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A bs tract

The Cutera. Inc, cool Glide system laser is along pulsed Nd-YAG 1064 nin.
2of energy density 25 to30 J/cm and pulse duration 25ms in all individual 

sessions.

This study was held in Medical Arms Service Hospital .The period of stud\ 

taken was three month.

The study sample consisted o f five patients Base line photographs were 

taken before treatments and also after treatments. Photos show the 

satisfactory results o f the laser treatment.

In this study the hair removal treat went was conducted for female middle 

age group of 25-40 years.

The ND-YAG (1064nm) laser was found to be more effective in treatment 

of the hair removal, and complications can be minimized by using anesthesia 

and anti biotics.

The Nd-YAG laser therapy should be considered as a good and dependable 

alternative to other treatment radiation techniques. And effectiveness of 

treatment can be increased by using optimum power and duration.

VIII



البحث ملخىع

ND-YACi ل جي امنو. الحول ذو وي ط ٠ ال ٦ ل ١ ٤ عم ه بين تتراوح بقدرة ي وزمن \مس )جول٣٠-٢(

ة ض ب ن ل ز هنثنا ا ا ه جل ة ا م د خ ت ف ن ت جميع في ا سا ة جل ل ا ز عر ا ش ها ال ر دا ق م ر زي ل ل ا ن ملي ٢ ٥ ب ة. م الثاني

ة منت س را د ح في ال ال س ىف انطىب ال ة مستش دي جلل ر ثالثة فرتة واستقررت ا هش تضمنتخمسة الدراسة ا

ت ض رس د مت ع خذ عىن وا ر ا و ل ص العالج. وبعد قب

ة شت س را د ة ال ل ا ز ا شعر ( زير ال وبالل مج مل ء عة) سا سنة. ٤ ٠ - ٢ ٥ مابني العمر في الن

ر ا ه ز قي فعال جن ن الشعر الة ا ك مي ل و قلي ر ت ا ث ال ة ا ي ب ن جلا ر بإعطاء ا دي ت خت دا ضا م ة. و وي حي

ز ها جن ن جيد ا ك مي ة اعتباره و قني لت ة ا ديل لب ج في ا ال ع ل ة ا ع ش ال ه٠با ذ ر اكرث فعال وا ا ي ت خبت ال م عا مل ا

ح انعال في املثالية



Chapter one

Introduction

Overview
LASER: "light amplification by stimulated emission of radiation"

"Light" is understood in a general sense of electromagnetic radiation with wavelength 

around 1 micron. Thus, one can have infrared, visible or ultraviolet lasers, j  1  |

1-1 History of lasers:

1917: Einstein formulated a theory of spontaneous emission, stimulated emission and 

absorption.

1954: Development of the maser by C.H. Townes. The maser is basically the same 

idea as the laser, only it works at microwave frequencies.

1958: Proposal by C.H. Townes and A.L. Schawlow that the maser concept 

could be extended to optical frequencies.

1960: T.H. Maiman at Hughes Laboratories reports the first laser: the pulsed ruby 

laser.

1961: The first continuous wave laser is reported (the helium neon laser, f 11

1.2 Objective of the study:

The main objective of this study is the evaluation of utilization of ND-YAG 

laser (1064) nm on the hair removal for female to provide additional literature 

concerning the treatment of hair removal by ND-YAG laser, this in hope to be 

more efficient, less time consuming and avoiding or minimizing complication 

associated with other classical modes of treatment, because the growth of the 

hair on the female face (beard, mustache) it cause sicatric problem for them.

1



1.3 previous study:
Maurice A. Adatto, M. D., Founder & Medical Director Skin pulse Dermatology. Laser 

& Beauty Centers, Geneva, Switzerland It.

The Background Is general knowledge that laser with a wavelength of about 800 nm 

remove hair well using standard settings for pulse duration and energy density (tluence). 

Studies discuss the use of low tluence in hair removal with an 8 10-nm diode laser.

Several passes are applied to the treated area. With this method, the amount of energy 

applied to each part of the treatment area cannot be specified and the exact interval 

between the laser pulses is unclear. However, the treatment with low fluenee and several 

passes is significantly less painful than regular hair removal with high iluence. No 

significant differences in effectiveness were observed when comparing both methods. A 

new diode laser system was recently introduced into the market. It automatically applies 

multiple low fluence laser pulses (sub-pulses) with defined intervals at the same spot. 

Also, the number of sub-pulses can be defined. This eliminates the need for multiple 

passes.

The Objective of This case study compares the effectiveness of multiple pulse, low 

fluence hair removal and standard single-pulse, high fluence hair removal.

Materials and Methods the Treatment of one patient, side by side comparison: right side 

of the body with high fluence hair removal, left side of the body with low fluence hair 

removal.

With the low fluence hair removal, the total fluence is not applied in a single pulse, but is 

divided into multiple separate sub-pulses. These sub-pulses (stacked pulses) are applied at 

the same spot. The heat accumulates in the hair roots and the surrounding area due to the 

relatively long thermal relaxation time. The epidermis cools down between the shots, so 

that the temperature of the epidermis stays below the critical level.

2



Figure 1.1: High and low fluence hair removal (before treatment).

The Results With low fluence hair removal, patient comfort is much higher. The 

effectiveness is similar to standard high fluence hair removal.
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Figure 1.2: High and low fluence hair removal (after treatment).

The Conclusion of the Hair removal with two low fluence sub-pulses is sale, comfortable 

for the patient and effective. Further evaluation on more patients and dark skin is 

necessary.

2- Laser Phototherapy (780 nm), a New Modality in Treatment of Long-Term Incomplete 

Peripheral Nerve Injury

A Randomized Double-Blind Placebo-Controlled Study



SHIMON ROCHKIND, M.D., I, 5 VIVIAN DRORY, M.D., 2 MALVINA AEON.

M.D., 3 MOSHE NISSAN, Ph.D., 4 and GEORGES E. OUAKNINE. M.i).

Objective: The authors conducted this pilot study to prospectively investigate the 

effectiveness of low-power laser irradiation (780 nm) in the treatment of patients 

suffering from incomplete peripheral nerve and brachial plexus injuries for 6 months up 

to several years. Background Data: Injury of a major nerve trunk frequently results in 

considerable disability associated with loss of sensory and motor functions. Spontaneous 

recovery of long-term severe incomplete peripheral nerve injury is often unsatisfactory.

The conclusion of this study pilot study suggests that in patients with long-term 

peripheral nerve injury noninvasive 780-nm laser phototherapy can progressively 

improve nerve function, which leads to significant functional recovery.

3- Photomedicine and Laser Surgery Ga-As (808 nm) Laser Irradiation Enhances ATP 

Production in Human Neuronal Cells in Culture Jun 2007, Vol. 25, No. 3 : 180 -182 

U. Oron, Ph.D. Photothera Inc., Carlsbad, California. S. Ilic, M.D. Photothera Inc., 

Carlsbad, California. L. De Taboada, M.S.E.E. Photothera Inc., Carlsbad, California. J. 

Streeter, M.D. Photothera Inc., Carlsbad, California.

The aim of the present study was to investigate whether Ga-As laser irradiation can 

enhance adenosine triphosphate (ATP) production in normal human neural progenitor 

(NHNP) cells in culture.

The results of this study the Laser application to NHNP cells significantly increase A I P 

production in these cells. These findings may explain the beneficial effects of low-level 

laser therapy (LLLT) in stroked rats. Tissue culture of NHNP cells might offer a good 

model to study the mechanisms associated with promotion of ATP production in the 

nervous system by LLLT.

4- Photomedicine and Laser Surgery Efficacy of 780-nm Laser Phototherapy on 

Peripheral Nerve Regeneration after Neurotube Reconstruction Procedure (Double-Blind 

Randomized Study) Jun 2007, Vol. 25, No. 3 : 137 -143 Shimon Rochkind. M.D. 

Division of Peripheral Nerve Reconstruction, Tel-Aviv Sourasky Medical Center. Tel 

Aviv University, Tel Aviv, Israel. Eeonor Leider-Trejo, M.D Insti w c  of Pathology. Tel- 

Aviv Sourasky Medical Center, Tel Aviv University,Tel Aviv, Israel. Moshe Nissan.



Ph.D. Orthopedics B, Tel-Aviv Sourasky Medical Center. Tel Aviv t niversuv. 1 ei A\ w . 

Israel. Merav H. Shamir, D.V.M. Koret School of Veterinary Medicine. the Hebrew 

University of Jerusalem, Jerusalem, Israel. Oleg Kharenko, M.D institute ot Pathologv. 

Tel-Aviv Sourasky Medical Center, Tel Aviv University, Tel Aviv. Israel. Malvina Altai. 

M.D. Rehabilitation Department, Tel-Aviv Sourasky Medical Center. 1 ei Aviv 

University, Tel Aviv, Israel.

The Objective of this study this pilot double-blind randomized study evaluated the 

efficacy of 780-nm laser phototherapy on the acceleration of axonal growth and 

regeneration after peripheral nerve reconstruction by polyglycolic acid (PGA) neurotube.

The Background Data: The use of a guiding tube for the reconstruction of segmental loss 

of injured peripheral nerve has some advantages over the regular nerve grading 

procedure.

The Experimental studies have shown that laser phototherapy is effective in influencing

nerve regeneration.

The results of this study suggest that postoperative 780-nm laser phototherapy enhances 

the regenerative process of the peripheral nerve after reconnection of the nerve defect 

using a PGA neurotube.

5- Photomedicine and Laser Surgery

Effects of Power Densities, Continuous and Pulse Frequencies, and Number of Sessions 

of Low-Level Laser Therapy on Intact Rat Brain

Aug 2006, Vol. 24, No. 4: 458-466 Sanja llic, M.D. Photothera Inc., Carlsbad. 

California. Sandra Leachier, M.Sc. Phototherapy Inc., Carlsbad, California. Jackson 

Streeter, M.D. Phototherapy Inc., Carlsbad, California. Amir Oron. M.D. Phototherapy 

Inc., Carlsbad, California. Luis DcTaboada, M.S.LTA Phototherapy Inc., Carlsbad. 

California. Dr. Uri Oron, Ph.D. Phototherapy Inc., Carlsbad, California.

The aim of the present study was to investigate the possible short- and long-term adv erse 

neurological effects of low-level laser therapy (LLLT) given at dilfewmt power densities, 

frequencies, and modalities on the intact rat brain. Background Data: LLI.'I lias been



shown to modulate biological processes depending on power densiu. wavelength, and 

frequency. To date, few well-controlled safety studies on LLLT are available

The Conclusion: Long-term safety tests lasting 30 and 70 days ai optimal 10 - and I (It) X

doses, as well as at multiple doses at the same power densities, indicate that the tested 

laser energy doses are safe under this treatment regime. Neurological deficits and 

histopathological damage to 750 m\V/cm2 CW laser irradiation are attributed to thermal 

damage and not due to tissue-photon interactions.

6- Efficacy of low level laser therapy on neurosensory recovery after injury to the interior 

alveolar nerve.

Ozen T, Orhan K, Gorur 1, Ozturk A. Ankara University, Faculty of Dentistry Department 

of Oral Diagnosis and Radiology, 06500, Beveller, Ankara, Turkey, call53fgjyahoo.com.

The background: The most severe complication after the removal of mandibular third 

molars is injury to the inferior alveolar nerve or the lingual nerve. These complications 

are rather uncommon (0.4% to 8.4%) and most of them are transient. However, some of 

them persist for longer than 6 months, which can leave various degrees of long-term 

permanent disability. While several methods such as pharmacologic therapy, 

microneurosurgery, autogenous and alloplastic grafting can be used for the treatment of 

long-standing sensory aberrations in the inferior alveolar nerve, there are few reports 

regarding low level laser treatment. This paper reports the effects of low level laser 

therapy in 4 patients with longstanding sensory nerve impairment following mandibular 

third molar surgery.

The results: When the neurosensory assessment scores after treatment with LLL therapy 

were compared with the baseline values prior to treatment, there was a significant 

acceleration in the time course, as well as in the magnitude, of neurosensory return. The 

VAS analysis revealed progressive improvement over time.

The conclusion: Low level laser therapy seemed to be conducive to the reduction of 

long-standing sensory nerve impairment following third molar surgery, f urther studies 

arc worthwhile regarding the clinical application of this treatment modality.

6



7- Anders J.J.. et al. Lasers in Surgery and Medicine 13:72-82 (1993). .eAVile>-l .iss. Inc 

"Low Power Laser Irradiation Alters the Rate of Regeneration ofthe Rai racial Ner\e

Low power laser irradiation has been reported to cause biological effects due to the 

photochemical and/or photophysical action of the radiation. This stud} determined 

quantitatively if transcutaneous low power laser irradiation can affect the regeneration of 

the rat facial nerve. The facial nerve was crushed unilaterally in anesthetized rats and 

transcutaneously irradiated daily with a laser beam directed at the area of the crush injur\. 

Laser treatment began on the day ofthe crush injury and was continued daily for 7.8. or 9 

days. Preliminary experiments determined the most effective wavelength, laser power, 

length of irradiation, and treatment schedule.

The wavelengths examined were 36 L 457, 514, 633. 720, and 1064. 1 he laser powers and 

lengths of irradiation examined ranged from 8.5 to 40 mW and 13 to 120 min. Irradiation 

treatment was done daily, on alternating days and on the first 4 days postcrush. The most 

effective laser parameters for the low power treatment included daily irradiation with a 

helium-neon (HeNe) or argon pumped tunable dye laser a wavelength of 633 nm. with a 

power of 8.5 mW for 90 minutes (45.9 J, 162.4 J/cm2). The number of horseradish 

peroxide (HRP) labeled neurons in the facial motor nucleus were used as an assay ofthe 

degree of regeneration. In rats in which the facial nerve was crushed but not irradiated, 

the average number of HRP labeled neurons in the facial nucleus was 22 on day 7 

postcrush, 54 on day 8, 1 16 on day 9, and 1 149 on day 10. After IIcNe or argon pumped 

tunable dye laser irradiation, the average number of HRP-labeled neurons increased to 34 

on day 7 postcrush, 148 on day 8, and 1725 on day 9. There was a statistically significant 

difference between the control and irradiated rats on day 9 postcrush (p<0.0l). 'These data 

indicate that transcutaneous low power irradiation with the lasers and parameters 

involved in this study increased the rate of regeneration of rat facial nerve following crush 

injury.

8- Hernal G., et al. Laser Therapy Vol.5, No.2, 79-87, 1993 CO John vViIcy & Sons. Ltd.
f t Helium neon and diode laser therapy is an effective adjunctive therapy for facial

paralysis"-

7



This study presents our six-year experience in laser therapy for rehabilitation of facial 

paralysis.Mixed laser irradiation using a 904 nm diode CiaAs and 032.8 was utilized. 

Laser irradiation was performed on the range of facial nerve ramifications in eight 

different places, 5 min on each place, four times a week. No other medicine was used if 

the patient arrived 48 h after having the lesion. When the patient armed after the first 

week, meticoren was utilized as a supplement, a dosage of 40 mg per day, for seven da\s. 

Based on our experience, the patients who are more inclined to attend treatment sessions 

are those who have been suffering from paralysis for more than a month and who have 

submitted to other kinds of treatments with negative results. They were even offered 

surgery. For these patients, we have required up to maximum of 30 sessions and have 

achieved 100% recovery, even with patients who have had the lesion for three or six 

months. Patients who attended therapy within two weeks after suffering the paralysis 

recovered 100% with no additional medication -only laser therapy. With these patients we 

needed a maximum of 15 sessions. LLLT is presented as a safe, noninvasive. easy to 

apply and comparatively side-effect-free modality offering a complementary and 

effective tool in the treatment of facial paralysis.

9- American Society of Aesthetic Plastic Surgery reports that laser hair removal is the 

second most requested nonsurgical cosmetic procedure today. 'This treatment is effective 

and safe and can be a profitable and rewarding practice offering for nurse practitioners in 

a variety of settings.

The objective of laser hair removal is to produce permanent hair reduction without 

damaging surrounding tissue. Laser hair removal disrupts the stem cells in the hair follicle 

by delivering thermal injury to target chromophores (melanin) within the hair follicle.! 

the complicating factor is that the same melanin in the hair follicle is also in the 

epidermis. Thus, the tissue surrounding the hair follicle must be protected during 

treatment to avoid thermal injury.

The Physiology of Hair: Hair grows in three cycles. Active hair growth occurs in the 

anagen phase, when the hair "bulb" rapidly develops. Laser therapy is most effective 

during the anagen phase, when the hair follicle is most superficial, the melanin load is at 

its highest, and selective damage to the hair follicles can be achieved.

8



The catagen phase is the intermediate stage. During this transitional phase, the hair 

follicle shrinks to about one-sixth of its normal diameter. The dermal papilla cells cease 

proliferating, and the bulb, including the metrical melanocytes.

The telogen phase is the resting phase of hair growth. During this time, the bulb is 

completely unpigmented.

In general, one laser treatment can produce a 20% to 30% reduction in hair, and 80% to 

90% hair removal is possible after a full course. Five to seven treatments are required to 

achieve maximum hair removal. Treatments are repeated approximately every 4 to 8 

weeks, depending on anatomic location. This is based on the natural hair cycle. Hairs 

begin to fall out approximately 1 to 2 weeks after laser treatment.

The ease of laser hair removal is directly correlated with skin type and hair type. T he 

ideal patient presents with skin type I or II and dark terminal hairs (high concentration of 

follicular melanin, low epidermal melanin). Skin types III and IV experience less hair loss 

with each treatment.

In patients with darker skin tones, epidermal melanin competes with follicular melanin. 

The epidermal and follicular melanin compete for the energy (heat) released by the laser. 

Thus, the energy must be delivered at a lower or "safer" level to protect the skin. This 

results in less energy to the hair follicle and thus less hair loss.

Selective Photo thermolysis: The primary scientific principle behind laser hair removal is 

selective photothermolysis. By choosing an appropriate wavelength, pulse duration and 

fluence, thermal injury can be confined to a target chromospheres (follicular melanin) 

within the targeted structure (hair follicle).

Laser energy is selectively absorbed by the melanin and results in thermal damage to the 

hair follicle. The amount and type of melanin within the follicle determines the amount of 

possible follicular damage. The success of hair removal depends on the hair follicle 

absorbing the light energy (heat) without the laser damaging the surrounding tissue. To 

achieve effective photothermolysis of hair follicles with minimal damage to the 

surrounding tissue.

Laser Choices: Multiple types of lasers are available to 

identified by wavelength. Patient with lighter skin respond

remove hair; each laser is 

well to 755-nm to 810-nm

9



lasers. Patients with darker skin require lasers with longer wavelengths ( -064-nm! fhu 

protect the epidermis from thermal injury.

Before purchasing a laser, conduct a market analysis to identify the most likely clientele 

in your area.

The Initial Consult A patient's first visit should encompass the collection of a detailed 

medical history, including previous laser treatments, medications, allergies and a review 

of contraindications. These include the following: recent suntan or tanning booth use. 

cancer, active skin infection, herpes simplex infection (any), past use of gold therap\. 

disease stimulated by light, photosensitizing medication or supplements.

immunosuppressive disease, endocrine disorder, bleeding disorder, hypertrophic or

keloidal scarring, compromised skin, pregnancy or breastfeeding, and Accutane use 

within the prior 6 months. A preconsultation is necessary to rule out candidates who are

unsuitable for the treatment and to ensure that all risks and benefits are understood.

The physical history should review skin color and condition and hair color, density and 

diameter. It is essential to determine patient expectations so that the patient knows what 

outcome is actually achievable. Education is the key to successful treatment and customer 

satisfaction.

Sun avoidance is recommended during the treatment period, fanned patients are at 

increased risk for epidermal injury because melanosome pigment disperses throughout the 

epidermal cells after sun exposure. Thus, the energy dispersed from the laser hits the 

target in the skin rather than the hair, resulting in a burn. The patient may use bleaching 

cream to decrease melanosome pigment in the epidermal cells and reduce the risk of 

epidermal injury.6

Patients must stop all plucking, waxing and electrolysis 4 weeks prior to laser treatment. 

If the hair follicle is removed, the laser has no target, and permanent hair reduction w ill 

not be achieved.

Laser hair removal can be uncomfortable, and the use of topical anesthetics and a cooling

can reduce discomfort. Most patients experience some degree of perifollicular 

edema and erythema, which can last a few minutes to a few hours.

Before the treatment session, review the risks associated with the ore cedure. Folliculitis, 

activation of herpes simplex and, in rare cases, increased hair growth along the jaw line of



women of Mediterranean or Indian descent, has been reported. 1 tie lolkm mg 

pigmentation changes may occur: hyperpigmentation or hypopigmentaiion. cruising, 

perifollicular crusting and, in rare cases, scarring. Temporary discomfort in the treatment 

area may occur.

The Preparation of the Patient: Instruct the patient to shave the target area the day before 

the treatment or to use a depilatory cream. The lasers are advanced enough to detect hair 

that is flush with the skin. Unshaved hair results in singed hair on the laser and the 

patient's skin, as well as smoke, smell and increased risk of fire.

Prescribe appropriate prophylactic antiviral agents when indicated, such as with a histor\ 

of herpes simplex in the area to be treated, and start dosing the day before treatment to 

avoid an outbreak. Remove makeup, sunscreen and any other substances from the 

treatment area before laser therapy.

To minimize discomfort, apply topical anesthetic to more sensitive areas such as the 

upper lip, bikini area and axilla. A common choice is LMX 4%.

Patients, providers and all people present in the treatment room must wear eye protection 

at all times a laser is active. The eye protection must be suitable for the specific laser 

used.

Laser treatments last an average of 5 to 10 minutes for the facial area and 30 to 90 

minutes for larger areas. Treatment time is determined by multiple factors, including laser 

speed and the patient's height and girth.

Cold packs applied immediately before and after treatment can reduce discomfort and 

swelling. Instruct patients to avoid trauma to the area, including extreme temperatures 

associated with hot baths, intense aerobic exercise, hot tubs and steam showers. Patients 

should also avoid hot tubs, rivers, oceans and other bodies of water that contain high 

concentrations of bacteria. Bacterial exposure after treatment can result in folliculitis.

In case of extreme follicular edema, prescribe a topical steroic to be applied to the 

treatment area. If follicular crusting forms, treat the patient appropriately with an 

emollient such as Aquaphor or an antibiotic ointment such as Poiysporin.

The patient may apply makeup immediately after treatment Mineral makeup is the most 

appropriate choice because it does not clog pores and is nonirritating.



Before the patient leaves the treatment facility, he or she should appi\ 

treated area.

sunblock to the

Emerging Technologies: Laser treatment is a quickly evolving science, foday s lasers

permit treatment of all skin types, but hair color continues to influence appropriatenesss

for therapy. Patients who have white, blond and red hairs lack enough follicular melanin 

to achieve successful permanent hair removal with a laser. Scientists are now stud v mg 5- 

amino-Ievulinic acid (ALA) photodynamic therapy (PDT), a process that is highly 

selective for the anagen phase and is independent of hair color.

Time and money are always concerns for patients, and two new technologies may provide 

good news on both fronts. The first is the use of high-speed scanners (such as that being 

developed by Wave Light) to increase the precision and speed of treatment. I he next is 

home-use devices that induce temporary hair loss. This would allow patients to remove 

hair in the privacy of their own homes. Advances are being made in both areas, but no 

product is close to market approval.

Large treatment areas such as the back or chest continue to present unique issues. It’s 

dangerous to apply large amounts of topical anesthetic agents, and some patients are 

unable to tolerate the discomfort in sensitive areas.
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Chapter TWO

Theoretical Background

2.1 Laser Radiation Properties:

Lasers are sources of high intensity light with the following properties:

1- Directionality: Very small divergence of the beam. The beam is almost . 

parallel beam and move in one direction in space.

i

2- Monochromatic: The radiation is almost one wavelength, i.e., the light is of a 

single wavelength.

3- Coherence:

In discussing the coherence of an optical beam, we must distinguish between spatial and 

temporal coherence. Laser beams have a high degree of both, i.e., the light beam waves 

are in phase the combination of these properties gives the laser radiation many 

advantages, like achieving very high power densities, not available from other sources.

4. Brightness.

The brightness of lasers arises from two factors. First, the fact that the light is emitted in 

a well-defined beam means that the power per unit area is very high. Then we must 

consider that all the energy is concentrated within the narrow spectrum ofthe atomic 

transition. This means that the spectral brightness (i.e. the intensity in the beam divided 

by the width ofthe emission line) is even higher in comparison with a white light source 

like a light bulb. For example, the spectral brightness of a 1 m W laser beam could 

easily be millions of time greater than that of a 100 W light bulb.

5. Tuneablitity

Range of wavelengths. [2]

2.2 Basic Laser Components
Lasers have three main parts, pumping source, and activemedium, and an optical cavit\. 

also known as a resonator. The pumping source is a device that supplies energy to the 

active medium. Laser hair removal machines use electricity as their energy source. The
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element of the active medium contains atoms that can both absorb and store the energy. 

The optical cavity is the part of the laser that contains the active medium.

(1) The active medium:

Collections of atoms, molecules or ions in the form of solid or liquid or gas.

(2) Excitation mechanism (pumping).

Optical: flash lamps and high-energy light sources (laser)

Electrical: direct current and radio frequency.

Thermal pum ping

Chemical pum ping

(3) Optical feed-back: Interna] and external [2] & [3]

Total
reflector

Energy input by pumping

Amplifying medium
Laser cavity

Partial
reflector

Output
beam

Figure 2.1: Laser system structure.

2.3 Types of laser:

Lasers come in many shapes and sizes. They are classified by various criteria:

• Gain medium is solid, liquid or gas

• Wavelength is in the infrared, visible or ultraviolet spectral region

• Mode of operation is continuous or pulsed

14



• Wavelength is fixed or tunable.

• Other readily-available fixed-wavelengths include:

□Infrared: C 02 (10.6 pm), Erbium (1.55 pm), Nd: YAG ; 1.064 unii. V i

(1.054 urn):

□Visible: ruby (693nm), Kr+ (676, 647 nm), HeNe (633 nm). C'u (578 nm). doubled 

Nd: YAG (532 nm), Ar+ (5 14, 488 nm), HeCd (442 nm);

Ultraviolet: Ar+ (364, 351 nm), tripled Nd: YAG (355 nm), N (337 nm) MeCd (325

nm), quadrupled ND: YAG (266 nm),

Excimer(308,248, 193, 150nm);

Tunable lasers:

- Dye (typical tuning range ~  100 nm, dyes available from UV to near infrared): 

Ti: sapphire (700-1000 nm, doubled: 350-500nm);

- Free electron (far infrared to ultraviolet). [2]

2.4 Interaction of light with matter:
Absorption:

During absorption, the intensity o f  an incident electromagnetic wave is attenuated in 

passing through a medium. The absorbance o f a medium is defined as the ratio of 

absorbed and incident intensities. Absorption is due to a partial conversion o f light 

energy into heat motion or certain vibrations o f  molecules o f  the absorbing material. 

The ability o f  a medium to absorb electromagnetic radiation depends on a number of  

factors, mainly the electronic constitution o f its atoms and molecules, the wavelength 

of radiation, the thickness o f  absorbing layer, and internal parameters such as the 

temperature or concentration o f absorbing agents. Two laws arc frequently applied 

which describe the effect o f  either thickness or concentration on absorption, 

respectively. They are commonly called Lambert’s law and Beer's law. and are 

expressed by 

I (z) = 10 exp ( -a  z), 

and

I (z) = 10 exp (-k  -c z),

where z denotes the optical axis, I(z) is the intensity at a distance z, 10 is the incident 

intensity, a is the absorption coefficient o f the medium, c s he concentration of
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absorbing agents, and k  depends on internal parameters other than concentration. 

Since both laws describe the same behavior o f absorption, they are also known as the 

Lambert-Beer law.

A photon with frequency 0 1 2  hits an atom at rest (left), and excites it to higher energ\ 

level (E2) while the photon is absorbed. [ I J & [7]

Initial Conditions

-------------------e2

Incoming P h o to n ^ ^  
at Frequency v12 E|Ktrm

-----#---- E,

Figure 2.2: Photon absorption.

Spontaneous em ission:

An atom in an excited state (left) emits a photon with frequency U12 and goes to a lower 

energy level (E|). [1]

Initial Conditions Process Final Conditions

/V W * '
Electron

Outgoing Photon 
at Frequency '-'12

Figure 2.3: Spontaneous emission. 

Stimulated emission:

A photon with frequency t)I2 hit an excited atom (left), and cause emission of two 

photons with frequency u12 while the atom goes to a lower :nergy Ic'd  (E|).| 1
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Initial Conditions Process Final Conditions

Electron
E

/

Incoming Photon 
at Frequency 1 ^

' Stimulated Emission )
/ I  ) \

W  S* ¥

E
Electron

t

w Two Outgoing Photons 
r at Frequency a

r
L

Figure 2.4: Stimulated emission.

The incoming photon is an electromagnetic field which is oscillating in time and space. 

This field forces the excited atom to oscillate with the same frequency and phase as the 

applied force, which means that the atom can not oscillate freely, but is forced to oscillate 

. coherently with the incoming photon. Remember that two photons with the same 

wavelength (frequency) have the same energy:

E = hu= h c/X

E: the Energy, h: Plank constant, n: frequency, c: speed of light, X: wavelength.

The incoming photon does not change at all, as a result of the stimulated emission 

process. Because of the stimulated emission process, we have two identical photons 

created from one photon and one excited state. Thus, we have amplification in the sense 

that the number of photons has increased. [1 ]

Average Lifetime:

8for a short time about 10' sec. and then they return to 

a lower energy level by spontaneous emission. According to the quantum theor\. the 

transition from one energy level to another is described by statistical probability. T he

Atoms stay in an excited level only

probability (B) of transition from higher energy level to a 

proportional to the lifetime of the higher energy level.

over one is inverseiv
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2.5 Application of laser in medicine:

Laser medicine is the use of various types of lasers in medical diagnosis, treatment, or 

therapy .Types of lasers used in medicine includes in principle any laser design, hut 

especially:

CO? lasers

Diode lasers

Dye lasers

Excimer lasers

fiber lasers

Gas lasers

Free electron lasers

Optical parametric oscillators

Medical areas that employ lasers include:

Angioplasty

Cancer diagnosis and treatment

Cosmetic applications such as laser hair removal and tattoo removal

Dermatology

Lithotripsy

Mammography

Medical imaging

Microscopy
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Ophthalmology (includes Lasik and laser photocoagulalion)

Optical coherence tomography

Prostatectomy

Surgery. [16], [17J & [18]

2.6 Application of laser in dermatology:
There are several different types of medical lasers that are used in dermatology Skin laser 

surgery has grown in leaps and bounds during last 10 years.

Older lasers used for skin surgeries were the continuous wave lasers like the carbon 

dioxide and argon lasers. These were used extensively to treat birthmarks like 

hemangiomas. Though the birthmarks were lightened, the side effect of scar formation 

was unacceptably high with these lasers. The new lasers which have been introduced 

during the last two decades are comparatively safe and much more effective compared to 

the older versions.

The lasers differ according to the medium used in each laser. The characteristics of 

wavelength, pulse durations and the absorption by different chromophores within the 

skin determine the uses and clinical applications of different types of lasers in 

dermatology. [1],[6],[9]&[11]

2.7 Skin anatomy:

The skin is an organ that forms a protective barrier against germs (and other organisms) 

and keeps the inside of your body inside your body, and keeps what's outside of your 

body outside. Skin also helps maintain a constant body temperature. Human skin is only 

about 0.07 inches (2 mm) thick.

Skin is made up of two layers that cover a third fatty layer. The outer layer is called the 

epidermis; it is a tough protective layer that contains melanin (wl ich protects against the 

rays of the sun and gives the skin its color). The second layer (located under the 

epidermis) is called the dermis; it contains nerve endings, sweat glands, oil glands, and
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hair follicles. Under these two skin layers is a fatty layer of subcutaneous tissue (the word 

subcutaneous means "under the skin"). [14]

Skin Cross-Section
sweat pore

4
I 4

%

.7

melanocytes
* *•

i  .•

i  .*

sweat gland v \\
^ 4  Vf

l  I .  W - - 7 1  L  1\v/7? /,) 1

blood vessels

r ’  //77T ‘7/7 r•7 '7 11JI
i j y /
I /

I  I

hair shaft

A epidermis
sebaceous gland

I-*

hair 
follicle 7

hair erector 
muscle

Pacinian corpuscle

dermis

subcutaneous
tissue

©EnchantedLearning.com

Figure 2.5: Skin cross-section.
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Glossary
•  I M A M •  M 4 M M .W  *  iU S M A * S  4  s

Blood vessels - Tubes that carry blood as it circulates. Arteries nring oxygenated blood )

from the heart and lungs; veins return oxygen-depleted blood back to the heart and iungs. ;

Dermis - the layer of the skin just beneath the epidermis.

Epidermis - the outer layer of the skin.

Hair follicle - a tube-shaped sheath that surrounds the part ofthe hair that is under the,j
j

|

skin. It is located in the epidermis and the dermis. The hair is nourished by the follicle at]
»

its base (this is also where the hair grows).

Hair shaft - The part of the hair that is above the skin.

Hair erector muscle - a muscle is connected to each hair follicle and the skin - it contracts 

(in response to cold, fear, etc.).

a

Melanocytes - a cell in the epidermis that produces melanin (a dark-colored Pigment that 

protects the skin from sunlight).

Pacinian corpuscle - nerve receptors that respond to pressure and vibration; they are ovaf
✓
✓
s

capsules of sensory nerve fibers located in the subcutaneous fatty tissue.

j

Sebaceous gland - a small, sack-shaped gland that releases oily (fatty) liquids onto thej
j

hair follicle (the oil lubricated and softens the skin). These glands are located in the;

dermis, usually next to hair follicles.

Sweat gland - a tube-shaped gland that produces perspiration (sweat). The gland is!j
located in the epidermis; it releases sweat onto the skin. ;

Subcutaneous tissue - fatty tissue located under the dermis.) 14]
« « * « * « « *  ♦  . . A A A » V * A *  4  *  A t  ♦ l  4  l  ♦ .  ♦ > >
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2.8 Uses of Laser in Dermatology:

CO2 Lasers: The laser light from these lasers are absorbed by water 

hence, used for skin resurfacing, removal of benign skin tumors

xanthelasma, mucous cysts, cherry angiomas, leukoplakia and for surgiet1

m fl ic sisNi. 

l ike warts.

cutune

Nd: YAG Lasers: The active medium is Neodymium in yttrium-aluminum-garnet and 

the wavelength is 1064 nm. Nd: YAG lasers have slight absorption in melanin and

n and are used for laser hair removal, laser vein treatments, laser photo 

rejuvenation, and laser acne treatments and in laser skin surgeries.

Q Switched Nd: YAG Lasers have strong absorption in dark tattoo inks, hence used 

in laser tattoo removal.

Er: YAG Lasers have a wavelength of 2940nm and the active medium is Lrbium in 

yttrium-aluminum-garnet. It is absorbed by water in the skin and is used for skin 

resurfacing, laser photo-rejuvenation and for removal of skin growths.

Ruby lasers have a wavelength of 694 nm and contain Chromium ions in aluminum 

oxide as the medium. Ruby laser light has very strong absorption in melanin and 

black and dark blue ink pigments. These are especially useful in tattoo removal. Laser 

hair removal and removal of pigmented (dark) skin lesions.

KTP or Potassium Titanyl Phosphate Laser with 532 nm wavelength is a frequency 

doubled Nd: YAG laser with absorption by hemoglobin and melanin and used to 

remove vascular and pigmented skin lesions.

Alexandrite Lasers: 755 nm, Q switched mode laser, used to remove blue, black and 

green tattoos and epidermal and dermal pigmentations as in m jiasma.

Diode Lasers: With different wavelengths. The absorbing chromophores are melanin 

and hemoglobin in the skin. Diode lasers are used for laser ha r removal, dilated vein 

treatments, and laser photo-rejuvenation.

Dye Lasers contain organic compounds in solution (o ten Rhodamine) as the active 

medium and have wavelength activity between 400 to 800 nm. fhe target
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chromophores are hemoglobin and melanin pigment. Dye lasers are mein 

vascular lesions and for non-ablalive skin rejuvenation.

in l i ras  a n

Excimer Laser: containing compounds of xenon, krypton and argon larget protein s

and water and have wavelengths between 190-350 nm. Fxeimer lasers are usetu 

the treatment of psoriasis and vitiligo.

iii

Fractional Lasers: are the latest lasers which produce microscopic treatment /one s

and target specific depths in the dermis. These are especially useful lor the treatment 

of acne scars, wrinkles, sun damaged skin, melasma etc. Wavelength is m the range of 

1550 nm, and the target chromophore is water within the tissue.

It is important to know which laser will suite your skin type and for sour particular 

cosmetic issue. The effects of laser energy on different structures ofthe skin depend upon 

the wavelength, the power density and the temperature characteristics of the laser. It is 

also important to know how lasers work in dermatology before opting for the most 

suitable one. [6]& [11]

Other

Lasers are sometimes used to remove viral warts by vaporization (CO: laser) or 

destruction of the dermal blood vessels but the evidence would suggest that this is no 

more effective than standard wart paints or even waiting for spontaneous clearance.

The CO2 laser can be used to remove a variety of skin lesions including skin cancers by 

vaporization or in cutting mode. However, conventional surgery or electro surgery can 

also be used and is generally less expensive.

Violet-blue metal halide light (407-420 nm) has been used to treat acne, because it has a 

toxic effect on the acne bacteria, Proprionihaclerium acnes.

The F.xcimer laser uses noble gas and halogen to produce ultraviolet radiation (308 nm) 

that will clear psoriasis plaques. [9]
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2.9 Laser safety:

Laser safety is safe design, use and implementation of lasers m minimize the risk m 

laser accidents, especially those involving eye injuries. Moderate and high-pov\er lasers

are potentially hazardous because they can burn the retina ofthe eye. or even the -Tm. t  r

control the risk of injury, various specifications, for example ANSI /L > 6  in the t S and 

IEC 60825 internationally, define "classes" of laser depending on their power and 

wavelength. These regulations also prescribe required safety measures, such as labeling 

lasers with specific warnings, and wearing laser safety goggles when operating lasers.| I 5

Since even relatively small amounts of laser light can lead to permanent e\e injuries, the 

sale and usage of lasers is typically subject to government regulations. 11 5

Safety precautions will depend on which laser system is used and in what setting, 1 hev 

should include:

Thorough training of personnel 

Eye protection for the patient and clinic staff 

Warning notice outside the procedure room 

Use of non-reflective instruments

Avoidance of flammable materials, f 15] 

Adverse effects of laser

Laser treatments are basically burns, so it is not surprising that sometimes the following 

effects mav occur.

Temporary pain, redness, bruising, blistering and/or crusting Infection including 

reactivation of herpes simplex

Pigment changes (brown and white marks), which may be permanent Scarring, which 

is luckily rare laser radiation predominantly causes injury via ibermal effects. Liven 

moderately powered lasers can cause injury to the eye. High power lasers can also



burn the skin. Some lasers are so powerful that even the diffuse rciicaeui 

surface can be hazardous to the eye.| 15|&| 13

, \  » :  t1 ■ M I *, .

2.10 Laser radiation is dangerous to the eye and skin;

1- The Eyes:

Infrared and ultraviolet lasers are particularly hazardous, since the body's protective 

"blink reflex'' response only operates if the light is visible.

If the laser is sufficiently powerful, permanent damage can occur within a traction ot a 

second, faster than the blink of an eye.

Sufficiently powerful visible to near infrared laser radiation (400-1400 nm) will penetrate 

the eyeball and may cause heating and damage ofthe retina,

Exposure to laser radiation with wavelengths less than 400 nm and greater than 1400 nm 

are largely absorbed by the cornea and lens, leading to the development of cataracts or 

burns injuries. [1]& [13]

2-The Skin:

The laser beam can damage, cut, or burn skin

The skin is usually much less sensitive to laser light than the eye. but excessive 

exposure to ultraviolet light from any source (laser or non-laser) can cause short- 

and long-term effects similar to sunburn, while visible and infrared wavelengths 

are mainly harmful due to thermal damage. [1J& [13]

Regulations:

In various standards bodies, legislation, and government regulations define classes of 

laser according to the risks associated with them, and define required safety measures for 

people who may be exposed to those lasers. [ 15
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2.11 Classification of Laser:

Lasers have been classified by wavelength and maximum output power mio luu r  aas.se>

and a few subclasses since the early 1970s. The classifications categorize lasers accorum U

to their ability to produce damage in exposed people, from class I tno hazard during 

normal use) to class 4 (severe hazard for eyes and skin). There arc two classification 

systems, the "old system" used before 2002, and the "revised system" being pnased m

since 2002.. Class numbers were designated using Roman numerals ( •V ) m the t S

under the old system and Arabic numerals (1—4) in the HU. The revised system uses

Arabic numerals (1-4) in all jurisdictions. The classification of a laser is based on the

concept of accessible emission limits that arc defined for each laser class. I his is usually a

maximum power (in W) or energy (in J) that can be emitted in a specified wavelength

range and exposure time that passes through a specified aperture stop at a specified

distance. For infrared wavelengths above 4 gm, it is specified as a maximum power
2  ^  ^density (in W/m ). It is the responsibility of the manufacturer to provide the correct 

classification of a laser, and to equip the laser with appropriate warning labels and safety 

measures as prescribed by the regulations. Safety measures used with the more powerful 

lasers include key-controlled operation, warning lights to indicate laser light emission, a 

beam stop or attenuator, and an electrical contact that the user can connect to an 

emergency stop or interlock. [15J

Class 1

A Class 1 laser is safe under all conditions of normal use. This means the maximum 

permissible exposure (MPE) cannot be exceeded when viewing a laser with the naked eye 

or with the aid of typical magnifying optics (e.g. telescope or microscope).! I 5

Class 1M

A Class 1 M laser is safe for all conditions of use exeept when passed through magnify in 

optics such as microscopes and telescopes.[15]

O
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Class 2

Class 2 laser is safe because the blink reflex will limit the exposure to no more man i,

seconds. It only applies to visible-light lasers (400-700 nm). Class-2 laser- are limited io 

I mW continuous wave, or more if the emission time is less than 0.25 seconds or if the 

light is not spatially coherent. Intentional suppression ofthe blink rellex could lead to e\e

injury. Many laser pointers and measuring instruments are class 2. s

Class 2M

A Class 2M laser is safe because of the blink reflex if not viewed through optica 

instruments. [ 15j

Class 3R

A Class 3R laser is considered safe if handled carefully, with restricted beam viewing. 

With a class 3R laser, the MPE can be exceeded, but with a low risk of injury. Visible 

continuous lasers in Class 3R are limited to 5 m W. For other wavelengths and for pulsed 

lasers, other limits apply. [15]

Class 3B

A Class 3B laser is hazardous if the eye is exposed directly, but diffuse reflections such as 

those from paper or other matte surfaces are not harmful. [ 15]

For continuous lasers in the wavelength range from 315 nm to far infrared is 0.5 W.

For pulsed lasers between 400 and 700 nm, the limit is 30 m W. Other limits apply to 

other wavelengths and to ultra short pulsed lasers.

Protective eyewear is typically required where direct viewing of a class 313 laser beam 

may occur. Class-313 lasers must be equipped with a key switch and a safety interlock. 

[15]
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Class 4

Class 4 is the highest and most dangerous class of laser, including all lasers that exceed 

the Class 3B. By definition, a class 4 laser can burn the skin, or cause devastating and 

permanent eye damage as a result of direct, diffuse or indirect beam viewing.

These lasers may ignite combustible materials, and thus may represent a lire risk. Class 4 

lasers must be equipped with a key switch and a safety interlock. Most industrial, 

scientific, military, and medical lasers are in this category. | 15

Laser safety officer:

In many jurisdictions, organizations that operate lasers are required to appoint a laser 

safety officer (LSO). The LSO is responsible for ensuring that safety regulations are 

followed by all other workers in the organization. 115]

2.12 Laser tissue interactions:

Mainly five categories of interaction types are classified today. These are:

Photochemical interactions

- Thermal interactions

- Photoablation

- Plasma-induced ablation

- Photodisruption fl] & |5|
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of the associated laser parameters.

All these seemingly different interaction types share a single common datum: the 

characteristic energy density ranges from approximately 1 J/cm2 to 1000 J/cm2. [ 1

Laser tissue interactions depend on the interplay of irradiation parameters:

(1) Wavelength or wavelength band of that particular laser sou cc:

2) Physical properties of the tissue 

wavelength band;

irradiated with that porticular wavelength or

3) Irradiance or pulse energy;
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4) Continuous wave (c w) or pulsed irradiation;

5) laser beam size on the tissue;

6) Irradiation duration or laser pulse length and repetition rate; and

7) Any change in the physical properties of the tissue as a result of laser irradiation 

with the parameters (3- 6) above. [1]&[12]

2.12.1 Photochemical interactions:
In the field of medical laser physics, photochemical interaction mechanisms play a 

significant role during photodynamic therapy (PDT). Frequently, biostimulation is also 

attributed to photochemical interaction.

Photochemical interactions take place at very low power densities (typically 1 W/cm2) 

and long exposure times ranging from seconds to continuous wave, [ 1]&  [5]

Photodynamic Therapy (PDT):

Photodynamic therapy is performed as follows: first, a photo sensitizer,e.g. 

hematoporphyrin derivative (HpD), is injected into a vein of the patient. Within the next 

few hours, HpD is distributed among all soft tissues except the brain. The basic 

characteristic of a photosensitizer is that it remains inactive until irradiated. After 48-72 

hours, most of it is cleared from healthy tissue. However, its concentration in tumor cells 

has not decreased much even after a period of 7-10 days. Thus, HpD does not accumulate 

in tumor cells immediately after injection, but these cells show longer storage ability 

(affinity) for HpD. The initial concentration is the same as in healthy cells, but the 

clearance is faster in the latter cells. After about three days, the concentration of HpD in 

tumor cells is about thirty times higher than in healthy cells. [1]
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The general procedure of photodynamic therapy is illustrated in fig 2.7.

Irradiation Transfe r rea c tions Necrosis

Figure 2.7 : Scheme of photodynamic therapy

The photosensitization o f skin. Other disadvantages o f HpD are:
v

-  Since HpD absorbs very poorly in the red and near infrared spectrum, only 

tumors very close to the surface can be treated,

-  Its concentration gradient among tumor and healthy cells could be steeper,

-  The production of HpD from calf blood is very expensive. [1]

Biostimulation:

Biostimulation is believed to occur at very low irradiances and to belong to the group of 

photochemical interactions. The potential effects of extremely low laser powers (l-5mW) 

on biological tissue, typical energy fluencies lay in the range 1-10 J/cm2.

Local wound healing effects with helium-neon or diode lasers may be explained by the 

action of low-intensity light on cell proliferation.

Summary of Photochemical Interaction

Main idea: using a photosensitizer acting as catalyst (only in photodynamic therapy)

Observations: no macroscopic observations

Typical lasers: red dye lasers, diode lasers

Typical pulse durations: I s . . .  CW

Typical power densities: 0.01 . . . 50W/cm2

Special applications: photodynamic therapy, biostimulation. [1]& [5]
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2.12.2 Thermal Interaction:

Thermal interaction stands for a large group of interaction types, where the increase in 

local temperature is the significant parameter change .Thermal effects can be induced by 

either CW or pulsed laser radiation. Depending on the duration and peak value of the 

tissue temperature achieved, different effects like coagulation, vaporization, 

carbonization, and melting may be distinguished. [1]

Table 2.1: Thermal Effects o f Laser

Tem perature Biological effects

j “ °C Normal

45 °C Hypeiliicimio

50 °C Reduction m enzMiie actm tv,* T

Cell immobility
V

60  °C Denaturation of proteins and collage, Coagulation

SO °C Pemnabilizabon of cell membrani Vnponzation

100 °C Thermal decomposition (ablation i

150 UC Caibomzntion

•300 °C Mel tins
%
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The important parameters for modeling thermal interaction.

Laser & optical Thermal tissue
tissue parameters parameters

1  i

Heat Heat
generation transport

Type of tissue
*

Heat
effects

1

Tissue damage
Figure 2.8: Flow chart with important parameters for modelling thermal interaction

l - The deposition of laser energy and heat generation inside the tissue depends

Laser parameters (wavelength, power density, exposure time, spot size and repetition 

rate)

Optical tissue properties (absorption coefficient and scattering coefficient).

2- The heat transport in the tissue depends on

Thermal tissue parameters (heat capacity and thermal conduction and convection of the 

tissue).

3- The heat effect in the tissue depends on 

The type of the target tissue,

The temperature achieved inside the tissue,

The time of heating.

The location and spatial extent of each thermal effect depend cn the locally achieved

temperature during and after laser exposure. | l
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Laser beam

Vaporization Coagulation

Figure 2.9: Location of thermal effects inside biological tissue.

Thermal effects:

Main idea: achieving a certain temperature which leads to the desired thermal effect.

• Observations: coagulation, vaporization, Carbonization or melting

Typical lasers: C02, Nd: YAG, Er: YAG, Ho: YAG, argon ion and diode lasers.

Typical pulse durations: 1 ps . . . lmin

Typical power densities: 10 . . . 106 W/cm2

Special applications: coagulation, vaporization, melting,

Thermal decomposition, treatment of retinal detachment.[l ]&[5]

Laser-Induced Interstitial Thermotherapy (LITT):

The possibility of localized tissue coagulation has formed the basis of a novel tumor 

treatment technique called laser-induced interstitial thermotherapy. It was recently 

introduced to the treatment of various types of tumors such as in retina, brain, prostate, 

liver, or uterus.

The principal idea of LIT!" is to position an appropriate laser applicator inside the tissue 

to be coagulated, e.g. a tumor, and to achieve necrosis by heating cells above 60°C.

Nd: YAG lasers at 1064nm or different types of diode lasers at 800-900nm are applied.
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The basic setup for LI'TT is illustrated in big 2.10

Air

Transparent catheter

Tissue rrostea surface

/

Coagulated voiume

Figure 2.10: Experimental setup lor laser-induced interstitial thermotherapy. Laser 

radiation is applied to the tissue through an optical fiber. The fiber is placed inside the 

tissue by means of a specially designed, transparent catheter. Tissue necrosis occurs in 

selected coagulated volumes only.

The laser applicator usually consists of a flexible fiber and a transparent catheter through 

which the fiber is moved into the tissue. Frequently, fibers with typical diameters of 

pm are chosen. Laser light is emitted from the distal end of the fiber on an active length 

which is approximately half the tumor size .The specially designed catheter protects the 

sensitive fiber from mechanical stress. Optional cooling of the catheter may help to 

prevent thermal damage to the fiber tip at even higher power densities.

Two kinds of LITT applicators are distinguished

Surface scatteres.

Volume scatterers. 11
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Figure 2.11: Scattering profiles of surface scatterer and volume scatterer, respectively 

Scattering profiles o f surface scatterer and volume scatterer

In surface scatterers, light is scattered only at the very surface ofthe applicator leading to 

a less homogeneous scattering.

In volume scatterers, light is scattered by tiny scattering centers distributed throughout the 

whole volume of the applicator. [1]&[ 12]

2.12.3 Photo ablation:
The removal of tissue was performed in a very clean and exact fashion without any 

appearance of thermal damage such as coagulation or vaporization. This kind of UV 

light-induced ablation is called photo ablation. Typical threshold values of this type of
"7 Qinteraction are 10 -10 W/cm2 at laser pulse durations in the nanosecond range.

The two atoms A and B may dissociate at the very next vibration. Thus, photo ablation 

can be summarized as a two-step process:

• Excitation: AB + hu——» (AB)*,

•Dissociation: (AB)* —» A + B + Ekin. Is restricted to the application of UV light. [1]&

[5]

Summary of Photo ablation:

• Main idea: direct breaking of molecular bonds by high energy 

UV photons

• Observations: very clean ablation, associated with audible 

Report and visible fluorescence.
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T y p ic a l la sers: exciter lasers, e.g. ArF, KrF, XeCI, XeF

Typical pulse durations: 10 

Typical power densities: 10

100 ns
1010IU W/cm2

Special applications: refractive corneal surgery.[ 1

2.12.4 Plasma-Induced Ablation:
When obtaining power densities exceeding 10n W/cm2 in solids and fluids- or 10 

W/cm2 in air -  a phenomenon called optical breakdown occurs.

Plasma - induced ablation, very clean and well-defined removal of tissue v\ithout 

evidence of thermal or mechanical damage can be achieved when choosing appropriate 

laser parameters.

The process is written as

hv+ e +A+ e+ A + + E kin. [ 1 ]&  [ 121

Summary of Plasma-Induced Ablation:

• Main idea: ablation by ionizing plasma formation

• Observations: very clean ablation, associated with audible

Report and blueish plasma sparking.

• Typical lasers: ND: YAG, ND: YLF, Ti: Sapphire

• Typical pulse durations: 100 fs . . . 500 ps

• Typical power densities: 10" . . . 10 l3W/cm2

• Special applications: refractive corneal surgery, caries therapy. [

2.12.5 Photo disruption:
The physical effects associated with optical breakdown are plasma formation 

And shock wave generation. If breakdown occurs inside soft tissues or fluids.

Cavitation and jet formation may additionally take place.

Plasma-induced ablation is limited to a rather narrow range of pulse durations up to 

approximately 500 ps. At longer pulse durations, the energy density necessary lor 

achieving breakdown already induces significant mechanical side effects.

In general, photo disruption may be regarded as a multi-cause mechanical effect startm ()

with optical breakdown. The primary mechanisms are shock wave generation and 

cavitations, completed by jet formation if cavitations colic-pse in fluids and near a solid 

boundary.
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The four effects -  plasma formation, shock wave generation, cavitations, and jel 

formation -  all take place at a different time scale, Plasma formation begins during the 

laser pulse and lasts for a few nanoseconds, Shock wave generation is associated with the 

expansion of the plasma and, thus, already starts during plasma formation., Cavitation, 

finally, is a macroscopic effect start, the cavitation energy might be converted to jet 

formation^ 1]

Summary of Photo disruption:

• Main idea: fragmentation and cutting of tissue by mechanical forces

• Observations: plasma sparking, generation of shock waves, cavitations, jet formation

• Typical lasers: solid-state lasers, e.g. ND: YAG, ND: YLF, Ti: Sapphire

• Typical pulse durations: 100 fs . . .  100 ns

• Typical power densities: 10" . . . 1016 W/cm2 

Special applications: lens fragmentation, lithotripsy.[1]

2.13 The hair removal:

2.13.1 The Basic concepts :

The objective of laser hair removal is to produce permanent hair reduction without 

damaging surrounding tissue. Laser hair removal disrupts the stem cells in the hair follicle 

by delivering thermal injury to target chromophores (melanin) within the hair follicle. 

The complicating factor is that the same melanin in the hair follicle is also in the 

epidermis. Thus, the tissue surrounding the hair follicle must be protected during 

treatment to avoid thermal injury. [19] & [20]

2.13.2 Physiology o f Hair:

Hair grows in three cycles. Active hair growth occurs in the anagen phase, when the hair 

"bulb" rapidly develops. Laser therapy is most effective during the anagen phase, when 

the hair follicle is most superficial, the melanin load is at its highest, and selective 

damage to the hair follicles can be achieved. [19] & [20]

In general, one laser treatment can produce a 20% to 30% reduction in hair, and 80% to 

90% hair removal is possible after a full course. Five to seven treatments are required to 

achieve maximum hair removal. Treatments are repeated approximately every 4 to 8
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weeks, depending on anatomic location. This is based on the natural hair Ma

begin to fall out approximately 1 to 2 weeks after laser treatment. | 19 j it j 20

The ease of laser hair removal is directly correlated with skin type and hair type. I he

ideal patient presents with skin type I or II and dark terminal hairs (high concentration ) !

follicular melanin, low epidermal melanin). Skin types III and IV experience less ban loss 

with each treatment.

In patients with darker skin tones, epidermal melanin competes with follicular melanin. 

The epidermal and follicular melanin compete for the energy (heat) released by the laser. 

Thus, the energy must be delivered at a lower or "safer" level to protect the skin. this 

results in less energy to the hair follicle and thus less hair loss.

The FDA approved the use of lasers for hair removal in 1995. Since then, several studie S

have been conducted and significant technological improvements have been made. 

Basically, there are several different types of laser hair removal machines available today 

include:

755 nm alexandrite lasers

694 nm ruby lasers,

805 nm diode lasers,

1064 nm Neodymium Yttrium Aluminum Garnets, which is commonly referred u 

as ND: YAG.

1 - Alexandrite lasers became available for use in laser hair removal in 1997 when thev
✓

were cleared by the FDA. Alexandrite lasers produce light beams in the red spectrum of 

visible light. Their wavelength is 755 nanometers which is very effective but only safe on 

light skin. Generally, alexandrite lasers are considered long pulsed and because of this 

produce greater depth penetration.

2- Ruby lasers were also cleared by the FDA for laser hair removal in 1997: however, 

they did not prove as effective. Clinical research showed t tat the laser damage did not 

extend far enough down into the hair shafts to result in permanent laser hair removal.
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Originally there were five types of ruby lasers, of which only two are still available for 

commercial use. Ruby lasers operate on a shorter wavelength system of only 694 

nanometers.

3-The FDA also cleared diode lasers for use in 1997 as an effective method of permanent 

hair reduction. Diode lasers produce a wavelength of 800 nanometers with pulse widths 

of (5 - 400) milliseconds. This type of laser has proved successful in the treatment of 

ingrown eyelashes and works very well on dark hair.

4 -Neodymium Yttrium Aluminum Garnets have a longer wavelength which makes them 

more effective for longer term, and according to some people, even permanent laser hair 

removal. There are two types of ND: YAGs lasers. These are the Q switched and the long 

pulse. All NdD: YAGs produce a wavelength of 1064 nanometers. The Q, switched 

Neodymium Yttrium Aluminum Garnets has a very short pulse of about one nanosecond. 

Long pulse Neodymium Yttrium Aluminum Garnets have a pulse of about a millisecond 

and can be used on all skin types. [19] & [20]

Statistics show that the majority of women (about 80%) have some facial or body hair 

which detracts from their natural beauty. Men have unwanted hair on their - eyebrows, 

upper lip, chin, face, breasts, back, legs ,ears, chest, shoulders, etc, can be treated 

successfully.

There are several techniques to remove unwanted hair:

Shaving

Waxing

Creams

Depilatories

Laser (getting closer)

Combination of laser/light & electrolysis - Laser/light works very well with dark 

hairs. We follow up with electrolysis treatment on gray, blonde, and red hairs. 

Electrolysis - This is the only method of permanent hair removal that works for 

everyone.

Laser/light selectively targets the melanin in the hair so it is most effective on light, after 

your initial preparation, your treatment provider will move a wand (hand piece) over your
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skin. The hand piece emits the light that disables the hair follicles. Once this is completed, 

the treatment provider will wipe away any loose hair from your skin,

Many factors determine the number and length of treatments needed. Some of these may 

include the condition of the skin to be treated, the sensitivity of the skin, the number of 

follicles involved. During an initial consultation and evaluation, we can determine how 

many treatments it will take to obtain permanent hair removal or to achieve your desired 

results.

Many of our clients have their treatments during their lunch breaks and return to work 

after their treatment. The length of time depends on the area being treated 

There are several causes of unwanted hair:

Heredity

Glandular or hormonal imbalances

In women, the facial terminal hair is due to an excess of male hormones (testosterone). 

This can happen if the patient has a hormonal imbalance or goes through menopause. 

Other causes of increased testosterone levels include:

Polycystic ovaries 

Adrenal gland dysfunction 

Cushing’s disease 

Obesity

Women that come from families with darker hair , may have more facial hair. [19] & [20]

2.13,3 Types o f Facial Hair:

There are two types of facial hair:

Vellus is a soft hair, typically not visible.

Terminal hair, which is darker and coarse causes of Facial Hair in Women. [19] &[20] 

The laser parameter:

Laser Wavelength: The ideal laser wavelength for successful laser hair reduction 

delivers energy at red or near infrared wavelengths. Optimal follicular melanin absorption 

occurs between 700 nm and 1100 nm. The ideal wavelength is strongly absorbed by 

follicular melanin but not by surrounding tissue.
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S p o t S ize: The spot size is defined as the width o f  the laser beam, l ad) t \pc  m i U ' ' W

produces a specific spot size which is measured in millimeters. I he opunai ->poi

must be large enough to maximize laser energy to the depth ofthe hair loiiicie. Spot M/cs

less than 7 mm deliver less than optimal energy deep into the follicle: thus, ideal spot 

sizes are 10 mm or greater .A spot size of 7 to 10 mm is considered acceptable lor laser- 

hair removal.

Pulse Duration: The pulse duration or pulse width is the amount of time required t<)

deliver the energy. The pulse duration must be less than the thermal relaxation time of the 

target. If the pulse duration is more than the thermal relaxation time, the surrounding 

tissue can result in thermal damage. Thus, longer pulse widths are generally considered 

more effective and produce fewer side effects. Pulse widths vary from 10 milliseconds to 

100 milliseconds (It is usually measured in milliseconds). Most lasers used tor hair 

removal have maximum pulse duration the 20 to 40 millisecond range.

Fluence: The amount of energy delivered to the skin is measured in Joules per centimeter 

squared (J/cm2).

Cooling: To minimize epidermal injury, epidermal cooling is necessary. The cooling 

agent protects epidermal melanin while delivering effective fluenee to the follicular 

melanin. This is particularly important to darker-skinned people, who have higher 

amounts of epidermal melanin. Cooling modalities available for laser hair removal 

include the following: passive cooling with an aqueous gel or ice; active contact cooling 

with water encased in a glass, quartz or sapphire tip; active cooling with concurrent 

forced air; and active cooling with cryogen spray. [19J & [20]
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Chapter three

Materials and Methods

The laser

The patient records

Laser safety

Laser room precautions

Optical hazards precautions

Procedure

Assessment

3.1 The laser:
The Cutera. Inc, cool Glide 1064 nm laser are FDA; cleared for 

Hair removal 

Permanent hair reduction

Treatment of all skin types, including tanned skin.

One ofthe solid state laser system in which Neodymium -Yttrium Aluminum Garnets (ND- 

YAG laser) and it electrically pumped.

Cutera products all produce visible and \or infrared light, it delivers laser at 1064 nm wave 

length.

The use of each these devices is based on absorption of light by tissue in the skin resulting in 

the heating ofthe absorbing tissue.

Applications as specific light guide system allowing contact and non-contact laser 

application.

Selecting parameters:

Spot size: diameter of beam at the skin (Select 10 mm spot size for hair removal) bv 

rotating the blue spot size control on the hand piece.

Large spot size ^deeper penetration 

Wave length 

Pulse duration

Fleunce (energy density). [21
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3.2 The patient:
The study was conducted in Medical arms hospital, the period of sludv taken three mmu 

fhe patient coming from Khartoum and the number of pat, ,nt abo'u ii\ c patients

3.3 The patient records:
Female patients, Laser parameter used -number of sections, follow up.

3.4 Laser safety:
Laser safeties provided are:

❖  Electrical power key lock switch.

❖  Laser stop switch.

❖  Green lamp illuminate when the laser is ready to be delivered.

❖  Laser beep, audible beep will be heard during lasing.[21J

3.5 Laser room precautions:
❖  Warning signs.

❖  All reflective surfaces are not allowed.

❖  Entering is not allowed when the laser is operating.

❖  All laser room personal should be aware about laser system.] 21

3.6 Optical hazards precautions:
♦> All persons in the laser room include the patient wear protective goggles and mask.

♦> Opaque eye shields are recommended to protect the patient eyes.

♦> The laser beam should never be directed to any part ofthe body rather than the treated 

area. [21]

3.7 Procedures:
Basic treatments steps:-

♦> The eye shield is used to protect patient eye.

❖  ND-YAG laser was adjusted by selection of energy density 

frequency .spot size (10)mm 

Precook the skin.

♦> Glide the laser aperture over previously cooled skin.

♦> Deliver the laser pulse by depressing the foot switch.

,pulse duration
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The energy density prescribes to the patients as the same in all scssio 

different from patient to another.

The pulse duration, in the all sessions is 25 msec was used to all patients. 

Ideal spot sizes are 10 mm or greater.

The frequency 1 I Iz

3-8 Assessment:
The patients were seen every three weeks.

The result, the patients remove their hair which was growth alter three weeks

previous session.

ns but n

from  the
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Chapter four

Results and discussion

4.1 Introduction

4.2 Sex

4.3 Age

4.4 The lesions

4.5 Results

4.5.1 Table o f laser parameters

4.5.2 adverse squeal and complication

Discussion:

4.6 General idea for hair removal

4.7 ND-YAG laser &parameters

4.1 Introduction:
The results of this study represented in this chapter are classified.

4.2 Sex:
Five patients were females.

4.3 Age:
The age of patients enrolled in this study was range from 20 to 40.

4.4 The lesions:
The hair growth on the female faces (beard, mustache).

4.5 Results:
Five patients complete the period of the treatments and follow up. According to this study:

In the first session complete remove the hair (thick hair)

In the second session remove the hair which was growth after thne weeks from the first 

session (thin hair).
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In the third session remove the hair which was growth after three \\eek> mm ‘ i K M ' c  ' ■ M J

session (thin hair).

4.5.1 Table of laser parameters
The last session remove completely the hair which was growth after three Aoek.s iron* th 

third session.

Laser energy density, pulse duration, frequency and spot size

The pulse duration, frequency and spot size are constant for all patients and tor all ^esMon v 

The energy density different from patient to another but it is constant for ail sessions for 

individual patient.

Table 4.1: The laser parameters

Patient

No.

Number

of

sessions

Energy

density

1 4 30

2 4 25

3 4 30

4 4 30

5 4 25

Pulse duration

msec

Frequency

II 7

25 i

Snot size

mm

10

4.5.2 Adverse squeal and complication
Pain during the laser procedure.

Some lesions develop scars.

Discussion:

Hair growths in the female faces are rare dermatological problems that may he sicatric 

problems for them.

In this study there were 5 patients started and completed the period of treatment and follow

The age ofthe patient ranged between 25-40 years.

Many areas can be growth of hair in beard and mustache.

Anesthesia was not applied; patients seek treatment because the> can be both eosmelica

disfiguring and socially unacceptable.
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ND-YAG laser 1064nm contact application was used. Patients were treated with the different 

parameters power (25 - 30) but same pulse duration 25ms, frequency, spot size.

4.6 General idea for hair removal:
Laser treatment can produce a 20% to 30% reduction in hair, and 80% to 90% hair removal is 

possible after a full course. Five to seven treatments are required to achieve maximum hair 

removal. Treatments are repeated approximately every 4 to 8 weeks, depending on anatomic 

location. This is based on the natural hair cycle. Hairs begin to fall out approximately 1 to 2 

weeks after laser treatment.

The ease of laser hair removal is directly correlated with skin type and hair type. The ideal 

patient presents with skin type 1 or II and dark terminal hairs (high concentration of follicular 

melanin, low epidermal melanin).

Skin types III and IV experience less hair loss with each treatment.

Thus, the energy must be delivered at a lower or "safer" level to protect the skin. This results 

in less energy to the hair follicle and thus less hair loss.

4.7 Nd-YAG laser &parameters:
Nd :yag laser one of the solid state laser system its electrically pumped and products 

visible and\or infrared light ,it delivers laser at 1064 nm wave length .

The use of each these devices is based on absorption of light by tissue in the skin 

resulting in the heating of the absorbing tissue [21].

Parameters:

1- Spot size: diameter of beam at the skin select 10mm spot size for hair removal, by 

rotating blue spot size control on the hand piece .

2- Wave length

3- Pulse duration

4- Fleunce (energy density)
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Chapter Five

Conclusion and recommendation

5.1 Conclusion:

The ND: YAG laser therapy 1064 nm of hair removal should be considered as a good an jtvi

dependable alternative to other traditional treatment radiation techniques, l aser hair remma 

can be successfully integrated into many types of practice settings. It is a quick, effective 

treatment with no downtime for patients. The keys to success are a strong business plan, 

quality laser equipment and well-trained staff.

It results in eliminating the minimizing the complications of scaring and disorders of 

pigmentation and post operative pain.

The ND: YAG laser effective and safe for treatment of hair removal.

Laser hair removal can be successfully integrated into many types of practice settings. It is a 

quick, effective treatment with no downtime for patients. The keys to success are a strong 

business plan, quality laser equipment and well-trained staff

5.2 Recommendation:
The ND: YAG laser therapy 1064 nm of hair removal should be used different parameter

(energy density) .One can recommend for further studies by using optimum power and I 

minimize discomfort, apply topical anesthetic to more sensitive areas also using local 

antibiotics minimize the occurrence of infection.

o
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Appendixes:

Figures (A, B, C, D, K) bellow show the hair removal treatment of live patient

Figure A: Hair removal of patint one, (a) before and (b) after treatment.
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(a)

(b)

Figure B: Hair removal of patint two, (a) before and (b) after treatment
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Figure C Hair removal of patint three, (a) before and (b) after treatment



(b)

Figure D: Hair removal of patint four, (a) before and (b) after treatment
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(b)

Figure E: Hair removal of patint five, (a) before and (b) after treatment
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Figure F: Cutera. Inc, cool Glide 1064 nm laser.
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