
INTRODUCTION:
 Dental  implants  offer  re l iable  tooth 
replacement, yet challenges like surgical trauma, 
infection, and peri-implant diseases persist. The 
integration of lasers—delivering precise, minimally 
invasive interventions through photothermal, 
photoacoustic, and photochemical effects—has 
transformed implant dentistry. Their ability to ablate, 
disinfect, and sculpt tissue with minimal damage 
enhances healing, reduces discomfort, and improves 
aesthetics. This review focuses on different laser types, 
t issue interaction mechanisms, and clinical 
applications across all phases of implant therapy, 
emphasizing their advantages, limitations, and future 
prospects in modern dental practice.

Fundamentals of Laser Applications in Implant 
Dentistry-
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Types of Lasers Used in Dental Implantology:
Several types of lasers are utilized in implantology, 
each with unique properties and tissue interactions. The 
most commonly employed include:

1. Diode Lasers (810–980 nm)- Diode lasers produce 
energy in the near-infrared range, which is mainly taken 
up by pigmented structures like hemoglobin and 
melanin. They're widely applied in soft tissue 
procedures such as gingivectomy, frenectomy, and 
peri-implantitis treatment, thanks to their bacteria-

[1]
killing and hemostatic properties.
2. Er:YAG Lasers (2,940 nm)- Er:YAG (erbium-
doped yttrium aluminum garnet) lasers operate in the 
mid-infrared range and are highly absorbed by water 
and hydroxyapatite, making them suitable for both hard 
and soft tissue procedures. They can be used for bone 
cutting, implant site preparation, and decontamination 
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[2]of implant surfaces.
3. Nd:YAG Lasers (1,064 nm)- Neodymium-doped 
yttrium aluminum garnet lasers are also in the near-
infrared range and are effective for deep tissue 
penetration. They are particularly beneficial in 
reducing bacterial loads and stimulating fibroblast 

[3]proliferation.

4. CO₂ Lasers (10,600 nm)- CO₂ lasers are absorbed 
predominantly by water, making them effective for 
precise soft tissue excision with minimal thermal 
damage. They provide excellent hemostasis and are 

[4]
suitable for soft tissue sculpting around implants.

Mechanism of Laser-Tissue Interaction: The way 
laser light interacts with biological tissue hinges on key 
factors like wavelength, power density, emission mode, 
and the makeup of the tissue.
The primary mechanisms include:

1. Laser-Tissue Interaction in Dentistry- The 
effectiveness of lasers in dental procedures 
depends on the interaction between laser light and 
the biological tissues. The interaction is 
determined by the wavelength of the laser and the 
t issue 's  optical  propert ies—absorption, 
scattering, reflection, and transmission.        
When laser energy is absorbed, it can cause:
 Photothermal Effect (Heat), 
 Photomechanical Effect,
 Photochemical Effect.

Applications of Lasers in Implant Dentistry:
1.  Implant Site Preparation- Lasers like the 

Er:YAG can be used for bone ablation and 
implant bed preparation. 

2.  Second-Stage Surgery- Lasers facilitate flapless 
exposure of submerged implants during the 
second-stage surgery, minimizing bleeding and 
promoting faster soft tissue healing.

3.  Soft Tissue Management- Laser-assisted soft 
tissue sculpting around the implant improves 
aesthetics and creates an optimal emergence 
profile. 

4 .  P e r i - I m p l a n t i t i s  Tr e a t m e n t -  L a s e r 
decontamination of implant surfaces, especially 
with Er:YAG and Nd:YAG lasers, offers an 
effective non-surgical or adjunctive treatment 
option for peri-imp lantitis. 

5.  Laser-Assisted Guided Bone Regeneration- 
Lasers aid in decontaminating the site and 
preparing recipient beds for grafts. 

6.  LLLT- LLLT promotes soft tissue healing and 
osseointegration by stimulating fibroblasts, 
osteoblasts, and angiogenic factors. 

Advantages of Laser-Assisted Implant 
Procedures - The integration of lasers in dental 
implantology provides several clinical and patient-
centred benefits:
 Minimally Invasive Surgery,
 Superior Hemostasis,
 Antibacterial Effects,
 Improved Healing,
 Tissue Selectivity,
 Patient Acceptance. 

Laser Parameters and Their Effects on Biological 
Tissues: The interaction between lasers and biological 
tissues is governed by several key parameters that 
determine the laser's efficiency and safety in clinical 
applications. These parameters include wavelength, 
power output, pulse duration, and energy density 
(Table 1).

Limitations and Risks of Using Lasers
Despite their advantages, lasers are not without 
limitations:

 High Cost of Equipment, 
 Learning Curve,
 Thermal Damage,
 Limited Bone Cutting Efficiency,
 Regulatory Concerns.

Lasers in Implant Site Preparation and Bone 
Treatment:
 Lasers have significantly improved the precision, 
safety, and biological outcomes of dental implant 
procedures. They are primarily used in bone ablation, 
osseointegration enhancement, surface modification, 
and parameter optimization to facilitate better implant 
stability and integration.

1. Bone Ablation Techniques Using Lasers:
 Laser bone ablation offers precise, minimally 
traumatic alternatives to conventional drilling during 
implant site preparation. Er:YAG and Er,Cr:YSGG  
lasers employ thermal mechanisms that effectively 
ablate bone through water-mediated hydrokinetic 
processes, achieving clean cuts with minimal heat 
damage to surrounding tissues due to their high water 
absorption coefficients. Photomechanical effects from 
Q-switched lasers generate microfractures via rapid 
photoacoustic expansion, enabling bone removal 
without thermal injury. Compared to mechanical 
drilling, laser ablation provides smoother osteotomies 
with reduced microcracks and smear layer formation, 
superior precision in complex anatomical regions, and  
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Parameters Definition Significance Uses

Wavelength (λ) Wavelength is the distance
between successive peaks of
a light wave, typically
measured in nanometers
(nm)

The wavelength
determines the laser's
penetration depth and its
interaction with specific
chromophores (e.g-water,
hemoglobin,
hydroxyapatite)

Shorter wavelengths
(e.g., Er:YAG - 2940
nm): Absorbed more
superficially by water,
making them ideal for
soft tissue ablation.
Longer wavelengths
(e.g., Diode - 810–980
nm): Deeper penetration,
effective in coagulation
and cutting soft tissues.

Power Output
(Watts)

The rate at which laser
energy is delivered to the
tissue .

Higher power increases the
rate of tissue removal but
also elevates the risk of
thermal damage.

Low Power (< 1 W):
Suitable for precise and
delicate procedures, such
as periodontal therapy.
High Power (> 5 W):
Used for rapid cutting or
vaporization in hard and
soft tissues.
Effect on Biological
Tissues: Power must be
carefully calibrated to
balance efficiency and
thermal damage,
avoiding burns or
necrosis .

Pulse Duration The length of time the laser
beam is emitted, measured
in milliseconds (ms) or
nanoseconds (ns).

Continuous Wave (CW):
Emits a constant beam,
increasing the risk of heat
accumulation.

Short pulses with high
peak power provide
precision, while long
pulses or CW modes are
better for coagulation

Energy Density
(Fluence)

The amount of energy
delivered per unit area,
measured in Joules/cm².

Determines the extent of
tissue interaction. Higher
energy density leads to
greater ablation, while
lower energy density may
result in insufficient tissue
interaction.

 High Fluence:
Effective for
cutting and
ablation but may
cause thermal
damage.

 Low Fluence:
Suitable for
biostimulation
and minimally
invasive
procedures.

Table 1: Physical Parameters of Dental Lasers.

enhanced safety through aseptic fields, minimal 
intraoperative bleeding, and lower risk of soft tissue 
trauma. These advantages translate to improved 
primary implant stability and accelerated early 

[5,6,7]
osseointegration.

2. Enhancement of Osseointegration through Laser 
Tre a t m e n t :  L a s e r s  s i g n i fi c a n t l y  e n h a n c e 
osseointegra t ion by s t imula t ing os teoblas t 
proliferation and bone matrix formation, upregulating 
key growth factors like bone morphogenetic proteins 
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(BMPs) for enhanced regeneration, increasing collagen 
production for improved bone strength, and reducing 
pro-inflammatory cytokines to facilitate healing. These 
effects promote both osteoconduction—through 
enhanced implant surface properties that guide bone 
apposition—and osteoinduction, which actively 
recruits osteogenic cells for new bone formation around 
implants. Supporting evidence spans in vitro studies 
demonstrating superior osteoblast adhesion and 
activity on laser-textured surfaces, animal models 
showing increased bone-implant contact (BIC) and 
peri-implant bone density, and clinical trials reporting 
faster healing timelines, higher implant stability 
quotient (ISQ) values, and improved long-term 

[8,9,10]
osseointegration success rates.

3. Surface Modification of Implants:
 Laser-induced surface texturing creates 
microtexturing with grooves for increased surface area 
and stability, while nanopatterning replicates matrix 
structures to boost osteoblast activity and integration. 
Laser-textured surfaces improve cell adhesion, 
vascularization, reduce inflammation, and boost 
osteogenic factors. Compared to chemical treatments 
like acid etching—which increase surface roughness 
but lack precision and may leave harmful residues—or 
mechanical treatments like sandblasting that create 
rough but inconsistent textures and may leave debris, 
laser treatments offer clean, precise, and residue-free 
modifications promoting uniform topographies and 
stronger biological responses. Clinical evidence shows 
laser-textured implants outperform chemically / 
mechanically treated ones in early-stage integration, 
protein adsorption, and resistance to micromove-

[11.12,13]
ments.

4. Laser Parameters and Clinical Outcomes:
 Laser wavelength critically determines bone 
tissue interactions by controlling penetration depth and 
targeting specific chromophores like water and 
hydroxyapatite. Erbium lasers (Er:YAG at 2.94 µm, 
Er,Cr:YSGG at 2.78 µm) exhibit high absorption for 
efficient ablation with minimal thermal damage, while 
longer Nd:YAG (1.064 µm) wavelengths penetrate 
deeper for soft tissue coagulation and vascularization 
benefits. Shorter erbium wavelengths reduce 
postoperative discomfort versus mechanical drilling, 
and controlled penetration preserves surrounding bone 

[14,15]
integrity during implant site preparation.
 Power density (100-300 W/cm²) and pulse 
parameters balance ablation efficiency with thermal 
safety; higher densities accelerate cutting but risk 
necrosis, while optimized lower settings with saline 

cooling maintain bone vitality. Short pulse durations 
(50-200 µs) and moderate frequencies (10-20 Hz) 
minimize heat accumulation, with burst-mode pulsing 
enhancing precision in complex osteotomies. These 
parameters ensure effective bone removal while 

[16,17]promoting rapid healing and implant stability.

Photobiomodulation (PBM) Therapy and Its Role:
1. Mechanisms of Photobiomodulation Therapy-
 Photobiomodulation (PBM) therapy refers to 
the use of low-level laser or light-emitting diode (LED) 
light to stimulate cellular activity for therapeutic 
purposes. PBM is widely recognized for its ability to 
accelerate tissue repair, reduce inflammation, and 
manage pain. The biological effects of PBM are 
primarily due to the interaction of light with cellular 
components, particularly chromophores, which absorb 
the light energy and translate it into various 
biochemical responses.
 Biological Basis of PBM: Effects on Cellular 
M e t a b o l i s m ,  P r o l i f e r a t i o n ,  a n d  R e p a i r
PBM delivers specific wavelengths of light to tissues, 
which is absorbed by cellular components, leading to 
various biological effects. The most well-known 
mechanism involves the absorption of light by 
cytochrome c oxidase in the mitochondria. When 
exposed to red and near-infrared light (600–1100 nm), 
this enzyme enhances mitochondrial activity, increases 
adenosine triphosphate (ATP) production, and 

[18]improves cellular metabolism .
 This results in increased cell proliferation, 
collagen synthesis, and accelerated tissue repair. PBM 
has demonstrated the ability to promote fibroblast and 
osteoblast proliferation, aiding wound healing and 
bone regeneration.

 Cellular Metabolism and ATP Production
PBM enhances mitochondrial function, 
increasing ATP production. This is essential 
for cellular processes such as protein synthesis 
and cell division, improving healing in delayed 

[19]bone repair and chronic wounds .
 Cell  Proliferation and Tissue Repair

PBM activates signaling pathways that 
regulate the proliferation of fibroblasts, 
keratinocytes, and osteoblasts, contributing to 
tissue regeneration and bone formation, 

[20]
especially important in implant therapy.

Photoreceptors and Light Absorption: Interaction 
with Chromophores:
 The efficacy of PBM relies on light absorption  
by chromophores, including: Cytochrome C Oxidase 
Absorbs red/NIR light (600–1000 nm), enhancing 
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Table 2: Key Chromophores and Their Role in PBM Therapy.

Chromophore
Absorption
Spectrum (nm)

Role in PBM Therapy

Cytochrome C Oxidase 600 –1000 Mitochondrial activity, ATPproduction
Water ~950 Mild thermal effect, hydration impact
Melanin 400 –600 Influences skin-level PBM effects
Hemoglobin 400 –600 Affects blood vessels and oxygenation

mitochondrial respiration and ATP production. Other  
Chromophores Water absorbs ~950 nm: minimal 
thermal effects Melanin and Hemoglobin: absorb 
400–600 nm, influence PBM outcomes in skin and 
vascular tissues. Wavelength Dependence Short 
wavelengths (600–700 nm) are superficial, while 
longer wavelengths (800–1100 nm) reach deeper  

[ 2 1 , 2 2 ]  t i s sues .  Th is  i s  dep ic ted  in  Tab le  2 .

2 .  E f f e c t s  o n  I m p l a n t  S t a b i l i t y  a n d 
Osseointegration: 
 Impact on Implant Stability PBM has shown 
potential to enhance both primary and secondary 
implant stability: Primary Stability: Improved 
m e c h a n i c a l  fi x a t i o n  i m m e d i a t e l y  p o s t -
placement.PBM-treated implants had higher insertion 
torque values.Reduced micromovement in PBM-
treated implants.Secondary Stability: Enhanced bone 
remodeling and integration.PBM significantly 
increased peri-implant bone density over 3-6 
months.Osseointegration and Bone Remodeling PBM 
promotes osteoblast proliferation and bone-to-implant 
contact (BIC): 30% increase in BIC in PBM-treated 
rabbit models. Higher peri-implant bone density in 
human subjects . PBM may also be particularly 
beneficial for compromised healing scenarios (e.g., 

[23]
systemic diseases, smoking).

3. Influence on Crestal Bone Loss:
 Influence on Crestal Bone Loss Research on 
Crestal Bone Preservation Crestal bone loss can occur 
due to inflammation, infection, or poor healing. PBM 
mitigates these by: Enhancing osteoblastic activity 
Promoting angiogenesis Modulating inflammatory 
cytokines Studies comparing PBM with conventional 
treatments show: Less crestal bone loss in PBM-treated 
rat models compared to antibiotics or grafts. PBM 
reduced peri-implant inflammation and preserved 
crestal bone. Clinical Trials and Systematic Reviews 
led to significantly less crestal bone loss over 6 months. 
Systematic review confirmed PBM enhances healing 
and reduces bone loss, particularly in high-risk 
patients.
PBM found to prevent peri-implantitis, further 

[24]reducing bone loss risks.

4. Standardization and Protocols for PBM Therapy: 
 Variability in Treatment Protocols Despite 
promising outcomes, PBM application is often 
inconsistent across studies due to: Variability in 
parameters like wavelength, power, and duration 
Differences in application timing (pre/post-operative) 
Inconsistent anatomical targeting Recommendations 
for Standardized Guidelines To establish PBM as a 
routine clinical adjunct in implantology, standardized 
protocols are essential. Based on the literature: 
Wavelength: 800–980 nm (optimal for bone and deeper 
tissue penetration) Power density: 5–500 mW/cm² 
Energy density (fluence): 1–10 J/cm² per session 
Application timing: Postoperative days 0, 2, 4, 6 (initial 
week), then weekly for 1–2 months Exposure duration: 

[25]30 seconds to 2 minutes per site.  

Table 3: Example Parameters for PBM in Implantology.

Parameter Recommended Range
Wavelength 800 –980 nm
Power Output 100 –300 mW

Spot Size 0.04–1.0 cm²
Fluence 1–10 J/cm²
Sessions 2–3 times/week, for 2–4 weeks
Mode Continuous or pulsed

 Clinical trials using these parameters have 
consistently demonstrated improved healing and 
integration outcomes. Standardization will also 
facilitate regulatory approval and broader clinical 
adoption.

Soft Tissue Management and Healing:
Laser Effects on Peri-Implant Soft Tissues- Soft 
tissue management plays a pivotal role in the long-term 
success of dental implants, especially in esthetic zones. 
Lasers have emerged as a valuable tool in peri-implant 
soft tissue manipulation due to their precise, minimally 
invasive nature and favorable biological effects. Lasers 
such as Er:YAG, Er,Cr:YSGG, and diode lasers have 
demonstrated potential to ablate soft tissues with 
minimal collateral damage, reduced bleeding, and 
improved postoperative comfort. Their ability to 
decontaminate, sterilize, and coagulate tissues 
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[28]implant survival.

Cellular and Molecular Mechanisms Involved:
 At the cellular level, laser therapy influences 
multiple processes contributing to soft tissue healing: 
Fibroblast Proliferation: Enhanced by laser irradiation, 
leading to increased ECM (extracellular matrix) 
production and wound closure. Collagen Deposition: 
Increased Type I and III collagen synthesis improves 
tissue strength and stability. Angiogenesis: New 
capillary formation ensures adequate blood supply for 
healing tissues. Epithelial Migration: Faster re-
epithelialization of the wound surface ensures barrier 

[28]formation against microbial invasion.

Future Trends and Research Directions:
Innovations in Laser Technology for Dental 
Implants- Laser technology continues to reshape 
dental implantology by enhancing precision, reducing 
trauma, and promoting faster healing. Ongoing 
advancements in laser types and parameters are driving 
future innovations in implant procedures.

Emerging Laser Types: New laser systems show 
promise in improving outcomes in implant dentistry 
beyond the capabilities of traditional diode, Er:YAG, 

and CO₂ l asers .  Ul t ra-shor t  Pulsed  Lasers 
(Femtosecond Lasers): These lasers emit pulses lasting 
mere femtoseconds, enabling highly precise tissue 
ablation with minimal thermal damage. Their precision 
supports minimally invasive procedures in bone site 
preparation, soft tissue management, and implant 
sur face  modificat ion ,  leading  to  improved 
osseointegration and stability. Mid-Infrared Lasers   
(Er,Cr:YSGG): Operating in the 2.7–2.9 µm range, 
these lasers are strongly absorbed by water and 
hydroxyapatite, allowing for effective, thermally safe 
cutting of bone and soft tissue. Their ability to replace 
mechanical drills enhances surgical precision and 
improves healing outcomes. Picosecond Lasers: With 
pulse durations of one trillionth of a second, these lasers 
offer fine control in tissue ablation while minimizing 
heat generation. They are being explored for their 
potential in fast-healing surgeries and implant surface 

[29,30]
treatments to boost biocompatibility.

Digital Integration - Integrating laser systems with 
digital technologies is expanding the scope and  
accuracy of implant procedures.

 L a s e r - A s s i s t e d  D i g i t a l  I m a g i n g :
Combining lasers with CBCT, intraoral 
scanners ,  and 3D imaging improves 

enhances their usefulness in managing peri-implant 
[24]

tissues before and after implant placement.

Inflammatory Response and Tissue Regeneration:
 The inflammatory phase is the initial 
biological response following surgical trauma and 
plays a critical role in the healing cascade. Laser 
applicat ion can significantly modulate this 
inflammatory response. Studies have demonstrated 
that lasers, especially when used in low-level laser 
therapy (LLLT) or photobiomodulation (PBM), 
promote the production of anti-inflammatory cytokines 
(e.g., IL-10) while downregulating pro-inflammatory 
mediators like IL-1β, TNF-α, and prostaglandins. This 
modulation reduces pain, edema, and enhances tissue 
regeneration.
Additionally, laser irradiation stimulates fibroblast 
p r o l i f e r a t i o n ,  c o l l a g e n  s y n t h e s i s ,  a n d 
angiogenesis—all vital for soft tissue healing. These 
biological effects result in faster and more organized 

[26]soft tissue healing post-implant surgery.

Gingival Contouring and Soft Tissue Procedures:
 Laser-assisted gingival contouring plays a 
significant role in optimizing esthetics around dental 
implants, particularly in high-smile-line cases. Diode 

and CO₂ lasers are frequently used for their soft tissue 
affinity and coagulative ability. Key procedures 
include: Second-stage surgery: Lasers allow flapless 
uncovering of implants with minimal discomfort and 
quicker  heal ing.  Gingivoplas ty  and crown 
lengthening: Performed to establish a proper 
emergence profile and esthetic margin alignment. 
Frenectomy and vestibuloplasty: Improve soft tissue 
mobility and keratinized tissue width.Lasers provide 
precision in sculpting tissue, creating harmonious 
gingival architecture with minimal risk of recession or 

[27]
tissue loss.

Healing and Regeneration of Peri-Implant Tissues:
 Lasers support the regenerative process of 
peri-implant tissues by promoting revascularization, 
cellular proliferation, and collagen remodeling. 
Photobiomodulation (PBM) specifically enhances 
wound healing by: Stimulating mitochondrial activity 
and ATP production in fibroblasts and epithelial cells 
Accelerating angiogenesis through upregulation of 
VEGF (vascular endothelial growth factor) Enhancing 
tissue granulation and re-epithelialization rates 
Improving soft tissue seal around implants These 
effects reduce healing time and increase soft tissue 
stability and health around implants, which is critical in 
preventing peri-implantitis and ensuring long-term 
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Laser Type Wavelength TissueAffinity Application Examples
Diode 810 –980 nm Pigmented tissue Second-stage uncovering, gingivectomy,

PBM
Er:YAG 2940 nm Water-rich tissues Gingival sculpting, decontamination,

sulcular curettage
CO2 10,600 nm Water Frenectomy, vestibuloplasty,gingivoplasty
Er,Cr :YSGG 2780 nm Hard and soft tissue Soft tissue incision, debridement, second-

stage surgery

Table 4: Cellular and Molecular Mechanisms Involved.

Table 5:Digital Integration in Implantology.

Technology Functionality and Benefits Integration with Lasers

Intraoral Scanners Provides real-time, detailed digital

impressions of teeth and gums

Enhances precision during soft and

hard tissue treatment

Cone Beam Computed

Tomography (CBCT)

3D imaging of bone and soft tissues Allows for precise planning and

guidance for laser treatments

CAD/CAM Systems Creates customized implant designs

and restorations

Guides laser treatment for optimal

implant placement

Intraoperative

Navigation Systems

Provides live tracking and feedbackfor

surgical procedures

Works with laser systems to

enhance real-time precision

visualization and real-time surgical planning. 
This enhances the clinician's ability to assess 
bone dimensions and soft tissue conditions 
during implant placement.

 CAD/CAM and Guided Implantology:
CAD/CAM workflows integrated with laser 
systems enable precise, personalized implant 
planning and execution. Laser-guided surgical 
templates generated from digital scans help 
optimize implant positioning, reduce  
operative time, and increase procedural 
predictability.
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