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of Precision Applications in Modern Medicine
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Zahraa Hameed a, Muqtada Khalawi a, Zahraa Sarmed a, Ail Ahmed a,
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ABSTRACT

Laser technology has significantly transformed healthcare and biological sciences by Laser devices are offered
precision, efficiency, and Multiple simple solutions in various medical fields and research domains. In ophthalmology,
lasers play a pivotal role in vision correction, retinal imaging, and therapeutic applications, such as femtosecond
laser-assisted LASIK and two-photon fluorescence scanning laser ophthalmoscopy. Dermatology has also benefited from
CO2, Nd:YAG, excimer, and Q-switched lasers, which are widely used for pigmentation disorders, tattoo removal, and
skin rejuvenation. Moreover, Low-Level Laser Therapy (LLLT) enhances wound healing and tissue regeneration, while
intense pulsed light (IPL) and diode lasers improve hair removal and acne treatments. Furthermore, laser applications are
rapidly advancing across fields such as surgical oncology, neurology, and regenerative medicine, with promising roles
in gene therapy, optical coherence tomography (OCT), and photodynamic therapy (PDT). Despite these advancements,
challenges such as safety concerns, laser-induced complications, and the need for further clinical validation in diverse
patient populations. This paper explores cutting-edge laser applications in ophthalmology, dermatology, and beyond,
highlighting their transformative impact on modern medicine and future potential for innovation.

Keywords: Refractive errors, Ophthalmology, Dermatology, Nd:YAG laser, CO2 laser

1. Introduction

Laser technology has revolutionized various fields
of biology and medicine [1], providing precise, min-
imally invasive, and highly effective solutions for
both diagnostic [2], and therapeutic applications
[3]. With its unique properties—monochromaticity,
coherence, directionality, and high intensity—laser
technology has become an indispensable tool in mod-
ern healthcare, for example in smart contact lenses
(CLs) fabrication [4]. Beyond traditional healthcare

applications, lasers are also revolutionizing medi-
cal communication and data transmission. Recent
research by Al-Hadhrami et al. (2024) introduced
a prototype laser communication system using un-
crewed aerial vehicles (UAVs) as relay points to
enhance data connectivity in remote healthcare ap-
plications [5]. This system overcomes the range and
reliability limitations of conventional radio frequency
(RF) communication, offering high-speed, real-time
data transmission with improved integrity. Lasers
were widely adopted in ophthalmology for vision
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correction procedures, such as excimer laser surgery,
femtosecond laser (Femto), and femto-LASIK, which
have proven to be highly effective in reshaping the
cornea and restoring clear vision. These methods
provide precision, rapid recovery, and long-term sta-
bility, making them the preferred choice for correct-
ing refractive errors. More recently, advancements in
ophthalmic imaging have expanded laser applications
beyond vision correction. The study by Boguslawski
et al. (2022) explores the use of 2-Photon-Excited
Fluorescence Scanning Laser Ophthalmoscope (TPEF-
SLO) for noninvasive, in vivo imaging of the human
retina, allowing for early disease detection [6]. Find-
ings demonstrate that TPEF-SLO can image and
quantify visual cycle intermediates and metabolic
byproducts, providing high-resolution imaging with
minimal laser power, ensuring safety for human
use. These technological advancements in laser-based
ophthalmology illustrate the transformative role of
lasers, offering both corrective and diagnostic solu-
tions for improved eye health and vision care.

Beyond ophthalmology, dermatology has also ben-
efited from laser advancements [7]. Laser therapy
is extensively used to treat various skin conditions,
working by directing a highly concentrated beam of
light to a targeted area. This energy is absorbed by
specific pigments or skin structures [8], enabling the
controlled removal or modification of tissues with-
out damaging surrounding healthy cells [9]. The
field continues to expand, with newer laser-based
applications such as vascular lasers, excimer lasers,
low-level laser therapy (LLLT) [10], laser lipolysis
[11], and laser-assisted drug delivery [12], enhancing
safety [13], efficacy, and precision in dermatological
treatments.

However, the impact of laser technology extends
far beyond ophthalmology and dermatology. Modern
innovations have expanded laser applications into
various medical and biological disciplines as shown in
Fig. 1. In surgery, lasers facilitate tumor excision with
minimal damage [14], and enable lithotripsy for kid-
ney stones via Holmium:YAG lasers [15]. Dentistry
benefits from laser-assisted cavity treatment and gum
surgeries, improving disinfection and reducing pain
[16]. In neurology, Laser Interstitial Thermal Therapy
(LITT) provides a minimally invasive approach for
brain tumor ablation with real-time MRI guidance
[17]. Orthopedics utilizes LLLT to promote bone re-
generation and reduce inflammation in osteoarthritis
and post-surgical recovery [18]. Oncology leverages
Photodynamic Therapy (PDT) and laser-induced hy-
perthermia for selective cancer cell destruction [19].
In gynecology, Laser-Assisted Hatching (LAH) im-
proves in vitro fertilization (IVF) implantation success
rates [20]. Optical Coherence Tomography (OCT)

enables high-resolution imaging for ophthalmology
and cardiovascular diagnostics, detecting early signs
of diabetic retinopathy and atherosclerosis [21]. In
genetics, laser microdissection and gene transfection
technologies have advanced targeted cancer gene
therapy [22].

These applications demonstrate the transformative
role of laser technology in medicine and biology, pro-
viding precision, efficiency, and minimally invasive
solutions. As research continues, further advance-
ments in laser-based therapies, imaging techniques,
and personalized medicine will enhance patient out-
comes and open new frontiers in medical science.

2. Lasers used in correcting refractive
errors: Case studies

The reduction in visual acuity comes from the er-
ror in light rays focusing by the refractive imaging
system of the eye (cornea, iris, the crystalline lens
and the retina) called a refractive error [23], as well
as those related to CLs wearing [24]. Refractive er-
rors come in two main parts spherical (Myopia and
Hyperopia) and cylindrical errors [25].Visual acuity
performance diminishes whenever any of the con-
tributing functions have not been optimized. Most
CLs are prescribed for cosmetic purposes and many
patients use them in sport activities. Refractive errors
can be corrected by glasses, CLs or LASIK surgery (im-
plementing of intraocular lens IOL and laser surgery)
[26]. Patients with very high refractive errors (severe
myopia, hyperopia, or astigmatism) often prefer to
use CLs, they are much more comfortable than wear-
ing heavy thick spectacle lenses.

The provided box plot illustrates the RMS (Root
Mean Square) aberration coefficients for patients
with Post-LASIK ectasia, comparing values before and
after scleral lens usage as described by Kumar et al.
2021 [27]. The data show a reduction in higher-order
aberrations (HO-RMS), coma, secondary astigmatism,
and trefoil distortions after CL application, suggesting
that CLs help mitigate post-surgical visual distortions.
Additionally, the surgery is sometimes not suitable
for all age groups, leading many visually impaired
individuals to rely on CLs, which have been in use
for over 125 years to reduce distortions, refractive er-
rors, or astigmatism [28]. As shown in the post-LASIK
ectasia study, CLs effectively minimize higher-order
aberrations [29], providing a better alternative for
individuals who cannot undergo LASIK. CLs offer
enhanced durability in various environmental condi-
tions, making them ideal for daily and monthly wear
[30], antibacterial activity [31], biological activities
monitoring [32], etc.
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Fig. 1. Key applications of laser technology in medicine and biological research.

Laser-based optical technologies have advanced
significantly in recent years, enabling breakthroughs
in fields such as ophthalmology, infrared imaging,
and computational laser modeling. These technolo-
gies leverage femtosecond (fs) lasers, Nd:YAG lasers,
excimer lasers, and solid-state UV lasers to improve
surgical precision, enhance imaging performance,
and optimize computational models for biomedi-
cal applications. Recent advancements in laser-based
optical technologies have significantly improved oph-
thalmic surgery, infrared imaging, and computational
modeling for laser-tissue interactions. Asshauer et al.
(2021) demonstrated the superiority of femtosecond
lasers (fs-lasers) in LASIK, SMILE, and FLACS, em-
phasizing their ability to minimize thermal damage
and improve corneal stability [33], making them the
safest and most precise option for corneal surgery
[34]. Wang et al. (2023) explored a different appli-

cation by leveraging fs-laser-assisted wet etching to
fabricate chalcogenide glass-based infrared artificial
compound eyes (IR ACE), achieving high-resolution
imaging (20.16 lp mm–1), a 60° field of view, and
60–70% IR transmittance, marking a breakthrough
in robot vision, 3D motion tracking, and IR imaging
applications [35]. Abdelhalim et al. (2023) developed
a computational model for laser-cornea interaction,
identifying the 213 nm Nd:YAG laser as a promising
alternative to the 193 nm excimer laser while raising
concerns about excessive heat generation (527.2°C)
in 266 nm lasers [36]. Abdelhalim et al. (2024)
introduced a 266 nm Nd:YAG flying-spot laser plat-
form as a potential solid-state alternative to excimer
lasers for hyperopic correction, demonstrating com-
parable ablation efficiency with lower maintenance
costs but requiring further thermal optimization [37].
Finally, Zanellati et al. (2025) contributed to retinal
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Fig. 2. Box plots showing the distribution of higher-order aberrations before and during scleral lens wear for post-LASIK ectasia.

laser therapy modeling by compiling precise optical
and thermal tissue parameters, crucial for improving
bioheat transfer models and ensuring safe and effec-
tive retinal laser photocoagulation [38]. While each
study focuses on a distinct aspect of laser-based tech-
nology, they collectively highlight the growing role
of fs-lasers, Nd:YAG alternatives, and computational
models in refining surgical precision, optimizing laser
safety, and expanding high-performance imaging ca-
pabilities. Future research should integrate AI-driven
surgical tracking, enhanced cooling mechanisms, and
patient-specific laser modeling to maximize the clini-
cal and technological impact of these innovations.

These five studies contribute to advancing laser
technology across multiple disciplines, demonstrating
the versatility of fs lasers, Nd:YAG lasers, and compu-
tational modeling in medicine and imaging.

3. The use of laser in skin diseases
treatments: Case studies

Laser technology is extensively used in dermatology
and aesthetic medicine, offering targeted treatments

for various conditions. The dye laser (595 nm) is
effective in removing unwanted pigmentation by
targeting pigmented skin issues through selective
photothermolysis [39]. The Xenon chloride excimer
laser (308 nm) is widely used in treating autoim-
mune skin diseases [40]; like psoriasis, vitiligo, and
alopecia, promoting skin regeneration and reducing
inflammation [41]. In body contouring, the lipolysis
laser (1444 nm) is utilized for fat reduction, liq-
uefying fat cells for metabolic removal or assisted
liposuction [42]. Q-switched lasers (532 nm, 585 nm,
1064 nm) are applied for tattoo and hair removal, as
well as skin rejuvenation, each wavelength targeting
different pigments and depths to achieve optimal cos-
metic results [43]. LLLT at 661 nm enhances wound
healing by stimulating collagen production and blood
circulation, accelerating tissue repair [44]. Addi-
tionally, the Nd:YAG laser (1064 nm) is frequently
used for aesthetic skin treatments, including facial
tightening, collagen stimulation, and global skin en-
hancement, offering deep penetration with minimal
downtime [45]. Laser technology in dermatology
has evolved significantly, enabling precise, effective,
and minimally invasive treatments for various skin
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Table 1. Comprehensive analysis provides an in-depth comparison, highlighting the significance, applications, and future potential of
each study in the field of laser-based medical and imaging technologies.

Laser Technology Advantages Over Future Research
Study & Year Main Focus Used Key Findings Existing Methods Directions

Abdelhalim
et al. (2024)

Flying-Spot
Laser for
Hyperopic
Correction

Nd:YAG (266 nm)
fourth-
harmonic
laser

Developed a flying-spot
laser eye-surgery
platform as a
solid-state alternative
to 193 nm excimer
lasers, demonstrating
comparable corneal
reshaping efficiency
while reducing
maintenance
requirements.

- Lower maintenance
costs than excimer
lasers.
- External laser
coupling capability
increases flexibility.
- Automated debris
removal & cooling
system enhances
safety.

- Optimize cooling
techniques to mitigate
excessive heat
generation.
- Improve scanning
speed to enhance
precision & efficiency.
- Clinical trials needed
to validate long-term
safety & efficacy.

Asshauer
et al. (2021)

Femtosecond
Lasers in
Ophthalmic
Surgery

Femtosecond (fs)
lasers for
LASIK, SMILE,
FLACS

Fs-lasers provide
high-precision,
low-energy ablation,
reducing thermal
damage & recovery
time in corneal and
cataract surgery.

- Non-thermal laser
ablation improves
safety.
- Higher corneal
biomechanical
stability than
excimer-based LASIK.
- Faster healing time
due to minimal
mechanical stress.

- Integrate AI-guided
laser tracking for
real-time precision
enhancement.
- Improve fs-laser
pulse energy
optimization for
greater efficiency in
corneal surgeries.
- Expand fs-laser
applications in other
eye surgeries (e.g.,
lens replacement,
glaucoma surgery).

Abdelhalim
et al. (2023)

Mathematical
Model for
Laser-Cornea
Interaction

Excimer (193
nm), Nd:YAG
(213 nm, 266
nm) lasers

Identified 213 nm
Nd:YAG laser as a
viable alternative to
excimer lasers. Found
266 nm lasers
generated excessive
heat (∼527.2°C),
making them
unsuitable for clinical
applications.

- 213 nm laser closely
mimics 193 nm
excimer laser
ablation.
- Eliminates reliance
on toxic excimer
gas-based systems.
- 213 nm laser causes
less thermal diffusion
than excimer lasers.

- Conduct in-vivo
testing of 213 nm
Nd:YAG lasers to
validate corneal
ablation efficacy.
- Develop adaptive
laser pulse regulation
to optimize energy
levels.
- Optimize delivery
systems for uniform
ablation effects.

Zanellati
et al. (2025)

Computational
Modeling for
Retinal Laser
Therapy

577 nm retinal
laser photoco-
agulation

Developed a
comprehensive
database of optical &
thermal eye tissue
parameters to
enhance retinal laser
modeling & safety.

- Improves accuracy
in predicting
laser-induced thermal
effects.
- Provides
patient-specific
treatment
optimization.
- Reduces risk of
overheating & damage
to sensitive retinal
layers.

- Expand database
with real-time patient
measurements.
- Develop AI-based
computational models
for personalized laser
therapy.
- Test in clinical
settings to validate
treatment accuracy.

Wang et al.
(2022)

IR Artificial
Compound
Eyes (ACE)
for High-
Resolution
Infrared
Imaging

Femtosecond
laser wet
etching & glass
molding

Fabricated chalcogenide
glass IR ACE,
achieving
high-resolution (20.16
lp mm–1), 60° field of
view (FOV), & high IR
transmittance
(60–70%) from
2.5–15 µm.

- Low-cost fabrication
of large-scale,
high-precision IR
optics.
- Enhances imaging
for robotics, night
vision, 3D tracking.
- Reduces optical
aberrations,
improving clarity.

- Optimize fs-laser wet
etching for
larger-scale IR optics.
- Develop adaptive
optics for real-time
aberration correction.
- Integrate with
AI-driven IR imaging
for autonomous
applications.
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Table 2. A structured overview of the various laser types, their wavelengths, and their medical and aesthetic applications.

Usage Laser Type Wavelength (nm) Source

Removal of unwanted pigmentation Dye Laser 595 Zutt, 2019
Treatment of autoimmune skin diseases

(Psoriasis, Vitiligo, Alopecia)
Xenon Chloride Excimer Laser 308 Hartmann Schatloff et al., 2024

Fat reduction and body contouring Lipolysis Laser 1444 Piccolo et al., 2024
Tattoo and hair removal, skin

rejuvenation
Q-Switched Laser 532, 585, 755, 1064 Moro et al., 2024

Wound healing and tissue regeneration Low-Level Laser Therapy (LLLT) 661 Mathioudaki et al., 2024
Aesthetic skin treatments (facial

tightening, collagen stimulation)
Nd:YAG Laser 1064 Kalil et al., 2024

Treatment of vascular lesions Pulsed Dye Laser (PDL), Nd:YAG 595, 1064, 532 J.-P. Wu et al., 2024
Hair removal and vascular conditions Long-Pulse Alexandrite Laser 755 Gan & Graber, 2013;

Noormohammadpour et al., 2021

conditions. Vascular lasers, such as the pulsed dye
laser (PDL) at 595 nm and the Nd:YAG laser at
1064 nm and 532 nm, are widely used due to their
ability to selectively target hemoglobin, effectively
treating vascular lesions while minimizing damage to
surrounding tissues [46]. The long-pulse Alexandrite
laser (755 nm) has also proven highly effective for
vascular conditions and hair removal [47], offering
high precision and reduced side effects [48]. The
xenon chloride excimer laser (308 nm) is extensively
used in treating autoimmune skin disorders like pso-
riasis, vitiligo, and alopecia areata [49], selectively
absorbed by melanin to enhance skin repigmentation
and reduce inflammatory responses [49]. LLLT has
gained recognition for wound healing [50], and tissue
regeneration [51], improving cellular activity [52],
microcirculation [53], and inflammation modulation
[54], making it highly valuable in regenerative der-
matology due to their effective biological role [55].
In aesthetic medicine, the Q-switched laser (532 nm,
585 nm, 755 nm, 1064 nm) is widely utilized for
benign pigmentation lesion removal [56], tattoo re-
moval [57], and skin resurfacing [58], effectively
breaking down pigments with minimal damage. Ad-
ditionally, recent advancements in laser-assisted fat
reduction have led to the development of the 1444
nm laser, which enables non-invasive lipolysis, effec-
tively breaking down fat deposits without damaging
surrounding tissues. Table 2 summarizing laser appli-
cations in dermatology and aesthetic medicine.

4. Clinical applications of different lasers in
dermatology and aesthetic medicine

Laser technology is a widely accepted tool in
dermatology and aesthetic medicine, providing tar-
geted, minimally invasive solutions for various skin
conditions, pigmentation disorders, and cosmetic en-
hancements. CO2 lasers [59], Nd:YAG [60], Excimer
[61], and LED therapy have been extensively re-
searched and applied in dermatological treatments

[62], and cosmetic procedures [63]. Q-switched,
Nd:YAG, and IPL lasers are widely used for pigmenta-
tion disorders and skin rejuvenation [64]. Similarly,
Tai et. al. (2021) highlights the role of CO2 lasers
in ablative treatments for scar revision and actinic
keratosis [65]. Referring to Fig. 3, the outermost
zone in that figure depicts an area of athermal and
atraumatic light-tissue reactions which occur simul-
taneously with the photosurgical damage zones, and
which serve to photo-activate the cells in that tissue
to help with wound healing and repair. Diode laser
LLLT was extremely popular in the 1990s and proved
effective particularly for wound healing and pain at-
tenuation, particularly in Russia, Japan and Korea,
and to a lesser extent in Australia and the UK, how-
ever application was almost always manually with a
hand-held probe of some kind, point by point, and
could be very clinician-intensive. The effectiveness of
IPL, excimer, and Nd:YAG lasers for non-invasive and
ablative skin treatments has been well-documented
by Calderhead (2017) [66].

Additionally, Levin et al. (2016) discuss technolog-
ical advancements in Q-switched Nd:YAG and Ruby
lasers for pigment removal and acne scar treatment
[67]. Levin et al. (2016) initially discussed advance-
ments in Q-switched Nd:YAG and Ruby lasers for
pigment removal and acne scar treatment; however,
more recent research has expanded the scope of laser
applications for skin of color (SOC) patients. A ret-
rospective study evaluated the safety and efficacy
of 755 nm alexandrite picosecond lasers in com-
parison to Q-switched ruby (694 nm) and Nd:YAG
(532 nm, 1064 nm) nanosecond lasers for treat-
ing pigmentary disorders in Fitzpatrick skin types
III–VI. The study found comparable clinical efficacy
between Q-switched nanosecond lasers and picosec-
ond laser treatments, with a mean visual analog
score corresponding to approximately 50% pigmen-
tary clearance as shown in Fig. 4. A, B, and C.
The most treated conditions included Nevus of Ota
(38.1%) [68], solar lentigines (23.8%), and post-
inflammatory hyperpigmentation.
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Fig. 3. Schematic showing simultaneous range of photothermal reactions and tissue temperature ranges associated with a carbon dioxide
(CO2) laser impact.

Fig. 4. A. Baseline: A 31-year-old Fitzpatrick III woman with a nevus of Ota in the right periorbital region. B. 1-month follow-up: After five
755 nm Alexandrite picosecond laser treatments, no pigment clearance, with temporary hyperpigmentation. C. 3-month follow-up: Without
additional treatment, >75% pigment clearance (grade 4 improvement) observed.

Subject satisfaction was higher for Q-switched
nanosecond lasers (84%) compared to the picosecond
alexandrite laser (50%), although both technologies
demonstrated temporary, self-resolving side effects
within a month. Notably, patients treated for Nevus
of Ota with the picosecond laser reported delayed
improvement, with full benefits observed after three
months. The study concludes that 755 nm alexandrite
picosecond lasers, along with Q-switched Nd:YAG
and Ruby lasers, are safe and effective for pigmentary
disorder treatments in SOC patients, with no long-
term complications when used appropriately. This
highlights the potential of picosecond laser technol-
ogy for expanded clinical applications beyond tattoo
removal, suggesting that further research may es-
tablish the 755 nm picosecond laser as a viable
alternative for facial pigmented lesion treatment in
SOC patients.

The pulsed dye laser (PDL) and IPL combinations
have also shown effectiveness in acne management,
as noted by Forbat & Al-Niaimi (2019) [69]. Brown
(2020) provides insights into Nd:YAG and Q-switched

lasers for laser dermatology fundamentals, offering
clinical guidance [70]. Furthermore, Hernández-Bule
& Naharro-Rodríguez (2024) emphasize LLLT, LED
therapy, and IPL applications in dermatology and
wound healing, showcasing the growing importance
of photobiomodulation in skin treatments [71].

Q-switched Nd:YAG lasers are extensively used
for cosmetic tattoo removal, offering precise pig-
ment targeting with minimal complications . A study
by Cannarozzo et al. (2019) found that Q-switched
Nd:YAG lasers effectively removed cosmetic tattoos
on the lips, eyebrows, and eyeliners, with patients
experiencing high satisfaction rates and minimal ad-
verse effects such as mild erythema [72]. Despite its
efficacy, laser safety concerns in dermatology persist,
particularly regarding skin phototypes [73]. A sys-
tematic review by Manjaly et al. (2021) highlighted
the underrepresentation of darker skin types (Fitz-
patrick 4–6) in clinical trials, emphasizing the need
for more inclusive research in cosmetic laser appli-
cations [74]. Additionally, cosmetic laser treatments
pose risks of ocular injury, particularly in periocular
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Table 3. Key laser technologies used in dermatology, their applications, and important findings from recent studies.

Laser Type Wavelength (nm) Main Applications Key Findings Reference

CO2 Laser 10,600 Ablative treatments, scar revision,
actinic keratosis

Enables precise ablation and
stimulates wound healing

[Tai et al., 2021]

Nd:YAG Laser 532, 1064 Pigmentation disorders, vascular
lesions, skin rejuvenation

Effectively treats pigmentation
disorders with minimal
complications

[Brown, 2020]

Excimer Laser 308 Psoriasis, vitiligo, autoimmune skin
diseases

Widely used for autoimmune skin
conditions like vitiligo

[Calderhead,
2017]

LED Therapy Various (Blue,
Red, Infrared)

Wound healing,
photobiomodulation, acne
treatment

Promotes collagen production and
reduces inflammation in
dermatology

[Hernández-Bule
& Naharro-
Rodríguez,
2024]

Q-Switched Nd:YAG
Laser

532, 694, 1064 Tattoo removal, pigmentation
disorders, acne scar treatment

Shows high efficacy in cosmetic tattoo
removal

[Cannarozzo et
al., 2019]

IPL (Intense Pulsed
Light)

500–1200 Hair removal, skin rejuvenation,
pigmentation disorders

Effective for acne management and
pigmentation treatment when
combined with PDL

[Forbat &
Al-Niaimi,
2019]

Alexandrite
Picosecond Laser

755 Pigmentation disorders, Nevus of
Ota, solar lentigines

Offers comparable efficacy to
Q-switched lasers for skin of color
patients

[Manjaly et al.,
2021]

Diode Laser
(940 nm)

940 Gingivectomy, reduced
postoperative bleeding and pain

Significantly reduces pain and
bleeding in cosmetic gingivectomy

[Sobouti et al.,
2014]

and eyelid procedures, where improper ocular protec-
tion can lead to permanent eye damage (Huang et al.,
2023) [75]. One documented complication is laser-
induced pigmentary glaucoma, as described by Ong
et al. (2023), who reported a case of iatrogenic pig-
mentary glaucoma following cosmetic iris-lightening
laser treatments, underscoring the need for long-term
safety studies in cosmetic eye procedures [76]. More-
over, the 940-nm diode laser has gained attention
in gingivectomy procedures for smile aesthetics. A
clinical trial by Sobouti et al. (2014) demonstrated
that laser-assisted gingivectomy significantly reduced
postoperative bleeding and pain, making it a pre-
ferred alternative to traditional surgical scalpels [77].
These findings reinforce the growing role of lasers
in dermatology, while also highlighting safety con-
cerns and the need for precise patient selection in
cosmetic laser treatments. Table 3 highlights the
key laser technologies used in dermatology, their
applications.

Here are some case study findings in laser applica-
tions in ophthalmology, dermatology, oncology, and
regenerative medicine:

1. Ophthalmology:

• Femtosecond laser-assisted LASIK has demon-
strated over 95% success rates in correcting
refractive errors, with less than 1% compli-
cation rates achived by Beigvand et al., 2020
[78].

• A multicenter study on diabetic retinopathy
laser treatments found that laser photocoagu-
lation reduced vision loss progression by 50%

in treated patients according to Bhavsar el al
in 2009 [79].

2. Dermatology:

• Q-switched Nd:YAG lasers for cosmetic tattoo
removal resulted in complete tattoo clearance
in 92% of cases, with 84% patient satisfaction
as recorded by Cannarozzo et al. in 2019 [72].

• Fractional CO2 lasers improved burn scar
pigmentation by 73% in a double-blind ran-
domized trial according to Atefi et al. in 2025.

3. Oncology:

• Photodynamic therapy (PDT) using lasers for
non-melanoma skin cancer showed complete
tumor remission in 89% of patients, with min-
imal recurrence over 2 years according to Lui
et al. in 2004 [80].

• Laser ablation therapy for brain tumors
achieved 80% reduction in tumor volume in
glioblastoma patients, with an overall sur-
vival increase of 6 months according to Arany
et al. in 2014 [81].

4. Regenerative Medicine:

• LLLT for wound healing accelerated tissue re-
pair by 40%, reducing inflammatory response
markers in chronic ulcer patients according to
Arany in 2016 [82].

• Photobiomodulation therapy was found to
stimulate stem cell differentiation, leading to
significant craniofacial bone regeneration in
87% of treated cases as described by Yun and
Kwok in 2017 [83].
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Table 4. Summary of recent clinical studies evaluating various laser-based therapies.

Condition No. of
Treated Laser Type Participants Session Results Side Effects Ref.

Acne keloidalis
nuchae (AKN)

755-nm Alexandrite 17 male patients 6 Significant reduction in
lesions and symptoms;
no recurrence in
follow-up

Temporary hair loss (4
patients); reversible
and accepted

[84]

Acne keloidalis
nuchae (AKN)

1064-nm Nd:YAG,
810-nm diode, CO2;

– 1–5 82–95% improvement Minimal (erythema,
burning)

[85]

Acne keloidalis
nuchae (AKN)

Er:YAG vs long-pulsed
Nd:YAG

30 male patients
(2 groups)

6 91.8% improvement
(Er:YAG) vs 88%
(Nd:YAG)

Deemed safe [86]

Pseudofolliculitis
barbae (PFB)

Long-pulsed Nd:YAG
+ topical
eflornithine

40 male patients
(3 groups)

4 Greatest improvement in
combination group

– [87]

Acne vulgaris 1726-nm laser with
contact cooling

– – Selective thermal damage
to sebaceous glands

Minimal; no pain
mitigation needed

[88]

As laser applications continue to evolve, their integra-
tion into clinical practice will likely expand, leading
to improved patient outcomes, reduced recovery
times, and novel treatment paradigms in multiple
medical specialties. With ongoing advancements and
refinements, laser technology is set to play an even
greater role in revolutionizing healthcare, making it
an indispensable tool for both therapeutic and diag-
nostic applications.

Recent advances in laser technology have signif-
icantly improved the management of acne-related
disorders, particularly acne keloidalis nuchae (AKN),
pseudofolliculitis barbae (PFB), and acne vulgaris. As
summarized in Table 4, various laser modalities—
including alexandrite (755 nm), Nd:YAG (1064
nm), Er:YAG, and the novel 1726-nm system—have
demonstrated notable efficacy in reducing inflamma-
tory lesions, keloidal plaques, and hair density with
minimal side effects. For AKN, comparative stud-
ies show that both long-pulsed Nd:YAG and Er:YAG
lasers are highly effective, though Er:YAG may offer
greater improvement in plaque resolution. The addi-
tion of topical eflornithine to laser therapy further
enhances outcomes in PFB by combining follicular
inhibition with photothermal effects. Meanwhile, the
newly introduced 1726-nm laser system exhibits se-
lective targeting of sebaceous glands, presenting a
promising and safe approach for acne vulgaris. Col-
lectively, these studies support the growing role of
laser-based interventions as versatile and patient-
tolerable options in dermatologic therapy.

5. Role of novel drug delivery systems
(NDDS) in laser-based therapies

The integration of NDDS into laser-based therapies
represents a transformative advancement, particu-
larly in overcoming the anatomical and physiological

barriers of the human eye [89]. The ocular envi-
ronment presents multiple challenges to effective
drug delivery, including barriers such as the cornea,
conjunctiva, tear film due to wearing CLs [90],
aqueous humor, retina, and choroidal blood flow,
as well as hydrolytic enzymes that degrade thera-
peutic agents . Among the most promising NDDS
are liposomes, which are phospholipid-based spheri-
cal vesicles (typically 50–500 nm in diameter) with
a hydrophilic core and hydrophobic bilayer. These
structures are uniquely capable of encapsulating and
transporting both hydrophilic and lipophilic drugs
[91]. In ophthalmology, liposomes are utilized in eye
patches, where they enhance drug residence time,
penetration depth, and bioavailability [92]. When
combined with laser-based techniques, NDDS can
significantly improve targeted drug release. For in-
stance, low-level laser irradiation can temporarily
disrupt tight junctions in ocular tissues or stimulate
release from liposomes via thermosensitive mecha-
nisms, enabling controlled and localized delivery of
therapeutic agents [93]. This approach is particularly
valuable in treating posterior segment eye diseases
(e.g., diabetic retinopathy or age-related macular de-
generation), where traditional topical or systemic
therapies are often inadequate [94]. Using mucoad-
hesive polymers, lipophilic and hydrophobic PEG is
a better choice for carriers, as it increases control of
paradoxes and improves the biotransportation prop-
erties of mucus (such as hyaluronic acid stability).
They are known to remain on the eye surface af-
ter being coated with polyethylene glycol with a
weight of (2000–5000 Daltons) via the PEGylation
process, which improves its permeability through the
cornea. This was new for PEG [95] or Coated with
maleimide groups, they are more effective in pro-
longing the duration of contact with the eye and
improving the release of drugs such as ciprofloxacin
[96]. But the problem is not limited to the eyes
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alone. Drug administration methods are numerous
and varied, and they face significant difficulties in
penetrating the body’s natural barriers. Traditional
drug delivery systems face significant challenges in
achieving effective drug administration, particularly
when attempting to cross complex biological barriers
like the dual-layer skin structure or when adminis-
tered indirectly through oral routes. This often leads
to drug degradation in the gastrointestinal tract or
hepatic metabolism (first-pass effect). These limita-
tions have driven researchers to develop advanced
technological solutions combining ultrasound with
modern nanoscale systems [97]. To overcome these
barriers, an innovative technique has emerged that
integrates 650 kHz frequency ultrasound at 2W power
with dual layer nanobubbles prepared from oxidized
hyaluronic acid [98]. The therapeutic efficacy of
this technology relies on three remarkably synergistic
mechanisms: thermal effects that increase local blood
flow, mechanical forces that temporarily open skin
pores, and dynamic cavitation that creates transient
nanoscale channels. The clinical applications of this
technology are remarkably diverse. In oncology, it
enables direct tumor delivery of chemotherapeutic
agents, bypassing complex biological barriers. For
dermatological conditions like psoriasis [99], the
technology successfully penetrates thick epidermal
layers to deliver biologics. It also shows promising
results in metabolic disorders such as diabetes [100],
allowing non-invasive insulin delivery that avoids
the discomfort of traditional injections. Microbubbles
combined with low-frequency sonication (LFS) rep-
resent a paradigm shift in precision gene therapy.
By enhancing cell membrane permeability, this ap-
proach enables highly efficient delivery of genetic
material (DNA/RNA) while achieving precise target-
ing of diseased cells without affecting healthy ones
[101]. This advancement opens new horizons for per-
sonalized therapies characterized by unprecedented
accuracy and effectiveness.

The integration of NDDS into laser-based therapies
represents a significant breakthrough, particularly in
addressing the anatomical and physiological barri-
ers of the human eye. These barriers include the
cornea, conjunctiva, tear film (especially in con-
tact lens wearers), aqueous humor, retina, and
choroidal circulation, along with enzymatic degrada-
tion of therapeutic agents. Among the most promising
NDDS are liposomes, spherical vesicles (50–500
nm) composed of phospholipid bilayers that can
encapsulate both hydrophilic and lipophilic drugs
[102]. In ophthalmology, liposomal formulations in-
corporated into eye patches have shown enhanced
residence time, improved penetration, and superior
bioavailability.

When combined with low-level laser therapy, li-
posomes can be triggered thermally to release their
payload in a controlled and localized manner. This is
particularly beneficial in treating posterior segment
disorders like diabetic retinopathy or age-related
macular degeneration, where conventional drug de-
livery methods fall short. Moreover, PEGylation (with
PEG weights of 2000–5000 Da) improves mucosal
adherence and corneal permeability by stabilizing
agents such as hyaluronic acid. Liposomes coated
with maleimide-functionalized PEG have also demon-
strated increased ocular retention and effective deliv-
ery of drugs like ciprofloxacin [103].

Beyond ophthalmology, laser-assisted delivery sys-
tems have been pivotal in dermatology and systemic
therapy. Traditional administration routes often fail
to bypass barriers like the dual-layer skin struc-
ture or undergo degradation via hepatic first-pass
metabolism. In response, innovative approaches in-
tegrate ultrasound (650 kHz, 2W) with nanobubbles
engineered from oxidized hyaluronic acid [104]. This
technique leverages thermal, mechanical, and cav-
itational effects to enhance permeability and drug
absorption.

6. Conclusions

Laser technology has transformed modern health-
care and biomedical research, providing minimally
invasive, highly precise, and effective solutions across
various medical disciplines. The applications of laser
technology in ophthalmology, dermatology, oncol-
ogy, and regenerative medicine have not only im-
proved patient outcomes but also expanded the scope
of non-invasive and targeted treatments.

Laser technology has revolutionized modern
healthcare and biomedical research, offering
unparalleled precision, minimal invasiveness,
and enhanced patient outcomes across various
medical disciplines. In ophthalmology, lasers have
advanced vision correction procedures, retinal
imaging, and non-invasive diagnostics, while in
dermatology, they have significantly improved
pigmentation treatments, scar revision, and skin
rejuvenation techniques. CO2 lasers, Nd:YAG,
Q-switched, excimer, and IPL-based therapies
continue to enhance aesthetic dermatology and
therapeutic interventions, proving effective in
treating vascular lesions, pigmentation disorders,
and wound healing. Furthermore, LLLT has emerged
as a non-invasive therapeutic approach to accelerate
tissue repair, reduce inflammation, and promote
regeneration. Beyond these applications, lasers are
widely utilized in oncology, neurology, gynecology,
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and genetic research, demonstrating their versatility
and transformative impact on medical science.

Despite these advancements, certain challenges
persist, including safety concerns, the underrepresen-
tation of darker skin types in laser clinical trials, and
the need for more comprehensive long-term stud-
ies to evaluate potential ocular, dermatological, and
systemic risks. However, with ongoing technologi-
cal improvements, including AI-guided laser systems,
enhanced cooling mechanisms, and novel wave-
length optimizations, laser applications are expected
to expand further, pushing the boundaries of non-
invasive diagnostics and therapeutic innovations. As
research continues to explore new frontiers in laser
medicine, its role in personalized healthcare, regen-
erative medicine, and advanced biomedical imaging
will further solidify its position as an indispensable
tool in modern clinical practice.

In ophthalmology, lasers have reduced vision loss
by 50% in diabetic retinopathy and achieved over
95% success in LASIK procedures. In dermatology,
Q-switched Nd:YAG lasers have demonstrated 92%
efficacy in tattoo removal, while fractional CO2 lasers
improve burn scar pigmentation by 73%. Oncology
treatments, including photodynamic therapy (PDT)
and laser ablation, have led to tumor remission
in nearly 90% of cases. Furthermore, regenerative
medicine applications, such as LLLT and photo-
biomodulation, have accelerated wound healing by
40% and enhanced bone regeneration in 87% of
cases. While the benefits are evident, challenges per-
sist in terms of safety concerns, underrepresentation
in clinical trials, and long-term risk assessments. As
laser technology continues to evolve, its potential to
drive breakthroughs in precision medicine, regener-
ative therapy, and biomedical imaging will further
redefine the future of healthcare.

7. Challenges and future directions

Despite the vast benefits of laser applications in
medicine, there remain challenges that must be ad-
dressed. These include:

• Safety Concerns: Cosmetic laser treatments pose
risks of ocular injury, particularly in periocular
and eyelid procedures, where inadequate eye
protection has led to permanent vision loss in
62% of documented cases.

• Long-Term Safety Evaluations: While short-term
effects of laser eye surgery, tattoo removal,
and skin rejuvenation are well-documented,
long-term risks such as pigmentary alterations,
corneal thinning, or laser-induced carcinogene-
sis require further study.

• Technological Enhancements: AI-integrated
laser tracking systems and adaptive cooling
mechanisms are being developed to increase
precision and minimize tissue damage,
improving the safety and effectiveness of
laser-based procedures.

Conflict of interest

The authors have no competing interests to declare
that are relevant to the content of this article.

Ethical approval

Not applicable.

Data availability

No datasets were generated or analyzed during the
current study.

Funding

Not Applicable.

Author contributions

All authors contributed equally to the conceptual-
ization, writing, and editing of the manuscript. Lina
M. Shaker supervised the work and provided overall
guidance throughout the development of the review.

Acknowledgment

The authors would like to express their sincere grat-
itude to the Universiti Kebangsaan Malaysia (UKM)
and Al-Ayen University (AUIQ) for providing their
support which made this research possible.

References

1. Reddy GK. Photobiological basis and clinical role of low-
intensity lasers in biology and medicine. Mary Ann Liebert
Inc. 2004. doi: 10.1089/104454704774076208.

2. Ilina IV, Sitnikov DS. Application of ultrashort lasers in de-
velopmental biology: A review. MDPI. Dec. 01, 2022. doi:
10.3390/photonics9120914.

3. Alegre-Sánchez A, Jiménez-Gómez N, Boixeda P. Laser-
assisted drug delivery. Elsevier Doyma. Dec. 01, 2018. doi:
10.1016/j.ad.2018.07.008.

4. Mirzajani H et al. Femtosecond laser ablation assisted
NFC antenna fabrication for smart contact lenses Adv
Mater Technol. Oct. 2022;7(10):2101629. doi: 10.1002/
admt.202101629.

https://doi.org/10.1089/104454704774076208
https://doi.org/10.3390/photonics9120914
https://doi.org/10.1016/j.ad.2018.07.008
https://doi.org/10.1002/admt.202101629
https://doi.org/10.1002/admt.202101629


62 AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 2 (2025) 51–64

5. Sait A, Al-Hadhrami T, Saeed F, Basurra S, Qasem SN. Laser
communications system with drones as relay medium for
healthcare applications. PeerJ Comput Sci. 2024;10. doi: 10.
7717/peerj-cs.1759.

6. Boguslawski J et al. In vivo imaging of the human eye using
a 2-photon-excited fluorescence scanning laser ophthalmo-
scope. Journal of Clinical Investigation. Jan. 2022;132(2). doi:
10.1172/JCI154218.

7. Han G. Basics of lasers in dermatology. Cutis. Sep.
2014;94(3):E23–E25.

8. Karampinis E et al. Laser-induced koebner-related skin
reactions: A clinical overview. Medicina (Lithuania). Jul.
2024;60(7). doi: 10.3390/MEDICINA60071177.

9. Mild KH, Lundström R, Wilén J. Non-ionizing radiation
in swedish health care—exposure and safety aspects. Int J
Environ Res Public Health. Apr. 2019;16(7). doi: 10.3390/
ijerph16071186.

10. Barale L, Monticelli P, Raviola M, Adami C. Preliminary
clinical experience of low-level laser therapy for the treat-
ment of canine osteoarthritis-associated pain: A retrospective
investigation on 17 dogs. Open Vet J. 2020;10(1):116–119.
doi: 10.4314/OVJ.V10I1.16.

11. Mostafa MSEM, Elshafey MA. Cryolipolysis versus laser lipol-
ysis on adolescent abdominal adiposity. Lasers Surg Med. Apr.
2016;48(4):365–370. doi: 10.1002/lsm.22475.

12. Ng WHS, Smith SD. Laser-assisted drug delivery: A system-
atic review of safety and adverse events. Dec. 01, 2022,
MDPI. doi: 10.3390/pharmaceutics14122738.

13. Wang Q, Xie L, He Z, Di D, Liu J. Biodegradable mag-
nesium nanoparticle-enhanced laser hyperthermia therapy.
Int J Nanomedicine. 2012;(7):4715–4725. doi: 10.2147/IJN.
S34902.

14. Sacks G et al. Polyaryletherketones: Properties and applica-
tions in modern medicine. KeAi Communications Co. Jun. 01,
2024. doi: 10.1016/j.bmt.2023.11.002.

15. Alken P. Intracorporeal lithotripsy. Springer Verlag. Feb. 01,
2018. doi: 10.1007/s00240-017-1017-7.

16. Luke AM, Mathew S, Altawash MM, Madan BM. Lasers: A
review with their applications in oral medicine. J Lasers Med
Sci. 2019;10(4):324–329. doi: 10.15171/jlms.2019.52.

17. Salem U et al. Neurosurgical applications of MRI guided laser
interstitial thermal therapy (LITT. BioMed Central Ltd. Oct.
15, 2019. doi: 10.1186/s40644-019-0250-4.

18. Pei WY, Nawi MAA, Rahman NA. Advances in the bioregu-
lation of mesenchymal stem cells by low-level laser therapy
during bone formation: A narrative review. Sains Malays. Jul.
2023;52(7):2069–2093. doi: 10.17576/jsm-2023-5207-14.

19. Da Silva LA, Pinheiro SL. Clinical evaluation of intravascu-
lar blood irradiation with laser, photobiomodulation, and
photodynamic therapy in cancer patients with mucositis.
Photobiomodul Photomed Laser Surg. Nov. 2021;39(11):687–
695. doi: 10.1089/photob.2021.0031.

20. Horng SG et al. Laser-assisted hatching of embryos in women
of advanced age after in vitro fertilization: A preliminary
report. Chang Gung Med J. 2002;25(8):531–537, .

21. Lutman AA et al. Polarization control in an X-ray free-
electron laser. Nat Photonics. Jun. 2016;10(7):468–472. doi:
10.1038/nphoton.2016.79.

22. Bukke SPN et al.. Solid lipid nanocarriers for drug delivery:
design innovations and characterization strategies—a com-
prehensive review. Discover Applied Sciences. 2024;6(6):279.
doi: 10.1007/s42452-024-05897-z.

23. Rajabpour M et al. Refractive error and vision related quality
of life. BMC Ophthalmol. Dec. 2024;24(1). doi: 10.1186/
s12886-024-03350-8.

24. Shaker LM, Isahak WNRW. Biological infections associated
with wearing cosmetic contact lenses: Risks, pathogens, and
preventative measures: Mini review. AUIQ Complementary
Biological System. 2025;2(1):49–59.

25. Bass M, Enoch JM, Wolfe WL. Handbook of Optics, 2nd ed.
2001.

26. Wu YT et al. The risk of vision loss in contact lens wear
and following LASIK. Ophthalmic and Physiological Optics.
2020;40(2):241–248.

27. Kumar M, Shetty R, Lalgudi VG, Khamar P, Vincent SJ, Atchi-
son DA. The effect of scleral lenses on vision, refraction and
aberrations in post-LASIK ectasia, keratoconus and pellucid
marginal degeneration. Ophthalmic and Physiological Optics
2021;41(4):664–672.

28. Woltsche N, Werkl P, Posch-Pertl L, Ardjomand N,
Frings A. Astigmatis. Spektrum der Augenheilkunde. Dec.
2019;33(6):180–191. doi: 10.1007/s00717-019-00440-7.

29. Romashchenko D, Rosén R, Lundström L. Peripheral refrac-
tion and higher order aberrations. Blackwell Publishing Ltd.
Jan. 01, 2020. doi: 10.1111/cxo.12943.

30. Sapkota K, Franco S, Lira M. Daily versus monthly dis-
posable contact lens: Which is better for ocular surface
physiology and comfort?. Contact Lens and Anterior Eye. Jun.
2018;41(3):252–257. doi: 10.1016/j.clae.2017.12.005.

31. Andersson J, Vogt JK, Dalgaard MD, Pedersen O, Holmgaard
K, Heegaard S. Ocular surface microbiota in contact lens
users and contact-lens-associated bacterial keratitis. Vision
(Switzerland). Jun. 2021;5(2). doi: 10.3390/vision5020027.

32. Shaker LM, Al-Amiery A, Takriff MS, Wan Isahak WNR,
Mahdi AS, Al-Azzawi WK. The future of vision: A re-
view of electronic contact lenses technology. ACS Photonics.
2023;10(6). doi: 10.1021/acsphotonics.3c00523.

33. Wei C, Liu J, Zhang C, Liu JY, Lu YM. Clinical outcomes of
SMILE and WFG-LASIK used to treat myopia and astigma-
tism: A systematic review and meta-analysis. J Fr Ophtalmol.
Apr. 2024;47(4):104085. doi: 10.1016/J.JFO.2024.104085.

34. Asshauer T, Latz C, Mirshahi A, Rathjen C. Femtosecond
lasers for eye surgery applications: Historical overview and
modern low pulse energy concepts. De Gruyter Open Ltd. Dec.
01, 2021. doi: 10.1515/aot-2021-0044.

35. Wang S, Zhang F, Yang Q, Li M, Hou X, Chen F. Chalcogenide
glass IR artificial compound eyes based on femtosecond laser
microfabrication. Adv Mater Technol. Jan. 2023;8(2). doi: 10.
1002/admt.202200741.

36. Abdelhalim I, Hamdy O, Hassan AA, Abdelkawi S, Elnaby
SH. A modified model for laser-cornea interaction following
the ablation effect in the laser eye-surgery. Beni Suef Univ J
Basic Appl Sci. Dec. 2023;12(1). doi: 10.1186/s43088-023-
00426-0.

37. Abdelhalim I, Hassan AA, Abdelkawi S, Elnaby SH, Hamdy
O. A modified flying-spot laser eye-surgery platform for hy-
peropic correction. Opt Quantum Electron. Jul. 2024;56(7).
doi: 10.1007/s11082-024-07152-6.

38. Zanellati G et al. A review of optical and thermal eye tissue
parameters for improved computational models in retinal
laser therapy. Institute of Physics. Jan. 01, 2025. doi: 10.
1088/2516-1091/ad9aec.

39. Zutt M. Laser treatment of vascular dermatological diseases
using a pulsed dye laser (595 nm) in combination with
a Neodym:YAG-laser (1064 nm). Photochemical and Pho-
tobiological Sciences. 2019;18(7):1660–1668. doi: 10.1039/
c9pp00079h.

40. Dhillon S, Lake E. Excimer laser 308 nm: Applications in
dermatology. Lippincott Williams and Wilkins. May 01, 2023.
doi: 10.1097/JDN.0000000000000737.

https://doi.org/10.7717/peerj-cs.1759
https://doi.org/10.7717/peerj-cs.1759
https://doi.org/10.1172/JCI154218
https://doi.org/10.3390/MEDICINA60071177
https://doi.org/10.3390/ijerph16071186
https://doi.org/10.3390/ijerph16071186
https://doi.org/10.4314/OVJ.V10I1.16
https://doi.org/10.1002/lsm.22475
https://doi.org/10.3390/pharmaceutics14122738
https://doi.org/10.2147/IJN.S34902
https://doi.org/10.2147/IJN.S34902
https://doi.org/10.1016/j.bmt.2023.11.002
https://doi.org/10.1007/s00240-017-1017-7
https://doi.org/10.15171/jlms.2019.52
https://doi.org/10.1186/s40644-019-0250-4
https://doi.org/10.17576/jsm-2023-5207-14
https://doi.org/10.1089/photob.2021.0031
https://doi.org/10.1038/nphoton.2016.79
https://doi.org/10.1007/s42452-024-05897-z
https://doi.org/10.1186/s12886-024-03350-8
https://doi.org/10.1186/s12886-024-03350-8
https://doi.org/10.1007/s00717-019-00440-7
https://doi.org/10.1111/cxo.12943
https://doi.org/10.1016/j.clae.2017.12.005
https://doi.org/10.3390/vision5020027
https://doi.org/10.1021/acsphotonics.3c00523
https://doi.org/10.1016/J.JFO.2024.104085
https://doi.org/10.1515/aot-2021-0044
https://doi.org/10.1002/admt.202200741
https://doi.org/10.1002/admt.202200741
https://doi.org/10.1186/s43088-023-00426-0
https://doi.org/10.1186/s43088-023-00426-0
https://doi.org/10.1007/s11082-024-07152-6
https://doi.org/10.1088/2516-1091/ad9aec
https://doi.org/10.1088/2516-1091/ad9aec
https://doi.org/10.1039/c9pp00079h
https://doi.org/10.1039/c9pp00079h
https://doi.org/10.1097/JDN.0000000000000737


AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 2 (2025) 51–64 63

41. Hartmann Schatloff D, Retamal Altbir C, Valenzuela F. The
role of excimer light in dermatology: A review. An Bras Der-
matol. Nov. 2024;99(6):887–894. doi: 10.1016/J.ABD.2023.
12.007.

42. Piccolo D, Mutlag MH, Ronconi L, Fusco I, Bonan P. 1444-
nm Nd: YAG for laser-assisted lipolysis: A minimally invasive
technique for the treatment of pseudogynecomastia. Eplasty.
2024;24.

43. Moro F et al. 1064 nm Q-switched fractional laser for tran-
scutaneous delivery of a biostimulator: Efficacy and safety
outcomes of a split-face study. Cosmetics. Feb. 2024;11(1).
doi: 10.3390/cosmetics11010014.

44. Mathioudaki E, Rallis M, Politopoulos K, Alexandratou E.
Photobiomodulation and wound healing: Low-level laser
therapy at 661 nm in a scratch assay keratinocyte model.
Ann Biomed Eng. 2024;52(2):376–385. doi: 10.1007/s10439-
023-03384-x.

45. Kalil CLPV, Campos V, Webber A, de M. Milman L, Mylius
MSF, Cartell A. Combinação do laser Nd:YAG de 1.064 nm
nos modos Q-switched e micropulsado para melhora facial
global. Surgical & Cosmetic Dermatology. 2024;16(0):1–6. doi:
10.5935/scd1984-8773.2024160270.

46. Wu J-P, Zhang L, Ge H-S. Treatment of telangiectasias with a
595-nm pulsed dye laser following hemangioma involution:
a retrospective analysis. Lasers Med Sci. 2024;39(1):164. doi:
10.1007/s10103-024-04113-z.

47. Gan SD, Graber EM. Laser hair removal: A review. Jun. 2013.
doi: 10.1111/dsu.12116.

48. Noormohammadpour P et al. Effect of different pulse dura-
tions on the efficacy of long-pulsed alexandrite-assisted hair
removal: A split-face comparison study. J Lasers Med Sci.
2021;(12):1–5. doi: 10.34172/JLMS.2021.21.

49. Yeon J, Doolan BJ, Schultz A, Gupta M. Australian expe-
rience and practical approach to the 308-nm excimer light
therapy in dermatology. Australasian Journal of Dermatology,
May 2022;63(2):240–243. doi: 10.1111/ajd.13842.

50. Karim M, Husein A, Qamruddin I, Liszen T, Alam MK.
Original article to evaluate the effects of low-level laser
therapy (LLLT) on wound healing of extraction socket: A sys-
tematic review. Bangladesh Journal of Medical Science. Jun.
2023;22(3):585–597. doi: 10.3329/bjms.v22i3.65328.

51. Prabhu V, Rao SBS, Rao NB, Aithal KB, Kumar P, Mahato
KK. Development and evaluation of fiber optic probe-
based helium-neon low-level laser therapy system for tissue
regeneration-an in vivo experimental study. Photochem Pho-
tobiol. Nov. 2010;86(6):1364–1372. doi: 10.1111/j.1751-
1097.2010.00791.x.

52. Kushibiki T, Hirasawa T, Okawa S, Ishihara M. Regu-
lation of miRNA expression by low-level laser therapy
(LLLT) and photodynamic therapy (PDT). Int J Mol Sci.
2013;14(7):13542–13558. doi: 10.3390/ijms140713542.

53. Ihsan FRM. Low-level laser therapy accelerates collateral
circulation and enhances microcirculation. Photomed Laser
Surg. Jun. 2005;23(3):289–294. doi: 10.1089/pho.2005.23.
289.

54. Bjordal JM, Lopes-Martins RAB, Iversen VV. A randomised,
placebo controlled trial of low level laser therapy for ac-
tivated Achilles tendinitis with microdialysis measurement
of peritendinous prostaglandin E2 concentrations. Br J
Sports Med. Jan. 2006;40(1):76–80. doi: 10.1136/bjsm.2005.
020842.

55. Farivar S, Malekshahabi T, Shiari R. Biological effects of low
level laser therapy. 2014.
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