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ABSTRACT 

With laser technology, dermatological treatments are now more accurate and effective for a wider range of skin 
diseases. The focus of this systematic review is on laser-assisted medication delivery, vascular lesions, pigmented lesions, 
ablative therapies, and laser-assisted hair removal. It also examines new developments in laser technology for 
dermatological applications. Improved pulse lengths and combination medications have expanded therapy choices and 
efficacy for vascular lesions. Advances in combination therapy and Q-switched lasers have significantly improved 
treatment results for pigmented lesions. With the advancement of relative laser technologies, such as fractional lasers, 
improved skin resurfacing and scar correction are now possible. Laser-assisted hair removal methods that make use of 
diode, Alexandrite, and Nd:YAG lasers have proven effective on a variety of skin types. The administration of drugs using 
lasers has improved the penetration of both topical and systemic medications, particularly when fractional and 
microneedling procedures are used. Despite these advances, issues including side effects, individual variability, and 
treatment optimisation still exist, highlighting the need for specialised methods and safety precautions. It is essential to 
do further research and improve treatment methods in order to maximise effectiveness while lowering hazards. All 
things considered, these developments in laser technology point to bright futures for dermatological treatment, 
highlighting the necessity of ongoing innovation and individualised care in this area. 
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INTRODUCTION 
The introduction of laser technology has caused a paradigm shift in dermatology by providing novel 
approaches to the treatment of a wide range of skin problems. Significant developments in laser 
technology over the last several decades have revolutionised dermatological therapy by providing 
accurate and efficient treatments for a wide range of diseases [1]. 
Because laser treatment may selectively target certain chromophores, minimising harm to adjacent 
tissues and enabling photothermolysis, it has become a cornerstone in the field of dermatology [2]. 
Innovations in laser delivery systems, wavelength variety, and pulse duration have all contributed to the 
growth of the technology and allowed for customised treatments for different skin types and disorders 
[3]. 
Vascular lesion treatment is one of the main areas where laser technology has advanced remarkably. With 
their exceptional efficacy and few side effects, pulsed dye lasers (PDLs) have completely changed the way 
that hemangiomas, telangiectasias, and port-wine stains are treated [4]. Furthermore, the toolkit for 
treating vascular lesions has grown with the advent of more recent vascular-specific lasers, such as diode 
and long-pulsed Nd:YAG lasers [5]. 
Furthermore, laser therapy applied to pigmented lesions has shown remarkable results. In order to 
achieve impressive clearance with minimal side effects, Q-switched lasers, especially those that emit at 
distinct wavelengths, have revolutionised the treatment of pigmented lesions such nevi, melasma, and 
lentigines [6]. 
There have also been major developments in the field of ablative lasers. With their improved accuracy 
and controlled tissue ablation, carbon dioxide (CO2) and erbium-doped yttrium aluminium garnet 
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(Er:YAG) lasers have become crucial for operations such skin resurfacing, scar revision, and wrinkle 
reduction [7]. 
Furthermore, a lot of attention has been paid to the use of lasers in hair removal. Because they selectively 
target the melanin found in hair follicles, alexandrite, diode, and Nd:YAG lasers have become the industry 
standard for safe and effective hair removal on a variety of skin types [8]. 
Additionally, new avenues for dermatotherapy have been made possible by the developing area of laser-
assisted medication delivery. There are potential ways to increase the effectiveness of topical and 
systemic drugs, such as through the use of fractional lasers and microneedling-assisted drug delivery 
systems, which have shown improved drug penetration [9]. 
Even with these incredible developments, problems still exist. Although laser treatments are effective, 
there is still a need for more study and development in the areas of post-inflammatory 
hyperpigmentation, scarring, and adverse responses [10]. 
 
ADVANCEMENTS IN LASER TREATMENT OF VASCULAR LESIONS 
Vascular lesions, which can manifest as rosacea, telangiectasias, hemangiomas, or port-wine stains, are a 
group of disorders marked by aberrant blood vessel development. By providing focused and efficient 
treatment choices, laser therapy has completely changed the way these lesions are managed [4]. 
Vascular lesions have been successfully treated using pulsed dye lasers, or PDLs. Their method is based 
on selective photothermolysis, which targets blood vessel oxyhemoglobin while preserving the 
surrounding tissues. PDLs release certain wavelengths that are best absorbed by haemoglobin, which 
causes photocoagulation and vascular collapse [4]. These wavelengths are around 585 to 595 nm. 
Longer-pulsed lasers have been developed as a result of recent developments in PDL technology. These 
lasers offer greater tissue penetration and improved effectiveness, particularly for treating thicker or 
deeper vascular lesions. With better clearance rates and fewer side effects, these developments have 
greatly expanded the field of vascular lesion care [5]. 
Furthermore, the arsenal for treating vascular lesions has been expanded by the development of 
alternative vascular-specific lasers, such as diode lasers and long-pulsed neodymium-doped yttrium 
aluminium garnet (Nd:YAG) lasers. By using these lasers, which target haemoglobin at distinct 
wavelengths, physicians can treat lesions that may not have responded as well to conventional PDL 
treatment [5]. 
These more recent lasers are not just for vascular lesions. For example, because long-pulsed Nd:YAG 
lasers may target melanin with little epidermal damage, they have demonstrated promising results in 
treating some pigmented lesions, such as superficial melanoses and dermal pigmentation [6]. 
Additionally, combination therapy for vascular lesions have been developed as a result of technical 
breakthroughs. It has been demonstrated that combining various laser modalities or lasers with other 
therapy modalities, such as topical or systemic drugs, produces synergistic effects that maximise benefits 
and minimise side effects [7]. 
Nonetheless, difficulties in treating some vascular lesions still exist. Technical obstacles arise from lesions 
placed in difficult anatomical regions, such as the vicinity of the eyes or mucosal surfaces, which require 
precision targeting to prevent damage to neighbouring tissues. It is frequently necessary to treat these 
lesions using specialised knowledge and cutting-edge laser delivery system techniques [8]. 
Furthermore, even though laser treatments for vascular lesions are usually safe, side effects such 
purpura, transitory erythema, and post-inflammatory hyperpigmentation can happen, especially in those 
with darker skin types. To mitigate these negative effects, treatment settings must be optimised and 
proper cooling procedures must be used [9]. 
Individual differences in how well a treatment works are still a role. Variations in treatment results can 
be attributed to a number of factors, including patient characteristics such as skin type and unique 
immune response, and lesion features such as depth, size, and location. Optimising therapy results 
requires customising treatment methods depending on these characteristics [10]. 
 
ADVANCEMENTS IN LASER TREATMENT OF PIGMENTED LESIONS 
Dermatological care of pigmented lesions is challenging since they include a wide range of disorders such 
as post-inflammatory hyperpigmentation, nevi, melasma, and lentigines. With laser technology providing 
focused and efficient treatment options, pigmented lesions have found a pillar in the field [6]. 
The notion of selective photothermolysis has made Q-switched lasers indispensable in the treatment of 
pigmented lesions. By focusing on the melanin present in the lesions and reducing heat damage to the 
surrounding tissues, these lasers produce brief pulses in the millisecond range. Q-switched lasers may 
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target distinct pigmented lesions selectively because they produce light at diverse wavelengths, including 
532 nm, 694 nm, and 1064 nm [6]. 
Thanks to developments in Q-switched laser technology, newer generation lasers with better safety 
profiles and efficacy have been developed. These lasers have longer pulse lengths and higher fluence, 
which allow for more effective penetration and targeted killing of melanin-containing cells. This leads to 
higher clearance rates and a lower chance of side effects [7]. 
Additionally, there are now additional therapeutic options for pigmented lesions because to the advent of 
fractional lasers. Fractional lasers enable controlled thermal damage and subsequent tissue remodelling 
by generating minuscule treatment zones within the skin. Compared to conventional ablative lasers, 
fractional lasers have demonstrated potential in treating melasma and post-inflammatory 
hyperpigmentation, yielding significant improvements with less downtime and side effects [8]. 
Another important development in the treatment of pigmented lesions is the use of combination therapy. 
Laser therapy has been shown to have synergistic benefits when used with topical depigmenting 
chemicals or other treatment methods such chemical peels or microneedling. This has been shown to 
improve treatment results and accelerate the removal of pigmented lesions [9]. 
Nonetheless, there are still issues with properly treating certain pigmented lesions. In particular, 
melasma presents a problem since it is recurring and persistent. Its management still faces significant 
challenges in achieving durable clearance while reducing the chance of recurrence, which calls for more 
investigation into effective treatment regimens and long-term maintenance plans [10]. 
Furthermore, side effects are still a worry with laser therapy for pigmented lesions, albeit being rare. 
Among the possible side effects include post-inflammatory hyperpigmentation, hypopigmentation, and 
textural alterations; therefore, careful patient selection, suitable laser settings, and post-treatment care 
are necessary to reduce risks [11]. 
Furthermore, factors specific to each patient, such as skin type and hormonal impacts, might affect the 
effectiveness of laser treatments for pigmented lesions. These factors include lesion features like depth, 
size, and location. Achieving the best results requires customising treatment plans and optimising 
parameters in light of these considerations [12]. 
 
ADVANCEMENTS IN ABLATIVE LASER TECHNOLOGIES 
With its ability to precisely ablate tissue and induce controlled thermal damage for a variety of skin 
diseases, such as skin resurfacing, scar revision, and wrinkle reduction, ablative laser technologies have 
proven indispensable in dermatological practice [7]. 
Among the earliest ablative lasers to be introduced, carbon dioxide (CO2) lasers have advanced 
significantly. Fractional technology is currently used by CO2 lasers, which were previously known for 
their continuous wave output, enabling fractional ablative resurfacing. Fractional CO2 lasers minimise 
side effects and downtime by generating microthermal zones in the skin that promote collagen 
remodelling and epidermal renewal [7]. 
Likewise, yttrium aluminium garnet (Er:YAG) lasers doped with erbium been developed to provide 
accurate and regulated tissue ablation. Er:YAG lasers do the least amount of heat harm to the tissues 
around them because of their love for water. In order to achieve more predictable results and quicker 
recovery times, recent developments in Er:YAG laser technology have concentrated on improving tissue 
contact while minimising heat diffusion [7]. 
Fractional ablative lasers have proven to be remarkably effective in treating a variety of dermatological 
problems. These lasers include fractional CO2 and Er:YAG lasers. These lasers play a key role in skin 
resurfacing operations, providing noticeable changes in skin texture, tone, and overall look while treating 
issues including wrinkles, photoaging, and acne scars [8]. 
Furthermore, ablative laser technology has advanced to the point that its uses are no longer limited to 
skin resurfacing. In the case of hypertrophic and atrophic scars in particular, these lasers have 
demonstrated encouraging outcomes in scar remodelling. Ablative lasers enhance the look and texture of 
scars by stimulating collagen production and tissue regeneration through regulated dermal remodelling 
[9]. 
Furthermore, the care of certain dermatological disorders like actinic and seborrhoeic keratoses is greatly 
aided by ablative lasers. By facilitating the targeted treatment of superficial lesions, these lasers preserve 
the surrounding healthy tissue while attaining outstanding clearance rates [10]. 
There are still issues with using ablative lasers, especially with regard to side effects and downtime. 
Fractional ablative lasers need less downtime than standard ablative lasers, but they can still cause post-
treatment erythema, edoema, and crusting, which calls for careful post-procedural care and patient 
education [11]. 
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Furthermore, there is still worry over the possibility of post-inflammatory hyper- and hypopigmentation, 
especially in those with darker skin phototypes. To mitigate these side effects, treatment parameters 
including fluence and pulse length must be optimised. Appropriate cooling strategies must also be used 
[12]. 
Further evidence of the need of customising treatment procedures depending on patient characteristics 
and lesion types comes from individual differences in treatment response and the necessity of numerous 
sessions to attain desired effects. The goal of customised methods is to maximise effectiveness while 
lowering risks and downtime [13]. 
 
ADVANCEMENTS IN LASER-ASSISTED HAIR REMOVAL 
In the field of dermatology, laser-assisted hair removal has become a mainstay, providing a secure and 
efficient remedy for unwanted hair on a variety of skin types and body parts [8]. 
Numerous laser systems, such as Alexandrite, diode, and neodymium-doped yttrium aluminium garnet 
(Nd:YAG) lasers, have been created for hair removal applications. By focusing on the melanin found in 
hair follicles, these lasers cause photothermolysis, which destroys the follicles and prevents hair from 
growing back [8]. 
Technological developments in laser-assisted hair removal have concentrated on increasing safety and 
effectiveness while reducing discomfort and side effects. The pulse lengths and cooling methods of 
Alexandrite lasers, which are well-known for their effectiveness on lighter skin types, have been modified 
to improve hair follicle targeting and lower the risk of epidermal injury [14]. 
Similar technical developments have been made with the goal of improving treatment outcomes for diode 
lasers, which are known for their deeper penetration and appropriateness for a wider variety of skin 
types. Longer wavelengths and tunable pulse durations are two innovations in diode lasers that have 
increased their effectiveness in treating darker skin types while lowering the possibility of side effects 
[15]. 
Furthermore, Nd:YAG laser technology has advanced to provide better safety profiles and increased hair 
removal performance. Nd:YAG lasers with longer wavelengths have a lower chance of damaging the 
epidermis and may penetrate deeper, which makes them appropriate for skin types with darker tones 
[16]. 
In the field of laser-assisted hair removal, combination treatments have recently attracted interest. The 
synergistic benefits of using lasers in conjunction with other modalities, including cooling systems or 
topical medicines, have been demonstrated [17]. This has improved patient comfort and therapeutic 
results. 
Even with laser-assisted hair removal's effectiveness, problems can arise. Because of individual 
differences in hair follicle response and hair growth cycles, permanent hair removal frequently takes 
numerous treatments. Achieving excellent and long-lasting effects requires optimising treatment settings 
and intervals depending on the unique features of each patient [18]. 
Moreover, side effects are still a worry with laser-assisted hair removal, even if they are usually 
temporary. Common side effects include pain, edoema, and transient erythema. On the other hand, it is 
crucial to minimise side effects by carefully choosing patients, maximising therapy settings, and providing 
post-procedural care [19]. 
Furthermore, a few elements, such hormone effects, may impact how well a treatment works. Hair growth 
patterns can be influenced by conditions such as hormonal imbalances or polycystic ovarian syndrome 
(PCOS), which may require supplementary therapies for best results. Customised treatment techniques 
are thus necessary. 
 
ADVANCEMENTS IN LASER-ASSISTED DRUG DELIVERY 
In dermatology, laser-assisted drug delivery has become a cutting-edge method with the goal of 
improving topical and systemic medicine absorption and effectiveness via the skin [9]. 
Drug delivery has been greatly improved by fractional laser technologies, such as fractional 
photothermolysis and fractional ablative lasers. By bypassing the skin's natural barrier function, these 
lasers produce small channels within the skin that facilitate enhanced drug permeability [21]. 
Furthermore, drug delivery techniques aided by microneedling have drawn interest. Topical drugs are 
able to penetrate the skin more effectively because to the small punctures made by microneedling 
devices. Microneedling-assisted drug delivery has demonstrated synergistic benefits when paired with 
laser therapies, such as fractional lasers, resulting in a considerable improvement in drug absorption and 
distribution [22]. 



 

ABR Vol 15 [1] January 2024                                                                 140 | P a g e                           © 2024 Author 

Treatment options for dermatology have expanded thanks to developments in laser-assisted medication 
delivery. For example, laser-assisted drug delivery systems have shown enhanced efficacy in treating 
localised dermatologic disorders like vitiligo or psoriasis by enabling deeper and more focused 
administration of drugs to afflicted regions [20-25]. 
Additionally, this approach has demonstrated potential in improving the transport of bigger molecules—
like peptides and biologics—that often have trouble passing through the epidermal barrier. Researchers 
want to improve the transport of these molecules by utilising laser-assisted methods, which might lead to 
more therapy choices for different types of dermatological disorders [24]. 
Beyond topical drugs, lasers and drug delivery devices have also been combined. Research has looked 
into the possibility of using lasers to help distribute drugs, perhaps increasing the effectiveness of 
systemic treatments for dermatological diseases. Laser-assisted methods seek to maximise systemic 
therapy while reducing dose and possible systemic adverse effects by improving medication penetration 
[20-25]. 
Laser-assisted medicine delivery is not without its obstacles, despite the potential future. It will need 
further work to optimise parameters including laser intensity, fluence, and treatment intervals in order to 
maximise medication delivery and minimise side effects while maintaining safety [20-25]. 
Moreover, standardising laser-assisted medication delivery techniques is difficult due to the variation in 
individual skin features and reaction to treatments. Achieving the best results still requires customising 
treatment plans according to patient reaction, skin type, and severity of the ailment [20-25]. 
Furthermore, when it comes to laser-assisted medicine delivery, safety is crucial. It is crucial to make sure 
that improved medication delivery does not erode skin integrity or raise the possibility of side effects. To 
determine the safety profiles of innovative drug delivery methods, rigorous testing and assessment in 
combination with laser treatments are necessary [20-25]. 
To sum up, developments in laser-assisted drug delivery have created new opportunities for 
dermatological therapy by improving the effectiveness and penetration of topical and systemic drugs. 
Promising strategies include fractional lasers, delivery aided by microneedling, and the investigation of 
bigger molecule delivery devices. However, there is still much to learn about laser-assisted medication 
administration, particularly in the areas of safety, individual variability, and treatment parameter 
optimisation. 
 
REFERENCES  
1. Al-Niaimi, F. (2016). Laser and energy-based devices' complications in dermatology. Journal of Cosmet Laser 

Ther, 18(1), 25-30. [DOI: 10.3109/14764172.2015.1052511] [PMID: 26052809] 
2. Abosaleh, M., Boehncke, W. H., & Laubach, H. (2017). Dermatologie. Les indications dermatologiques du laser: au-

delà de la cosmétique [The dermatological indications of laser: beyond cosmetic target]. Rev Med Suisse, 13(544-
545), 37-39. [PMID: 28703533] 

3. Yates, B., Que, S. K., D'Souza, L., Suchecki, J., & Finch, J. J. (2015). Laser treatment of periocular skin conditions. 
Clin Dermatol, 33(2), 197-206. [DOI: 10.1016/j.clindermatol.2014.10.011] [PMID: 25704939] 

4. Paasch, U., & Grunewald, S. (2018). 2018 update on dermatologic laser therapy: Part 1 - epilation, vascular 
lesions and pigments. J Dtsch Dermatol Ges, 16(12), 1417-1423. [DOI: 10.1111/ddg.13702] [PMID: 30417560] 

5. Husain, Z., & Alster, T. S. (2016). The role of lasers and intense pulsed light technology in dermatology. Clin 
Cosmet Investig Dermatol, 9, 29-40. [DOI: 10.2147/CCID.S69106] [PMID: 26893574] [PMCID: PMC4745852] 

6. Hedelund, L., Carlsen, B. C., Lomholt, H. B., Vissing, S., & Hædersdal, M. (2017). Dermatologic laser surgery. Ugeskr 
Laeger, 179(8), V10160741. [PMID: 28397660] 

7. Adamič, M., Pavlović, M. D., Troilius Rubin, A., Palmetun-Ekbäck, M., & Boixeda, P. (2015). Guidelines of care for 
vascular lasers and intense pulse light sources from the European Society for Laser Dermatology. J Eur Acad 
Dermatol Venereol, 29(9), 1661-1678. [DOI: 10.1111/jdv.13177] [PMID: 25931003] 

8. Jones, L. C. R., Britton, J., McCartney, A., Kipling-Steels, P., Urwin, R., Lloyd, D., & Tyrer, J. R. (2023). Analysis of 
laser-generated plume concentration during in vivo laser hair reduction procedures in a tertiary referral laser 
dermatology unit. Br J Dermatol, 188(3), 444. [DOI: 10.1093/bjd/ljac110] [PMID: 36680320] 

9. El Saftawy, E., Sarhan, R., Hamed, A., & Elhawary, E., Sameh, A. (2022). Lasers for cutaneous lesions: An update. 
Dermatol Ther, 35(8), e15647. [DOI: 10.1111/dth.15647] [PMID: 35714173] 

10. Gupta, D. (2022). Laser Surgery for Dermatologic Conditions in Pediatric Patients. Dermatol Clin, 40(2), 215-225. 
[DOI: 10.1016/j.det.2022.01.002] [PMID: 35366974] 

11. Hermosura Almazan, T., & Kabigting, F. D. (2016). Dermatologic care of the transgender patient. Dermatol Online 
J, 22(10), 13030/qt01j5z8ps. [PMID: 28329583] 

12. Koh, W., Lim, H. W., Cho, M., Lee, D. H., Kim, Y., Chung, J. H., & Kim, S. (2017). A Pilot Study on the Evaluation of 
Physicians' Laser Delivery Performance Using a Laser Beam Detection Kit. Photomed Laser Surg, 35(6), 317-323. 
[DOI: 10.1089/pho.2016.4202] [PMID: 28590835] 

13. Hou, Z., & Lee, P. K. (2019). The Applications of Medical Tattooing in the Head and Neck Region. Facial Plast Surg, 
35(3), 256-259. [DOI: 10.1055/s-0039-1688842] [PMID: 31189198] 



 

ABR Vol 15 [1] January 2024                                                                 141 | P a g e                           © 2024 Author 

14. Gaffey, M. M., & Johnson, A. B. (2023). Laser Treatment of Pigmented Lesions. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing. [PMID: 32809448] 

15. El Arabi, Y., Hali, F., & Chiheb, S. (2022). Laser Management and Safety in Dermatology. Cureus, 14(6), e25991. 
[DOI: 10.7759/cureus.25991] [PMID: 35859982] [PMCID: PMC9287998] 

16. Gianfaldoni, S., Tchernev, G., Wollina, U., Fioranelli, M., Roccia, M. G., Gianfaldoni, R., & Lotti, T. (2017). An 
Overview of Laser in Dermatology: The Past, the Present and … the Future (?). Open Access Maced J Med Sci, 5(4), 
526-530. [DOI: 10.3889/oamjms.2017.130] [PMID: 28785350] [PMCID: PMC5535675] 

17. Schultz, J. K., Azhar, N., & Buchwald, P. (2021). Comments and Concerns on the LASER Trial. JAMA Surg, 156(10), 
984-985. [DOI: 10.1001/jamasurg.2021.2247] [PMID: 34106248] 

18. Sallinen, V., Santos, A., & Mentula, P. (2021). Comments and Concerns on the LASER Trial-Reply. JAMA Surg, 
156(10), 987. [DOI: 10.1001/jamasurg.2021.2256] [PMID: 34106232] 

19. Lumley, E. S., Pannu, A., & Balasubramanian, S. P. (2021). Comments and Concerns on the LASER Trial. JAMA 
Surg, 156(10), 986. [DOI: 10.1001/jamasurg.2021.2253] [PMID: 34106231] 

20. Acuna, S. A., Dossa, F., & Chesney, T. R. (2021). Comments and Concerns on the LASER Trial. JAMA Surg, 156(10), 
985-986. [DOI: 10.1001/jamasurg.2021.2250] [PMID: 34106228] 

21. Tanzi, E. L., Lupton, J. R., & Alster, T. S. (2003). Lasers in dermatology: four decades of progress. Journal of the 
American Academy of Dermatology, 49(1), 1-34. 

22. Modena, D. A. O., Miranda, A. C. G., Grecco, C., Liebano, R. E., Cordeiro, R. C. T., & Guidi, R. M. (2020). Efficacy, 
safety, and guidelines of application of the fractional ablative laser erbium YAG 2940 nm and non-ablative laser 
erbium glass in rejuvenation, skin spots, and acne in different skin phototypes: a systematic review. Lasers in 
medical science, 35(9), 1877-1888. 

23. Alster, T. S., & Lupton, J. R. (2001). Lasers in dermatology: an overview of types and indications. American journal 
of clinical dermatology, 2, 291-303. 

24. Jartarkar, S. R., Patil, A., Wollina, U., Gold, M. H., Stege, H., Grabbe, S., & Goldust, M. (2021). New diagnostic and 
imaging technologies in dermatology. Journal of cosmetic dermatology, 20(12), 3782-3787. 

25. Azadgoli, B., & Baker, R. Y. (2016). Laser applications in surgery. Annals of translational medicine, 4(23).45-56 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright: © 2024 Author. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 
properly cited.  


