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ABSTRACT

Lasers are increasingly used in modern dentistry for both surgical and
non-surgical procedures across various specialties. In prosthodontics, lasers
such as CO,, argon, and YAG have improved soft tissue management,
enhanced healing, and facilitated precision during prosthetic procedures.
In orthodontics, lasers assist in soft tissue contouring, frenectomies, and
the removal of resin residues, boosting efficiency and patient comfort
throughout treatment. In paediatric dentistry, lasers act as a minimally
invasive alternative for caries removal, pulp therapy, and infection control,
resulting in reduced pain, better cooperation from children, and greater
satisfaction for patients and caregivers. This review highlights recent
advancements and clinical benefits of laser integration in prosthodontics,
orthodontics, and paediatric dentistry, emphasising their role in improving
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patient outcomes and modernising dental practice.
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1. INTRODUCTION

The application of lasers in medicine and surgery gained
widespread attention following the invention of the “Ruby
Laser” by Theodore H. Maiman in 1960 [1]. Since then,
research has increasingly focused on integrating laser tech-
nology into dentistry, opening new possibilities in both
clinical practice and dental research. Laser is an acronym
for “light amplification by stimulated emission of radia-
tion,” and refers to a device that emits a single wavelength
of collimated light capable of delivering concentrated
energy to target tissues. In 1968, carbon dioxide lasers
were used for the first soft-tissue surgeries, followed by the
U.S. FDA’s approval of the erbium laser for hard-tissue
applications in 1997 and the diode laser for soft-tissue
surgeries in 1998 [2]. Lasers cut by thermal ablation, a
process involving rapid absorption, melting, vaporization,
and tissue decomposition. This leads to advantages such
as minimal bleeding, reduced operative time, and faster
postoperative recovery. Despite the higher operatory and
maintenance costs, lasers offer precision and efficiency
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that continue to transform dental procedures across
specialties [3].

Lasers have found widespread applications across var-
ious dental specialties, including restorative dentistry,
endodontics, periodontics, implantology, oral surgery, and
more. Prosthodontics, a core branch of dentistry, has
also incorporated laser technology to complement and
enhance traditional treatment techniques. Their use has
brought significant improvements in procedures involving
both fixed and removable prostheses. Lasers offer precise
soft tissue modification, reduced bleeding, faster healing,
and better postoperative outcomes. In prosthodontic care,
they are particularly useful for tasks such as gingival con-
touring, crown lengthening, impression site preparation,
and peri-implant tissue management. These advantages
contribute to a more comfortable patient experience and
greater clinical efficiency [3], [4].

Orthodontics has undergone significant advancements,
incorporating innovations in appliance design, biome-
chanics, and clinical tools to enhance treatment outcomes.

Copyright: © 2025 Sakarna et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original source is cited.

Vol 6 | Issue 4 | August 2025


https://crossmark.crossref.org/dialog/?doi=10.24018/ejdent.2025.6.4.391&domain=pdf
http://dx.doi.org/10.24018/ejdent.2025.6.4.391
mailto:drsandeepsingh011@gmail.com

An Update in the Use of Lasers in Prosthodontics, Orthodontics, and Pedodontics

Among these, laser technology has become an increas-
ingly valuable addition to modern orthodontic practice.
Lasers are used to accelerate tooth movement, promote
bone remodeling, and facilitate procedures such as enamel
etching before bonding and the safe debonding of ceramic
brackets. They also aid in reducing pain after force applica-
tion and help prevent enamel demineralization. Soft tissue
challenges during or after treatment, such as excessive
gingival tissue, delayed eruption, or frenal attachments,
can be effectively managed using lasers for procedures
like gingival contouring, frenectomy, operculectomy, and
tissue removal around temporary anchorage devices. By
offering precision, minimal invasiveness, and improved
healing, lasers contribute significantly to more efficient
and esthetic orthodontic outcomes [5].

In pediatric dentistry, creating a positive and comfort-
able first dental experience is essential for establishing
lifelong oral health habits. To achieve this, pedodontists
increasingly adopt minimally invasive technologies, such
as lasers, which reduce discomfort and anxiety during
treatment. Lasers offer a gentle alternative to traditional
tools and are effective in both diagnostic and therapeutic
procedures. They can be used to manage soft and hard
tissue conditions, assist in caries detection and removal,
and help prevent the progression of dental diseases in
children. The reduced need for anesthesia, minimal bleed-
ing, and faster healing make lasers particularly suitable
for young patients, improving cooperation and overall
treatment success [0].

2. LASERS IN PROSTHODONTICS

2.1. Soft Tissue Management and Crown Lengthening

Lasers play a key role in soft tissue management within
prosthodontics, offering precise and minimally invasive
options for procedures like gingivectomy and gingivo-
plasty. They reduce bleeding, postoperative pain, and
healing time. In crown lengthening, lasers enable con-
trolled removal of soft tissue to expose tooth structure
needed for restorations without damaging nearby areas.
Lasers are also effective for frenectomy and frenotomy,
improving healing and patient comfort. Overall, their use
enhances clinical outcomes and patient satisfaction in
prosthodontic care [7], [8].

2.2. Removable Prosthodontics (CD & RPD)

Selective laser sintering (SLS) is increasingly used in
denture fabrication, where a high-powered CO2 laser fuses
polymer or metal powders layer by layer to create strong
and durable prostheses from digital models stored in STL
format. In removable partial dentures (RPDs), Nd:YAG
lasers are employed for welding components, offering sig-
nificantly higher tensile strength—up to 20%—-50% greater,
compared to traditional soldering methods. This results in
more reliable and long-lasting prosthetic constructions [9].

2.3. Fixed Prosthodontics

For tooth preparation, the Er:YAG laser is preferred
due to its precision in removing hard dental tissues,
often eliminating the need for anesthesia by numbing
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the tooth naturally. Unlike high-speed handpieces, lasers
avoid causing microfractures in enamel, preserving tooth
integrity [10].

Laser trough formation around the tooth simplifies the
impression process by removing the need for retraction
cords, electrocautery, or hemostatic agents. This technique
controls bleeding effectively, reduces postoperative dis-
comfort, and shortens chair time, improving both clinician
efficiency and patient experience [11].

2.4. Implantology

Lasers play a vital role in various implant procedures.
During second-stage surgery, CO2 and other lasers effec-
tively remove soft tissue, allowing immediate impressions
with minimal bleeding and tissue shrinkage. Low-level
laser therapy (LLLT), using diode lasers (690 nm), helps
disinfect contaminated implant surfaces, reducing bac-
terial load by up to 92%. Laser-assisted implant site
preparation promotes faster healing, better osseointegra-
tion, and less patient discomfort. For peri-implantitis,
diode, CO2, and Er:YAG lasers are used to remove
inflamed granulation tissue and decontaminate implant
surfaces, improving treatment outcomes [12].

2.5. Maxillofacial Prosthodontics

3D printing has become a crucial tool for reconstructing
both bone and soft tissues in maxillofacial prosthodontics.
Using computer-aided design (CAD), models are built
layer by layer. Various 3D printing techniques, including
stereolithography, multijet modeling, selective laser sinter-
ing (SLS), binder jetting, and fused deposition modeling,
are widely applied in clinical practice (Fig. 1) [13].

3. LASERS IN ORTHODONTICS

3.1. Acceleration of Tooth Movement

Orthodontic treatment duration largely depends on
the rate of tooth movement, which involves alveolar
bone remodeling and periodontal ligament reorganization.
Low-Level Laser Therapy (LLLT) has shown potential to
accelerate tooth movement by stimulating bone remodel-
ing and connective tissue reorganization without causing
harm to the tooth or surrounding periodontium. This
acceleration can help reduce overall treatment time effec-
tively [14].

3.2. Laser Etching of Tooth Surface

Studies show that laser etching offers advantages over
traditional 37% phosphoric acid etching. Laser treatment
does not create a smear layer, helps inhibit caries, and
eliminates the need for water spray and air drying. This
reduces procedural errors and saves time during bonding
procedures [15].

3.3. Low-Level Laser Therapy in Reducing Orthodontic

Pain

Orthodontic treatment often causes pain due to acute
inflammation from mechanical forces, commonly experi-
enced after placement of separators, archwires, or during
tooth retraction. This pain can discourage patients from
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Fig. 1. Lasers in prosthodontics.

maintaining proper oral hygiene. While NSAIDs are com-
monly used to manage pain, their systemic side effects
may slow tooth movement. Low-level laser therapy (LLLT)
has emerged as an effective, localized pain management
alternative in dentistry. Studies indicate that LLLT can
significantly reduce pain immediately following proce-
dures such as separator placement or initial archwire
insertion. Both single and repeated LLLT treatments
are effective in decreasing pain intensity and duration,
although some researchers suggest it may not influence the
onset or peak pain day [16], [17].

3.4. Laser Debonding of Ceramic Brackets

Laser debonding of ceramic brackets offers a safer and
more efficient alternative to traditional removal methods.
While ceramic brackets provide better aesthetics compared
to metal ones, their brittleness makes them prone to caus-
ing enamel damage or pain during removal. Conventional
techniques like using special pliers or thermal methods
can be time-consuming and may risk damaging the tooth.
Laser devices such as CO2, Nd:YAG, and Er:YAG have
been introduced to help by breaking down the adhesive
resin that holds the bracket in place. This happens through
heating the resin to soften it, rapidly vaporizing it before
softening occurs, or using high-energy lasers to break
the chemical bonds within the resin. These mechanisms
allow the bracket to be removed more easily while keeping
the tooth temperature within safe limits, resulting in less
discomfort and reduced risk of enamel damage [18].

3.5. Resin Residues Removal after Bracket Debonding

After orthodontic treatment, removing resin residues
from teeth is essential to restore a clean surface. Traditional
removal methods like burs and scalers can cause enamel
damage and increase tooth temperature if not used care-
fully. Recently, lasers such as CO2 and Nd:YAG have been
used effectively to remove resin safely, minimizing enamel
harm and heat risks (Fig. 2) [19], [20].

4. LASERS IN PEDIATRIC DENTISTRY

4.1. Pulpal Therapy

In pediatric dentistry, lasers have gained attention for
pulpotomy procedures, which involve removing infected
coronal pulp while preserving the healthy radicular pulp.
The American Association of Endodontists acknowledges
lasers’” role in root disinfection through photodynamic
therapy and photon-induced acoustic streaming, though
challenges like canal curvature, heat generation, and lim-
ited long-term evidence remain. Among lasers, the diode is
most commonly FDA-approved for pulpotomies and api-
coectomies, with others like CO,, Er:YAG, and Nd:YAG
also used. While lasers offer a medicament-free option and
have shown comparable success rates (around 80% at 24
months), they do not consistently outperform traditional
agents like MTA or formocresol. Based on current, low-
quality evidence, the AAPD conditionally supports laser
use for pulpotomies in primary teeth [21], [22].
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Fig. 2. Lasers in orthodontics.

4.2. Dental Trauma and Oral Surgery

Dental trauma is common among children, with around
20% affecting primary teeth and 15% involving permanent
dentition. While lasers have been explored in managing
pulp tissue injuries, such as complicated crown frac-
tures, current evidence remains limited or inconclusive
compared to traditional medicaments. However, for trau-
matic injuries like luxation, subluxation, or avulsion, diode
and Nd:YAG lasers can help decontaminate periodontal
pockets or tooth sockets, promoting better healing. Addi-
tionally, LLLT has shown promising results in enhancing
soft tissue, gingival, and bone healing, and in reducing pain
and inflammation in oral surgery. Still, more pediatric-
specific research is needed to confirm effectiveness and
develop clinical guidelines [23], [24].

4.3. Restoration and Pit & Fissure Sealants

Lasers, particularly erbium lasers, can be used for
tooth surface preparation before applying pit and fissure
sealants. They assist in cleaning, conditioning, and dis-
infecting fissures. For carious fissures, lasers help with
fissurotomy and caries removal, while for sound teeth, they
are used for macro-roughening. However, studies show
that using lasers alone without acid etching leads to high
microleakage. Even when combined with acid etching,
laser use may sometimes increase microleakage due to
enamel cracks and debris. Some suggest argon lasers for
curing sealants to enhance acid resistance, though evidence
is mixed [25].

4.4. Caries Prevention

Lasers, particularly Erbium and CO; types, have shown
potential in increasing enamel resistance to acid attacks,
especially in newly erupted permanent teeth in children
and adolescents. These lasers—operating at wavelengths
such as 9600, 9300, 10,600 nm (CO,) and 2780, 2940
nm (Erbium)—can alter the tooth surface to resist caries.
Studies also suggest that combining laser treatment with
fluoride therapy, such as using an argon laser with acidic
phosphate fluoride (APF), can significantly enhance caries
prevention, reducing lesion depth by up to 50% compared
to laser use alone [25], [26].

4.5. Exposure of Unerupted Teeth for Orthodontic

Purposes

Lasers such as Er,Cr:YSGG, Er:YAG, diode, and
Nd:YAG are commonly used to expose unerupted teeth for
orthodontic treatment. While erbium lasers are effective
for both soft and hard tissue removal, they carry a risk
of enamel damage at the surgical site. In contrast, diode
and Nd:YAG lasers pose no such risk due to their tissue-
specific wavelengths, making them safer options for soft
tissue procedures in orthodontics (Fig. 3) [27].

5. ADVANTAGES AND LIMITATIONS

5.1. Advantages
5.1.1. Precision

Lasers allow for highly controlled and focused cutting
or ablation of both hard and soft tissues, minimizing
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Fig. 3. Lasers in pedodontics.

damage to surrounding structures. This precision is espe-
cially beneficial in delicate procedures within pedodontics
and prosthodontics, such as gingival contouring and
frenectomies.

5.1.2. Reduced Bleeding and Swelling

The coagulative effect of lasers during soft tissue pro-
cedures results in minimal bleeding and edema, enhancing
visibility during treatment and reducing post-operative
complications.

5.1.3. Better Healing and Reduced Infection Risk

Laser-assisted procedures promote faster tissue regen-
eration and healing due to their sterilizing effect, which
reduces the microbial load at the surgical site. This
is particularly advantageous in pediatric patients and
immunocompromised individuals.

5.1.4. Improved Patient Compliance and Comfort

Lasers often eliminate the need for local anesthesia and
mechanical drills, reducing discomfort and anxiety. This
is especially helpful in pediatric and orthodontic settings
where patient cooperation is crucial.

5.1.5. Minimally Invasive and Time Efficient

Many laser procedures are less invasive compared to
conventional methods, leading to shorter chair time and
fewer post-operative visits. This is beneficial for both the
clinician and the patient.

5.1.6. Versatility Across Specialties

Lasers can be effectively used for a variety of proce-
dures, including soft tissue surgery, hard tissue ablation,
biostimulation, desensitization, bleaching, and debonding
of orthodontic brackets [28], [29].

5.2. Limitations
5.2.1. High Equipment Cost

The initial investment and maintenance cost of dental
laser units can be prohibitive, particularly for solo practices
or clinics in low-income regions.

5.2.2. Steep Learning Curve

Mastery in laser use requires additional training and
certification. Inadequate understanding can lead to subop-
timal outcomes or tissue damage.

5.2.3. Limited Access in Rural and Under-resourced

Settings

The availability and accessibility of laser equipment
are limited in remote and economically weaker regions,
hindering widespread adoption.

5.2.4. Not Universally Applicable

Lasers cannot completely replace conventional tools for
all procedures. For instance, crown preparations, large-
scale bone removals, or specific orthodontic treatments
still rely on traditional mechanical techniques.
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5.2.5. Risk of Overuse or Misuse

Inadequate training may lead to inappropriate appli-
cation of lasers, potentially causing unnecessary tissue
damage or patient discomfort.

5.2.6. Regulatory and Safety Considerations

Proper safety protocols including protective eyewear
and controlled settings are mandatory, and non-
compliance may pose health hazards to both patients and
practitioners [28], [29].

6. DENTAL LASER SAFETY

6.1. Laser Safety Officer

A Laser Safety Officer (LSO) ensures safe laser use
in dental settings. Often a trained assistant, the LSO is
responsible for posting warning signs, securing the laser
key, enforcing protective eyewear use, checking laser func-
tion (test fire, cleave check), and maintaining equipment.
The LSO also oversees staff training, documentation, and
adherence to safety guidelines. Additional precautions
include high-volume suction to control the laser plume and
high-filtration masks to protect against airborne contami-
nants [30].

6.2. Fire and Explosion Hazards

Dental lasers pose a significant risk of fire and explo-
sion if not used with appropriate precautions. To ensure
safety, only fire-retardant or wet materials should be used
in the operative field. The use of alcohol-based topi-
cal anesthetics and alcohol-moistened gauze during laser
activation must be strictly avoided, as they are highly
flammable. Instead, non-combustible anesthetic agents are
recommended. Surrounding tissues should be adequately
protected to prevent accidental ignition. It is essential to
keep all flammable and explosive substances outside the
laser’s hazardous zone and to be familiar with the location
and use of fire extinguishers in the clinic. Additionally,
nitrous oxide should not be used during laser surgery, as it
supports combustion. Adhering to ANSI safety standards
and staying updated with the latest guidelines is critical for
maintaining a safe laser-operating environment [30]-[33].

6.3. Connections and Traffic

Dental lasers require proper connection to their cool-
ing systems, which may include internal fans, radiators,
or external water or air supplies. These systems must
be correctly connected and activated before the laser is
powered on. Electrical cords and footswitch cables should
be inspected regularly to ensure they are in safe work-
ing condition. All laser components, including cables and
fiber-optic delivery systems, must be positioned away from
high-traffic areas in the clinic to prevent tripping hazards
or damage. Fiber-optic cables, which can be several meters
long, must be carefully managed to avoid being rolled over
or pinched by equipment, as this can result in breakage or
disruption of the laser function [30]-[33].

6.4. [Eye Protection

Eye protection is a critical aspect of laser safety in dental
practice, as lasers emit intense, focused beams that can
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cause severe and often irreversible damage to the eye. Since
the advent of lasers like the ruby laser in the 1960s, it has
been recognized that different laser wavelengths can harm
specific parts of the eye depending on their absorption
characteristics. For instance, carbon dioxide and erbium-
based lasers are absorbed by the water content of the
cornea, potentially leading to corneal burns. Erbium and
holmium lasers may also damage the aqueous humor,
vitreous humor, and lens, possibly resulting in cataract
formation. Meanwhile, lasers with shorter wavelengths
such as diode, argon, and Nd:YAG penetrate deeper and
pose a risk of retinal injury. These types are particularly
dangerous because the eye’s natural focusing mechanism
intensifies the beam on the retina, making it around
100,000 times more sensitive than skin to laser damage. To
mitigate these risks, all individuals within the laser’s nom-
inal hazard zone—including the dentist, assistants, and
patient, must wear laser-specific protective eyewear with an
optical density (OD) appropriate to the laser’s wavelength.
It is essential to verify that the eyewear matches the exact
emission of the laser in use, as even devices with the same
generic name may emit different wavelengths requiring
distinct protection. Information about the OD and the pro-
tected wavelength must be clearly printed on the eyewear.
Additionally, safety glasses should include side shields to
protect against stray reflections. The Laser Safety Officer
(LSO) must ensure that proper eyewear is used consistently
and that no one looks directly at or inadvertently activates
the laser outside of the treatment target area. Ultimately,
understanding the nominal hazard distance and adhering
strictly to safety guidelines are vital steps to prevent ocular
injuries during laser procedures [30]-[33].

7. CONCLUSION

Dental lasers represent a significant advancement in
modern dentistry, offering precision, enhanced patient
comfort, reduced bleeding, and improved healing across a
range of clinical applications from pedodontics, orthodon-
tics, to prosthodontics. Despite their clear benefits,
challenges such as high equipment costs, steep learning
curves, and limited accessibility, especially in resource-
poor settings, limit widespread adoption. Strict adherence
to safety protocols, including the critical role of Laser
Safety Officers and protective measures against fire haz-
ards and ocular injury, remains paramount. Looking
forward, innovations in laser delivery systems, integra-
tion with digital dentistry, regenerative therapies, and Al
promise to expand laser applications and optimize clinical
outcomes. Continued research, clinical trials, and efforts to
make laser technology more affordable and user-friendly
are essential to fully realize its potential and broaden its
impact in dental practice worldwide.

7.1.  Future Directions
7.1.1. Advancements in Laser Delivery Systems

Future developments in laser systems are expected to
focus on more ergonomic handpieces and flexible fibre-
optic delivery mechanisms. These innovations aim to
enhance precision, improve accessibility within the oral
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cavity, and reduce practitioner fatigue during complex
prosthodontic procedures. [34]

7.1.2. Wavelength Specificity and Customization

Lasers with greater wavelength specificity and customiz-
able parameters are being developed to target different
tissue types more effectively. This customization allows
for precise control of tissue interaction, enabling clini-
cians to optimize outcomes based on individual treatment
objectives [35].

7.1.3. Integration with Digital Dentistry

The integration of laser systems with digital imaging
and CAD/CAM technologies is an emerging trend. Using
lasers in combination with digital impressions and intrao-
ral scanning will enable more accurate treatment planning,
better design of prostheses, and increased efficiency in
workflow [35].

7.1.4. Expanding Applications in Regenerative Therapies

Lasers have demonstrated potential in stimulating tis-
sue regeneration and improving osseointegration around
dental implants. Their use in regenerative therapies is
expanding, with ongoing research exploring their role in
enhancing healing and improving the biological response
in prosthetic treatment [36].

7.1.5. Synergy with Nanotechnology and Biomaterials

Combining laser technology with nanotechnology is
facilitating the creation of novel biomaterials. These
advancements aim to improve the biocompatibility,
bioavailability, and long-term durability of implants and
restorative materials used in prosthodontics [36], [37].

7.1.6. Pain Management and Neuromodulation

Low-level laser therapy (LLLT) is an emerging tech-
nique showing promise in postoperative pain relief,
inflammation control, and possibly nerve regeneration.
Its application in prosthodontics may lead to improved
patient comfort and better post-treatment recovery [37].

7.1.7.  Bio-Stimulation and Tissue Engineering

Laser-induced bio-stimulation is being studied for its
ability to promote regeneration of both soft and hard
tissues. While standardized protocols are still lacking,
the potential of lasers in tissue engineering, particularly
in bone regeneration, is significant and warrants further
investigation [37].

7.1.8.  Artificial Intelligence ( AI) Integration

Al-driven technologies are expected to assist in laser-
assisted prosthodontics by optimizing treatment planning,
laser settings, and predictive outcome modeling. This
integration will enhance precision and personalization in
patient care [38].

7.1.9. Translational Research and Clinical Trials

To support widespread clinical adoption, continuous
translational research and robust clinical trials are essen-
tial. These studies will help validate the efficacy, safety,
and long-term benefits of laser-based interventions in
dentistry [38].
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7.1.10. Environmental and Economic Considerations

Future directions also include the development of
energy-efficient laser systems that reduce power consump-
tion and heat production, aligning with environmental
sustainability goals. Simultaneously, making laser technol-
ogy more affordable and accessible will expand its use
in routine dental practice, benefiting a broader patient
population [38].
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