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Association of Trichloroacetic Acid Peeling with Photobiomodulation in the Treatment of Photoaging of the Hands: A Randomized, Controlled, Double-Blind Clinical Trial
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ABSTRACT 

	Aims: To compare the photorejuvenating effects of 20% trichloroacetic acid (TCA) peeling applied alone and the effects of associating 20% ATA peeling with red LED photobiomodulation (PBM) on the treatment of the back of the hands (660 nm; 100 mW; 5 J/cm²) 
Study design:  Randomized, controlled, double-blind clinical trial.
Place and Duration of Study: Department of Medicine-Biophotonic, Universidade Nove de Julho, Campus Vergueiro, São Paulo, Brazil, between July 2020 and September 2021.
Methodology: Forty-four participants were randomized into two groups. The experimental group underwent three sessions of 20% TCA peeling combined with PBM, while the control group received three sessions of 20% TCA peeling with simulated PBM. Treatments were administered monthly, with evaluations conducted biweekly. Assessment of photoaging characteristics, including fine and deep wrinkles, dyschromia, and global appearance, was performed using standardized photographs analyzed by two independent plastic surgeons. Pain and participant satisfaction were assessed using a visual analog scale and a 5-point Likert scale.
Results: After three sessions, the experimental group demonstrated significant improvement in fine wrinkles, deep wrinkles, and pain levels, as well as in dyschromia and global o
 after two sessions. Both groups showed high satisfaction.
Conclusion: This study supports the beneficial role of PBM as an adjunct to 20% TCA peeling in hand photoaging treatment.
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1. INTRODUCTION
The skin, comprising the epidermis and dermis, functions as a protective barrier while influencing aesthetics and psychosocial behavior [1-3]. Skin aging results from intrinsic factors, such as cellular senescence, and extrinsic factors like UV radiation, pollution, and smoking, with photoaging being the primary cause of premature aging [4-6]. UV exposure accelerates aging by inducing wrinkles, pigmentation changes, and elasticity loss, particularly in fair-skinned individuals [4, 7]. Intrinsic aging leads to fine wrinkles and dermal thinning, whereas prolonged sun exposure exacerbates deep wrinkles and sagging [4, 5]. These changes typically appear around 30 and are more evident in lighter skin tones [8, 9]. Consequently, non-invasive hand rejuvenation has gained popularity as part of a holistic aesthetic approach [10].
Understanding photoaging pathogenesis is crucial for effective treatments. Chronic UV exposure degrades the dermal extracellular matrix, primarily affecting collagen types I and III [11-13]. UVA penetrates deeper than UVB and is the main cause of photodamage, inducing oxidative stress, mitochondrial damage, and transcription factor activation (NF-Kappa-B, AP-1) that degrade collagen [14-17].
Hands, second only to the face in exposure, show pronounced aging signs, including solar lentigines, seborrheic keratoses, wrinkles, skin laxity, and volume loss from subcutaneous fat depletion [10, 18-22]. Hand rejuvenation aims to restore youthful characteristics by improving epidermal tone, increasing dermal collagen, and replenishing volume [10]. Treatments include topical agents (tretinoin, vitamin C), intense pulsed light (IPL), photodynamic therapy (PDT), lasers, and chemical peels. Chemical peeling is a cost-effective treatment for pigmentation changes, fine wrinkles, and superficial scars, often chosen based on patient preference, cost, and clinical recommendations [10, 23-27].
Peeling involves controlled exfoliation via caustic agents that induce epidermal keratolysis, keratocoagulation, and protein denaturation [25]. Keratolysis enhances texture and pigment uniformity, while keratocoagulation and protein denaturation stimulate cytokine and chemokine release, promoting collagen and elastin synthesis, keratinocyte regeneration, and dermal restructuring [28].
The depth of exfoliation depends on the agent and technique. Superficial peels affect the epidermis, improving texture and lightening skin. Medium-depth peels target the epidermis and papillary dermis, enhancing epidermal and superficial dermal characteristics. Deep peels address deep wrinkles and acne scars [24, 27, 28].
Trichloroacetic acid (TCA) peels effectively treat photodamage, actinic keratoses, solar lentigines, fine wrinkles, and superficial acne scars [26-29]. TCA, derived from acetic acid and chlorine, requires no neutralization. Exfoliation depth varies with concentration (10%-35%), with 20% commonly used for hand rejuvenation. This concentration induces mild epidermal whitening, ensuring superficial exfoliation with minimal systemic toxicity and fewer side effects [25-27, 29].
Adverse effects correlate with peel depth. Superficial exfoliation requires approximately four days of recovery, with mild erythema and peeling. Procedure-related discomfort is typically mild (5/10 pain scale), with itching, burning, and stinging sensations. If discomfort exceeds 6/10, the procedure should be halted. Severe complications, such as ocular injury, infection, and scarring, are rare with proper preparation and aftercare [28, 30, 31].
Light-based therapies date back to antiquity, but photobiomodulation (PBM) gained prominence with the advent of standardized light-emitting diodes (LEDs) [32, 33]. Initially thought to require collimated light (lasers), PBM is now recognized as equally effective with non-collimated LED sources [33, 34]. LEDs are compact, energy-efficient, and superior to incandescent bulbs [34].
PBM employs low-intensity light to promote tissue repair, reduce inflammation, and provide analgesia by stimulating intracellular chromophores. Cytochrome C oxidase (CCO) in mitochondria absorbs red and near-infrared light, playing a central role in PBM [35]. Treatment efficacy depends on light penetration, influenced by wavelength and tissue optics [36, 37].
Studies indicate that 660nm red light at 3-5 J/cm² enhances tissue repair, particularly during the inflammatory phase [38-40]. PBM mechanisms include redox modulation, nitric oxide release, and reactive oxygen species (ROS) generation, all critical for cell signaling, collagen synthesis, and regeneration [41-43]. Low ROS levels induce mitohormesis, benefiting cellular function, while excessive ROS can be detrimental [44, 45].
Unlike other light-based therapies, PBM lacks thermal effects, modulating inflammation and immunity to enhance tissue repair without cytotoxicity [46, 47]. PBM is applied in wound healing, skin rejuvenation, and inflammatory and circulatory disorder treatments [36, 48, 49]. Despite ongoing research, PBM effectively addresses chronic pain, tendinopathies, nerve regeneration, lymphedema, and skin rejuvenation [50-53].
Combining chemical peeling and PBM is expected to accelerate repair, reduce inflammation, and optimize skin rejuvenation, particularly for hands, a key site of photoaging. This study explores PBM’s adjunctive role with chemical peeling in photoaging treatment, contributing to a broader understanding of their combined benefits. As demand for minimally invasive rejuvenation increases, a holistic approach incorporating hand treatment is essential.
Among minimally invasive hand rejuvenation techniques, chemical peeling remains a cost-effective alternative to specialized equipment-dependent methods. It effectively treats pigmentation changes, fine and deep wrinkles, incipient lesions, and actinic melanosis due to photodamage with fewer complications.
Similarly, PBM with LED is an affordable, minimally invasive alternative to lasers [54]. Beyond aesthetic enhancement, LED therapy aids in inflammation control, immune modulation, analgesia, and cellular repair—key factors in mitigating tissue damage caused by chemical peeling. By interacting with exfoliation, PBM can safely accelerate skin rejuvenation.
However, controlled studies on PBM and chemical peeling’s combined effects are scarce. Investigating these complementary, low-cost therapies may optimize photoaging treatments, advancing minimally invasive skin rejuvenation approaches.
However, there is a lack of controlled studies in the literature regarding the combined effects of photobiomodulation and chemical peeling—two complementary, low-cost therapies that may optimize the benefits in treating photoaging.

2. MATERIAL AND METHODS 

This study is a randomized, controlled, single-center, double-blind clinical trial (blinding applied to both participants and evaluators). It was conducted in compliance with the Declaration of Helsinki and the protocol was prepared following the SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) checklist. The research was approved by the Research Ethics Committee of Universidade Nove de Julho, with its complete protocol registered on the ClinicalTrials.gov PRS (Protocol Registration and Results System) platform for public access (Supplementary material, Appendix 1). The details of the methods is available in the Supplementary Material. The study flowchart is shown below (Fig 1).
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Fig. 1. Study flowchart. PBM: Photobiomodulation. TCA 20%: 20% Trichloroacetic Acid (solution).

3. RESULTS AND DISCUSSION

In interpreting the results, it is important to emphasize the timing of the analyses. The intervals recorded in the inferential graphs were assessed biweekly.
Evaluations of photoaging characteristics—fine wrinkles, deep wrinkles, abnormal pigmentation, and overall assessment—as well as participant satisfaction levels, were consistently collected prior to subsequent treatment sessions. Conversely, the visual analog scale (VAS) for pain was administered immediately after the application of the 20% TCA and PBM or the simulated treatments. Treatment sessions are denoted as TIME 1, TIME 3, and TIME 5. At the remaining time points, evaluations consisted only of standardized digital photographs and questionnaires.


3.1 Superficial Wrinkles 
Although the confidence intervals between groups overlap, a trend toward a reduction in superficial wrinkles was observed in the experimental group receiving red LED photobiomodulation (PBM) compared to the control group undergoing simulated PBM. Statistical significance was confirmed at TIME 6 (15 days after the third session), as shown in Figure 2.
Another noteworthy observation from the graphical analysis is the progressive improvement in fine wrinkles following each treatment session. This trend was apparent in both groups, further substantiating the efficacy of the 20% trichloroacetic acid (TCA) solution for treating photoaging on the dorsal surface of the hands.
[image: ]
Fig. 2. Means and confidence intervals in the assessment of superficial wrinkles. 
LED versus simulation: * P < 0.0001; Mean values ± Standard error of means.
[bookmark: _heading=h.b8xs6z16brk8]3.2 Deep Wrinkles
Similar to the trends observed for fine wrinkles, a reduction in deep wrinkles was noted in the experimental group receiving red LED photobiomodulation (PBM). Statistical significance was achieved at TIME 6 (15 days after the third session), as shown in Figure 8, where the confidence intervals between the groups do not overlap.
A progressive improvement in deep wrinkles was also observed following each treatment session in both groups. This consistent trend further supports the efficacy of the 20% trichloroacetic acid (TCA) solution for addressing photoaging on the dorsal surface of the hands.
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[bookmark: _heading=h.gqfzvy5vmzan] Fig. 3. Means and confidence intervals in the assessment of deep wrinkles. 
LED versus simulation: * P < 0.0001; Mean values ± Standard error of means.

3.3 Abnormal Pigmentation
Inferential analyses of the observed confidence intervals indicate a reduction in abnormal pigmentation or dyschromias in the group treated with 660nm red LED photobiomodulation (PBM) compared to the placebo group. Statistical significance was achieved earlier in this parameter, beginning 30 days after the second treatment session (TIME 5), and persisted after the third session (TIME 6), as demonstrated in the graph where the intervals no longer overlap.
Additionally, the graphical analysis suggests a progressive improvement in dyschromias within both groups following each treatment session. This trend underscores the benefits of the 20% trichloroacetic acid (TCA) solution in addressing photoaging on the dorsal hands, particularly between the second and third sessions.
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[bookmark: _heading=h.r0159baylmmt]Fig. 4. Means and confidence intervals in the assessment of abnormal pigmentation.
LED versus simulation: * P < 0.0001; Mean values ± Standard error of means.

3.4 Global Evaluation
Unlike the other variables, the global evaluation of the dorsal hands in the photobiomodulation (PBM) group did not demonstrate a trend of improvement until 30 days after the second treatment session (TIME 5). At this point, a significant divergence in the confidence intervals between the experimental and control groups was observed, with no further overlap, indicating statistical improvement in this variable.
Within the experimental group itself, a downward trend in scores was also noted starting at TIME 5, prior to the third application of the 20% trichloroacetic acid (TCA) solution, as compared to the previous evaluation (TIME 4). This suggests a progressive improvement in the global evaluation after 30 days of the second session, pointing to a synergistic effect of the two therapies. Notably, this trend was not observed in the control group.
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[bookmark: _heading=h.sci13iew6v17]Fig. 5. Means and confidence intervals in the assessment of global evaluation.
LED versus simulation: * P < 0.0001; Mean values ± Standard error of means.
3.5 Visual Analog Scale (VAS) for Pain
The Visual Analog Scale (VAS) (Table 1) has been employed since the 1920s to measure intangible quantities such as pain, quality of life, and anxiety [55]. Assessing the subjective experience of pain remains a significant challenge in healthcare, and despite its limitations, the VAS is a validated primary outcome measure for pain intensity [56].
In this study, participants utilized the VAS to assess pain intensity throughout the course of the research during consultation visits. On treatment session days, the VAS was completed immediately after the application of either real or simulated photobiomodulation.
On the VAS, a score of 0 represents the total absence of pain, while a score of 10 corresponds to the worst pain ever experienced by the participant.
Analysis of confidence intervals reveals that they were largely overlapping, indicating no statistically significant difference in pain levels between participants undergoing photobiomodulation and those receiving simulated irradiation, except at Timepoint 7. Despite this, a consistent trend of lower pain levels was observed in the experimental group, particularly immediately after treatments (Timepoints 1, 3, and 5) (Fig 4).
The statistically significant difference noted at Timepoint 7, assessed 30 days after the third treatment session, may suggest enhanced tissue repair and improved integrity of free nerve endings responsible for skin pain sensitivity in the group receiving red LED (660nm) photobiomodulation (Fig 4)..

Table 1: Visual Analog Scale for Pain
	MILD
	MODERATE
	SEVERE

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	VISUAL ANALOG SCALE FOR PAIN
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[bookmark: _heading=h.tp5yri2yzcug]Fig. 6. Means and confidence intervals in the assessment of pain.
LED versus simulation: * P < 0.0001; Mean values ± Standard error of means.
3.6 Satisfaction Scale
During the biweekly medical consultations, participants were also asked about their satisfaction with the treatment outcomes achieved up to that point.
The participants responded to a questionnaire based on a modified 5-point Likert scale [57] developed by the author, which evaluated their satisfaction with the results obtained.
The Likert scale ranged from:
● 	1: Very dissatisfied
● 	2: Dissatisfied
● 	3: Neutral
● 	4: Satisfied
●     5: Very satisfied
This evaluation provided insight into the subjective perception of the treatment's effectiveness from the participants' perspective and complemented the objective clinical outcomes.
It is noted that all confidence intervals overlap, and there is no statistical difference between the experimental group and the control group (Fig 7). However, a rising trend is observed graphically within each group, indicating a significant improvement in the satisfaction level of all participants throughout the treatment, regardless of their allocation group.

[image: ]
Fig. 7. Means and confidence intervals in the assessment of pain.
It is important to emphasize that neither group showed any degree of dissatisfaction during the study, and from the first session onward, both groups demonstrated a significant level of satisfaction with the procedures performed for photoaging treatment. The representative photo of before and after treatment with 20% ATA peeling and photobiomodulation is shown below (Fig 8)
[image: ]
Fig. 8. Representative photo of before and after treatment with 20% ATA peeling and photobiomodulation. 
An improvement is observed, primarily in the dyschromia and fine wrinkles, according to the evaluation of both independent specialists.
For a better understanding of the key results obtained by the experimental group in comparison to the control group, the following flowchart was created (Fig 9).
[image: ]


Fig. 9. Flowchart of results obtained by the experimental group compared to the control group.


3.4 Discussion 

Photoaging results from prolonged and repeated skin exposure to ultraviolet solar radiation, being considered the primary extrinsic factor causing photodamage [4, 5]. Understanding its pathogenesis is crucial for developing accessible and effective treatments. However, this process remains not fully elucidated [2, 58].
Based on available knowledge, both 20% ATA peeling and 660nm LED photobiomodulation are minimally invasive, low-cost techniques that can be used to halt this cycle by targeting the skin’s primary layers (dermis and epidermis) [24-27], and acting directly on fibroblasts whose function of synthesizing collagen, elastin, and extracellular matrix components is effectively regulated by irradiation [59, 60].
Additionally, 660nm photobiomodulation is also applied for inflammatory control, immunomodulation, analgesia, and cellular restoration [61, 62]. It is important to emphasize that early application during the inflammatory phase of tissue repair with energy transfer of 3-5 J/cm² is essential for maximizing the benefits of the technology, considered the most critical factor [38-40].
All these characteristics were considered and respected in the study, alongside the
human skin's physiological repair time of 15-30 days, which varies depending on individual conditions and the extent of injury [63](104). It is crucial to note that 20% ATA peeling induces epidermal keratolysis, keratocoagulation, and denaturation of dermal and epidermal proteins. Moreover, each session increases the substance’s permeation, resulting in more tissue aggression, leading to higher production of pro-inflammatory chemokines that delay the healing process. However, there is also an increase in collagen and elastin production in the dermal layer and uniform dispersion of pigment in the epidermis [28].
[bookmark: _heading=h.1fob9te]Based on the findings, it is evident that all study variables related to photoaging characteristics (superficial wrinkles, deep wrinkles, abnormal pigmentation, and global evaluation) showed significant improvement with the combination of 20% ATA peeling and 660nm LED photobiomodulation after 15 days of the third treatment. Furthermore, variables related to dyschromia (abnormal pigmentation) and global evaluation (melanosis, keratosis, telangiectasia, etc.) showed statistically significant improvement in the experimental group even before the third session, occurring 30 days after the second combined treatment session.
Thus, it can be inferred that the 660nm LED irradiation may influence key cells in the inflammatory phase, such as fibroblasts, enhancing and favorably regulating the tissue repair process. Even after the multiple aggressions induced by 20% ATA, the photobiomodulation appears to accelerate the dermal and epidermal cellular renewal process, increasing collagen and elastin production, as well as reducing inflammatory chemokines compared to the control group, key factors in improving superficial wrinkles observed 15 days after the third treatment session.
In contrast, the granules responsible for abnormal skin pigmentation, dyschromia, and melanosis are located in the upper layers of the epidermis [63]. This explains the more immediate effects of the treatments, with statistically significant improvement occurring by the end of the second session.
Additionally, analysis of the confidence intervals reveals a tendency for improvement in photoaging characteristics within each sample group, confirming the benefit of the standard therapy (20% ATA) in isolation. However, in the control group’s graphs, a worsening trend in the analyzed variables was observed during TIME 6, 15 days after the third session. This deterioration likely indicates a delay in the tissue repair process due to the successive injuries induced, without the modulating benefit of the LED treatment.
Although the literature shows a reduction in pain complaints with the use of 660nm LED photobiomodulation [49, 61], the confidence intervals found in this study were overlapped, and it was concluded that there was no statistical difference in pain levels reported between the groups until TIME 7. However, a consistent trend of reduced pain complaints was observed in the experimental group, especially during TIMES 1, 3, and 5 (treatment days).
In contrast, the confidence intervals obtained in TIME 7, 30 days after the third treatment session, demonstrated a statistically significant difference in the reduction of pain levels reported by participants in the experimental group compared to the control group. This result possibly reflects a faster tissue repair process and regeneration of free nerve endings responsible for skin pain sensations. It is notable that pain levels remained low even after the protein denaturation caused by the successive ATA 20% applications, which was not observed in the control group with the simulation.
For participant satisfaction evaluation, an important study variable, a 5-point Likert scale was used, answered biweekly. In the analysis, all confidence intervals were overlapped, with no statistical difference between the experimental and control groups. However, an upward trend was observed in the graph of each group, highlighting a consistent improvement in satisfaction levels among all participants throughout the treatment period, regardless of their group allocation.
It is worth noting that neither group showed any dissatisfaction (satisfaction index <3) throughout the study. From the first session, both groups demonstrated a satisfactory level regarding the results achieved with the applied procedures.
The progressive and rapid improvement in satisfaction levels likely reflected the better adherence of participants to the study in both groups and could result in the commercial success of the developed treatments.
Although this clinical trial included both genders, all participants were female, demonstrating their greater concern with health in a holistic manner. It is noteworthy that participants frequently expressed their gratitude, as in addition to the variables analyzed, they praised the texture, hydration, and radiance acquired on the back of their hands. These are certainly characteristics that should be further evaluated in future studies.
Another descriptive characteristic of the sample that stands out is the balance between the education levels of the participants (basic and technical education: 19; higher education: 23), highlighting the need for the treatment of hand photoaging to be accessible and widely available, as all social groups have similar aspirations and deserve to pursue their well-being.
Thus, a great benefit is suggested from the association of photobiomodulation with a 660nm LED wavelength as an adjunct to the conventional ATA 20% therapy for hand photoaging. This benefit occurs progressively throughout the therapy.

4. CONCLUSION

The results demonstrate the effectiveness of the combination of ATA 20% peeling with 660nm LED photobiomodulation for treating the main characteristics of photoaging compared to the control group with only ATA 20% application. Photobiomodulation was applied with red LED immediately after peeling, acting early during the inflammatory phase of tissue repair with an energy density of 5J/cm² transferred to the target tissue.
The improvement in superficial wrinkles, the main outcome of the study, was achieved 15 days after the third treatment session, which also marked the improvement in deep wrinkles. For dyschromias and global evaluation of the back of the hands (keratoses, melanoses, telangiectasias), the secondary outcomes analyzed, the superiority of the experimental group over the control group occurred more rapidly, within 30 days after the second session of the treatments.
Pain levels reported by participants in the experimental group showed improvement only after 30 days of the third session of the associations.
In conclusion, all participants exhibited a high level of satisfaction throughout the study, suggesting strong acceptance of adjunctive photobiomodulation with ATA 20% peeling for the treatment of hand photoaging, with the benefits evident by the second session of this combination.

DEFINITIONS, ACRONYMS, ABBREVIATIONS

CCO – Cytochrome C oxidase
DNA – Deoxyribonucleic acid
ROS – Reactive oxygen species
PBM – Photobiomodulation
LASER – Light amplification by stimulated emission of radiation
LED – Light Emitting Diode
SPIRIT – Standard Protocol Items: Recommendations for Interventional Trials
ICF – Informed Consent Form
UV – Ultraviolet radiation
MMP – Metalloproteinase
TGF-β – Transforming growth factor-beta
AP-1 – Activator protein 1
IPL – Intense pulsed light
PDT – Photodynamic therapy
TCA – Trichloroacetic acid
ATP – Adenosine triphosphat
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