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 Scattering = as defined by a weakening of the 
beam with an accompanying transfer of thermal 
energy to the surrounding tissue.

 Ablation = thermal heating with subsequent de-
flagration due to energy absorption of the chro-
mophores present in the tissue. A thermal influ-
ence that is too strong can lead to carbonization 
(charring of the tissue).

The primary chromophores in the intraoral soft tissue 
are melanin, hemoglobin, and water. In dental hard 
tissue, water and hydroxylapatite absorb the most 
laser energy. Chromophores possess a different ab-
sorption coefficient, meaning they have different 
absorption properties for different wavelengths. As 
a result, the correct laser must be chosen depending 
on the surgery. In dentistry, CO2 lasers, neodymium 
lasers, erbium lasers or diode lasers are used first and 
foremost1. The term “laser” stands for “Light Am-
plification by Stimulated Emission of Radiation.” 

 Introduction

Light is an electromagnetic energy composed of 
photons that travel in wave form at the speed of 
light. A wave of photons is defined by two proper-
ties: the amplitude (height of the wave) and the 
wavelength (horizontal distance between two corre-
sponding points on the wave). Ordinary light con-
sists of different wavelengths and is unfocused and 
incoherent. Light created by a laser, however, pos-
sesses a single wavelength, synchronicity, and iden-
tical amplitudes. As a result, it is monochromatic and 
coherent. This type of electromagnetic energy can 
be used in various areas. Lasers were first used in 
dentistry in 19891. 

If laser energy comes into contact with tissue, 
then, in principle, four interactions take place:
 Reflection = deflection of the beam with no in-

fluence on the target tissue.
 Transmission = penetration of the tissue with no 

influence on it. 
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 Erbium laser

A distinction is made between two different erbi-
um-doped lasers: Er:YAG and Er,Cr:YSGG. Er:YAG 
produces a wavelength of 2,790 nm and Er,Cr:YSGG 
produces 2,940 nm. Most of the energy is absorbed 
by water and hydroxylapatite. Erbium lasers are 
highly recommended for the treatment of dental 
hard tissue. For surgical procedures in soft tissue, 
they have no hemostatic effect3. Care must be taken 
when performing soft tissue surgery in the immedi-
ate vicinity of the teeth. 

 Neodymium laser

The laser energy from neodymium lasers (Nd:YAG) 
is absorbed by pigmented cells. As the emitted 
wavelength of 1,064 nm is hardly absorbed by den-
tal hard tissue cells, neodymium lasers are ideal for 
soft tissue surgery1.

 Diode laser

Diode lasers have a semi-conductor as the active el-
ement and mostly produce wavelengths that range 
from 810 to 980 nm. The handpiece is fitted with an 
exchangeable glass fiber as the therapeutic light 
conductor. These lasers are used in particular for soft 
tissue surgery, as the wavelengths are absorbed by 
pigmented cells such as melanin, but to a lesser ex-
tent by hydroxylapatite and water in dental hard 
tissue1.

More modern diode lasers can also create wave-
lengths of 445 nm (Fig 1). This is particularly advan-
tageous since the maximum absorption of hemoglo-
bin is lower than 600 nm4. Due to the high energy 
input in the hemoglobin cells, coagulation and he-
mostasis occur quickly. In contrast, there is very little 
water absorption in this range, and because of this a 
thermally limited impact on the tissue is achieved5.

Due to their wavelengths, diode lasers are also 
used for biostimulation.

In comparison to other lasers, diode lasers are 
very suitable for orthodontic practices, given their 
size, price, and indications.

 Types of lasers

There are three basic components to a laser: an ac-
tive laser medium, an energy supplier (eg, flash light, 
electricity or an electric coil), and an optical resona-
tor. The emission of photons occurs due to the en-
ergy supplied to the laser medium. This stimulated 
emission is amplified in an optical resonator. Using 
mirrors, the photons are reflected back and forth, 
and then subsequently leave through the resonator 
that is partially permeable on one side2. Lasers differ 
mainly in terms of their active laser medium, but also 
in terms of their size, weight, and price.

 CO2 laser

The wavelength is 10,600 nm and the active laser 
medium is a CO2 compound. The CO2 laser is the 
strongest gas laser. The greatest amount of absorp-
tion takes place through hydroxylapatite and water. 
This laser is therefore most suitable for the treatment 
of dental hard tissue and for soft tissue surgery2.

For surgical interventions in soft tissue, care must 
be taken when acting in the vicinity of dental hard 
tissue due to the affinity to hydroxylapatite.

 He-Ne laser

The He-Ne laser was the first gas laser. Its wave-
length of 623.8 nm radiates in the visual red region 
visible to the human eye. Until now, this laser has 
been used mainly in the areas of biology, medicine, 
and physics2.

 Argon laser

Argon lasers work with a wavelength of 488 and 
514.5 nm. Lasers that possess noble gases as an ac-
tive laser medium are used in the area of soft tissue 
surgery and light polymerization. The wavelengths 
specified are absorbed particularly by melanin and 
hemoglobin2.
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Fig 1  Diode laser with 
three wavelengths: 
445 nm, 660 nm, and 
970 nm (Image source: 
Sirona Dental Systems 
GmbH, Bensheim).

Another methodology showed that, with the use 
of CO2 lasers and YAG lasers, the adhesive between 
the tooth and the bracket could be softened ther-
mally. The brackets could then be removed with 
minimal force11. 

In a recent study, ceramic brackets were irradi-
ated using a new type of 445-nm diode laser before 
debonding, with the result that less residual adhesive 
remained on the tooth when removing the brackets 
than was the case with the control group12. 

Anand et al describe that, with the use of a diode 
laser before the removal of ceramic brackets, the 
shear bond strength can be reduced by 33.3%, and 
hence the danger of enamel cracks during debond-
ing is reduced13.  

The study by Yassai et al provides evidence of the 
superiority of diode lasers (980 nm) for the removal 
of ceramic brackets compared to conventional 
debonding. In the process, the pulp was only heated 
up minimally by 1.46°C, which did not cause any 
damage to the pulp14.

 Caution

Wavelength-specific protective goggles must be 
worn when using most lasers in dental practice. This 
applies to the practitioner, the assistant, the patient, 
and to any other individuals located in the room 
while the treatment is carried out. According to reg-
ulations, there should be a clear label on the door 
and/or outside the room in which the laser treatment 
is performed to inform people that the room is a 
laser workplace. The authorities responsible must be 
informed before the laser is commissioned. If the op-
erator cannot demonstrate specialist knowledge, 
then a qualified laser safety expert should be com-
missioned in writing.

 Orthodontic indications

 Enamel conditioning

Using erbium lasers can cause micro-irregularities 
and alterations, such as enamelization and recrystal-
lization on the enamel surface6,7. This surface corre-
sponds to a type III etching pattern according to 
Silverstone7,8. Basran et al also reported that the 
shear strength achieved is comparable to that 
achieved by conventional etching7. In contrast, it has 
also been stated that it would be expedient to re-
etch conditioned enamel with an erbium laser in or-
der to achieve a certain degree of shear bond 
strength9. 

The comparatively expensive use of erbium la-
sers currently makes their application in clinical prac-
tice unnecessary.

 Debonding

Since the 1990s, lasers have been used experimen-
tally to remove ceramic brackets2. Using neodymium 
lasers, debonding was achieved where the brackets 
could be dislodged due to the force of the deflagra-
tion10.
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from 9 to 12 mm16. In order to correctly assess the 
tooth proportions, the tooth width must be cor-
related with the tooth length. Here, there should be 
a value of 80% for the maxillary central incisors17.

Using these values as a guide, the orthodontist 
can decide clinically to what extent the exposure of 
the anterior teeth and the gingiva of the patient will 
influence the esthetic result. Should the exposure of 
the anterior teeth be too low, the clinician should 
assess whether a vertical maxillary underdevelop-
ment is present, whether lip movement is restricted, 
or whether the clinical crown is shortened. If the 
clinical crown is shortened, the questions that arise 
are whether the tooth has erupted completely, 
whether a “passive altered eruption”18 of the gin-
giva is present, or whether the loss of hard tooth 
substance has occurred due to attrition or abra-
sion16. “Passive altered eruption” or pseudo erup-
tion can be treated by lengthening the crown by 
means of laser surgery.

In some cases, it is just as helpful to carry out 
surgical crown lengthening before the bracket is 
placed, in order to avoid unwanted side effects due 
to false placement of the brackets. 

Before shaping the gingiva, the clinician should 
check the heights of the gingival curvatures in both 
quadrants of the jaw for their symmetry, and inves-
tigate the described ratios between the gingival cur-
vatures of the individual teeth. In the event of asym-
metry or if there is a false ratio between the 
curvatures, then corrections must be performed to 
create an esthetic result.

The tissue should be removed with a stroking 
movement of the fiberglass tip. In order to round off 
the gingival curvature and avoid any sharp edges, 
the angle of incidence of the instrument tip should 
be varied. The fundamental periodontal principles 
should be observed, and the biological width of 
3 mm should not be violated. This consists of the 
gingival sulcus, epithelial, and connective tissue at-
tachment. Loss of the biological width could lead to 
unpredictable bone loss1. 

As regards the contour, the three-dimensional 
(3D) expansion of the papillae can be thinned out 
using laser surgery if the papillae act in a hyperplas-
tic manner. In order to carry out such gingival con-
touring, the instrument is guided in a rolling, stroking 
movement over the papillae3.

 Light polymerization

Argon lasers work with a wavelength of 488 nm in 
the area of the absorption peak of camphorquinone, 
an initiator radical in dental adhesives. Many reports 
exist about the use of argon lasers for light polymer-
ization, but the price of the laser makes its use in 
clinical practice uneconomical at the moment2.

 Soft tissue surgery

The significant advantage of laser-assisted surgical 
procedures, in contrast to electrosurgery, is that 
there is an absence of problematic electromagnetic 
interactions15. 

 Esthetic gingival corrections

In the finishing phase of orthodontic treatment 
cases, important concepts from cosmetic dentistry 
play a role. Particular attention should be paid to the 
length of the tooth crowns, the proportionality of 
the teeth, as well as the form and contour of the 
gingiva3. The esthetic result can be negatively influ-
enced by excessive gingival exposure, uneven con-
tours of the gingival margin or disproportionate 
tooth sizes1. In this case, laser surgery can provide 
assistance to improve the form and the contour of 
the gingiva, carry out crown lengthening, and recre-
ate the proportionality of the teeth3.

In an ideal case, 2 mm of gingiva can be seen 
below the high smile line1. How much gingiva can 
be seen, however, varies from one individual to an-
other16. The curvature of the gingival margin, the 
maxillary central incisors, and the maxillary canines 
should be at the same height. The curvature of the 
maxillary lateral incisors should lie slightly under-
neath1. Ideally, the most apical point of the gingiva 
curvature (the zenith) should be at the maxillary cen-
tral incisors, and the maxillary canines distal to the 
longitudinal axis of the tooth. For the maxillary lat-
eral incisors and the mandibular incisors, the zenith 
should correspond with the longitudinal axis16.

The tooth length of a maxillary central incisor is 
on average 10.6 mm for men and 9.6 mm for 
women, with the variations in this value ranging 
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Following frenectomies, no particular postopera-
tive aftercare is generally necessary.

Coagulated tissue can remain on the fiber tip 
from the surgical work. It is helpful for the assistant 
to remove this tissue in the interim using a damp 
gauze cloth. It is advisable to work with suction re-
moval, as the surgical procedure using a laser can 
have an unpleasant effect on olfactory perception.

Remaining coagulated tissue on the gingiva can 
be dabbed away gently with a microbrush and a 3% 
hydrogen peroxide solution1. It can also be rinsed 
with physiological saline solution.

 Biostimulation

The biostimulating effect of low-level laser therapy 
(LLLT), also known as soft laser therapy, is a compo-
nent of current research. There are no standards as 
a result of the use of different wavelengths and 
methods2. It has been confirmed that stimulation of 
the ATP synthesis takes place, and the synthesis of 
DNA and RNA in the mitochondria is stimulated21. 
Additionally, collagen synthesis could be stimulated 
by the irradiation of fibroblasts22. Additional primary 
and secondary effects due to LLLT have also been 
described in the literature2,23.

In orthodontics, LLLT can be used for accelerated 
tooth movement. Both Cruz et al and Genc et al, in 
double-sided extraction cases, irradiated only one 
quadrant, and used the other quadrant as a control 
group. Accelerated tooth movement on the irradi-
ated side could be demonstrated in both research 
groups24,25.

LLLT can also be used for enamel reduction2, the 
treatment of aphtae17, and for improved wound 
healing26.

For biostimulation using LLLT, He-Ne lasers or a 
diode laser that can create different wavelengths are 
suitable. Wavelengths in the visible red spectrum 
(625 to 780 nm) and the infrared spectrum (780 to 
1400 nm) are used for this purpose.

With a diode laser there is no hemorrhaging due 
to the coagulating effect, and an exact contouring 
of the papillae and shaping of the gingival curvature 
is guaranteed. As a rule, no particular aftercare is 
necessary. 

 Exposure of retained and partly retained 
teeth

Soft tissue lasers are also suitable for the exposure of 
retained and partly retained canines, if the crown is 
not covered by bone1. The orthodontic attachment 
can then be secured immediately afterwards using 
an adhesive19.

 Removing hypertrophic tissue

The use of soft tissue lasers is helpful in thinning the 
hypertrophic gingiva, eg, after gap closure19, and 
also for the removal of growths of the gingiva over 
orthodontic apparatus (eg, springs, mini-pins)1.

When placing orthodontic bands on the mandib-
ular second molar, a mucosal hood can sometimes 
be obstructive. An operculectomy can be easily car-
ried out using a soft tissue laser in the same session.

 Frenectomy

Soft tissue lasers are very useful for performing 
frenectomies to reduce the labial frenulum or, in the 
case of ankyloglossia, for the transection of the 
tongue frenulum. In both cases, the frenectomy can 
be carried out easily and seamlessly, and in a hemo-
static and almost pain-free manner. Following ad-
ministration of an anesthetic, the transection is car-
ried out by stretching the lip and tongue in order to 
extend the relevant frenulum. Once it is stretched, 
strokes are made back and forth with the fiberglass 
over the tissue to be resected, as if using a brush. 

If the labial frenulum reaches to the papilla, then 
one also transects the musculature centrally along 
the papilla to the periosteum, leaving the tip of the 
papilla intact1. The labial frenulum should only be 
removed once the diastema has closed as far as pos-
sible20.
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 Case study 1

 Problem: Recession on tooth 31 as a result of 
labial tilting and high inserting labial frenulum; 
gingival hyperplasia on teeth 32 and 42 (Fig 2).

 Orthodontic therapy: Placement of tooth 31.
 Laser therapy: Frenectomy for the removal of the 

mandibular labial frenulum; gingivectomy on 
teeth 32 and 42 (Figs 3 to 5).

 Anesthesia: Selective injections of 0.2 ml each.
 Aftercare: No particular aftercare is necessary.

 Case study 2

 Problem: Persistence at tooth 52; retention at 
tooth 13; agenesis at teeth 12 and 22 (Figs 6 and 
7).

 Case studies on the practical 
application of a diode laser

In all of the case studies listed below, Ultracain D-S 
forte anesthetic (Sanofi-Aventis, Frankfurt a.M.) and 
SiroLaser Blue (Dentsply Sirona Dental Systems 
GmbH, Bensheim) were used. 

For case studies 1, 2, and 3, as well as the expo-
sure in case study 4, the laser was applied with the 
following settings: wavelength 445 nm, power 
2.0 W, time 0 s, duty cycle cw, frequency cw, aver-
age power 2.0 W. For the biostimulation in case 
study 4, the laser was operated in the following 
mode: wavelength 970 nm, power 2.0 W, time 0 s, 
duty cycle 50%, frequency 1 GHz, average power 
1.0 W.

Fig 2  Recession at tooth 31, gingival hyperplasia at teeth 32 
and 42, and high inserting labial frenulum.

Fig 3  Situation after frenectomy of mandibular labial 
frenulum.

Fig 4  Hyperplasia of the gingiva can be clearly seen at teeth 
32 and 42.

Fig 5  The gingivectomy at teeth 32 and 42 took place in the 
same session.
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Fig 6  Persistence at tooth 52, retention at tooth 13, and 
agenesis at teeth 12 and 22.

 Orthodontic therapy: Extraction of tooth 52; 
 arranging of tooth 13; gap closure in region 12. 

 Laser therapy: Exposure of tooth 13; gingival 
shaping of the maxillary anterior region (Figs 8 to 
15).

Fig 7  Retention of tooth 13 can be reliably diagnosed on the 
orthopantomogram (OPG). 

Fig 8  Situation after exposure of tooth 13. Adhesion of the 
brackets could be achieved directly.

Fig 9  Esthetic result of the gingival shaping could be 
simulated using digital visualization. Composite veneers on 
teeth 14, 13, 23, and 24.

Fig 10  Result after immediate gingival shaping. Fig 11  Final results of the gingival shaping correspond to the 
digital simulation.

 Anesthesia: Selective injections of 0.2 ml each.
 Aftercare: No particular aftercare necessary.

Fig 12  (left, top) 
Persistence of tooth 52 
with retention of tooth 
13.

Fig 13  (right, top) 
Placement of tooth 13 
to the position of tooth 
12.

Fig 14  (left, bottom) 
Situation after active 
orthodontic therapy; 
enamel recontouring of 
tooth 13. Misalignment 
of the heights of the 
gingival curvature result-
ing in compromised 
esthetics.

Fig 15  (right, bottom) 
Composite veneers on 
teeth 14, 13, 23, and 
24, and esthetic gingival 
shaping for an ideal 
gingival line.
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 Orthodontic therapy: Closure of the diastema; 
dealing with the crowding (Fig 18).

 Laser therapy: Frenectomy (Fig 19).
 Anesthesia: Selective 0.2 ml each in the area of 

the frenectomy.
 Aftercare: No particular aftercare is necessary 

(Fig 20).

 Case study 3

 Problem: Deep muscular insertion of the maxil-
lary labial frenulum in a bone defect; median di-
astema; secondary crowding in the maxilla; pri-
mary and secondary crowding in the mandible 
(Figs 16 and 17).

Fig 16  Median diastema. Low-inserting labial frenulum with 
muscular involvement.

Fig 18  The diastema is closed. Fig 19  Situation immediately after the frenectomy.

Fig 17  On the cone beam computed tomography (CBCT) 
scan, a bone defect is evident in region 11/ 21.

Fig 20  Wound healing without aftercare following laser surgery.
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Fig 21  

 Laser therapy: Biostimulation for faster tooth 
movement in the area of the gaps (Figs 23 and 
24) and exposure of tooth 37 (Figs 25 and 26).

 Anesthesia: Selective 0.2 ml in the area of the 
exposure.

 Aftercare: No particular aftercare is necessary.

 Case study 4

 Problem: Persistence of teeth 75 and 85; agene-
sis of teeth 35 and 45; retention of tooth 37 
(Fig 21).

 Orthodontic therapy: Extraction of teeth 75, 85, 
14, and 24; subsequent gap closure (Fig 22).

Fig 25  (lfet, bottom) 
Exposure of tooth 37 
with a wavelength of 
445 nm. 

Fig 26  (right, bottom) 
Situation after exposure 
of tooth 37 with 
subsequent adhesive 
attachment of a tube. 
The gaps have closed 
almost completely after 
9 months.

Fig 22  (left, top) 
Situation after extraction 
of teeth 75 and 85.

Figs 23 and 24  (middle 
and right, top) 
Biostimulation of 
extraction gaps in 
opposing jaw for 
accelerated tooth 
movement, irradiated 
from vestibular and oral 
with a wavelength of 
970 nm for 60 s every 
14 days.
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be possible for orthodontists to carry out smaller sur-
gical procedures themselves. Biostimulating laser 
applications could also shorten the length of treat-
ment.

 Conclusion

Diode lasers can be used for nearly all orthodontic 
indications for lasers in clinical practice. As a result of 
their hemostatic effect in soft tissue surgery, it should 
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