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  Foreword


  




  Skin aging is a multidimensional problem. Based on an accurate knowledge of skin anatomy and physiology, we can choose from a large variety of therapeutic options like lasers, energy-based devices, injectable products, skin care and cosmeceuticals. Dermatologists, who know the skin layer by layer, provide such treatments, but every therapist has his or her own favourites.




  The ideal rejuvenation technique should improve the tension and texture of superficial epidermal layers, tighten subcutaneous tissue, improve skin laxity and remodel the dermis for dermal collagen. Laser techniques and other aesthetic procedures sometimes overlap in indication and effect, so they either compete with each other or they can be combined for better results and fewer side effects.




  This book summarizes an updated knowledge. It was written by authors who work in aesthetic dermatology every day.




  Thanks to the support of the French Laser Dermatology Group, the European Society of Laser Dermatology and the company Avène, this knowledge has been made available to you.




  Klaus Fritz, MD


  Director of Dermatology and laser centers Landau and Kandel (Germany)


  Associate University Professor at the University of Medicine


  and pharmacy “Carol Davila”, Bukarest


  Lecturer and Consultant Dermatologist at the university Osnabrueck (D)


  and University clinic Bern (Switzerland)


  Past President of ESLD (European Society for Laser Dermatology)


  Presidentof the German Academy of Dermatology




  Introduction


  




  Like all of our organs, the skin undergoes aging. This process is natural and inevitable, although it is also influenced by our lifestyles.




  Today, we are expected to have a young and attractive face in order to meet the diktats of “appearance”, a modern trend that has been popularised via the media.




  Treatments with lasers, lights and energy-based devices (EBD) are the foundation of managing the facial skin aging; this strategy can also be combined with the use of cosmetics, skin peels, dermal filler injections, or other botulinum toxin treatments.




  This treatment must, above all, be ethical, and it is essential to obtain the patient's informed consent in order to harmonize their expectations and the possible outcome of the treatment. It must protect the patient from any deviation that could lead to complications or even permanent side effects.




  This can not be achieved unless the practitioner has a good understanding of the pathophysiology and clinical signs of skin aging. It is also paramount that the practitioner thoroughly understands the technology and uses it in compliance with good practice.




  Lasers, lights and EBD can reduce pigmented lesions and vascular lesions, fine lines and wrinkles, as well as improve texture and tone.




  In this work we review the various types of laser, lights and EBD such as Intense Pulsed Light, LED, radiofrequency and ultrasound. We also review cosmetics and injections, and their potential interactions.




  The methods used to evaluate the effects of these technologies on the skin will be detailed as will also be some specific points concerning the treatment of Black, Asian or Mediterranean skin.




  The publication of this work would not have been possible without the participation of international and French authors who agreed to offer their time and share their knowledge with us.




  Thank you to all of these authors for their excellent contributions, dedication, accuracy, and expertise.




  We now leave you with this book, passing on our experience, which will allow each one of us to raise questions, to progress, and to offer our patients the best of our practice in laser, lights and EBD.




  Serge Dahan, Bertrand Pusel




  CHAPTER 1 - Skin aging, pathophysiology and clinical signs




  Serge Dahan


  




  INTRODUCTION




  Skin aging varies between individuals and is subjected to intricate and cumulative intrinsic factors, specific to each person, as well as to extrinsic factors depending on the individual's lifestyle.




  Skin aging needs to be conceptualised in its entirety. It cannot be dissociated from the aging of the adjacent fatty, muscular, and bone structures.




  These processes occur in the skin in the same way as in other tissues, and can be described in terms of pathophysiology, histology, and clinical features.




  Since it is exposed to public view, the face and its aging can be observed more easily than in other organs. The changes that occur can be quantified using skin-aging scales.




  It is only after a thorough clinical examination of the various aspects of facial skin aging that an overall and personalised management plan can be offered, resolving medical as much as aesthetic concerns. This approach to skin aging management should also address the neck, neckline, and hands.




  Dermatoporosis is a term introduced in 2004 by J. H. Saurat, in analogy to osteoporosis, and it covers the impacts of chronic cutaneous insufficiency or fragility on the whole of the integumentary system. It must be taken into account in particular when considering the neck, neckline, and hands.




  INTRINSIC FACTORS IN SKIN AGING




  As we age, all of the body's functions in every organ undergo changes with genetically programmed variations particular to each individual.




  Tobacco use, oestrogen deficiency, and menopause are independent risk factors that exacerbate intrinsic skin aging as well as other general illnesses.




  ■ Pathophysiology




  There are various theories of pathophysiology regarding both genetic mechanisms and the harmful role of free radicals.




  In terms of genetics, many genes involved in the aging process have been identified, most of which intervene in stress responses or metabolic activity. For example, the shortening of telomeres points to cell senescence and DNA changes, the activation of p53, and apoptosis.




  We also see a reduced ability to fight against oxidative stress with the production of free radicals contributing to intrinsic aging.




  Studies have shown that a protein known as MAP (mitogen-activated protein) kinase plays an important role in the regulation of cellular growth factors, the expression of MMP, and the synthesis of procollagen type I.




  If this process of regulation is interrupted, there is increased production of matrix metalloproteinases (MMP) leading to collagen degradation affecting MMP 1 (collagenase) and MMP 9 (gelatinase). In addition, blockage of TGF-beta reduces collagen synthesis.




  Protein glycation affecting elastin and collagen can also be observed in skin thus weakened.




  ■ Histology Fig. 1




  With aging, the stratum corneum, which is made of dead cells, thickens. All other components of the skin decrease with aging:




  - the epidermis thins, as does the dermoepidermal junction (DEJ);




  - there is a reduction of melanocytes (10% every 10 years);




  - the DEJ flattens as it is less well maintained, given the deterioration of its supporting fibres (decrease of collagen type IV in the lamina lucida and collagen type VII in the anchoring fibrils). This DEJ involvement leads to a “loss of connection” between the epidermis and dermis, and subsequently to wrinkles and fine lines;




  - the dermis also decreases in thickness with reduced density of collagen and elastic fibres; the vessels are dilated.




  After skin rejuvenation using lasers and related technologies, we would hope to achieve improved skin structure, with thickening of the dermis pointing to dermal remodelling and neocollagen formation.
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  ■ Clinical features




  The skin thins, becomes dryer, dehydrated, less elastic, loses tone, and it becomes depigmented with the decrease in secretion of sebum and sweat. It becomes fragile, developing ecchymotic purpura more easily when subject to trauma.




  Fine lines and then wrinkles appear first in areas of facial expression and then they become more pronounced, encompassing areas of muscle contraction and those involved in dynamic facial expression.




  Using imprints of the skin, the changes in microrelief caused by aging can be demonstrated by the grooves of tiny fine lines that all follow the same direction (anisotropy), in contrast to young skin which shows lines in a number of different directions (isotropy). These imprints are used to evaluate our anti-aging treatments Fig. 2.
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  EXTRINSIC FACTORS IN SKIN AGING




  Exposure to sunlight, especially when it is repeated and occurs from childhood, will lead to aging of the skin areas exposed to sunlight, all the more so in lighter phototypes; extrinsic aging has some overlap with intrinsic aging.




  Phototypes can be categorised using Fitzpatrick's classification:




  - phototype I: reaction to the sun, does not tan, always gets sunburn. Very fair skin, freckles, blond or red hair;




  - phototype II: reaction to the sun, tans poorly, often gets sunburn. Very fair skin, blond or light brown hair, freckles appear in the sun, light-coloured eyes;




  - phototype III: reaction to the sun, sometimes gets sunburn, tans gradually. Fair skin, blond or light brown hair;




  - phototype IV: reaction to the sun, rarely gets sunburn, tans easily. Light brown skin, light or dark brown hair, dark-coloured eyes;




  - phototype V: reaction to the sun, rarely gets sunburn, tans easily. Brown skin, dark-coloured eyes;




  - phototype VI: reaction to the sun, tans darkly, never gets sunburn. Black skin.




  ■ Pathophysiology




  Defining the factors affecting pathophysiology is complex since they can also be intrinsic skin aging factors and risk factors for skin cancers.




  UVB rays, lower-energy UVA and infrared rays that penetrate more deeply into the subcutis lead to oxidative stress with free radicals causing damage to DNA and cell membranes.




  Both UVB and UVA rays are carcinogenic; it is UVA rays that classically bear greater responsibility for photoaging.




  DNA damage can be seen resulting in a risk of skin cancers or an increase in p53 mutations.




  Ultraviolet rays induce activation of AP1 pathways (activator protein 1), increasing the activity of MMP (matrix metalloproteinase), which degrades collagen and other components of the dermis.




  ■ Histology




  There is thinning of the epidermis, cellular atypia, and increased melanogenesis.




  Actinic elastosis is characterised by the accumulation of elastin in the superficial dermis causing the skin to appear yellowish. The “Grenz zone” is a narrow subepidermal layer that demonstrates photoaging.




  This zone will increase during dermal remodelling with lasers or related technologies Fig. 3.




  There is abnormal elastotic change, and fewer collagen fibres are present in the mid and deep dermis.




  There are macromolecules such as proteoglycans and glycosaminoglycans in greater numbers, which present structural abnormalities and become deposited in the area of elastosis. They no longer fulfil their role of skin hydration, so the skin becomes dryer.




  In proven photoaging, the vessels become less dense with thinner walls; the number of sweat glands falls and sebaceous glands are hyperplastic although secretion is not increased.
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  ■ Clinical features Fig. 4




  Dermatoheliosis




  The lighter the phototype, and the more intense and prolonged the exposure to sunlight, the more marked photoaging will be in the areas exposed to the sun, which are the face, the lateral surfaces of the neck and the neckline.




  On the face, the skin becomes dull or turns yellowish, presenting:




  - actinic elastosis with dilated follicular orifices. The most extreme presentation is nodular elastosis with cysts and comedones (Favre-Racouchot syndrome); sebaceous hyperplasia around the highly seborrheic midline of the face;




  - on exposure to UV rays, solar lentigines, actinic keratoses appear; telangiectasias;




  - the skin gradually loses its elasticity, causing looseness;




  - wrinkles appear in a perpendicular direction to muscle contraction: crows' feet, perioral and forehead wrinkles, frown lines, cheek wrinkles.




  On the neck, the light-exposed areas of the lateral surfaces may show erythrosis interfollicularis colli, which can sometimes be pigmented, with a white area under the chin where the skin is protected from the sun by the chin.




  On the back of the neck, thickened skin with deep wrinkles forming a criss-cross pattern.
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  Photocarcinogenesis




  Photocarcinogenesis carries a risk of melanomas, basal or squamous cell carcinoma, and is often preceded by actinic keratosis, in particular on the nose, cheeks, or ears.




  ■ Glogau classification




  This allows photoaging to be graded so that a suitable treatment for each type can be offered:




  TYPE I (no wrinkles)




  Patients under the age of 30




  Mild pigment changes




  Minimal wrinkles




  Minimal or no make-up needed.




  TYPE II (wrinkles in motion)




  Age 30-40




  Early visible solar lentigines (brown spots)




  Keratosis palpable but not visible




  Wrinkles on motion




  Parallel smile lines beginning to appear




  Foundation.




  TYPE III (wrinkles at rest)




  Over 50




  Advanced photoaging




  Discolouration, telangiectasias (red and pigmented stains)




  Visible keratosis




  Wrinkles even at rest




  Heavy layer of foundation.




  TYPE IV (only wrinkles)




  Age 60-70




  Yellowish-grey skin




  Prior skin cancers




  Wrinkles covering the skin




  No longer use of foundation.




  AGING OF THE SUBCUTANEOUS STRUCTURES




  Over time, facial skin sagging, loss of subcutaneous fat volumes and bone resorption can be seen.




  A young, rounded and plump face in the shape of a triangle with its base facing up gives way to a hollowed face with ptosis of the lower section, producing an inversion of the triangle shape with the base now at the bottom Fig. 5.
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  ■ Ptosis of adipose tissue




  The adipose tissue in the face sags and accumulates above the nasolabial folds, leading to a loss of cheek volume and increasingly bony appearance, and subsequently to ptosis of the lower cheek that changes the facial shape.




  Thinning is often seen, with the facial appearance becoming bonier and the cheeks becoming hollower. Alternatively, the opposite can occur with the face becoming too full when there is an excess of adipose tissue causing ptosis and a double chin. The nasolabial folds grow longer to extend past the lips then becoming marionette lines Fig. 6.
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  Around the eye, hollowing or a pocket of fatty herniation below the lower eyelid can be seen with loosening of the upper eyelid and depression at the temples.




  Some aging scales, in particular the Lemperle scale, suggest that aging should be graded focusing on zones Fig. 7 and 8.




  [image: ]




  [image: ]




   




  ■ Hypertonia and muscle fibrosis




  Their signs can be seen in the upper part of the face with transverse forehead wrinkles, sagging eyelids, and more prominent frown lines.




  In the lower part of the face, this muscular hypertonia accentuates marionette lines, sagging around the labial commissure, and chin lines.




  In the neck, after transverse lines appear, atrophy and distension of the SMAS (superficial muscular aponeurotic system) lead to the platysma cords becoming visible.




  ■ Bone resorption




  Bone resorption in the superior maxilla leads to a loss of supporting bone that accentuates perioral lines even further.




  In the very elderly, this perioral bone resorption leads to collapse of the mouth structure, which in turn causes unattractive protrusion of the chin.




  DERMATOPOROSIS




  This term was suggested in 2004 by J.H. Saurat to be analogous with osteoporosis. It defines the state of extreme cutaneous fragility seen with aging across the whole integumentary system.




  Dermatoporosis results from thinning of the dermis and epidermis and cutaneous atrophy that is clinically accompanied by gradual loss of skin viscosity and elasticity.




  From around the age of 60, this “chronic cutaneous insufficiency syndrome” translates clinically into cutaneous atrophy with age-related purpura, pseudoscarring, and problems with wound healing. These manifestations can be observed more readily on the upper and lower limbs, the hands, and the neckline.




  Primary dermatoporosis is a result of chronological skin aging and chronic sun exposure.




  Secondary iatrogenic dermatoporosis is induced by long-term treatment with topical or systemic corticosteroids.




  A number of clinical stages of dermatoporosis have been defined.




  Stage I signs should alert the clinician to the process, and these are the significant thinning of the skin with senile purpura and stellate pseudoscars.




  Stages II to IV are defined as stage I signs with additional lacerations and/or delayed wound healing that can progressively lead to the formation of dissecting haematomas. This latter stage constitutes a medical emergency and requires hospital admission. In terms of pathophysiology, dermatoporosis is related to a reduction in hyaluronic acid, in turn connected to a deficiency in cutaneous CD44 receptors that requires appropriate treatment.




  CONCLUSION




  A good understanding of facial skin aging allows for a thorough analysis of the patient's signs, both at rest and in motion, taking into account the different cutaneous and subcutaneous structures.




  Classifications to define skin aging, zone by zone, have been put forward. In the future, a clear classification that takes into account signs both at rest and in motion would certainly lead to an improved consensus in terms of the treatments to offer.




  Lasers and EBD lead to improved texture, reduced lines and wrinkles, better skin tone, and reductions in pigmented spots and telangiectasias.




  Non-surgical management of skin aging is an overall approach that makes use of additional cosmetic treatments, skin peels, dermal fillers, and toxins.




  Taking into account each patient's profile of skin aging and psychological outlook, a treatment plan will be offered that must preserve each individual face as far as possible and always have ethical concerns at the forefront. One should remember that the face cannot be treated without handling the neck, neckline, and hands, or addressing dermatoporosis affecting the whole integumentary system. As such, any treatment plan should be thorough and holistic.
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  CHAPTER 2 - Basics of laser treatment




  Paolo Bonan, Nicola Bruscino, Andrea Bassi, Rossana Conti, Michela Troiano


  




  LASER IN DERMATOLOGY: A CENTURY OF LASER




  We are all surrounded by laser-based devices, but we usually exploit their functions without knowing it. Today, children are used to listening to music through MP3 players, while the previous generation used a laser system known as a “CD player”; probably very few people know much about the birth and development of lasers. The LASER device (Light Amplification by Stimulated Emission of Radiation) has numerous forebears. Einstein certainly made a great contribution to the creation of this kind of technology, and he is therefore considered as its “grandfather”. He developed the theory about light travelling in waves of particles, photons, with the possibility of the stimulated emission of radiation, based on the previous concept introduced by Bohr, according to which the atoms emit energy moving from excited to resting statues [1]. The first precursor of the laser was the MASER (Microwave Amplification by Stimulated Emission of Radiation), launched in 1953 by several physicists. The interest in maser systems grew thanks to their use in radar technologies. Only in 1958 did Townes and Schawlow suggest that the maser concepts could be applied to optical and infrared regions. In the same year, Makow, Kikuchi, Lambe and Terhune generated a solid-state maser with numerous difficulties in finding an appropriate laser medium; they used crystalline corundum (ruby) in a large magnetic field. In 1959, Maiman continued exploiting the ruby maser, pumping ruby crystals through a special flash and producing red light at a wavelength of 694 nm. Following in 1961, several other masers, called lasers, were introduced: they were a great improvement due to the possibility of shortening the pulse duration to nanoseconds thanks to the Q-switching technology. The first dermatological applications were made by Goldman in 1961, the father of lasers in medicine. He used ruby laser for different dermatological conditions, publishing the effects on pigmented lesions such as hairs, tattoos, naevi as well as melanomas. He conducted promising studies on the treatment of vascular malformations with the argon laser, and on angiomas with the continuous neodymium:yttrium-aluminium-garnet (Nd:YAG) laser. Only in 1964 was the continuous CO




  2 laser invented, and then used for the photoexcision of tissues, like an optical scalpel; unfortunately the damage to the surrounding healthy areas, hypo/hyperpigmentation and scarring, limited the success of the early continuous wave lasers as ablative lasers, especially the argon laser [1]. In 1983, a revolutionary concept was introduced by Anderson and Parrish concerning selective photothermolysis, which has modified the way of exploiting laser properties; based on this concept, the operators can use lasers to selectively target and destroy the structures, while avoiding damage to the surrounding areas [2]. In the early 1980s, a new yellow-light dye laser was introduced for treating vascular lesions, through the absorption of light close to the absorption peaks of oxyhemoglobin. During the latter years of the 1980s, the Q-switched lasers (ruby, alexandrite and Nd:YAG) allowed dermatologists to achieve successful results for pigmented lesions as well as hair removal. In 1996 the erbium (Er):YAG laser with a typical wavelength of 2,940 nm became available on the market for superficial vaporization and possible skin resurfacing. The most recent advance in the long laser evolution was the fractional photothermolysis in 2003, which offered a huge variety of laser resurfacing procedures in dermatology [3].




  The future that lies before us is very promising and bright: there is now a myriad of lasers and light-based devices for different dermatological lesions, all characterized by specific advantages and disadvantages, and offering a very favorable risk/benefit ratio, but only when performed by skilled dermatologists.




  WHAT EXACTLY IS A LASER?




  LASER (Light Amplification by Stimulated Emission of Radiation) is an optical resonator, consisting of two parallel reflective mirrors with an active solid (Nd:YAG, KTP, Er:YAG, Holmium:YAG, Alexandrite, Ruby, Titanium-sapphire laser), liquid (Pulsed Dye Laser) or gas (CO2, Argon, Excimer, Helium-neon laser) medium between them. The active laser medium is a determining factor for the wavelength of the emitted photons. Moreover, the device needs a stimulation source of energy, called the pump portion of the system. The pumping part makes the laser medium extremely rich in atoms in excited state and poor in atoms in resting state. This condition, called the “population inversion”, is crucial for the laser effectiveness. The pump can be a flash lamp, electrical current, or another pumping laser. The atoms of the laser medium, which are highly stimulated by the pumping part, move into an excited state and then emit their energy through the release of photons, which are repeatedly reflected between the two mirrors. However, since the exit mirror is only partially reflective, a part of these photons is emitted as a beam of light. The majority of lasers used in medicine, and mainly in dermatology, generate light in the ultraviolet (200-400 nm), visible (400-760 nm), near-infrared (760-1,400 nm), mid-infrared (1,400-3,000 nm), and infrared (> 3,000 nm) range. The typical features of laser light are monochromaticity, coherence and collimation; these characteristics differentiate laser light from non-laser light, such as Intense Pulsed Light (IPL). Laser light is monochromatic, being emitted with a clear and unique wavelength, coherent, since it consists of light waves in phase with the time and space, and collimated, as it does not diverge [4].




  LASER-TISSUE INTERACTIONS




  When the photons reach the surface of the skin, four different types of interaction may take place between the light and the skin: absorption, reflection, scattering, and transmission. In the majority of cases there is a combination of these interactions. The absorption of photons by a specific target in order to cause a biological effect is the scope of every laser treatment; during this process, all the energy delivered by the photons is transmitted to the target structures, the chromophores. Dermatological laser treatment changed radically in 1983 thanks to the introduction of the selective photothermolysis theory by Anderson and Parrish, defining how to localize thermal injury to the target tissue, thus minimizing the damage to surrounding areas by choosing the adequate wavelength of light that the chromophore inside the target tissue will absorb. The most important chromophores are hemoglobin, melanin and water, as well as porphyrins, flavin, retinol, nuclear acids, DNA, and RNA and external chromophores like tattoo ink. The absorption depends mainly on the matching of the wavelength of the photons with the absorption peak of a particular chromophore; light absorption by hemoglobin usually occurs at 415, 542, and 577 nm, while the absorption by melanin, ranging between 400 and 750 nm, is maximal in the ultraviolet area, decreasing throughout the visible region; in the near-infrared and the mid-infrared ranges, the tissue absorption is mainly due to water absorption. When the photons hit the skin surface, 4-6% of them are reflected by the tissue, which normally occurs in the stratum corneum of the skin, especially when dry or scaly. By increasing the angle of light incidence, we can induce a reflection that exceeds the 4-6% of the emitted photons. Reflection should be avoided since it causes a reduction in the fluence absorption by the target and therefore a loss of the laser effect. The photons may be scattered inside the skin, which mostly occurs with shorter wavelengths, especially in the superficial dermis, due to collagen fibers. The scattered photons lose the original direction of the incident light, creating irradiation to a larger area and thus losing a certain amount of energy. The photons, which have not been absorbed, reflected or scattered, undergo a transmission process via which they move to the deeper layers of the skin and subcutaneous tissues. Since the light penetration inside the skin is wavelength-dependent, the transmission only involves the photons with longer wavelengths, spared from scattering and able to reach deeper structures. The photons emitted by the Er:YAG laser (2,940 nm), at wavelengths near the water absorption peak, are not able to reach deep-seated structures despite the long wavelength, since the high water content in the superficial part of the skin induces intense absorption.




  Light absorption in the skin can cause three different types of biological effects: photothermal, photomechanical, and photochemical. The most important for the success of the laser therapy is the photothermal effect (i.e. the energy of the irradiated photons is turned into heat due to the absorption of the photons by the chromophores). The effects may vary depending on the temperature reached in the target chromophore, the duration temperature elevation in the target, and the capacity of the target tissue to spread the heat to the surrounding tissues. With a temperature increase of 5o C one observes tissue injury and consequent inflammation; at 45-50o C there will be shrinkage of collagen fibers and reduction of enzymatic activity; at 60o C one can expect denaturation of proteins, membrane permeabilization, and coagulation of the collagen; at temperatures of 100o C there is formation of vacuoles, and higher than 100o C, tissue vaporization and carbonization; temperatures between 300 and 1,000o C result in thermoablation, photoablation and disruption of the tissue. The photomechanical effect occurs when very short laser pulses (nanoseconds or picoseconds) produce very strong energies: the tissue undergoes rapid thermal expansion, and an optical breakdown with intense shockwaves. This photomechanical effect is crucial for the Q-switched lasers that are able to disrupt the melanin and ink content of hyperpigmentation and tattoos, as well as being a determining factor for high-fluence, short-pulse, pulsed dye laser treatment of vascular disorders; the photomechanical damage, which clinically appears with purpura, is induced by short pulses and causes intravascular cavitation, vessel wall rupture, and hemorrhaging. The photochemical effect occurs when the absorbed photons affect the cellular metabolism or influence the signaling cascade. The consequences of the photochemical effect include increased cell proliferation and migration, modulation of growth factors, cytokines and other mediators, increased tissue oxygenation, and increased healing of wounds. Another example of the photochemical effect is evident with photodynamic therapy (PDT): an exogenous photosensitizer acts as a chromophore by absorbing light inside the target structure, and stimulating a selective photochemical reaction through the formation of singlet oxygen and radicals [5-6].




  LASER DEVICES FOR THE DERMATOLOGIST




  A large variety of different lasers and lights are currently used in the treatment of vascular lesions, even though more than one laser is often required to treat these lesions and achieve optimum cosmetic results:




  Potassium Titanyl Phosphate (KTP) is a quasi-continuous laser which uses a neodymium:yttrium-aluminum-garnet crystal frequency-doubled with a KTP crystal to emit a 532-nm wavelength green light near the hemoglobin absorption peak. It is therefore useful in the treatment of superficial blood vessels. The main advantage of this kind of laser is the absence of post-op purpura, because it gradually heats the blood vessel without causing rupturing of the vessel wall or immediate purpura. It is mainly used for facial and leg telangectasias, but the shorter wavelength and low penetration depth restrict its use to superficial face, neck and chest lesions only. Due to its ability to match epidermal melanin absorption, it may be characterized by a higher risk of epidermal damage, especially in darker or tanned patients, thus limiting its use to Fitzpatrick skin types I-III [7].




  Pulsed Dye Laser (PDL), which uses a rhodamine dye dissolved in a solvent and pumped by a flash lamp, emits a 585-600 nm wavelength yellow light, near the hemoglobin absorption peak. It is therefore considered the most specific laser currently available for the treatment of superficial vascular lesions. It was introduced in 1989 and used for telangectasias, hemangiomas, rosacea, although its best application is the Port Wine Stain (PWS) for which it is considered the treatment of choice with a high degree of efficacy and safety. It is also commonly used for treating Poikiloderma of Civatte. Despite its excellent efficacy and safety profile, the onset of purpura limits patients' acceptance as it may persist for 7-14 days after the laser session due to microvaporization of erythrocytes, vessel rupture and subsequent hemorrhage [8-20].




  Alexandrite laser, which emits a 755 nm wavelength between the 532,595 nm and 1,064-nm lasers, belongs to the near-infrared category. At this particular wavelength the main chromophore is melanin, hence it is mainly used for hair removal and pigmented lesions; hemoglobin has a lower but significant absorption peak as well, so it can be used to treat deeper and resistant vascular lesions, such as reticular leg veins, mature and hypertrophic port wine stains, bulky vascular malformations, hemangiomas, and lymphangioma circumscriptum.




  Diode lasers belong to the near-infrared range of lasers, emitting a wavelength between 800 and 980 nm. They target the third absorption peak of hemoglobin, and thanks to their longer wavelengths, penetrate deeper into tissues than lasers emitting in the green and yellow range (KTP and PDL). This enables their use for leg veins. The small spot size allows for treating smaller telangectasias, and since their wavelengths are poorly absorbed by melanin they can be used safely in skin types I-IV.




  Neodymium:Ytrrium-Aluminum-Garnet (Nd:YAG) laser produces light in the infrared part of the spectrum at a wavelength of 1,064 nm. It is used for hair removal, but due to its low hemoglobin absorption peak and long wavelength it is also widely used for deep and resistant vascular lesions, PWS, and leg veins. Its increased penetration, as deep as 4-6 mm, may be painful for patients who often require anesthetics. The main advantage of the Nd:YAG laser compared to the other vascular lasers is the lower absorption coefficient by melanin, meaning that it can be used safely in darker skinned patients such as Fitzpatrick skin types IV-VI [21].




  Erbium:Ytrrium-Aluminum-Garnet (Er:YAG) is a solid-state laser, characterized by the presence of erbium ions inside Ytrrium-Aluminum-Garnet or other crystals; it emits photons at wavelengths of 2,940 nm which are mainly absorbed by water in the superficial layers of the skin. This laser system is generally used for ablating the soft and hard tissues. It is a pulsed laser system with applications in dermatology, dentistry and invasive surgery. Its main drawback compared to other ablative lasers like CO 2 lasers, is its inability to induce coagulation. Er:YAG laser can be used with a fractional handpiece in a minimally ablative manner, especially for skin resurfacing. CO2 laser is a gas-state laser that emits photons at wavelengths of 10,600 nm. It offers a type of “No-Contact Surgery”, since it enables accurate, efficacious and targeted thermal action on the lesions treated while protecting the surrounding tissues, thus guaranteeing optimal re-epithelization. This makes it suitable for surgical procedures since the limited inflammatory response is conducive to better healing. The extreme precision of the application means that the epidermis alone can be vaporized, or the thermal effect can be extended deeper into the papillary or reticular derma. The use of “color indicators” allows for step-by-step visual assessment of the depth reached and an accurate calculation of the clinical “end-point”. This laser technique has also been used in the field of aesthetic medicine, exploiting its thermal rather than its vaporizing effects. Ablative resurfacing with CO2 lasers has been considered the gold-standard for many years in the treatment of wrinkles, skin damage from photoaging and post-acne scars; however this method has also been associated with lengthy downtimes, occasional bacterial and viral infections, and bothersome side effects such as persistent erythema, post-inflammatory pigmentation alterations and possible atrophic scarring. The excellent results obtained with this technique have therefore stimulated research into methods and technologies capable of achieving similar results while reducing downtimes and side effects. Based on these requirements, “fractional” resurfacing with CO2 laser has been developped [22-30].




  Fractional CO2 laser is equipped with a scanning system, which makes it possible to obtain vertical micro-columns of damage, micro-ablative and micro-thermal zones (MAZs and MTZs), surrounded by areas of healthy tissue. Depending on the pulse used, the controlled release of heat in the treated micro-areas has an immediate tissue-shrinking effect and generates the stimulation of growth factors, wound repair, and the reorganization of new collagen. Another feature, which increases the versatility of this application is the possibility of selecting the distance (DOT spacing) between surrounding MAZs and MTZs, providing a resurfacing effect similar to the ablative technique with reduced spacing, or the more typical fractional effect, with greater spacing between DOTs. Each treatment session consists of numerous successive and consecutive pulses [1-5] in the same point without moving the scanner (“scalpel effect”).




  This function allows deeper penetration thanks to the possibility of repeating the laser emissions with the same parameters on one DOT before moving on to the next DOT during the same scanner passage Fig. 1 [31-40].
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  New laser systems provide the right “pulse shape” and features for every single application the laser is engaged in. In these shapes the thermal tale can be varied dependently or independently of the energy content.




  A laser company explored the possibility of applications of DOT therapy in sectors other than dermatology and aesthetic surgery. Thanks to its long experience in the production of CO2 laser systems for gynaecology, the company developed a selective treatment called “MonaLisa Touch™”: an innovative procedure for vulvo-vaginal atrophy, able to release energy through the special pulse while taking into account the peculiar features of the vaginal mucosa Fig. 2.
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  Fractional CO2 laser combined with radiofrequency. For the last five years, bipolar radiofrequency devices have been considered non-invasive instruments, able to stimulate the deeper dermis in a non-ablative manner. Nowadays, some of these devices combine the effect of radiofrequency with laser or light energy in a unique tool capable of targeting aesthetical imperfections such as fine lines, wrinkles, pigment alterations, and skin laxity that have to be reduced or completely removed. These new laser systems simultaneously deliver fractional CO2 laser and bipolar radiofrequency; the latter is able to amplify and enhance the effects of the CO2 laser by remodeling the tissue in-depth, toning flabbiness and stimulating fibroblast activity to produce new collagen. Previous histological studies have confirmed the presence of thickened, shortened collagen fibrils after bipolar radiofrequency treatments. An increased collagen-I up-regulation has also been observed.




  The simultaneous emission of fractional CO2 laser and radiofrequency yields several significant beneficial effects. In particular, there is a transfer of energy from the surface to the deeper layers with a more uniform lateral diffusion of the biostimulation. The laser-radiofrequency combination minimizes the amount of energy required from each system to achieve the desired results, decreasing the possibilities of side effects. Thanks to the combined use of laser and bipolar radiofrequency, skin tightening and rhytide reduction results can be achieved via the use of lower parameters, without the risk of side effects from higher settings Fig. 3. The average downtime for the fractional CO2 laser/bipolar radiofrequency device is 5-6 days, which is a slight reduction compared to previous results using fractional CO2 laser alone. A remarkable advantage is the control of erythema, both in terms of absolute intensity and duration. These aspects are vitally important for reducing the period of “social exclusion” imposed by the procedure [41-56].
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Figure 4 Perioral () and periorbital aging (b)
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Figure 7 Lemperle scale — Nasolabial fold

At each site the depth of the deepest wrinkle is evaluated, next to the arows:

0 No wrinkles 3 Moderately deep wrinkies
1 Wrinkles barely visible 4 Deep wiinkies with well-defined edges
2 Superficial wrirkles 5 Very deep wiinkes/folds
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Figure1 Normal skin (d), aged skin with elastosis and atrophy (o)
(photos Dr Ducoin, Histology — Clinique Saint-Jean Languedoc)
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Figure1 Before the treatments (a), excellent resuits after four sessions of fractional CO, laser (b)





OEBPS/Images/9.jpg
Figure 8 Lemperle scale — Periorbital wrinkles

At each site the depth of the deepest wrinkie is evaluated, next to the arows:
0 No wrinkles 3 Moderately deep wrinkies
1 Wrinkles barely visible

4 Deep wiinkies with well-defined edges
2 Superficial wrirkles 5 Very deep wiinkes/folds
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Figure 5 Plosis and inversion of the triangle with aging
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Figure2 Vaginal mucosa under initial conditions. This morphology suggests vaginal atrophy which is at an
early stage but that is also gradually evoling (@). Vaginal mucosa of the same patient a month after a treatment
session with MonaLisa Touch. It is possible to see an increased number of epithelial layer (6)

(photos A. Callgaro, Professor of Istology and Embriology at University of Pavia-taly)
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Figure2 Wrinkle imprints before and after treatment
Before treatment (a), after treatment wrinkles are less prominent ()
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Histology after laser resurfacing
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Figure 6 Accentuated nasolabial folds, lentigines, keratosis, sebaceous hyperplasia
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