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Abstract

The breakthrough for dental laser systems came in the mid 1990’s. Among the various laser types with corresponding wave-
lengths, Er:YAG laser systems quickly began establishing themselves as compact and versatile additions to the dentist’s repertoire, 
predominantly for performing hard tissue applications. Research has shown that their wavelengths are ideally suited for both soft 
and hard tissue procedures due to their high absorption in water and hydroxyapatite. Therefore Er:YAG laser is considered one of 
the most versatile with regard to the number of possible treatment options, as their wavelength can be effectively used in the field of 
soft and hard tissue surgery, periodontics, endodontics, implantology, cavity preparation, and tooth whitening. The versatility of the 
instrument, combined with the latest achievements in Er:YAG laser technology, compact design and affordability, should appeal to 
dental professionals seeking to optimize the procedures they currently perform and expand the number of services they offer which 
is the main aim of the current review.
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Introduction

Lasers have become extremely important either as an adjunct tool or treatment devices in dental field. They have a variety of applica-
tions both in soft and hard dental tissue treatments. It is therefore crucial for the clinician to have an understanding of laser basics.

In 1956, Thomas Maiman exposed an extracted natural tooth to his prototype Ruby (694 nm) laser; the nature of the wavelength and 
target chromophore, together with the laser power resulted in charring of the hard tissue element and transmission of laser energy to the 
tooth pulp [1]. Following the early clinical experiences of Goldman and others such as Polanyi and Jako in the 1960s, the development of 
Argon, Neodymium (Nd) YAG and Carbon Dioxide lasers in general areas of surgery led to a gradual introduction of these wavelengths in 
surgical procedures in the mouth. These early lasers have continuous-wave emission mode, which gave rise to potential for conductive 
heat damage. This was addressed by the introduction of pulsed-emission lasers, which allowed selective destruction of abnormal or dis-
eased tissue, while leaving surrounding normal tissue undisturbed. The first lasers to fully exploit this principal of ‘selective thermolysis’ 
were the pulsed dye lasers introduced in the late 1980s.

The possibilities for laser use in dentistry did not occur until 1989, with the production of the American Dental Laser for commercial 
use. This laser, using an active medium of Nd:YAG [2]. The great advance for dental lasers came in the mid-1990s, with various laser types 
(Diode laser, Nd:YAG, Er,Cr:YSGG, Er:YAG, CO2) with corresponding wavelengths (810 - 890 nm, 1064 nm, 2780 nm, 2940 nm, 10600 nm) 
becoming available to the dentists to address their needs for hard and soft tissue procedures. Soft tissue lasers [near infra-red (NIR)] are 
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characterized by a high absorption in chromophores (hemoglobin and melanin) found in soft tissue, resulting in excellent soft tissue inci-
sion, ablation and coagulation performance as well as antimicrobial effectiveness, due to relatively deep highly localized tissue heating. 
Hard tissue lasers [Far infra red (FIR)] (Figure 1) are highly absorbed in (carbonated) hydroxyapatite and water chromophores and are 
thus able to finely ablate hard tissues without heating of the surrounding tissue [3].

Figure 1: Absorption coefficients of carbonated hydroxyapatite verses laser wavelength. The absorption peaks 
represent component radicals of the molecule (hydroxyl, free-water, carbonate, phosphate). The dotted

line represents the absorption of laser energy in whole water.

In 1989, experimental work by Keller and Hibst using a pulsed Erbium YAG (2,940 nm) laser, demonstrated its effectiveness in cutting 
enamel, dentine and bone [4]. This laser became commercially available in 1995 and, shortly followed by a similar Er,Cr:YSGG (erbium 
chromium: yttrium scandium gallium garnet – 2,780 nm) laser in 1997, amounted to a laser armamentarium that would address the sur-
gical needs of everyday dental hard tissue treatment (Figure 2). 

Figure 2-6: Erbium family.

A list of some manufacturers of Erbium family dental lasers are:

1. LightWalker AT, Fotona, Slovenia: Er:YAG and Nd:YAG combined laser unit equipped with a comfortable and well-balanced ar-
ticulated arm (Optoflex, Fotona) and flexible optic fiber (Figure 2).
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2. iPlus, Biolase (USA) (Figure 3): Er,Cr:YSGG laser unit equipped with optic fiber.

3. AMD LASERS, Picasso, Picasso+, Picasso Lite, Picasso Lite+ are registered trademarks of AMD GROUP LLC: Er:YAG. LiteTouch™ 
is the world’s smallest Erbium YAG dental laser for both soft and hard tissue dental treatments. Its unique Laser-in-Handpiece™ 
technology houses the entire laser mechanism within an impressively small chamber (just 12 cm long, with a 2.5 cm diameter) 
(Figure 4).

4. Gomecy, Changhshah Gomecy Electronics Co., Ltd. Er:YAG laser (Figure 5).

5. IPL, Beijing Starlight Science & Technology Development Co., Ltd: Er:YAG laser (Figure 6).

Mechanism of laser production and characteristic properties of laser light 

There are four properties that are common to all laser types:

Beam directionality (collimation) (Figure 7), Monochromaticity, Spatial and temporal coherence of the beam (Figure 8), and High 
intensity of the beam [5].

Figure 7: The difference between collimated light (laser) and uncollimated light.

Figure 8: Laser light is monochromatic and coherent.
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The intensity, directionality, and monochromaticity of laser light allow the beam to be expanded, or focused quite easily [6].

How laser light is produced (Figure 9)

The amplification of light within the laser cavity sets laser light apart from other sources. For most visible light applications, laser 
represents a conversion from lamplight to an amplified monochromatic form [7].

The high power possible with lasers (especially peak power) is achieved through resonance in the laser cavity. The scientific principle 
on which lasers are based is stimulated emission. With spontaneous emission, electrons transition to the lower level in a random process. 
With stimulated emission, the emission occurs only in the presence of photons of a certain change. The critical point is maintaining a 
condition where the population of photons in a higher state is larger than that in the lower state. To create this population inversion, a 
pumping energy must be directed either with electricity, light, or chemical energy.

Figure 9: Production of laser.

Laser – Tissue Interactions 

In clinical dentistry, laser light is used to effect controlled and precise changes in target tissue, through the transfer of electromagnetic 
energy [8]. 

Light energy interacts with a target medium (e.g. oral tissue) in one of four ways [9] (Figure 10): 
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Figure 10: Possible laser light - tissue interactions.

1- Reflection: When either the density of the medium or angle of incidence is less than the refractive angle, total reflection of the 
beam will occur. The incident and emergence angles of the laser beam will be the same for true reflection or some scatter may 
occur if the medium interface is non-homogenous or rough.

2- Transmission: Laser beam enters the medium and emerges distally without interacting with the medium. The beam exits 
either unchanged or partially refracted.

3- Scatter: There is interaction between the laser beam and the medium. This interaction is not intensive enough to cause com-
plete attenuation of the beam. Result of light scattering is a decrease of laser energy with distance, together with a distortion in 
the beam (rays travel in an uncontrolled direction through the medium).

4- Absorption: The incident energy of the beam is absorbed by the medium and transferred into another form of energy. Absorp-
tion is the most important interaction. Each wavelength has specific chromophores that absorb their energy. This absorbed 
energy is converted into thermal and and/or mechanical energy that is used to perform the work desired. Near infrared lasers 
like diodes and Nd:YAGs are mostly absorbed by pigments such as hemoglobin and melanin. Erbium and CO2 lasers are pre-
dominantly absorbed by water, with erbium wavelengths also exhibiting some hydroxyapatite absorption [10,11]. 

5- Absorption requires an absorber of light, termed chromophores, which have a certain affinity for specific wavelengths of light. 
The primary chromophores in the intraoral soft tissue are [12]:

1) Melanin, 2) Hemoglobin, 3) Water, 4) and in dental hard tissues (Water and Hydroxyapatite) and 5) Photosensitive 
materials in visible light cured polymeric materials (Camphorquinone and α Diketone).
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Temperature rise during tissue lasing [13]

The most important and significant tissue alterations are dependent on the temperature of the tissue after absorption of the laser 
radiation, as follows:

• At 37°C; no measurable effects are observed for the next 5°C above this.

• The first mechanism by which tissue is thermally affected can be attributed to conformational changes of molecules. These ef-
fects, accompanied by bond destruction and membrane alterations due to hyperthermia at 42-50°C. If such a hyperthermia lasts 
for several minutes, a significant percentage of the tissue will already undergo necrosis.

• At 60°C, denaturation of proteins and collagen occurs which leads to coagulation of tissue and necrosis of cells. The correspond-
ing macroscopic response is the visible paling of the tissue. 

• At higher temperatures (> 80°C), the cell membrane permeability is drastically increased, thereby destroying the otherwise 
maintained equilibrium of chemical concentrations.

• At 100°C, water molecules contained in most tissues start to vaporize. Due to the large increase in volume during this phase 
transition, gas bubbles are formed inducing mechanical ruptures and thermal decomposition of tissues.

• At temperatures exceeding 150°C, carbonization takes place which is observable by the blackening of an adjacent tissue and 
the escape of smoke (plume).

• Finally, melting may occur. The temperature must have reached a few hundred degrees Celsius to melt the tooth substance which 
mainly consists of hydroxyapatite crystals (a chemical compound of calcium and phosphate)

The erbium laser family 

There are two distinct wavelengths that use erbium: Erbium, chromium:YSGG (2780 nm) has an active medium of a solid crystal of 
yttrium scandium gallium garnet that is doped with erbium and chromium and Erbium:YAG (2940 nm) has an active medium of a solid 
crystal of yttrium aluminum garnet that is doped with erbium. Caries removal and tooth preparation are easily accomplished by both the 
lasers. The Er:YAG laser has a number of advantages. It produces clean, sharp margins in enamel and dentin. In addition, pulpal safety 
is not a significant concern, because the depth of energy penetration is negligible. When the Er:YAG laser is used for caries removal, the 
patient usually does not require local anesthesia. The laser is antimicrobial when used within root canals and on root surfaces, and it 
removes endotoxins from root surfaces. Finally, vibration from the Er:YAG laser is less severe than that from the conventional high-speed 
drill, and it is less likely to provoke discomfort or pain [14,15]. 

Lasers for dental hard tissues and mechanism of action

The prime chromophore in current laser application with hard tissue is water; the absorption peak at around 3.0 mm wavelength 
identifies the Er:YAG and Er,Cr:YSGG wavelengths as the lasers of choice (Figure 2). The first dental laser – the Nd:YAG 1,064 nm – was 
marketed as being suitable in tooth cavity preparation – a claim that was quickly deemed to be erroneous for clinical relevance. Early 
research into this claim supported the ablative effect of the 1,064 nm wavelength on accessible pigmented carious lesions [16,17], but 
whenever healthy enamel and dentine was exposed to the laser energy, the comparatively long pulse width and associated heat transfer, 
combined with the lack of water spray resulted in thermal cracking and melting of hydroxyapatite together with high intra-pulpal tem-
perature rise [18-20].

Although there is a high absorption peak of CO2 laser by carbonated hydroxyapatite, its continuous wave emission of laser energy and 
lack of axial water coolant results in rapid carbonization, cracking and melting of tooth tissue. Therefore, the carbon dioxide wavelength 
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Clinically, this is seen as ejection of micro-fragments of tooth tissue within the laser plume and the change in pressure in the immedi-
ately surrounding air results in an audible “popping” sound. In target tissue that has greater water content (caries > dentine > enamel), 
the popping sound is louder. With experience, this can aid the clinician in selectively ablating carious verses non-carious tissue. Compared 
to near infra-red wavelengths, the explosive outward effect of Erbium laser energy results in minimal thermal diffusion through the tooth 
structure. Co-axial with this laser is a water spray, to aid in dispersing ablation products and to provide cooling of the target site. The 
development of ultra-short pulse laser emissions of the Erbium group of wavelengths appears promising in reducing the conductive heat 
potential, whilst increasing the rates of tissue ablation. Nonetheless, both laser wavelengths allow cavity preparation within acceptable 
clinical parameters [24].

Er:YAG laser tissue interaction

The Er:YAG laser was introduced in 1974 by Zharikov., et al. as a solid-state laser that generates a pulsed laser with a wavelength of 
2,940 nm. Of all lasers emitting in the near- and mid-infrared spectral range, the absorption of the Er:YAG laser in water is the greatest 
because its 2,940 nm wavelength (Figure 1) coincides with the large absorption band for water. The absorption coefficient of water of the 
Er:YAG laser is theoretically 10,000 and 15,000 - 20,000 times higher than that of the CO2 and the Nd:YAG lasers, respectively.

Since the Er:YAG laser is well absorbed by all biological tissues that contain water molecules, this laser is indicated not only for the 
treatment of soft tissues but also for ablation of hard tissues. The FDA approved the pulsed Er:YAG laser for hard tissue treatment such as 
caries removal and cavity preparation in 1997, for soft tissue surgery and sulcular debridement in 1999, and for osseous surgery in 2004 
[25,26]. Therefore the affinity of the Er:YAG laser light to living tissue is extremely high and ablation of hard tissue as well as soft tissue is 
possible. The high absorption by water limits collateral thermal damage to the surrounding tissue. In the case of hard tissue, the amount 
of water contained within the tissue is small and heat generation is present but can be controlled with water irrigation [27]. 

Many systems used the irrigation water as the actual target, and eliminate the hard tissue through kinetic energy delivered by the mi-
croburst principle whereby the explosive force of vaporization of the thin film of water is transferred to the hard tissue, thereby ablating 
it. The thickness of the denatured layer of the root cementum and dentin following Er:YAG laser irradiation of the root surface under water 
irrigation is reported to be 5 - 15 μm [28-30].

The mechanism behind ablation is firstly through photothermal evaporation where the light energy is absorbed by water in the hard 
tissue itself and in other organic substances and secondly by the mechanical effect already mentioned, bringing about tissue ablation 
through the microburst principle, also known as the microexplosion concept where the water vapor pressure build-up created by the 
extremely violent evaporation of water exceeds the threshold of the tissue. Ablation by microexplosion is referred to as photomechanical 
ablation or thermomechanical ablation [31,32]. 

Calculus is a multi-porous calcified substance, which contains water not only as a constituent of the substance but also within its pores. 
Hence, in normal biological conditions, calculus is one of the more easily ablated tissues using the Er:YAG. A more recent laser based on 
an Er,Cr:YSGG medium emits laser light similar to the Er:YAG laser at a wavelength of 2.78 μm, and has been reported to have similar ef-
ficacy concerning calculus removal [33].

is impractical for restorative dental procedures [21]. With the Erbium group of lasers the free-running micropulse emission mode results 
in rapid and expansive vaporization of interstitial water and dissociation of the hydroxyl radical in the hydroxyapatite crystal causing an 
explosive dislocation of the gross structure [22,23].
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ErYAG laser in Implant dentistry and bone surgery 

The Er:YAG laser offers significant advantages over other conventional osteotomy techniques like a noncontact intervention, no me-
chanical vibration, free and elaborate cut geometries and aseptic effects. The Er:YAG laser is a state of the art and innovative bone cutting 
technique with a high potential for future applications and trends in oral surgery and implant dentistry [34].

Studies employing erbium laser wavelengths of 2.94 µm (Er:YAG laser) and 2.78 µm (Er,Cr:YSGG laser) found both systems to be ef-
ficient for dental hard tissue ablation [35,36]. 

The main components of bone have a high absorption of the laser light at the wavelength (2.94 µm) of the Er:YAG laser [37]. The 
wavelength-dependent absorption coefficient for water is at its maximum peak at 2.94 µm. The Er:YAG laser theoretically has an absorp-
tion coefficient of water that is 10 and 15,000 - 20,000 times higher than the CO2 and the Nd:YAG lasers, respectively [38]. Thus, it was 
not surprising that the erbium laser was finally the first dental laser cleared by the US Food and Drug Administration for use in cutting 
human teeth in vivo [39]. 

Er:YAG in periodontal treatment 

Among all the lasers used in the field of dentistry, the Er:YAG laser has been reported to be the most promising laser for periodontal 
treatment [40]. Its excellent ability to effectively ablate hard tissues and dental calculus without producing major thermal side-effects to 
adjacent tissue has been demonstrated in numerous studies [41-44]. Scanning electron microscopy (SEM) observations from recent stud-
ies showed that the clinical use of an Er:YAG laser resulted in a smooth root surface morphology, even at higher energy settings [45-47]. 
Er:YAG lasers have been often discussed as a treatment options for removal of subgingival and peri-implant biofilms; available evidence 
suggests that subgingival and submucosal debridement with Er:YAG laser treatment may reduce periodontal and peri-implant mucosal 
inflammation [48-50].

Ablation of subgingival biofilms and in particular decontamination of titanium implant surfaces with an Er:YAG laser seem to be a 
promising approach and warrants further investigations [51].

Er:YAG treatment of sleep apnea 

It has been estimated that roughly 30% to 50% of the US population snore and almost 1/3 suffer from sleep apnea. However, only 
5% have been diagnosed and treated [52,53]. Snoring and sleep apnea result from obstructed airways. This can be an outcome of many 
different factors such as anatomic deviations, tumors, polyps, allergy, large adenoids and tonsils, large uvula or a long soft palate [54-57].

Heavy snoring is sometimes called “heroic” snoring and may affect bed partners, causing severe marital conflicts. There are many 
benefits of the NightLase® treatment, such as no need for anesthesia, no pain and only three short 20-minute sessions with immediate 
results. Nightlase uses the photothermal capabilities of ErYAG laser to convert and initiate the formation of new collage in mucosal tissues 
in the oropharynx, soft palate, and uvula. The heat generated allows the collagen to reform resulting in tightening of the soft palate and 
surrounding tissues. This caused a rise of the soft palate and tightening the tissues of the oropharynx resulting in an improvement in the 
airway. Fotona’s NightLase® therapy is a non-invasive, patient-friendly laser treatment for increasing the quality of a patient’s sleep It is a 
minimally invasive treatment with no need for special arrangements, either pre- or post-therapy. Since no anesthesia is needed, the treat-
ment is well accepted by patients. Long-lasting effects –from one year up to 36 months – allow for high overall satisfaction among patients. 
NightLase is supported by Evidence Based Dentistry [58].

Er:YAG laser etching 

Laser etching was preformed with an Er:YAG laser device (Fotona 1210, Ljubljana, Slovenia) (Figure 2) of a wavelength of 2940 nm at 
20 HZ, SP mode for 25 s. The two different power settings used in this study were 100 and 150 mj. Laser etching at 150 and 100 mj was 
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adequate for bond strength but the failure pattern of brackets bonded with laser etching is dominantly at adhesive – enamel interface 
and is not safe for enamel during debonding. Laser etched enamel using Er:YAG laser etching at 1 W (100 mJ, 10 Hz) would provide both 
adequate demineralization prevention and bracket bond strength [59].

ErYAG use for caries prevention 

In a recent study of caries inhibitory effect of remineralizing agents (Casein Phosphopeptide-Amorphous Calcium Phosphate and 
Casein Phosphopeptide-Amorphous Calcium Fluoride Phosphate) on human enamel followed with Er:YAG irradiation. It was proven that 
Er:YAG laser treatment increased resistance of the treated enamel to acid dissolution [60].

Er:YAG in oral surgery for bone removal 

Based on the results of a study compared laser vs. bur for bone cutting in impacted mandibular third molar surgery, they concluded 
that possibility of bone cutting using lasers is pursued. The osteotomy is easily performed with laser and the technique is minimally in-
vasive surgical procedures. The use of Er: YAG laser may be considered as an alternative tool to surgical bur specially in anxious patients 
[61]. When Er:YAG laser is compared with CO2 laser in osteotomy, there is controversy which one is better than the other in this regard? 

In parietal bones of Wistar rats, Er:YAG laser ablation (100 mJ/pulse,10 Hz, and 1 W) caused a superficial changed layer (13.2 - 30 µm 
thickness), which consisted of 2 distinct sublayers: a superficial layer, where numerous microcracks gave a porous appearance and a dark 
and less affected deep layer, which had less microcracks. Energy dispersive X-ray spectroscopy demonstrated that the changed superficial 
layer with Ca and P components produced by CO2-laser irradiation was almost 5 times thicker than that produced by the Er:YAG laser. 
One reason might have been the high absorption coefficient of hydroxyapatite at 10.6 µm, where the CO2 laser emitted. It is about 4 - 9 
times higher than that of water. Consequently, most of the laser energy was absorbed by the mineral phase and caused an overheating of 
the hard tissue. However, because of recrystallization processes of the original apatites and also reduction of surrounding organic matrix 
Er:YAG laser ablation showed unimpressive results [62].

In a following study of the same group, scanning electron microscopy and Fourier transformed infrared spectroscopy (FTIR) analysis 
of bone revealed more promising results for the Er:YAG laser [63]. Although surfaces after Er:YAG treatment at 100 mJ/pulse and a pulse 
rate of 10 Hz (1 W) were characterized by well-defined edges and no superficial smear layer, CW CO2-laser ablation provoked a distinct 
melting and carbonization with minimal tissue removal. Chemical composition of the bone surface after Er:YAG laser ablation was almost 
unchanged (FTIR). By contrast, CO2-laser ablation in this experiment induced the production of toxic substances. A further comparison of 
Er:YAG laser ablation (contact and noncontact mode) with similar laser parameters (115 mJ/pulse, 10 Hz) and electrosurgery showed no 
severe thermal damage of bony tissue 12 months postsurgery [64]. 

Although some results led to the assumption that Er:YAG laser osteotomy might be more advantageous than CO2-laser osteotomy, 
some studies disclosed different results. Comparison of a free-running Er:YAG and 9.6 µm transverse-excited CO2 lasers for ablation of 
bovine skull tissue revealed a zone of peripheral thermal damage of about 25 - 40 µm for the Er:YAG laser (pulse duration, 300 µs; pulse 
duration, 0.5 µs) [65]. No discernible thermal damage was seen in samples ablated with CO2 pulse durations of 5 and 8 µs. Similar results 
with short-pulsed CO2 lasers were published by other groups with improved beam parameters [66,67]. 

Other studies showed that the use of a 9.6-µm CO2 laser as a bone cutting tool could be considered as a safe method with minimal 
thermal damage. In series of ex vivo trials with porcine bone mean temperature rises with a super-pulsed CO2 laser using different laser 
settings were merely 1.88°C. In contrast, Er:YAG laser osteotomy resulted in a mean rise of 3.3°C. Ultimately, a short-pulsed CO2-laser os-
teotome in a multipass mode using a computer-controlled galvanic beam scanner and an assisting water spray showed convincing results 
[68-70].
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Safety of ErYAG laser for cavity preparation in primary teeth 

Laser irradiation makes structural and chemical changes on the dental hard tissues. These changes alter the level of solubility and 
permeability of dentin. Consequently, the bond strength of adhesive systems on dentine surfaces may be affected in clinical practice. The 
Er:YAG laser is safe for cavity preparation in primary teeth [71].

Er:YAG use in cavity preparation 

Cavity preparation with an Er:YAG laser could be considered as an alternative to the conventional method of drilling [72]. Some au-
thors showed that there is no statistically significant difference could be observed in the fracture strength of dentin beams when treating 
them either with Er:YAG and Er,Cr:YSGG laser irradiation or mechanically by a fine diamond bur in a high speed hand piece. Additionally, 
no statistically significant difference could be observed between treated and untreated specimens [73]. Er:YAG laser is more comfortable 
and pleasant for the patient, compared to conventional drill. Also, it reduces tooth hypersensivity and microbial load within the cavity 
[74]. Ablated dentin with different parameters of Er:YAG laser energy with powers below 3 W make no cracks. These facts are adjunct to 
suitable dentin surface treatment by Er:YAG laser, making Er:YAG laser a desirable alternative method for cavity preparation [75]. Ablation 
of dental hard tissues was achieved using the Er:YAG laser operating at high pulse repetition rates with minimal peripheral thermal dam-
age [76]. In addition, since water is the primary absorber of Er:YAG radiation and demineralized areas are more porous and have a higher 
water content, the ablation rate is significantly higher for demineralized enamel [77], and dentin vs. sound tissues. The Er:YAG laser may 
be used in conservative dentistry as an alternative to conventional instruments and in association with orthophosphoric acid, with several 
advantages, such better strength bond [78], reduced microleakage [79], and also lower discomfort and higher patient satisfaction [80].

In an in vitro study, even if considered as preliminary due to the limited number of samples, it is confirmed that Er:YAG can be em-
ployed also in dental traumatology, to restore frontal teeth after coronal fracture, with the advantage of improved adhesion of the dental 
fragment to the tooth, in particular by decreasing microleakage [81].

In September 2016, the Cochrane collaboration published a systematic review of the current evidence comparing the use of lasers for 
caries removal, in both deciduous and adult teeth, with the standard dental drill. Nine trials were reviewed, published between 1998 and 
2014, with 662 participants in total. These included three different types of laser: Er:YAG; Er,Cr:YSGG; and Nd:YAG. Overall the quality of 
evidence available was found to be low, and the authors were unable to recommend one method of caries removal over the other. There 
was no evidence of a difference between the marginal integrity or durability of the restorations placed. However, there was some evidence 
that the laser produced less pain and required less anaesthesia than the drill. The authors concluded that more research is required [82]. 

Er:YAG laser helps in orthodontics (ceramic brackets debonding) 

Irradiation of Nd:YAG, Er:YAG, CO2, Tm:Yap, diode or ytterbium fiber lasers may be considered as an efficient way to reduce shear bond 
strength of ceramic bracket and debonding time. This technique is a safe way for removing ceramic brackets while the intrapulpal tem-
perature and enamel surface were minimally affected, along with reduced ceramic bracket failure [83]. The Er:YAG laser emits at 2904 nm, 
which corresponds to the main absorption peak of water [4]. Therefore, an Er- YAG laser may be highly absorbed by the adhesive bonding 
resin containing water or residual monomer [84].

Advantages of ytterbium fiber laser are high optical quality, compact size, extended lifetime and flexible mode of operation. Thus, it 
was selected for ceramic bracket removal [85].

Er:YAG laser-aided debonding, with or without water-cooling, was effective for debonding ceramic brackets by reducing resin shear 
bond strength. Er-YAG laser application with water-cooling appeared to be a safer option by reducing resin shear bond strength and re-
ducing the likelihood of intrapulpal temperature increase while debonding ceramic brackets [84].
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Er:YAG laser use for biopsies of the oral mucosa 

During the application of laser in oral soft tissues, the light energy is transformed into thermic energy that turns into heat on the 
target tissue to produce the wanted effect [85]. This photothermal effect can produce changes in the tissues, and if the soft tissues are to 
be examined by an optical microscope, artifacts can make the histopathological interpretation difficult. Therefore, the reduction of peri-
incisional damage is crucial in oral pathology [86,87]. Different types of laser have shown utility and efficiency in dentistry, including CO2, 
Er:YAG, diode or Nd:YAG lasers [88]. 

The CO2 laser, due to its affinity with water, has become a highly used instrument in the treatment of oral mucosa lesions by oral sur-
geons [89]. Its penetration is poor, which makes the CO2 laser particularly suited for being used close to critical anatomical structures 
[90-92].

The CO2 laser is an ideal tool for a clean bloodless surgical field because of its hemostatic capacity in vessels with less than 0.5 mm 
diameter [88]. For the treatment of vascular lesions in vessels with more than 7-mm diameter, like oral hemangiomas, some authors [93] 
advocate the Nd:YAG or diode laser. Nevertheless, the strong coagulation effect can lead to artifacts that may influence the histological 
diagnosis [94]. The Er:YAG laser promotes rapid healing due to the short side thermal effect it generates [90, 95]. However, its drawback is 
that the interventions won’t be so hemostastic as the ones using the CO2, Nd:YAG or diode laser [90]. The diode and the Nd:YAG lasers are 
less absorbed by water and more absorbed by hemoglobin and melanin thus having a deeper effect on tissues [96].

Finally, it is concluded that lasers may be used in soft tissue surgery of the oral cavity, as long as the biological effects related to the use 
of each type of laser are understood and respected. The Er:YAG laser may be the laser of choice for biopsies of the oral mucosa because of 
the minimum histological artifacts observed, ensuring a valid histological evaluation, followed by the CO2 laser at 3.5W in pulsed mode, 
especially when the surgeon needs more hemostasis on the surgical field [97]. 

Er:YAG laser for treatment of oral tumors 

Both, Er:YAG and CO2 lasers may be effective in the treatment of benign neoplastic and tumorous lesions of the oral soft tissues being 
an alternative to conventional surgery. They shorten post-operative healing time, eliminate or soothe inflammation, reduce perisurgical 
pain. Thanks to effective hemostasis, CO2 laser may be used to remove richly vascularized lesions and in compromised patients. Healing 
neither changes the tissue profile nor causes its loss, ensures fast and good adaptation of the changes. A major limitation of the laser tech-
nique application is thermal injury to the surrounding tissues, charring and melting of wound margins with CO2 laser, especially during 
multiple passages of the beam and with excessive power for a small lesion. This may promote tissue defragmentation and thus frequently 
makes histopathological evaluation impossible. CO2 laser is contraindicated for lesions smaller than 3 mm in diameter as they may get 
defragmented making histopathological evaluation impossible. Therefore, for the majority of minor oral surgeries Er:YAG laser is a better 
choice [98].

Er:YAG laser dentistry in special needs patients

Based on the experience performed on 5 years of Special Care patients conservative treatments we may affirm the Er:YAG laser may be 
considered as a good way to improve the cooperation, to reduce anxiety related to rotating instruments and to reach better results with 
equal or shorter operating times [99].

Laser Teeth Bleaching 

Based on the limited number of investigations, at present, only one particular wavelength appears to be able to perform direct photo 
bleaching (or photo oxidation), that is, KTP (532 nm). When KTP is used in combination with a bleaching gel containing a chromophore 
(sulphorhodamine) allowing the absorption of the laser light, photodynamic reactions can be induced (photochemical activation of the gel 
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with limited photo thermal activation). This combination of wavelength and specifically dyed bleaching gel also allows for safe bleaching 
(no damage of the enamel, no heating of the pulp) when the guidelines of the manufacturer are followed. At present a number of wave-
lengths are not recommended for laser bleaching: Nd:YAG, Er:YAG, and CO2. Combination devices consisting of LED-diode laser do not 
result in enhanced lightening and are in fact not effective. When using high power diode lasers for bleaching care has to be taken so as not 
to overheat the pulp. Also, diode lasers are not really advocated for laser bleaching except when the wavelength is used in combination 
with a bleaching gel containing wavelength specific absorbers [100].

One study compared Er:YAG whitening, and diode whitening effects. The Er:YAG laser directly heats the gel only, while the diode laser 
directly heats the whole tooth. Since the Er:YAG wavelength is fully absorbed in the gel, there is no direct heating of the underlying tooth. 
On the other hand, the diode wavelength is relatively weakly absorbed in the gel, and the transmitted light directly heats up the whole 
tooth. For this reason, the Er:YAG laser power is utilized more effectively, and the gel can be heated to higher temperatures, without com-
promising the safety of the tooth or of the pulp. TouchWhite™ is the most effective and least invasive laser-assisted whitening method 
possible tooth. In comparison with diode and Nd:YAG bleaching, the TouchWhite™ Er:YAG whitening method has proven to be more com-
fortable for patients while achieving the same or better whitening efficacy. Also, because the bleaching agent stays on the tooth less time, 
patient safety and comfort increase [101]. 

Types of Lasers and Their Applications in Pediatric Dentistry

Caries Prevention 

Resistance of the tooth surface to penetration of cariogenic agents plays an important role in prevention of caries. Er:YAG laser can be 
successfully used to increase resistance of a newly erupted permanent tooth in children and adolescents to acid erosion [102,103]. Er:YAG 
laser cavity preparation allows minimally invasive treatment of dental caries and also shows excellent acceptance among both young 
children and their parents. The choice of optimal energy parameters is a requirement for successful laser caries treatment in pediatric 
dentistry [104].

Resistance of the tooth surface to penetration of cariogenic agents plays an important role in prevention of caries. Erbium and CO2 

lasers can be successfully used to increase resistance of a newly erupted permanent tooth in children and adolescents to acid erosion. 
Studies have demonstrated that CO2 laser at 9600, 9300 and 10,600 nm wavelengths, erbium laser at 2780 and 2940 nm wavelengths and 
argon laser can confer resistance to enamel surfaces against caries [103,105]. 

Restoration, Pit and Fissure Sealants 

Laser can also be used for tooth surface preparation prior to the application of pit and fissure sealants. Laser can be applied for con-
ditioning, cleaning and disinfection of pits and fissures as well [106]. Er:YAG laser at lower wavelengths causes only macro-roughening of 
pits and fissures [107].

Er:YAG in Endodontics

Application of Er:YAG laser for pulp coagulation has also shown more favorable results after 2 years in comparison with calcium 
hydroxide [108,109]. Efficient use of laser technology in cleaning and shaping of the root canal system has also been demonstrated. For 
instance, Er,Cr:YSGG laser has cleaning and shaping efficacy similar to that of rotary instruments and superior to that of hand instruments. 
Moreover, this laser acts faster than the afore-mentioned 2 techniques [110]. Application of Er:YAG, Er,Cr:YSGG and CO2 lasers for pulp 
coagulation has also shown more favorable results after 2 years in comparison with calcium hydroxide [109,110]. Studies have indicated 
that vital pulp therapy and pulp hemostasis after pulpotomy with the help of CO2 laser had 98.1% clinical success and 91.8% radiographic 
success [110]. However, other studies on lasers such as Nd:YAG laser for pulpotomy of primary teeth have reported 71.42% clinical and 
85.71% radiographic success during 12 months, and appear to be unsuccessful in comparison with formocresol with a clinical and radio-
graphic success rate of 90.47% during the same time period [111].
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Er:YAG in Soft Tissue Applications of Laser

Er:YAG laser can be used for frenectomy in infants with tight maxillary frenum or for upper and lower frenectomy in infants with se-
vere ankyloglossia [112].

Traumatology

Er:YAG laser can be used for fusion and sealing of dentinal tubules in case of fractured teeth or open dentinal tubules. By doing so, the 
permeability of tubules and the consequent tooth hypersensitivity will decrease [113].

Exposure of Unerupted Teeth for Orthodontic Purposes 

For soft tissue removal and exposure of unerupted teeth for orthodontic purposes, Er,Cr:YSGG, Er,YAG, diode and Nd:YAG lasers are 
used [114]. Erbium laser is efficient for both soft and hard tissue ablation. But, there is always a risk of enamel damage at the surgical site. 
However, this risk is nonexistent if diode or Nd:YAG lasers are used due to their specific wavelengths [115].

Etching of amalgam surface for orthodontic bracket bonding

The application of sandblasting technique accompanied by Er:YAG laser irradiation to an amalgam filling in a tooth can provide suit-
able surface for bonding of orthodontic brackets to that amalgam [116].

Summary and Conclusion

The basics of laser science, tissue effects of dental lasers, ErYAG laser wave length and their chromophores, and some important appli-
cations of this laser in dentistry have been discussed. It is important for the clinician to understand these principles to take full advantage 
of the features of Er:YAG laser and provide safe and effective treatment.

Conflict of Interest

The author reports no conflicts of interest in this work.

Bibliography

1. Maiman TH. “Stimulated optical radiation in ruby”. Nature 187 (1960): 493-494. 

2. Myers TD., et al. “First soft tissue study utilizing a pulsed Nd: YAG dental laser”. Northwest Dentistry 68.2 (1989): 14-17.

3. Parker S. “Laser/Light Application in Dental Procedures”. Keyvan Nouri, Editor. Lasers in Dermatology and Medicine. Springer-Verlag 
London Limited (2011): 473. 

4. Hibst R and Keller U. “Experimental studies of the application of the Er: YAG laser on dental hard substances: 1. Measurement of abla-
tion rate”. Lasers in Surgery and Medicine 9.4 (1989): 338-344.

5. Katzir A. “Lasers and Optical Fibers in Medicine”. Academic press, San Diego, USA (1993): 317.

6. Ross EV. “Laser versus intense pulsed light: competing technologies in dermatology”. Lasers in Surgery and Medicine 38.4 (2006): 
261-272.

7. Goldman MP and Fitzpatrick RE. “Cutaneous laser surgery: the art and science of selective photothermolysis”. St Louis, MO: Mosby 
2nd Edition (1994): 323. 

8. Knappe V., et al. “Principles of lasers and biophotonic effects”. Photomedicine and Laser Surgery 22.5 (2004): 411-417.

9. Ball KA. “Lasers: the perioperative challenge”. St Louis: Year Book: 2nd edition. Mosby USA (1995): 14- 17.

http://www.nature.com/nature/journal/v187/n4736/abs/187493a0.html
https://www.ncbi.nlm.nih.gov/pubmed/2622793
https://www.ncbi.nlm.nih.gov/pubmed/2761329
https://www.ncbi.nlm.nih.gov/pubmed/2761329
https://www.ncbi.nlm.nih.gov/pubmed/16596659
https://www.ncbi.nlm.nih.gov/pubmed/16596659
https://www.ncbi.nlm.nih.gov/pubmed/15671714


162

Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review Article

Citation: Nagy Abdulsamee. “Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review 
Article”. EC Dental Science 11.4 (2017): 149-167.

10. Kujawa J., et al. “Effect of low- intensity (3.75-25 J/cm2) near infrared (810 nm) laser radiation on red blood cell ATPase activities and 
membrane structure”. Journal of Clinical Laser Medicine and Surgery 22.2 (2004): 111-117.

11. Kujawa J., et al. “Low intensity near-infrared laser radiation-induced changes of acetylcholine esterase activity of human erythro-
cytes”. Journal of Clinical Laser Medicine and Surgery 21.6 (2003): 351-355.

12. Sulieman M. “An overview of the use of lasers in general dentist practice, laser wavelengths, soft and hard tissue clinical applications”. 
Dental Update 32.2 (2005): 286-288. 

13. Niemz MH. “Laser-Tissue Interactions: Fundamentals and Applications”. 3rd enlarged edition. VerlagBerlin Heidelberg: Springer 
(2007): 264.

14. Nair PN., et al. “Pulpal response to Er: YAG laser drilling of dentine in healthy human third molars”. Lasers in Surgery and Medicine 
32.3 (2003): 203-209.

15. Frentzen M., et al. “Er: YAG laser scaling of diseased root surfaces”. Journal of Periodontology 73.5 (2002): 524-530.

16. Bassi G., et al. “The Nd: YAG laser in caries removal”. British Dental Journal 177.7 (1994): 248-250.

17. Harris DM., et al. “Selective ablation of surface enamel caries with a pulsed Nd: YAG dental laser”. Lasers in Surgery and Medicine 30.5 
(2002): 342-350.

18. Cox CJ., et al. “Preliminary in vitro investigation of the effects of pulsed Nd: YAG laser radiation on enamel and dentine”. Biomaterials 
15.14 (1994): 1145-1151.

19. Yamada MK and Watari F. “Imaging and non-contact profile analysis of Nd: YAG laser- irradiated teeth by scanning electron micros-
copy and confocal laser scanning microscopy”. Dental Materials Journal 22.4 (2003): 556-568.

20. Srimaneepong V., et al. “Pulpal space pressure and temperature changes from Nd: YAG laser irradiation of dentin”. Journal of Dentistry 
30.7-8 (2002): 291-296.

21. Lan WH., et al. “A comparison of the morphological changes after Nd-YAG and CO2 laser irradiation of dentin surfaces”. Journal of 
Endodontics 26.8 (2000): 450-453.

22. Glockner K., et al. “Intra pulpal temperature during preparation with the Er: YAG laser compared to the conventional burr: an in vitro 
study”. Journal of Clinical Laser Medicine and Surgery 16.3 (1998): 153-157.

23. Pelagalli J., et al. “Investigational study of the use of Er: YAG laser versus dental drill for caries removal and cavity preparation - phase 
I”. Journal of Clinical Laser Medicine and Surgery 15.3 (1997): 109-115.

24. Takamori K., et al. “Basic study on vibrations during tooth preparations caused by high speed drilling and Er: YAG laser irradiation”. 
Lasers in Surgery and Medicine 32.1 (2003): 25-31.

25. Hale G and Querry M. “Optical constants of water in the 200-nm to 200-micron wavelength region”. Applied Optics 12.3 (1973): 555-
563.

26. Prabhuji ML., et al. “Frenectomy review Comparison of conventional techniques with diode laser”. Dental Tribune 3 (2010): 15-18.

27. Burkes E., et al. “Wet versus dry enamel abrasion by Er: YAG laser”. Journal of Prosthetic Dentistry 67.6 (1992): 847-851.

28. Aoki A., et al. “In vitro evaluation of Er: YAG laser scaling subgingival calculus in comparison with ultrasonic scaling”. Journal of Peri-
odontal Research 35.5 (2000): 266-277.

https://www.ncbi.nlm.nih.gov/pubmed/15165385
https://www.ncbi.nlm.nih.gov/pubmed/15165385
https://www.ncbi.nlm.nih.gov/pubmed/14709219
https://www.ncbi.nlm.nih.gov/pubmed/14709219
https://www.ncbi.nlm.nih.gov/pubmed/15977723
https://www.ncbi.nlm.nih.gov/pubmed/15977723
http://www.springer.com/in/book/9783540721918
http://www.springer.com/in/book/9783540721918
https://www.ncbi.nlm.nih.gov/pubmed/12605427
https://www.ncbi.nlm.nih.gov/pubmed/12605427
https://www.ncbi.nlm.nih.gov/pubmed/12027255
https://www.ncbi.nlm.nih.gov/pubmed/7917632
https://www.ncbi.nlm.nih.gov/pubmed/12116326
https://www.ncbi.nlm.nih.gov/pubmed/12116326
https://www.ncbi.nlm.nih.gov/pubmed/7893916
https://www.ncbi.nlm.nih.gov/pubmed/7893916
http://ci.nii.ac.jp/naid/110002983628
http://ci.nii.ac.jp/naid/110002983628
https://www.ncbi.nlm.nih.gov/pubmed/12554109
https://www.ncbi.nlm.nih.gov/pubmed/12554109
https://www.ncbi.nlm.nih.gov/pubmed/11199777
https://www.ncbi.nlm.nih.gov/pubmed/11199777
https://www.ncbi.nlm.nih.gov/pubmed/9743653
https://www.ncbi.nlm.nih.gov/pubmed/9743653
https://www.ncbi.nlm.nih.gov/pubmed/9612157
https://www.ncbi.nlm.nih.gov/pubmed/9612157
https://www.ncbi.nlm.nih.gov/pubmed/12516067
https://www.ncbi.nlm.nih.gov/pubmed/12516067
https://www.ncbi.nlm.nih.gov/pubmed/20125343
https://www.ncbi.nlm.nih.gov/pubmed/20125343
http://www.dental-tribune.com/printarchive/download/document/15438/file/6ecfd1b33c8249119608418b591f384c_4-5.pdf
https://www.ncbi.nlm.nih.gov/pubmed/1403876
https://www.ncbi.nlm.nih.gov/labs/articles/11005154/
https://www.ncbi.nlm.nih.gov/labs/articles/11005154/


163

Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review Article

Citation: Nagy Abdulsamee. “Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review 
Article”. EC Dental Science 11.4 (2017): 149-167.

29. Aoki A., et al. “Comparison between Er: YAG laser and conventional technique for root caries treatment in vitro”. Journal of Dental 
Research 77.6 (1998): 1404-1414.

30. Fujii T., et al. “Scanning electron microscopic study of the effects of Er: YAG laser on root cementum”. Journal of Periodontology 69.11 
(1998): 1283-1290.

31. Koort H and Frentzen M. “Laser effects on dental hard tissue”. Lasers in Dentistry, Quintessence Publishing Co, Inc., Chicago, USA, 
(1995): 57-70.

32. Seka W., et al. “Laser ablation of dental hard tissue: from explosive ablation to plasma mediated ablation”. Proceedings of SPIE 2672 
(1996): 144-158.

33. Ting C., et al. “Effects of Er,Cr: YSGG laser irradiation on the root surface: morphologic analysis and efficiency of calculus removal”. 
Journal of Periodontology 78.11 (2007): 2156-2164.

34. Stübinger S. “Advances in bone surgery: the Er: YAG laser in oral surgery and implant dentistry”. Clinical, Cosmetic and Investigational 
Dentistry 2 (2010): 47-62.

35. Iaria G. “Clinical, morphological, and ultrastructural aspects with the use of Er: YAG and Er,Cr: YSGG lasers in restorative dentistry”. 
General Dentistry 56.7 (2008): 636-639.

36. Convissar RA. “The biologic rationale for the use of lasers in dentistry”. Dental Clinics of North America 48.4 (2004): 771-794.

37. Kang HW., et al. “Investigations on laser hard tissue ablation under various environments”. Physics in Medicine and Biology 53.12 
(2008): 3381-3390. 

38. Schwarz F., et al. “The impact of laser application on periodontal and peri-implant wound healing”. Periodontology 2000 51 (2009): 
79-108. 

39. Cozean C., et al. “Dentistry for the 21st century? Erbium: YAG laser for teeth”. Journal of the American Dental Association 128.8 (1997): 
1080-1087.

40. Schwarz F., et al. “In vivo and in vitro effects of an Er: YAG laser, a GaAlAs diode laser, and scaling and root planing on periodontally 
diseased root surfaces: a comparative histologic study”. Lasers in Surgery and Medicine 32.5 (2003): 359-366.

41. Vandana KL. “Fluorosis and periodontium: A report of our institutional studies”. Journal of ICDRO 6.1 (2014): 7-15.

42. Folwaczny M., et al. “Root surface roughness following Er: YAG laser irradiation at different radiation energies and working tip angu-
lations”. Journal of Clinical Periodontology 29.7 (2002): 598-603.

43. Aoki A., et al. “In vitro studies on laser scaling of subgingival calculus with an erbium: YAG laser”. Journal of Periodontology 65.12 
(1994): 1097-1106.

44. Sasaki KM., et al. “Morphological analysis of cementum and root dentin after Er: YAG laser irradiation”. Lasers in Surgery and Medicine 
31.2 (2002): 79-85.

45. Gaspirc B and Skaleric U. “Morphology, chemical structure and diffusion processes of root surface after Er: YAG and Nd: YAG laser 
irradiation”. Journal of Clinical Periodontology 28.6 (2001): 508-516.

46. Schwarz F., et al. “Influence of fluorescence - controlled Er: YAG laser radiation, the Vector system and hand instruments on periodon-
tally diseased root surfaces in vivo”. Journal of Clinical Periodontology 33.3 (2006): 200-208.

47. Crespi R., et al. “Effect of Er: YAG laser on diseased root surfaces: an in vivo study”. Journal of Periodontology 76.8 (2005): 1386-1390. 

https://www.ncbi.nlm.nih.gov/pubmed/9649169
https://www.ncbi.nlm.nih.gov/pubmed/9649169
https://www.ncbi.nlm.nih.gov/pubmed/9848539
https://www.ncbi.nlm.nih.gov/pubmed/9848539
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1015356
http://proceedings.spiedigitallibrary.org/proceeding.aspx?articleid=1015356
https://www.ncbi.nlm.nih.gov/pubmed/17970683
https://www.ncbi.nlm.nih.gov/pubmed/17970683
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645460/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3645460/
https://www.ncbi.nlm.nih.gov/pubmed/19014022
https://www.ncbi.nlm.nih.gov/pubmed/19014022
https://www.ncbi.nlm.nih.gov/pubmed/15464552
https://www.ncbi.nlm.nih.gov/pubmed/18523347
https://www.ncbi.nlm.nih.gov/pubmed/18523347
https://www.ncbi.nlm.nih.gov/pubmed/19878471
https://www.ncbi.nlm.nih.gov/pubmed/19878471
https://www.ncbi.nlm.nih.gov/pubmed/9260417
https://www.ncbi.nlm.nih.gov/pubmed/9260417
https://www.ncbi.nlm.nih.gov/pubmed/12766958
https://www.ncbi.nlm.nih.gov/pubmed/12766958
http://www.jicdro.org/article.asp?issn=2231-0754;year=2014;volume=6;issue=1;spage=7;epage=15;aulast=Vandana
https://www.ncbi.nlm.nih.gov/pubmed/12354084
https://www.ncbi.nlm.nih.gov/pubmed/12354084
https://www.ncbi.nlm.nih.gov/pubmed/7877081
https://www.ncbi.nlm.nih.gov/pubmed/7877081
https://www.ncbi.nlm.nih.gov/pubmed/12210590
https://www.ncbi.nlm.nih.gov/pubmed/12210590
https://www.ncbi.nlm.nih.gov/pubmed/11350517
https://www.ncbi.nlm.nih.gov/pubmed/11350517
https://www.ncbi.nlm.nih.gov/pubmed/16489946
https://www.ncbi.nlm.nih.gov/pubmed/16489946
http://www.joponline.org/doi/abs/10.1902/jop.2005.76.8.1386


164

Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review Article

Citation: Nagy Abdulsamee. “Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review 
Article”. EC Dental Science 11.4 (2017): 149-167.

48. Muthukuru M., et al. “Nonsurgical therapy for the management of peri-implantitis: a systematic review”. Clinical Oral Implants Re-
search 23.6 (2012): 77-83.

49. Tomasi C., et al. “Short-term clinical and microbiologic effects ofpocket debridement with an Er: YAG laser during periodontal main-
tenance”. Journal of Periodontology 77.1 (2006): 111-118.

50. Yilmaz S., et al. “Er: YAG laser versus systemic metronidazole as an adjunct to nonsurgical periodontal therapy: a clinical and micro-
biological study”. Photomedicine and Laser Surgery 30.6 (2012): 325-330.

51. Eick S., et al. “In Vitro-Activity of Er: YAG Laser in Comparison with other Treatment Modalities on Biofilm Ablation from Implant and 
Tooth Surfaces”. PLoS ONE 12.1 (2017): e0171086.

52. Jovanovic J. “CASE REPORT: NightLase® Procedure - Laser Snoring and Sleep Apnea Reduction Treatment”. Journal of the Laser and 
Health Academy (2015).

53. Aston Acton Q. “Anhydrides - Advances in Research and Application”. Scholarly Editions TM. 3. Arias MA. 23.7 (2013): 586-593. 

54. Arias MA., et al. “Obstructive Sleep Apnea syndrome affects left ventricular diastolic function: effects of nasal continuous positive 
airway pressure in men”. Circulation 112.3 (2005): 375-383.

55. Miljeteig H., et al. “The effect of unilateral and bilateral nasal obstruction on snoring and sleep apnea”. Laryngoscope 102.10 (1992): 
1150-1152.

56. Guilleminault C., et al. “Sleep apnea syndrome due to upper airway obstruction: a review of 25 cases”. Archives of Internal Medicine 
137.3 (1977): 296-300.

57. Pataka A and Riha RL. “Continuous positive airway pressure and cardiovascular events in patients with obstructive sleep apnea”. Cur-
rent Cardiology Reports 15.8 (2013): 385. 

58. Sippus J. “CASE REPORT: NightLase® Procedure - Laser Snoring and Sleep Apnea Reduction Treatment”. Journal of the Laser and 
Health Academy (2015).

59. Çokakoğlu S., et al. “Effects of Different Combinations of Er: YAG Laser-Adhesives on Enamel Demineralization and Bracket Bond 
Strength”. Photomedicine and Laser Surgery 34.4 (2016): 164-170.

60. Nair AS., et al. “A Comparative Analysis of Caries Inhibitory Effect of Remineralizing Agents on Human Enamel Treated with Er: YAG 
Laser: An In-vitro Atomic Emission Spectrometry Analysis”. Journal of Clinical and Diagnostic Research 10.12 (2016): ZC10-ZC13.

61. Passi D., et al. “Laser vs bur for bone cutting in impacted mandibular third molar surgery: A randomized controlled trial”. Journal of 
Oral Biology and Craniofacial Research 3.2 (2013): 57-62.

62. Sasaki KM., et al. “Ultrastructural analysis of bone tissue irradiated by Er: YAG Laser”. Lasers in Surgery and Medicine 31.5 (2002): 
322-332.

63. Sasaki KM., et al. “Scanning electron microscopy and Fourier transformed infrared spectroscopy analysis of bone removal using Er: 
YAG and CO2 lasers”. Journal of Periodontology 73.6 (2002): 643-652.

64. Yoshino T., et al. “Long-term histologic analysis of bone tissue alteration and healing following Er: YAG laser irradiation compared to 
electrosurgery”. Journal of Periodontology 80.1 (2009): 82-92.

65. Fried NM and Fried D. “Comparison of Er: YAG and 9.6-microm TE CO(2) lasers for ablation of skull tissue”. Lasers in Surgery and 
Medicine 28.4 (2001): 335-343. 

https://www.ncbi.nlm.nih.gov/pubmed/23062131
https://www.ncbi.nlm.nih.gov/pubmed/23062131
https://www.ncbi.nlm.nih.gov/pubmed/16579711
https://www.ncbi.nlm.nih.gov/pubmed/16579711
https://www.ncbi.nlm.nih.gov/pubmed/22509738
https://www.ncbi.nlm.nih.gov/pubmed/22509738
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5268770/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5268770/
http://www.laserandhealthacademy.com/media/objave/academy/priponke/sippus_laha_2015_onlinefirst.pdf
http://www.laserandhealthacademy.com/media/objave/academy/priponke/sippus_laha_2015_onlinefirst.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16009798
https://www.ncbi.nlm.nih.gov/pubmed/16009798
https://www.ncbi.nlm.nih.gov/pubmed/1405965
https://www.ncbi.nlm.nih.gov/pubmed/1405965
https://www.ncbi.nlm.nih.gov/pubmed/557314
https://www.ncbi.nlm.nih.gov/pubmed/557314
https://www.ncbi.nlm.nih.gov/pubmed/23873341
https://www.ncbi.nlm.nih.gov/pubmed/23873341
http://www.laserandhealthacademy.com/media/objave/academy/priponke/sippus_laha_2015_onlinefirst.pdf
http://www.laserandhealthacademy.com/media/objave/academy/priponke/sippus_laha_2015_onlinefirst.pdf
https://www.ncbi.nlm.nih.gov/pubmed/26987047
https://www.ncbi.nlm.nih.gov/pubmed/26987047
https://www.ncbi.nlm.nih.gov/pubmed/28208995
https://www.ncbi.nlm.nih.gov/pubmed/28208995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941831/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941831/
https://www.ncbi.nlm.nih.gov/pubmed/12430149
https://www.ncbi.nlm.nih.gov/pubmed/12430149
https://www.ncbi.nlm.nih.gov/pubmed/12083538
https://www.ncbi.nlm.nih.gov/pubmed/12083538
https://www.ncbi.nlm.nih.gov/pubmed/19228093
https://www.ncbi.nlm.nih.gov/pubmed/19228093
https://www.ncbi.nlm.nih.gov/pubmed/11344514
https://www.ncbi.nlm.nih.gov/pubmed/11344514


165

Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review Article

Citation: Nagy Abdulsamee. “Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review 
Article”. EC Dental Science 11.4 (2017): 149-167.

66. Ivanenko MM., et al. “Bone tissue ablation with sub-microS pulses of a Q-switch CO(2) laser: histological examination of thermal side 
effects”. Lasers in Medical Science 17.4 (2002): 258-264.

67. Stanislawski M., et al. “Hard tissue ablation with a free-running Er: YAG and a Q-switched CO2 laser: a comparative study”. Applied 
Physics B 72.1 (2001): 115-120. 

68. Eyrich G. “Laser-osteotomy induced changes in bone”. Medical Laser Application 20 (2005): 25-36.

69. Kuttenberger JJ., et al. “Bone healing of the sheep tibia shaft after carbon dioxide laser osteotomy: histological results”. Lasers in Medi-
cal Science 25.2 (2010): 239-249.

70. Ivanenko M., et al. “In vivo animal trials with a scanning CO2 laser osteotome”. Lasers in Surgery and Medicine 37.2 (2005): 144-148.

71. Guler C., et al. “Effects of Er: YAG Laser on Mineral Content of Sound Dentin in Primary Teeth”. The Scientific World Journal (2014). 

72. Moosavi H., et al. “Structural and Morphological Changes in Human Dentin after Ablative and Subablative Er: YAG Laser Irradiation”. 
Journal of Lasers in Medical Sciences 7.2 (2016): 86-91.

73. Franzen R., et al. “Fracture Forces of Dentin after Surface Treatment with High Speed Drill Compared to Er: YAG and Er,Cr: YSGG Laser 
Irradiation”. Analytical Cellular Pathology (2016): 8517957. 

74. Carrieri TC., et al. “Adhesion of composite luting cement to Er: YAG-laser-treated dentin”. Lasers in Medical Sciences 22.3 (2007): 165-
170.

75. Chiniforush N., et al. “Surface Treatment by Different Parameters of Erbium: Yttrium-Aluminum-Garnet (Er: YAG) Laser: Scanning 
Electron Microscope (SEM) Evaluation”. Journal of Lasers in Medical Sciences 7.1 (2016): 37-39.

76. Jew J., et al. “Selective removal of natural caries lesions from dentin and tooth occlusal surfaces using a diode-pumped Er: YAG laser”. 
Proceedings of SPIE - The International Society for Optical Engineering (2017).

77. Yan R., et al. “Selective removal of dental caries with a diode-pumped Er: YAG laser”. Proceedings of SPIE - The International Society 
for Optical Engineering (2015).

78. Sasaki LH., et al. “Tensile bond strength and SEM analysis of enamel etched with Er: YAG laser and phosphoric acid: a comparative 
study in vitro”. Brazilian Dental Journal 19.1 (2008): 57-61.

79. Hossain M., et al. “A study on surface roughness and microleakage test in cavities prepared by Er: YAG laser irradiation and etched bur 
cavities”. Lasers in Medical Sciences 18.1 (2003): 25-31.

80. Fornaini C., et al. “Patient responses to Er: YAG laser when used for conservative dentistry”. Lasers in Medical Sciences 27.6 (2011): 
1143-1149.

81. Fornaini C., et al. “Er: YAG Laser and Fractured Incisor Restorations: An In Vitro Study”. Photomedicine and Laser Surgery 35.4 (2017): 
217-222. 

82. Montedori, Alessandro Abraha, Iosief Orso, Massimiliano D’Errico, Potito Giuseppe Pagano, Stefano Lombardo, Guido. Cochrane Da-
tabase of Systematic Reviews. John Wiley & Sons, Ltd (2016).

83. Ghazanfari R., et al. “Laser-Aided Ceramic Bracket Debonding: A Comprehensive Review”. Journal of Lasers in Medical Sciences 7.1 
(2016): 2-11.

84. Hilal Y., et al. “Intrapulpal Temperature Increase During Er: YAG Laser-Aided Debonding of Ceramic Brackets”. Photomedicine and 
Laser Surgery 35.4 (2017): 217-222.

https://www.ncbi.nlm.nih.gov/pubmed/12417980
https://www.ncbi.nlm.nih.gov/pubmed/12417980
https://link.springer.com/article/10.1007/s003400000517
https://link.springer.com/article/10.1007/s003400000517
http://www.sciencedirect.com/science/article/pii/S1615161505000049
https://www.ncbi.nlm.nih.gov/pubmed/19680713
https://www.ncbi.nlm.nih.gov/pubmed/19680713
https://www.ncbi.nlm.nih.gov/pubmed/16134124
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4150513/
https://www.ncbi.nlm.nih.gov/pubmed/27330703
https://www.ncbi.nlm.nih.gov/pubmed/27330703
https://www.ncbi.nlm.nih.gov/pubmed/26962473
https://www.ncbi.nlm.nih.gov/pubmed/26962473
https://www.ncbi.nlm.nih.gov/labs/articles/17235450/
https://www.ncbi.nlm.nih.gov/labs/articles/17235450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908989/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908989/
https://www.ncbi.nlm.nih.gov/pubmed/28450757
https://www.ncbi.nlm.nih.gov/pubmed/28450757
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4405669/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4405669/
https://www.ncbi.nlm.nih.gov/pubmed/18438561
https://www.ncbi.nlm.nih.gov/pubmed/18438561
https://www.ncbi.nlm.nih.gov/pubmed/12627269
https://www.ncbi.nlm.nih.gov/pubmed/12627269
https://www.ncbi.nlm.nih.gov/pubmed/22041846
https://www.ncbi.nlm.nih.gov/pubmed/22041846
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908986/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908986/
https://www.ncbi.nlm.nih.gov/labs/articles/28068189/
https://www.ncbi.nlm.nih.gov/labs/articles/28068189/


166

Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review Article

Citation: Nagy Abdulsamee. “Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review 
Article”. EC Dental Science 11.4 (2017): 149-167.

85. Cercadillo-Ibarguren I., et al. “Histologic evaluation of thermal damage produced on soft tissues by CO2, Er,Cr: YSGG and diode lasers”. 
Medicina Oral Patologia Oral y Cirugia Bucal 15.6 (2010): e912-e918. 

86. Romeo U., et al. “Histological in vitro evaluation of the effects of Er: YAG laser on oral soft tissues”. Lasers in Medical Science 27.4 
(2012): 749-753. 

87. Goharkhay K., et al. “Effects on oral soft tissue produced by a diode laser in vitro”. Lasers in Surgery and Medicine 25.5 (1999): 401-
406. 

88. Monteiro LS., et al. “Treatment of Epulis Fissuratum with Carbon Dioxide Laser in a Patient with Antithrombotic Medication”. Brazil-
ian Dental Journal 23.1 (2012): 77-81. 

89. Yagüe-García J., et al. “Treatment of oral mucocele - scalpel versus CO2 Laser”. Medicina Oral Patologia Oral y Cirugia Bucal 14.9 
(2009): e469-e474. 

90. Tamarit Borrás M., et al. “Removal of hyperplastic lesions of the oral cavity. A retrospective study of 128 cases”. Medicina Oral Patolo-
gia Oral y Cirugia Bucal 10.2 (2005): 151-162. 

91. Suter VGA., et al. “Pulsed Versus Continuous Wave CO2 Laser Excisions of 100 Oral Fibrous Hyperplasias: A Randomized Controlled 
Clinical and Histopathological Study”. Lasers in Surgery and Medicine 46.5 (2014): 396-404. 

92. Suter VGA., et al. “CO2 and diode laser for excisional biopsies of oral mucosal lesions. A pilot study evaluating clinical and histopatho-
logical parameters”. Schweizer Monatsschrift für Zahnmedizin 120.8 (2010): 664-671. 

93. Vesnaver A., et al. “Treatment of deep vascular lesions using ultrasound-guided intralesional laser photocoagulation”. Journal of Oral 
Laser Applications 10 (2010): 111-115.

94. Vescovi P., et al. “Nd: YAG laser versus traditional scalpel. A preliminary histological analysis of specimens from the human oral mu-
cosa”. Lasers in Medical Science 25.5 (2010): 685-691. 

95. Lubart R., et al. “Er: YAG laser promotes gingival wound repair by photo-dissociating water molecules”. Photomedicine and Laser 
Surgery 23.4 (2005): 369-372. 

96. Romeo U., et al. “Biopsy of different oral soft tissues lesions by KTP and diode Laser: histological evaluation”. Scientific World Journal 
(2014): 761704. 

97. Sarp ASK and Gülsoy M. “Ceramic bracket debonding with ytterbium fiber laser”. Lasers in Medical Sciences 26.5 (2011): 577-584.

98. Azevedo AS., et al. “In vitro histological evaluation of the surgical margins made by different laser wavelengths in tongue tissues”. 
Journal of Clinical and Experimental Dentistry 8.4 (2016): e388-e396.

99. Błochowiak K., et al. “Selected applications of Er: YAG and CO2 lasers for treatment of benign neoplasms and tumorous lesions in the 
mouth”. Postepy Dermatologii I Alergologii 32.5 (2015): 337-343.

100. Merigo E., et al. “Er: YAG laser dentistry in special needs patients”. Laser Therapy 24.3 (2015): 189-193.

101. Gutknecht N., et al. “A Novel Er: YAG Laser-Assisted Tooth Whitening Method”. Journal of the Laser and Health Academy 1 (2011): 1-10.

102. DeMoor RJ., et al. “Laser Teeth Bleaching: Evaluation of Eventual Side Effects on Enamel and the Pulp and the Efficiency In Vitro and 
In Vivo”. Scientific World Journal (2015). 

103. Westerman GH., et al. “Argon laser irradiation and fluoride treatment effects on caries-like enamel lesion formation in primary teeth: 
an in vitro study”. American Journal of Dentistry 17.4 (2004): 241-244.

https://www.ncbi.nlm.nih.gov/labs/articles/20526250/
https://www.ncbi.nlm.nih.gov/labs/articles/20526250/
https://www.ncbi.nlm.nih.gov/pubmed/21796423
https://www.ncbi.nlm.nih.gov/pubmed/21796423
https://www.ncbi.nlm.nih.gov/pubmed/10602132
https://www.ncbi.nlm.nih.gov/pubmed/10602132
https://www.ncbi.nlm.nih.gov/pubmed/22460320
https://www.ncbi.nlm.nih.gov/pubmed/22460320
https://www.ncbi.nlm.nih.gov/pubmed/19415059
https://www.ncbi.nlm.nih.gov/pubmed/19415059
https://www.ncbi.nlm.nih.gov/pubmed/15735548
https://www.ncbi.nlm.nih.gov/pubmed/15735548
https://www.ncbi.nlm.nih.gov/pubmed/24700467
https://www.ncbi.nlm.nih.gov/pubmed/24700467
https://www.ncbi.nlm.nih.gov/pubmed/21038754
https://www.ncbi.nlm.nih.gov/pubmed/21038754
http://jola.quintessenz.de/index.php?jid=jola&doc=abstract&abstractID=19983
http://jola.quintessenz.de/index.php?jid=jola&doc=abstract&abstractID=19983
https://www.ncbi.nlm.nih.gov/pubmed/20393771
https://www.ncbi.nlm.nih.gov/pubmed/20393771
https://www.ncbi.nlm.nih.gov/pubmed/16144478
https://www.ncbi.nlm.nih.gov/pubmed/16144478
https://www.hindawi.com/journals/tswj/2014/761704/
https://www.hindawi.com/journals/tswj/2014/761704/
https://www.ncbi.nlm.nih.gov/pubmed/20658306
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5045685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5045685/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692815/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4692815/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4639676/
https://www.researchgate.net/publication/255969723_A_novel_ErYAG_laser-assisted_tooth_whitening_method
https://www.hindawi.com/journals/tswj/2015/835405/
https://www.hindawi.com/journals/tswj/2015/835405/
https://www.ncbi.nlm.nih.gov/pubmed/15478483
https://www.ncbi.nlm.nih.gov/pubmed/15478483


167

Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review Article

Citation: Nagy Abdulsamee. “Soft and Hard Dental Tissues Laser Er:YAG Laser: From Fundamentals to Clinical Applications. Review 
Article”. EC Dental Science 11.4 (2017): 149-167.

104. Rezaei Y., et al. “Effects of laser irradiation on caries prevention”. Journal of Lasers in Medical Sciences 2.4 (2011): 159-164.

105. Apel C., et al. “The caries-preventive potential of subablative Er: YAG and Er: YSGG laser radiation in an intraoral model: a pilot study”. 
Photomedicine and Laser Surgery 22.4 (2004): 312-317. 

106. Zhegova GI., et al. “Minimally invasive treatment of dental caries in primary teeth using an Er: YAG Laser”. Laser Therapy 23.4 (2014): 
249-254.

107. Olivi G., et al. “Pediatric Laser Dentistry A User’s Guide. Chicago”. Special Care in Dentistry 32.2 (2011): 79-80.

108. Pescheck A., et al. “Pulpotomy of primary molars with the use of a Carbon Dioxide Laser: results of a long-term in vivo study”. Journal 
of Oral Laser 2.3 (2002): 165-169.

109. Olivi G., et al. “Pulp capping: advantages of using laser technology”. European Journal of Paediatric Dentistry 8.2 (2007): 89-95.

110. Soares F., et al. “Impact of Er,Cr: YSGG laser therapy on the cleanliness of the root canal walls of primary teeth”. Journal of Endodontics 
34.4 (2008): 474-477. 

111. Odabaş ME., et al. “Clinical, radiographic, and histopathologic evaluation of Nd: YAG laser pulpotomy on human primary teeth”. Jour-
nal of Endodontics 33.4 (2007): 415-421. 

112. Kotlow LA. “Oral diagnosis of abnormal frenum attachments in neonates and infants: Evaluation and treatment of the maxillary and 
lingual frenum using Erbiu: YAG laser”. Pediatric Dental Care 10.3 (2004): 11-14.

113. Olivi G., et al. “Evidence-based dentistry on laser paediatric dentistry: review and outlook”. European Journal of Paediatric Dentistry 
10.1 (2009): 29-40.

114. Kravitz ND and Kustnoto B. “Soft tissue laseres in orthodontics: an overview”. American Journal of Orthodontics and Dentofacial Or-
thopedics 133.4 (2008): 110-114. 

115. Haytac MC and Ozcelik O. “Evaluation of patient perceptions after frenectomy operations: a comparison of carbon dioxide laser and 
scalpel techniques”. Journal of Periodontology 77.11 (2006): 1815-1819. 

116. Hosseini MH., et al. “Amalgam surface treatment by different output powers of Er: YAG laser: SEM evaluation”. Journal of Lasers in 
Medical Sciences 6.4 (2015): 171-173.

Volume 11 Issue 4 June 2017
© All rights reserved by Nagy Abdulsamee.

http://journals.sbmu.ac.ir/jlms/article/viewFile/2710/2560
https://www.ncbi.nlm.nih.gov/pubmed/15345174
https://www.ncbi.nlm.nih.gov/pubmed/15345174
https://www.ncbi.nlm.nih.gov/pubmed/25705080
https://www.ncbi.nlm.nih.gov/pubmed/25705080
http://onlinelibrary.wiley.com/doi/10.1111/j.1754-4505.2012.00243.x/abstract
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=14737809&AN=37469511&h=vxwYSaO%2fmal%2bKW7w0Yy829XH0gEpN8B3yfHRMCQ9DREgsOmHavkbQhSTk1ag9NX410Ot1vDQCILVfDr1q84sGQ%3d%3d&crl=f&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d14737809%26AN%3d37469511
http://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=14737809&AN=37469511&h=vxwYSaO%2fmal%2bKW7w0Yy829XH0gEpN8B3yfHRMCQ9DREgsOmHavkbQhSTk1ag9NX410Ot1vDQCILVfDr1q84sGQ%3d%3d&crl=f&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d14737809%26AN%3d37469511
https://www.ncbi.nlm.nih.gov/pubmed/17571933
https://www.ncbi.nlm.nih.gov/pubmed/18358901
https://www.ncbi.nlm.nih.gov/pubmed/18358901
https://www.ncbi.nlm.nih.gov/pubmed/17368330
https://www.ncbi.nlm.nih.gov/pubmed/17368330
https://www.researchgate.net/publication/265073432_Oral_Diagnosis_of_Abnormal_Frenum_Attachments_in_Neonates_and_Infants_Evaluation_and_Treatment_of_the_Maxillary_and_Lingual_Frenum_using_the_Erbium_YAG_Laser
https://www.researchgate.net/publication/265073432_Oral_Diagnosis_of_Abnormal_Frenum_Attachments_in_Neonates_and_Infants_Evaluation_and_Treatment_of_the_Maxillary_and_Lingual_Frenum_using_the_Erbium_YAG_Laser
https://www.ncbi.nlm.nih.gov/pubmed/19364243
https://www.ncbi.nlm.nih.gov/pubmed/19364243
https://www.ncbi.nlm.nih.gov/pubmed/18407017
https://www.ncbi.nlm.nih.gov/pubmed/18407017
https://www.ncbi.nlm.nih.gov/pubmed/17076605
https://www.ncbi.nlm.nih.gov/pubmed/17076605
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4688385/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4688385/

	_GoBack
	_GoBack
	_GoBack
	_GoBack

