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Abstract

Background: Skin aging is influenced by intrinsic and extrinsic factors that alter skin texture
and microrelief. Non-invasive imaging techniques enable objective longitudinal assess-
ment of these characteristics. This study aimed to instrumentally and subjectively evaluate
skin surface changes during a standardized 90-day dermocosmetic regimen containing
multiple active ingredients. Methods: This prospective, single-arm observational study
included 47 women aged 30-60 years with visible signs of facial skin aging. Participants
applied a standardized anti-age serum and cream regimen twice daily for 90 days. Skin
surface morphology was assessed at baseline and after 30, 60, and 90 days using Visioscan®
VC 20plus imaging with SELS® software. Subjective outcomes were evaluated using a
structured product questionnaire and the validated Skindex-16 instrument. Results: Sig-
nificant temporal changes were observed across objective skin surface parameters. From
baseline to day 90, mean skin roughness decreased from 4.99 £ 2.29 to 1.66 + 0.67, while the
wrinkle-related parameter decreased from 191.08 + 87.26 to 74.27 £ 15.25. Reductions were
also observed in scaliness, contrast, entropy, variance, and anisotropy, whereas smooth-
ness, homogeneity, and energy increased over time. Skindex-16 scores decreased across
Symptoms, Emotions, and Functioning domains, indicating lower participant-reported
dermatology-related burden. The regimen was well tolerated, with no serious adverse
events reported. Conclusions: In this exploratory single-arm observational study, the stan-
dardized dermocosmetic regimen was associated with measurable longitudinal changes in
Visioscan-derived skin surface parameters and patient-reported outcomes over 90 days.
Because the study included no control group, the findings cannot establish causality or
isolate the contribution of individual regimen components.

Keywords: dermocosmetic regimen; patient-reported outcomes; skin aging; skin
imaging; Visioscan
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1. Introduction

Skin aging is a multifactorial biological process influenced by intrinsic factors, includ-
ing genetic, hormonal, and metabolic changes, as well as extrinsic factors, such as ultraviolet
(UV) radiation, environmental pollution, and lifestyle habits [1]. Intrinsic (chronological)
aging is characterized by epidermal thinning, progressive loss of collagen and elastin, and
reduced moisture retention, leading to fine wrinkles and decreased skin firmness [1]. In
contrast, extrinsic aging (photoaging), largely driven by cumulative UV exposure, results in
coarse wrinkles, pigmentary alterations, and dermal elastosis [2]. Collectively, these mecha-
nisms contribute to degradation of the extracellular matrix, including depletion of collagen,
elastin, and hyaluronic acid (HA), which clinically manifests as dryness, roughness, laxity,
and surface textural irregularities [3].

A wide range of bioactive ingredients has been incorporated into dermocosmetic
products to target pathways involved in skin aging. HA plays a central role in maintaining
skin hydration and dermal viscoelasticity; however, endogenous HA levels decline with
age, contributing to dehydration and wrinkle formation [4]. Both topical and injectable HA
formulations have been shown to improve skin hydration, turgor, and the visible appear-
ance of wrinkles [5]. Niacinamide (vitamin Bg) is another well-established dermocosmetic
active that enhances epidermal barrier function by increasing ceramide and protein syn-
thesis, reduces transepidermal water loss, and exhibits antioxidant and anti-inflammatory
properties. Clinical studies have reported improvements in fine lines, uneven skin tone,
and sallowness following regular topical application [6,7].

Peptides represent an additional class of ingredients frequently used in anti-aging
formulations. Signal peptides and matrikines have been shown to stimulate fibroblast
activity and promote collagen and elastin synthesis, whereas neurotransmitter-inhibiting
peptides (e.g., acetyl hexapeptide-3) act by modulating facial muscle microcontractions,
thereby softening expression lines [8]. Controlled clinical trials have reported improvements
in the appearance of periorbital wrinkles with topical peptide formulations, including
palmitoyl pentapeptide-4 and acetylhexapeptide-3 [9]. Recent randomized studies suggest
that bakuchiol-containing formulations may improve facial photoaging-related parameters
while maintaining a favorable tolerability profile [10].

Thermal mineral waters are often used in dermocosmetic formulations as vehicles
with specific physicochemical properties. Prolom thermal water is classified as sodium-
hydrogencarbonate, alkaline, oligomineral, and hypothermal water, with a pH of 8.7-9.2
and the presence of metasilicic acid [11]. Its dermatological use mainly stems from bal-
neotherapy, where it has been applied alongside mineral baths and peloids for inflammatory
skin conditions. However, these findings cannot be directly applied to leave-on cosmetic
products or interpreted as evidence of an independent effect of the water itself [11]. A recent
study of a 10% urea lotion formulated with Prolom thermal water showed improvements
in skin parameters, but the specific contribution of the water could not be distinguished
from other ingredients [12]. Therefore, in this study, Prolom thermal water was considered
a supportive vehicle rather than an independent active component.

Evaluating the complete formulation is relevant because dermocosmetic products are
used as integrated systems rather than as isolated ingredients. The tested serum-and-cream
regimen combined multiple components targeting different aspects of skin appearance
and microrelief. This approach provides practical insight into changes observed during
standardized use, although it does not allow attribution of effects to individual ingredients
or to Prolom thermal water.

Previous studies have mainly focused on individual ingredients, short-term outcomes,
or limited parameters. Less is known about longitudinal changes during use of complete
multi-ingredient regimens, especially when combining instrumental measurements with
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validated patient-reported outcomes. Therefore, this study aimed to assess changes in skin
texture, microrelief, wrinkle-related parameters, and participant-reported outcomes during
a 90-day dermocosmetic regimen under observational conditions.

2. Materials and Methods
2.1. Study Design

This was a pragmatic, prospective, single-arm observational longitudinal study de-
signed to characterize temporal changes in skin surface characteristics during standardized
use of a complete dermocosmetic regimen. A control or placebo arm was not incorporated
because the study was conceived as an exploratory, formulation-level evaluation under
routine-use conditions rather than as a confirmatory efficacy trial. Accordingly, the study
was not intended to establish causal treatment effects or to distinguish the contribution of
individual product components.

Several procedural measures were implemented to reduce avoidable variability, in-
cluding predefined eligibility criteria, standardized twice-daily application instructions,
avoidance of newly introduced facial skincare products or cosmetic procedures during
follow-up, a standardized daytime photoprotection recommendation, repeated within-
participant assessments, and uniform imaging conditions. Nevertheless, these measures
cannot eliminate expectation effects, observer-related bias, seasonal influences, or other
time-dependent confounding factors inherent to an uncontrolled observational design.

The study was conducted between May and October 2025 and included a 90-day
observation period with four scheduled assessments: baseline (T0), day 30 (T1), day 60 (T2),
and day 90 (T3). All procedures were performed in a clinical dermatology setting under
standardized measurement conditions.

No formal a priori sample size or statistical power calculation was performed because
the study was designed as an exploratory observational evaluation without a predefined
comparative efficacy endpoint. The sample size was determined pragmatically on the basis
of feasibility and the number of eligible participants recruited during the study period.

2.2. Participants

A total of 47 female participants, aged 30-60 years, were consecutively enrolled. All
participants presented with visible clinical signs of facial skin aging, including fine lines,
reduced elasticity, uneven texture, or dryness.

Inclusion criteria were:

female sex;

age between 30 and 60 years;

visible signs of facial skin aging;

good general health without active dermatological disease;

willingness to comply with study procedures and scheduled visits.
Exclusion criteria included:

known hypersensitivity to any component of the tested products;
pregnancy or breastfeeding;
active inflammatory or infectious dermatoses of the face;

use of systemic retinoids, corticosteroids, or other medications known to affect skin
physiology within the preceding three months.

Baseline demographic data, Fitzpatrick skin phototypes, and lifestyle characteris-
tics (smoking status, alcohol consumption, sun exposure habits, tanning bed use, and
occupational UV exposure) were recorded using a structured questionnaire.
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2.3. Dermocosmetic Regimen

Participants followed a standardized dermocosmetic regimen consisting of an anti-age
serum and an anti-age cream. The anti-age cream contained Prolom thermal water as 10.0%
of the finished formulation, incorporated within the aqueous phase.

Quantitative composition data were available for the anti-age cream. The fin-
ished cream contained apricot kernel oil (15.0%), propylene glycol (5.0%), glyceryl
stearate/potassium stearate (3.0%), cetyl palmitate (3.0%), squalane (2.0%), niacinamide
(1.5%), a peptide filler complex (1.5%), panthenol (1.2%), caprylic/capric triglycerides
(1.0%), sweet almond oil (1.0%), urea (1.0%), tocopheryl acetate (1.0%), sodium hyaluronate
(0.99%), Psoralea corylifolia (bakuchi) seed 0il (0.88%), cetearyl alcohol (0.50%), and polysor-
bate 60 (1.0%). The formulation additionally contained an acetyl octapeptide-3 prepara-
tion providing 0.003% acetyl octapeptide-3 in the finished cream, together with other
peptide derivatives, allantoin, antioxidant components, preservatives, stabilizers, and
fragrance constituents.

The regimen was designed as a multimodal leave-on system combining humectant
and emollient components, barrier-supportive ingredients, antioxidants, peptide-based
ingredients, and a retinoid-like botanical active. The rationale was to evaluate the complete
formulation as it is intended to be used in practice, rather than to test isolated compounds
under experimental conditions. Accordingly, the present study cannot determine the
independent contribution of any individual ingredient or of the Prolom thermal water
component. During stability testing, the pH of the anti-age serum ranged from 5.20 to
5.70 when measured internally using a WTW 3110 pH meter (WTW GmbH, Weilheim,
Germany) and from 5.30 to 5.70 when measured by an independent external laboratory
(IHTM). For the anti-age cream, the corresponding pH ranges were 5.60-6.20 internally
and 6.00-6.50 in the external laboratory. Minor interlaboratory variation was considered
attributable to differences in measurement instruments and analytical procedures.

Product safety, microbiological quality, preservative efficacy, and physicochemical
stability of the anti-age cream were evaluated as part of the Cosmetic Product Safety Report.
The microbiological examination fulfilled Category 1 criteria, and the preservative challenge
test met criterion A. Stability and packaging compatibility tests were performed using
an accelerated-aging protocol, with monitoring of organoleptic properties, pH, refractive
index, and mass loss. Based on these assessments, the estimated shelf life was up to
24 months.

2.4. Application Protocol and Standardization

Participants were instructed to apply the serum and cream twice daily for 90 consecu-
tive days.

e  Morning application: serum was applied to cleansed facial skin, followed by the cream
after approximately 5 min. Participants were instructed to follow the standardized
study skincare routine throughout the observation period.

e  Evening application: serum and cream applied in the same sequence to cleansed skin.

During follow-up, participants were permitted to use a mild facial cleanser and
routine makeup, provided that makeup and leave-on products were removed before each
instrumental assessment. Broad-spectrum SPF 50 sunscreen was recommended during
daytime exposure to sunlight. Participants were instructed not to introduce additional leave-
on facial products, including other moisturizers, serums, exfoliating products, retinoid-
containing products, or prescription topical treatments, and not to undergo facial cosmetic
procedures during the study period. The use of the study serum and cream constituted
the standardized leave-on dermocosmetic regimen. Adherence to the study regimen was
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assessed at each scheduled visit by verbal inquiry, review of participant product-use diaries,
and monitoring of product consumption.

2.5. Measurement Conditions and Imaging Protocol

All objective assessments were performed by the same trained examiner using the
same Visioscan® VC 20plus device (Courage + Khazaka electronic GmbH, Cologne, Ger-
many) and a standardized acquisition protocol. The device was operated in accordance
with the manufacturer’s instructions. Before imaging, participants removed makeup and
leave-on facial products using a mild, alcohol-free cleanser, rinsed their face with lukewarm
water, gently dried the skin, and rested for 15 min in a controlled examination environment
with a target temperature of 21-23 °C and a relative humidity of 40-60%. Objective imaging
was performed at four predefined facial sites identified using stable anatomical landmarks:
the central glabellar region, the left lateral canthal region, the right lateral canthal region,
and the mental region. Participants were positioned in a standardized manner, and identi-
cal lighting, device-to-skin distance, and acquisition settings were used at each visit. For
statistical analysis, subject-level values were calculated as the mean of the four assessment
sites for each parameter at each scheduled visit.

2.6. Objective Skin Surface Analysis

Skin surface morphology and microrelief were analyzed using SELS® (Surface Evalua-
tion of the Living Skin) software. The following parameters were quantified:

e  skin roughness (SEr);

e  skin smoothness (SEsm);

e  scaliness (SEsc);

e wrinkle parameter (SEw);

e  gray-level texture parameters (contrast, energy, entropy, homogeneity, variance);
[ ]

anisotropy index.

These metrics characterize surface irregularity, optical texture, and microrelief-related
characteristics of the stratum corneum.

2.7. Subjective Outcome Measures
Subjective evaluation was performed using:

1. astructured product evaluation questionnaire assessing participant-perceived changes
in skin hydration, elasticity, smoothness, wrinkle visibility, skin tone uniformity,
overall satisfaction, and tolerability, recorded on a five-point scale;

2. the validated Skindex-16 questionnaire, assessing dermatology-related quality of life
across Symptoms, Emotions, and Functioning domains.

The structured product evaluation questionnaire was developed for this study to
capture exploratory participant-perceived changes and was not subjected to formal psycho-
metric validation. Accordingly, its item-level findings were interpreted as exploratory and
were considered alongside the validated Skindex-16 measure.

2.8. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice (GCP) guidelines. Ethical approval was obtained from the Ethics Com-
mittee of the University Clinical Centre of Vojvodina (Approval No. 00-156/2025) and the
Ethics Committee of the Faculty of Medicine, University of Ni§ (Approval No. 12-3102-
1/2-6). All participants provided written informed consent prior to enrollment. Written
informed consent for publication of the potentially identifiable clinical images in Figure 1
was obtained from the participant(s) depicted.
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Figure 1. Representative clinical and Visioscan™ images of the lateral canthal region obtained
under standardized conditions at baseline (T0) and day 90 (T3). (A) Clinical photograph at baseline.
(B) Clinical photograph at day 90. (C) Visioscan® image at baseline. (D) Visioscan® image at day 90.
The images are provided as representative illustrations of the longitudinal changes in skin surface

appearance and microrelief observed during the study period.

2.9. Statistical Analysis

Statistical analyses were performed using Jamovi version 2.5.0. Continuous variables
are presented as mean =+ standard deviation (SD). For objective Visioscan® parameters,
subject-level values were calculated as the mean across the four predefined facial assessment
sites at each scheduled visit. Median and interquartile range values are additionally
provided in Supplementary Table S1 for descriptive completeness.

Changes in individual ordinal questionnaire items across follow-up visits were ana-
lyzed using the Friedman test, with Kendall’s W reported as the corresponding effect size.
Changes in Skindex-16 domain and overall scores across baseline and follow-up visits were
analyzed using the Friedman test because the assumptions required for repeated-measures
analysis of variance were not satisfied. Kendall’s W was reported as the corresponding
effect-size measure. Skindex-16 analyses were based on participants with complete repeated
data at baseline and at days 30, 60, and 90.

Longitudinal changes in objective Visioscan® parameters were evaluated using linear
mixed-effects models, with study visit entered as a categorical fixed effect and participant
entered as a random intercept. Descriptive data are presented as observed mean £ SD
at each scheduled visit. Observed mean changes from baseline to day 90 were calculated
directly as the difference between the unadjusted mean values at T3 and T0. Model-based
pairwise contrasts between baseline and each follow-up visit, with 95% confidence intervals
and Holm-adjusted p values, are reported in Supplementary Table S2.
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2.10. Use of Generative Artificial Intelligence

During manuscript preparation, ChatGPT (GPT-5.5 Thinking model; OpenAl, San
Francisco, CA, USA; accessed July 2026) was used to assist with language editing, sentence
restructuring, and improvement of clarity. It was not used for study design, participant
recruitment, data collection, statistical analysis, generation or manipulation of data or
images, or interpretation of the findings. All Al-assisted text was critically reviewed,
revised, and verified by the authors, who take full responsibility for the final content.

3. Results

All 47 enrolled participants attended the scheduled baseline and follow-up visits
through day 90. Retention was supported by the relatively short observation period,
provision of the study products, scheduled follow-up assessments, participant product-use
diaries, and a review of returned products and product consumption at follow-up visits.

Table 1 presents the demographic and baseline characteristics of the 47 participants.
The mean age was 43.6 £ 9.7 years (range: 30-60 years). Most participants were classified
as Fitzpatrick skin phototype II (59.6%) or phototype III (25.5%), reflecting the predominant
skin phototypes in the study population. Lifestyle characteristics were relatively homoge-
neous: the majority of participants were non-smokers and reported moderate habitual sun
exposure, while only a small proportion reported tanning bed use or high occupational
ultraviolet exposure.

Table 1. Demographic and Lifestyle Characteristics of the Study Participants.

Characteristic Category n (%)
Sex Female 47 (100%)
Age (years) Mean =+ SD (Min-Max) 43.6 £ 9.7 (30-60)
Age group 30-35 years 13 (27.7)
3645 years 15 (31.9)
46-55 years 15 (31.9)
56-60 years 4 (8.5)
Fitzpatrick skin phototypes I 5(10.6)
I 28 (59.6)
I 12 (25.5)
v 2 (4.3)
Smoking status No 30 (63.8)
Occasionally 4 (8.5)
Yes 13 (27.7)
Alcohol consumption No 24 (51.1)
Occasionally 23 (48.9)
Sun exposure Rarely 12 (25.5)
Moderately 33 (70.2)
Frequently 2 (4.3)
Tanning bed use Yes 3(6.4)
No 44 (93.6)
Occupational sun exposure Yes 1(2.1)
No 46 (97.9)

Table 2 summarizes participants” exploratory evaluations of the dermocosmetic regi-
men across the follow-up visits. Significant overall time effects were observed for perceived
skin firmness and elasticity and a reduction in wrinkles (both p < 0.001), evenness of skin
tone (p = 0.015), satisfaction with product effects (p = 0.028), and intention for continued use
(p = 0.004). Changes in perceived skin texture and willingness to recommend the product
were not statistically significant (p = 0.549 and p = 0.135, respectively). As the structured
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product evaluation questionnaire was developed specifically for this study and was not
formally psychometrically validated, these findings should be interpreted as exploratory
participant-reported trends rather than validated clinical outcome measures. No serious
adverse events were reported during the 90-day follow-up period.

Table 2. Subjective Evaluation of Perceived Product Effects Over the 90-Day Study Period.

Assessment Item/Evaluation Aspect

T1 Mean £ SD T2 Mean £ SD T3 Mean + SD p (Friedman) Kendall’'s W

Skin firmness and elasticity

Reduction in wrinkles
Evenness of skin tone

Skin texture (smoothness, softness)
Satisfaction with product effects
Intention for continued use

3.31 +£1.03 3.31 £ 1.06 3.67 £ 091 <0.001 0.235
231 +1.13 229 £1.11 2.69 £ 1.07 <0.001 0.153
2.69 £0.99 242 £0.87 2.67 £0.86 0.015 0.087
298 £1.25 290£1.21 298 £1.14 0.549 0.012
3.65 + 0.98 3.62 = 0.96 3.75£0.89 0.028 0.074
1.94 £ 1.00 1.88 £0.98 1.67 £ 0.66 0.004 0.116

1.50 £ 0.62 1.54 £ 0.65 0.135 0.042

Willingness to recommend the product 1.44 4= 0.58

Note: Values are presented as mean =+ standard deviation. Friedman-test analyses were based on 47 participants
with complete repeated questionnaire data at T1, T2, and T3. Responses were recorded on item-specific 5-point
Likert scales. For perceived skin firmness and elasticity, reduction in wrinkles, evenness of skin tone, skin texture,
and satisfaction with product effects, higher scores indicate more favorable perceived outcomes. For intention
for continued use and willingness to recommend the product, lower scores indicate more favorable responses.
Kendall’s W is reported as the effect size.

All 47 participants attended the scheduled study visits; however, complete repeated
Skindex-16 data at baseline and all follow-up visits were available for 41 participants and
were included in the complete-case longitudinal analysis. Table 3 presents longitudinal
changes in Skindex-16 domain and overall scores over the 90-day study period. Significant
overall time effects were observed for Symptoms (p = 0.015), Emotions (p < 0.001), Function-
ing (p < 0.001), and the Overall Skindex-16 score (p < 0.001). The greatest relative reduction
was observed in the Symptoms domain (—35.1%), followed by Functioning (—31.4%) and
the Overall Skindex-16 score (—30.3%). Kendall’s W values indicated small-to-moderate
within-participant effect sizes across domains.

Table 3. Skindex-16 scores Across the 90-Day Assessment Period in the Anti-Age Cohort.

Domain TO Mean + T1Mean + T2 Mean + T3 Mean 4+ Change (T0 Friedman x> Kendall’s
SD SD SD SD — T3) ®) 0
Symptoms (items 1-4)  2.03+1.17 157 +116 140+1.13 132+117 —351%  10.47(0.015) 0.085
Emotions (items 5-11)  1.334+120 1294119 1.034+1.10 1.00+110 —251%  18.22(<0.001) 0.148
Functioning (items 12-16) 1.85 £ 1.27 1.624+1.31 1294108 127+109 —314%  18.04 (<0.001) 0.147
Overall Skindex-16 167 +1.07 146+112 1214+1.01 1.16+1.03 —303%  24.97 (<0.001) 0.203

(items 1-16)

Note: Values are presented as mean =+ standard deviation. Lower Skindex-16 scores indicate lower dermatology-
related burden. Change (TO — T3) is expressed as the relative percentage change from baseline to day 90.
Friedman-test analyses were based on 41 participants with complete repeated Skindex-16 data in the anti-age
cohort. Kendall’s W is reported as the effect size.

Table 4 presents the objective Visioscan® parameters measured across the scheduled
study visits. Significant time effects were observed for all evaluated instrumental skin
surface variables (all p < 0.001). From baseline to day 90, progressive reductions were noted
in skin roughness (SEr), scaliness (SEsc), the wrinkle parameter (SEw), contrast, entropy,
variance, and the anisotropy index, accompanied by increases in skin smoothness (SEsm),
homogeneity, and energy. The greatest numerical change over time was observed for SEsm,
while marked reductions were also observed for SEw, SEr, SEsc, and the anisotropy index.
Taken together, the objective findings indicate consistent longitudinal changes in skin
surface appearance and microrelief-related parameters over the 90-day observation period.
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Table 4. Objective Visioscan® Parameters Across the 90-Day Study Period.
Observed Mean .

Parameter TO T1 T2 T3 Change (T3 — T0) Overall p Value
SEr (Skin roughness) 4.99 £2.29 324 +£0.77 2.56 + 0.59 1.66 £+ 0.67 -3.33 <0.001

SEsm (Skin smoothness) 237.82 4+ 76.86 323.43 + 91.85 423.46 4+ 113.15 605.68 + 192.65 +367.86 <0.001

SEsc (Scaliness) 4.67 +3.98 1.63 +1.35 0.88 £ 0.63 0.40 £+ 0.30 —4.27 <0.001

SEw (Wrinkles) 191.08 + 87.26 116.73 4+ 30.04 92.35 + 21.79 74.27 + 15.25 —116.81 <0.001

Contrast 2.23 +0.85 1.68 £ 0.62 1.38 £0.43 1.09 £ 0.35 —1.14 <0.001

Energy 0.01 £ 0.00 0.02 £ 0.01 0.02 4+ 0.01 0.03 £ 0.01 +0.02 + <0.001

Entropy 1.50 4+ 0.05 1.46 £+ 0.05 1.43 4+ 0.05 1.40 £+ 0.04 —0.10 <0.001
Homogeneity 1.30 £+ 0.08 1.35 £ 0.08 1.39 £ 0.07 1.45 +0.07 +0.15 <0.001

Variance 6.02 £1.26 5.26 £+ 1.09 4.80 +0.91 4.20 +0.84 -1.82 <0.001
Anisotropy Index 34.92 +9.26 29.75 +£10.23 2543 £7.18 17.79 £+ 3.81 —-17.13 <0.001

Note: Values are presented as mean & SD. The observed mean change was calculated directly from the displayed
unadjusted mean values as T3 — T0. Model-based pairwise contrasts with 95% confidence intervals and Holm-
adjusted p values are presented separately in Supplementary Table S2. * Overall time effects were evaluated using
linear mixed-effects models. t The displayed value is based on means rounded to two decimal places.

To complement the mean + SD presentation in Table 4, median (IQR) values for objec-
tive Visioscan® parameters across scheduled study visits are provided in Supplementary
Table S1.

Post hoc pairwise comparisons for the objective Visioscan® parameters are provided
in Supplementary Table S2. Following Holm correction for multiple comparisons, the
observed longitudinal changes were primarily driven by significant differences between
baseline and each follow-up visit.

Representative clinical and Visioscan®

images of the lateral canthal region obtained
at baseline and day 90 are presented in Figure 1 and visually complement the observed

longitudinal changes in skin surface microrelief and texture.

4. Discussion

The present prospective observational study provides instrumental and patient-
reported evidence of temporal skin surface changes during a standardized 90-day dermo-
cosmetic regimen containing Prolom thermal water. In the present study, non-invasive
imaging demonstrated significant time-dependent modulation of key skin microrelief pa-
rameters, including reductions in skin roughness (SEr), scaliness (SEsc), wrinkle-related
parameters (SEw), and improvements in smoothness (SEsm) and texture uniformity. These
objective changes were accompanied by improvements in participant-reported outcomes
and good tolerability. Given the single-arm design, the findings should be interpreted as
descriptive observations of skin changes under controlled dermocosmetic conditions rather
than proof of causal efficacy.

The observed longitudinal trends may also have been influenced by factors unrelated
to the intrinsic effect of the dermocosmetic regimen. These include improved adherence to
a structured skincare routine, participant expectation or placebo-related effects, increased
attention to facial care during repeated study visits, concurrent daytime sunscreen use, and
seasonal variation in ultraviolet exposure, ambient temperature, and humidity. Because the
study lacked a placebo, sunscreen-only, or no-treatment comparator group, the independent
contribution of these factors cannot be separated from the observed changes.

The magnitude of the relative changes observed in several Visioscan® parameters
should be interpreted cautiously. SELS® outputs are instrument-specific indices of skin sur-
face morphology and texture and cannot be interpreted as direct proportional reductions in
clinical wrinkle burden, visible dryness, or biological skin aging. Participants were enrolled
because they had visible signs of facial aging, including dryness, uneven texture, and sur-
face irregularity, which may have provided greater scope for within-participant temporal
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change. In addition, the structured twice-daily routine, repeated study visits, increased
attention to facial care, concurrent daytime photoprotection, and seasonal environmental
variation may all have contributed to the observed longitudinal trends.

Although previous instrumental studies have reported changes in skin-surface pa-
rameters during the use of anti-aging formulations, a direct numerical comparison across
studies remains limited because of differences in devices, algorithms, anatomical sites,
formulations, study duration, and population characteristics [13]. In particular, no val-
idated threshold for clinically meaningful change has been established for the specific
Visioscan® parameters evaluated in the present study. Therefore, the numerical magnitude
and statistical significance of the observed changes should not be interpreted as direct
evidence of biological or clinically meaningful efficacy.

The observed temporal changes in instrumental parameters may be interpreted in the
context of prior studies of dermocosmetic formulations containing commonly used active
ingredients; however, the present design does not permit attribution of these changes to
any individual component. Hyaluronic acid (HA), a central component of many anti-aging
formulations, is well established for its ability to enhance skin hydration and viscoelastic
properties, thereby influencing surface smoothness and wrinkle appearance [13-15]. In
the present study, instrument-derived surface scaliness (SEsc) and roughness (SEr) demon-
strated pronounced temporal changes. These parameters reflect optical and morphological
characteristics of the skin surface but do not directly measure epidermal hydration, stratum
corneum water content, transepidermal water loss, or barrier integrity [13-20]. Although
topical hyaluronic acid has been associated with hydration-related effects in previous stud-
ies, the present findings should be interpreted as changes in surface texture and microrelief
rather than as direct evidence of improved hydration or barrier function.

Statistical significance should not be equated with clinical significance. Although
statistically significant longitudinal changes were observed for several instrumental pa-
rameters and Skindex-16 domains, no validated minimal clinically important difference
has been established for the specific Visioscan® indices used in this study. Similarly, the
study-specific product questionnaire was not formally validated as a clinical outcome
instrument. The findings should therefore be interpreted as exploratory evidence of tem-
poral changes under standardized observational conditions rather than proof of clinically
meaningful efficacy.

Similarly, previous studies have described associations between topical niacinamide
use and improvements in skin texture, tone uniformity, and fine lines [21-23]. Proposed
mechanisms include barrier-related, antioxidative, and anti-inflammatory effects; however,
these mechanisms were not directly evaluated in the present study. In our study, texture-
related indices, including contrast, homogeneity, entropy, and variance, demonstrated
significant modulation over time, reflecting a more uniform and organized skin surface.
These findings are in agreement with previously described clinical effects of niacinamide
on skin texture and tone. However, as no molecular or barrier-function analyses have been
performed, the contribution of mechanisms such as cellular redox metabolism, stratum
corneum lipid homeostasis, and pigmentation-related pathways remain speculative and
are inferred solely from existing evidence [24-32].

Peptides represent another frequently studied class of dermocosmetic ingredients, with
controlled trials demonstrating reductions in wrinkle depth and improvements in skin firm-
ness associated with both signal peptides and neurotransmitter-inhibiting peptides [33-35].
In the present study, reductions in wrinkle-related instrumental parameters (SEw) and
improvements in surface regularity were observed over the 90-day period. While these
findings are consistent with peptide-related outcomes reported in the literature, the current
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design does not allow attribution of these changes to peptide-specific effects, nor does it
provide direct evidence of dermal remodeling or neuromuscular modulation.

Bakuchiol has been proposed as a retinol-like compound with improved tolerability,
and comparative clinical studies have demonstrated reductions in wrinkles and hyper-
pigmentation comparable to retinol, with fewer adverse effects [10,36-38]. In the present
study, the favorable tolerability profile and absence of clinically relevant irritation are
consistent with these reports. Improvements in wrinkle-related and texture parameters
observed instrumentally further align with previously described clinical outcomes of
bakuchiol-containing formulations. Nevertheless, although literature suggests effects on
gene expression related to collagen synthesis and extracellular matrix regulation [38—40],
such mechanisms were not directly assessed and should therefore be interpreted cautiously.
Accordingly, the ingredient-specific literature discussed above is included only to contex-
tualize the multimodal formulation and should not be interpreted as evidence that any
individual ingredient was responsible for the observed changes.

Thermal mineral waters are commonly incorporated into dermocosmetic formulations,
yet objective instrumental data supporting their long-term effects on skin surface param-
eters remain limited. Prolom thermal water is characterized by its sodium-bicarbonate
composition, alkalinity, and metasilicic acid content. In the present study, its use as a
formulation component coincided with consistent temporal improvements across multiple
surface parameters; however, the study design does not allow isolation of the specific
contribution of the thermal water component relative to other formulation ingredients. The
observed changes likely reflect the combined effect of the multimodal regimen rather than
the action of a single constituent.

The improvement observed in Skindex-16 scores across all domains suggests that the
objective skin surface changes detected instrumentally were accompanied by perceived
benefits in dermatology-related quality of life [41,42]. In the present study, reductions
in Symptoms, Emotions, and Functioning scores over time indicate decreased subjective
burden of skin condition, consistent with previous reports linking cosmetic improvement
to psychosocial well-being.

Overall, the present study highlights the utility of integrating non-invasive imaging
technologies with patient-reported outcome measures in the longitudinal evaluation of der-
mocosmetic regimens. By combining objective assessment of skin microrelief and texture
with validated quality-of-life instruments, the study provides a comprehensive character-
ization of skin surface dynamics during dermocosmetic use. Further controlled studies
incorporating comparator groups, broader populations, and complementary biological
assessments are required to clarify causal relationships and underlying mechanisms.

5. Limitations

Several limitations should be acknowledged. First, this was a prospective single-arm
observational study without a placebo or comparator group, randomization, or blinding.
Therefore, the observed temporal changes cannot be interpreted as definitive evidence
of efficacy or causally attributed to the tested regimen. Changes over time may have
been influenced by spontaneous variation, regression to the mean, improved skincare
adherence, participant expectation effects, or increased attention to facial care during
study participation. In addition, instrumental assessments were not performed under
blinded conditions. Although imaging was conducted by the same trained examiner using
standardized acquisition procedures, observer expectation bias cannot be excluded.

Second, daytime photoprotection with SPF 50 sunscreen was recommended because
the study was conducted between May and October, a period associated with increased
ultraviolet exposure. Although this recommendation was ethically appropriate, sunscreen
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use represents an important confounding factor. Regular photoprotection alone may
improve or stabilize visible features of photoaging, including skin texture, microrelief-
related features, erythema, and wrinkle appearance. Because no sunscreen-only comparator
group was included, the independent contribution of the tested dermocosmetic regimen
cannot be separated from the potential effects of photoprotection, seasonal variation, or
ultraviolet exposure. Moreover, changes in ambient temperature, humidity, and cumulative
ultraviolet exposure during the study period may have independently influenced skin
surface characteristics despite standardized conditions at scheduled visits.

Third, adherence was assessed through verbal inquiry, participant product-use di-
aries, and monitoring of returned products and product consumption. However, no
electronic monitoring, biomarker-based verification, or other objective adherence mea-
sure was available. Fourth, the study included only female participants, predominantly
with Fitzpatrick skin phototypes II and III, and ethnicity was not systematically assessed.
Menopausal status, hormonal therapy, and remote history of cosmetic procedures were also
not systematically recorded. These factors limit generalizability and leave the possibility
of residual confounding related to hormonal status, previous aesthetic interventions, and
other participant-specific variables.

Fifth, although the study was financially supported by Planinka d.o.o., Prolom Banja,
Serbia, the sponsor had no role in study design, participant recruitment, data collection,
analysis, interpretation, manuscript preparation, or the decision to submit the manuscript.
Nevertheless, sponsor involvement may be perceived as a potential conflict of interest and
should be considered when interpreting the findings. Finally, no biochemical, histological,
molecular, hydration, transepidermal water-loss, or barrier-function assessments were
performed. Therefore, proposed mechanisms remain inferential and based on the previous
literature rather than on direct evidence from this study. In addition, although imaging was
performed by the same trained examiner under standardized acquisition conditions, formal
intra-observer reproducibility testing, test—retest repeatability assessment, and continuous
environmental logging were not conducted. Therefore, residual measurement variability
cannot be fully excluded. Because the regimen contained multiple active ingredients, the
design also does not allow attribution of observed changes to any individual component,
including Prolom thermal water. Further randomized, blinded, controlled studies involving
broader populations, standardized photoprotection protocols, and comparator arms such
as sunscreen alone or formulations lacking selected active ingredients are needed.

6. Conclusions

In this prospective single-arm observational study, a standardized 90-day dermocos-
metic regimen was associated with measurable temporal changes in Visioscan®-derived
skin surface parameters and participant-reported outcomes. Objective imaging demon-
strated longitudinal modulation of skin microrelief and texture-related indices, while
subjective assessments suggested reduced dermatology-related burden and good tolera-
bility. However, the absence of a control group, concurrent photoprotection, and other
potential confounding factors preclude causal interpretation and do not permit attribu-
tion of observed changes to individual regimen components. These findings should
therefore be regarded as exploratory and hypothesis-generating, providing a rationale
for randomized, blinded, comparator-controlled studies using validated clinical and
instrumental endpoints.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cosmetics13040176/s1, Table S1: Median (IQR) values of subject-
level Visioscan® parameters across scheduled study visits; Table S2: Post hoc pairwise comparisons
for objective Visioscan® parameters across scheduled study visits.

https://doi.org/10.3390/ cosmetics13040176


https://www.mdpi.com/article/10.3390/cosmetics13040176/s1
https://www.mdpi.com/article/10.3390/cosmetics13040176/s1
https://doi.org/10.3390/cosmetics13040176

Cosmetics 2026, 13,176 13 of 15

Author Contributions: Conceptualization, Z.G., B.S., N.M., N.D. and L.B. (Ivana Bini¢); Methodology,
N.M. and N.D.; Software, N.M., M.G. and I.B. (Iva Binic); Validation, Z.G., N.M., I.B. (Iva Binic) and
I.B. (Ivana Bini¢); Formal analysis, N.M. and N.D.; Investigation, N.M., N.D., M.R,, M.G. and L.B. (Iva
Binic); Resources, N.M., N.D., M.R. and M.G,; Data curation, N.M. and M.R.; Writing—original draft,
N.M. and N.D.; Writing—review & editing, Z.G., B.S., M.G., LB. (Iva Binic) and I.B. (Ivana Bini¢);
Visualization, N.M.; Supervision, Z.G., B.S. and I.B. (Ivana Bini¢); Project administration, Z.G., B.S.
and L.B. (Ivana Bini¢); Funding acquisition, Z.G., B.S. and I.B. (Ivana Bini¢). All authors have read
and agreed to the published version of the manuscript.

Funding: This research, including publication-related costs, was funded by Planinka d.o.o0., Prolom
Banja, Serbia.

Institutional Review Board Statement: The study adhered to the ethical principles of the Declaration
of Helsinki and the regulatory standards of Good Clinical Practice (GCP). Ethical approval was
obtained from: Ethics Committee of the University Clinical Centre of Vojvodina, Clinic of Derma-
tovenereology (Approval No. 00-156/2025 date: 21 March 2025), Ethics Committee of the Faculty of
Medicine, University of Ni$ (Approval No. 12-3102-1/2-6 date: 3 April 2025). All participants were
thoroughly informed about the study aims, procedures, potential risks, and benefits, after which they
provided written informed consent. Participation was voluntary and participants had the right to
withdraw from the study at any time. All collected data were anonymized and stored securely.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent for publication of the potentially identifiable clinical images presented in
Figure 1 was obtained from the participant depicted.

Data Availability Statement: The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly available due to privacy or
ethical restrictions.

Acknowledgments: During the preparation of this manuscript, the authors used ChatGPT (GPT-5.5
Thinking model; OpenAl, San Francisco, CA, USA; accessed July 2026) for language editing, grammar,
sentence structure, and readability. The authors reviewed and edited the output and take full
responsibility for the content of this publication.

Conflicts of Interest: This study was financially supported by Planinka d.o.o., Prolom Banja, Serbia.
The sponsor had no role in study design, participant recruitment, data collection, data analysis,
interpretation of the results, manuscript preparation, or the decision to submit the manuscript for
publication. The authors had full access to the study data and take full responsibility for the integrity
of the data and the accuracy of the analysis. None of the authors is employed by Planinka d.o.o.
or Prolom Banja, and none has received personal fees, honoraria, consultancy payments, speaker
fees, travel support, stock ownership, intellectual property rights, or other personal financial benefits
from Planinka d.o.o. or Prolom Banja. The authors declare that they have no personal, professional,
institutional, or financial relationships with the sponsor that could have influenced the conduct,
analysis, or interpretation of the study.

References

1. Naharro-Rodriguez, J.; Bacci, S.; Hernandez-Bule, M.L.; Perez-Gonzalez, A.; Fernandez-Guarino, M. Decoding skin aging: A
review of mechanisms, markers, and modern therapies. Cosmetics 2025, 12, 144. [CrossRef]

2. Liu, E; Xue, Z,; Li, Y,; Liao, Y. Photoaging decoded: Extracellular matrix alterations and mechanisms via mitogen-activated
protein kinase/matrix metalloproteinase, transforming growth factor-f pathways, and glycosaminoglycan metabolism. Tissue
Eng. Part B Rev. 2025, 31, 479-491. [PubMed]

3. Shin, S.H.; Lee, Y.H.; Rho, N.K; Park, K.Y. Skin aging from mechanisms to interventions: Focusing on dermal aging. Front.
Physiol. 2023, 14, 1195272. [CrossRef] [PubMed]

4. Chyliniska, N.; Maciejezyk, M. Hyaluronic acid and skin: Its role in aging and wound-healing processes. Gels 2025, 11, 281.
[CrossRef] [PubMed]

5. Sinova, R.; Pavlik, V.; Ondrej, M.; Velebny, V.; Nesporova, K. Hyaluronan: A key player or just a bystander in skin photoaging?

Exp. Dermatol. 2022, 31, 442-458. [PubMed]

https://doi.org/10.3390/ cosmetics13040176


https://doi.org/10.3390/cosmetics12040144
https://www.ncbi.nlm.nih.gov/pubmed/39656105
https://doi.org/10.3389/fphys.2023.1195272
https://www.ncbi.nlm.nih.gov/pubmed/37234413
https://doi.org/10.3390/gels11040281
https://www.ncbi.nlm.nih.gov/pubmed/40277717
https://www.ncbi.nlm.nih.gov/pubmed/34726319
https://doi.org/10.3390/cosmetics13040176

Cosmetics 2026, 13,176 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Camillo, L.; Zavattaro, E.; Savoia, P. Nicotinamide: A multifaceted molecule in skin health and beyond. Medicina 2025, 61, 254.
[CrossRef] [PubMed]

Zatecki, P; Jezusek, J.; Nowicka, D. Topical niacinamide in daily skincare: A 3-week real-world cosmetic study. Appl. Sci. 2025, 15,
9729. [CrossRef]

Pintea, A.; Manea, A ; Pintea, C.; Vlad, R.A.; Birsan, M.; Antonoaea, P.; Rédai, E.M.; Ciurba, A. Peptides: Emerging candidates for
the prevention and treatment of skin senescence: A review. Biomolecules 2025, 15, 88. [CrossRef] [PubMed]

Aruan, R.R.; Hutabarat, H.; Widodo, A.A.; Firdiyono, M.T.; Wirawanty, C.; Fransiska, L. Double-blind, randomized trial on the
effectiveness of Acetylhexapeptide-3 cream and Palmitoyl Pentapeptide-4 cream for crow’s feet. J. Clin. Aesthetic Dermatol. 2023,
16, 37-43.

Shi, X.; Wang, Y.; Zhang, H.; Zhang, T. Prospective, Randomized, Double-Blind Assessment of Supramolecular Bakuchiol and
Terminalia Chebula Extract for Facial Photoaging in Chinese Sensitive Skin Population. Health Sci. Rep. 2025, 8, €71629. [CrossRef]
[PubMed]

Golusin, Z.; Jovanovi¢, M.; Jeremi¢, B.; Joli¢, S. Balneotherapy of psoriasis. Serbian |. Dermatol. Venereol. 2014, 6, 105-112.
[CrossRef]

Maletin, N.; Spasi¢, B.; Golusin, Z.; Bini¢, I.; Nisavi¢, M.; Randelovi¢, M.; Golubovi¢, M.; Borocki, S.; Marin, L.; Bini¢, L; et al.
Evaluation of a 10% urea lotion for xerosis: Clinical and patient-reported outcomes from a prospective study. J. Cosmet. Dermatol.
2026, 25, €70801. [CrossRef] [PubMed]

Rigoni, C.; Cantt, A.M.; Annunziata, M.C.; Bordin, C.; Farina, S.; Forgione, P; Foti, C.; Lorenzi, S.; Negosanti, F,; Pratico, M.; et al.
Clinical and instrumental evaluation of the anti-aging effectiveness of a hyaluronic acid-based cream and a hyaluronic acid plus
vitamin C cream: A randomized study on 91 subjects. Cosmetics 2025, 12, 177. [CrossRef]

Bravo, B.; Correia, P.; Gongalves Junior, J.E.; Sant’Anna, B.; Kerob, D. Benefits of topical hyaluronic acid for skin quality and signs
of skin aging: From literature review to clinical evidence. Dermatol. Ther. 2022, 35, €15903. [CrossRef] [PubMed]

Zanchetta, C.; Scandolera, A.; Reynaud, R. Hyaluronic Acid in Topical Applications: The Various Forms and Biological Effects of
a Hero Molecule in the Cosmetics Industry. Biomolecules 2025, 15, 1656. [CrossRef] [PubMed]

Shang, L.; Li, M.; Xu, A.; Zhuo, F. Recent applications and molecular mechanisms of hyaluronic acid in skin aging and wound
healing. Med. Nov. Technol. Devices 2024, 23, 100320. [CrossRef]

Juncan, A.M.; Moisa, D.G.; Santini, A.; Morgovan, C.; Rus, L.L.; Vonica-Tincu, A.L.; Loghin, F. Advantages of hyaluronic acid and
its combination with other bioactive ingredients in cosmeceuticals. Molecules 2021, 26, 4429. [CrossRef] [PubMed]

Nobile, V.; Roveda, G.; Sparta, E.; Tursi, F. Oral intake and topical application of hyaluronic acid ameliorates skin aging signs:
Efficacy results of a placebo-controlled in&out trial. Cosmetics 2025, 12, 52. [CrossRef]

Lain, E.; Mariwalla, K.; Zeichner, J.; Kirchner, F.; Ruvolo, E.; Draelos, Z.D. Clinical evaluation of next-generation, multi-weight
hyaluronic acid plus antioxidant complex-based topical formulations with targeted delivery to enhance skin rejuvenation. J. Clin.
Aesthetic Dermatol. 2024, 17, 12.

Stettler, H.; Crowther, J.; Boxshall, A.; Bielfeldt, S.; Lu, B.; de Salvo, R.; Trapp, S.; Blenkiron, P. Biophysical and subject-based
assessment of the effects of topical moisturizer usage on xerotic Skin—Part II: Visioscan® VC 20plus imaging. Cosmetics 2021, 9, 5.
[CrossRef]

Marques, C.; Hadjab, F.; Porcello, A.; Lourenco, K.; Scaletta, C.; Abdel-Sayed, P.; Hirt-Burri, N.; Applegate, L.A.; Laurent, A.
Mechanistic insights into niacinamide’s multifunctional roles. Antioxidants 2024, 13, 425. [CrossRef] [PubMed]

Rusic, D.; Ivic, M,; Slugan, A.; Leskur, D.; Modun, D.; Durdov, T.; Vukovic, D.; Bukic, J.; Bozic, J.; Seselja Perisin, A. Pilot study
on the effects of a cosmetic serum containing niacinamide, postbiotics and peptides on facial skin in healthy participants: A
randomized controlled trial. Life 2024, 14, 1677. [CrossRef] [PubMed]

Draelos, Z.; Bogdanowicz, P.; Saurat, J.H. Top weapons in skin aging and actives to target the consequences of skin cell senescence.
J. Eur. Acad. Dermatol. Venereol. 2024, 38, 15-22. [CrossRef] [PubMed]

Boo, Y.C. Mechanistic basis and clinical evidence for nicotinamide in controlling skin aging and pigmentation. Antioxidants 2021,
10, 1315. [CrossRef] [PubMed]

Juncan, A.M.; Morgovan, C.; Rus, L.L.; Loghin, F. Development and evaluation of a novel anti-ageing cream based on hyaluronic
acid and other innovative cosmetic actives. Polymers 2023, 15, 4134. [CrossRef] [PubMed]

Ong, R.R.; Goh, C.F. Niacinamide: A review on dermal delivery strategies and clinical evidence. Drug Deliv. Transl. Res. 2024, 14,
3512-3548. [CrossRef] [PubMed]

Bogdanowicz, P.; Bensadoun, P.; Noizet, M.; Béganton, B.; Philippe, A.; Alvarez-Georges, S.; Doat, G.; Tourette, A.; Bessou-Touya,
S.; Lemaitre, ].M.; et al. Senomorphic activity of a combination of niacinamide and hyaluronic acid: Correlation with clinical
improvement of skin aging. Sci. Rep. 2024, 14, 16321. [CrossRef] [PubMed]

Vergilio, M.M.; Leonardi, G.R. Topical Formulation with Niacinamide Combined with 5 MHz Ultrasound for Improving Skin
Ageing: A Double-blind, Randomised, Placebo-controlled Clinical Study. Curr. Med. Chem. 2025, 32, 4556—4568. [CrossRef]
[PubMed]

https://doi.org/10.3390/cosmetics13040176


https://doi.org/10.3390/medicina61020254
https://www.ncbi.nlm.nih.gov/pubmed/40005371
https://doi.org/10.3390/app15179729
https://doi.org/10.3390/biom15010088
https://www.ncbi.nlm.nih.gov/pubmed/39858482
https://doi.org/10.1002/hsr2.71629
https://www.ncbi.nlm.nih.gov/pubmed/41424674
https://doi.org/10.2478/sjdv-2014-0009
https://doi.org/10.1111/jocd.70801
https://www.ncbi.nlm.nih.gov/pubmed/41807289
https://doi.org/10.3390/cosmetics12040177
https://doi.org/10.1111/dth.15903
https://www.ncbi.nlm.nih.gov/pubmed/36200921
https://doi.org/10.3390/biom15121656
https://www.ncbi.nlm.nih.gov/pubmed/41463312
https://doi.org/10.1016/j.medntd.2024.100320
https://doi.org/10.3390/molecules26154429
https://www.ncbi.nlm.nih.gov/pubmed/34361586
https://doi.org/10.3390/cosmetics12020052
https://doi.org/10.3390/cosmetics9010005
https://doi.org/10.3390/antiox13040425
https://www.ncbi.nlm.nih.gov/pubmed/39456453
https://doi.org/10.3390/life14121677
https://www.ncbi.nlm.nih.gov/pubmed/39768384
https://doi.org/10.1111/jdv.19648
https://www.ncbi.nlm.nih.gov/pubmed/38881445
https://doi.org/10.3390/antiox10081315
https://www.ncbi.nlm.nih.gov/pubmed/34439563
https://doi.org/10.3390/polym15204134
https://www.ncbi.nlm.nih.gov/pubmed/37896378
https://doi.org/10.1007/s13346-024-01593-y
https://www.ncbi.nlm.nih.gov/pubmed/38722460
https://doi.org/10.1038/s41598-024-66624-7
https://www.ncbi.nlm.nih.gov/pubmed/39009698
https://doi.org/10.2174/0109298673325125240813075250
https://www.ncbi.nlm.nih.gov/pubmed/39171587
https://doi.org/10.3390/cosmetics13040176

Cosmetics 2026, 13,176 15 of 15

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

Hamie, H.; Yassine, R.; Shoukfeh, R.; Turk, D.; Huq, F.; Moossavi, M. A review of the efficacy of popular eye cream ingredients.
Int. J. Women’s Dermatol. 2024, 10, e156. [CrossRef]

Mijaljica, D.; Townley, J.P.; Hondros, A.; Hewson, C.; Harrison, I.P,; Spada, F. Considering phytosphingosine-based ceramide
formulations for atopic skin care. Dermato 2024, 4, 5-22. [CrossRef]

Sjoberg, T.; Fsahaye, A.; Nilsson, E.]J.; Letasiova, S.; Namro, I.; Visdal-Johnsen, L.; Hrapovic, N.; Smiljanic, S.; Osterlund, C.;
Engblom, ].; et al. Niacinamide and its impact on stratum corneum hydration and structure. Sci. Rep. 2025, 15, 4953. [CrossRef]
[PubMed]

Hakozaki, T.; Laughlin, T.; Zhao, W.; Deng, G.; Wang, J.; Moulton, L. Synergistic effects of niacinamide and low pH on melanin
synthesis, melanocyte function and hyperpigmentation: In vitro and clinical insights. Int. J. Cosmet. Sci. 2026, 48, 445-455.
[PubMed]

Nguyen, T.T.M,; Yi, E.J,; Jin, X.; Zheng, Q.; Park, S.J.; Yi, G.S.; Yang, S.J.; Yi, T.H. Sustainable wrinkle reduction with non-invasive
peptides. Cosmetics 2024, 11, 118. [CrossRef]

Erat, A.; Addor, G. Advancements in cosmetic science: Ingredients and technologies. Cosmetics 2025, 12, 202. [CrossRef]
Mortazavi, S.M.; Vadoud, S.A.; Moghimi, H.R. Topically applied GHK as an anti-wrinkle peptide: Advantages, problems and
prospective. Biolmpacts BI 2024, 15, 30071. [CrossRef] [PubMed]

Bluemke, A.; Ring, A.P,; Immeyer, J.; Hoff, A; Eisenberg, T.; Gerwat, W.; Meyer, E; Breitkreutz, S.; Klinger, L.M.; Brandner, ].M.;
et al. Multidirectional activity of bakuchiol against cellular mechanisms of facial ageing. Int. . Cosmet. Sci. 2022, 44, 377-393.
[CrossRef] [PubMed]

Puyana, C.; Chandan, N.; Tsoukas, M. Applications of bakuchiol in dermatology: Systematic review of the literature. J. Cosmet.
Dermatol. 2022, 21, 6636—6643. [CrossRef] [PubMed]

Budzianowska, A.; Bana$, K.; Budzianowski, J.; Kikowska, M. Antioxidants to defend healthy and youthful skin-current trends
and future directions in cosmetology. Appl. Sci. 2025, 15, 2571. [CrossRef]

Nizam, N.N.; Mahmud, S.; Ark, SM.A.; Kamruzzaman, M.; Hasan, M.K. Bakuchiol, a natural constituent and its pharmacological
benefits. F1000Research 2023, 12, 29. [CrossRef] [PubMed]

Lau, M.; Mineroff Gollogly, J.; Wang, ].Y.; Jagdeo, J. Cosmeceuticals for antiaging: A systematic review of safety and efficacy. Arch.
Dermatol. Res. 2024, 316, 173. [CrossRef] [PubMed]

Szabo, A.; Brodszky, V.; Rencz, F. Comparative measurement properties of the DLQI, DLQI-Relevant, and Skindex-16. Br. J.
Dermatol. 2022, 186, 485-495. [PubMed]

Shields, A.; Chen, S.C.; Kaur, M.N.; Rowen, D.; Layton, A.; Thiboutot, D.; Tan, J.; Barbieri, J.S. Evaluation of the measurement
properties and validation of the Skindex-16 among patients with acne. J. Am. Acad. Dermatol. 2024, 91, 144-146. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ cosmetics13040176


https://doi.org/10.1097/jw9.0000000000000156
https://doi.org/10.3390/dermato4010002
https://doi.org/10.1038/s41598-025-88899-0
https://www.ncbi.nlm.nih.gov/pubmed/39929949
https://www.ncbi.nlm.nih.gov/pubmed/41319172
https://doi.org/10.3390/cosmetics11040118
https://doi.org/10.3390/cosmetics12050202
https://doi.org/10.34172/bi.30071
https://www.ncbi.nlm.nih.gov/pubmed/39963574
https://doi.org/10.1111/ics.12784
https://www.ncbi.nlm.nih.gov/pubmed/35514037
https://doi.org/10.1111/jocd.15420
https://www.ncbi.nlm.nih.gov/pubmed/36176207
https://doi.org/10.3390/app15052571
https://doi.org/10.12688/f1000research.129072.2
https://www.ncbi.nlm.nih.gov/pubmed/38021404
https://doi.org/10.1007/s00403-024-02908-2
https://www.ncbi.nlm.nih.gov/pubmed/38758222
https://www.ncbi.nlm.nih.gov/pubmed/34724199
https://doi.org/10.1016/j.jaad.2024.02.057
https://www.ncbi.nlm.nih.gov/pubmed/38513829
https://doi.org/10.3390/cosmetics13040176

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Dermocosmetic Regimen 
	Application Protocol and Standardization 
	Measurement Conditions and Imaging Protocol 
	Objective Skin Surface Analysis 
	Subjective Outcome Measures 
	Ethical Considerations 
	Statistical Analysis 
	Use of Generative Artificial Intelligence 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

