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Abstract 
Low-level light therapy (LLLT), particularly using light-emitting diode (LED) 
devices, has been an effective and non-surgical option for skin rejuvenation, 
treating signs of aging such as wrinkles, collagen loss, and pigmentation. De-
spite promising clinical outcomes, variability in treatment parameters such as 
wavelength, power density, fluence, and treatment regimens remains a chal-
lenge in optimizing the therapy for optimal results. Recent studies, including 
a prospective, randomized, placebo-controlled, double-blinded, and split-face 
clinical trial by Lee et al. (2007), have demonstrated significant improvements 
in wrinkle reduction and skin elasticity using 830 nm and 633 nm LED wave-
lengths. These findings highlight the importance of wavelength selection and 
treatment protocols in achieving consistent and effective outcomes. This bi-
phasic dose-response characteristic of photobiomodulation suggests that treat-
ment outcomes, particularly in collagen synthesis and the reduction of aging 
signs, can be optimized by adjusting these parameters. Red and near-infrared 
wavelength applications, in particular, have been shown to stimulate collagen 
synthesis and enhance skin texture. Inconsistency in device specification, 
treatment protocols, and study design nevertheless still precludes standardi-
zation of treatment protocols. However, inconsistencies in device specifica-
tions, treatment protocols, and study design still preclude standardization of 
treatment protocols. Based on the literature present, there is moderate evidence 
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for the efficacy of LLLT for skin rejuvenation, but further, randomized con-
trolled trials involving larger populations and better design are required to 
help refine protocols and establish standardized treatment guidelines. As LED 
technology continues to evolve, it has vast potential to revolutionize skin care 
by offering cheap, non-invasive treatments for skin aging. 
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1. Introduction 

Light therapy (LT) is a type of low-level light therapy (LLLT) utilizing low-energy 
lasers or light-emitting diodes in the 620 - 700 nm wavelength [1]. Red light ther-
apy (RLT) offers the deepest penetration at 6 - 50 mm, reaching most dermal struc-
tures compared to its blue light counterpart [2]. It exerts its mechanism of action 
through photobiomodulation (PBM), which describes a process that causes effects 
at the molecular and cellular level. PBM provides dermatological benefits as mi-
tochondrial chromophores, specifically cytochrome c oxidase, absorb the red light 
and excite electrons into a higher energy state. This causes activation of second 
messengers including reactive oxygen species (ROS), ATP, nitric oxide, and cAMP 
that can modulate the processes of proliferation, inflammation, and tissue repair 
[3]. Given the modulation of ROS, PBM does offer benefits to extrinsic skin aging 
that is often due to free radical damage. Recent advancements in LED phototherapy, 
such as those demonstrated by Lee et al. (2007), have shown that 830 nm and 633 
nm wavelengths significantly increase collagen and elastic fiber production, re-
duce wrinkles, and improve skin elasticity without causing thermal damage [4]. 
These findings underscore the potential of non-thermal photobiomodulation as a 
safe and effective approach to skin rejuvenation. 

The history of light therapy can be traced back to 1903 with the use of ultraviolet 
radiation to treat Lupus Vulgaris, which was subsequently awarded the Nobel 
Prize for Medicine at that time [5]. In 1968, low-level light therapy was also used 
to determine the relationship between low-energy red laser light and neoplastic 
changes by exposing the skin of a mouse to these beams of laser. The results of 
this study showed no correlation of the laser with neoplastic changes, but it was 
observed that the mice models had accelerated hair regrowth [6]. The National 
Aeronautics and Space Administration (NASA) simultaneously utilized LLLT for 
plant growth experiments in space, but incidentally, it was found that light therapy 
enhanced in vitro cellular proliferation and improved wound healing in clinical 
studies [7]. As the application of LT spread into the field of dermatology, acne vul-
garis was one of the earliest conditions to have studies that supported a statistically 
significant benefit in treatment [8]. Overall, LT offers a multitude of benefits to pa-
tients, including accessibility and the non-invasive nature of the therapy itself.  
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Home-based devices utilizing LT continues to expand on the ease of accessibil-
ity for patients and can be utilized in various dermatological conditions including 
but not limited to skin aging [9] [10]. Oftentimes, LT requires multiple sessions 
on a weekly basis, and these home-based devices can also help improve patient 
adherence to treatment plans. Previous studies have also demonstrated no statis-
tically significant adverse side effects associated with RLT, further encouraging its 
use in dermatological conditions [3]. LT additionally presents as an affordable and 
versatile option that can often be combined with pharmacotherapy to improve 
patient outcomes. 

LT continues to show much promise in the continued and future practice of 
dermatology. It specifically has a huge potential to provide anti-aging and skin re-
juvenation benefits. Previous studies in 2021 did show increased synthesis of type 
1 collagen, type 3 collagen, and elastin in support of skin rejuvenation [11] [12]. 
LT overall shows much promise in treating skin rejuvenation, inflammatory con-
ditions, and possibly dermatological autoimmune conditions. 

2. Literature Review Methodology 

A literature search was conducted to identify studies investigating the efficacy of 
low-level light therapy (LLLT) for skin rejuvenation, with a focus on collagen syn-
thesis, treatment optimization, and aging-related skin changes. The electronic da-
tabases utilized included PubMed, Scopus, Web of Science, and the Cochrane Li-
brary, selected for their comprehensive coverage of biomedical and clinical re-
search. The search strategy employed a combination of free-text terms and con-
trolled vocabulary (MeSH terms) to enhance the specificity and sensitivity of re-
sults across databases. 

The search terms included combinations of “low-level light therapy,” “LED 
therapy,” “photobiomodulation,” “collagen synthesis,” “skin rejuvenation,” “aging 
signs,” “wrinkle reduction,” and “treatment optimization,” linked using Boolean 
operators (e.g., AND, OR). A representative query was constructed as follows: 
(“low-level light therapy” OR “LED therapy”) AND (“collagen synthesis” OR 
“wrinkle reduction”) AND (“treatment parameters” OR “fluence” OR “power 
density”). 

Filters were applied to refine search results by publication type, language, and 
study quality. Systematic reviews and randomized controlled trials were specifically 
queried in the Cochrane Library to ensure the inclusion of high-quality evidence. 
This methodology facilitated the selection of relevant and rigorous studies for 
analysis. 

Inclusion Criteria: 
• Studies published in peer-reviewed journals 
• Research involving human participants or in vitro/ex vivo skin models 
• Articles examining LLLT parameters, collagen synthesis, or clinical skin reju-

venation outcomes 
• Quantitative studies with clearly defined methodologies 

Exclusion Criteria: 
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• Non-English publications 
• Editorials, case reports, or conference abstracts without original data 
• Studies with small sample sizes or inadequate methodological transparency 

Research in LLLT and dermatology is subject to various biases that may influ-
ence outcomes and interpretations. Selection bias is a significant concern, often 
resulting from non-representative study populations that lack diversity in skin 
types, age groups, or treatment conditions, limiting generalizability. Measurement 
bias arises due to inconsistencies in LLLT device specifications, including varia-
tions in wavelength, fluence, and power density. Furthermore, confounding fac-
tors such as baseline skin condition, concurrent skincare regimens, and environ-
mental influences (e.g., sun exposure) are frequently underreported or uncon-
trolled, complicating direct attribution of observed effects to LLLT interventions. 
Lastly, publication bias may skew available literature, as studies with positive out-
comes are more likely to be published than those reporting null or negative results. 

Standardized frameworks were utilized to assess LLLT treatment parameters, 
collagen synthesis markers, and clinical skin outcomes to ensure consistency and 
reproducibility in data extraction. Wavelength efficacy was evaluated based on 
documented stimulation of fibroblast activity and collagen production, com-
monly measured via histological staining, hydroxyproline assays, and gene ex-
pression analysis. Quantitative data from randomized controlled trials and meta-
analyses were synthesized where feasible to provide a comprehensive evaluation 
of treatment efficacy. Given the heterogeneity of study designs, treatment regi-
mens, and outcome measures, a narrative synthesis approach was used to inte-
grate findings. Where applicable, meta-analytical techniques were employed to 
aggregate quantitative data, stratifying key outcomes by wavelength specificity, 
treatment duration, and clinical efficacy in collagen remodeling and skin rejuve-
nation. 

3. Discussion 
3.1. Current Evidence and Applications 

The use of light therapy, particularly low-level laser (light) therapy (LLLT), as a 
therapeutic intervention is a rapidly growing technology. LLLT was first discov-
ered in the late 1960s and has recently evolved to include non-coherent light-emit-
ting diode (LED) devices [5]. These devices serve as a non-invasive and conven-
ient therapy for various skin diseases and skin rejuvenation. By delivering low-
energy red and near-infrared (NIR) light, LLLT has applications in reducing pain 
and inflammation, promoting tissue repair and regeneration, and preventing tis-
sue damage [3]. As LED devices become increasingly widespread and accessible 
for home use, a comprehensive evaluation of the clinical evidence and potential 
applications of this technology is essential. 

3.1.1. Skin Rejuvenation 
As we age, the skin begins to lose elasticity and collagen, leading to atrophy and 
disorganization of the epidermis, which results in the appearance of wrinkles and 
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pigmentation [13]. In addition to decreased collagen synthesis, there is an upreg-
ulation of matrix metalloproteinases (MMPs), a group of collagenases involved in 
skin collagen turnover [14]. Due to the mechanism of action of low-level laser 
therapy (LLLT) and its evidence-based results, it is believed that this phototherapy 
could promote collagen production, aid in wound healing, and reduce epidermal 
signs of aging. A clinical study by Lee et al. (2007) demonstrated that LED photo-
therapy with 830 nm and 633 nm wavelengths significantly increased collagen and 
elastic fiber production, reduced wrinkles by up to 36%, and improved skin elas-
ticity by up to 19% without adverse effects [4]. These findings align with earlier 
studies, such as Weiss et al. (2005), which showed that 96% of subjects experienced 
a reduction in signs of photoaging, including smoother skin texture, reduced red-
ness, and decreased hyperpigmentation after treatment with 590 nm LED light 
[15]. Histological analysis revealed increased collagen in the papillary dermis and 
reduced MMP levels. Notably, no side effects or pain were reported. 

Additional studies support these findings. A study conducted by Barolet et al. 
(2009) used tissue-engineered Human Reconstructed Skin (HRS) to evaluate his-
tological and biochemical changes following 11 treatments with LED light at 660 
nm or placebo [16]. Results showed a mean increase of 31% in procollagen levels 
and an 18% decrease in MMP levels in the LED-treated HRS compared to the pla-
cebo-treated HRS. No adverse effects were observed in this study either. 

Recent research has further reinforced the regenerative potential of LLLT. Ablon 
(2018) conducted a randomized, double-blind, placebo-controlled study evaluat-
ing the effects of red and near-infrared LED therapy on skin aging [17]. The study 
reported a statistically significant improvement in skin roughness, hydration, and 
collagen density, with 87% of participants showing enhanced skin tone and firm-
ness. Furthermore, LED therapy has been found to upregulate fibroblast prolifer-
ation, which is critical for long-term dermal remodeling and skin elasticity resto-
ration [18]. 

3.1.2. Integration with Current Study Findings 
The results of the studies align with the broader body of evidence supporting the 
efficacy of photobiomodulation in skin rejuvenation. The use of the Skin Light 
Dior × Lucibel mask, which employs red LED light, demonstrated significant im-
provements in skin parameters such as wrinkle depth, firmness, elasticity, and 
dermal density, consistent with the collagen-boosting and MMP-reducing effects 
observed in prior studies. Or instance, the 26.4% increase in dermal density after 
28 days and the 47.7% increase after 84 days mirror the collagen-enhancing out-
comes reported by Lee et al. (2007) and Barolet et al. (2009) [4] [16]. Similarly, the 
reduction in pore diameter (28.5% at 28 days) and sebum levels (34.9% at 28 days) 
suggests that photobiomodulation not only addresses structural aging but also im-
proves skin texture and oil regulation, further supporting its multifunctional ben-
efits. 

Beyond its direct effects on collagen synthesis and MMP inhibition, LLLT has 
been found to enhance mitochondrial function in dermal fibroblasts. This leads 
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to increased ATP production and cellular metabolism, which further supports tis-
sue repair and anti-aging effects. Additionally, emerging evidence suggests that 
red and NIR LED therapy can modulate oxidative stress pathways by reducing 
reactive oxygen species (ROS) levels, thereby mitigating UV-induced skin damage 
and inflammation [19] [20]. These findings indicate that LLLT may have protec-
tive effects beyond rejuvenation, potentially serving as a preventive treatment for 
photoaging and environmental damage. 

4. Treatment Parameters and Determinants of Efficacy 

The efficacy of LED therapy is significantly influenced by critical treatment pa-
rameters, particularly peak wavelength. Red light typically falls within the wave-
length range of 620 - 740 nm. A systematic review by Cios (2021) highlights the 
importance of wavelength, noting that red light, especially between 630 and 660 
nm, penetrates the skin effectively to stimulate cellular processes [21]. Using RLT 
at these optimal wavelengths has been shown to enhance collagen synthesis and 
increase the production of collagen precursors while promoting the release of 
basic fibroblast growth factors. Collectively, these factors contribute to the anti-
aging benefits associated with RLT. Lee et al. (2007) further demonstrated that 
combining 830 nm and 633 nm wavelengths yielded the greatest wrinkle reduc-
tion (36%) and improved skin elasticity (19%), suggesting that multi-wavelength 
approaches may optimize outcomes [4]. In contrast, wavelengths between 700 - 
770 nm often yield less favorable results. However, higher near-infrared wave-
lengths, specifically those between 780 - 980 nm, are known to penetrate deeper 
tissues, offering advantages in wound healing and inflammation reduction [22]. 
While wavelengths from 780 - 980 nm may yield similar outcomes, their mecha-
nisms of action differ. Near-infrared light around 780 nm stimulates mitochon-
drial activity and ATP production, while wavelengths closer to 980 nm enhance 
water absorption, activating heat-gated ion channels via the TRPV1 calcium ion 
channel pathway to promote cell proliferation [23]. These differences in therapeu-
tic benefits and mechanisms emphasize the necessity for well-defined protocols in 
LED therapy applications. 

Power density, defined as the amount of power delivered per unit area of skin 
at a given moment, plays a crucial role in determining treatment outcomes in LED 
therapy [24]. Fluence, in contrast, measures the amount of energy delivered per 
unit of skin over a period of time. Higher power densities can enhance photobio-
modulation effects, but excessively high levels may inadvertently cause tissue 
damage or undesirable thermal effects. A study evaluating various power densities 
found that moderate levels of RLT, specifically around 20 - 100 nW/cm2, yielded 
the most favorable results for skin healing and rejuvenation [25]. Treatment dis-
tance refers to the distance between the light source and the skin, which can im-
pact both power density and fluence. Typically, closer distances yield higher power 
densities, enhancing the potential therapeutic effect. On the other hand, larger 
treatment areas can dilute the power density [24]. As a result of these findings, it 
is essential to consider both distance and area for optimal dosage of light. 
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Additionally, the method of light delivery, comparing pulsed versus continuous 
exposure, can influence treatment efficacy. Continuous wave treatment has shown 
effectiveness for more immediate results, whereas pulsed treatments may promote 
greater cellular repair over time by optimizing cellular energy absorption without 
adverse thermal effects [25]. Effectiveness is not merely contingent upon a single 
session; cumulative effects from repeated treatments can enhance results. Recom-
mendations for treatment frequency may range from 2 - 3 times per week, with 
total sessions spanning several weeks or months for optimal skin rejuvenation de-
pending upon the skin’s condition [24]. More comparative studies are essential to 
determine the optimal mode of light delivery and treatment regimen for specific 
skin conditions to achieve the best outcomes. 

Both coherent lasers and noncoherent LEDs are utilized in photobiomodula-
tion therapy (PBMT), though they differ in their light properties. Lasers emit col-
limated, coherent light that penetrates deeper into tissues compared to noncoher-
ent, noncollimated LED light. The coherent nature of laser light leads to interference 
patterns known as “laser speckles,” which may be more effective in stimulating sub-
cellular organelles like mitochondria due to their similar size scale [24]. Despite 
these differences, recent reviews suggest there may not be significant advantages of 
lasers over LEDs for PBM applications when other parameters are held constant. 

5. Biphasic Dose-Response and the Need for Optimization 

The biphasic dose-response concept in LLLT/photobiomodulation underlines 
such a relationship between fluence and biological outcomes. Most studies con-
firm that an optimal dose of photobiomodulation exists beyond which maximum 
beneficial responses are achieved. However, when this threshold is surpassed, the 
therapeutic benefits could be diminished and even adverse effects could be pro-
duced [22]. Three main factors may influence this biphasic dose response: exces-
sive generation of reactive oxygen species (ROS), excessive nitric oxide (NO) re-
lease, and activation of cytotoxic pathways triggered by high fluence levels [26]. 
This duality of treatment outcomes emphasizes the necessity for practitioners to 
tailor RLT protocols to individual patients, maximizing therapeutic benefits while 
minimizing adverse effects. This may also be the reason for some of the RLT ex-
periments that do not show improvements in patients.  

5.1. Explanation of Biphasic Dose-Response in  
Photobiomodulation 

Photobiomodulation using red laser significantly increased cell proliferation 
across all irradiated groups compared to the control group. The biphasic dose re-
sponse in PBM shows how different light dosages have diverse biological effects 
[27]. At lower doses, PBM stimulates tissue repair, proliferation, and collagen syn-
thesis. This was demonstrated in our work and further proved by Serrage et al. 
(2019) and Fekrazad (2016) [28] [29]. Although optimum parameters of PBM are 
controversial, studies consistently show that red laser PBM enhances cell viability 
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and proliferation. For instance, Eduardo et al. (2008) found that a 660 nm laser at 
20 - 40 mW improved periodontal ligament cell proliferation and viability, which 
agreed with our findings [30]. Soares et al. (2015) observed that higher energy 
promoted proliferation in hPDLSC cells, while lower energy had limited effects 
[31]. However, as pointed out by Huang (2011) and Kreisler (2002), when energy 
exceeds an optimal threshold, aPBM may inhibit cellular functions [26] [32]. These 
data underline how important the optimization of the dose is in order to balance 
therapeutic benefits with adverse effects, such as metabolic inhibition and cellular 
damage [33]. The proper selection of parameters ensures efficacy but extends the 
application range of PBM in clinical and therapeutic settings. 

5.2. The Importance of the Biphasic Dose-Response Curve 

Understanding and optimizing the biphasic dose-response curve is critical to 
maximizing PBM’s therapeutic benefits while minimizing risks [34]. This curve 
illustrates how low doses of light stimulate cellular functions, while higher doses 
may lead to inhibition or damage [26] [35] [36]. For example, lower doses gener-
ate beneficial reactive oxygen species (ROS) that enhance mitochondrial function, 
whereas excessive doses produce harmful ROS, impairing cellular processes [26]. 
These principles guided our findings, where repeated low-energy doses (0.56 J) 
yielded positive results, while higher single-session doses (5.04 J) caused inhibi-
tion. Careful parameter selection is thus essential for safe and effective PBM treat-
ments, particularly as therapeutic goals vary. Clinicians can enhance outcomes by 
fine-tuning parameters like energy, wavelength, and application frequency to align 
with the desired therapeutic effect. 

5.3. Importance of Matching Treatment Parameters to  
Therapeutic Goals 

PBM’s application for conditions like inflammation, wound healing, and skin re-
juvenation requires precise matching of treatment parameters—such as wave-
length, power density, and fluence—to therapeutic goals) [22] [37]. For inflam-
mation, lower power densities and deeper-penetrating wavelengths are often ideal, 
whereas skin rejuvenation may require higher doses to stimulate collagen synthe-
sis and cellular regeneration [38]. Tailored parameter adjustments ensure treat-
ments align with individual needs, promoting optimal healing and rejuvenation. 
The absence of a universal approach highlights the importance of patient-specific 
regimens, particularly as each skin condition and response can vary. By focusing 
on precision in parameter selection, PBM therapies can achieve superior clinical 
outcomes and address diverse therapeutic objectives. 

5.4. Tailoring LED Treatments and Addressing Variability in  
Clinical Outcomes 

Tailoring LED treatments is essential to achieving specific outcomes, such as skin 
rejuvenation or anti-inflammatory effects. Higher light doses stimulate collagen 
production and cellular turnover, improving skin texture and reducing fine lines, 
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while lower doses are better suited for reducing inflammation without overwhelm-
ing tissues [23] [39]. Dose optimization ensures the desired therapeutic effects are 
achieved safely and effectively. Mismatched parameters, such as unsuitable wave-
lengths or power densities, can reduce efficacy or even cause tissue damage [23]. 
For instance, light suited for superficial skin treatments may fail to address deeper 
tissue conditions. Studies consistently show better outcomes when PBM parame-
ters are optimized [32]. Additionally, patient-specific factors like skin type and 
condition severity contribute to treatment variability [35]. Addressing these fac-
tors through personalized regimens ensures PBM’s reliability and effectiveness. 

6. Challenges and Limitations of Current Studies 

Existing research highlights several limitations that hinder the establishment of 
standardized treatment protocols. One major challenge is the use of small sample 
sizes in many studies, which limits the generalizability of findings. For instance, 
Fan et al. (2024) explored red light therapy in the treatment of acne vulgaris with 
fewer than 20 individuals, while Kleinpenning et al. (2011) evaluated light therapy 
for the treatment of psoriasis with only 20 individuals [40] [41]. These small co-
horts majorly restrict statistical power and generalizability to larger populations. 

Another significant limitation of red light therapy studies is the lack of stand-
ardization in treatment protocols. This includes discrepancies in critical variables 
such as treatment duration, power density, and photodynamic therapy proce-
dures. Couturaud et al. (2023) emphasized the importance of standardizing treat-
ment power and duration, as inconsistencies create barriers to reproducibility and 
meaningful cross-study comparison [1]. These discrepancies also extend to the 
specification of the devices used and the distance between the device and the treat-
ment site. Without uniform guidelines, researchers face difficulty in replicating 
results or synthesizing findings across studies. This variability ultimately hinders 
the development of evidence-based clinical practices and creates uncertainty 
about the therapy’s efficacy. Addressing these gaps will require collaborative ef-
forts to define and adhere to standardized protocols in future research. Doing so 
would enhance the reliability of findings and pave the way for broader clinical 
implementation. 

Another challenge lies in the absence of blinding and placebo implementation, 
which introduces potential bias and reduces the reliability of study results. Many 
studies lack placebo-controlled designs, making it difficult to isolate the true ef-
fects of red light therapy from placebo effects influenced by visible and sensory 
characteristics of the intervention. Evers (2017) noted that psychological factors 
play a significant role in dermatological outcomes, particularly for conditions 
such as pruritus and erythema [42]. The absence of robust methodologies, such as 
sham placebos, compounds this issue by failing to account for such confounding 
variables. Furthermore, most studies do not adequately account for diversity in 
skin types, as defined by the Fitzpatrick scale, which limits their generalizability 
to broader populations. Fan et al. (2018) highlighted the importance of consider-
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ing skin tone, oiliness, and dryness in evaluating therapeutic outcomes, as these 
factors significantly influence treatment response [43]. Without addressing these 
biases and gaps, current evidence on red light therapy remains incomplete and of 
limited practical value. Future studies must prioritize methodological rigor, in-
cluding proper blinding, placebo controls, and diverse participant recruitment, to 
enhance the reliability and applicability of findings. 

While a vast body of preclinical work supports the potential of red light therapy, 
clinical evidence remains inconsistent and varies in quality. Addressing these lim-
itations will require larger sample sizes, a consensus on treatment parameters, and 
rigorous study designs to ensure standardization and reproducibility. Future stud-
ies must prioritize reproducibility and standardization to provide a complete un-
derstanding of standard protocols for skin rejuvenation and treatment for inflam-
matory skin conditions using red LED therapy. 

7. Future Directions in Research and Clinical Practice 

While randomized controlled trials (RCTs) are regarded as the gold standard in 
clinical research, their application to dermatological studies like low-level laser 
therapy (LLLT) presents unique challenges. Small sample sizes—often fewer than 
20 participants—limit the accuracy and generalizability of results [44]. Moreover, 
rigid eligibility criteria often exclude participants with complex or atypical condi-
tions, reducing the real-world applicability of findings. Paneth (2022) critiques the 
inflexible nature of RCTs, arguing that their overly regulated methodologies often 
detach them from clinical and biological realities [45]. This rigidity hinders the 
adaptability required for dermatological research, where individual variability in 
skin responses is significant. Additionally, RCTs frequently focus on short-term 
or surrogate outcomes, which may not fully capture the long-term efficacy of 
treatments for skin rejuvenation and anti-aging. 

To enhance the practical value of LLLT research for skin aging interventions, 
researchers must adopt flexible designs that balance methodological rigor with 
real-world relevance. Future studies should prioritize long-term follow-ups to as-
sess sustained improvements in collagen production, wrinkle reduction, and over-
all skin elasticity. These adaptations would help generate findings that are both 
reproducible and clinically meaningful. 

7.1. Standardization of LLLT Protocols for Skin Aging 

One of the major limitations of current research is the lack of standardized LLLT 
treatment parameters. A systematic review of existing studies reveals considerable 
variability in wavelength selection, fluence, power density, and treatment dura-
tion, which significantly impacts reproducibility and clinical efficacy. Without 
clear guidelines, dermatologists may struggle to translate research findings into 
effective treatments. Sadick (2021) underscores the importance of parameter 
standardization, noting that without precise definitions, replication is nearly im-
possible, delaying the translation of findings into practice [46] [47]. 
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Key recommendations for future research and clinical practice include: 
• Determining optimal wavelengths: Studies suggest that red (630 - 670 nm) and 

near-infrared (810 - 850 nm) light are most effective for stimulating collagen 
synthesis and reducing fine lines. Further research should refine the ideal range 
for different skin types and aging concerns. 

• Optimizing treatment duration and frequency: There is no consensus on 
whether short, high-intensity sessions yield better results than prolonged, 
lower-intensity applications. Comparative trials should assess the efficacy of 
various treatment regimens for maximizing skin rejuvenation outcomes. 

• Defining power densities and fluence: Excessive energy delivery can cause er-
ythema or discomfort, whereas insufficient fluence may yield suboptimal re-
sults. Establishing evidence-based safety thresholds can mitigate these risks 
while enhancing therapeutic benefits [48]. 

7.2. Addressing Methodological Gaps: Placebo Controls and  
Temperature Regulation 

Sham placebos are critical in LLLT research, as they help mitigate performance 
and detection biases. Many current studies fail to implement effective sham con-
trols, undermining the reliability of their findings. Evers (2017) emphasized that 
psychological factors often influence the perceived efficacy of dermatological 
treatments, making it essential to isolate the true effects of LLLT [42]. 

Another key variable in dermatological studies is temperature control. Given 
that LLLT induces mild thermal effects, ensuring temperature-matched controls 
is crucial to differentiate treatment effects from heat-related skin responses. 
Berardesca (2013) highlighted the importance of these controls in maintaining 
uniform conditions across study groups. Future research should adopt stricter 
methodologies that incorporate sham treatments and temperature-controlled en-
vironments to improve study validity. 

7.3. Personalized Approaches: Tailoring LLLT to Skin Types and  
Aging Severity 

LLLT’s effectiveness varies based on individual skin characteristics. Darker skin 
tones have higher melanin absorption, which may influence light penetration and 
heat generation, potentially increasing the risk of hyperpigmentation. Addition-
ally, individuals with severe photoaging may require higher fluence or combined 
therapies for optimal results. 

Key research priorities include: 
• Stratifying treatment regimens by Fitzpatrick skin type: Studies should assess 

whether modifying wavelengths or fluence improves efficacy and safety for 
darker skin tones. 

• Customizing LLLT protocols for aging severity: Individuals with mild aging 
signs may benefit from lower fluence and fewer sessions, whereas those with 
significant photodamage may require higher energy settings or adjunctive treat-
ments like microneedling or topical retinoids. 
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8. Conclusions 

The growing acceptance of LLLT for skin rejuvenation and aging highlights its 
potential as a non-invasive, effective modality for improving skin texture, reduc-
ing wrinkles, and enhancing overall dermal health. The mechanisms behind these 
benefits rely on light-induced biochemical processes that promote collagen pro-
duction, fibroblast activation, and anti-inflammatory effects. Despite promising 
outcomes, several challenges persist that obscure LLLT’s full integration into clin-
ical practice. The lack of standardized protocols, small sample sizes, and inade-
quate placebo controls limit the generalizability and reliability of existing findings. 
Future research must address these limitations through rigorous methodology, 
including long-term trials, temperature-matched controls, and detailed parameter 
reporting. 

As LLLT continues to evolve, a patient-centered approach that tailors treatment 
regimens based on skin type and aging severity will be essential. Light therapy 
represents a transformative advancement in dermatological anti-aging treat-
ments, promising to redefine non-invasive skin rejuvenation strategies. By stand-
ardizing treatment protocols and addressing existing research gaps, the dermato-
logical community can enhance patient outcomes and establish LLLT as a corner-
stone therapy for age-related skin concerns. 
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