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ABSTRACT
Background: Targeted precision cryotherapy has emerged as a novel approach in aesthetic dermatology, ofering enhanced
precision and safety during procedures. This study evaluated the efcacy and safety of a poly-D,L-lactic acid–hyaluronic acid
(PDLLA–HA) hybrid fller administered using a TargetCool device to improve facial skin quality.
Materials andMethods: A prospective controlled study was conducted in 20 Korean women with melasma, hyperpigmentation,
or dark spots. One hemiface was treated with PDLLA–HA using a precision cryotherapy device, while the contralateral side
received the same formulation via a microneedle roller. Skin parameters, including melanin content, dermal density, pore volume,
pore density, pore count, and redness, were assessed at baseline, during treatment, and 1month after the fnal session. Visual
grading, patient-reported outcomes, and safety evaluations were also performed.
Results: Cryotherapy-assisted delivery demonstrated signifcantly greater improvements than microneedling in melanin re-
duction (31.28% vs. 23.40%), dermal density (30.07% vs. 17.37%), and pore-related parameters, including volume (53.43% vs.
33.61%) and density (57.80% vs. 21.62%). Redness was signifcantly reduced on the cryotherapy-treated side. Participant satisfaction
was high, with consistent improvements in skin texture and overall appearance. No adverse events were observed.
Conclusion: Precision cryotherapy-assisted delivery of PDLLAþHA provides superior efcacy and favorable safety compared
with conventional application methods. This approach may enhance transdermal delivery while minimizing tissue trauma,
representing a promising strategy for advanced aesthetic dermatologic treatments.

1 | Introduction

The desire for improved facial aesthetics has driven the devel-
opment of advanced technologies and materials to address
pigmentation, skin texture, and age-related changes. Poly-D,L-
lactic acid (PDLLA) is a biocompatible, biodegradable bio-
stimulatory polymer that induces neocollagenesis and dermal

remodeling, while noncrosslinked hyaluronic acid (HA) provides
immediate hydration and viscoelastic support. PDLLA-HA hy-
brid formulations have therefore been used as “skin boosters” to
improve overall skin quality (e.g., pigmentation, pores, fne lines,
and dermal density) through a combination of early HA efects
and gradual PDLLA-driven biostimulation [1, 2]. Notably,
PDLLA (a racemic D/L polymer) is distinct from poly-L-lactic
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acid (PLLA); thus, evidence derived from PLLA-only products
should not be directly extrapolated to PDLLA-based
formulations.

Cryotherapy, particularly targeted precision cryotherapy, has
emerged as a promising modality for aesthetic and medical
dermatology. Devices such as the TargetCool system enable the
controlled delivery of cryogenic cooling, providing benefts such
as reduced infammation, precise targeting, and minimized
discomfort during procedures [3]. In recent years, cryotherapy
has been increasingly applied to infammatory and sebaceous
gland–related skin disorders. Clinical and experimental studies
have demonstrated its therapeutic potential in conditions such as
hidradenitis suppurativa and acne by inducing selective cryolysis
of sebaceous glands and modulating infammatory pathways
[4, 5]. Studies have demonstrated that cryotherapy-based treat-
ments can efectively reduce pigmentation in benign pigmented
lesions and hyperpigmented skin by modulating melanogenesis
and enhancing skin rejuvenation [6, 7].

The combination of PDLLA–HA nano-complex with targeted
precision cryotherapy represents a promising combination
strategy, in which localized cooling enhances patient comfort
and may enhance intradermal delivery and biological activity of
PDLLA–HA. Although previous studies have established the
efectiveness of PDLLA–HA in addressing pigmentation and
dermal quality [1, 2], limited data are available regarding its
delivery using targeted cryotherapy.

This study aimed to evaluate the efcacy and safety of the
PDLLA-HA nano-complex administered using the TargetCool
device for improving facial skin quality. The primary endpoints
included improvements inmelanin content, dermal density, pore
characteristics, and redness as well as subjective satisfaction and
safety outcomes.

2 | Materials and Methods

This study was conducted in accordance with the Declaration of
Helsinki. The study protocol, informed consent forms, and all
relevant study documents were reviewed and approved by the
Institutional Review Board of the Human Clinical Research
Center (IRB No. HM-IRB-P24-0362). Written informed consent
for participation and publication of identifable images and
clinical information was obtained from all participants prior to
study enrolment.

We recruited 20 healthy adult women seeking cosmetic im-
provements in facial melasma, hyperpigmentation, dark spots, or
dark skin tones. The exclusion criteria were pregnancy, breast-
feeding, or planning to conceive during the study. Patients with
psychiatric disorders, infectious skin diseases, or skin hyper-
sensitivity were excluded from the study. Participants currently
using topical steroids for more than 1month to treat dermato-
logical conditions or who had skin abnormalities at the test site,
such as moles, acne, erythema, or telangiectasia, were excluded.
Individuals who had used cosmetics or pharmaceuticals with
similar claims on the test site within the past 3 months or had
undergone dermatological treatments or cosmetic procedures,
such as liposuction, laser therapy, ultrasound fat reduction, or
other skincare treatments, on the test site within the past 6
months were also excluded. Employees of the sponsoring

company and those deemed unsuitable by the principal in-
vestigator for any other reason were excluded.

2.1 | Treatment Protocols

In this study, each participant’s face was divided longitudinally
into two hemifaces. One side was assigned to the experimental
group, in which 1mL of a PDLLA–HA formulation containing
PDLLA 42.5 mg and HA 7.5mg (Juvelook Shine, VAIM Global,
Korea) was administered using the boosting mode of the Tar-
getCool device for 1 min. Juvelook Shine represents
a PDLLA–HA–based skin biostimulator protocol aimed at im-
proving skin tone, elasticity, and texture rather than structural
volumization. The Boosting mode of the TargetCool device
converts the liquid PDLLA–HA liquid formulation into micro-
sized ice particles and delivers the agent into the superfcial
dermis (approximately 0.3 mm in depth) via a high-velocity
supersonic CO2 jet, thereby facilitating transdermal penetra-
tion and uniform difusion into the surrounding tissue [8]. The
velocity of the cryogenic jet produced by TargetCool ranged from
Mach 1 to 5, varying with the CO2 phase (i.e., gas or dry ice). The
jet temperature was regulated to maintain the target surface at
approximately 5°C. The contralateral hemiface served as the
control side, where an equal volume (1mL) of the same
PDLLA–HA formulation was administered using a manual
microneedle roller (needle length: 0.5 mm). To ensure pro-
cedural standardization, microneedling was performed by
a single trained operator using consistent application pressure
and multiple passes in horizontal, vertical, and diagonal di-
rections until uniform coverage of the treatment area was
achieved. For both sides, the PDLLA–HA formulation was
reconstituted in 10mL of normal saline and vortexed for 2 h prior
to administration and prepared under controlled conditions
using a standardized protocol to ensure consistency in formu-
lation and administration across all treatment sessions. Five
treatment sessions were performed at 2-week intervals (Weeks 0,
2, 4, 6, and 8), with a fnal follow-up evaluation conducted at
Week 12 (1 month after the ffth session). A biweekly (every 2-
week) interval was selected to allow resolution of procedure-
related erythema/edema and to align with prior PDLLA microjet
skin-quality protocols that were administered twice monthly for
a total of fve sessions [9]. Five sessions were chosen to maximize
cumulative remodeling efects within a pragmatic clinic-based
protocol and to remain consistent with the broader literature on
PDLLA-based skin quality/acne-scar treatments that use re-
peated treatments over several months [9, 10].

2.2 | Assessment

All follow-up measurements (after the frst session; before the
second, third, fourth, and ffth sessions; and 1month after the
ffth session) were statistically compared with baseline values.
The DUB SkinScanner (tpm taberna pro medicum GmbH,
Germany) was used to measure and compare skin density in the
cheek region. Additionally, the Antera 3D (Miravex Ltd., Ireland)
system was employed to analyze the following parameters in the
same area: total pore volume (mm3), mean pore area (mm2), pore
density (pores/cm2), pore count, maximum pore depth (mm),
and average redness (redness index). Facial images were cap-
tured using the DermaVision (Opto Biomed Co. Ltd., Republic of
Korea). The cross-polarization imaging mode was used to obtain
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frontal facial images, and specialized software was employed to
analyze the melanin content (%) in the cheek region.

For visual assessment of efcacy, the whitening grades of both
cheeks were assessed and compared at baseline using a 10-
point visual grading scale ranging from 0 (very bright and
clear) to 9 (very dark and dull). The pore grades for both
cheeks were assessed based on a previously described grading
system [11]. The redness grades for both cheeks were observed
and scored using the Clinician Erythema Assessment (CEA)
scale [12].

The participants subjectively evaluated the survey items provided
by the client. The evaluation was conducted using a six-point
scale (1 = strongly disagree, 2 = disagree, 3 = somewhat disagree,
4 = somewhat agree, 5 = agree, and 6 = strongly agree), with
responses in the 4–6 range considered positive. During the test
period, the physician monitored the patient for adverse skin
reactions and use of concomitant medications that could afect
the test results.

2.3 | Statistical Analysis

Statistical analyses were performed using SPSS Statistics 26
(IBM Corp., Armonk, NY, USA). Continuous outcomes are
presented as mean � SD. Normality was assessed using the
Shapiro–Wilk test. For repeated-measures outcomes, a linear
mixed-efects model (LMM; random intercept for participant;
fxed efects for treatment side, visit, and their interaction)
was used as the primary analytic approach to account for
within-subject correlation and to allow unbiased estimation
under missing-at-random assumptions. When model as-
sumptions were not met, nonparametric repeated-measures
tests (Friedman) were used as sensitivity analyses. Post hoc
pairwise comparisons were adjusted for multiple testing
using the Bonferroni method. All within-group comparisons
were made versus baseline, and between-group comparisons
were made between hemifaces at the same visit. A two-sided p
value < 0.05 was considered statistically signifcant. Because
minimal clinically important diference (MCID) thresholds
were not prospectively defned, clinical interpretability was
contextualized using distribution-based efect size in-
terpretation supported by literature on instrumental endpoint
validity.

3 | Results

All 20 enrolled Korean women with an average age of 50.25 years
(�8.49) successfully completed the entire study protocol and
attended all follow-up visits. The distribution of skin types among
the participants was as follows: 15 had dry skin, four had normal
skin, and one had combination skin. All within-group com-
parisons were performed versus baseline, and between-group
comparisons were conducted between hemifaces at identical
time points. Detailed repeated-measures mean� SD values for
all instrumental parameters are provided in Supporting Table S1.

3.1 | Assessment of Melanin Content Using
Imaging System

In the experimental group, melanin color (%) signifcantly de-
creased before the third (p = 0.027), fourth (p = 0.038), and ffth
sessions (p = 0.030), and 1month after the ffth session
(p = 0.017). The improvement rates were 16.86% before the third
session, 27.68% before the ffth session, and 31.28% 1month after
the ffth session. In the control group, a signifcant reduction in
melanin color (%) was observed only 1 month after the ffth
session (p < 0.001), with an improvement rate of 23.40%.
Between-group comparisons revealed no signifcant diferences
after the frst session or before the second session. However,
signifcant diferences were observed before the third (p = 0.027),
fourth (p = 0.038), and ffth sessions (p = 0.030), and 1month
after the ffth session (p = 0.017), favoring the experimental
group (Figure 1).

3.2 | Assessment of Dermal Density Using Imaging
System

In the experimental group, skin density revealed no signifcant
change after the frst treatment (p = 0.062), but signifcantly
increased before the second (p < 0.001), third (p < 0.001), fourth
(p < 0.001), and ffth treatments (p < 0.001), and 1month after
the ffth treatment (p < 0.001). The improvement rates in skin
density relative to baseline were 13.42% before the second
treatment, 18.53% before the fourth treatment, and 30.07% 1
month after the ffth treatment. In the control group, the skin
density signifcantly improved after the frst treatment
(p = 0.006) and at all subsequent time points (p < 0.001).
However, the improvement rates were consistently lower than
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FIGURE 1 | Changes in melanin index over time. Melanin index (%) was measured at baseline, before each treatment session (Weeks 2, 4, 6, and 8),
and 1month after the ffth session (Week 12) in the experimental and control hemifaces. ∗p < 0.0083, ∗∗p < 0.05 vs. baseline.
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those in the experimental group, reaching only 17.37% 1month
after the ffth treatment. Between-group comparisons revealed
statistically signifcant diferences in skin density at all time
points (p < 0.001), with the experimental group showing more
improvements, particularly at the later stages (Figure 2).

3.3 | Assessment of Pore Changes (Volume and
Density) Using Imaging System

In the experimental group, both the total pore volume (mm3) and
pore density (ea/cm2) signifcantly decreased at all time points,
including after the frst session (p < 0.001 for volume, p = 0.001
for density), before the second, third, fourth, and ffth sessions,
and 1month after the ffth session (p < 0.05, for all). The im-
provement rates in pore volume were 42.07% before the ffth
session and 53.43% 1month after the ffth session, whereas the
improvement rates in pore density peaked at 57.80% 1month
after the ffth session. In the control group, reductions in pore
volume were signifcant at all time points (p < 0.001), with
a maximum improvement of 33.61% 1month after the ffth
session. However, reductions in pore density were signifcant
only from the third session onward (p < 0.05), with an im-
provement rate of 21.62% 1month after the ffth session.
Between-group comparisons revealed no signifcant diferences
in the pore volume or density before the second or third session.
However, signifcant diferences were observed after the frst
session (p< 0.001, for both), before the fourth and ffth sessions
(p < 0.05), and 1month after the ffth session (p < 0.05), con-
sistently favoring the experimental group (Figures 3(a), 3(b)).

3.4 | Assessment of Redness Using Imaging System

In the experimental group, the average redness signifcantly
decreased after the frst session (p = 0.028), before the second
(p = 0.002), third (p = 0.030), fourth (p = 0.002), and ffth ses-
sions (p = 0.002), and 1month after the ffth session (p = 0.002).
The improvement rates were 6.02%, 7.32%, and 10.85% after the
frst, before the third, and before the ffth sessions, respectively.
In the control group, no signifcant reduction in average redness
was observed, except before the fourth session (p = 0.049), with
minimal improvement rates of 6.34%. Between-group compari-
sons revealed signifcant diferences in the average redness after

the frst session (p = 0.003) and at all subsequent time points
(p < 0.05), favoring the experimental group (Figure 4).

In addition to mean changes, an individual-level responder
analysis was performed using prespecifed MCID thresholds
(melanin reduction ≥ 15% and total pore volume reduction ≥
30% from baseline). The proportion of participants achieving
MCID at each endpoint and visit is summarized in Supporting
Table S2.

3.5 | Visual Assessment (Whitening, Pores, and
Redness Grades)

Representative clinical photographs demonstrating overall skin
quality improvement are presented in Figure 5.

3.5.1 | Whitening Grade

The experimental group demonstrated signifcant improvements
in whitening grade from the second session onward (p < 0.001 at
all time points), with an improvement rate of 39.58% 1month
after the ffth session. The control group also showed a signifcant
improvement (p < 0.001) but with a lower peak improvement
rate of 22.92%. Between-group comparisons revealed signifcant
diferences from the third session onward (p < 0.05), favoring the
experimental group (Figure 6).

3.5.2 | Pore Grade

No signifcant changes in pore grade were observed in the ex-
perimental or control groups at any time point (p > 0.05).
However, signifcant diferences were observed between the
groups before the second and third sessions (p < 0.05), with the
experimental group demonstrating superior outcomes.

3.5.3 | Redness Grade

No signifcant changes in redness grade were observed within the
groups across all time points (p > 0.05). Similarly, no signifcant
diferences were observed between groups throughout the study
(p > 0.05). Figure 5 presents representative images of a study
participant demonstrating skin quality enhancements before and
after treatment. The treated areas exhibit visible improvements,
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FIGURE 2 | Changes in dermal density over time. Dermal density was assessed at baseline, before each treatment session (Weeks 2, 4, 6, and 8), and
1month after the ffth session (Week 12) in the experimental and control hemifaces. ∗p < 0.0083, ∗∗p < 0.05 vs. baseline.
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FIGURE 3 | Changes in pore volume and pore density over time. Total pore volume (mm3) and pore density (ea/cm2) were measured using an
imaging analysis system at baseline, before each treatment session (Weeks 2, 4, 6, and 8), and 1month after the ffth session (Week 12) in the
experimental and control hemifaces. ∗p < 0.0083, ∗∗p < 0.05 vs. baseline. (a) Total pore volume and (b) pore density.
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including enhanced skin tone, increased radiance, and refned
skin texture.

3.6 | Participants’ Survey Results

A survey was conducted to evaluate the efects of the test
products. The percentages of positive responses to each item are
summarized in Table 1.

3.7 | Safety

No cases of allergic or irritant contact dermatitis associated with
the use of the test products were observed during the study
period. A survey of the study participants revealed no adverse

skin reactions, including redness, swelling, itching, pain,
stinging, or other discomfort, at any time point throughout
the study.

4 | Discussion

This study demonstrated that targeted precision cryotherapy
using the TargetCool device combined with PDLLA–HA nano-
complex signifcantly improves facial skin quality, including
melanin content, dermal density, pore parameters, and redness.
These results highlight the synergistic efects of cryotherapy and
PDLLA–HA delivery, ofering a novel, patient-friendly approach
for advanced aesthetic treatments.

(a) (b)

(c) (d)

FIGURE 5 | Clinical improvement following targeted precision cryotherapy with PDLLA-HA. Representative clinical photographs of a study
participant. (a, c) Baseline images prior to treatment. (b, d) Images obtained 1month after the ffth treatment session (Week 12).
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Signifcant improvements in dermal density were observed in
this study, consistent with the biostimulatory efects reported for
PDLLA-based skin boosters and the supportive viscoelastic
properties of noncrosslinked HA [1, 2]. The integration of Tar-
getCool, a transdermal delivery platform, may further enhance
these efects by converting the formulation into micro-
IceNeedles that facilitate penetration and dispersion at con-
trolled superfcial dermal depths. This localized cooling may also
reduce procedure-related infammation, creating a favorable
microenvironment for collagen remodeling [3–5]. Collectively,
these mechanisms may explain the greater improvements in
dermal density and overall skin texture compared with the
microneedle roller control.

Recent advances in transdermal delivery systems have high-
lighted the role of physical enhancement techniques in im-
proving penetration efciency of bioactive compounds [13].
Emerging strategies, including cryogenic-assisted delivery and
hybrid biomaterial platforms, have demonstrated the potential to
facilitate controlled penetration and sustained release within the
dermis. Recent studies have also emphasized the advantages of
hybrid biomaterials, particularly HA–based microneedle sys-
tems, in promoting skin regeneration through combined struc-
tural and biochemical signaling efects [14]. These fndings
support the plausibility of synergistic interactions between
cryotherapy-based delivery and PDLLA–HA biostimulatory
mechanisms.

Prior experimental investigations of cryogenic particle delivery
systems have demonstrated that rapid cryogenic propulsion can
generate micro-ice crystallized structures capable of penetrating
the stratum corneum and reaching the superfcial dermis. Ex vivo
human skin studies using fuorescence-labelled compounds and

histologic staining have confrmed enhanced penetration depth
and dermal distribution without structural tissue disruption,
supporting the proposed transdermal delivery mechanism of
cryo-jet platforms [15].

Although direct histologic confrmation of micro-IceNeedle
deposition was not performed in this clinical study, prior
transdermal cryo-jet delivery investigations suggest that rapid
cryogenic propulsion can facilitate superfcial dermal penetra-
tion. Future mechanistic studies incorporating histologic or
imaging analyses will be valuable to quantify penetration depth
and tissue distribution. Such characterization would allow
comparison with conventional solid microneedle systems, which
have reported dermal penetration depths in the range of ap-
proximately 572–650 μm [14].

A potential mechanistic explanation is a sequential, bi-phasic
efect of the hybrid formulation: noncrosslinked HAmay provide
an immediate hydration and viscoelastic “pulse,” whereas
PDLLA particles degrademore slowly andmay support sustained
fbroblast activity and extracellular matrix remodeling [1, 2]. This
framework is conceptually analogous to recently described bi-
phasic microneedle designs, in which an initial rapidly dissolving
component enables early payload release while a secondary
compartment supports prolonged delivery [16].

Improvements in pore parameters, including volume and den-
sity, further emphasize the efcacy of combining cryotherapy
with PDLLA-HA. Although cryotherapy alone has been shown to
modulate sebaceous gland activity and reduce pore size [3–5], the
addition of PDLLA-HA appears to amplify structural changes in
the dermis, contributing to reduced pore volume and improved
skin smoothness [16, 17].

TABLE 1 | Participants’ survey results on the efects of the test product.

Survey items Positive responses (%)
1. Melasma and pigmentation on the left facial area seem to have improved. 100.00
2. The skin texture of the left facial area seem to have improved. 95.00
3. The pores (volume, area, density, number, depth) on the left facial area seem
to have improved.

100.00

4. Redness of the left facial area seem to have improved. 90.00
5. There was no pain or discomfort during the procedure on the left facial area. 90.00
6. There was no pain or discomfort after the procedure on the left facial area. 90.00
7. The skin elasticity of the left facial area seems to have improved. 100.00
8. Overall, I am highly satisfed with the left facial area. 95.00
9. Melasma and pigmentation on the right facial area seems to have improved. 95.00
10. Skin texture of the right facial area seems to have improved. 100.00
11. Pores (volume, area, density, number, depth) of the right facial area seem to
have improved.

100.00

12. Redness of the right facial area seems to have improved. 95.00
13. There was no pain or discomfort during the procedure on the right facial
area.

90.00

14. There was no pain or discomfort after the procedure on the right facial area. 95.00
15. The skin elasticity of the right facial area seems to have improved. 100.00
16. Overall, I am highly satisfed with the right facial area. 95.00
17. I am willing to recommend cryotherapy treatment to others. 95.00

Note: Positive response were defned as scores of 4 (somewhat agree), 5 (agree), or 6 (strongly agree).
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Although the experimental group demonstrated a signifcant
reduction in redness, the control group exhibited minimal
change. This fnding suggests that the anti-infammatory prop-
erties of cryotherapy play a key role in reducing erythema [18].
Previous studies have highlighted the benefts of cryotherapy in
managing redness and infammation in various dermatological
conditions [19].

Clinical relevance of instrumental improvements also warrants
consideration. Although prespecifed MCID thresholds were not
prospectively defned in this exploratory split-face trial, post-hoc
contextual interpretation suggests meaningful efect sizes. The
melanin index decreased by approximately 31%, representing
a change exceeding 0.5 standard deviations from baseline,
a commonly applied distribution-based MCID surrogate. Ob-
jective melanin metrics have been validated for pigmentation
assessment and are widely used as endpoints in depigmentation
studies [20]. Similarly, total pore volume decreased by more than
50%, and pore volume has been shown to correlate strongly with
visual pore assessment, supporting clinical interpretability be-
yond statistical signifcance [11]. These contextual in-
terpretations are summarized in Supporting Table S2.

The safety profle observed in this study further supports the use
of targeted precision cryotherapy. No adverse skin reactions,
including redness, swelling, or discomfort, were reported. This is
in line with the well-described analgesic and anti-infammatory
efects of local cryotherapy, which can reduce pain and in-
fammatory responses in treated tissues [19]. Compared with
other advanced delivery systems, such as automated micro-
needling pens and laser-assisted drug delivery, cryotherapy-
assisted microjet delivery ofers distinct advantages, including
minimal mechanical disruption, reduced procedural pain, and
simultaneous anti-infammatory efects [3, 21, 22]. While
microneedling devices rely on physical channel formation and
laser-assisted systems depend on thermal ablation, cryogenic jet
delivery may enable more uniform dispersion with reduced
tissue trauma [21, 22]. These characteristics suggest that
cryotherapy-assisted delivery may represent a complementary or
alternative strategy within the spectrum of transdermal en-
hancement technologies.

This study has several limitations. The sample size was modest
and the follow-up period was relatively short. Larger, random-
ized controlled studies with extended follow-up are warranted to
confrm the durability of treatment efects and long-term safety.
Second, this study relied on noninvasive imaging to assess
treatment outcomes and did not include direct histological
evaluation of micro-IceNeedle penetration depth or tissue dis-
tribution. Future studies incorporating ex vivo skin models or
optional research biopsies are warranted to provide mechanistic
validation and further characterize intradermal delivery. Third,
the microneedle roller was selected as an accessible, broadly used
mechanical comparator; however, comparisons with automated
microneedling pens and/or other energy-based delivery plat-
forms would be informative. Finally, patient-centered outcomes
and responder analyses based on prespecifed MCID thresholds
should be incorporated into future trials.

The combination of targeted precision cryotherapy with
PDLLA-HA is a safe and efective method for improving facial
skin quality, particularly the pigmentation, dermal density, pore
parameters, and redness. This innovative approach demonstrates

signifcant advantages over conventional PDLLA-HA application
methods and represents a promising advancement in the feld of
aesthetic dermatology.
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Additional supporting information can be found online in the Supporting
Information section. Supporting Information. Supporting Table S1.
Repeated-measures mean� standard deviation values for instrumental
skin parameters (melanin index, dermal density, total pore volume, and
redness index) at each study visit, including baseline, post–frst session,
before each subsequent session (second–ffth), and 1month after the ffth
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