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“For God's sake, Edwards. Put the laser pointer away.”




a) Crystal lasers (solid state lasers) include

- Ruby crystal (aluminum oxide and chromium)
- Neodymium crystal is embedded in yttrium-aluminium garnet (Nd:YAG) lasers.

b) Gas lasers include
- Helium neon (HeNe)
- Argon
- Carbon dioxide (CO2)

¢) Semiconductor or diode laser
- Gallium arsenide (GaAs)

d) Liquid laser
- Polyphenyle - Oxazine

e¢) Chemical laser
- Laser with high intensity not used therapeutically but used in industrial production



a) High power: known as "hot" lasers because of the thermal responses they generate. These
are used in the medical realms in numerous areas, including surgical cutting and
coagulation, ophthalmologic, dermatologic, oncologic, and vascular specialties.

b) Low power: known as "low power laser therapy" or "low level laser therapy". It used for
wound healing and pain management. These lasers produce a maximal output of less than
1 milliwatt (1 mW = 1/1000 W) causing photochemical, rather than thermal effects. No
tissue warming occurs.



a) Class 1 (less than 0.5 mW)

v' Visible and non-visible

v' No eye or skin danger

v’ Laser printers, car entry, CD players

v' No heating/no healing

v’ Safe in all uses unless focused through magnifier

a) Class 2 (less than 1 mW)
v’ Visible

v’ Safe for short periods on eyes and extended on skin

v’ Safe because blink reflex limits retina exposure
v' No healing/no heating.




Q Classification of laser

a) Class 3 (1ImW to 500 mW)

v Visible and invisible.

v Helium neon (HeNe).

v' Galium Arsenide (GaAs)—infrared.

v' GaAluminumAs (GaAlAs)—infrared.

v" MPE can be exceeded with limited effects (skin).
v’ Protective eye ware if direct viewing of beam.

a)Class 4 (more than 500 mW)

v Increases tissue temperature--can burn

v" Dehydrates tissue

v" Coagulates protein

v" Thermolysis

v' CO2, Argon, YAG laser

v" Eye danger can result from indirect or reflected beam
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2- Gallium arsenide (GaAs)

» The GaAs lasers utilize a diode to produce an infrared (invisible) laser at a wavelength of
904 nm. Diode lasers are composed of semiconductor silicone materials that are precisely cut
and layered. An electrical source is applied to each side, and lasing action is produced at the
junction of the two materials. The cleaved surfaces function as partially reflecting surfaces
that will ultimately produce coherent light.

* The 904-nm laser is delivered in a pulsed mode because of the heat produced at the junction
of the diode chips.

* N.B: Diode laser can single beam or multisource cluster beam



1- Reducing Pain

a) There is an increase in serotonin (5-HT) levels (inhibit pain transmission to brain
and from nociceptors).

b) There are also increases in Beta Endorphins, which decrease pain sensation.

c) Decrease bradykinins (
)) which can be prevalent in injured tissue, induce pain
sensation by stimulating nociceptive afferents.

d) Increase release of Acetylcholine: Acetylcholine helps normalize nerve signal
transmission in the autonomic and somatic pathways.




O Physiological effects

2- Reducing Inflammation

a) Enhancement of ATP by stimulation of mitochondria.
b) Stabilization of the Cellular Membrane.

c) Acceleration of Leukocytic Activity

d) Increased Angiogenesis (




Q Physiological effects

3- Promoting Tissue Healing

a) Increased macrophage activity.
b) Increased fibroblast proliferation.

c) Keratinocyte proliferation. (

a) Early epithelialization.

b) Growth factors increase (

xamples are fibroblast growth factors

vascular endothelial growth factors




4- Recovery from nerve injury

a) Accelerate nerve regeneration (

)

b) Increase frequency of action potential.

c¢) Increase rate of nerve conduction.

5- Increase bone and cartilage formation
( by stimulation of bone morphogenetic proteins that stimulate
bone cell differentiation)




Q Clinical application of laser

1. Calculation of laser dose dependent on:

(1) The output power of the laser in mw.
(2) The time of exposure in seconds.
(3) The beam surface area of the laser in cm2 (area of irradiation).

* Equations:
Energy or total energy (Joule) = Watts X Seconds\

Time of exposure (seconds) = Joules/Watts.

Qutput power (mw) x time (seconds)
Energy density (Joules/cm?2 {J/em2}) =

Beam surface area (area of wradiation)




Indication Dosage Frequency Application
Inflammation 2 -5 Jlem? 5000 Hz Over inflamed tissue
Neuralgia 10 -12 Jlem? Continuous  Along course of nerve
Pain, acute 6 Jicm? Continuous  Over pain area or TP
Pain, chronic 12 Jiem? Continuous ~ Over pain area or TP
Soft tissue injury, acute 4 -8 Jicm? <100 Hz Over lesion
Soft tissue injury, chronic 12 Jiem? Continuous  Over lesion
Tendinitis/Bursitis 2-10 Jicm? 5000 Hz Over inflamed tissue
Trigger points 5-12 Jlcm? Continuous  Over TP
Wounds, acute 8 Jiem? 700 Hz In and around wound bed
Wounds, chronic 1-6Jicm? Continuous In and around wound bed
Joint Disorders, chronic Finger: 0.5 J/lcm? Continuous Over joint surface

Knee: 6 Jicm? Continuous  Over joint surface
Spine: 12 Jlcm? Continuous  Over joint surface

Note: As a general quideline, use wavelengths in the visible range (600-700 nm) for superficial lesions,

in the infrared range (700-1000 nm) for deeper lesions.




A Clinical application of laser
2. Depth of Penetration

a)HeNe laser energy Absorbed rapidly in the superficial structures,
especially within the first of soft tissue. The response that occurs
from absorption is termed the "direct effect." HeNe laser has an indirect
effect on tissues

a)The GaAs, which has a longer
wavelength, is directly absorbed in
tissues at depths

of and has an indirect effect




A Clinical application of laser

3) Laser treatment techniques
There are two main techniques

1. Contact technique: GaAs only for trigger points
or around wound.

2. Non-contact technique: for HeNe and GaAs
for superficial wounds or stimulation of
wound bed




On / Off Scroll / parameter

switch adjustment key
Escape key
Enter key
Time / stop
Adjustment key Intensity

adjustment key
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Unit performs diagnosis and probe identification, then

Displays connected probes

Electrotherapy Laser Therapy

Probe type

Ultrasound

Probe type



Screen lcons

Clster diode Physiological Effects graph

Single diode Laser

Encyclopedia

Electrotherapy
Ultrasound probe leads Anatomy

illustrations



encyclopaedia

)

Activating Encyclopedia achillodunia

icon will take you to the achillodynia 2
Scrocyanosls

acrocuanosis 2 t

encyclopedia library

acrocyanosis 3

algodustrophic sundrome - lower limb

algodystrophic sundroms = lower limb 2
algodustrophic syndrome lower limb 3
algodystrophic sundrome lower limb 4

Program
E-0001
segme

You can then scroll through
options using the arrows or dial
control




Activation of Anatomy Man icon will take you to the
available anatomy chart for the selected protocol. Use of

forward or back arrows will show any additional anatomy
charts






phusiological
effects:

To escape out of any
screen displayed and go
to previous screen, use
either touch screen or
escape button.




t phusiological l Physiological effects graph
0.70 cm* effects: alrlele lu (laser)

A = Analgesic ( pain control)

F = Antiflogistic (anti bacterial)

E = Antiedema ( inflammation effect)

B = Biostimulation ( increased cellular activity)

V — Vasodilation ( circulatory effect)




diagnosis

)
acrocJyanosis
algodystrophic syndrome - lower limb t
algodustrophic sundrome - upper limb
Depressing diagnosis button will
take you to maln dlagnOS|S screen sudeck’s dystroph blockage of sympathetic plexi *

DKL MNOP QRSTU VYWXYZ

In the diagnosis program, clinical
specialties can be accessed if the laser
probe has been selected.




eneral practitioner
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aphta (stomatitiz aphtoszad (2) L?’:‘?J |
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arthritis QHF HEUE![]U[]‘ *

cizatrix cheloidum

Irradiated ar
Frequ

program: L-1204 arthritis Luty

=ABCD EFGH LKL MNOP  QRSTU VYWXY2

therapy:

dose: i
4.00 J/cm?

power:

50 m\4¢

dose: 4.00 J/cmi, duty factor: 807, frequency: 8.60Hz, area: ¢
area: 1.00 cm? 1.00 cme

max.power: 50 mW
‘ H I H [] U U U laser ready
ARFUELEUY

time: ¢
07:40 [m:s]

course of
signal:

physiological
effects:

H




rogram

Depressing program button will

o
mE
activate the program main screen E 00 0 1
L

prad galwaniczny, typ kontynualny

A

You can then scroll
through options with
dial




dose: 4.00 J/cmi, duty factor: B,
area: 1.00cme

=

' I program ‘_

0000 - 9999

You can also go directly to your favorite i
program by pressing the small zip icon,
then entering the program number you

desire, then press enter, it will take you
directly to that program




manual setting

therapy: ¢ mode: O
tens constant current (co®

type: polarity:

positive¢

pulse: 100ws¢ electro
frequency: 100 Hz parameler I l] Il

sgmmetric¢

physiological
effects: AUEUTURUS

00:00 [m:sly GE

Depressing manual tab takes you to the manual
setting main screen




accessories

encuclopaedia

init settings

zet t 1NGE




menu / database

patients

Depressing user tab will take you to user menu
main screen




d\ Y 8:49555
QA N
'V 4

BTL-58405L

To select the desired probe / therapy, touch the desired probe icon at bottom of
screen. The selected probe / therapy icon will then change color, indicating that
probe is now the active probe.



Dose:
adjustable from 0.1

to 99 Joules

Laser Power: adjustable
from 20 to 100 %

Therapy Area: adjustable
from 0.1 to 99 cm2

Duty Factor:
10 t0 90 %




Probe connections




Note that with all connections of
therapy cables, the cable connects at
the 11:00 position for 2,4,6 and at the
1:00 position for 1,3,5













Cluster probe is of metal
construction with built in
cooling fan for laser diodes



=
2

Cluster Probe Head

685 nm Laser diodes
830 nm Laser diodes
470 nm SLED diodes




Tharapy areas:

E Infrared convergent probe
Red divergent probe
Laser cluster contact method

Laser clustar

50 om? 25 om’




Eye Injury




+ UV can cause skin injuries comparable to sun burn.

+ There iIs an increased risk for developing skin cancer
from UV laser exposure.

+ High powered lasers, especially from the infrared (IR)
and visible range of the spectrum, can burn the skin
and even set clothes on fire.



Skin Burns

m CO2 laser reflected from a metal surface




CLASS 1
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GSiLUMonics
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i 0

Label not required

May be higher class during
maintenance or service

Laser-Professionals.com



CLASS 2

Laser Scanners

CAUTION

Laser Radiation
Do Not Stare Into Beam

Helium Neon Laser
1 milliwatt max/cw

CLASS Il LASER PRODUCT

Laser-Professionals.com



CLASS 3R (Formerly 3a)

Expanded Beam

CAUTION

Laser Radiation-
Do Not Stare Into Beam or View
Directly With Optical Instruments

Helium Neon Laser
5 milliwatt max/cw
CLASS llla LASER PRODUCT

LASER RADIATION-
AVOID DIRECT EYE EXPOSURE

ND:YAG 532nm Small Beam
5 milliwatts max/CW

CLASS llla Laser Product



CLASS 3B

DPSS Laser with cover removed

Courtesy of Sam’s Laser FAQ, www.repairfag.org/sam/lasersam.htm, © 1994-2004

Laser-Professionals.com

LASER RADIATION-
AVOID DIRECT EXPOSURE TO BEAM

20 ND:YAG Wavelength: 532 nm
Output Power 80 mwW

CLASS llIb Laser Product



CLASS 4

Visible or invisible
« CW power >0.5W
* Fire hazard

Exposure to direct beam and scattered
light is eye and skin hazard

: Photo: Keith Hunt - www.keithhunt.co.uk
Laser-Professionals.com Copyright: University of Sussex, Brighton (UK)

VISIBLE LASER RADIATION-
AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION

20 Nd:YAG
Wavelength: 532 nm

Output Power 20 W
CLASS IV Laser Product



http://www.keithhunt.co.uk/

2. Non-Beam Hazards

Electrical Hazards

Fire Hazards

Laser Generated Air Contaminants (LGAC)
Compressed Gases

Chemical Hazards

Collateral and Plasma Radiation

¢
L 4
*
*
*
*
*




LASER PROTECTIVE BARRIERS

Photos courtesy (
Laser-Professionals.com



OPTICAL DENSITY OF LASER SAFETY EYEWEAR

90 SB()M\ OD 3+ af 800—83 =

1 w\ S 0D 4
! OD ook 865-10630m, OD. 7+ af 064 o |
'3 \

Eyewear L8655 LS708
OD
D f @ 790—5327\!\4.

% Transmission
100%
10%
1%
0.1%
0.01%
0.001%
0.0001%

CDU'I-hCJOI\)HOCU)

Laser-Professionals.com



|_ack of maintenance

14 13 12 11

Bcare Muse Houtpout W radiation




acC protocol

Lbgas ol

fetecharnfool
Farmin

[FEPPT o ST

L P T L

L L L
TR

IHCLUITRED TEATS

TR AT

Fay iy
i s F s rary s remiys s
wilmipml B jeasctiom

[} thilmg tests

Frysue I Tenis

g canrrant taenin

VEma e is ol e

il el gy Slges

froguoncy ™

R TR

SO FYEFG] OF O FE DR & O L e

EEtet e o

Lk
1 Framas by

wtaagss sk
1 il

OS] I PTAareY § ey o

L §

T
Pelmm passanr ol prork = S WA
TG

I CF

2AAT - FATH RAHF

sl Fiw

il

[T =L
LETTIT FTE S,

P ai ol
A

ol e il

2R
1 EF
10

AT AR B

EX.E3D FFRSh

REFERENCIE

PHARARL LR

N SR L -3

EFHWA § Bk

Fi-F-g [ BEAE)

ORI L - B | BOFTF)

DS SO0 - 3-8 {2007

T TRCHREE L - 20 DT

PaBRARE [ LTS ), R

F-G (BOLT)

o e r Prass w mnaliyais
Pl T e ragll gl oeeaEr B el

EH ARG e % i, B EEe, L% i, P E
AF §W, At

Haslgghal 1.0 v, B.%
Aunglas 0, 4%, B0,

ey BaFRilE -

16 A T

ol
AN AF T

L R g

VAL R g

B}, oM 1 me

PORERILE {0

VEES BT {1
CWFTe. N | FOERX ), LT

oo/ micSf (ax)

£ BFN

cloapranan s




The 13 PEM 001/]) integrated 2-watt broadband power and
energy meter is a high-sensitivity instrument for measuring optical
radiation from the ultraviolet to the far infrared. The instrument
features a sensitive, but low drift, thermopile sensor head. The sen-
sor disc, made from high-density graphite, does not h. 1 painted,
plated, or anodized front surface that can be easily ablated. Con-
sequently, the thermopile has a very high damage threshold, The
13 PEM 001/ is ideal for measuring the output power of cw lasers,
the average power of pulsed (quasi-cw) laser source nd the peak
power of long-pulse lasers. It can also measure the energy of a
laser pulse.

Measures cw power from 10 gWto 2 W

Calibrated from 200 nm to 20 um

Handles 200 W/em? average power, 100 MW/em? pulsed

power

Includes broadband (400 nm--2 wm) optical filter to eliminate

thermal background radiation

Displays output in analog and digital formats

Adjustable tilt base for casy viewing

SPECIFICATIONS: INTEGRATED 2-WATT BROADBAND
POWER AND ENERGY METER SYSTEM
Measurement Specifications:
Calibrated Spectral Range:
200 nm o 20 gm (400 nm to 2 gm with filter)
Power (Energy):
Range: 10 gW o2 W ({1002 ))
Resolution: 10 xW (10 pJ)
Range Selection: 7-position switch, 3-3000 mW (mJ)
Ofset: + 25 mW (mJ) with 10-turn potentiometer
Pulse Repetition Rate (energy mode):
Single pulse or 1 Hz maximum
Maximum Pulse Width: 100 msec
Noise Fquivalent Power (Energy) 10 gW (10 ) rms
Drin: Less than 15 5gW over 60 min
Response Time: <(.5 sec
Calibration: + 5% NIST traceable

www mellesgrisl.com

Integrated 2-Watt
Broadband Power and
Energy Meter System

Detector:
Type: [0-mme-diameter large-area thermopile;
high-density graphite disc
Uniformity: + 1% over central 8 mm
Maximum Power Dissipation: 3 W
Maximum Energy Density:
~1 Jiem? for pulse width r = 107 sec
~r/10=7 Jlem? for pulse width < 10— 7 sec
(e.g.. ~10= 3 J/em? for pulse width r= 1012 sec)
Displays:
Digital: 3%4-digit LED display
Analog: Precision backlit mirror scale
External Analog Output:
Rear-panel BNC (1 Vde full scale)
Power Requirements:
Voltage: 115 Vac + 10%/ — 20%, 230 Vac + 10%
R -panel selector switch
Frequency: 50-60 Hz
Power: <10W
Temperature:
Operating: + 15°C to + 35°C
Storage: —20°C to + 55°C
Dimensions:
ControVDisplay Unit: 185 x 130 x 125 mm
(7.3%x51%x49in.)
Sensor Head: 48 mm (1.9 in.) in diameter,
60 mm (2.4 in.) long
Cable: 1L.6m(5.21n)
Safety: CE compliant

Integrated 2-Watt Broadband
Power and Energy Meter System

PRODUCT NUMBER

2-W Broadband Power and Energy Meter 13 PEM OO0V
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Responsibilities

Acceptance testing
and commissioning
of the system

(medical physicist)

-

Care of Use of
equipment equipment

Environment
of equipment

Mechanical Tests Qulput tests Electrical Safety

(physiotherapist) (medical physicist, (medical physicist,
clinical engineer) clinical engineer)

Environmental RF Radiation
Survey Measurements

(physiotherapist) (medical physicist)
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Figure 2. Different wavelengths of light penetrate the skin in different ways
(Photo source: http://ehs.oregonstate.edu/laser/training/laser-biological-hazards-skin)
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