IN BRIEF

® ‘Laser' is an acronym for ‘light amplification by the stimulation emission of radiation
Its theoretical basis was postulated by Albert Einstein.

e The first tooth exposed to laser light was in 1960.

® Lasers can be applied to almost any clinical situation.

e laser light in dentistry is a unique, non-ionising form of electromagnetic radiation
that can be employed as a controlled source of tissue stimulation, cutting or ablation,
depending on specific parameters of wavelength, power and target tissue.

PRACTICE

VERIFIABLE
CPD PAPER

Introduction, history of lasers and laser
light production

S. Parker!

The word laser conjures in the mind's eye many aspects of what might be described as 'modern’ life. The words 'powerful’,
‘precise’ and ‘innovative' complement our conception of the world in terms of technology, whereas patients often associate
the words 'magical’ and 'lightening quick’ with the use of lasers in medical practice. The purpose of this series of articles is
to explore the history and development of lasers, the integration of lasers into clinical dentistry and the safeguards as to

their requlated use.

LASERS IN DENTISTRY

1. Introduction, history of lasers
and laser light production

2. Laser-tissue interaction

3. Low-level laser use in dentistry

4. Lasers and soft tissue: 'loose’ soft
tissue surgery

5. Lasers and soft tissue: ‘fixed' soft
tissue surgery

6. Lasers and soft tissue: periodontal
therapy

7. Surgical laser use in implantology
and endodontics

8. Surgical lasers and hard dental
tissue

9. Laser regulation and safety in
general dental practice

General Dental Practitioner,

30 East Parade, Harrogate,

North Yorkshire, HG1 5LT
Correspondence to: Dr Steven Parker
Email: thewholetooth @ easynet.co.uk

Refereed Paper

© British Dental Journal 2007;
202: 21-31

DOI: 10.1038/bdj.2006.113

INTRODUCTION

The theoretical basis of laser light produc-
tion was developed some 90 years ago; the
first laser was used on an extracted tooth 47
years ago. It is perhaps somewhat surprising
that commercially available lasers have only
been used in dental practice during the past
18 years. Associated with the launch of the
first ‘dental’ laser, there was a level of hype
that quickly led to a combination of frustra-
tion for dentists and research that discredited
or minimised many of the claims for clinical
use (Fig. 1).

Unlike many fields of medicine and surgery,
where laser treatment represents a sole source
of remedy, in dentistry the use of a laser is
considered adjunctive in delivering a stage of
tissue management conducive to achieving a
completed hard or soft tissue procedure.

To the dental professional in general prac-
tice, the delivery of dental treatment can be
compromised by the willingness of the patient
to accept a procedure that is often errone-
ously associated with painful stimuli. Most
patients recoil at the thought of a high or low-
speed drill and those exposed to surgery find
associated bleeding and tissue bruising inter-
feres with normal speech and eating func-
tions. As much as any wish to explore the
envelope of possible laser-tissue interaction,
much of the hype surrounding laser use in
dentistry has centred on the possibility to

encourage patient uptake through the avoid-
ance of peri- and post-operative pain and
discomfort. Certainly, however, today’s lasers
offer an opportunity to deliver hard and soft-
tissue treatments that, at least in outline,
make the patient experience somewhat easier
(Figs 2-10).

As will be seen in later articles in this
series, considerable research has been car-
ried out ostensibly to validate the innovative
use of lasers in all branches of dentistry. At
worst, claims to beneficial use in some areas
have been discredited; often, other usage has
been shown to overcome deficiencies in more
conventional therapies. Lasers can be applied
to almost any clinical situation, but their effi-
cacy versus conventional techniques in many
cases is unknown, with the exception of anec-
dotal reports.

Essentially, the adjunctive use of surgi-
cal lasers in dentistry has sought to address
efficient cutting of dental hard tissue, hae-
mostatic ablation of soft tissue and also the
sterilising effect through bacterial elimina-
tion. Less powerful, non-surgical lasers have
been shown to modify cellular activity and
enhance biochemical pathways associated
with tissue healing, aid in caries detection
and assist in the curing of composite restora-
tive materials. The decision to include lasers
in everyday dental care will depend not least
upon financial considerations as to how their
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Fig. 1 An example of the promo-
tional material available for patient
motivation, printed in 1990. The
laser wavelength being described
(Nd:YAG) is almost exclusively for
soft tissue procedures

Fig. 2 Pre-operative view of
fractured tooth with gingival over-
growth on to root surface

A NEW AGE FOR DENTISTRY

Fig. 3 Diode laser used to remove
excess soft tissue

Fig. 4 Immediate post-laser treat-
ment, with post retention for core
material

Fig. 5 Healing at one week

use may enhance practice profitability; the
greatest factor in making that decision will be
an understanding of how laser wavelengths
interact with oral tissue, together with an
appreciation of how such use can improve
patient management.

HISTORY OF LASERS AND THEIR USE IN CLINICAL
MEDICINE AND DENTISTRY
The theoretical basis that postulated the pro-
duction of intense light of a specific configu-
ration, pre-dated the development of the first
laser by over forty years.

In 1704, Newton! characterised light as a
stream of particles. The Young’s interference
experiment in 1803 and the discovery of the
polarity of light convinced other scientists of
that time that light was emitted in the form of
waves. The concept of electromagnetic radia-
tion, of which ‘light’ is an example, had been
described in mathematical form by Maxwell,
in 1880. Maxwell’s electromagnetic (EM) the-
ory explained light as rapid vibrations of EM
fields due to the oscillation of charged par-
ticles. At the turn of the 20th century, the
black body radiation phenomenon challenged
the waveform light theory. Atomic structures
would absorb incident EM energy and become
excited to an upper level, which would sub-
sequently decay to a lower, stable state, with
the release of emissive energy. According to
Maxwell’s EM theory, the energy intensity of
EM emissions with a given frequency is pro-
portional to the square of this frequency.

Additional work undertaken by Hertz on
the ‘photoelectric effect’ (a pioneering study
into cathode ray emission), and Planck on
the formulation of the distribution of the
radiation emitted by a black body or perfect
absorber of radiant energy, complemented
further the understanding of light propaga-
tion. The significance of Planck’s constant in
this context is that radiation such as light, is
emitted, transmitted and absorbed in discrete
energy packets or quanta, determined by the
frequency of the radiation and the value of
Planck’s constant.

The observations that the number of elec-
trons released in the photoelectric effect is
proportional to the intensity of the light and
that the frequency, or wavelength, of light
determines the maximum kinetic energy of
the electrons, indicated a kind of interaction
between light and matter that could not be
explained in terms of classical physics. The
search for an explanation led in 1905 to Albert
Einstein’s fundamental theory that light can
be regarded alternatively as composed of dis-
crete particles (photons), equivalent to energy
quanta.

In explaining the photoelectric effect, Ein-
stein (Fig. 11) assumed that a photon could
penetrate matter, where it would collide with
an atom. Since all atoms have electrons, an
electron would be ejected from the atom by
the energy of the photon, with great velocity.
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Einstein also predicted in 1917 in Zur Theorie
der Strahlung® (Theory of Wavelength), that
when there exists the population inversion
between the upper and lower energy levels
among the atom systems, it was possible to real-
ise amplified stimulated radiation, ie laser light.
Stimulated electromagnetic radiation emission
has the same frequency (wavelength) and phase
(coherence) as the incident radiation.

MASER

The electromagnetic spectrum is a compara-
tive arrangement of electromagnetic energy
(photonic quanta) relative to wavelength,
spanning ultra-short gamma and X-radiation,
through visible light, to ultra-long micro- and
radio-waves. In 1953, Charles Townes, experi-
menting with microwaves,? produced a device
whereby this radiation could be amplified by
passing it through ammonia gas. This was
the first MASER (microwave amplification by
the stimulated emission of radiation) and was
developed as an aid to communication sys-
tems and time-keeping (the ‘atomic clock’). It
was realised that only a fraction of the inci-
dent energy was converted into maser energy,
the greater emission being in the form of heat;
the output power of the early masers was of
the order of a few micro-watts.

Experimental work undertaken by other
workers into various incident energy wave-
lengths and target materials, resulted in the
invention of the first LASER (light amplifica-
tion by the stimulated emission of radiation)
by Theodore Maiman,* at the Hughes Aircraft
Company USA, in 1960.

LASER

The experimental work into the physics of
laser light production highlighted the attrac-
tion of the use of intense radiation energy,
of single wavelength, in many military and
communications applications. Maiman'’s laser
used a solid ruby as an ‘active medium’, which
was energised or ‘pumped’ by an electrical
source (Fig. 12).

Many other kinds of laser were invented
soon after the solid ruby laser - the first ura-
nium laser by IBM Laboratories (in Novem-
ber 1960), the first helium-neon laser by Bell
Laboratories in 1961 and the first semicon-
ductor laser by Robert Hall at General Electric
Laboratories in 1962; the first working neo-
dymium-doped yttrium aluminium garnet
(Nd:YAG) laser and CO, laser by Bell Labora-
tories in 1964, argon ion laser in 1964, chemi-
cal laser in 1965 and metal vapour laser in
1966. In each case, the ‘name’ of the laser was
annotated with regard to the active medium
(source of laser photons) used.

Laser use in medicine and surgery

As will be seen in later articles in this series,
there is a specific and fundamental relationship
between light wavelength and absorption by an
‘illuminated’ target material. Thus, the unique

Fig. 6 Final restorations fitted

Fig. 7 Situation at one year. Note
stability of gingival margins

Fig. 8 Abrasion cavities, lower
incisors

Fig. 9 Use of erbium laser to define
cavity extent and condition of hard
tissue prior to etching and restora-
tion

Fig. 10 Completed restorations
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Fig. 11 Albert Einstein, 1879-1955

Fig. 12 Example of a ruby rod
active medium, similar to that used
in Maiman's first laser

Fig. 13 DLase 300 Nd:YAG laser
(American Dental Technologies)

nature of laser light and its specific absorp-
tion, led to an expansion of its use in medicine.
Within a year of the invention, pioneers such
as Dr Leon Goldman began research on the
interaction of laser light on biologic systems,

including early clinical studies on humans.®

Interest in medical applications was intense,
but the difficulty controlling the power out-
put and delivery of laser energy, together with
the relatively poor absorption of these red and
infrared wavelengths, led to inconsistent and
disappointing results in early experiments. The
exception was the application of the ruby laser
in retinal surgery in the mid-1960s. In 1964, the
argon ion laser was developed. This continuous
wave 488 nm (blue-green) gas laser was easy to
control and its high absorption by haemoglobin
made it well suited to retinal surgery; clinical
systems for treatment of retinal diseases were
soon available.

In 1964, the Nd:YAG and CO, lasers were
developed at Bell Laboratories in the USA.
The CO, laser is a continuous wave gas laser
and emits infrared light at 10,600 nm in an
easily manipulated, focused beam that is
well absorbed by water. Because soft tissue
consists mostly of water, researchers found
that a CO, laser beam could cut tissue like
a scalpel, but with minimal blood loss. The
surgical uses of this laser were investigated
extensively from 1967-1970 by pioneers such
as Dr Thomas Polanyi and Geza Jako and in
the early 1970s, use of the CO, laser in ENT
and gynaecologic surgery became well estab-
lished, but was limited to academic and teach-
ing hospitals.

In the early 1980s, smaller but more pow-
erful lasers became available. Most of these
systems were CO, lasers used for cutting and
vaporising tissue and argon lasers for ophthal-
mic use. These ‘second generation’ lasers were
all continuous wave or CW systems which
tend to cause non-selective heat injury, and
proper use required a long ‘learning curve’
and experienced laser surgeons.

The single most significant advance in the
use of medical lasers was the concept of ‘puls-
ing’ the laser beam, which allowed selective
destruction of abnormal or diseased tissue,
while leaving surrounding normal tissue
undisturbed. The first lasers to fully exploit
this principal of ‘selective thermolysis’ were
the pulsed dye lasers introduced in the late
1980s for the treatment of port wine stains
in children and shortly after, the first ‘Q-
switched’ (ultra-short pulsed) lasers for the
treatment of tattoos. Another major advance
was the introduction of scanning devices in
the early 1990s, enabling precision computer-
ised control of laser beams. Scanned, pulsed
lasers revolutionised the practice of plastic
and cosmetic surgery by making safe, con-
sistent laser re-surfacing possible, as well as
increasing public awareness of laser medicine
and surgery.

Laser use in dentistry

Although Maiman had exposed an extracted
tooth to his ruby laser in 1960, the possibili-
ties for laser use in dentistry did not occur
until 1989, with the production of the Ameri-
can Dental Laser for commercial use. This
laser, using an active medium of Nd:YAG,
emitted pulsed light and was developed and
marketed by Dr Terry Myers, an American
dentist. Though low-powered and due to its
emission wavelength, inappropriate for use
on dental hard tissue,® the availability of a
dedicated laser for oral use gained popularity
amongst dentists. This laser was first sold in
the UK in 1990 (Fig. 13).

Other laser wavelengths, using machines
that were already in use in medicine and
surgery and only slightly modified, became
available for dental use in the early 1990s.
Being predominately argon, Nd:YAG, CO, and

24

BRITISH DENTAL JOURNAL VOLUME 202 NO.1 JAN 13 2007



PRACTICE

semiconductor diodes, all these lasers failed
to address a growing need amongst dentists
and patients for a laser that would ablate den-
tal hard tissue. In 1989, experimental work by
Keller and Hibst” using a pulsed erbium YAG
(2,940 nm) laser, demonstrated its effective-
ness in cutting enamel, dentine and bone. This
laser became commercially available in the
UK in 1995 and, shortly followed by a similar
Er,Cr:YSGG (erbium chromium: yttrium scan-
dium gallium garnet) laser in 1997, amounted
to a laser armamentarium that would address
the surgical needs of clinical dentistry in gen-
eral practice (Figs 14 and 15).

LIGHT (PHOTONIC) PRODUCTION AND EMISSION
Ordinary light
‘Ordinary’ light refers to the close band of
wavelengths in the electromagnetic spectrum
that is visible to the human retina. In nature,
its origin is in the cosmic stream from space
and a common source of man-made ordinary
light is the incandescent filament of a light
bulb. ‘White’ light is the sum of all compo-
nent wavelengths of the visual spectrum. The
waveform of ordinary light is non-coherent,
in that there is a confused overlap of succes-
sive waves. The spread of such waves results
in scattering of light with distance and the
multi-direction and interference of successive
waves gives rise to divergence and dimming
with distance. The wavelength of any light
beam is measured in metres, with typical
values being expressed as nanometres (1072
metres).

The unit of light energy is the photon and
the relationship of energy with frequency can
be expressed as:

E=hv
where v = frequency (number of wave oscilla-
tions with time) and h = Planck’s constant.

In addition, the relationship of frequency to
wavelength A can be expressed as:

c=v+A
where c is the speed of light (a constant).

Substituting wavelength for frequency:
E = (hc) = A

This relationship thereby establishes an
inverse relationship between wavelength and
photonic energy. With reference to the elec-
tromagnetic spectrum, this accounts for why
X-rays, at the ultra-short wavelength end of
the spectrum have deep penetrating energy,
whilst long wavelength radio waves require a
specific receiver.

Quantum nature of light — absorption & emission
The expression of quantum physics in terms
of atomic structure was defined by Bohr in
1922.8 Incident light energy, absorbed by a
target atom, will result in an electron moving
to a higher energy shell. This unstable state
will result in the emission of photonic energy
relative to the stable energy state of the tar-
get, with excess energy being produced as
heat. This is known as spontaneous emission.
If an already energised atom is bombarded
with a second photon, this will result in the
emission of two, coherent photons of identical
wavelength. This was postulated by Einstein
as stimulated emission? (Fig. 16).

The simple process represented by Figure 16
demonstrates a three-level concept of energy

Figs 14 and 15 Examples of modern
surgical dental lasers: combined Er:
YAG/CO, (Fig. 14, left) and Nd:YAG
(Fig. 15, right)
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Fig. 16 Photonic emission, showing
spontaneous (Bohr's model, upper)
and stimulated emission (Einstein's
model, lower)

Fig. 17 Electromagnetic spectrum
and dental laser wavelengths
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Fig. 18 Schematic of typical laser
cavity. Photons are reflected back
and forth, raising the energy levels
of active medium atoms
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values, ie ground state — excited state —
ground state.

Laser light

Laser light occurs through the amplification
of stimulated emission. Since the emission
energy is unique relative to its source and of
known measurable quantity, the light will be
of a single wavelength (monochromatic). The
high-energy, single wavelength light is pro-
duced in a spatially stable form (collimated
or non-divergent), with successive waveforms
that are in phase (coherent). In consequence,
the coherence and collimation of the light
results in high energy density and the mono-
chromatic wavelength will define specific
target absorption. These fundamental quali-
ties will be considered in the article on laser-
tissue interaction.

Dental laser wavelengths

With respect to the monochromatic nature of
laser light, a number of emission wavelengths
have been developed that, for the purposes of
current clinical dentistry, span the visible to
the far infrared portions of the electromag-
netic spectrum (approximately 400-10,600
nm) (Fig. 17).

Components of a typical laser (Fig. 18)
The component parts of a typical laser are:

1. Active medium

A material, either naturally occurring or
man-made that when stimulated, emits laser
light. This material may be a solid, liquid or
gas. The first ‘dental’ laser used a crystal of
neodymium-doped yttrium aluminium gar-
net (Nd:YAG) as its active medium. ‘YAG’ is
a complex crystal with the chemical compo-
sition Y;Al;0,,. During crystal growth, 1%
neodymium (Nd3*) ions are doped into the
YAG crystal (Fig. 19).

Other lasers of significance in dentistry
use rare earth and other metal ions within
a ‘doped’ YAG crystal lattice, eg erbium (Er:
YAG) and holmium (Ho:YAG), together with
another erbium and chromium-doped gar-
net of yttrium, scandium and gallium (Er,Cr:
YSGG).

The active medium is positioned within the
laser cavity, an internally-polished tube, with
mirrors co-axially positioned at each end and
surrounded by the external energising input,
or pumping mechanism.

The ‘active medium’, eg CO,, Nd:YAG,
defines the type of laser and the emission
wavelength of the laser (10,600 nm and 1,064
nm respectively). Atoms of the active medium
are absorbed by the process of light emission.

2. Pumping mechanism

This represents a man-made source of pri-
mary energy that excites the active medium.
This is usually a light source, either a flash-
light or arc-light, but can be a diode laser

Laser cavity

Fig. 19 A rod of Nd:YAG crystal
active medium, compared to a coin
to reflect the size

Fig. 20 A laser machine 'undressed’,
showing the laser cavity (active
medium, optical resonator).
Surrounding hardware comprises the
pumping mechanism, cooling system
and other circuitry

Fig. 21 Examples of different laser
delivery systems, showing quartz
fibre (a), articulated arm (b) and
hollow waveguide (c, d)
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Fig. 22 Example of a ‘desktop’
diode laser machine. Common
wavelengths are KTP (532 nm),
diode (810 nm) and diode (980 nm)

Fig. 23 Schematic outline of

a typical diode laser. Optical
reflective mirrors are replaced
by polishing the respective ends
of the crystals to enable internal
reflection

unit or an electromagnetic coil. Energy from
this primary source is absorbed by the active
medium, resulting in the production of laser
light. This process is very inefficient, with
only some 3-10% of incident energy result-
ing in laser light,® the rest being converted to
heat energy.

The dynamics of incident energy with time
has a fundamental bearing on the emission
mode characteristics of a given laser. A con-
tinuous-feed electrical discharge will result in
a similar continuous feed of laser light emis-
sion (see below, laser light emission modes).

3. Optical resonator

Laser light produced by the stimulated active
medium is bounced back and forth through
the axis of the laser cavity, using two mir-
rors placed at either end, thus amplifying the
power. The distal mirror is totally reflective
and the proximal mirror is partly transmis-
sive, so that at a given energy density, laser
light will escape to be transmitted to the tar-
get tissue (Fig. 20).

4. Delivery system

Dependant upon the emitted wavelength, the
delivery system may be a quartz fibre-optic, a
flexible hollow waveguide, an articulated arm
(incorporating mirrors), or a hand-piece con-
taining the laser unit (at present only for low-
powered lasers). Early attempts to produce
delivery systems relied upon the use of fixed
mirror and/or lens apparatus. It was soon

apparent that the use of a fine, silica quartz
fibre-optic cable maximised the feasibility for
medical and dental lasers to reach their tar-
get site. However, the suitability of this deliv-
ery system is conditional upon the emission
wavelength being poorly absorbed by water
(hydroxyl groups), present in the quartz fibre.
Therefore, shorter wavelengths such as argon,
diodes and Nd:YAG can enjoy such fibre deliv-
ery, whereas longer wavelengths (Er,Cr:YSGG,
Er:YAG and carbon dioxide) give rise to severe
power losses through quartz fibre and hence
require alternative delivery systems (Fig. 21).

Examples of such alternatives are articu-
lated arms incorporating internal mirrors and
prisms, and hollow waveguides, where the
light is reflected along internally-polished
tubes. Newer, water-free fibre compounds, eg
zirconium fluoride, are being developed to
overcome this problem.!0-13

5. Cooling system

Heat production is a by-product of laser light
propagation. It increases with the power output
of the laser and hence, with heavy-duty tissue
cutting lasers, the cooling system represents
the bulkiest component. Co-axial coolant sys-
tems may be air- or water-assisted.

6. Control panel

This allows variation in power output with
time, above that defined by the pumping
mechanism frequency. Other facilities may
allow wavelength change (multi-laser instru-
ments) and print-out of delivered laser energy
during clinical use.

Diode lasers

The development of micro-structure diode
cells that are capable of laser light production
has dramatically reduced the bulk of laser
machines (Fig. 22).

The limitation of the physics involved has
restricted the span of spectral emissions to
a relatively narrow band (approx 400-1,000
nm) at the present time. Only solid material

p-Type

Active medium

Power
supply

Silicon wafers

—

Examples of diode lasers are GaAs, InGaAlIP and GaAlAs.
(Ga = Gallium, As = Arsenide, In = Indium).

Emerging laser
light is focussed
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active media are used in these lasers.

In a diode laser, the active medium is sand-
wiched between silicon wafers (Fig. 23). Due
to the crystalline nature of the active medium,
eg GaAlAs, it is possible to selectively polish
the ends of the crystal relative to internal
refractive indices to produce totally and par-
tially reflective surfaces, thus replicating the
optical resonators of larger lasers. The dis-
charge of current from one silicon wafer to
the other, across the active medium, releases
photons from the active medium. Individual
diode ‘chips’ produce relatively low-energy
output and so current surgically-appropriate
diode lasers employ banks of individual diode
chips in parallel to achieve a desired power
capability.

Energy exchange and wavelength emission

As was seen earlier, the ideal quantum
exchange in an absorption/emission system
is through a three-level transfer (ground
- excited - ground). Although many lasers
exhibit this (eg HeNe, N,), several important

dental laser active mediums suffer some time
delay, whereby energy decay exists over a
range of values, giving rise to an upper and
lower lasing level of emission. This exposes
the active medium to multi-wavelength emis-
sion spectra. As such, these lasers are known
as four-level lasers (Fig. 24) and their rele-
vance is such that there is a potential for a
non-specific, multi-wavelength emission.
However, through a choice of reflecting mir-
rors as optical resonators (plain, concave,
convex), it is possible to create wave interfer-
ence and cancellation within the laser cavity,
to leave a desired emission single wavelength.
This explanation accounts for the existence
of, for example, a CO, laser at 9,300, 9,600
and 10,600 nm (Fig. 25).

The active medium of a CO, laser is a mix-
ture of CO,, helium and nitrogen gases, in pro-
portions 8:7:1. Pumping is through an electric
coil discharge. Initially, most of the electri-
cal discharge energy is absorbed by nitrogen
gas and only a small part of the energy is
absorbed by CO, molecules directly to raise

Excitation

\

A Lower lasing level

Pump

Upper lasing level

NN 93um
MM 9.6 pm
M/‘—} 10.6 um

Ground

Fig. 24 Four-level energy
exchange

Fig. 25 CO, laser system
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them from a ground state to the upper lasing
level. Large amounts of CO, molecules col-
lide with the nitrogen molecules and gain the
excitation energy. Energy decay occurs over
time, to a lower lasing level, thus giving out
laser light at frequency 9,300 nm, 9,600 nm or
10,600 nm respectively. Remaining decay to
ground state will dissipate energy in the form
of heat instead of light.

Laser light beam dynamics

Collimation, one of the prime properties of
laser light, is in practice a theoretical concept,
in that its acceptance is based upon transmis-
sion through a vacuum. The passage of laser
light through any other medium will result in
some divergence with distance, which can be
of the order of 15-30 degrees when using an
optical fibre delivery system or a diode active
medium.!* As such, in order to be controlled,
an emission beam is often passed through a
focal medium, eg a bi-convex lens.

If the primary output laser beam is inter-
sected and the transverse beam cross-section
studied, the light intensity can be of differ-
ent distributions (patterns), consistent with
the reflective dynamics of the optical resona-
tors. These are called transverse electromag-
netic modes (TEM). Three indices are used to
indicate the modes - TEM plg, where p is the
number of radial zero fields, [ is the number of
angular zero fields and g is the number of lon-
gitudinal fields. The first two indices are usu-
ally used to specify a TEM mode, eg TEM,,,
TEM,,, etc. Clearly, the higher the order of
the modes the more difficult it is to focus the
beam to a fine spot. TEM,, mode, or Gaussian
beam as it is commonly known, is preferred in
order to achieve desired accuracy in treatment
procedures. The ability to produce a focussed
beam together with the controlled application
of light power over a small area, has a funda-
mental bearing on the concept of delivering
ablation energy to a target tissue.

Laser light emission modes

Often, a clinical laser is referred to as ‘con-
tinuous wave’ (CW), ‘gated pulsed’ (GP) or
‘free-running pulsed’ (FRP). Although this
might appear confusing, it relates to the
rate of emission of laser light with time. The
inherent benefit of the concept of pulsed flow
over average continuous flow is that, assum-
ing the average delivery of energy with time
might be low, the peak-energy of each ‘pulse’
can be significantly higher. In dentistry,
this is seen where an Er:YAG laser is used to
cut enamel; the average power (energy rate
with time) is low, but the peak power levels
are sufficiently high to dislocate hydroxya-
patite crystals, through the instantaneous,
explosive vaporisation of interstitial water.!®
Commercial lasers for surgical dental use are
commonly annotated ‘5 Watts’, ‘10 Watts’, etc
- this relates to the maximal average power
output. The emission mode epithet, eg ‘CW’,

‘FRP’ will alert the clinician to the potential
peak power capacity of the laser.

In practice, the emission mode for any given
laser can be either ‘inherent’ or ‘acquired’.
Inherent emission modes are related to the
nature of the excitation source:
a)Free-running pulsed, where laser emission

occurs over a pulse width of 100-200

microseconds
b)Continuous wave.

Acquired emission modes are due to a mod-
ifying effect (electrical, mechanical, electro-
optical or acousto-optical) acting upon the
inherent delivery:

a) Chopped or gated CW, where laser emission
occurs over tenths (0.1-0.5) of a second

b)Q-switched, mode-locked (not applicable in
dental lasers)

c¢) Super-pulsed, where laser emission occurs
over 300-400 microseconds.

With relevance to the clinical application
of any laser with any target oral tissue, it is
important to consider the potential transfer of
energy from the laser beam, converted to heat
energy in the target, in order that only a suf-
ficient transfer to execute designated tissue
change is achieved. For a simple, low power
CO, laser, the average power output of a CW
machine is readily understood - four Watts
of CW output = four Watts average power.
With a FRP laser, eg Er:YAG, output is often
expressed as energy per pulse and the opera-
tor can determine the number of pulses. As
such, the energy per pulse, eg 200 mJ, must
be multiplied by the number of pulses, eg 20
pulses per second (0.2 J x 20) to give an aver-
age power delivery of four Watts (Joules per
second). The prime benefit of a pulsed delivery
mode will be the capacity of the target tissue
to cool between successive pulses. However,
when considering a FRP laser, the peak power
per pulse can be considerable. An energy-per-
pulse value of 200 mJ (200 x 107 J) with a
pulse duration of 100 ps (100 x 10°® s) can
give rise to a peak power of 2,000 Watts for
that fraction of time (J + s).

The electromagnetic forces produced dur-
ing a peak power energy discharge can be
sufficient to create a plasma ball of energy,'®
sufficient to destroy molecular structure in a
target tissue.

The majority of commercial lasers for use in
clinical dentistry incorporate such informa-
tion within the control panel display. What is
of concern is that many lasers in use in dental
practice are derivatives of machines that are
designed primarily for general surgical use
and as such, possess power parameters that
could be considered potentially damaging for
use in an intra-oral setting.

In summary, emission mode will have a
direct effect in the following ways:
a)The average power (rate of energy with

time) being delivered to the target
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b)The peak power value of laser light being
delivered to the target (observed with FRP
modes)

c) The thermal relaxation effect (ability to
cool) of the target.

The thermal relaxation potential is great-
est in FRP emission and least in CW emission.
This has a profound bearing on the tissue
management during laser-tissue interaction.
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