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Abstract: Fundamental to the adjunctive use of laser photonic energy for delivering therapy and
tissue management, is the ability of the incident energy to be absorbed by target tissues. The aim
of this review is to examine the differential performance of the separate components of oral hard
and soft tissues when exposed to laser photonic irradiance of variable wavelengths and power
values. Through an examination of peer-reviewed published data and materials, the interaction of
laser photonic energy and target tissues are explored in detail. Varying laser wavelength emissions
relative to anatomical structures explores the ability to optimise laser–tissue interactions, and also
identifies possible risk scenarios as they apply to adjacent non-target structures. The concepts and
practical aspects of laser photonic energy interactions with target oral tissues are clearly demonstrated.
Emphasis was placed on optimising the minimum level of laser power delivery in order to achieve a
desired tissue effect, whilst minimising the risk or outcome of collateral tissue damage.

Keywords: dentistry; laser; laser–tissue interaction; optical properties of tissues;
photobiomodulation; photothermolysis

1. Introduction

The oral cavity is a complex environment, both structurally and functionally, where hard and soft
tissues exist in close proximity. Additionally, all oral tissue surfaces are subject to contact with bacteria-
and bacterial catabolite-laden saliva. Oral tissues can be subjected to laser treatment exposure, but the
biophysics governing laser–tissue interactions demands a knowledge of all factors involved in the
delivery of this modality.

Laser photonic energy has the unique properties of spatial and temporal coherence of wave
propagation, together with the emission monochromaticity derived through a single wavelength value.
In consequence, with appropriate delivery parameters, it is possible to deliver selective laser–tissue
interactions, and to maximise the light dose effectiveness [1].

Depending on the level of incident energy, the consequent transfer to another form can occur,
such as thermal energy, fluorescence, sound emission and the promotion of chemical pathways within
tissue cellular environments. These interactions are summarised in Figure 1.

The ability to predict the degree of laser–tissue interaction experienced may pose some difficulties
for the clinician, notably through limited target access, choice of laser wavelength, and the amount
of power required to achieve desired changes in the target tissue. As the prime factor governing
interaction, the absorption coefficient of any tissue element is a function of the degree of energy
attenuation of a chosen incident laser wavelength; within the wide range of laser wavelengths available
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in dentistry, absorption coefficient curves as demonstrated in Figures 2 and 3 are an expression of the
relative performance of each tissular element across the spectrum of incident photonic irradiation.Dent. J. 2019, 7, x FOR PEER REVIEW 2 of 17 

 

 

Figure 1. An overview of the manipulation of incident photonic energy, such as laser light as an 
adjunct to screening, diagnostic and therapeutic clinical activity. Key: LED—light emitting diode, 
UV—ultra-violet, NIR—near infra-red, with multi-wavelength representation as vertical incident 
arrows. OCT—optical coherence tomography, aPDT—antimicrobial photodynamic therapy. Re-
emission, as direct beam or scattered irradiance is represented by complete and dotted arrows, either 
straight or non-linear. 
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Figure 2. Absorption spectral profiles of major dental/oral structural elements and chromophores 
associated with soft tissue management. Absorbance is shown relative to wavelength of irradiation. 
The depth of penetration is shown as 1/absorbance. Original data and graphics: Parker S. Data source: 
Parker, S; et al. Laser Essentials for the Dental Practitioner: Foundation Knowledge—Construction, 
Modes of Operation and Safety. EC Dental Science 2019, 18.9, 2020-2027 [2]. 

 

Figure 3. Absorption spectral profiles curves of major tissue elements associated with bone and dental 
hard tissue management. Absorbance is shown relative to wavelength of irradiation. Key: water 
(blue), protein/collagen (green), hydroxyapatite—HA and carbonated HA (white). Original data and 
graphics: Parker S. Data source: Parker, S; et al. Laser Essentials for the Dental Practitioner: 
Foundation Knowledge—Construction, Modes of Operation and Safety. EC Dental Science 2019, 18.9, 
2020-2027 [2]. 

Within tissue elements, there may be molecules or molecular species termed chromophores. A 
chromophore is defined as “a chemical group (molecule or molecular species) that absorbs light, or 
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The depth of penetration is shown as 1/absorbance. Original data and graphics: Parker S. Data source:
Parker, S; et al. Laser Essentials for the Dental Practitioner: Foundation Knowledge—Construction,
Modes of Operation and Safety. EC Dental Science 2019, 18.9, 2020–2027 [2].
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Figure 3. Absorption spectral profiles curves of major tissue elements associated with bone and dental
hard tissue management. Absorbance is shown relative to wavelength of irradiation. Key: water
(blue), protein/collagen (green), hydroxyapatite—HA and carbonated HA (white). Original data and
graphics: Parker S. Data source: Parker, S; et al. Laser Essentials for the Dental Practitioner: Foundation
Knowledge—Construction, Modes of Operation and Safety. EC Dental Science 2019, 18.9, 2020–2027 [2].

Within tissue elements, there may be molecules or molecular species termed chromophores.
A chromophore is defined as “a chemical group (molecule or molecular species) that absorbs light, or
at least shows some absorbance in the visible region of the electromagnetic spectrum and so imparts
colour to the molecule”.

Each chromophore has molecular structure and the structure, atomic configuration and inter-atomic
binding energy at body temperature may define a “ground state” [3]. In achieving ablative laser
surgery in soft or hard tissue clinical dentistry, the effect of absorption of incident energy is the
conversion to thermal energy and consequent tissue ablation through thermal rise—a process known
as photothermolysis. Assuming that absorption can occur, the relationship between the level of
incident photonic energy, the density of such energy within an irradiated area, and the exposure time
(instantaneous and/or over a sustained or interrupted period of time), may enable the clinician to
influence the type of laser–tissue interaction. By reducing the exposure time and consequent interaction
to micro-seconds and on to femto-seconds, successively higher peak power densities above 106−10

W/cm2 can be obtained. At such powerful levels, the intensity of energy is so great that electromagnetic
fields (plasma) develop around the interaction and are sufficient to markedly degrade target molecules,
a process known as photoplasmolysis [4].

Conversely, very low irradiance over extended time periods may give rise to energised biochemical
pathways associated with tissue health and reparative capabilities, and this represents the core of
understanding of photobiomodulation (PBM). Figure 4 provides a graphic representation of the
relationship between power density and exposure time [5].
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Figure 4. Relationship between incident photonic power density and exposure time (seconds). Changes
in the two components of laser–tissue interactions—power density (irradiance) and exposure time,
may affect the interaction level. Original graphics: Parker S. Data source: Boulnois, J-L. Laser Med. Sci.
1986, (1), 47–66 [5].

2. Laser Photonic Energy

Laser photonic energy is derived through the emission of photons from an energised source.
The photon (electromagnetic) energy is derived from the parent stimulated atomic source within
the active medium, and its propagation within a stream of photons provides an identical emission
waveform (coherence); each photon within the stream has an identical energy value (monochromatic or
single wavelength). The relationship between common laser wavelengths within the electromagnetic
spectrum is represented in Figure 5.Dent. J. 2019, 7, x FOR PEER REVIEW 5 of 17 
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The energy of emitted photons is expressed in Joules, or a derived equivalence, eV (a unit of energy
equal to the work done on an electron in accelerating it through a potential difference of one volt),
where 1 eV = 1.602 × 10−19 J. Since photonic energy and wavelength (λ) have an inverse proportional
relationship, photons emitted from different active medium sources will have differing energy values.
A basic expression of this relationship is demonstrated in equation 1, in which h = Plank’s constant,
c = speed of light and E = photon energy in eV.

λ = hc/E (1)

It is possible to evaluate energy-equivalent values for the laser wavelengths commonly used in
dentistry, for example, photons of wavelength 1240 nm (near-infra-red region) equate to an eV value of
1.0, whereas an eV value of 2.0 is represented by a wavelength of 621 nm (visible-red region); 0.13 eV
corresponds to 9600 nm [6].

Table 1 provides an overview of laser wavelengths commonly used in dentistry with corresponding
photonic values:

Table 1. Commonly used laser wavelengths associated with dental treatment. Photonic energy and
wavelength are inversely related. With ascending numerical values of wavelength, the corresponding
photonic energy (expressed as electron volt—eV) is reduced.

(eV) Laser λ (nm)

2.8
2.4

InGaN
KTP

445
532

2.0 He-Ne 633
1.6 Diode 810
1.2 Nd:YAG 1064
0.4 Er:YAG 2940
0.1 CO2 10,600

A simplistic view of one of the many graphic representations of the inter-relationships between
target tissue elements, incident laser wavelengths and relative absorption potential, would suggest
that laser photonic energy is capable of ablative interaction with target tissue elements [7]. If external
energy is applied, vibrational and spin phenomena are induced—initially reversible to the ground state,
but with increased applied energy, a point may be reached where molecular disruption is sufficient to
overcome the forces binding atoms or macromolecules together [8]. Incident photonic energy may
induce a thermal rise (energy conversion), and examples of the effects of ascending energy levels
above an “ablation” threshold include protein dissociation (ca. 60 ◦C) and water vaporisation. True
photonic ablation of a target molecule therefore represents incident energy sufficiently intense to break
interatomic binding forces, and this is termed the dissociation energy. Table 2. Provides examples of
commonly found tissue element molecules and the dissociation energy value required to break the
interatomic bond.

When comparing data in Tables 1 and 2, almost none of the popular laser photonic energies
in dentistry are capable of direct intra-molecular bond cleavage, and one may conclude that dental
lasers cannot ablate target oral tissues through the use of empirical photonic energies. Such a belief
is magnified when the binding (ionic) lattice energies of crystalline carbonated hydroxyapatite are
exposed to the mid-IR laser wavelengths (Er,Cr:YSGG, Er:YAG); indeed, the photonic energy values
may be considered very small when compared to that required for the dissociation of hard dental
tissue [9].

Although individual photons possess insufficient energy to cleave target molecules, even the
briefest of laser emissions will deliver millions of individual photons, and with each successive photon
absorbed, the gradual build-up of transferred energy causes increasing target molecular vibrations,
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up to a point where sufficiently high power density (i.e., energy density within an ultra-short time
duration) and consequent thermal rises, drives molecular fragmentation and structural ablation.

Table 2. Dissociation energy, expressed in eV values, required to break the bonds (covalent, coordinate,
etc.) that bind atoms within molecules. Examples represent component molecules within tissue water
and biofluids, and also ionic forces within the crystal lattice of hydroxyapatite. Data reproduced with
thanks from Mó, O; Yáñez, M, et al. J Phys Chem A. 2005, 109(19), 4359–4365 [3].

Dissociation Energy of Selected Chemical Bonds

Type of Bond Dissociation Energy (eV)

C = O 7.1
C = C 6.4
O-H 4.8
N-H 4.1
C-C 3.6
C-N 3.0
C-S 2.7

Fe-OH 0.35
HA Lattice 310

Molecular disruption is not the objective when considering the many sub-ablative applications
of laser photonic energy within PBM, diagnostic and para-chemical antimicrobial applications. With
this group of applications, the modulation of target structural molecules or biochemical pathways
remains the objective within a general enhancement of cellular and intercellular activities, with
consequent benefits being derived through the healing, analgesic and anti-inflammatory applications
of sub-ablative laser irradiation.

When laser photonic energy is delivered and interacts with a tissue medium, three possible
pathways exist to account for what arises from the delivered light energy:

(1) The commonest pathway when light is absorbed by living tissue is internal conversion from
incident photonic to thermal energy. In surgical laser use, the resulting thermal rise is near-instantaneous
and considerable, and rapidly leads to conductive thermal energy into surrounding tissue. With oral
soft tissues and visible/near-IR laser wavelengths, the absorption by tissue chromophores gives rise to
protein denaturation and secondary vaporisation of interstitial water. Through this, a visible ablation
and vaporisation of target tissue occurs [10].

With longer mid- and far-IR laser wavelengths, the prime molecule affected by irradiation in
both soft and hard oral tissues is highly abundant water. Ablation of tissue is achieved through the
near-instantaneous vaporisation of interstitial water, leading to ‘explosive’ fragmentation of tissue
structure. With hard osseous/dental tissue, this interaction can be quite dramatic [10].

(2) Laser photonic energy values below target tissue ablation levels may result in fluorescence.
Fluorescence is a luminescence (re-emission) of light in which the absorption of a photon by a molecule
triggers the emission of another photon with a longer wavelength from that molecule. This action
provides the basis for optical scanning techniques employed for caries detection in enamel and dentine,
and also tomographic techniques utilised in the scanning of soft tissues for neoplastic change.

(3) The third pathway is broadly termed photochemistry [11]. In view of the energy of the photons
involved, covalent bonds primarily remain unbroken. However, the energy may be sufficient for a first
excited singlet state to be formed, and this can then undergo intersystem crossing to the long-lived
triplet state of the scavenger. Through energy transfer, adjacent diatomic interstitial tissue oxygen
(O2) molecules may undergo redox interconversions to form reactive oxygen species (ROS, such as
superoxide anion) or singlet oxygen (1O2). Singlet oxygen is an ultra-short-lived product of the parent
molecule that can cause cell apoptosis through oxidative stress. Such actions can be commonly
encountered in photodynamic therapies, where an intermediary chemical—photosensitiser—is
employed to direct energy transfer to target bacterial or alternative cellular sites [12,13].
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Electron transfer reactions are highly important in the host cell mitochondrial membrane, where
the consequence of photon irradiation may be increased production of ATP [14]. An additional
photochemical pathway that can occur after the absorption of a red or NIR photon within a host cell is
the dissociation of a co-ordinated ligand from its metal ion coordination centre as an active site within
an enzyme. One well known candidate for this pathway is the complexation of nitric oxide (NO•) to
the iron-and copper ion-containing redox centres in unit IV of the mitochondrial respiratory chain,
otherwise known as cytochrome c oxidase. Such an action may induce an increase in intracellular pH
and generate ATP, and has been cited, as has been the release of increments of molecularly-bound NO•

and intracellular ROS, as basic photobiomodulation cellular theory for the actions of low-level lasers.

3. Laser–Tissue Interaction: Oral Soft Tissue

Although diverse in structural components, oral soft tissue is a mixture of endothelial collagenous
tissue with blood and lymph vessels, muscle, site-specific mucous and salivary gland tissues, nerves and
other anatomical structures. All oral soft tissue appending to the lips, buccal cavity and oropharynx is
surrounded by epithelial tissue—termed the oral mucous membrane (of varying levels of keratinisation)
in order to protect structures against regular exposure to physical wear (gingiva, hard palate and
dorsum of the tongue covered with keratinised epithelium), or other sites where abrasion is somewhat
lower (lips, oral vestibule, ventral tongue and floor of mouth and soft palate). Laser-sensitive
biomolecules include tissue water, proteins, chromophoric molecules and the haem prosthetic group of
blood haemoglobin species.

In clinical dentistry, laser applications may involve visible and near-IR wavelengths (absorbed
by chromophores, haemoglobin and other proteins), such as the diverse “diode” group (wavelength
range 405–1064 nm), mid-infra-red lasers (erbium, chromium: YSGG 2780 nm and erbium: YAG
2940 nm), and the far IR CO2 wavelength range of 9300–10,600 nm that can target tissue water. The
difference in target laser light scavengers as a function of wavelength will affect both the degree of
tissue penetration and essential ablation effect; water, being a constituent of all living matter, will give
rise to a surface-mediated ”V-shaped” interaction with longer wavelengths, whereas chromophore and
protein interactions that are predominant with shorter wavelengths will result in a wider, crater-shaped
area of ablation—Figure 6.

The power delivery (emission mode) of the early dental lasers was either continuous wave or,
in the case of Nd:YAG 1064 nm, micro-pulsed. The disadvantage of the continuous wave delivery
was the absence of thermal relaxation, which is required to prevent the gradual and damaging
build-up of thermal energy into tissue surrounding the target site. Current technology has allowed the
development of chopped or “gated” delivery of an inherent continuous wave, allowing millisecond
(ms) and some microsecond (µs) bursts of energy. This has helped to refine the overall “average”
power delivery. Irrespective of the emission mode, for oral soft tissue surgery to involve gingiva, oral
mucous membrane and associated mucous gland tissue, frenal tissue and other benign soft tissue
pathologies, there is an adequate opportunity to deliver predictable laser surgery with mean power
ranges of 0.8–2.0 W; indeed, the use of considerably higher average power values to ablate or incise
tissue may result in collateral tissue damage. A possible exception may be the use of non-contact
irradiation of superficial venous haemangiomata, where greater (> 5 W) mean power levels can be
employed [15].
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Figure 6. Comparative light micrographs of laser interaction with porcine oral soft tissue. Top: Nd:YAG
1064 nm (an example of the shorter wavelengths employed), causes a wider, crater-shaped area of
ablation, with some areas of thermal conduction. Right: Longer wavelengths such as FRP Er:YAG 2940
nm create a sharper “V” shaped incision, whereas Bottom: CO2 10,600 nm, being a gated CW emission,
results in some features of the other two—surface configuration ascribable to absorption in water, but
some thermal spread arising from a comparative lack of thermal relaxation.

The benefits of laser-mediated soft tissue surgery are claimed to be haemostasis and incisional
sterility, with the reduced/absent requirement for sutures. Within the applications referenced above,
the power values would be sufficient to seal blood and lymphatic vessels of < 0.5 mm diameter [16],
and within such limitations, incisional haemostasis offers a near-ubiquitous advantage of visible and
near-IR laser use. Additionally, the use of the erbium family and carbon dioxide laser wavelengths,
albeit without co-axial water spray, may induce a significant thermal rise within the surgical site
sufficient to also seal small vessels and thus avoid dressings or sutures.

Strict sterility of the surgical site is an ideal requirement, but contamination by the normal oral flora
may be considered unavoidable. The incisional temperature will exceed 100 ◦C, and even approach
150–200 ◦C, and hence would provide a prior level of sterility. An improved representation would be a
“significant pathogen reduction”. Of considerable advantage, however, is the formation of a denatured
plasma and collagen matrix—a so-called “coagulum” [17], that provides initial sealing of the wound
and gradually softens through absorption of saliva throughout a 72–96 hr. period before becoming
detached, leaving early endothelial and epithelial cellular ingrowth to initiate healing. Additionally,
a feature often observed with laser-mediated soft tissue incisions is the absence of scarring [18],
although healing will always proceed via secondary intention in view of tissue volume loss during
surgery, and the non-apposition of cut edges that would normally occur with sutures.

3.1. “Uneventful” Healing—Photobiomodulation

Of significance to both post-surgical tissue healing, and the sub-ablative application of laser
photonic energy, is the phenomenon of photobiomodulation (PBM). Photobiology is the scientific
study of the interactions of light (non-ionising radiation) and living organisms [19]. Examples of
photobiological processes in living cells include photosynthesis, bioluminescence, and indirectly,
circadian rhythms.
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PBM therapy (PBMT) through the application of photonic energy at specific wavelengths works
on the principle of inducing a biological response through energy transfer. Such non-ablative photonic
energy delivered into tissues modulates biological processes within that tissue, and also within the
biological system of which that tissue is a component part. It is a source of some debate, however,
which concerns the thermal rise in irradiated cells or tissue, bearing in mind that as a consequence of
absorption, photonic energy will impart increased target molecular activity. However, within a correct
incident dose, PBM has no appreciable thermal effects in irradiated tissue [20].

At a cellular level, the application of PBM and absorption biomolecules, and, where relevant,
chromophores such as cytochrome c oxidase, has been suggested to promote modifications in
mitochondrial activity—essentially through a shift in cellular metabolism towards an aerobic glycolytic
cycle and an increase in the manufacture and extracellular release of NO•. Increased cellular activity
arising from an optimisation of ATP production and the associated release of ROS together may
promote a combination of effects, including activated transcription factors affecting RNA and DNA
synthesis, a process positively impacting on cellular repair and healing. Indirect effects including
nitrogen oxide liberation through electron transport chain activity will lead to increased local vessel
dilation, and increased oxygen availability and cell permeability. Overall, an increase in mitosis and
altered cellular autophagy is observed [21].

Tissue-dependant extracellular effects of PBM may include the selective activation of
anti-inflammatory cytokine pathways, resulting in the enhanced resolution of acute and chronic
inflammation [22], an optimisation of the consequent production of regenerative products such as
collagen and bone [23–26], improvements in lymphatic drainage, and an increase in the availability of
O2 to tissues consequent to vasodilatation and the ability to induce analgesia [27].

Non-surgical pathologies that may respond to PBM therapy include TMJDS, trigeminal neuralgia,
oral mucositis, myofacial pain syndrome, herpetic lesions and post-herpetic neuralgia, as well as
post-surgery pain management, and also pain associated with various low-grade dental dysaesthesia
and that experienced during active orthodontic treatments. Relevant reference sources relevant to
the specific dosimetry required, together with the specifics of laser and hand-piece delivery, should
be sourced for further detail [28–33], although the prescribed dose for many of these conditions
in terms of fluence or energy density is between 2–10 Joules/cm2, with an appropriate increase in
applied “skin dose” to account for deep tissue photon scatter when treating sub-surface structures and
conditions [34]. PBM is often cited as the “hidden assistant” during laser soft tissue surgery, in view of
photon scatter and power density reductions, and consequent tissue cooling at increasing distances
from the surgical site will produce sub-ablative PBM effects. This is considered a significant aspect
of the lack of complications following laser soft tissue surgery within the oral cavity. In summary,
investigations of the positive effects of PBM have been suggested to suppress inflammatory responses,
induce analgesic mechanisms and promote healing [35,36]. Figure 7 demonstrates the haemostatic
control, lack of inflammatory response and uneventful healing in laser-mediated minor oral soft
tissue surgery.

3.2. Laser-Mediated Diagnostics

A number of biological structures have the ability to strongly fluorescence, in which an incident
photon of known wavelength is absorbed by the target tissue, then loses a small amount of energy and
is re-emitted at a longer wavelength, that may indeed be detectable, either visually or through suitable
apparatus [37].

A number of such fluorophores are found in both soft tissue and hard tissue, blood and blood
products, and also bacterial plaque and calculus. Accordingly, the application of suitable incident
wavelengths may enable the clinician to establish not only the presence, but also the relevance of
healthy, unhealthy or unwanted molecular components. This can aid the diagnosis of dental caries,
dental calculus and periopathic bacterial plaque, soft tissue health status, and dysplastic or neoplastic
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changes; additionally, it may give rise to false-negative re-emission in composite restoration material,
or alternatively form the basis of photosensitiser-mediated antimicrobial photodynamic therapy.

A summary of common fluorophores, the incident light wavelength required for them, and the
consequent re-emission at longer wavelengths is provided in Table 3.Dent. J. 2019, 7, x FOR PEER REVIEW 5 of 17 
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Figure 7. Soft tissue surgery. A mucocele excision, lower lip. The laser used was a diode 980 nm
1.25W CW Fluence 12.2 J/cm2. Time taken: two minutes with pauses. A—pre-op, B—excision with
haemostasis, C—immediate post-op, D—healing at one month.

Table 3. Common natural and man-made fluorophores that may be met within clinical dentistry.
“Overlapping” excitation—for example, that found in porphyrins as an original component of blood
haemoglobin but also a by-product contaminant of dental plaque, calculus and caries, and also tooth
discolourations. Source: Original graphics S. Parker. Data reproduced with thanks: Kim, A; Roy, M;
Dadani, FN; Wilson, BC; Topographic mapping of subsurface fluorescent structures in tissue using
multiwavelength excitation. J Biomed Opt. 2010, 15(6), 066026 [37].

Fluorophore Excitation nm Fluorescence Peak Comments

Tryptophan 275 350 Amino acid
Collagen 335 390 Connective Tissue (CT)
Elastin 360 410 CT
Keratin 370 505 Surface analysis

Porphyrins 405, 630 590, 625, 635, 705
Cell

mitochondria/metallo-,
copro-, proto-porphyrins

Healthy Enamel 405 533
Caries 405, 488, 655 580–700

Inorganic composites/GI 655 Fluorescence > 700 nm giving rise to false positives

Calculus/plaque 405, 630 Fluorescence peaks assoc. with porphyrins giving
rise to false positives

Additional examples of changes in light frequency, scatter and transmission phenomena may be
observed in diagnostic techniques such as doppler flowmetry, diffuse reflectance spectroscopy, optical
coherence tomography and Raman spectroscopy [38–41]. In general, these adjunctive techniques
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are based upon incident versus re-emission light performance parametry, as applied against known
background control healthy human tissue data.

3.3. Laser–Tissue Interactions: Dental and Oral Hard Tissues

The mineral hydroxyapatite is common to dentine and bone, whereas enamel is composed of
carbonated hydroxyapatite. Both forms of the mineral are crystalline structures with strong, resistant
ionic bonding within the molecule. Dental hard tissue—enamel and dentine—are composite tissues of
varying amounts of mineral, protein and water. Dentine, of similar composition to bone, has 45–47%
mineral, 20–22% water and 33% protein, whereas enamel has a much higher mineral content (85%),
12% water and 3% protein (mostly found as an inter-prismatic boundary material) [42].

Water, either as an interstitial medium or as a source of acidic hydrogen ions (H+) and alkaline
hydroxide ions (OH-), is readily susceptible to vaporisation when applying radiant erbium family
wavelengths, and the substantial volumetric change of vaporisation creates a pressure and temperature
change that is sufficient to dislocate the crystalline structure and cause a micro-explosive ablation at
the point of application—a process known as spallation. The 9300 nm CO2 wavelength, although
inherently a CW emission, has a tailored micro-gated delivery; hence, there is both some absorption
within the water component, but also some targeting of the phosphate and hydrogen phosphate
anions of the parent mineral molecule. The surgical management of both dental and osseous tissue
requires accuracy and thermal containment in order to avoid unwanted collateral damage. Indeed,
the employment of appropriate incident photonic power and laser wavelength with adjunctive water
cooling and thermal relaxation will allow for the predictable and selective removal of diseased tissue
features. Figures 8 and 9.Dent. J. 2019, 7, x FOR PEER REVIEW 7 of 17 
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Figure 8. Scanning Electron Microscope (SEM) micrographs of laser-mediated enamel and dentine
ablation. Top left and right: the resultant enamel surface is rugged, fragmented and capable of accepting
a resin-based composite restoration once any unstable fragments have been removed. Bottom left and
right: dentine is rendered smear layer-free, with an intact and stable cut surface.

In addition, considerable investigations to address and verify the (often anecdotal) claim of
“painless” laser-mediated tooth cavity preparation have been performed. Using visual analogue
scoring and randomised clinical trials, a quantification of outcome has helped to define the prospect of
anaesthesia-free cavity preparation [43].

Both erbium and CO2 lasers demand co-axial water spray during use in order to disperse the
products of ablation, and also to provide adjunctive cooling of the target hard tissue Figure 10.
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Figure 9. SEM micrograph of laser mediated ablation of bone. Top left, right and bottom left: the use of
an erbium laser system enables an accurate and clean ablation without evidence of charring or thermal
cracking. Bottom right: this is in contrast to the use of a Nd:YAG system (bottom right), which can
result in extensive heat-damage, and melting of the parent hydroxyapatite structure.
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Figure 10. Use of the er YAG laser in tooth cavity preparation. Note the co-axial water spray to aid
dispersal of ablation debris and cool the target hard tissue site.

4. Operating Parametry of Laser–Tissue Interactions

Of practical interest to the clinician in using laser photonic energy, the following factors will each
and collectively affect the absorption of laser light by a chosen target tissue [44]:

• Laser wavelength
• Laser emission mode
• Tissue composition
• Tissue thickness
• Surface wetness arising from water or saliva
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• Incident angle of the laser beam
• Exposure time.
• Contact versus non-contact modes employed between laser delivery tip and tissue.
• Thermal relaxation factors—Exogenous (water spray, tissue precooling, high-speed suction,

pulsing/gating laser emission) and endogenous (tissue type and density, blood supply).

The consequence of such appreciation is to enable the chosen laser therapy to be used, and to avoid
the disadvantage of excessive and possibly deleterious thermal increases. Whether the intended use of
a laser is diagnostics, sub-ablative PBM or supra-ablative target tissue manipulation, three essential
elements are required for careful consideration: (1) the correct or appropriate laser wavelength, and (2)
the correct or appropriate light delivery power density and appropriate thermal relaxation process.
However, the parameters selected will represent the mainstays of competency on the part of clinicians.
Failure to observe such protocols may result in unwanted and damaging collateral thermal rises, but
also a change in the optical properties of the target tissue that may indeed alter the optimal laser–tissue
interaction desired. This is summarised in Figure 11.Dent. J. 2019, 7, x FOR PEER REVIEW 9 of 17 
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Figure 11. Algorithm depicting the multi-level interaction of varying incident photonic energy as
applied to target tissues of quantifiable optical properties. Of prime concern is the thermal containment
of laser–tissue interactions. Excessive application of incident power may cause overheating and
carbonisation, leading to aberrant interactive effects.

Concern continues to be expressed over the lack of complete and comprehensive laser operating
parameters in published literature to enable the clinician to use laser therapy in order to optimise a
desired outcome [45].

5. Conclusions

Exposing oral and dental tissues to photonic energy has enabled a transformation of how both the
assessment of oral health and the modality for treating disease can be effectively achieved. Of key
importance to laser–tissue interactions within a predicted therapy “envelope” are demands for the
clinician to understand the varying compositions of host tissues, and how these may be managed and
manipulated using laser energy without unwanted damaging effects. Laser–tissue interactions may
be sometimes inconsistent due to tissue anisotropy and may continue to pose some difficulty for the
dental clinician; however, the development of many laser delivery instruments, amounting to a facility



Dent. J. 2020, 8, 61 14 of 16

to produce laser photonic energy at several wavelengths between the visible and far-IR areas of the
electromagnetic spectrum, continue to address many of these inconsistencies.

The current paper outlines the basis of laser–tissue interactions and presents how individual
laser wavelengths of varying operating parameters may be applied to interact with target oral and
dental tissues.
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manuscript, S.P.; Review and editing, M.G., E.A., V.M. and E.L.; Project administration, S.P. All authors have read
and agreed to the published version of the manuscript.
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3. Mó, O.; Yáñez, M.; Eckert-Maksić, M.; Maksić, Z.B.; Alkorta, I.; Elguero, J. Periodic trends in bond dissociation
energies. A theoretical study. J. Phys. Chem. A 2005, 109, 4359–4365. [CrossRef]

4. Fisher, J.C. Photons, physiatrics, and physicians: A practical guide to understanding laser light interaction
with living tissue, part I. J. Clin. Laser Med. Surg. 1992, 10, 419–426. [CrossRef] [PubMed]

5. Boulnois, J.-L. Photophysical processes in recent medical laser developments: A review. Laser Med. Sci. 1986,
1, 47–66. [CrossRef]

6. Mooney, J.; Kambhampati, P. Get the Basics Right: Jacobian Conversion of Wavelength and Energy Scales for
Quantitative Analysis of Emission Spectra. Phys. Chem. Lett. 2013, 4, 3316–3318. [CrossRef]

7. Sutherland, J.C. Biological effects of polychromatic light. Photochem. Photobiol. 2002, 76, 164–170. [CrossRef]
8. Knappe, V.; Frank, F.; Rohde, E. Principles of lasers and biophotonic effects. Photomed. Laser Surg. 2004, 22,

411–417. [CrossRef]
9. Zhang, D.; Tamilselvan, A. Lattice energy and mechanical stiffness of hydroxyapatite. J. Mater. Sci. Mater.

Med. 2007, 18, 79–87. [CrossRef] [PubMed]
10. Parker, S. Laser Tissue Interaction. Brit. Dent. J. 2007, 202, 73–81. [CrossRef] [PubMed]
11. Karu, T. Primary and secondary mechanisms of action of visible to near-IR radiation on cells. J. Photochem.

Photobiol. B 1999, 49, 1–17. [CrossRef]
12. Robertson, C.A.; Hawkins Evans, D.; Abrahamse, H. Photodynamic therapy (PDT): A short review on cellular

mechanisms and cancer research applications for PDT. J. Photochem. Photobiol. B 2009, 96, 1–8. [CrossRef]
[PubMed]

13. Maisch, T. A new strategy to destroy antibiotic resistant microorganisms: Antimicrobial photodynamic
treatment. Mini Rev. Med. Chem. 2009, 9, 974–983. [CrossRef] [PubMed]

14. Hamblin, M.R.; Demidova, T.N. Mechanisms of low level light therapy. In Mechanisms for Low-Light Therapy;
Hamblin, M.R., Waynant, R.W., Anders, J., Eds.; Proc. SPIE 6140; SPIE-The International Society for Optical
Engineering: Bellingham, WA, USA, 2006; p. 614001. [CrossRef]

15. Crippa, R.; Fruili, S.; Parker, S.; Angiero, F.; Benedicenti, S.; Berne, E. Management of intraoral venous
malformations using laser-assisted forced dehydration induced photocoagulation. IL Dent. Mod. 2013, 9,
80–97.

16. Jain, K.; Gorisch, W. Repair of small blood vessels with the Neodymium-YAG laser: A preliminary report.
Surgery 1979, 85, 684–688.

17. Suragimath, G.; Lohana, M.H.; Varma, S. A Split Mouth Randomised Clinical Comparative Study to Evaluate
the Efficacy of Gingival Depigmentation Procedure Using Conventional Scalpel Technique or Diode Laser. J.
Lasers Med. Sci. 2016, 7, 227–232. [CrossRef]

http://dx.doi.org/10.1007/978-3-319-51944-9
http://dx.doi.org/10.1021/jp050857o
http://dx.doi.org/10.1089/clm.1992.10.419
http://www.ncbi.nlm.nih.gov/pubmed/10148209
http://dx.doi.org/10.1007/BF02030737
http://dx.doi.org/10.1021/jz401508t
http://dx.doi.org/10.1562/0031-8655(2002)076&lt;0164:BEOPL&gt;2.0.CO;2
http://dx.doi.org/10.1089/pho.2004.22.411
http://dx.doi.org/10.1007/s10856-006-0665-x
http://www.ncbi.nlm.nih.gov/pubmed/17200817
http://dx.doi.org/10.1038/bdj.2007.24
http://www.ncbi.nlm.nih.gov/pubmed/17255986
http://dx.doi.org/10.1016/S1011-1344(98)00219-X
http://dx.doi.org/10.1016/j.jphotobiol.2009.04.001
http://www.ncbi.nlm.nih.gov/pubmed/19406659
http://dx.doi.org/10.2174/138955709788681582
http://www.ncbi.nlm.nih.gov/pubmed/19601890
http://dx.doi.org/10.1117/12.646294
http://dx.doi.org/10.15171/jlms.2016.40


Dent. J. 2020, 8, 61 15 of 16

18. Zaffe, D.; Vitale, M.C.; Martignone, A.; Scarpelli, F.; Botticelli, A.R. Morphological, histochemical, and
immunocytochemical study of CO2 and Er:YAG laser effect on oral soft tissues. Photomed. Laser Surg. 2004,
22, 185–189. [CrossRef]

19. Smith, K. The Photobiological Basis of Low Level Laser Radiation Therapy. Laser Ther. 1991, 36, 19–24.
[CrossRef]

20. Chung, H.; Dai, T.; Sharma, S.K.; Huang, Y.-Y.; Carroll, J.; Hamblin, M. The nuts and bolts of low level laser
therapy. Ann. Biomed. Eng. 2012, 40, 516–533. [CrossRef]

21. Karu, T. Cellular and molecular mechanisms of photobiomodulation (low level laser therapy). IEEE J. Sel.
Top. Quantum Electron. 2014, 20, 143–148. [CrossRef]

22. Hamblin, M.R. Mechanisms and applications of the anti-inflammatory effects of photobiomodulation. AIMS
Biophys. 2017, 4, 337–361. [CrossRef]

23. Amaroli, A.; Ravera, S.; Baldini, F.; Benedicenti, S.; Panfoli, I.; Vergani, L. Photobiomodulation with 808-nm
diode laser light promotes wound healing of human endothelial cells through increased reactive oxygen
species production stimulating mitochondrial oxidative phosphorylation. Lasers Med. Sci. 2019, 34, 495–504.
[CrossRef] [PubMed]

24. Kim, K.; Lee, J.; Jang, H.; Park, S.; Na, J.; Myung, J.K.; Kim, M.J.; Jang, W.S.; Lee, S.J.; Kim, H.;
et al. Photobiomodulation Enhances the Angiogenic Effect of Mesenchymal Stem Cells to Mitigate
Radiation-Induced Enteropathy. Int. J. Mol. Sci. 2019, 20, 1131. [CrossRef] [PubMed]

25. Heidari, M.; Paknejad, M.; Jamali, R.; Nokhbatolfoghahaei, H.; Fekrazad, R.; Moslemi, N. Effect of laser
photobiomodulation on wound healing and postoperative pain following free gingival graft: A split-mouth
triple-blind randomized controlled clinical trial. J. Photochem. Photobiol. B 2017, 172, 109–114. [CrossRef]
[PubMed]

26. Arany, P. Craniofacial Wound Healing with Photobiomodulation Therapy: New Insights and Current
Challenges. J. Dent. Res. 2016, 95, 977–984. [CrossRef]

27. Chow, R.T.; Armati, P.J. Photobiomodulation: Implications for Anesthesia and Pain Relief. Photomed. Laser
Surg. 2016, 34, 599–609. [CrossRef]

28. Sugaya, N.; Silva, É.; Kato, I.; Prates, R.; Gallo, C.; Pellegrini, V. Low Intensity laser therapy in patients
with burning mouth syndrome: A randomized, placebo-controlled study. Braz. Oral Res. 2016, 30, e108.
[CrossRef]

29. Dias, S.B.F.; Fonseca, M.V.A.; dos Santos, N.C.C.; Mathias, I.F.; Martinho, F.C.; Junior, M.S.; Jardini, M.A.N.
Santamaria, M.P. Effect of GaAIAs low-level laser therapy on the healing of human palate mucosa after
connective tissue graft harvesting: Randomized clinical trial. Lasers Med. Sci. 2015, 30, 1695–1702. [CrossRef]

30. Arbabi-Kalati, F.; Arbabi-Kalati, F.; Moridi, T. Evaluation of the effect of low level laser on prevention of
chemotherapy-induced mucositis. Acta Med. Iran. 2013, 51, 157–162. [PubMed]

31. Shirani, A.; Gutknecht, N.; Taghizadeh, M.; Mir, M. Low-level laser therapy and myofacial pain dysfunction
syndrome: A randomized controlled clinical trial. Lasers Med. Sci. 2009, 24, 715–720. [CrossRef]

32. Caccianiga, G.; Paiusco, A.; Perillo, L.; Nucera, R.; Pinsino, A.; Maddalone, M.; Cordasco, G.; Lo Giudice, A.
Does Low-Level Laser Therapy Enhance the Efficiency of Orthodontic Dental Alignment? Results from a
Randomized Pilot Study. Photomed. Laser Surg. 2017, 35, 421–426. [CrossRef]

33. Farias, R.; Closs, L.; Miguens, S. Evaluation of the use of low-level laser therapy in pain control in orthodontic
patients: A randomized split-mouth clinical trial. Angle Orthod. 2016, 86, 193–198. [CrossRef] [PubMed]

34. Cronshaw, M.; Parker, S.; Arany, P. Feeling the Heat: Evolutionary and Microbial Basis for the Analgesic
Mechanisms of Photobiomodulation Therapy. J. Photobiomodul. Photomed. Laser Surg. 2019, 37, 517–526.
[CrossRef] [PubMed]

35. Vinesh, E.; Jeyapriya, S.M.; Kumar, M.S.; Arunachalam, M. Photobiomodulation and oral wound healing.
Indian J. Multidiscip. Dent. 2017, 7, 129–134. [CrossRef]

36. Hode, L.; Tuner, J. Laser Phototherapy; Prima Books in Sweded AB: Grangesberg, Sweden, 2014; pp. 92–94.
ISBN 978-91-976478-5-4.

37. Kim, A.; Roy, M.; Dadani, F.N.; Wilson, B.C. Topographic mapping of subsurface fluorescent structures in
tissue using multiwavelength excitation. J. Biomed. Opt. 2010, 15, 066026. [CrossRef] [PubMed]

38. Rajan, V.; Varghese, B.; van Leeuwen, T.; Steenbergen, W. Review of methodological developments in laser
Doppler flowmetry. Lasers Med. Sci. 2009, 24, 269–283. [CrossRef] [PubMed]

http://dx.doi.org/10.1089/1549541041438678
http://dx.doi.org/10.5978/islsm.91-OR-03
http://dx.doi.org/10.1007/s10439-011-0454-7
http://dx.doi.org/10.1109/JSTQE.2013.2273411
http://dx.doi.org/10.3934/biophy.2017.3.337
http://dx.doi.org/10.1007/s10103-018-2623-5
http://www.ncbi.nlm.nih.gov/pubmed/30145725
http://dx.doi.org/10.3390/ijms20051131
http://www.ncbi.nlm.nih.gov/pubmed/30841658
http://dx.doi.org/10.1016/j.jphotobiol.2017.05.022
http://www.ncbi.nlm.nih.gov/pubmed/28549319
http://dx.doi.org/10.1177/0022034516648939
http://dx.doi.org/10.1089/pho.2015.4048
http://dx.doi.org/10.1590/1807-3107BOR-2016.vol30.0108
http://dx.doi.org/10.1007/s10103-014-1685-2
http://www.ncbi.nlm.nih.gov/pubmed/23605599
http://dx.doi.org/10.1007/s10103-008-0624-5
http://dx.doi.org/10.1089/pho.2016.4215
http://dx.doi.org/10.2319/122214-933.1
http://www.ncbi.nlm.nih.gov/pubmed/26132512
http://dx.doi.org/10.1089/photob.2019.4684
http://www.ncbi.nlm.nih.gov/pubmed/31329512
http://dx.doi.org/10.4103/ijmd.ijmd_60_17
http://dx.doi.org/10.1117/1.3523369
http://www.ncbi.nlm.nih.gov/pubmed/21198200
http://dx.doi.org/10.1007/s10103-007-0524-0
http://www.ncbi.nlm.nih.gov/pubmed/18236103


Dent. J. 2020, 8, 61 16 of 16

39. Jayanthi, J.; Nisha, G.; Manju, S.; Philip, E.; Jeemon, P.; Baiju, K.; Beena, V.; Subhash, N. Diffuse reflectance
spectroscopy: Diagnostic accuracy of a non-invasive screening technique for early detection of malignant
changes in the oral cavity. BMJ Open 2011, 1, e000071. [CrossRef] [PubMed]

40. Eom, J.; Ahn, J.; Eom, J.; Park, A. Wide field of view optical coherence tomography for structural and
functional diagnoses in dentistry. J. Biomed. Opt. 2018, 23, 1–8. [CrossRef]

41. Torres, C.; Miranda Gomes-Silva, J.; Menezes-Oliveira, M.; Silva Soares, L.; Palma-Dibb, R.; Borsatto, M.
FT-Raman spectroscopy, µ-EDXRF spectrometry, and microhardness analysis of the dentin of primary and
permanent teeth. Microsc. Res. Tech. 2018, 81, 509–514. [CrossRef]

42. Driessens, F.; van Dijk, J.; Borggreven, M. Biological calcium phosphates and their role in the physiology of
bone and dental tissues I. Composition and solubility of calcium phosphates. Calcif. Tissue Res. 1978, 26,
127–137. [CrossRef]

43. Poli, R.; Parker, S. Achieving dental analgesia with the erbium chromium yttrium scandium gallium garnet
laser (2780nm): A protocol for painless conservative treatment. Photomed. Laser Surg. 2015, 33, 1–8. [CrossRef]

44. Dederich, D.N. Laser/tissue interaction: What happens to laser light when it strikes tissue? J. Am. Dent.
Assoc. 1993, 124, 57–61. [CrossRef] [PubMed]

45. Parker, S.; Cronshaw, M.; Anagnostaki, E.; Lynch, E. Parameters for Photobiomodulation Therapy in Clinical
Dentistry: A Systematic Review. J. Photobiomodul. Photomed. Laser Surg. 2019, 37, 784–797. [CrossRef]
[PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1136/bmjopen-2011-000071
http://www.ncbi.nlm.nih.gov/pubmed/22021749
http://dx.doi.org/10.1117/1.JBO.23.7.076008
http://dx.doi.org/10.1002/jemt.23005
http://dx.doi.org/10.1007/BF02013247
http://dx.doi.org/10.1089/pho.2015.3928
http://dx.doi.org/10.14219/jada.archive.1993.0036
http://www.ncbi.nlm.nih.gov/pubmed/8429185
http://dx.doi.org/10.1089/photob.2019.4694
http://www.ncbi.nlm.nih.gov/pubmed/31573388
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Laser Photonic Energy 
	Laser–Tissue Interaction: Oral Soft Tissue 
	“Uneventful” Healing—Photobiomodulation 
	Laser-Mediated Diagnostics 
	Laser–Tissue Interactions: Dental and Oral Hard Tissues 

	Operating Parametry of Laser–Tissue Interactions 
	Conclusions 
	References

