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Lasers in dentistry: Applications 
and incorporation into the dental 
practice

ABSTRACT
Lasers have become a common device in the dental practice with multiple uses 

during treatment. These include periodontal soft tissue pocket treatments, gin-

givectomies and tissue recontouring, osseous crown lengthening, decay removal 

with restoration preparation, and endodontic canal disinfection. Additionally, 

lasers provide stimulation for enhanced healing as well as treatment of lesions 

such as oral herpes and aphthous ulcers. The various lasers available in dentistry 

have their specific uses, and understanding the types of lasers determines how 

they may be successfully used and for what applications they are suited. This 

course will review the different types of lasers being utilized in dentistry and 

how they may be used during treatment. It will also discuss the effects lasers 

have on the tissue at which the energy is directed.

EDUCATIONAL OBJECTIVES
At the conclusion of this educational activity, participants will be able to:

1. Describe the different types of dental lasers available 

2. Understand laser energy and its effects on hard and soft tissues

3. Identify what treatments lasers are suited to perform and which laser type 

to use
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INTRODUCTION
Lasers have become common in the dental 

practice, with applications for hard and soft 

tissues. However, not all lasers affect human 

tissue in the same way. This is due to the 

wavelength produced by the laser and which 

tissue is affected by different wavelengths. 

The wavelengths emitted by lasers fall 

into different areas of the light spectrum, 

measured in nanometers (nm) ( figure 1). 

Light energy that falls under 750 nm (ultra-

violet 140-400 nm and visible 400-700 nm) is 

not applicable for dental treatment. Lasers 

emitting over 700 nm, classified as infra-

red, are in the invisible thermal spectrum. 

Dental lasers operate above 800 nm and are 

categorized by their wavelengths as follow: 

• diodes (810 nm, 980 nm, and 1,064 nm)

• Nd:YAG (1,064 nm)

• Er,Cr:YSGG (2,780 nm)

• Er:YAG (2,940 nm) 

• CO
2
 (9,300 nm and 10,600 nm)

In addition, lasers require a medium to 

create the wavelength energy. This medium 

can be in the form of a gas, liquid, solid, or 

semiconductor. 

Laser effectiveness is based on the ability 

of the wavelength to be absorbed into the 

material being treated ( figure 2). Because 

gingival tissues absorb wavelengths at the 

810-1,064 nm range (an affinity for hemo-

globin and melanin), the diode lasers are 

used for soft tissue applications. Nd:YAG, 

Er,Cr:YSGG, Er:YAG, and CO
2
 lasers are 

suited for use in hard tissue treatment as 

their wavelength (>1,064 nm) has an affinity 

for hydroxyapatite and water. Energy from 

a laser can have four different interactions 

on the target tissue, and these interactions 

will depend on the optical properties of that 

tissue.

LASER TISSUE EFFECTS
Reflection
Reflection is the first interaction that can 

occur, with the beam redirecting itself off 

of the surface, while having no effect on 

the target tissue. The reflected light could 

maintain its collimation in a narrow beam 

or become more scattered (diffuse). Reflec-

tion can be dangerous because the energy 

can be directed at an unintentional target, 

such as the eyes. This is a major safety con-

cern for laser operation and eye protection 

is recommended for the practitioner, dental 

assistant/hygienist, and the patient being 

treated. As lasers use different wavelengths, 

the eye protection used must be appropri-

ate to block the particular wavelength of the 

laser being used to be effective in preventing 

eye (retina) damage. There is no universal eye 

protection available that is recommended 

for use with all laser wavelengths.1,2

Transmission 
A secondary effect is transmission of the 

laser energy directly through the tissue with 

no effect on the target tissue, and this effect 

is also highly dependent on the wavelength 

of laser light being used. Water is relatively 

transparent to lasers, whereas tissue fluids 

readily absorb erbium and carbon dioxide at 

the outer surface, so there is very little energy 

transmitted to adjacent tissues. 

Scattering
The third effect is scattering of the laser 

light, which may decrease the intended 

energy, limit effects on the intended target 

tissue, and possibly produce no useful bio-

logical effect. Scattering of the laser beam 

may cause heat transfer to tissue adjacent 

to the surgical site, potentially leading to 

unwanted damage.

Absorption
The fourth effect is absorption of the laser 

energy by the intended target tissue. The 

amount of energy that is absorbed by the 

target tissue depends on the tissue char-

acteristics, such as water content, pigmen-

tation, laser wavelength, and its emission 

mode. The primary beneficial goal of laser 

energy is absorption of the laser energy by 

the intended biological tissue.

FIGURE 1: Wavelengths on the electromagnetic spectrum
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USES OF DENTAL LASERS
Several photobiological effects are possible 

when using a dental laser. Photothermal 

effects occur when the energy is transformed 

into heat. Surgical incisions and excisions 

with accompanying hemostasis are one of 

the many results of photothermal effects uti-

lized in treatment. Lasers can exert a pho-

tochemical effect, where the laser energy 

stimulates a chemical reaction, such as cur-

ing composite resins. This can also break 

chemical bonds in photosensitive com-

pounds that, when exposed to laser energy, 

can produce a singlet oxygen radical that 

aids in disinfection of periodontal pockets 

and endodontic canals. 

Another effect involves certain biologi-

cal pigments that fluoresce when absorbing 

laser light. This fluorescence can be used for 

caries detection and is the principle used 

with the DIAGNOdent (Kavo, Charlotte, NC) 

caries detection system. Lasers can be used 

in a nonsurgical mode for biostimulation 

of more rapid wound healing, pain relief, 

increased collagen growth, and a general 

anti-inflammatory effect, referred to as low 

level laser therapy (LLLT). 

Finally, pulse energy of the laser on hard 

tissue (tooth structure or bone) can produce 

a shock wave, which could then explode or 

pulverize the tissue on a microscopic level, 

creating an abraded crater to be used for 

tooth preparation or osseous crown length-

ening. This is an example of the photoacous-

tic effect that can be achieved with laser 

types other than a diode.

LASERS AND TISSUE TEMPERATURE 
Thermal effects of laser energy on tissue 

primarily involve the water content of the 

tissue. When the target tissue containing 

water is elevated to a temperature of 100 

degrees C, vaporization of the water within 

the tissue occurs, a process called ablation.3 

As soft tissue is composed of a very high 

percentage of water, excision of soft tissue 

commences at this temperature. When 

temperatures are below 100 degrees C and 

above 60 degrees C, the proteins in the tis-

sue begin to denature without any vapor-

ization of the underlying tissue, allowing 

coagulation of any bleeding that may occur.4 

If the tissue temperature can be controlled, 

the biologically healthy portion will remain 

intact and adjacent healthy tissue will not be 

negatively affected. Conversely, when tissue 

temperature is raised to approximately 200 

degrees C, the tissue is dehydrated and then 

burned, with carbon being the end product. 

This process is referred to as carbonization. 

Unfortunately, carbon is a high absorber of 

all wavelengths, so it becomes a heat sink as 

the lasing continues, with resulting heat con-

duction causing collateral thermal trauma to 

the adjacent tissues that will prolong heal-

ing and increase postoperative sensitivity.5

The degree of these various effects is 

dependent on the transmission of the laser 

energy. Transmission is affected by both the 

wavelength of the laser (energy output) and 

how long the energy is concentrated on the 

tissue (depth of beam). The depth of beam is 

dependent on how long the beam is held on 

the tissue and how far the tip is held from 

the target tissue plus the energy output 

(wattage) of the laser. To minimize depth, 

the tip should be kept moving over the area 

being treated and not held in a single spot. 

Decreasing wattage, using the lowest level 

that will accomplish the task intended, and 

increasing power output until the desired 

effect occurs will minimize collateral effects 

that are not desired. 

The mode of laser emission plays an 

important part in the rise in tissue temper-

ature. Light energy being emitted by the laser 

is classified as continuous, gated-pulse, or 

free-running pulse. A continuous wave is 

emission at a single power level for as long as 

the device is being activated. A gated-pulse 

mode has periodic alteration of the laser 

energy as the device cycles between on and 

off with a few milliseconds between the two 

phases. Free-running pulse mode has a large 

peak laser energy emitted for an extremely 

short time span followed by a long off period 

before recycling and repeating. Pulsing out-

put as controlled by the laser (gated-pulse 

or free-running pulse) ensures that the tar-

get tissue has some time to cool before the 

next amount of laser energy is emitted. Thin 

or fragile soft tissue should be treated in a 

pulsed mode so that the amount and rate 

of tissue removal is slower, but the potential 

of irreversible thermal damage to the target 

and adjacent tissue is minimized. A gentle 

air stream from the air/water syringe or an 

air current from the high volume suction 

also aids in keeping the area cooler. When 

FIGURE 2: Laser energy absorption based on components of what is being cut with the laser
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treating thick, dense, fibrous soft tissue, more 

energy is required for removal, and a con-

tinuous emission mode will provide a more 

rapid tissue removal while maintaining a 

safe speed of excision.

CLINICAL LASER APPLICATIONS
Lasers have various clinical applications in 

the dental practice. Depending on the type 

of laser, specific uses are indicated. The pri-

mary action of a diode laser is absorption 

in chromophores to which it is attracted: 

melanin, hemoglobin, water. Thus, diodes 

have soft tissue applications but no effect 

on hard tissue. The other lasers mentioned 

have applications that include hard tissue 

applications.

SOFT TISSUE REMOVAL AND 
ALTERATION
Modification of the gingiva to gain ideal mar-

gin position to achieve width-to-length ratios 

that achieve or approach the golden propor-

tion can greatly improve the overall case 

esthetics. Gingivectomy has been tradition-

ally performed with scalpel blades, special 

burs/diamonds in high-speed handpieces, 

or electrosurgery units. But electrosurgery 

has been demonstrated to result in poten-

tial tissue shrinkage, affecting the esthetic 

results as healing occurs. Lasers such as the 

diode or Er:YAG, Nd:YAG, or Er,Cr:YSGG 

have much less depth of penetration; thus, 

tissue shrinkage does not occur and there 

is less postoperative sensitivity and better 

tissue healing. Lasers yield a nonbleeding 

edge, allowing impression taking without 

being hampered by oozing tissue margins. 

This also applies to improved troughing for 

crown and bridge impressions ( figure 3). 

Several studies have shown the effective-

ness of Er:YAG, Nd:YAG, and Er,Cr:YSGG 

lasers for both hard and soft tissue abla-

tion and for their bactericidal effects with 

less or no pain under clinical applications, 

due to their high absorbability in water and 

hydroxyapatite.6 Diode lasers reduce postop-

erative bleeding and pain of patients needing 

cosmetic smile lift surgeries.7 Patients treated 

with a laser displayed significantly lower 

discomfort compared with a scalpel. The 

laser can be a safe and effective alternative 

to traditional crown lengthening performed 

with a scalpel, and it produces fewer post-

operative issues.8,9 A diode or Er:YAG laser 

is an effective and safe method for removing 

overgrown gingival tissue without potential 

for medical complications, and it is a more 

comfortable procedure than when treated 

by a scalpel or electrosurgery.10 

ENDODONTICS
The canal system within teeth is a com-

plex array of accessory and lateral canals, 

fins, and other anatomical areas that are 

inaccessible with endodontic files ( figure 4). 

Endodontic success is dependent on disin-

fection and debridement of the canal system. 

Obturation, or sealing of the canal system, is 

dependent on how well the canal anatomy 

is cleaned of pulpal tissue and residual bac-

teria. Irrigation has been long accepted as a 

key part of treatment to achieve those goals. 

Complete clearing of residual bacteria, 

especially in the apical portion of the canal 

system, has been difficult to achieve with 

traditional instrumentation and irrigation 

methods, even when using sodium hypo-

chlorite (NaOCl) irrigation solutions ( figure 

5). Studies have demonstrated that addition 

of laser activated irrigation greatly enhances 

not only the efficiency of the recommended 

irrigation solutions (NaOCL and EDTA), but 

also improves disinfection of the canal sys-

tem ( figure 6). This can be done with a diode 

laser or with Er:YAG, Er,CR:YSGG, or Nd:YAG 

lasers, although the two groups of lasers 

achieve results differently.

LASER ENHANCED IRRIGATION
Application of the diode laser with endodon-

tic irrigation is a good adjunct to conven-

tional endodontic treatment when used in 

combination with NaOCl and other irrig-

ants.11 Disinfection strategies using diode 

laser-activated irrigation and photoactivated 

disinfection yield promising results and have 

been reported to eliminate Enterococcus fae-

calis within the canal system.12,13 E faecalis 

is a common microflora in saliva that has 

been associated with endodontic failure. 

FIGURE 4: Anatomy of the canal system 

demonstrating accessory canals, fins, and lateral canals 

that are not accessible with endodontic files as shown 

in cleared teeth 

FIGURE 5: SEM showing bacteria and pulpal debris in 

the apical third that was not able to be removed fully 

using standard irrigation protocol (Courtesy Prof. Georgi 

Tomov, Plodiv, Bulgaria)

FIGURE 6: SEM showing complete removal of 

bacteria and pulpal tissue in the apical third after 

irrigation using laser irrigation protocol (Courtesy Prof. 

Georgi Tomov, Plodiv, Bulgaria) 

FIGURE 3: Diode laser being utilized to trough around 

a prepared tooth to improve margin capture by the 

impression



6 DentalAcademyOfCE.com

D E N T A L  A C A D E M Y  O F  C O N T I N U I N G  E D U C A T I O N

When it establishes in the canal system, it 

is difficult to remove using traditional irri-

gation methods.14 

The diode laser has two effects when acti-

vated in the irrigation solution within the 

canal system. The energy from the diode 

heats the irrigation solution, thereby improv-

ing the efficiency of the irrigant to exert its 

actions on the pulpal tissue and bacteria 

(NaOCl) or chelate the dentin (EDTA) within 

the root system. Diode lasers induced only 

modest temperature changes on the exter-

nal root surface at the settings used, and 

they are safe for the periodontal tissues 

surrounding the tooth.15 Following instru-

mentation to a size 25 file (rotary or hand 

file), laser-enhanced irrigation is started, 

with the fiber of the diode extended to 2-3 

mm from working length and activated. In 

multicanal teeth, the process is repeated in 

each of the canals. Photodynamic therapy 

(PDT), with the laser energy transmitted by 

the diode laser through the irrigation solu-

tion, has been shown to decrease the bac-

terial count within the canal system.16 The 

photodynamic effect appears to disrupt the 

biofilm by acting on both the bacterial cells 

and on the extracellular matrix extending to 

the outer surface of the root.17 Although the 

light energy from the diode laser extends 

out to the periodontal ligament, it has been 

demonstrated that the method that is safe 

for periodontal tissues can also be used for 

endodontic purposes.18 

The Er:YAG, Nd:YAG, and Er,Cr:YSGG 

lasers have also proven to improve 

endodontic clinical results by activating the 

irrigation solutions in the canal system.19 

Antibacterial effects were reported to be 

the best with combination of irrigant and 

laser.20 The higher wavelength of the Er:YAG 

compared to the Nd:YAG or diode was more 

effective in smear layer removal, hence bet-

ter at bacterial elimination within the canal 

system.21 These create hydrodynamic pres-

sure following cavitation bubble expansion 

and collapse when the irrigation solution 

is activated in the chamber. A heat pulse is 

generated by laser radiation delivered via a 

sapphire tip into an absorbing liquid (irrig-

ant), resulting in tensile stress and cavitation 

being induced in front of the tip at a dis-

tance. Bubble expansion and collapse cause 

the surrounding fluid to flow at a speed of 

up to 12 m/s traveling throughout the canal 

system.22-24 This causes rapid displacement 

of intracanal fluid to drive irrigants into the 

canal anatomy. 

Access into the pulpal chamber may be 

performed with the Er:YAG, Nd:YAG, or 

Er,Cr:YSGG laser, which provides decon-

tamination and removal of bacterial debris 

and pulpal tissue to yield a cleaner cham-

ber ( figure 7A). Laser-assisted canal irriga-

tion requires canal preparation to an apical 

preparation ISO 25/30 with a taper of 0.04 or 

0.06. NaOCl is utilized within the chamber 

and canals during instrumentation both as 

a pulpal tissue dissolvent and to lubricate 

the files within the canal ( figure 7B). 

FIGURE 9: Laser implant uncovery with a diode laser 

demonstrating lack of hemorrhage at the cut edge

FIGURE 10: Implant uncovery and healing screw 

removal to allow the restorative phase to begin, 

demonstrating no tissue hemorrhage or charring 

FIGURE 7: Laser-activated endodontic irrigation: Establishment of glide path with hand files (A), canal and 

chamber filled with NaOCl (B), and placement of the laser tip into the irrigant in the chamber and activation of the 

Er:YAG laser (Illustrations courtesy of Dr. Parvan Voynov, Plodiv, Bulgaria)

FIGURE 8: Accessory anatomy evident in the apical 

that has been filled with sealer and is accessible due 

to use of an Er:YAG laser (Photo courtesy of Dr. David 

Guex, Lyon, France)
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Photo-activation of the irrigant within the 

canal system using the laser with a 0.4/17 

or 0.6/17 mm tip assists in removal of the 

debris created by the files. The tip of the 

laser is placed into the chamber and the 

solution activated with the laser at 40 mJ at 

10 Hz with an average power of only 0.5 W 

for 20 seconds ( figure 7C). It is unnecessary 

to place the laser tip into the canal, as acti-

vation of the solution within the chamber 

transmits down the irrigant in the canals to 

the apical aspect of the roots. Laser activa-

tion may also be performed with 17% EDTA 

solution alternated with NaOCl, giving the 

benefit of EDTA chelation effect to open 

canal anatomy so that the next round of 

NaOCl can reach more pulpal tissue ( fig-

ures 5, 6).25 Obturation is then accomplished 

using the practitioner’s preferred method 

and materials, allowing obturation of anat-

omy inaccessible by instrumentation with 

files ( figure 8). 

IMPLANT UNCOVERY AND SOFT 
TISSUE MODIFICATION
Clinically, diode lasers are becoming increas-

ingly utilized in dental practices and pro-

vide sufficient power to modify soft tissue 

in and around the dental implant for uncov-

ery or alteration of the gingival margin to 

improve the esthetics. These operate within 

the temperature range that has been recom-

mended, negating negative effects observed 

with other uncovery methods (electrosur-

gery) to the soft and hard tissue around the 

implant.26 Coagulation, an added benefit, is 

controlled, allowing impressions to be taken 

at the time of uncovery without fear of blood 

interfering with the accuracy of the gingi-

val aspect of the impression ( figures 9, 10). 

Because tissue cutting with the diode does 

not affect deep cellular layers of the gin-

giva, tissue shrinkage is not a concern and 

gingival healing does not need to complete 

before impressions can be taken, unlike with 

an electrosurgery unit.27 Additionally, use of 

electrosurgery around implants may lead to 

deintegration of the implant due to current 

conduction through the implant, which has 

not been reported with laser usage. Other 

laser types may also be utilized for implant 

uncovery or soft tissue modification but are 

not as efficient as a diode laser due to the 

affinity for the tissue being managed and 

the particular laser’s wavelength.28

PERI-IMPLANTITIS TREATMENT
The prevalence of peri-implant complica-

tions is frequent enough that treatment 

needs to be accomplished to prevent loss 

of the implant. As with periodontitis asso-

ciated with natural teeth, periodontal dis-

ease can affect implants. This may range 

FIGURE 15: Dentint surface following caries 

removal with an Er:YAG laser demonstrating a lack of 

smear layer (Courtesy of Prof. Georgi Tomov, Plovdiv 

University-Bulgaria)

FIGURE 16: Enamel surface following treatment 

with an Er:YAG laser showing an enhanced bondable 

surface with a uniform roughened surface (Courtesy of 

Prof. Georgi Tomov, Plovdiv University-Bulgaria)

FIGURE 13: Osseous graft has been placed to cover 

the laser treated exposed implant threads

FIGURE 12: Exposed implant threads as a result of 

peri-implantitis following flapping of the area and laser 

degranulation and decontamination of the exposed 

threads prior to graft placement

FIGURE 14: CBCT scan at 5 years post laser-treated 

peri-implantitis demonstrating maintenance of grafted 

bone over the exposed threads

FIGURE 11: Gingival abscess associated with a 

restored dental implant
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from gingival inflammation in the absence 

of bone loss to significant bone loss when 

the disease process is not identified early in 

the process or a “watch and wait” attitude 

is taken that leads to significant bone loss 

and then mobility of the fixture.

Treatment involves mechanical debride-

ment of the exposed threads on the implant 

to remove any granulation tissue present. 

Success relates to debriding and sterilizing 

all exposed threads, with success diminish-

ing as more surface area is left untreated ( fig-

ure 9). Lasers have several benefits related to 

peri-implantitis treatment including easier 

access to limited access areas without the 

need to remove as much bone as may be 

required when only surgical instruments 

are utilized. Additionally, the laser has the 

ability to sterilize the implant’s contami-

nated surface, eliminating any bacteria that 

caused the disease or prevented healing fol-

lowing treatment. An added benefit of the 

laser in these procedures is biostimulation 

of the mesenchymal stem cells in the sur-

rounding bone and soft tissue, important for 

regenerative therapy and tissue engineer-

ing to provide better healing.29 The laser 

is a good adjunct in the treatment of peri-

implantitis, improving the clinical results 

observed with more traditional methods 

( figures 11-14). Studies have documented 

use of the diode and Er:YAG lasers in peri-

implantitis treatment.30,31

DECAY REMOVAL AND TOOTH 
PREPARATION
Hard tissue lasers such as the Er:YAG, 

Nd:YAG, and Er,Cr:YSGG are utilized for car-

ies removal, frequently without the need for 

local anesthesia. These lasers are used in a 

noncontact mode and desensitize the odon-

toblastic processes in the dentin, completely 

eliminating both the vibration and sound of 

the dental drill. Laser preparation has no bur 

vibration; hence, there is no microfractur-

ing of the surrounding enamel. Unlike the 

smear layer left by rotary burs on the treated 

dentin surface, the laser ablates both dentin 

and enamel without leaving a carbonized 

surface behind ( figure 15).

Enamel and dentin have different water 

contents; thus, the energy used to ablate 

(remove) dentin with its higher water con-

tent is different from that of enamel. Typi-

cally, 25 Hz is optimal for enamel and 30 Hz 

for dentin.32 Additionally, lasers have a bac-

tericidal effect on dentin, leaving a sterile 

surface for the bonded restoration, which 

decreases pulpal flare-ups that can cause 

tooth sensitivity and the possible need for 

endodontic treatment. Treatment of the 

enamel margins with a hard tissue laser 

yields a surface with an enhanced bond-

ing surface (no need for acid etching). This 

removes the prismatic substance around 

the rods ( figure 16). Increased reten-

tion has been found when demineralized 

enamel was prepared with a laser com-

pared to acid etching.32 Hard tissue lasers 

are effective for ablation of tooth structure, 

creating an irregular and microretentive 

morphological pattern without hard tis-

sue damage ( figures 17, 18).34

LOW LEVEL LASER THERAPY (LLLT)
Low level laser therapy (LLLT), also referred 

to as phototherapy or photobiomodula-

tion, uses light energy from lasers to elicit 

biological and cellular responses within the 

body. Photons of light from the laser work 

to stimulate the release of energy at the cel-

lular level. In the dental arena, LLLT is doc-

umented in literature to promote wound 

healing by reducing postoperative inflam-

mation, edema, and pain.35-37 

Histologically, LLLT has been reported 

to potentially promote cell-level osseointe-

gration of titanium implants.38 It has been 

suggested that a single session of irradia-

tion with LLLT was beneficial to improve 

bone-implant interface strength, contrib-

uting to the osseointegration process.39 

Utilizing a laser (LLLT) on pre-osteoblasts 

suggests that this may be a useful tool 

for improved bone regeneration therapy, 

stimulating cells responsible for bone 

development.40 In patients with chronic 

periodontitis, a combination of a single 

application of photodynamic therapy with 

a diode laser provided additional benefit 

to scaling and root planing in terms of 

clinical parameters six months following 

the intervention.41 

Aphthous ulcers, commonly referred 

to as canker sores, are the most common 

ulcerative lesions of the oral mucosa. These 

are usually painful and are associated with 

redness and occasional bleeding from the 

affected area. The aims of treatment are to 

reduce pain and healing time. Complete 

resolution of the ulcers was reported 33% 

of the time compared to those lesions not 

treated with LLLT. LLLT is an effective 

treatment in relieving pain and reducing 

the healing time of aphthous ulcers.42 It has 

also been shown to be effective in treating 

other lesions such as those caused by her-

pes, decreasing immediate pain and speed-

ing healing.43,44 

CONCLUSION
Lasers have become standard equipment 

in the dental practice and are a good tool 

for enhanced treatment in many areas. As 

outlined, tissue response is enhanced with 

an improvement in soft tissue healing, bet-

ter hemorrhage control during treatment, 

and the ability to prepare teeth without the 

use of local anesthetic. All laser types have 

their pros and cons, and the choice of which 

laser to use depends on the treatment to be 

be performed. 

FIGURE 17: Carious tooth structure on a deciduous 

molar with soft tissue invasion into the missing tooth 

structure (Courtesy of Makoto Kamiya, DDS, Matsumoto 

City, Japan)

FIGURE 18: Soft tissue and caries removed with a 

hard tissue laser without anesthetic, ready to accept 

a direct resin restoration (Courtesy of Makoto Kamiya, 

DDS, Matsumoto City, Japan)



DentalAcademyOfCE.com 9

D E N T A L  A C A D E M Y  O F  C O N T I N U I N G  E D U C A T I O N

REFERENCES
1. American National Standard for Testing and 

Labeling of Laser Protective Equipment. 2008. 

Orlando, FL. Laser Institute of America. http://

www.laserinstitute.org/PDF/Z136_7_s.pdf. 

2. LaserVison USA. Laser Safety. https://www.

lasersafety.com/wp-content/uploads/2017/08/

LaserSafetyGuide.pdf.

3. Magid KS, Strauss RA. Laser use for esthetic soft 

tissue modification. Dent Clin North Am. 2007 

Apr;51(2):525-45, xi.

4. Onisor I, Pecie R, Chaskelis I, Krejci I. Cutting and 

coagulation during intraoral soft tissue surgery 

using Er: YAG laser. Eur J Paediatr Dent. 2013 

Jun;14(2):140-5.

5. Beer F, Körpert W, Passow H, Steidler A, Meinl A, 

Buchmair AG, Moritz A. Reduction of collateral 

thermal impact of diode laser irradiation on soft 

tissue due to modified application parameters. 

Lasers Med Sci. 2012 Sep;27(5):917-21. doi: 

10.1007/s10103-011-1007-x. Epub 2011 Oct 28.

6. Ishikawa I, Sasaki KM, Aoki A, Watanabe H. 

Effects of Er:YAG laser on periodontal therapy. J 

Int Acad Periodontol. 2003 Jan;5(1):23-8.

7. Sobouti F, Rakhshan V, Chiniforush N, Khatami 

M. Effects of laser-assisted cosmetic smile lift 

gingivectomy on postoperative bleeding and 

pain in fixed orthodontic patients: a controlled 

clinical trial. Prog Orthod. 2014 Dec 9;15:66. doi: 

10.1186/s40510-014-0066-5.

8. Farista S, Kalakonda B, Koppolu P, et al. 

Comparing laser and scalpel for soft tissue 

crown lengthening: a clinical study. Glob J Health 

Sci. 2016 Feb 24;8(10):55795. doi: 10.5539/gjhs.

v8n10p73. 

9. Lee EA. Laser-assisted gingival tissue procedures 

in esthetic dentistry. Pract Proced Aesthet Dent. 

2006 Oct;18(9):suppl 2-6.

10. de Oliveira Guaré R, Costa SC, Baeder F, 

et al. Drug-induced gingival enlargement: 

biofilm control and surgical therapy with 

gallium-aluminum-arsenide (GaAlAs) 

diode laser-A 2-year follow-up. Spec Care 

Dentist. 2010 Mar-Apr;30(2):46-52. doi: 

10.1111/j.1754-4505.2009.00126.x.

11. 11. Kreisler M, Kohnen W, Beck M, Al Haj H, 

Christoffers AB, Götz H, Duschner H, Jansen B, 

D’Hoedt B. Efficacy of NaOCl/H2O2 irrigation and 

GaAlAs laser in decontamination of root canals 

in vitro. Lasers Surg Med. 2003;32(3):189-96.

12. Dai S, Xiao G, Dong N, Liu F, He S, Guo Q. 

Bactericidal effect of a diode laser on 

Enterococcus faecalis in human primary teeth—

an in vitro study. BMC Oral Health. 2018 Aug 

31;18(1):154. doi: 10.1186/s12903-018-0611-6. 

13. Attiguppe PR, Tewani KK, Naik SV, Yavagal CM, 

Nadig B. Comparative evaluation of different 

modes of laser assisted endodontics in 

primary teeth: an in vitro study. J Clin Diagn 

Res. 2017 Apr;11(4):ZC124-ZC127. doi: 10.7860/

JCDR/2017/24001.9755. Epub 2017 Apr 1.

14. Wang QQ, Zhang CF, Chu CH, Zhu XF. Prevalence 

of Enterococcus faecalis in saliva and filled 

root canals of teeth associated with apical 

periodontitis. Int J Oral Sci. 2012 Mar;4(1):19-23. 

doi: 10.1038/ijos.2012.17. Epub 2012 Mar 16. 

15. Hmud R, Kahler WA, Walsh LJ. Temperature 

changes accompanying near infrared diode 

laser endodontic treatment of wet canals. J 

Endod. 2010 May;36(5):908-11. doi: 10.1016/j.

joen.2010.01.007. Epub 2010 Mar 7. 

16. Garcez AS, Ribeiro MS, Tegos GP, Núñez SC, Jorge 

AO, Hamblin MR. Antimicrobial photodynamic 

therapy combined with conventional endodontic 

treatment to eliminate root canal biofilm 

infection. Lasers Surg Med. 2007 Jan;39(1):59-66.

17. Garcez AS, Núñez SC, Azambuja N Jr, Fregnani 

ER, Rodriguez HM, Hamblin MR, Suzuki H, Ribeiro 

MS. Effects of photodynamic therapy on Gram-

positive and Gram-negative bacterial biofilms by 

bioluminescence imaging and scanning electron 

microscopic analysis. Photomed Laser Surg. 2013 

Nov;31(11):519-25. doi: 10.1089/pho.2012.3341. 

Epub 2013 Jul 3.

18. da Costa Ribeiro A, Nogueira GE, Antoniazzi 

JH, Moritz A, Zezell DM. Effects of diode laser 

(810 nm) irradiation on root canal walls: 

thermographic and morphological studies. J 

Endod. 2007 Mar;33(3):252-5. Epub 2006 Dec 13. 

19. Asnaashari M, Safavi N. Disinfection of 

contaminated canals by different laser 

wavelengths, while performing root canal 

therapy. J Lasers Med Sci. 2013 Winter;4(1):8-16.

20. Cheng X, Guan S, Lu H, Zhao C, Chen X, Li N, Bai 

Q, Tian Y, Yu Q. Evaluation of the bactericidal 

effect of Nd:YAG, Er:YAG, Er,Cr:YSGG laser 

radiation, and antimicrobial photodynamic 

therapy (aPDT) in experimentally infected root 

canals. Lasers Surg Med. 2012 Dec;44(10):824-31. 

doi: 10.1002/lsm.22092. Epub 2012 Nov 20.

21. Guidotti R, Merigo E, Fornaini C, Rocca JP, Medioni 

E, Vescovi P. Er:YAG 2,940-nm laser fiber in 

endodontic treatment: a help in removing smear 

layer. Lasers Med Sci. 2014 Jan;29(1):69-75. doi: 

10.1007/s10103-012-1217-x. Epub 2012 Dec 5.

22. Koch JD, Jaramillo DE, DiVito E, Peters OA. Irrigant 

flow during photon-induced photoacoustic 

streaming (PIPS) using particle image velocimetry 

(PIV). Clin Oral Investig. 2016 Mar;20(2):381-6. doi: 

10.1007/s00784-015-1562-9. Epub 2015 Aug 26. 

23. DiVito E, Lloyd A. ER:YAG laser for 3-dimensional 

debridement of canal systems: use of photon-

induced photoacoustic streaming. Dent Today. 

2012 Nov;31(11):122, 124-7. 

24. Olivi G, DiVito E, Peters O, et al. Disinfection 

efficacy of photon-induced photoacoustic 

streaming on root canals infected with 

Enterococcus faecalis: an ex vivo study. J 

Am Dent Assoc. 2014 Aug;145(8):843-8. doi: 

10.14219/jada.2014.46.

25. DiVito E, Peters OA, Olivi G. Effectiveness of the 

erbium:YAG laser and new design radial and 

stripped tips in removing the smear layer after 

root canal instrumentation. Lasers Med Sci. 

2012 Mar;27(2):273-80. doi: 10.1007/s10103-010-

0858-x. Epub 2010 Dec 1.

26. Gherlone EF, Maiorana C, Grassi RF, Ciancaglini 

R, Cattoni F. The use of 980-nm diode and 

1064-nm Nd:YAG laser for gingival retraction in 

fixed prostheses. J Oral Laser Applications. 2004; 

4(3):183-90.

27. El-Kholey KE. Efficacy and safety of a diode laser 

in second-stage implant surgery: a comparative 

study. Int J Oral Maxillofac Surg. 2014 

May;43(5):633-8. doi: 10.1016/j.ijom.2013.10.003. 

Epub 2013 Nov 7. 

28. van As G. Uncovering the tooth: the diode laser 

to uncover teeth, brackets and implants. Dent 

Today. 2012 Jan;31(1):168.

29. Barboza CA, Ginani F, Soares DM, et al. Low-level 

laser irradiation induces in vitro proliferation of 

mesenchymal stem cells. Einstein (Sao Paulo). 

2014 Jan-Mar;12(1):75-81.

30. Lerario F, Roncati M, Gariffo A, et al. Non-

surgical periodontal treatment of peri-implant 

diseases with the adjunctive use of diode laser: 

preliminary clinical study. Lasers Med Sci. 2015 

Jul 19. 

31. Lin G-H, Suárez López Del Amo F, Wang H-L. Laser 

therapy for treatment of peri-implant mucositis 

and peri-implantitis: an American Academy 

of Periodontology best evidence review. J 

Periodontol. 2018 Jul;89(7):766-782. doi: 10.1902/

jop.2017.160483.

32. Rizcalla N, Bader C, et al. Improving the efficiency 

of an Er:YAG laser on enamel and dentin. 

Quintessence Int. 2012 Feb;43(2):153-60.

33. Guedes SF, Melo MA, et al. Acid etching 

concentration as a strategy to improve the 

adhesive performance on Er:YAG laser and 

bur-prepared demineralized enamel. Photomed 

Laser Surg. 2014 Jul;32(7):379-85. doi: 10.1089/

pho.2013.3655.

34. 34. Freitas PM, Navarro RS, et al. The use 

of Er:YAG laser for cavity preparation: an 

SEM evaluation. Microsc Res Tech. 2007 

Sep;70(9):803-8.

35. 35. Bhardwaj S, George JP, Remigus D, Khanna 

D. Low level laser therapy in the treatment of 

intra-osseous defect—a case report. J Clin 

Diagn Res. 2016 Mar;10(3):ZD06-8. doi: 10.7860/

JCDR/2016/15805.7466. Epub 2016 Mar 1.

36. Kathuria V, Dhillon JK, Kalra G. Low level laser 

therapy: a panacea for oral maladies. Laser 

Ther. 2015 Oct 2;24(3):215-23. doi: 10.5978/

islsm.15-RA-01.

37. Carroll JD, Milward MR, Cooper PR, Hadis 

M, Palin WM. Developments in low level 

light therapy (LLLT) for dentistry. Dent Mater. 

2014 May;30(5):465-75. doi: 10.1016/j.

dental.2014.02.006. Epub 2014 Mar 21.

38. Kim JR, Kim SH, et al. Low-level laser therapy affects 

osseointegration in titanium implants: resonance 

frequency, removal torque, and histomorphometric 

analysis in rabbits. J Korean Assoc Oral 

Maxillofac Surg. 2016 Feb;42(1):2-8. doi: 10.5125/

jkaoms.2016.42.1.2. Epub 2016 Feb 15.

39. Boldrini C, de Almeida JM, Fernandes LA, et al. 

Biomechanical effect of one session of low-level 

laser on the bone-titanium implant interface. 

Lasers Med Sci. 2013 Jan;28(1):349-52. doi: 

10.1007/s10103-012-1167-3. Epub 2012 Jul 24.

40. Migliario M, Pittarella P, Fanuli M, Rizzi M, Renò 

F. Laser-induced osteoblast proliferation is 

mediated by ROS production. Lasers Med Sci. 



10 DentalAcademyOfCE.com

Q U E S T I O N S

ONLINE COMPLETION

Take this test online for immediate credit. Go to dentalacademyofce.com and log in. If you do not have an account, sign up using enrollment key DACE2019. Then, find this course by 

searching for the title or the quick access code. Next, select the course by clicking either the “ENROLL” or “$0.00” option. Continue by placing the course in your cart and checking out, or press 

“Start.” After you have read the course, you may take the exam. Search for the course again and place the exam in your cart. Check out, take the exam, and receive your credit!

QUICK ACCESS CODE  15350

2014 Jul;29(4):1463-7. doi: 10.1007/s10103-014-

1556-x. Epub 2014 Mar 5.

41. Malgikar S, Reddy SH, Sagar SV, et al. Clinical 

effects of photodynamic and low-level laser 

therapies as an adjunct to scaling and root 

planing of chronic periodontitis: A split-mouth 

randomized controlled clinical trial. Indian 

J Dent Res. 2016 Mar-Apr;27(2):121-6. doi: 

10.4103/0970-9290.183130.

42. Aggarwal H, Singh MP, Nahar P, Mathur H, 

Gv S. Efficacy of low-level laser therapy in 

treatment of recurrent aphthous ulcers—a sham 

controlled, split mouth follow up study. J Clin 

Diagn Res. 2014 Feb;8(2):218-21. doi: 10.7860/

JCDR/2014/7639.4064. Epub 2014 Feb 3.

43. Schindl A, Neuman R. Low-intensity laser therapy 

is an effective treatment for recurrent herpes 

simplex infection. Results from a randomized 

double-blind placebo controlled study. J Invest 

Dermatol. 1999: 113 (2): 221-223. 

44. Bello-Silva MS, de Freitas PM, Aranha AC, et al. 

Low- and high-intensity lasers in the treatment of 

herpes simplex virus 1 infection. Photomed Laser 

Surg. 2010 Feb;28(1):135-9. 

GREGORI M. KURTZMAN, DDS, MAGD, 

FPFA, FACD, FADI, DICOI, DADIA, DIDIA, is 

in private general practice in Silver Spring, Maryland. 

He is a former assistant clinical professor at 

University of Maryland in the department of 

Restorative Dentistry and Endodontics and a former 

AAID Implant MaxiCourse assistant program director 

at Howard University College of Dentistry. He has 

lectured internationally on the topics of restorative 

dentistry, endodontics, implant surgery, fixed and 

removable prosthetics, and periodontics. He has 

published several eBooks and textbook chapters, as 

well as more than 630 articles globally. Dr. Kurtzman 

has earned fellowships in the Academy of General 

Dentistry (AGD), American College of Dentists (ACD), 

International Congress of Oral Implantology (ICOI), 

Pierre Fauchard Academy, and the Academy of 

Dentistry International (ADI). He has also earned 

mastership in the AGD and ICOI and diplomate 

status in the ICOI, American Dental Implant 

Association (ADIA), and International Dental Implant 

Association (IDIA). He is a consultant and evaluator 

for multiple dental companies. Dr. Kurtzman has 

been honored to be included in the “Top Leaders in 

Continuing Education” by Dentistry Today annually 

since 2006 and was featured on their June 2012 

cover. He can be reached at dr_kurtzman@

maryland-implants.com. 

1. Dental lasers operate above which 

wavelength?

A. 650 nm

B. 800 nm

C. 1,000 nm

D. 1,200 nm

2. Diodes do not operate in which 

wavelength?

A. 810 nm

B. 980 nm

C. 1,064 nm

D. 1,640 nm

3. Gingival tissues absorb wavelengths in 

the range of:

A. 750-900 nm

B. 810-1,640 nm

C. 810-1,064 nm

D. 980-1,260 nm

4. Which laser has no effect on hard 

tissue?

A. Diode

B. Er:YAG

C. Nd:YAG

D. Er,Cr:YSGG

5. Lasers that are suited for use in hard 

tissue treatment and have an affinity 

for hydroxyapatite and water have a 

wavelength greater than:

A. 810 nm

B. 980 nm

C. 1,064 nm

D. 9,300 nm

6. Which property of a laser may cause 

eye damage?

A. Reflection

B. Transmission

C. Scatter

D. Absorption

7. What do lasers require to create 

wavelength energy?

A. Handpiece

B. A bulb

C. A vacuum

D. A medium

8. For laser eye protection to be effective, 

the glasses must:

A. Match the laser’s wavelength

B. Have a thick enough lens

C. Have an orange tinted lens

D. Have a polarized lens

9. Hard and soft tissues do what to the 

laser energy?

A. Alter it

B. Transform it

C. Absorb it

D. Convert it

10. Scattering of laser energy may: 

A. Limit heating of the tissue

B. Transfer heat to adjacent tissue

C. Chemically alter the tissue

D. Biologically alter the tissue

11. The amount of energy absorbed by the 

target tissue depends on:

A. Tissue characteristics, such as water con-

tent and pigmentation 

B. Laser wavelength 

C. Emission mode

D. All of the above

12. Photothermal refers to:

A. Energy is transformed into heat

B. Heat is transformed into light

C. Light causes cooling

D. Energy causes cooling

13. When cutting hard tissue with the 

laser, the energy:

A. Melts the hard tissue

B. Creates a shock wave in the hard tissue

C. Vibrates the hard tissue

D. Vaporizes the hard tissue

14. Which laser does not have 

photoacoustic effects?

A. Diode

B. Er:YAG

C. Nd:YAG

D. Er,Cr:YSGG
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15. Thermal effects of laser energy on 

tissue primarily involve: 

A. Reflection potential

B. Pigmentation

C. Calcium content

D. Water content 

16. Excision of soft tissue commences at 

what temperature?

A. 100 degrees C

B. 120 degrees C

C. 140 degree C

D. 160 degrees C

17. When vaporization of the water 

within the tissue occurs, the process 

is called: 

A. Dehydration

B. Coagulation

C. Carbonization

D. Ablation

18. When carbonization occurs in the 

tissue, there is:

A. A decrease in heat transfer

B. An increase in heat transfer

C. A decrease in postoperative sensitivity

D. A decrease in postoperative inflammation 

19. The depth of the laser beam is 

dependent on: 

A. How long the beam is held on the tissue 

B. How far the tip is held from the target 

tissue 

C. Energy output (wattage)

D. All of the above

20. Using the lowest level wattage that 

will accomplish the task intended 

will:

A. Minimize collateral effects

B. Decrease postoperative pain

C. Increase collateral effects

D. Stabilize the tissue

21. Thin or fragile soft tissue should be 

treated with:

A. Continuous wave

B. Pulsed wave

C. High wattage with rapid motion

D. Low wattage with slow motion

22. When comparing tissue cellular 

effects between electrosurgery and a 

laser, we find that:

A. There is similar tissue shrinkage with both 

modalities

B. There is similar tissue penetration with 

both modalities

C. Electrosurgery has less depth of penetra-

tion and thus less tissue shrinkage

D. Lasers have less depth of penetration and 

thus less tissue shrinkage

23. Complete clearing of residual bacteria 

in the apical portion of the canal 

system:

A. Is enhanced with use of laser activated 

irrigation

B. Requires mechanical instrumentation to 

the radiographic apex

C. Is achieved with NaOCl and endodontic 

files

D. Is not required as the obturation will seal 

those areas

24. Which bacteria has been associated 

with endodontic failure?

A. Streptococcus mutans

B. Fusobacterium nucleatum

C. Enterococcus faecalis

D. Yersinia pestis

25. Which irrigant is recommended for 

use, alternated with NaOCl?

A. Saline

B. EDTA

C. CHX

D. Anesthetic

26. What is not safe to use on soft tissue 

around an implant?

A. Electrosurgery

B. Diode laser

C. Er:YAG laser

D. Er,Cr:YSGG

27. When using a hard tissue laser on 

tooth structure, which settings are 

typically optimal?

A. 35 Hz for enamel and 40 Hz for dentin

B. 30 Hz for enamel and 25 Hz for dentin

C. 20 Hz for enamel and 40 Hz for dentin

D. 25 Hz for enamel and 30 Hz for dentin

28. With laser phototherapy, which of the 

following does not happen?

A. Elicits biological and cellular responses

B. No effect on pain

C. Reduces inflammation

D. Improves healing

29. Usage of LLLT on viral lesions 

provides which immediate effect?

A. Destruction of the virus

B. Removal of the affected soft tissue

C. Pain reduction

D. Increases host immune response to the 

virus

30. LLLT treatment of oral herpes 

provided complete resolution of what 

percentage of lesions compared to 

those not treated with LLLT?

A. 20% 

B. 33% 

C. 50% 

D. Same as nontreated lesions, with less pain
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