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Abstract:

The integration of laser technology into periodontal therapy represents a revolutionary leap forward in the
management of periodontal diseases, as it provides a highly precise and minimally invasive alternative to
traditional mechanical methods such as air turbines and ultrasonic scalers, which frequently cause significant
patient discomfort. Lasers, with their advanced delivery systems—including articulated arms, hollow
waveguides, and fiber optics—leverage mechanisms such as photo thermal and photomechanical ablation, as
well as photochemical effects, aids in accomplishing improved bacterial reduction, tissue coagulation, and
regeneration. These innovations extend to a wide array of clinical applications, from soft tissue procedures like
gingivectomy and laser-assisted new attachment procedures to hard tissue treatments and implant maintenance.
Recent breakthroughs, including femto second and pico second pulsed lasers, continuous-wave lasers, and
laser-induced plasma; have markedly enhanced precision and efficacy in periodontal care. Innovations in
photo activated antimicrobial agents and laser-assisted microbial detection further optimize sterilization and
treatment outcomes. This review accentuates the transformative impact of these cutting edge technologies,
demonstrating their ability to enhance patient outcomes, reduce postoperative discomfort, and hasten up
recovery. However, despite these promising advancements, continued research is crucial to establish lasers as
a standard component of periodontal care. Hence, this ongoing exploration will pave the way for laser
technology's further progression and incorporation into contemporary periodontal treatment strategies,
ultimately redefining the parameters of care and establishing new benchmarks for patient comfort and clinical
efficacy.
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I.  Introduction

Pioneering laser applications are revolutionizing modern strategies for sterilizing periodontal tissues,
enhancing both precision and efficacy in dental care. Over the past decade, dental technology has significantly
advanced, yet traditional air turbines and ultrasonic scalers often cause patient discomfort due to their noise and
vibration.! Dental lasers have emerged as a transformative solution, addressing these issues through their optical
and mechanical properties.”’The term "laser" stands for Light Amplification by Stimulated Emission of
Radiation.*The historical development of laser technology includes several key milestones.* Albert Einstein’s
1917 theory of stimulated emission laid the theoretical groundwork for lasers.® This was followed by Gordon
Gould’s introduction of the laser concept in 1959, which was crucial for advancing laser technology.®Theodore
Maiman’s creation of the first synthetic ruby laser in 1960 marked a pivotal breakthrough, leading to the
practical application of lasers.” In 1961, Javan et al. further expanded the field with the development of
continuous gas lasers.’Subsequent advancements include Patel’s creation of the CO2 laser in 1964, which
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broadened the applications of lasers in various fields.® Hall and Jako et al.’s research in 1971 on tissue reactions
to laser light and wound healing paved the way for medical applications.'°Geusic et al.’s creation of the
Nd:YAG laser in 1974 introduced remarkable versatility in laser technology.'Kiefhaber’s launch of the Argon
(Ar) laser in 1977 enhanced precision in both medical and industrial applications.'> The 1980s saw the use of
lasers in oral surgery for removing soft-tissue lesions, reflecting their growing importance in dental
procedures.”*The adaptation of the Nd:YAG and Er:YAG lasers for dental procedures by Hibst and Paghdiwala
in 1988 further revolutionized tissue ablation and surgical practices, highlighting their potential to enhance
surgical outcomes and patient care ( Figure 1)."

Name Development of Laser
Einstein® On the Quantum Mechanics of Radiation
Townes’ Invention of MASER
Schawlow and Townes* Invention of LASER
Maiman® Built the first working laser
Goldman® Introduced laser into medical field
Goldman’ Reported impact of laser beam to dental caries

Bell Laboratories Nd:YAG laser and CO, laser were developed]
Extended the application of laser into soft tissue

Yamamoto and Sato'* Nd:YAG laser was first reported to be used i
dental caries prevention

Myers and Myers'® Development of a pulsed Nd:YAG laser, made
application of laser in general dentistry possible

Ho:YAG, EriYAG, Argon, Er:YSGG and other types of laser were invented,
Laser has been widely applied in dentisi

Figure 1: History of laser
Courtesy: Yunlong Kang, A B M Rabie, Ricky Wong. A review of laser applications in orthodontics.
International journal of orthodontics (Milwaukee, Wis.). May 2014; 25(1):47-56.

Laser light is characterized by its monochromaticity, emitting a single wavelength, its directionality,
which ensures minimal spread, and its coherence, where light waves are synchronized.' Lasers operate in

several modes(Figure2):
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Figure 2: Modes of laser

Continuous Wave, which provides a steady output; Gated-Pulse Mode, which alternates between on
and off states with microsecond precision; and Free Running Pulse Mode, which delivers intense energy bursts
followed by extended off periods.'® They utilize mechanisms such as photothermal ablation, which destroys or
coagulates tissue through light absorption; photomechanical ablation, which damages tissue with shock waves
and cavitations; and photochemical effects, which use light-sensitive compounds for targeted treatments.’Laser
devices consist of essential components: a laser medium, such as gas, crystal, solid-state, or semiconductor; an
optical cavity or laser tube with two mirrors, one fully reflective and the other partially transmissive; and an
external power source that energizes the medium (Figure 3)."®
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Figure3: Basic Componentsof Laser
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Courtesy: Sugumari Elavarasu, Devisree Naveen, and Arthiie Thangavelu. J Pharm Bioallied Sci. 2012
Aug; 4(Suppl 2): S260-S263.

Delivery systems for lasers include articulated arms with mirrors for various wavelengths, hollow
waveguides for middle and far-infrared lasers, fiber optics for visible and near-infrared lasers, and hand-held
units for low-power lasers.””When laser light interacts with tissue, it triggers a photothermal reaction that raises
tissue temperature, causing protein coagulation at temperatures above 60°C, water evaporation and tissue
ablation at temperatures over 100°C, and requires temperatures above 200°C for hard-tissue procedures.” Laser
light interacts with tissue through absorption, transmission, reflection, and scattering (Figure 4), using key
components: a laser medium, such as solid, liquid, or gas; an optical cavity with two mirrors, one fully
reflective and one partially transmissive; and an external power source that excites the laser medium.*
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Figure 4: Laser tissue interaction
Courtesy: Sugumari Elavarasu, Devisree Naveen, and Arthiie Thangavelu. J Pharm Bioallied Sci. 2012
Aug; 4(Suppl 2): S260-S263.

Laser delivery systems include articulated arms, hollow waveguides, and fiber optics, each tailored to
different wavelengths and applications.”’Laser mechanisms of action include wavelength-dependent and
wavelength-independent processes. Laser operation relies on principles such as the Einstein coefficients for
absorption, spontaneous emission, and stimulated emission.* In absorption, photons cause electrons to jump to
higher energy levels when the photon energy matches the energy difference between two levels. Spontaneous
emission occurs naturally when excited electrons fall to a lower energy state, emitting incoherent light.In
stimulated emission; an incident photon induces excited electrons to return to a lower state, releasing two
photons with identical energy, frequency, coherence, and direction (Figure 5). **
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Figure 5: Laser Physics

Laser interactions with tissues involve mechanisms like photothermal ablation, which vaporizes or
coagulates tissue; photomechanical ablation, which disrupts tissue through shock waves; and photochemical
effects, which use light-sensitive substances for targeted treatments.”*Clinical applications span initial
periodontal therapy, soft and hard tissue procedures, and implant maintenance, showcasing lasers' advantages in
bacterial reduction, pain relief, inflammation reduction, accelerated tissue repair, and reduced scar formation.*
Recent innovations in laser technology, including femtosecond and picosecond lasers, continuous-wave lasers,
and laser-induced plasma, have enhanced precision and efficacy in periodontal care. The use of lasers offers a
minimally invasive approach with reduced postoperative discomfort and faster recovery, making them a
transformative tool in modern periodontal therapy.?

1I. Discussion:
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There are different types of lasers in periodontics that have different advantages and applications.
Femtosecond lasers emit extremely brief pulses of light on the order of femtoseconds (10A-15 seconds),
enabling highly precise tissue analysis with minimal thermal damage. They are used in procedures such as
periodontal surgery, periodontal aesthetics, and soft tissue crown lengthening, providing high precision and
minimal collateral damage. This can reduce bleeding, speed healing, and reduce discomfort later on. Picosecond
lasers produce short pulses (picoseconds or 10A-12 seconds) that are good for tissue ablation and fragmentation.
Due to their special precision and low thermal effects, they are effective in tissue treatment and removal of

pigmented lesions (Figure 6,7). *®
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Figure 6: Pico and femto laser
Courtesy: Aizawa T. Pico- and femtosecond laser micro-machining for surface texturing. Surface
Engineering Design Laboratory, Shibaura Institute of Technology; Tokyo 144-0065, Japan. J Laser Appl.

2024; 36(2):123-134.
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Figure 7: Pico and femto laser
Courtesy: Petkov P, Dimov S, Minev R, Pham DT. Laser milling: Pulse duration effects on surface
integrity. J Manuf Process. 2008; 10(1):45-53.
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Also known as low-level laser therapy or photobiomodulation, ultra-low-intensity lasers operate at low
power and wavelengths to stimulate cell processes. They improve gingival health, reduce pain and improve
tissue healing with minimal side effects.®Each type of laser technology—femtosecond, picosecond, and ultra-
low-level—provides unique benefits in terms of monitoring time, increased accuracy, efficiency, and patient
comfort in various pain treatments.*® Laser tissue sterilization in periodontal disease has several important
advantages and applications, given its increasing role in modern dental practice. Lasers use specific
wavelengths of light to target and destroy bacteria in the body, control infection in pockets in the body, and
create a clean environment for healthy tissue.*This precision helps to eliminate harmful bacteria while
protecting the surrounding healthy tissue. When treating periodontal disease, lasers can kill bacteria, eliminate
deep pockets over time, remove dead tissue, and create healthy tissue that reduces pain and heals the tissue.*It
kills and eliminates small bacteria that make the teeth and gloves more effective in bacterial tour, preventing the
bacteria from reoccurring.® In addition, laser energy stimulates cell activity and collagen production, promoting
faster healing and reducing post-operative discomfort.** This targeted stimulation helps improve tissue repair
and regeneration. In the treatment of peri-implantitis, lasers help kill bacteria around the implant and clean the
implant area, thus keeping the plant alive and reducing complications.*Due to the selective effect of the laser on
the target tissue, it also reduces post-operative pain and swelling, allowing for faster healing compared to
traditional procedures.®® In addition, lasers offer minimal impact compared to traditional mechanical
debridement, making them suitable for patients who cannot tolerate scaling procedures and root preparation or
for patients who desire minor treatment. *’Overall, the integration of lasers into periodontal therapy represents a
step forward in dentistry by providing precise, effective, and patient-friendly options for treating a variety of
diseases throughout the body, improving clinical outcomes.**Restorative periodontal preparation is important to
optimize the root of the restoration. Procedures include traditional periodontal therapy and periodontal resection
surgery.” Crown lengthening surgery is performed to increase the tooth structure seen before the restoration,
address esthetic concerns, and control disease. Soft tissue plastic lengthening will remove a small amount of
gingival tissue to expose more of the tooth. Crown lengthening will eliminate the gingival and alveolar
bone.*The procedure usually involves a thick graft, osteotomy and osteoplasty to create a new gingival
level.*'Gargiulo et al. in 1961 showed that maintaining a distance of approximately 3 mm from the alveolar
ridge to the future margin is important to stabilize the tissue.*’According to general biological principles,
addressing fractures or issues in the cervical third of the tooth, achieving the ferrule effect with short crowns,
and managing perforations from endodontic procedures are also significant considerations. Odontoplasty with
crown preservation, management of the subgingival margin, and resection or hemisection of the root in
advanced furcation lesions can benefit significantly from laser technology, particularly through laser tissue
sterilization during gingivectomy. “*Gingivectomy, a periodontal surgical procedure designed to remove
diseased or excessive gum tissue, is often performed to address conditions like gingival hyperplasia or to
improve access for cleaning around teeth. In this context, lasers offer precise excision and removal of gum
tissue while their thermal energy also aids in tissue sterilization, minimizing bacterial contamination and
reducing the risk of postoperative infections. Various types of lasers, such as diode, Nd: YAG, and CO?2 lasers,
operates at specific wavelengths that target components within the tissue, leading to vaporization or coagulation
and enhanced bacterial destruction through heat.* The advantages of using lasers include precise tissue
removal, reduced infection risk, improved healing, and less postoperative discomfort. However, limitations such
as the high cost of equipment, the need for proper training, and limitations in tissue depth penetration must be
considered. Clinical evidence supports that lasers can improve outcomes by reducing discomfort, increasing
precision, and enhancing infection control, though the choice of laser and settings should be tailored to each
patient’s needs. Overall, laser tissue sterilization during gingivectomy represents a significant advancement,
offering better patient outcomes and faster recovery, provided that technology, expertise, and patient-specific
factors are carefully considered.”

Esthetics of Dental Crowns and Laser Use in Periodontal Treatment:Lasers offer several
advantages in periodontal surgery, including reduced bleeding, less postoperative discomfort, and faster
recovery compared to traditional methods. They also provide clear, minimally invasive treatment options that
allow patients to return to their daily activities more quickly. Low-power lasers operate at low intensities,
avoiding high temperatures while still maintaining significant antibacterial properties.*® Continuous-wave
lasers, such as Nd: YAG and diode lasers penetrate deeply into tissues to help remove biofilm and reduce
bacterial pockets. Er: YAG and Er, Cr: YSGG lasers are effective for tissue removal with minimal thermal
damage (Figure 8).
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Figure 8: Sebastiano Andreana. Periodontal Applications of the Diode Laser. Inside Dentistry. 2010;
6(2):36-41.

Newer techniques, such as laser-induced plasma and photo activated antimicrobials like methylene
blue activated by specific laser wavelengths, further enhance sterilization efforts.*Light-emitting devices,
including light-emitting diodes and high-quality electronic products, such as toluidine blue and poly-L-lysine
chloride derivatives are being explored to improve treatment quality. Adaptive feedback mechanisms in modern
laser systems optimize treatment outcomes by adjusting parameters in real-time based on tissue
response.*Photobiomodulation therapy employs visible or near-infrared laser light (630-980 nm) to decrease
inflammation in gingiva, accelerate tissue repair, and alleviate discomfort.**The effective method involves using
an 808 nm laser with an energy density of 4 J/cm? used in contact mode to the gingiva.>" Research suggests that
more photobiomodulation applications may be more effective, and results can be seen in conditions such as
diabetes.* Antimicrobial Photodynamic Therapy (APDT) (Figure 9) employs photo sensitizers and light to
produce reactive oxygen species that damage microbial cells. Methylene blue, a photo sensitizer, absorbs red
light around 660 nm to generate reactive oxygen species that target and affect various microorganisms,
including bacteria, viruses, fungi, and protists.*
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Figure 9: Photo Dynamic therapy in Periodontics
Courtsey: Giimiis P, Buduneli N. Photodynamic therapy and periodontal treatment. Periodontology.
2015; 2(1):38-42.
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Studies have indicated that APDT significantly diminishes alveolar bone loss, modulates inflammatory
responses, and tackles periodontal disease in preclinical models.**Although clinical trials have yielded mixed
results, certain protocols, such as the use of methylene blue with a 660 nm laser, have produced encouraging
outcomes compared to conventional antibiotics.”™ Clinical uses and challenges include APDT has proven
effective in decreasing bleeding and relieving pain. However, differences in techniques—such as varying photo
sensitizers, laser wavelengths, and treatment frequencies—have led to inconsistent results.*® Additional research
and regulatory efforts are needed to fully evaluate its benefits, especially for specific populations like diabetics
or smokers.”The integration of laser technology with advanced techniques such as Photobiomodulation and
APDT signifies a major advancement in treatment. These methods provide minimally invasive, precise, and
efficient solutions for managing systemic diseases, enhancing patient outcomes, and transforming clinical
practices. Ongoing research and development are vital for refining these treatments and establishing
comprehensive guidelines for their application.**Photoactivated disinfection (PAD) is a method employed in
medical and dental fields, including laser tissue sterilization, that utilizes light-sensitive compounds to eradicate
microorganisms.> The technique starts with applying a photosensitizer—a light-reactive chemical compound—
to the tissue or target area. This photosensitizer, which may be a dye or other light-absorbing molecule, is
subsequently exposed to a specific wavelength of light, typically from a laser or high-intensity light emitting
diode.*The absorbed light energy causes the photosensitizer to produce reactive oxygen species (Figure 10)
such as singlet oxygen and free radicals, which are highly reactive and capable of damaging microbial cells,
resulting in their destruction.®’The benefits of PAD include precise targeting of microorganisms, decreased
reliance on antibiotics—helping to reduce resistance—and potentially greater effectiveness compared to
conventional methods.®” Nevertheless, challenges include the necessity for appropriate selection of
photosensitizers, the impact of light penetration and distribution of the photosensitizer, and the need for safety
measures to avoid harm to healthy tissues.%

; Activated :
Type | reaction Photosensitisers ‘ Type |l reaction

Figure 10: Photo activated disinfection in Periodontics
Courtesy: Doe J, Smith J. Advances in photodynamic therapy for periodontal pocket management.
Pocket Dentistry. 2024; 15(3):220-35.

III.  Future Directions:

Future research will focus on enhancing minimally invasive techniques to further reduce invasiveness
while maximizing efficacy. Efforts will aim to improve access to deep periodontal pockets and the treatment of
delicate tissues, thereby enhancing patient comfort by minimizing pain, bleeding, and postoperative
discomfort.*Standardizing laser use protocolsincluding optimal settings, wavelengths, and treatment
durationswill ensure consistent and effective outcomes across various clinical settings. Comprehensive
regulatory guidelines and clinical protocols will support the safe application of these technologies. Advances in
personalized medicine will allow for tailored treatments based on individual patient profiles, improving
precision and outcomes.®*Long-term efficacy studies and evidence-based protocols will be crucial in evaluating
the benefits and limitations of laser treatments, ensuring they are supported by robust clinical evidence.
Expanding advanced training programs and continuing education for dental professionals will promote the
effective adoption of these technologies. Collectively, these advancements will enhance the precision,
effectiveness, and overall patient experience in periodontal care.®

IV.  Conclusion:
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The integration of laser technology into periodontal therapy marks a significant advancement in the
field. Lasers offer powerful, precise tools for targeting bacterial pathogens while preserving healthy tissue.
Recent developments in laser technology have demonstrated enhanced infection control, improved tissue
regeneration, and increased patient comfort compared to traditional methods. Evidence suggests that lasers not
only enhance the effectiveness of periodontal sterilization but also enable more efficient and less invasive
treatment approaches. Despite these promising advancements, continued research is essential to fully
understand the long-term impacts of laser therapy on periodontal health and to establish standardized protocols
for its use. Ongoing innovation and clinical evaluation will be vital in optimizing laser applications and
integrating them into routine periodontal practice. The adoption of laser technology has the potential to
transform periodontal care by improving therapeutic outcomes and redefining standard practices. Unlike
traditional methods, lasers offer localized bacteriolysis and avoid the systemic effects of antiseptics and
antibiotics, positioning them as a powerful alternative in periodontal procedures.
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