm~3,000 nm

Does 

Wavelength

MATTER for

Cutting ?

Coagulation ?
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How do Lasers 

Optically Ablate (incise/excise) Soft Tissue ?
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How do Lasers 
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CO2 Laser @ 10,600 nm; 7 W CW; 0.25 spot size

Does Cut (ablate/excise/incise)

How do Lasers 

Optically Ablate (incise/excise) Soft Tissue ?

Diode Laser @ 810 nm; 7 W CW; 0.3 mm spot size

Does Not Cut (ablate/excise/incise)

WHY ?

WAVELENGTH MATTERS !
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MYTHS

? ? ? ?
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2008 Journal of Laser Dentistry, Academy of Laser Dentistry

MYTH
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1,000% Blood
If there is that much blood in humans 

(i.e. 10 times thicker than whole blood),

then we all 

shall look like this …
(assuming dermatologists have skin bio-optics right)

600% MELANIN 
103 cm-1 for 200µm thick epithelium 

means 1-Exp(-2*1,000*.02)≈100% 

absorption for the visible light by the 

Pitch Black EPITHELIUM

Laser Surgery “Science” 2008
MYTH
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Where do we start 

? ? ? ?

Physics !!!
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Absorption by Water

High Power Diode Laser
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Absorption by Water

Low Power CO2 Laser
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4 MAIN KNOWN 

Soft Tissue Chromophores’

Absorption Coefficient Spectra 
: 

Water,
Melanin,

Hb,
HbO2
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Absorption Spectra for Main Chromophores
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Absorption Spectra for Soft Tissue Main Chromophores
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Rayleigh Scattering 

λ < λ
σ > σ
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Soft Tissue’s Light Scattering. 

λ < λ
σ > σ
Light 

Scattering

λ < λ
α< α
Light 

Absorption
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10,600 nm CO2 laser:

Absorption >> Scattering

2,780 & 2,940 nm Er lasers:

Absorption >> Scattering

400 µm glass fiber

Tip Is In Contact with 

Porcine Soft Tissue

1 Watt CW

810 nm Diode

NIR is Highly Scattered

808-1,064 nm Diodes:

Scattering >> Absorption
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NIR halo … 
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Laser Ablation 

(cutting/incising/excising) 

of Soft Tissue  

According to …

Laser Surgery Physics 
Texts …
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According to …

i.e. Near-IR diode wavelengths 

are Not Good for 

Ablation (incision/excision) 

Scattering-to-Absorption 

Ratio
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According to …

Near-IR

diodes 

Scattering >> Absorption

i.e. Near-IR diode wavelengths 

are Not Good for 

Ablation (incision/excision) 
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Thermal Diffusivity through the solid medium

Brownian Motion

A. Einstein “Über die von der 

molekularkinetischen Theorie der Wärme geforderte

Bewegung von in ruhenden Flüssigkeiten

suspendierten Teilchen”, Annalen der Physik, 

1905, vol. 322, Issue 8, pp.549-560

Thermal Relaxation Time

Diffusion (of Heat, or 

Heat Propagation) 

Distance

is proportional to

Root Square of Time
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ABLATION THRESHOLD FLUENCE, J/cm2 ?
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10,600 nm CO2

2,780 nm Er:YSGG 
2,940 nm Er:YAG

808-1,064 nm Diodes,Sub-Epithelium Connective Tissue,
Beam Diameter > Attenuation Depth

808-1,064 nm Diodes,Sub-Epithelium Connective Tissue,
Beam Diameter << Attenuation Depth

CO2 

lasers

diode

lasers

erbium

lasers
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During Laser Ablation

Coagulation?
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Capillary Blood Vessel Diameter B and Photo-Coagulation Depth H

H, mm

Wavelength, nm

Coagulation Depth, H

H for t  TR

H for t << TR

2,780 nm & 2,940 nm Erbium lasers 
Coagulation Depth H < B  Blood Vessel Diameter

 9,300 nm & 10,600 nm CO2 lasers
Coagulation Depth H > B  Blood Vessel Diameter

Near-IR 808-1,064 nm diodes
Coagulation Depth H >> Blood Vessel Diameter B

Gingival Blood 
Vessel 

Diameters

Poor
Coagulation

Wide-spread 
thermal 
damage

B

Mid-IR

IR

Near-IR
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Mid-IR Er laser wavelengths circa 3,000 nm :
- highly efficient and accurate ablation, 

- radiant coagulation depth smaller than gingival blood vessel diameters,

- coagulation depth can be extended by pulse width/rate increase.

Near-IR diode wavelengths circa 1,000 nm: 

- energy inefficient and spatially inaccurate photo-ablation, 
- excessive and wide spread thermal damage during coagulation. 

IR CO2 laser wavelengths circa 10,000 nm :
- highly efficient and accurate ablation,

- radiant coagulation depth matches gingival blood vessel diameters,

- coagulation depth can be extended by pulse width/rate increase.

SUMMARY
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ABLATIVE

ABLATIVE

Poor Coagulation

Good Coagulation
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VEHICLES –

passenger cars

Peter Vitruk, PhD, MInstP, CPhys

The Physics and Myths of Surgical Lasers

40

41

42



10/4/2019

15

VEHICLES
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Tank 

BusRace car

Off-road

DRIVERS

VS

Ablation/Cutting 

DEPTH
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Ablation/Cutting depth 

δ ∞  power

δ ∞  spotsize -1 

δ ∞  handspeed -1 
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https://www.lightscalpel.com/blog/sor

oush-zaghi-new-laser-handpiece-

frenuloplasty/
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- side cutting laser beam handpiece

- 100% laser beam confinement within 

the miniature tip of the handpiece

- first in class 

Laser Beam
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Post Operative

PAIN
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Healing
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Lip-tie

Immediately post-op

laser

2 weeks post-op

healing

HEALING ?
2 weeks post-op
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THANK YOU !
Peter Vitruk
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