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Foreword

When the first dental laser came on the market in the late 1980s, there was great excitement in the world of dentistry. Unfortunately, the laser wavelength for that first device was chosen because it was available, not because it was the best one for the purpose desired. Laser dentistry has come a long way since then, with accumulation of an extensive science base on laser interactions with both soft and hard tissues. In recent years, lasers have been developed for medicine and dentistry based on the best evidence to date, including the optimal conditions for these clinical applications. A whole new energy has emerged regarding the use of lasers in dentistry and much of it is captured in this second edition of Dr. Robert Convissar’s Principles and Practice of Laser Dentistry.


Dr. Convissar is one of the pioneers of the clinical use of lasers in dentistry, with almost 25 years of experience with carbon dioxide, neodymium-doped yttrium-aluminum-garnet (Nd:YAG), diode, and erbium wavelengths. He has presented more than 300 laser seminars on five continents. For this revised edition, he has brought together a team of authors whose knowledge base and skills are state of the art, for preparation of a treatise worth reading.

In these days of electronic communication and indeed electronic books, journals, media, music, and much more, it is hard to imagine that yet another textbook could be useful. On the contrary, this is a great read for anyone who wants a comprehensive review of the world of lasers and their use in dentistry. The attentive reader will gain an understanding of how lasers work, how they interact with the tissues, and thus how best to apply this knowledge in clinical practice.

I started my research into the possibilities of using lasers in dentistry in 1980, well before there was even much use of these devices for surgery and treatments in the rest of the human body. Things were very primitive at that time, with much unknown. My team has worked for more than 30 years on laser interactions with hard tissues. Together with other groups across the world, we were able to contribute to an in-depth understanding of how to use lasers for teeth and bone applications. Only recently was all of this work brought together by a company to build and then market a new laser that takes advantage of this science and the clinical research that followed. This new technology has helped to set the stage for the next big move forward in the everyday adoption of lasers in dental practice.

Other big steps forward have been achieved in recent years, as detailed in the following pages. There is definitely more to come in the future, as a dream of more than 25 years ago for some of us is realized.

John D.B. Featherstone, MSc, PhD





Preface

In the five years since the publication of the first edition of this book, the field of laser dentistry has made great strides in delivering superior patient care. Manufacturers new to the industry have entered the field with state-of-the-art devices. Well-established companies have come out with new models that offer significant improvements over previous versions. A new wavelength on the market, a 9300-nm carbon dioxide laser with both hard- and soft-tissue applications, may revolutionize dentistry—or may fall by the wayside, as did the argon and holmium wavelengths in the context of general dentistry. As usual, the clinical experience will determine this outcome.

Clinicians are finding ever more procedures that have a positive impact on the lives of their patients. Five years ago, just a handful of pediatric laser dentistry pioneers were performing lingual tongue-tie and maxillary frenectomy procedures on newborn babies to help them latch onto their mothers’ nipples and nurse. It was rare for dentists to receive referrals from other health care professionals for this type of procedure. Today, laser dentists are receiving referrals from pediatricians, neonatologists, pediatric otolaryngologists, lactation specialists, and many more to help babies nurse more successfully. For treating teenagers and older patients, dentists are receiving referrals on a regular basis from speech therapists, orofacial myologists, specialists in osteopathic manipulative medicine, and many more. For drug-induced gingival hyperplasia treatment, dentists are working with transplant surgeons and primary care physicians of organ transplant recipients. The list keeps growing.

As with the first edition, this book is written both for the clinician who wants to learn how to use a laser and for the established laser user who wants to expand the range of procedures for the practice’s instrument or to add a device with different capabilities. For each procedure described, the peer-reviewed literature that validates its use also is presented. Procedures that are neither supported by the peer-reviewed literature nor based on sound biologic foundations are not included in this book. Each of the chapters is written by a “wet-fingered” practitioner with extensive laser experience—and, in most cases, with specialty board certification in his or her field of expertise. Virtually every procedure is fully documented with preoperative, intraoperative, and postoperative photographs. Suggestions and “Clinical Tips” are highlighted throughout, making the most pertinent clinical information for the practitioner readily available.

A textbook of any scope and depth cannot be written without the dedication of a number of people. Thanks are due to each and every contributing author, who gave up months of valuable time away from their practices and families to work on this most worthwhile project. Thanks also to the best team in dental textbook publishing: Brian Loehr, Jaime Pendill, Sara Alsup, and Kathy Falk. Finally, this book would never have been possible without the love, encouragement, and support of my wife and partner, Dr. Ellen Goldstein, and our children Craig, Alex, and Dana.

1

Einstein’s “Splendid Light”

Origins and Dental Applications

John G. Sulewski


Humankind’s fascination with the properties of light and its applications in medicine can be traced to ancient times. Developments in physics at the beginning of the twentieth century laid the foundation for laser theory postulated by Albert Einstein, culminating in the invention of this special form of light in 1960. Soon thereafter, researchers began to explore possible applications of laser technology in medical and dental treatment.

The medicinal use of light for diagnostic and therapeutic purposes dates from antiquity. Light allowed early physicians to observe skin color, inspect wounds, and choose a suitable therapeutic course of action. Heat from sunlight or campfires was used for therapy. Greeks and Romans took daily sunbaths, and the solarium was a feature of many Roman houses.1 Ancient Egyptians, Chinese, and Indians used light to treat rickets, psoriasis, skin cancer, and even psychosis.2


The ancient Egyptians, Indians, and Greeks also used natural sunlight to repigment affected skin in patients with vitiligo by activating the naturally occurring photosensitizer psoralen, found in parsley and other plants.3-5 In the eighteenth and nineteenth centuries, European physicians used sunlight and artificial light to treat cutaneous tuberculosis, psoriasis, eczema, and mycosis fungoides.3 These and other applications of light were precursors to the invention and subsequent use of optical amplifier devices that generate a special form of light—lasers—in the medical field over the past several decades.

This chapter examines the efforts of select laser pioneers in dentistry and summarizes current intraoral clinical applications of lasers.

Early Published Theories of Light

Philosophers and scientists long pondered the nature of light: Was it composed of particles, waves, pressure, or some other substance or force?

In his Book of Optics, published in 1021, Persian mathematician, scientist, and philosopher Ibn al-Haytham described light as being composed of a stream of tiny particles that travel in straight lines and bounce off objects that they strike.6 Pierre Gassendi, a French philosopher, scientist, astronomer, and mathematician, described his particle theory of light (published posthumously in 1658 in Lyon, France, as part of the six volumes of his collected works, the Opera Omnia), in effect introducing to European scholars the atomism view of the universe identified by the ancient Greek philosopher Epicurus (341-270 BCE)7 (Figure 1-1).

Gassendi’s work influenced English physicist Sir Isaac Newton (1642-1727), who described light as “corpuscles” or particles of matter that “were emitted in all directions from a source”8,9 (Figure 1-2). Newton proposed the theory of particle dynamics, which later would be developed to describe the behavior of particles reacting to the influence of arbitrary forces.10 The particle view of light differed from that of French philosopher and scientist René Descartes, who in his 1637 Discourse saw light as a type of “pressure,” which foreshadowed the postulation of the wave theory of light11 (Figure 1-3).

In 1665, English scientist Robert Hooke suggested his wave theory of light, likening the spread of light vibrations to that of waves in water: “every pulse or vitration of the luminous body will generate a sphere, which will continually increase, and grow bigger, just after the same manner (though infinitely swifter) as the waves or rings on the surface of the water do swell into bigger and bigger circles about a point.”12 The wave concept subsequently was proved experimentally by Scottish physicist James Clerk Maxwell, who in 1865 proposed an electromagnetic wave theory of light and demonstrated that electromagnetic waves traveled at precisely the speed of light.13
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• Figure 1-1 Greek philosopher Epicurus (341-270 BCE).
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• Figure 1-2 A, Sir Isaac Newton (1642-1727). B, Title page from Newton’s work Opticks, 1704.
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• Figure 1-3 René Descartes (1596-1650).





Development of Quantum Theory

The previous theories, useful as they might have been before 1900, did not entirely or satisfactorily describe the characteristics of light observed by the scientific community: Light behaved as particles in some cases and as waves in others. This context of inquiry led to the field of quantum theory.


On December 14, 1900, German physicist Max Planck delivered a lecture before the German Physical Society (Deutsche Physikalische Gesellschaft) in which he theorized that light consisted of discrete and indivisible packets of radiant energy that he named quanta. He described what eventually became known as the elemental unit of energy (E), as E = hv, where h is a constant of nature with the dimension of action (= energy × time, with a value of 6.626 × 10−34 joule-second), subsequently called Planck’s constant, and v is the frequency of radiation. Planck’s theory was published late in 1900.14-16 Eleven years later, British physicist Ernest Rutherford contributed to quantum theory when he postulated a planetary model of the atom based on his experimental observations of the scattering of alpha particles by atoms. In his view an atom comprises a central charge surrounded by a distribution of electrons orbiting within a sphere.17


Danish physicist Niels Bohr synthesized Rutherford’s atom model with Planck’s quantum hypothesis (Figure 1-4). In a series of papers published in 1913, Bohr proposed a theory in which electrons revolve in specific orbits around a nucleus without emitting radiant energy. He described the stable, “ground state” of an atom, when all of its electrons are at their lowest energy level. Bohr also theorized that an electron may suddenly jump from one specific orbital level to a higher level; to do so, an electron must gain energy. Conversely, an electron must lose energy to move from a higher energy level to a lower energy level. Thus an electron can move from one energy level to another by either absorbing or emitting radiant energy or light.18,19


It was in this burgeoning milieu of nascent quantum theory that Albert Einstein made three significant contributions. First, in 1905, Einstein developed his light quantum theory: “In the propagation of a light ray emitted from a point source, the energy is not distributed continuously over ever-increasing volumes of space, but consists of a finite number of energy quanta localized at points of space that move without dividing, and can be absorbed or generated as complete units.”20 Singh21 points out that this paper on photoelectric effect was the first that Einstein published during his annus mirabilis (“extraordinary year”), in the scientific journal Annalen der Physik in 1905; his other papers that year treated Brownian motion, special theory of relativity, and matter and energy equivalence (E = mc2). Notably, Einstein himself regarded his light quantum paper as the “most revolutionary” of those that he had published in 1905. He was awarded the 1921 Nobel Prize in physics for this paper. Hallmark and Horn22 stated that Einstein’s light quantum theory was so radical in comparison with other contemporary theories of light that it was not generally accepted until American physicist Robert A. Millikan performed additional experiments in 1916 to support the theory.
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• Figure 1-4 Niels Bohr and Albert Einstein in 1925.





Einstein’s 1905 paper made the case for the particle nature of light. In 1909, Einstein made his second significant contribution to laser theory by publishing the first reference in physics to the wave-particle duality of light radiation, using Planck’s radiation law. Einstein stated: “It is my opinion that the next phase in the development of theoretical physics will bring us a theory of light which can be interpreted as a kind of fusion of the wave and emission theory. … Wave structure and quantum structure … are not to be considered as mutually incompatible. … We will have to modify our current theories, not to abandon them completely.”21,23 British mathematician and physicist Banesh Hoffmann fancifully characterized the quandary for many early twentieth-century physicists regarding the apparent wave-particle duality of light: “They could but make the best of it, and went around with woebegone faces sadly complaining that on Mondays, Wednesdays, and Fridays they must look on light as a wave; on Tuesdays, Thursdays, and Saturdays, as a particle. On Sundays they simply prayed.” 24


In 1916-1917, Einstein made his third important contribution to laser theory by providing a new derivation of Planck’s radiation law,25-27 with vast implications. As he wrote to his friend Michele Angelo Besso in 1916, “A splendid light has dawned on me about the absorption and emission of radiation.”21 Indeed, his new idea provided the basis for subsequent laser development.

Based on quantum theory, two fundamental radiation processes associated with light and matter were known before Einstein’s new derivation: (1) stimulated absorption, a process in which an atom can be excited to a higher energy state through such means as heating, light interaction, or particle interaction; and (2) spontaneous emission, the process of an excited atom decaying to a lower energy state spontaneously, by itself. Einstein’s breakthrough was the addition of a third alternative: stimulated emission, the reverse of the stimulated absorption process. In the presence of other incoming radiation of the same frequency, excited atoms are stimulated to make a transition to the lower energy state—more quickly than in spontaneous emission—and in the process release light energy identical to the incoming form of light. The emitted light has the same frequency and is in phase (i.e., coherent) with the stimulating radiation wave. Stimulated emission occurs when there are more excited atoms than atoms that are not excited (i.e., more atoms in upper of two energy levels than in lower level), a condition called population inversion. Einstein also showed that the process of stimulated emission occurs with the same probability as for absorption from the lower state.28-31 Hey et al.32 summarized the significance of Einstein’s insight as follows:

For over 35 years this stimulated emission process gained hardly more than a cursory comment in quantum mechanics textbooks, since it seemed to have no practical application. What had been overlooked, however, was the special nature of the light that is emitted in this way. The photons that are emitted have exactly the same phase as the photons that induce the transition. This is because the varying electric fields of the applied light wave cause the charge distribution of the excited atom to oscillate in phase with this radiation. The emitted photons are all in phase—they are coherent—and, furthermore, they travel in the same direction as the inducing photon.

At this point, it should be clarified that the term photon was not used by Planck, Bohr, or Einstein up to the time of Einstein’s 1916-1917 papers. American chemist Gilbert Lewis33 apparently was the first to use the term when he argued, in a letter to the editor of Nature magazine in 1926, for the need for new nomenclature to describe discrete units of radiant energy:

It would seem inappropriate to speak of one of these hypothetical entities as a particle of light, a corpuscle of light, a light quantum, or a light quant, if we are to assume that it spends only a minute fraction of its existence as a carrier of radiant energy, while the rest of the time it remains as an important structural element within the atom. It would also cause confusion to call it merely a quantum, for later it will be necessary to distinguish between the number of these entities present in an atom and the so-called quantum number. I therefore take the liberty of proposing for this hypothetical new atom, which is not light, but plays an essential part in every process of radiation, the name photon.


The following accepted definition appears in the American Heritage Dictionary34:


photon n. Physics. The quantum of electromagnetic energy, regarded as a discrete particle having zero mass, no electric charge, and an indefinitely long lifetime.

Decades followed Einstein’s 1916-1917 articles on stimulated emission before significant progress was made in laser development, both theoretically and practically, in the 1950s and 1960s, partly because of the outlook and training of physicists at that time, as suggested by American physicist Arthur L. Schawlow and later observers. Schooled in the idea that “thermodynamic equilibrium,” a state of energy balance, was the normal condition of matter throughout the universe, these scientists tended to believe that population inversion was merely an unusual event or brief permutation, not something particularly significant.35,36


However, the 1920s and 1930s were not entirely bereft of discovery and insight. In 1928, German physicist Rudolf Ladenburg indirectly observed stimulated emission while studying the optical properties of neon gas at wavelengths near a transition where the gas absorbed and emitted light. This was the first evidence that stimulated emission existed.35,37 In his 1939 doctoral dissertation, Soviet physicist Valentin A. Fabrikant had envisioned a way to produce a population inversion, writing that “such a ratio of populations is in principle attainable. … Under such conditions we would obtain a radiation output greater than the incident radiation.”35,36,38


Nevertheless, the works of Ladenburg and that of Fabrikant were isolated incidents. Another impediment to laser development after Einstein was two world wars, although World War II then actually accelerated research toward laser development. Efforts of physicists were diverted from performing fundamental research to helping propel technology that would help win the war. Afterward, the sophisticated equipment developed for the war effort became military surplus, and physicists accustomed to low budgets received some of this equipment as they resumed their research.

Masers and Lasers

The impact of the wartime research focus on laser development is exemplified by the work of American physicist Charles H. Townes at Bell Telephone Laboratories in Manhattan and later at Columbia University, which he joined in 1948 (Figure 1-5). In 1941, Townes was assigned to work on a military radar project. Modern radar, a system of using transmitted and reflected radio waves for detecting a reflected object to determine its direction, distance, height, or speed, was developed in the 1930s, when systems used radio waves about a meter long and could not discern much detail. During the war, the military was interested in developing a radar system that used much higher radio frequencies to attain greater sensitivity, tighter radio beams, and transmitting antennas small enough to fit on an airplane. Townes began working on microwave frequencies of 3, 10, and 24 gigahertz (GHz).35 Although none of these systems was used in battle, Townes’ experience with the 24-GHz system, interest in microwave spectroscopy, and use of surplus equipment guided him toward subsequent development.

In 1951, at the spring meeting of the American Physical Society in Washington, D.C., Townes proposed the concept of a maser, an acronym he and his students coined for microwave amplification by stimulated emission of radiation. He indicated that the “primary object of the work that led to the maser was to get shorter wavelengths so we could do better spectroscopy in a new spectral region.”39 Townes elaborated on April 26, 1951: “I sketched out and calculated requirements for a molecular-beam system to separate high-energy molecules from lower [-energy] ones and send them through a cavity which would contain the electromagnetic radiation [photons] to stimulate further emission from the molecules, thus providing feedback and continuous oscillation.”40 On May 11, Townes sketched the idea in his laboratory notebook, dated it, and signed it “Chas. H. Townes.” In February 1952, his colleague and brother-in-law Arthur L. Schawlow also signed the page.35,36
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• Figure 1-5 Charles H. Townes with a ruby microwave maser amplifier developed for radio astronomy in 1957. (Courtesy Alcatel-Lucent USA.)






On his return to Columbia University after the April 1951 conference, Townes and postdoctoral fellow Herbert J. Zeiger and doctoral student James P. Gordon commenced work on building a maser. They began to experiment with a beam of ammonia molecules, a compound familiar to Townes from his work on the 24-GHz radar system. It was known that ammonia molecules absorb microwaves at a frequency of 24 GHz, causing the nitrogen atom of that molecule to vibrate. Initial success was achieved in late 1953, when Gordon saw evidence of stimulated emission and amplification from their device; then, in early April 1954, they achieved the desired oscillation.35 They reported their success in a late paper presented at a meeting of the American Physical Society on May 1 and then in a short paper published in the journal Physical Review.41


While on sabbatical from Columbia University in 1955, Townes worked with French physicist Alfred Kastler at the École Normale Supérieure in Paris. Kastler developed the technique of “optical pumping,” a process by which light is used to raise (or pump) electrons from a lower to a higher energy level, as a new way to excite materials for microwave spectroscopy.35 Townes recognized that optical pumping might excite the optical energy levels necessary for an optical maser. In fall 1957, Townes and Schawlow, a postdoctoral fellow under Townes at Columbia until he joined Bell Labs in 1951, proposed extending maser principles to the infrared and visible regions of the electromagnetic spectrum.36,39 They subsequently published their influential paper in Physical Review in 1958.42


Meanwhile, another American physicist, Gordon Gould, a Columbia graduate student in 1957, asked whether optical pumping could excite light emission. He recorded his ideas in nine handwritten pages of a laboratory notebook, with the first page titled “Some rough calculations on the feasibility of a LASER: Light Amplification by Stimulated Emission of Radiation”—the first time the term laser was used. Gould had his notes notarized on November 13, 1957, which he saw as a necessary step in applying for a patent. His patent defense efforts were finally recognized after 30 years of delays, challenges, and litigation.35,39,43


The Schawlow and Townes paper stirred a number of organizations to conduct additional research into optical masers as follows35:

• In September 1958, Townes and Columbia University received funding from the U.S. Air Force Office of Scientific Research to pursue investigation of a potassium-vapor laser.


• Schawlow began to work with crystals (including synthetic pink ruby, composed of aluminum oxide doped with chromium atoms) at Bell Labs, which was interested in developing the technology to expand the transmission capacity of Bell’s communications network.


• Ali Javan and William R. Bennett, Jr., also at Bell, worked on employing an electrical discharge tube filled with helium and neon gas.


• Gould had joined the Technical Research Group (TRG) in Manhattan, a military contractor that secured funding from the Pentagon to research the potential military applications of a laser, including communications, marking targets for weapons, and measuring the range to targets. Gould’s group explored the potential of a laser using alkali metal vapors.


• Westinghouse Research Laboratories in Pittsburgh had an Air Force contract to examine solid-state microwave masers. Irwin Wieder and Bruce McAvoy explored the characteristics of ruby using bright tungsten lamps and (unsuccessfully) pulsed light sources.


• IBM entered the laser race with Peter Sorokin and Mirek Stevenson at the T.J. Watson Research Center in Yorktown Heights, N.Y.


Numerous other companies also had joined the quest for building the first laser, including aerospace company Hughes Research Laboratories in California, which was under a maser development contract with the U.S. Army Signal Corps. The Corps became interested in developing a more practical version of a previously developed ruby solid-state microwave maser, one that could serve as a low-noise microwave amplifier aboard an airplane. American physicist Theodore H. Maiman, who joined Hughes in 1956, and his assistant, Irnee D’Haenens, were assigned to the project. Their task was daunting; the existing desk-size device weighed 2.5 tons. They succeeded in developing a 4-pound version, but the continuing need to incorporate cryogenic cooling of the device limited its practicality.


Nevertheless, Maiman used this experience with ruby in his later work on the laser. Some investigators, including Wieder at Westinghouse as well as Schawlow and others at Bell Labs, had dismissed ruby as an unsuitably inefficient laser material, but their calculations were based on inadequate data. Maiman conducted his own investigation and found that ruby could indeed be suitable, provided that it could be optically pumped with an intensely bright light source. His calculations showed that a pulsed flashlamp would provide enough light to excite a ruby laser. His experimental laser design ultimately was elegant, incorporated in a device that could fit in the palm of the hand: a ruby rod 1 cm in diameter and 2 cm long placed within the coils of a small flashlamp, and an aluminum cylinder with reflective interior surface that slipped around the lamp to reflect light toward the ruby rod. The ends of the rod were polished flat, perpendicular to the length of the rod and parallel to each other. Maiman applied a reflective silver coating to both ends and then removed the silver from the center of one end, to allow a transparent opening for the laser beam to escape and subsequently be detected. The apparatus was connected to a separate power supply.35


On May 16, 1960, Maiman and D’Haenens aimed the laser cylinder toward a white poster board. They started firing the flashlamp with pulses of 500 volts (V), gradually increasing the voltage to produce progressively more intense light flashes, and measured the laser’s output tracing on an oscilloscope. Finally, with the power supply set above 950 V, the oscilloscope’s trace surged, a red glow filled the room, and a brilliant red spot appeared on the poster board. After 9 months of intense effort, Maiman accomplished his goal, and the laser was born. In so doing, he beat out Bell Labs, TRG, Westinghouse, IBM, Siemens, RCA Labs, Massachusetts Institute of Technology’s Lincoln Laboratory, General Electric, and all others in contention.35,36,39,44 Maiman submitted a paper reporting his evidence for a ruby laser to Physical Review Letters, the leading U.S. journal for publishing new physics research. Its editor, Samuel Goudsmit, rejected the manuscript, apparently not appreciating the breakthrough Maiman had achieved, perhaps mistakenly believing it was just a follow-up to previously published work on masers. Maiman then submitted his report to the British weekly journal Nature, which accepted it immediately and published it on August 6, 1960.45,46


Other laser types followed36,39,46:

• Sorokin and Stevenson demonstrated the solid-state uranium laser in November 1960.47



• Javan, Bennett, and Herriott demonstrated the first gas laser, a helium-neon (HeNe) laser emitting at 1.15 μm, in December 1960 at Bell’s Murray Hill, New Jersey, laboratory.48



• In 1961, Johnson and Nassau at Bell Labs demonstrated a 1.06-μm laser from neodymium (Nd) ions in a host crystal of calcium tungstate.49



• Also in 1961, Snitzer of American Optical (Southbridge, Massachusetts) built an Nd laser in optical glass. 50



• White and Rigden developed the 632.8-nm-wavelength HeNe laser at Bell Labs in 1962.51



• Also in 1962, Rabinowitz, Jacobs, and Gould demonstrated the optically pumped cesium laser at TRG.52



• Further in 1962, Hall and colleagues of the General Electric Research Center (Schenectady, NY) developed a cryogenically cooled gallium-arsenide (GaAs) semiconductor laser.53



• The year 1964 marked the demonstration of the neodymium-doped yttrium-aluminum-garnet (Nd:YAG) laser by Geusic, Marcos, and van Uitert at Bell Labs.54



• Patel developed the carbon dioxide (CO2) laser at Bell Labs in 1964.55



• Also in 1964, Bridges of Hughes Research Laboratories developed the argon ion laser.56



• Silfvast and colleagues at the University of Utah conducted extensive research with metal-vapor lasers in the mid-1960s.57



• Sorokin and Lankard developed the dye laser in the mid-1960s.58,59



• Ewing and Brau of the Avco Everett Research Laboratory (Everett, Massachusetts) were the first to demonstrate three excimer lasers: krypton fluoride, xenon fluoride, and xenon chloride lasers.60



• Madey of Stanford University demonstrated the free electron laser on January 7, 1975.61



• Schawlow and one of his students even concocted a Jello-O laser by firing a ruby laser into a bowl of Jell-O doped with the organic dye rhodamine 6G.35,39



During a July 7, 1960, press conference announcing his accomplishment, Maiman identified five potential uses for the laser:

1. The first true amplification of light


2. A tool to probe matter for basic research


3. High-power beams for space communications


4. Increasing the number of available communication channels


5. Concentrating light for industry, chemistry, and medicine


The accuracy of his insight was affirmed in subsequent discoveries and applications; only his third prediction has not been put into regular use.35 A few years later, when commenting on the outlook for medical applications of the laser, Maiman foresaw the use of the device as a “bloodless” surgical tool, in the treatment of malignancies, and as a dentist’s drill.62 He cited the interconnection of blood vessels to relieve arterial blockage as one example of successful experimentation. He also discussed microsurgical laser equipment capable of destroying individual red blood cells, as well as a laser destroying single genes and other tiny masses, with practically no effect on surrounding tissue.63


Lasers In Dentistry and Oral Surgery

Soon after his invention was demonstrated, researchers began to examine Maiman’s vision of the laser as a useful instrument for medicine. Their efforts laid the foundation for the present clinical use of lasers in ophthalmology, neurosurgery, urology, gynecology, gastroenterology, general surgery, cardiovascular surgery, orthopedics, esthetic/dermatologic/plastic surgery, otorhinolaryngology, oral surgery and dentistry, and veterinary medicine. This section briefly outlines select pioneering efforts in the application of laser technology to dentistry and oral surgery and then summarizes the types of lasers and current range of intraoral clinical applications. (See also Chapter 2.)

To find new and effective methods of removing caries, pioneering examinations into the interactions of ruby laser energy with tooth structure were reported in the mid-1960s.64-72 Investigators discovered that the ruby laser could vaporize caries, but that the high energy densities caused irreversible necrotic changes in pulpal tissues. Years later, the development of erbium (Er) laser wavelengths and CO2 lasers operating at 9300 and 9600 nm, better suited to the clinical requirements for cavity preparation without the detrimental effects on pulp, led to further investigations.73-84


Early intraoral soft tissue investigations were conducted using the ruby laser.71,85,86 The development of the CO2 laser with its ability to ablate soft tissue with minimal hemorrhage led to studies in oral surgery.87-99 Other groups of workers followed up with soft tissue studies involving the Nd:YAG laser.100-103


Other researchers examined the photopolymerization of dental composites104-109 with the argon laser, the possible use of Nd:YAG lasers in the welding of prosthetic devices and gold alloys,107-110 and the application of various lasers in endodontics.111-113 An extensive survey of the published scientific research and clinical reports on the use of lasers in dentistry discusses the first experimental uses in 1964 through the numerous clinical applications into 2000.114


Otolaryngologists, oral surgeons, and periodontists were among the first practitioners to use medical lasers intraorally to perform a variety of soft tissue surgical applications. On May 3, 1990, the first laser designed specifically for general dentistry, the dLase 300 Nd:YAG laser, developed by Myers and Myers, was introduced in the United States.115 This event marked the beginning of the clinical use of lasers by dentists—a development anticipated by a pioneer in laser surgery, Leon Goldman (1905-1997).

Goldman had been reporting on the biomedical aspects of the laser since 1963 and had published findings on the effect of the laser on dental caries, teeth, and other tissues as part of his early research. Concerning the prospects of laser applications in dentistry, Goldman116 wrote in 1967:

Although the possibilities of the development of laser dentistry appear to us to be excellent, there has been too little interest in the clinical and applied phases of laser dentistry by dentists and dental research groups. … These studies at present then indicate that a significant portion of the laser laboratory should be devoted to the field of laser dentistry. Unlike many dentists, we feel that this is a profitable area for research, especially in the treatment of caries and perhaps even of calculus. The dentist and especially dental histopathologist and electron microscopist must work with the biologists and the physicians and the engineers engaged in laser research. The purpose of this cooperative study is to develop flexible, effective and safe laser instrumentation needed for laser dentistry. Dentists should be active in this program, not wait until other disciplines do the work for them.

Almost 2 decades later, a dental practitioner heeded Dr. Goldman’s call to develop what became the first laser designed specifically for general dentistry. Michigan dentist Dr. Terry D. Myers joined with his ophthalmologist brother Dr. William D. Myers, himself among the first to incorporate a laser into his ophthalmic practice, in exploring the advances in lasers, electronics, and optics to produce a device appropriate for the dental operatory. In contrast with a medical laser adapted for dental use, their instrument would be designed for the specific needs of the dental practitioner. It would feature an easy-to-use control panel that selected safe and effective operational parameters for the lasers’ numerous clinical indications. It would be portable, with a self-contained cooling system, requiring no special electrical hookups, and would be simple to set up and maintain. It would have built-in self-diagnostics, autoclavable or disposable components, and a flexible fiberoptic delivery system to facilitate intraoral access and provide the necessary tactile feedback to which dental professionals are accustomed.

Currently, a number of laser wavelengths are used in oral surgery and dentistry, including two CO2 wavelengths, Nd:YAG, argon, various diode wavelengths, two Er wavelengths, and potassium titanyl phosphate (KTP). Applications include the following117-121:

• Soft tissue procedures: gingivectomy/gingivoplasty, uvulopalatoplasty, excision of tumors and other lesions, incision/excision biopsies, frenectomy, removal of hyperplastic/granulation tissue, second-stage recovery of implants, guided tissue regeneration, and treatment of periodontal disease, aphthous ulcers, herpetic lesions, leukoplakia, and verrucous carcinoma


• Control of bleeding in vascular lesions


• Arthroscopic temporomandibular joint surgery


• Caries diagnosis and removal


• Curing of composites


• Activation of tooth-bleaching solutions


• Caries diagnosis and removal


• Root canal debridement and preparation


• Osteotomy and osseous crown lengthening


• Detection of subgingival dental calculus


Many professional societies are dedicated to the use of lasers in medicine and dentistry (Table 1-1). All have international representation, and some have links to their component societies or country representatives. Affiliated selected journals of interest to dentists who use lasers in their practice include the following and are listed in Table 1-2.



TABLE 1-1

Professional Societies Dedicated to the Use of Lasers in Medicine and Dentistry



	Organization
	Web Address
	Year Formed




	Academy of Laser Dentistry
	www.laserdentistry.org
	1993



	American Society for Laser Medicine and Surgery
	www.aslms.org
	1981



	Deutsche Gesellschaft für Laserzahnheilkunde
	www.dgl-online.de
	1991



	Japanese Society for Laser Dentistry
	http://jsld.jp
	1989



	Society for Oral Laser Applications
	www.sola-int.org
	ca. 2000



	Laser Institute of America
	www.laserinstitute.org
	1968



	SPIE∗ (an international society for optics and photonics)
	www.spie.org
	1955



	World Association for Laser Therapy
	www.walt.nu
	1994



	World Federation for Laser Dentistry
	www.wfld-org.infolaser.com
	1988





∗ Originally founded as the “Society of Photographic Instrumentation Engineers.”





TABLE 1-2

Selected Journals of Interest to Dental Laser Practitioners



	Journal
	Web Address
	Years of Publication




	International Journal of Laser Dentistry
	www.jaypeejournals.com/eJournals
	2011-present



	Journal of Biomedical Optics
	www.spie.org/x866.xml
	1996-present



	Journal of Dental Lasers
	www.jdentlasers.org
	2007-present



	Journal of Laser Applications
	www.lia.org/subscriptions/jla
	1988-present



	Journal of Laser Dentistry
	www.laserdentistry.org
	1992-present



	Journal of Oral Laser Applications
	www.quintpub.com/journals/jola/gp.php?journal_name=jola
	2001-2010



	Journal of the Japanese Society for Laser Dentistry
	www.jstage.jst.go.jp/browse/jjpnsoclaserdent
	1990-present



	Journal of the Laser and Health Academy
	www.laserandhealthacademy.com/en/journal
	2007-present



	Laser International
	www.dental-tribune.com/epaper/issues/product/33
	2010-present



	Laser Journal
	http://www.zwp-online-info/de/publikationen/laser-journal
	2003-present



	Lasers in Medical Science
	http://link.springer.com/journal/10103
	1986-present



	Lasers in Surgery and Medicine
	http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1096-9101
	1980-present



	Optical Engineering
	http://spie.org/x867.xml
	1962-present



	Photochemistry and Photobiology
	http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1751-1097
	1962-present



	Photomedicine and Laser Surgery
	http://www.libertpub.com/overview/photomedicine-and-laser-surgery/128
	1983-present



	Zeitschrift für Laser Zahnheilkunde
	http://lzhk.quintessenz.de
	2004-2008







Conclusions

Fifty years after their initial experimental use in dentistry, and almost 25 years after their practical introduction into the dental operatory, lasers are becoming more commonplace and even routine, either as adjunctive treatment methodologies or as stand-alone additions to the dental armamentarium. Researchers continue to investigate new laser wavelengths and clinical applications as they apply to dentistry, extending the vision of Maiman and other pioneers. The growing number of dental laser practitioners, propelled by the increasing body of evidence concerning the safe, effective, and appropriate use of lasers in dentistry, will continue to advance the application of Einstein’s “splendid light” in their operatories, to the benefit of patient and practitioner alike.


If laser clinicians find themselves simultaneously awed over the multifaceted capabilities of laser light and confounded in their attempts to fully explain it, they might find consolation in the knowledge that others have expressed similar fascination. Einstein himself wrote to Besso on December 12, 1951: “All the fifty years of conscious brooding have brought me no closer to the answer to the question, ‘What are light quanta?’ Of course today every rascal thinks he knows the answer, but he is deluding himself.”122 Rascals or not, laser clinicians are in good company in their sense of wonder!
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Laser Fundamentals

Donald J. Coluzzi, Robert A. Convissar,  and David M. Roshkind


The word laser is an acronym for light amplification by stimulated emission of radiation. In this chapter, brief descriptions of these five terms, within the context of the unique qualities of a laser instrument, are presented as background for a subsequent overview of the uses of lasers in dentistry.

Light

Light is a form of electromagnetic energy that exists as a particle and that travels in waves at a constant velocity. The basic unit of this radiant energy is called a photon.1 The waves of photons travel at the speed of light and can be defined by two basic properties: amplitude and wavelength (Figure 2-1). Amplitude is defined as the vertical height of the wave from the zero axis to its peak as it moves around that axis. This correlates with the amount of intensity in the wave: The larger the amplitude, the greater the amount of potential work that could be performed. For a sound wave, amplitude correlates with loudness. For a wave emitting light, amplitude correlates with brightness. A joule (J) is a unit of energy; a useful quantity in laser dentistry is a millijoule (mJ), or one thousandth (10−3) of a joule (0.001 J).

The second property of a wave is wavelength (λ), the horizontal distance between any two corresponding points on the wave. This measurement is important to both how the laser light is delivered to the surgical site and how it reacts with tissue. Wavelength is measured in meters (m). Dental lasers have wavelengths on the order of much smaller units, using terminology of either nanometer (nm), equal to one billionth (10−9) of a meter, or micrometer (μm), one millionth (10−6) of a meter (replaces the micron [μ] unit, still occasionally seen in laser science).

As waves travel, they rise and fall about the zero axis a certain number of times per second; this is called oscillation. The number of oscillations per unit time is defined as frequency. Frequency is measured in hertz (Hz); 1 Hz equals one oscillation per second. Frequency is inversely proportional to wavelength: The shorter the wavelength, the higher the frequency, and vice versa. Although the hertz as just defined is a basic unit in physics, it also is used more specifically to describe the number of pulses per second of emitted laser energy.

Ordinary light, such as that produced by a table lamp, usually is a warm, white color. “White” as seen by the human eye is really the sum of the many colors of the visible spectrum: red, orange, yellow, green, blue, and violet. The light usually is diffuse—that is, not focused. Laser light is distinguished from ordinary light by two properties. Laser light is monochromatic: It is generated as a beam of a single color, which is invisible if its wavelength is outside of the visible part of the spectrum. In addition, the waves of laser light are coherent, or identical in physical size and shape. Thus the amplitude and frequency of all of the waves of photons are identical. This coherence results in the production of a specific form of focused electromagnetic energy.

The beams emitted from laser instruments are collimated (produced with all waves parallel to each other) over a long distance, but once the laser beam enters certain delivery systems such as optical fibers or tips (e.g., in neodymium-doped yttrium-aluminum-garnet [Nd:YAG], erbium, and diode lasers), it diverges at the fiber tip. This monochromatic, coherent beam of light energy can be used to accomplish the treatment objective.

Using a household fixture as an example, a 100-watt (W) lamp will produce a moderate amount of light for a room area, with some heat. On the other hand, 2 W of laser light can be used for precise excision of a fibroma while providing adequate hemostasis at the surgical site, without disturbing the surrounding tissue.2 The difference between the 100 W of an ordinary light bulb able to light up a room and the 2 W of a laser able to perform a surgical procedure lies in the property of coherence. As an apt analogy, imagine a crew race on a river. The boat that comes in first is the boat in which all of the members of the crew team are working together. At any given moment, they are all at the same stage of the stroke cycle, so that all of their energies are working together to propel the boat. All of the members of the crew team place their oars in the water at the same instant. They all remove their oars from the water at the same instant. They are working together in perfect unison. In similar fashion, all of the light waves in a laser work together in a beam of coherent energy. By contrast, in the boat that comes in last, the crew members may be seen to be at different stages of the stroke cycle. Some have their oars going into the water, and some have their oars coming out of the water; some are at the top of the stroke cycle, and some are at the bottom of the stroke cycle. The team members are not working together as one. The work expended by this disorganized crew, which cannot propel their boat forward with any effective speed, would be analogous to the energy from an ordinary light bulb, which is insufficient for excision of soft tissue.
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• Figure 2-1 Properties of electromagnetic waves. Amplitude is the height of the wave from the zero axis to the peak. Wavelength is the horizontal distance between two adjacent parts of a wave.





Amplification

Amplification is the part of this process that occurs inside the laser. In this section, the components of a laser instrument are identified to show how laser light is produced.

The center of the laser is called the laser cavity. The following three components make up the laser cavity:

• Active medium


• Pumping mechanism


• Optical resonator


The active medium is composed of chemical elements, molecules, or compounds. Lasers are generically named for the material of the active medium, which can be (1) a container of gas, such as a canister of carbon dioxide (CO2) gas in a CO2 laser; (2) a solid crystal, such as that in an erbium-doped YAG (Er:YAG) laser; (3) a solid-state semiconductor, such as the semiconductors found in diode lasers; or (4) a liquid, such as that used in some medical laser devices.

Surrounding this active medium is an excitation source, such as a flash lamp strobe device, electrical circuit, electrical coil, or similar source of energy that pumps energy into the active medium. When this pumping mechanism drives energy into the active medium, the electrons in the outermost shell of the active medium’s atoms absorb the energy. These electrons have absorbed a specific amount of energy to reach the next shell farther from the nucleus, which is at a higher energy level. A “population inversion” occurs when more of the electrons from the active medium are in the higher energy level shell farther from the nucleus than are in the ground state (Figure 2-2). The electrons in this excited state then return to their resting state and emit that energy in a form known as a photon (Figure 2-3). This is called spontaneous (not stimulated) emission (Figure 2-4).

Completing the laser cavity are two mirrors, one at each end of the optical cavity, placed parallel to each other; or in the case of a semiconductor diode laser, two polished surfaces at each end. These mirrors or polished surfaces act as optical resonators, reflecting the waves back and forth, and help to collimate and amplify the developing beam. A cooling system, focusing lenses, and other controlling mechanisms complete the mechanical components. Figure 2-5 shows a schematic of a gas or solid active-medium laser (e.g., CO2, Nd:YAG). Figure 2-6 shows a schematic of a semiconductor diode device.
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• Figure 2-2 An atom of an active medium in ground state.
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• Figure 2-3 An atom of an active medium in excited state.
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• Figure 2-4 An atom of an active medium spontaneously emits a photon and returns to a stable orbit, giving off the energy that it had just absorbed, according to the principle of conservation of energy.
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• Figure 2-5 A gas or solid active-medium laser, such as CO2 or Nd:YAG laser.
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• Figure 2-6 Semiconductor diode device.





Stimulated Emission

Stimulated emission is the process by which laser beams are produced inside the laser cavity. The theory of stimulated emission was postulated by Albert Einstein in 1916.3 He based his work on some earlier work by physicists from Germany (Max Planck) and Denmark (Niels Bohr), who theorized a model of the atom as well as the quantum theory of physics, which defined a quantum as the smallest unit of energy emitted from an atom.4,5 Einstein, using this concept, further theorized that an additional quantum of energy may be absorbed by the already-energized atom, resulting in a release of two quanta (Figure 2-7). This energy is emitted, or radiated, as identical photons, traveling as a coherent wave. These photons in turn are then able to energize more atoms in a geometric progression, which further causes the emission of additional identical photons, resulting in an amplification of the light energy—thereby producing a laser beam (Figure 2-8).

Radiation

The light waves produced by the laser are a specific form of electromagnetic energy.6 The electromagnetic spectrum is the entire collection of wave energy, ranging from gamma rays, with wavelengths of 1 x 10−12 m, to radio waves, with wavelengths of thousands of meters. All currently available dental laser devices have emission wavelengths of approximately 500 to 10,600 nm, which places them in either the visible or the invisible (infrared) nonionizing portion of the electromagnetic spectrum, as shown in Figure 2-9. Of note, the dividing line between the ionizing, cellular DNA–mutagenic portion of the spectrum and the nonionizing portion is at the junction of ultraviolet and visible-violet light. Thus all current dental lasers emit either a visible-light wavelength or an invisible, infrared-light wavelength in the portion of the nonionizing spectrum called thermal radiation.7 The word radiation in this context does not imply radioactive or carcinogenic but simply means the emission of electromagnetic energy.
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• Figure 2-7 An atom of an active medium showing stimulated emission, releasing two identical photons before returning to a stable state.
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• Figure 2-8 Light amplification by stimulated emission of radiation.





The following four dental laser instruments emit visible light:

• Argon laser: blue wavelength of 488 nm


• Argon laser: blue-green wavelength of 514 nm


• Frequency-doubled Nd:YAG laser, also called a potassium titanyl phosphate (KTP) laser: green wavelength of 532 nm


• Low-level lasers: red nonsurgical wavelengths of 600 to 635 nm (for photobiomodulation) and 655 nm (for caries detection)


Argon lasers are no longer manufactured as dental surgical instruments, although they are still used for medical procedures.

Other dental lasers emit invisible laser light in the near, middle, and far infrared portion of the electromagnetic spectrum. These include photobiomodulation devices with wavelengths between 800 and 900 nm, as well as surgical instruments, as follows:

• Diode lasers: various wavelengths between 800 and 1064 nm, using a semiconductor active medium of gallium and arsenide, with the addition of either aluminum or indium in some devices


• Nd:YAG laser: 1064 nm


• Erbium-chromium–doped yttrium-scandium-gallium-garnet (Er,Cr:YSGG) laser: 2780 nm


• Er:YAG laser: 2940 nm


• CO2 laser: 9300 nm and 10,600 nm


Laser Delivery Systems

Laser energy should be delivered to the surgical site by a method that is ergonomic and precise.8 Shorter-wavelength instruments, such as KTP, diode, and Nd:Y-AG lasers, have small, flexible fiberoptic systems with bare glass fibers that deliver the laser energy to the target tissue (Figure 2-10). Because the erbium and CO2 laser wavelengths are absorbed by water, which is a major component of conventional glass fibers, these wavelengths cannot pass through these fibers. Erbium and CO2 devices are therefore constructed with special fibers capable of transmitting the wavelengths, with semiflexible hollow waveguides, or with articulated arms (Figure 2-11). Some of these systems employ small quartz or sapphire tips that attach to the laser device for contact with target tissue; others employ noncontact tips (Figure 2-12). In addition, the erbium lasers incorporate a water spray for cooling hard tissues. Lasers may have different fiber diameters, handpieces, and tips (Figure 2-13). Each of these elements plays a significant role in the delivery of energy (Figure 2-14).
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• Figure 2-9 Part of electromagnetic spectrum showing division into ionizing, visible portion, and nonionizing portion.
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• Figure 2-10 An assembled fiberoptic delivery system consisting of the bare fiber, a handpiece, and a disposable tip.





All conventional dental instrumentation, either hand or rotary, must physically touch the tissue being treated, which gives the operator instant feedback. As mentioned, dental lasers can be used either in contact or out of contact. The fiber tip can easily be inserted into a periodontal pocket to remove small amounts of granulomatous tissue or treat an aphthous ulcer (Figures 2-15 to 2-17). In noncontact use, the beam is aimed at the target some distance away (Figure 2-18). This modality is useful for following various tissue contours, but with the loss of tactile sensation, the surgeon must pay close attention to the tissue interaction with the laser energy. All of the invisible-light dental lasers—Nd:YAG, CO2, diode, and erbium—are equipped with a separate aiming beam, which can be either a laser or a conventional light. The aiming beam is delivered coaxially along the fiber or waveguide and shows the operator the exact spot at which the laser energy will strike the tissue.

Spot Size

Lenses focus the active beam. With hollow-waveguide or articulated-arm delivery systems, there is a precise spot at the point where the amount of energy is the greatest. This focal point is used for incision and excision surgery. For fiberoptic contact delivery systems, the focal point is at or near the tip of the fiber, which again has the greatest amount of energy. For CO2 lasers, which are used out of contact, the focal point may be anywhere from 1 to 12 mm from the tissue surface, depending on the handpiece being used (Figure 2-19). When the handpiece is moved away from the tissue and away from the focal point, the beam is defocused (out of focus) and becomes more divergent and therefore delivers less energy to the surgical site (Figure 2-20). At a small divergent distance, the beam can cover a wider area, which would be useful in achieving a wide yet shallow ablation of tissue or, at a more divergent distance, hemostasis. At a greater distance, the beam will lose its effectiveness because the energy will dissipate.
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• Figure 2-11 A, Articulated-arm delivery system, typical of CO2 lasers and some erbium devices. B, Hollow waveguide delivery system of a CO2 laser.
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• Figure 2-12 Typical erbium laser tip.
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• Figure 2-13 A variety of handpieces available with most CO2 laser systems offer a variety of spot sizes and focal distances.
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• Figure 2-14 Fiber diameters for Nd:YAG and diode lasers, yielding different spot sizes.
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• Figure 2-15 CO2 laser periodontal tip treating periodontal pocket.
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• Figure 2-16 Nd:YAG laser fiber entering periodontal pocket.
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• Figure 2-17 Nd:YAG laser fiber contacting aphthous ulcer.
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• Figure 2-18 Nd:YAG laser fiber out of contact treating aphthous ulcer.
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• Figure 2-19 A handpiece at the correct distance from the tissue for maximal effect is “in focus.”
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• Figure 2-20 A handpiece moved away from the tissue is “out of focus,” resulting in a larger spot size and less fluence. Out-of-focus mode is excellent for hemostasis.





Emission Modes

Dental laser devices can emit light energy in two modalities as a function of time: (1) constant on or (2) pulsed on and off.8 The pulsed lasers can be further divided into gated and free-running modes for delivering energy to the target tissue. Thus three different emission modes are described, as follows:

1. Continuous-wave mode, in which the beam is emitted at only one power level for as long as the operator depresses the foot switch.


2. Gated-pulse mode, characterized by periodic alternations of the laser energy, similar to a blinking light. This mode is achieved by the opening and closing of a mechanical shutter in front of the beam path of a continuous-wave emission. All surgical devices that operate in continuous-wave mode have this gated-pulse feature. Some instruments can produce pulses as short as microseconds (μsec) or milliseconds (msec). Peak powers of approximately 10 to 50 times that of continuous-wave power measurements are produced, and charring of the tissue can be reduced. The more advanced units have computer-controlled shutters that allow for these very short pulses. Manufacturers have coined many terms to describe these short pulse durations, including “super pulse” and “ultra speed.”
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• Figure 2-21 Four potential laser-tissue interactions.





3. Free-running pulsed mode, sometimes referred to as true pulsed mode. This emission is unique in that large peak energies of laser light are emitted usually for microseconds, followed by a relatively long time in which the laser is off. For example, with a free-running pulsed laser with pulse duration of 100 μsec and pulses delivered at 10 per second (10 Hz), the energy at the surgical site is present for 0.01% of a second and absent for the remaining 99.99% of that second. Free-running pulsed devices have a rapidly strobing flash lamp that pumps the active medium. With each pulse, high peak powers in hundreds or thousands of watts are generated. Because the pulse duration is short, however, the average power that the tissue incurs is small. Free-running pulsed devices cannot have a continuous-wave or gated-pulse output.


True pulsed lasers are driven by the action of the pumping mechanism within the laser cavity. Gated-pulse lasers are pulsed as a result of a shutter outside the laser cavity. Medical and scientific laser instruments are available with pulse durations in the nanosecond (one billionth of a second), picosecond (one trillionth of a second), or smaller range. These can generate tremendous peak powers, but the calculated average pulse energies are small, allowing increased surgical precision. Some instruments can be controlled to emit a single pulse.


Laser Effects on Tissue

Depending on the optical properties of the tissue, the light energy from a laser may have four different interactions with the target tissue (Figure 2-21), as follows9:

• Reflection


• Absorption
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• Figure 2-22 Diagram of the eye showing the effects of different wavelengths on various tissue types. In general, CO2 and erbium lasers interact with the cornea and lens, whereas Nd:YAG and diode lasers penetrate to the retina.





• Transmission


• Scattering


A good way to remember these four types of laser-tissue interactions is with the mnemonic device RATS.


Reflection is simply the beam being redirected off the surface, with no effect on the target tissue. The reflected light may maintain its collimation in a narrow beam, or it may become more diffuse. As stated previously, the laser beam generally becomes more divergent as the distance from the handpiece increases. With some lasers, however, the beam can still have adequate energy at distances greater than 3 m. In any event, this reflection can be dangerous because the energy could be redirected to an unintentional target, such as the eyes. This potential mistargeting is a major safety concern in laser operation and the reason that every person in the dental treatment room must wear wavelength-specific safety glasses with appropriate side shields. An example of reflection would be the interaction between a CO2 laser and a patient’s titanium implants. CO2 laser energy reflected off the implants could be redirected to the dentist’s eyes.

The second interaction with tissue is absorption. Absorption of the laser energy by the intended target tissue usually is the most desirable effect. The amount of energy absorbed by the tissue depends on that tissue’s characteristics, such as pigmentation and water content, and on the laser wavelength. The primary and beneficial goal of laser energy is therefore absorption of the laser light by the intended biologic tissue.

The third effect is transmission of the laser energy directly through the tissue, with no effect on the target tissue (Figure 2-22). This effect also is highly dependent on the wavelength of laser light. Water, for example, is relatively “transparent” to (does not absorb) the diode and Nd:YAG wavelengths, whereas the water component of tissue fluids readily absorbs erbium and CO2 wavelengths at the surface, so minimal energy is transmitted to adjacent tissues. The diode and Nd:YAG wavelengths are transmitted through the sclera, lens, iris, cornea, vitreous humor, and aqueous humor of the eye before being absorbed on the retina.

The fourth tissue interaction is scattering of the laser light, which weakens the intended energy. Scattering is the predominant event with use of the near-infrared lasers in healthy soft tissue. Scattering causes the photons to change directions, leading to increased absorption, with correspondingly increased chances of interacting with the predominant chromophore of those wavelengths. Scattering of the laser beam also could cause heat transfer to the tissue adjacent to the surgical site, with the potential for injury from unwanted laser effects. However, a beam that is scattered, or deflected in different directions, would be useful in facilitating laser curing of composite resin.

The following photobiologic effects are possible with use of a dental laser10:


• The principal laser-tissue interaction is photothermal, which means the laser energy is transformed into heat. The three primary photothermal laser-tissue interactions are incision/excision, ablation/vaporization, and hemostasis/coagulation. By varying the various laser parameters of beam diameter (called spot size), energy, and time, lasers can be made to perform any of the three photothermal interactions:


1. A laser beam in focus with a small spot size is used for incision/excision procedures (Figure 2-23).


2. A laser beam with a wider spot size will interact with the tissue over a wider area, but more superficially, producing a surface ablation (Figure 2-24).


3. A laser beam out of focus will produce hemostasis/coagulation (Figure 2-25).






• Photochemical effects occur when the laser is used to stimulate chemical reactions, such as the curing of composite resin by an argon laser. The breaking of chemical bonds, such as using photosensitive compounds exposed to laser energy, can produce singlet oxygen radical for disinfection of periodontal pockets and endodontic canals.


• Certain biologic pigments, when absorbing laser light of a specific wavelength, can fluoresce; this property can be used for caries detection on occlusal surfaces of teeth. More information on the use of laser fluorescence for caries detection may be found in the chapter on the use of lasers in operative dentistry.


• A laser can be used in a nonsurgical mode for biostimulation for more rapid wound healing, pain relief, increased collagen growth, and a general antiinflammatory effect. More information on this application can be found in Chapter 15, on low-level laser therapy (photobiomodulation) in dentistry.


• The pulse of laser energy on hard dentinal and osseous tissues can produce a shock wave, which is an example of the photoacoustic effect of laser light. This process often is called spallation.
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• Figure 2-23 Laser excisional biopsy. A, Traction suture in place immediately preoperatively. B, Beginning laser excision of lesion. C, Immediate postoperative view of excision site. Note the complete absence of bleeding at the surgical site, one of the many advantages of laser surgery over conventional techniques.
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• Figure 2-24 Laser ablation of excess tissue for treatment of cyclosporine-induced gingival hyperplasia. The patient was an adolescent kidney transplant recipient. A, Immediate preoperative view. B, One-week postoperative view of laser-ablated area.





More information on spallation is presented in Chapter 10, on operative dentistry. As discussed next, the main photothermal effect of dental lasers is tissue water vaporization; accordingly, the primary treatment goal is surgical, that is, the removal of tissue, as opposed to fluorescence or biostimulation.

Tissue Temperature

The thermal effect of laser energy on tissue primarily involves the water content of tissue and change in the temperature of the tissue. As Table 2-1 shows, when target tissue containing water is heated to a temperature of 100° C, vaporization of the water within the tissue occurs; this process is called ablation.11 Because soft tissue is composed of a very high percentage of water, excision/incision of soft tissue commences at this temperature. At temperatures between approximately 60° and 100° C, proteins begin to denature, without any vaporization of the underlying tissue. This phenomenon is useful in surgically removing diseased granulomatous tissue without affecting the healthy tissue, so long as the tissue temperature can be controlled.12 At 70° to 80° C, soft tissue edges can be welded back together without sutures.13


If the tissue temperature is raised to approximately 200° C, the tissue becomes dehydrated and then starts to burn, and carbon is the end product. Carbon is a strong absorber of all wavelengths, so it can become a “heat sink” as the laser procedure continues.14 The heat conduction will then cause extensive collateral thermal trauma, referred to as tissue charring. Tissue charring occurs when improper laser parameters are used.

For dental hard tissue, the primary interaction occurs at 100° C, when the water within the hydroxyapetite crystal is converted to steam, whose increased volume causes an explosive expansion and removal of that tissue.15


Laser emission modes play an important role in increasing the tissue temperature. The important principle of any laser emission mode is that the light energy strikes the tissue for a certain length of time, producing a thermal interaction.16 If the laser is used in a pulsed mode, the targeted tissue may have time to cool before the next pulse of laser energy is emitted. In continuous-wave mode, the operator must cease the laser emission manually so that thermal relaxation of the tissue may occur. Thin or fragile soft tissue, for example, should be treated in a pulsed mode so that the amount and rate of tissue removal are slower, but the chance of irreversible thermal damage to the target tissue and the adjacent nontarget tissue is minimal. Longer intervals between pulses also can help avoid the transfer of heat to the surrounding tissue. In addition, a gentle air stream or an air current from the high-volume suction will aid in keeping the area cooler. Similarly, with use of hard tissue lasers, a water spray will help prevent microfracturing of the crystalline structures and reduce the possibility of carbonization. Conversely, thick, dense, fibrous tissue requires more energy for removal. For the same reason, dental enamel, with its higher mineral content, requires more ablation power than softer, more aqueous carious tissue. In either case, if too much thermal energy is used, healing can be delayed, and postoperative discomfort may be greater than normal.
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• Figure 2-25 Laser coagulation of an aphthous ulcer on the floor of the mouth. A, Preoperative view. B, Applying laser energy to lesion. C, Immediate postoperative view of surgical site.






TABLE 2-1

Temperature Effects on Oral Soft Tissue



	Tissue Temperature (° C)
	Observed Effect(s)




	37 C
	normal body temperature



	>60 C
	Coagulation and protein denaturation



	100 C
	Vaporization of intra- and extra-cellular water







Lasers have wide-ranging variability in pulse parameters (Figure 2-26). To allow tissue cooling, some lasers permit the surgeon to change the amount of “on” time of the pulse, called the pulse width. Other lasers allow the surgeon to control the amount of “off” time between pulses. By varying the amount of time the laser pulses on and off, the surgeon is better able to treat different tissue types. The laser buyer should evaluate the amount of variability built into the unit. Some units have fixed pulse widths that cannot be changed. This limitation curtails the surgeon’s ability to modify settings for optimal treatment of different tissues.


Duty cycle, also called emission cycle, is the term used to describe the amount of on and off time. A duty cycle of 10% means that the laser is on for 10% and off for 90% of the time. A duty cycle of 50% means that the laser is on for half the time and off for half. Thin, friable tissues should be treated with small duty cycles, whereas thicker tissue may be treated with larger duty cycles or with continuous-wave emission.

Absorption of Laser Energy by Dental Tissues

Different laser wavelengths have different absorption coefficients, with the primary oral tissue components of water, pigment, blood constituents, and minerals (Figure 2-27). Laser energy can therefore be reflected, absorbed, transmitted, or scattered, depending on the composition of the target tissue. The primary absorbers of specific laser energy are called chromophores.7,17 Water, which is present in all biologic tissue, maximally absorbs the two erbium wavelengths, followed by the two CO2 wavelengths. Conversely, water allows the transmission of the shorter-wavelength lasers (e.g., diode, Nd:YAG). Tooth enamel is composed of carbonated hydroxyapatite and water. The apatite crystal readily absorbs the CO2 wavelength and interacts to a lesser degree with the erbium wavelengths. It does not interact with the shorter wavelengths. Hemoglobin and other blood components and pigments such as melanin absorb diode and Nd:YAG laser wavelengths in variable amounts.
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• Figure 2-26 Various pulse parameters.
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• Figure 2-27 Approximate absorption curves of the prime oral chromophores.





Human dental tissues are composed of a combination of compounds, so the clinician must choose the best laser for each treatment.18 For soft tissue treatments, the practitioner can use any available wavelength, because all dental laser wavelengths are absorbed by one or more of the soft tissue components. For hard tissue, however, the erbium lasers and the 9.3-μm CO2 laser with very short pulse durations easily ablate layers of calcified tissue with minimal thermal effects. Of interest, the short-wavelength lasers (e.g., diode, Nd:YAG) are essentially nonreactive with healthy tooth enamel. Recontouring gingival tissue close to a tooth can therefore proceed uneventfully with use of these wavelengths. Conversely, if soft tissue is impinging into a carious lesion, an erbium laser can remove the lesion and the soft tissue very efficiently, so long as appropriate settings are used for each tissue type.

In addition to unique absorptive optical properties, all wavelengths have different penetration depths through tissue. The erbium and CO2 laser wavelengths are so well absorbed by tissue with a high water content (e.g., mucosa) that they penetrate only a few to several μm deep into the target tissue, whereas diode and Nd:YAG lasers can reach a few millimeters deeper. It is important to recognize that in keeping with the differences in penetration of the various wavelengths into mucosa, tissue interaction may continue at levels beyond the desired depth of the surgical field. This increased penetration could lead to deep thermal necrosis of underlying tissue and osteonecrosis of bone.


Extinction length is defined as the thickness of a substance in which 98% of the energy from the laser is absorbed.19 A small extinction length means that the laser energy is maximally absorbed by that tissue with no deep penetration and thus minimal possibility of deep thermal damage. A large extinction length means that the laser energy penetrates deep into that tissue. Because CO2 and erbium lasers are the two wavelengths best absorbed by tissue with high water content, these wavelengths have the smallest extinction length in mucosa and are least likely to cause deep thermal damage, so long as proper operating parameters are used. The extinction length for CO2 lasers in mucosa, for example, is 0.03 mm. Lasers with greater extinction lengths in mucosa, such as Nd:YAG (1 to 3 mm) and diode lasers, are safe to use provided that correct operating parameters are followed. Conversely, the use of these wavelengths by operators without adequate training carries the risk of thermal damage to the underlying tissue.

Laser-Tissue Summary

To determine the tissue interactions associated with a particular laser device, the following factors must be considered20:

1. Each laser wavelength will affect the interrelated components of the target tissue: water content, color of the tissue, vascularity, and chemical composition.


2. The diameter of the laser spot on the tissue, or spot size, whether delivered in contact or noncontact with the tissue, will create a certain amount of energy per square millimeter of tissue. This is called energy density, or fluence. An inverse relationship exists between spot size and fluence; the smaller the spot size, the greater the fluence (Figure 2-28). For example, a beam diameter of 200 μm, compared with a beam diameter of 300 μm at the same output setting, will have more than twice as much energy density. Use of the smaller spot size thus will result in greatly increased thermal transfer from the laser to the tissue, with a corresponding increase in absorption of heat in that smaller area. If the beam has divergence, moving it away from the tissue will increase its diameter, thereby lessening the energy density.
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• Figure 2-28 Graphic representation of the relationship between spot size and fluence. The same wavelength and power were used but the spot size was changed. On the left, the incision is narrow and deep with a smaller spot size; on the right, the incision is wide and shallow with a larger spot size.
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• Figure 2-29 Effect of hand speed on incisions. Both incisions were made with the same handpiece and spot size. The incision on the left was performed with a very slow hand speed, whereas the incision on the right was performed with a faster hand speed.






3. The amount of time during which the beam is allowed to strike the target tissue will affect the rate of tissue temperature rise. Accordingly, two specific aspects of laser operation need to be addressed:


a. Repetition rate of the pulsed-laser emission mode: the number of pulses per second. The repetition rate is measured in Hz.


b. Hand speed: the speed of moving the laser through the tissue. A rapid movement of the laser through the surgical field may not permit adequate absorption of the energy by the tissue. Conversely, moving the laser through the surgical field too slowly may result in too much thermal damage to the tissue (Figure 2-29).






4. Using a water or air spray also can cool the tissue, which would affect the rate of vaporization.


The laser practitioner must be aware of these factors before beginning treatment. Selection of the appropriate wavelength, beam diameter (spot size), focused or defocused distance, Hz setting, and amount and type of tissue cooling can then be achieved. The correct combination of all of these parameters should ensure an efficient procedure and a beneficial outcome. Laser training is critically important in determining how to manipulate these parameters, as discussed in more detail in Chapter 16, on practice management considerations in laser dentistry.



Laser Safety

General Principles

All laser devices come with complete instructions on the safe use of the machine. Every laser practitioner should know certain fundamentals, but the primary responsibility for safe and effective operation of the laser is assigned to the laser safety officer for the clinical facility.21,22 This person provides all necessary information, inspects and maintains the laser and its accessories, and ensures that all safety procedures are implemented. More information on the role of the laser safety officer may be found in Chapter 16.

The patient and all members of the surgical team must wear appropriate protective eyewear when the laser is operating, to prevent damage from any reflected or accidental direct energy exposure. The surgical environment must have a warning sign posted, with limited access to the treatment room. High-volume suction must be used to evacuate the plume formed by tissue ablation, and the normal infection protocol must be followed. The laser itself must be in good working order so that the manufacturer safeguards prevent accidental laser exposure. Masks must be of appropriate filtering capacity to prevent inhalation of laser plume. Most laser procedures should be performed with the surgeon wearing a 0.1-μm filtration mask. Regular cup-shaped dental masks are insufficient for filtering the laser plume and should not be worn during laser surgery. Laser plume results from the aerosol byproducts of laser-tissue interaction, which may contain particulate organic and inorganic matter (e.g., viruses, toxic gases, chemicals) and may be infectious and/or carcinogenic.

Laser Regulatory Agencies

In most countries, regulatory agencies control both the laser operator and the laser manufacturer, and standards are strictly enforced.

In the United States, the American National Standards Institute (ANSI) provides guidance for the safe use of laser systems by specifically defining control measures for lasers.23 The Occupational Safety and Health Administration (OSHA) is primarily concerned with a safe workplace environment, and numerous requirements exist for laser protocols. The Center for Devices and Radiological Health (CDRH) is the bureau within the Food and Drug Administration (FDA) whose purpose is to standardize the manufacture of laser products and to enforce compliance with the medical devices legislation.22 All laser manufacturers must obtain permission from the CDRH to make and distribute each device for a specific purpose; this marketing clearance means that the FDA is satisfied that the laser is both safe and effective to operate for that purpose. The owner’s manual for the particular laser model instructs the operator on how to use the device for the particular CDRH-regulated procedure.

In countries and jurisdictions outside of the United States, the International Electrotechnical Commission (IEC), headquartered in Geneva, Switzerland, promulgates similar standards and regulations.

At present, approximately two dozen indications for use of specific dental lasers are recognized. All wavelengths and devices of adequate power may be used for every aspect of intraoral soft tissue surgery. The erbium lasers may be used for carious lesion removal, tooth preparation, endodontic, and osseous procedures. The 9300-nm CO2 laser also may be used for some hard tissue procedures, with the possibility of more indications pending regulatory clearance. Some instruments have specific clearances for procedures such as sulcular debridement and tooth whitening. The dental practitioner may use the laser for procedures other than for the cleared indications because the FDA does not regulate dental practice; however, using a laser for a non–FDA-cleared procedure may have legal ramifications in the event of a malpractice claim.

Hospitals and institutions have their own credentialing programs for the use of lasers in their facilities, and a published curriculum guideline has established standards of dental laser education. The scope of practice—as defined by the dental practice act of each state or other jurisdiction—and the training and clinical experience of the dental laser operator are the primary factors that should determine how the device is used.


Benefits and Drawbacks of Dental Lasers

One of the main benefits of using dental lasers is the capability of selective and precise interaction with diseased tissues. Lasers also allow the clinician to reduce the amount of bacteria and other pathogens in the surgical field and, in the case of soft tissue procedures, achieve good hemostasis with reduced need for sutures.24-27 Many researchers have shown that the ability of lasers to seal blood vessels and lymphatic channels results in reduced postoperative edema, which in turn results in less postoperative discomfort.28


The hard tissue laser devices can selectively remove diseased tooth structure because a carious lesion has much higher water content than healthy tissue, and water is the primary absorber of that wavelength of laser energy.15,29-31 These same devices confer advantages over conventional high-speed handpieces as they interact with the tooth surface; for example, laser-treated dentin has no “smear layer,” and the cavity preparation has been disinfected because of the bactericidal nature of laser energy.32


The disadvantages of the current dental laser instruments are the relatively high cost and the required training.33 Most dental instruments are both side-cutting and end-cutting, so a modification of clinical technique is required in using lasers, which are almost exclusively end-cutting. The clinician must prevent overheating of the tissue and guard against air embolism caused by excessive pressure of air and water spray during laser procedures. Another drawback of erbium lasers is the inability to remove metallic restorations. In addition, despite laser manufacturers’ claims to the contrary, no single wavelength will optimally treat all dental disease.34


Thus proper laser training is critical in deciding which wavelength to use and which model to purchase.35 Some manufacturers provide excellent hands-on training both at seminars and in the office, whereas others give the buyer nothing more than a CD and training manual. This issue is discussed in more detail in Chapter 16.

Lasers in Dentistry: Now and in the Future

As mentioned, all dental surgical lasers currently available are designed for soft tissue procedures; only the two erbium and the 9.3-μm CO2 wavelengths are safe and effective for use with teeth and bone. Therapeutic, or photobiomodulation, lasers show beneficial results for healing, although a majority of the reports are anecdotal. The initial clinical results with photoactivated disinfection also show promising applications for disease control. More information on photoactivated disinfection and low-level laser therapy is presented in Chapter 15.

The future holds the promise of additional laser applications. Optical coherence tomography using a laser to create a three-dimensional image will be a tremendous advance for dental diagnosis, and laser Doppler instruments will be able to measure blood flow rates to assess inflammation. Selective ablation of calculus and bacteria and enamel hardening for caries resistance are examples of new procedures under development.36,37 Manufacturers continue to develop technologies, with clearance for other clinical applications and laser wavelengths pending. More information on what the future of lasers in dentistry may hold may be found in Chapter 17, on laser research.

Conclusions

The appropriate and effective use of dental lasers in clinical practice requires a firm grasp of their scientific basis and tissue effects, proper training in techniques and applications, and sufficient operative experience to achieve and maintain proficiency. The clinician can then choose the proper laser(s) for the intended application. Although the types of tissue interaction overlap somewhat, each wavelength has specific properties that can be used to accomplish a specific treatment objective. Laser energy requires some procedures to be performed much differently from those using conventional instrumentation, but the indications for laser use continue to expand, with further benefit for patient care.
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Laser-Assisted Nonsurgical Periodontal Therapy

Mary Lynn Smith,  and Angie Mott


Periodontal disease affects 80% of the adult population in the United States.1 Recent research suggests that bacteria associated with periodontal disease have been linked to an increased risk of heart disease, diabetes, stroke, premature birth,2,3 and respiratory infection in susceptible persons.4,5 Although periodontal disease should be one of the most frequently treated conditions in dentistry, traditional therapies have been poorly received, even feared, and viewed by many patients as “bad experiences.” Patients are reluctant to pursue initial periodontal treatment and are even more reluctant to have further treatment when disease progression occurs.

This chapter discusses the use and benefits of lasers in treatment planning and delivery of nonsurgical periodontal procedures, as well as the efficiency and efficacy of these laser-assisted procedures. The use of lasers is widely accepted and is the standard of care in ophthalmology, dermatology, plastic and vascular surgery, and many other medical specialties. Dentistry also should embrace laser technology as a proven method to treat patients safely and effectively, with excellent results.

In many states, hygienists are permitted to perform laser-assisted nonsurgical periodontal therapy. In other states, only dentists are permitted to use lasers. Some state dental practice acts require certification of dentists and hygienists through successful completion of an Academy of Laser Dentistry Standard Proficiency Certification Course or similar educational program before practicing laser-assisted procedures. Other states have no educational requirements for clinicians to perform laser treatments. Procedures provided by health care professionals, whether the dentist or the hygienist, must be within the clinician’s scope of practice according to the dental practice laws of the particular state or country.

Periodontal Diseases

Periodontal diseases are biofilm-initiated inflammatory conditions that affect susceptible persons.6 Gingivitis, the first stage of periodontal disease, is defined as “gingival inflammation without loss of connective tissue attachment.”7 Periodontitis is defined as follows: “the presence of gingival inflammation at sites where there has been a pathological detachment of collagen fibers from cementum and the junctional epithelium has migrated apically.”7 In addition, inflammatory events associated with connective tissue attachment loss also lead to the resorption of coronal portions of tooth-supporting alveolar bone.

Similar definitions are recognized for periimplant mucositis and periimplantitis, respectively. The disease process is disrupted and controlled by host resistance through therapy or natural defenses.8


The organization and activity of biofilm are important because biofilm is the first component of periodontal disease–targeted in therapy. Biofilm is a complex community of microorganisms protected by a secreted extracellular polymeric substance. As it becomes more mature, the microbes use a molecular communication, quorum sensing, to create a highly organized and adaptable infrastructure. The various microbes within the biofilm behave so as to preserve the entire community, in essence becoming a discrete, living organism.9


As the biofilm responds to its environment, its adaptation provides resistance to such factors as ultraviolet (UV) light, bacteriophages, biocides, antibiotics, immune system responses, and environmental stresses.10 Manor et al.11 found that biofilm penetrates epithelium and underlying connective tissue, possibly to a depth of 500 μm. Biofilm has been observed penetrating tissues along the path of capillaries. Through various means, including stimulating the host’s inflammatory pathways, biofilm may control transudate production to supply its nourishment.12 These findings demonstrate the parasitic nature of biofilm in tissue.

As the body responds to biofilm invasion, proinflammatory cytokines, prostanoids, and proteolytic enzymes are synthesized and released. Fluids increase within the tissues, circulation becomes stagnant, swelling occurs, and metabolic products become backlogged. Enzymes such as collagenase, gelatinase, elastase, and fibrinolysin,3 which are instrumental in the initial healing stage, remain at the site, destroying the developing strands of healing matrix needed to form connective tissue. The inflamed tissue is unable to progress from the granulation phase of healing into the remodeling phase because of the continued insult, with pathogenic processes and further biofilm proliferation.13 The site is now a biofilm-infested chronic wound14; without treatment, progression to localized destruction is likely, with associated adverse effects on systemic health.

All of the following terms used throughout this chapter refer to treatment of the soft tissue wall of the periodontal pocket:

• Nonsurgical periodontal therapy


• Sulcular debridement


• Active phase I periodontal infection therapy


• Laser decontamination—refers specifically to reducing the biofilm of the pocket, usually meaning what is contained within diseased tissue


• Laser coagulation—refers specifically to sealing of capillaries and lymphatics after laser decontamination of the tissue


Benefits of Laser Therapy

Lasers have a direct deleterious effect on bacteria, which supports the body’s healing response. Incorporating lasers into conventional therapies helps accomplish treatment objectives. Conventional nonsurgical periodontal therapy entails debriding the affected area of bacteria, endotoxins, and hard deposits from the tooth structure to restore gingival health.8 Instrumentation is focused on the tooth structure, and debridement most often is accomplished by means of manual and power scaling. In the future, lasers also will be used for root debridement.

To date, the U.S. Food and Drug Administration (FDA) has not yet cleared the use of lasers for removal of deposits and biofilm from tooth structure. However, Aoki et al.15 determined that deposits and biofilm are more thoroughly removed and that a more biocompatible surface is created for reattachment with use of an erbium laser than with conventional methods.16 The alexandrite laser also has been in development for selective removal of calculus from the root structure.17 The carbon dioxide (CO2) laser has been shown to increase adherence of fibroblasts to root surfaces, and the fibroblast adherence is superior to conventional techniques both in quantity of fibroblasts attached and in the quality of the attachment.18


Regardless of the instrument used, it is essential that contaminants be thoroughly removed from the tooth structure in any periodontal therapy. Current laser-assisted methods focus on the biofilm of the pocket wall, supplementing conventional methods that debride the tooth structure itself. A critical point in this context is that laser treatment is an addition to, not a replacement for, conventional periodontal therapy.

Both in vitro and in vivo studies show that lasers are bactericidal.19–22 Although not specific to certain bacteria, the argon (Ar), neodymium-doped yttrium-aluminum-garnet (Nd:YAG), and diode laser wavelengths show strong absorption in darkly pigmented bacteria, with a consequent direct, increased effect on the red and orange–complex bacteria associated with periodontitis.23 The CO2 laser also has excellent bactericidal properties.24,25 Both CO2 and erbium lasers act on pathogens by heating intracellular fluids, causing the microbes to collapse.26,27 The absorption of laser energy by tissues produces a photothermal effect. With use of the appropriate settings, most nonsporulating bacteria, including anaerobes, are readily deactivated at 50° C.28,29


In laser-assisted active phase I periodontal infection therapy, the diseased biofilm-infested tissues of periodontal pockets are debrided. With laser techniques that involve working close to the recommended parameter of 60° C,30 the healthy tissue beneath the nonhealing granulation layer is not affected by the low energy. As noted earlier, biofilm can penetrate soft tissues. Localized removal of “bioburden” has a significant beneficial effect on wound bed preparation and wound healing.31 Steed et al.32 showed that more frequent debridement resulted in better healing than that obtained with debridement performed less frequently. Moritz et al.19 reported that the bleeding index improved in 96.9% of the patients treated with laser-assisted periodontal therapy after conventional therapy, compared with 66.7% of patients treated conventionally without laser. These investigators concluded that “the diode laser assisted periodontal therapy provided a bactericidal effect, reduced inflammation, and supported healing of periodontal pockets through elimination of bacteria.”19 Administering laser energy to the affected tissues at specific, repeated intervals is key in targeting biofilm during periodontal therapy.

Lasers also have the ability to seal capillaries and lymphatics, thereby reducing swelling at the treated site and minimizing postoperative discomfort.33


Another benefit of laser-assisted procedures is the healing stimulated at the cellular level.34 Medrado et al.35 found that low-level laser treatment depresses the exudative phase while enhancing the proliferative processes during acute and chronic inflammation. Laser photobiomodulation can activate the local blood circulation and stimulate proliferation of endothelial cells.36,37 Wound healing is supported, with reduced edema and polymorphonuclear (leukocyte) neutrophil (PMN) infiltrate, increased fibroblasts, and more and better-organized collagen bundles.38 Karu39 suggested that these effects are caused by an increase in mitochondrial synthesis. The slight scattering that occurs with more deeply absorbed energy of certain lasers may have photobiomodulation effects beyond the direct application. The aiming beams of the lasers also may have a photobiomodulation effect (see Chapter 15). More research needs to be conducted in this area.

Laser Types

Laser wavelengths used to treat active phase I periodontal infection include the diodes, Nd:YAG, CO2, and erbium lasers. Chapter 2, on laser fundamentals, provides further information on each wavelength.

Argon Laser

The argon laser, emitting a 514-nm wavelength, was FDA-cleared for sulcular debridement in 1991. The energy is delivered through a fiberoptic system in contact or noncontact mode, depending on the procedure. These wavelengths are highly absorbed in hemoglobin and melanin, and have demonstrated bactericidal properties, particularly for Prevotella and Porphyromonas.23,40 However, argon lasers are no longer being marketed to dentists.

Diode Lasers

The semiconductor diode lasers are available in four different wavelengths, as follows:

• 810–830 nm


• 940 nm


• 980 nm


• 1064 nm


Both the 810- to 830-nm and the 980-nm wavelengths may be used for nonsurgical periodontal therapy, with good results well supported by the literature. As yet, few published studies have examined the use or advantages of the 940-mn wavelength or the 1064-nm diode wavelength.

Like argon lasers, diode lasers also use fiberoptics for energy delivery in contact or noncontact mode, depending on the procedure. With diodes in this wavelength range, energy is absorbed in hemoglobin and pigment (e.g., melanin). These chromophores, or organic compounds that absorb light at a specific wavelength, are present in high concentrations within the diseased periodontal pocket, making these wavelengths applicable for sulcular debridement.

The 980-nm wavelength exhibits greater absorption in water than for the other three diode wavelengths, which may be an added benefit to the laser interaction within the pocket. However, no definitive studies yet show that the increased absorption in water leads to clinical results superior to those obtained with use of other diode wavelengths. Diode lasers are bactericidal19,41,42 and aid in coagulation.

Diode lasers may be operated in continuous-wave mode (with energy emitted as a constant beam), with low settings and short application time, or in gated-pulse mode (with energy emitted as a constant but interrupted beam, or pulsed at specific intervals), with higher settings and longer application time. Some diode lasers offer specific pulse duration on–off time controls, allowing higher power to be applied to the tissue for shorter periods of time, which allow the tissues to cool adequately before receiving another pulse of energy. This energy pattern limits accumulation of heat, which decreases thermal collateral damage. Less collateral damage means less postoperative discomfort for the patient.

Neodymium:Yttrium-Aluminum-Garnet Laser

The Nd:YAG is a free-running pulsed laser. The laser energy is produced in bursts of photonic energy, rather than as a continuous beam. This laser also uses a fiberoptic delivery system for contact or noncontact procedures. The 1064-nm wavelength is most highly absorbed in melanin, less absorbed in hemoglobin, and slightly absorbed in water. The Nd:YAG laser also is bactericidal20 and provides good hemostasis. Because it is a free-running pulsed laser, the Nd:YAG emits high peak powers but allows for tissue cooling during the off time. In choosing settings for treatment, the combination of higher millijoules (mJ) with fewer repetitions per second (i.e., hertz [Hz]) aids in coagulation, whereas lower mJ with higher Hz typically is used for decontamination.


CLINICAL TIP

A joule (J) is a measurement of energy available to do work in dentistry; dental professionals work in millijoules (mJ).



Micropulsed CO2 Lasers

The micropulsed 10,600-nm CO2 lasers incorporate the newest technology available in producing CO2 laser energy. Delivery by an articulated arm or waveguide in noncontact mode facilitates treatment. A 250-μm tip (the diameter of a #25 endodontic file) is used for administering laser energy into the periodontal pocket. This wavelength interacts with water and hydroxyapatite and has a depth of penetration on the order of micrometers. Inflamed tissue has an increased water content and is therefore preferentially affected by the laser energy, as are crevicular fluids and intracellular fluids. Fluids are photothermally heated and then vaporized, with consequent collapse of the cell membranes. The bacteria are inactivated,24,25 and dehydration occurs as energy is applied.

Earlier CO2 lasers emitted energy in continuous-wave mode and, with later improvements, also could be gated, but only with longer pulses and higher mJ. The less sophisticated technology of those units was associated with increased thermal damage in surrounding tissue, often resulting in charring, and they could not be used within the periodontal pocket. The newest micropulsed CO2 lasers provide greater control of the energy, making application safe and effective within the periodontal pocket. These lasers allow higher peak power for ultrashort pulse durations, with longer off times. This improvement provides for maximum thermal relaxation, decreasing collateral damage and discomfort. The mJ settings are greatly reduced in sulcular debridement compared with previous gated-pulse CO2 technologies. Technique requires the same care as for any other soft tissue laser application: The laser energy must be directed away from the tooth structure. A new-wavelength CO2 laser, emitting at 9300 nm, has recently been FDA-cleared for clinical use. To date, there have been no published studies or reports of its use in periodontal pocket therapy.


Erbium Lasers

Erbium lasers are FDA-cleared for both hard and soft tissue applications, and some erbium lasers are FDA-cleared for sulcular debridement. It is important to check with the manufacturer of the specific laser device to ensure that it is FDA-cleared for its intended use. The erbium-doped YAG (Er:YAG) 2940-nm and erbium plus chromium–doped yttrium-scandium-gallium-garnet (Er,Cr:YSGG) 2780-nm instruments are free-running pulsed lasers with wavelengths that are most highly absorbed in water, followed by good absorption in hydroxyapatite and poor absorption in hemoglobin. Thermal rise in the superficial tissue layers is minimal and even less with concurrent water spray during the laser procedure. This effect limits achievement of hemostasis and coagulation within the pocket. Although some clinicians view the associated bleeding as a hindrance when working with these lasers, a benefit of this wavelength is almost complete absence of operative or postoperative discomfort. Quicker healing also is another advantage reported with these wavelengths.16,43 Studies have demonstrated significant population reduction of the periodontal pathogens Porphyromonas gingivalis and Actinobacillus (Aggregatibacter) actinomycetemcomitans, as well as positive long-term clinical results in attachment gain.16,21,26 With the 9300-nm CO2 laser, recently cleared for hard tissue applications, the energy is absorbed by the carbonate of hard tissue, rather than the hydroxyapatite. To date, there have been no studies or peer-reviewed published reports of its effects or use in pocket therapy.


Fundamentals of Laser Physics

Understanding basic laser physics is important to make needed adjustments while administering laser treatment. In laser-assisted procedures, laser energy is absorbed by the chromophores within the pocket and transformed into photothermal energy. Observing laser–tissue interaction is critical. Tissues containing different concentrations of the wavelength-specific chromophore will require different parameters.

The patient’s comfort also is important. Often a treatment area is fully anesthetized during the initial appointment for debridement and laser decontamination but may require only topical or no anesthetic for laser therapy at repeat visits. Making adjustments will improve the patient’s comfort while accomplishing the treatment goal.

The treatment goal for nonsurgical periodontal therapy is decontamination and coagulation, rather than incising. Procedures are accomplished through control of tissue temperature. The factors that affect tissue temperature are the mJ and Hz settings, speed at which the laser beam moves over the target tissue (hand speed), and cooling factors such as pulse “off” time, high-volume evacuation, and water application.

Some lasers allow more control of these parameters than that provided by others. For a free-running pulsed laser such as the Nd:YAG, high mJ with low Hz means more energy per pulse but more thermal relaxation time between pulses. Typically this combination of parameters will improve hemostasis. If lower mJ is selected with more Hz, there is less energy in each repetition but also less thermal relaxation time, because more pulses are emitted into the tissue every second. With these settings, more even thermal absorption may be achieved. Diode lasers are operated in either continuous or gated mode; continuous operation does not allow any thermal relaxation. Lower-power settings should be chosen to prevent temperature increase beyond the treatment goal of decontamination or coagulation. If gated (pulsed) mode is selected, a higher energy may be required to raise the tissue temperature with each pulse. The gated mode allows the tissue to cool before the succeeding pulse.

All tissues have an absorption threshold; tissue can absorb only so much energy before it is overloaded by the energy and becomes painful and is damaged. Think of sitting on a beach and getting a nice suntan. To achieve that look, your tissue (skin) absorbs a certain amount of energy (sunlight). Think again of sitting on a beach for many hours, with prolonged exposure to the sun’s rays. Your skin will then be overloaded with too much energy (sunlight), and the result will be a sunburn, with pain and charring of the tissue. The pain occur when more energy reaches the target tissue than it can absorb.

When the patient feels discomfort during laser treatment, the following adjustments can be made without changing the mJ or Hz settings:

• Move the laser fiber more quickly (adjust hand speed), decreasing total energy exposure.


• Move the suction closer to the operative site so that the circulating air decreases the accumulating temperature.


• Add a light spray of water to dissipate heat.


These adjustments work well with all wavelengths. Of note, however, because the CO2 wavelength is highly absorbed in water, a high tissue fluid content (too much water) will inhibit tissue interaction, whereas a lower fluid content (not enough water) will increase discomfort.

Conversely, if the tissue is not responding, alterations are needed. First, check the settings; then inspect the aiming beam, ensuring patency of the optics. If parameters are correct, test-fire the laser on an appropriate chromophore, moving the laser more slowly. If results are still negative, increase the settings incrementally until interaction occurs. If a large increase is necessary, a technical problem is likely, and the laser instrument should be serviced by a certified technician. The clinician must understand the properties of the selected wavelength to provide optimal, beneficial laser treatment.
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