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Background. Recently, hyaluronic acid dissolving microneedles (HA-DMNs) have been widely used in antiwrinkle research
studies. However, the comparison of HA-DMNs with nonablative fractional laser (NAFL), which is regarded as the gold standard
in the treatment of facial wrinkles, is still lacking.Objective.Te purpose was to compare the therapeutic efects and adverse efects
of HA-DMNs and NAFL on infraorbital wrinkles. Methods. A prospective, randomized, split-face trial was performed with HA-
DMNs on one side and NAFL on the other. Te wrinkle numbers, photo-numeric scores, and VISIA assessment scores were
compared at baseline and 2, 4, 8, and 12weeks post-treatment. Refectance confocal microscopy (RCM) was used to monitor
collagen fbers. Adverse efects and subjects’ satisfaction scores were evaluated using scales. Results. Te fnal analysis included 28
patients. Te wrinkle numbers and photo-numeric scores decreased on both the HA-DMNs side and the NAFL side in week-2, 4,
8, and 12.TeVISIA scores decreased on the HA-DMNs side in week-8 and on the NAFL side in week-2.Tere were no signifcant
diferences in these indexes between the two sides.Te RCM images demonstrated a similar increase in collagen density on the two
sides. Burning, erythema, edema, and crust scores were higher on the NAFL side than on the HA-DMNs side. Tere was no
signifcant diference in the subjects’ satisfaction scores of the two sides. Conclusion. HA-DMNs are efective treatment options for
infraorbital rejuvenation. From the change of wrinkle numbers and scores, HA-DMNs provided comparable efcacy as NAFL in
an observation period of 12weeks. Meanwhile, HA-DMNs ofered a more favorable adverse efect profle than NAFL therapy.
Mild but persistent pain, erythema, and edema during the HA-DMNs therapy are noteworthy and require improvement.

1. Introduction

Skin rejuvenation has been a topic of discussion and of great
interest throughout the world for many years. Facial
wrinkles, especially infraorbital wrinkles, are known as one
of the most prominent features of skin aging. Genetic fac-
tors, ultraviolet exposure, and repeated facial expressions
aggravate the formation of infraorbital wrinkles. With
considerations of aesthetics, there is an increasing demand
for efective, safe, and rapid cosmetic treatments for in-
dividuals with infraorbital wrinkles.

Nonablative fractional laser (NAFL) targets water,
generating microscopic thermal zones in the dermis, which
results in collagen remodeling [1]. As one of the most im-
portant treatments for photoaged skin, it has been widely
used in dermatology and has proven to be efective in im-
proving wrinkles with minimal side efects [2–7]. NAFL
stimulates the production of collagen and elastin without
damaging the superfcial layer of the skin, providing greater
comfort and less downtime compared to ablative fractional
laser [3]. However, NAFL treatment requires sophisticated,
expensive, dedicated instrumentation, and highly
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professional doctors. Dissolving microneedles are micro-
sized needles made of biodegradable polymers, which can
dissolve and release the active ingredients following skin
insertion [8]. Hyaluronic acid is a natural water-soluble
polymer with excellent biocompatibility and is the major
component of the dissolving microneedles [9]. Te use of
hyaluronic acid dissolving microneedles (HA-DMNs) for
the treatment of periorbital wrinkles has surged in the last
few years [10–12]. Tis new approach has become popular
with individuals who live a fast-paced life these days due to
the reduction in pain, home use, and reduced downtime.

None of the previous studies has compared the two
techniques. Te objective of this study was to compare the
therapeutic efcacy and side efects of HA-DMNs and NAFL
on infraorbital wrinkles.

2. Materials and Methods

2.1. Statement of Ethics. Te study protocol was in line with
the Helsinki Declaration of 1975 and approved by the
Shanghai Skin Disease Hospital Research Ethics Committee.
Te trial was registered (NCT04989361) at Clinical-
Trials.gov. Informed consent was given by all patients.

2.2. Patients. Tis prospective, randomized, split-face trial
was carried out in an outpatient clinic at Shanghai Skin
Disease Hospital. Subjects aged 18 to 65 were enrolled.
Exclusion criteria include the following: (i) known allergy to
the substance under test or related ingredients; (ii) women
who are pregnant or breastfeeding; (iii) patients with other
cutaneous conditions likely to infuence the assessment of
the treatment area or have received corticosteroid or retinoic
acid therapy within one month before enrollment; (iv)
enrolled in any clinical trial (as subjects) within one month
before enrollment; and (v) associated with severe systemic or
psychiatric disorders that may interfere with assessment.

2.3. Treatment. Subjects’ bilateral infraorbital regions were
divided into HA-DMNs and NAFL sides by random number
tables. On the HA-DMNs side, the HA-DMNs patches
(consisted of pyramidal microneedles with a height, base,
and tip-to-tip distance of 350 μm, 300∗ 200 μm, and 500 μm,
respectively ,Taizhou Weikai Biotechnology Co., Ltd.) were
applied in three phases. Te frst phase consisted of one
patch per day for 20 days. In the second phase, one patch was
given once every two days for 20 days. In the third phase, one
patch was used every three days, and the duration was
21 days. After routine cleaning, the subjects were instructed
to apply and press the patches in the infraorbital area and
remove them after one hour each time. One session of NAFL
therapy (1565 nm, 200 spots/cm2, 45mJ/cm2, ResurFX,
Lumenis Inc., USA) was conducted on the NAFL side.
Before the treatment, the subjects were topically anes-
thetized using anesthesia cream for one hour. Ten, iodo-
phor and saline are used to disinfect the afected area.
Subjects were informed to avoid water and any cosmetic
products within 24 hours immediately following NAFL
treatment.

All subjects were requested to avoid sun exposure and
only use basal skin-care products during the whole study.
Follow-up was performed at 2, 4, 8, and 12weeks after the
end of the treatment on each side, respectively.

2.4. Assessment of Efcacy. Digital photographs of the face
were obtained by the VISIA® Skin Analysis System (Canfeld
Imaging Systems, Fairfeld, NJ, USA), and the treated area
was assessed using refectance confocal microscopy (RCM)
before treatment and at each follow-up visit. Te water
content of the treated skin area was measured using the
Corneometer® CM825 (CK Electronic GmbH, Cologne,
Germany) each time after 30 minutes at constant temper-
ature and humidity.

Te number of infraorbital wrinkles was counted, and
the severity of infraorbital wrinkles was rated according to
the VISIA photos on a scale (Skin Aging Atlas: Volume 2,
Asian type) by two senior dermatologists in the blind. Te
number of wrinkles, photo-numeric scores, VISIA assess-
ment scores, skin water content, and RCM images were
compared between the two sides at baseline and after the
treatment.

2.5. Assessment of Adverse Efects and Subjects’ Satisfaction.
Procedural pain was evaluated on a 10-point numerical scale
(NRS: 0� no pain and 10�worst pain). Pruritus, burning,
erythema, edema, desquamation, and crust were evaluated
through visual comparison from baseline at each visit, using
a 4-grade scale (0� absent; 1�mild; 2�moderate; and
3� severe). Te highest scores experienced during treatment
were used as the endpoint of the assessment.

Subjects’ satisfaction was measured on each side with
a self-made satisfaction questionnaire (1� unsatisfed,
2� somewhat satisfed, 3�mostly satisfed, and 4� very
satisfed).

2.6. Statistical Analysis. Missing data for one subject that
was lost during follow-up were imputed using last obser-
vation carried forward (LOCF). Te data were analyzed
using the Social Sciences Statistical Package, version 26.0
(SPSS Inc.). Te number of infraorbital wrinkles and skin
water content were compared with the paired sample t-test.
Te Wilcoxon signed-rank test was used to compare photo-
numeric scores, VISIA assessment scores, adverse efects,
and subjective satisfaction scores. Te diference was con-
sidered to be statistically signifcant when P value was less
than 0.05. Te data were given in the form of mean± SD or
median (P25, P75).

3. Results

3.1. Study Cohort. A total of 61 subjects with Fitzpatrick III
or IV skin types were enrolled in this study, and 27 of them
completed the whole trial (Figure 1). None of them had
antiaging therapy, including botulinum toxin and hyalur-
onic acid injections, three months before the study. Data
collected for 28 subjects were included in the fnal analysis,
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which consisted of 25 females and 3 males aged from 23 to
65 years. No signifcant diference was found between the
two sides at the baseline.

3.2. Efcacy. Te number of wrinkles, photo-numeric
scores, and VISIA assessment scores are presented in Fig-
ure 2. A marked decrease in the number of wrinkles is
observed at week-2, week-4, week-8, and week-12 follow-ups
compared to the baseline on both the HA-DMNs side
(22.36± 7.55 for baseline, 19.82± 6.81, 19.54± 7.24,
19.11± 6.72, and 19.00± 6.43 for follow-ups, respectively)
and the NAFL side (22.89± 8.33 for baseline, 20.96± 7.82,
19.43± 6.63, 19.50± 7.59, and 19.67± 7.69 for follow-ups,
respectively). However, there was no signifcant diference
between the two sides during the whole period (Figure 2(a)).
Te wrinkle number decreased with the use of microneedle
patches (20.68± 7.33, 20.04± 6.92, and 19.75± 7.36 for days
14, 28, and 56, respectively , Figure 2(b)). Te photo-
numeric scores of both sides were reduced from the
fourth week after treatment (3.00 (2.00, 3.00), 3.00 (2.00,
3.38), 2.75 (2.00, 3.00), and 2.50 (2.00, 3.00) for baseline,
week-4, 8, and 12 on the HA-DMNs side, and 3.00 (2.00,
3.50), 2.75 (2.00, 3.00), 2.50 (2.00, 3.00), and 2.50 (2.00, 3.00),
respectively on the NAFL side). No signifcant diference in
photo-numeric scores was manifested between the two sides
(Figure 2(c)). VISIA assessment scores on the HA-DMNs
side decreased signifcantly at the week-8 follow-up (15.05
(10.95, 24.37) vs. 24.03 (14.66, 30.15), P< 0.05) while a sig-
nifcant score decrease was indicated on the NAFL side at the
week-4 follow-up (18.77 (11.47, 25.09) vs. 19.41 (14.32,
27.84), P< 0.05) (Figure 2(d)).

Tere was a decline in the water content on the HA-
DMNs side at week-8 (62.91± 13.73 vs. 71.73± 12.93,
P< 0.05) and at week-12 (58.56± 12.40 vs. 71.73± 12.93,
P< 0.05). Moreover, the water content on the NAFL side
decreased at week-12 follow-up (62.47± 13.93 vs.
70.25± 14.19, P< 0.05). Photographs obtained by the VISIA

system at baseline and after the therapy are shown in Fig-
ure 3. Wrinkles identifed by VISIA decreased at week-4 and
week-8 on the two sides. A slight increase of the identifed
wrinkles can be observed at week-12 on the HA-DMNs side,
while it is still reduced on the NAFL side. RCM images
before and after the treatment are demonstrated in Figure 4.
Increased density of collagen fber can be found on either
side at week-4 and week-8 following the therapy.

3.3. Adverse Efects and Subjects’ Satisfaction. Scores, pro-
portions, and durations are shown in Table 1. Procedural
pain was approximately equal on the HA-DMNs side and
the NAFL side. Te NAFL side showed higher scores in
burning, erythema, edema, and crust than the HA-DMNs
side. Te scores of itching and desquamation were not
signifcantly diferent. Te typical changes of erythema
and edema on both sides are shown in Figure 5. Marked
erythema with well-defned borders appeared right after
the NAFL therapy and vanished after fourteen days. Te
erythema on the side of the HA-DMNs became gradually
more pronounced with the continuous application of
microneedle patches. Tere was no statistically signifcant
diference in subjects’ satisfaction scores between the two
sides (3.00 (2.00, 4.00) vs. 3.00 (2.75, 3.25), P � 0.33)
(Figure 6).

4. Discussion

Various techniques have been exploited for infraorbital
rejuvenation, including typical products, chemical peels,
botulinum toxin, dermal fller injections, lasers, and surgical
options. NAFL has been developed since the advent of
fractional photo thermolysis and ablative lasers. Numerous
studies have confrmed the efcacy and safety of NAFL in
infraorbital rejuvenation [5, 13, 14]. HA-DMNs were pro-
posed during the same period and advanced rapidly in the
last decade. As the most common type, HA-DMNs with

Assessed for eligibility (n=61)

Randomized and treated (n=31)

Excluded (n=30)
(i) Not meeting inclusion criteria (n=26)
(ii) Meeting exclusion criteria (n=4)

Drop-out (n=4)
(i) Lost to follow up (n=1)
(ii) Withdrawals (n=3)

Analysed (n=28)
(i) Completed (n=27)
(ii) Imputed missing data (n=1)

Enrollment

Follow-Up

Analysis

Figure 1: Flowchart of the study.
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hyaluronic acid were found efcacious and tolerable in
infraorbital wrinkles and crow’s feet wrinkles [10–12].

In this perspective split-face study, we compared the
treatment efects and adverse reactions of NAFL and HA-
DMNs on infraorbital wrinkles. Te wrinkle numbers,
photo-numeric scores, and VISIA assessment scores pre-
sented similar improvements after treatments on both sides.

RCM images were consistent with clinical observations, as
the density of collagen fbers in the treated skin area in-
creased obviously after the therapy (Figure 4). Te wrinkle
numbers decreased signifcantly on day-14 during HA-
DMNs therapy, providing a similar onset time to NAFL
under 2-week visit intervals. A previous study revealed that
NAFL can be efective for up to six months [4]. We are
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Figure 2: (a) Te change of wrinkles numbers on HA-DMNs side (red) and NAFL side (blue) after therapy. (b) Te change of wrinkle
numbers on HA-DMNs side during the therapy. (c) Te photo-numeric scores on two sides. (d) VISIA assessment scores on two sides.
∗P< 0.05, ∗∗P< 0.01 and ∗∗∗P< 0.005 compared to the baseline.

HA-DMNs

NAFL

Figure 3: VISIA images of HA-DMNs side and NAFL side, respectively, before and after therapy. Te green lines represent wrinkles
identifed by VISIA system.
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inclined to believe that NAFL provided longer anti-wrinkle
efects than HA-DMNs, though no such distinction was
evident in our data. As demonstrated in Figure 3, infraorbital
wrinkles on the NAFL side were improved continuously up
to the last follow-up, which was 12weeks after treatment,
while wrinkles got a slight rebound on the HA-DMNs side.
Skin water content showed a decrease at week-8 on the HA-
DMNs side and at week-12 follow-up on both sides. We

speculate that this change was correlated with diferent
environmental humidity due to seasonal variation, as the
trial began in July and mostly ended in December.

Overall, the adverse efects were more serious on the
NAFL side. Mild to moderate pain was scored by 75% of
subjects on the NAFL side, which gradually subsided in
24 hours. Similar pain was evaluated by 60.71% of subjects
on the HA-DMN side in the frst phase, and it vanished after

HA-DMNs

NAFL

Figure 4: Refectance confocal microscopy images of HA-DMNs side and NAFL side, respectively, before and after therapy.

Table 1: Scores, proportions, and durations of adverse efects on two sides.

Adverse efect
Scores Proportion (%) Duration

HA-DMNs NAFL P value HA-DMNs NAFL HA-DMNs NAFL
Pain 1.5 (0.0, 2.8) 1.5 (0.3, 2.0) 0.88 60.71 75.00 2–10min 1–24 h
Pruritus 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) >0.99 14.29 10.71 12–72 h 48 h
Burning 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.01 7.14 42.86 5–12min 12–24 h
Erythema 0.0 (0.0, 1.0) 1.0 (1.0, 1.0) <0.01 35.71 100.00 12–48 h 8–72 h
Edema 0.0 (0.0, 0.8) 1.0 (1.0, 1.0) <0.01 25.00 82.14 12–72 h 12–72 h
Desquamation 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.50 0.00 7.14 — 1–24 h
Crust 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) <0.01 0.00 39.29 — 1–10 d
Te scores are shown as median (p25, p75). HA-DMNs: hyaluronic acid dissolving microneedles. NAFL: nonablative fractional laser. Duration on HA-DMNs
side refers to the duration of diferent adverse efects with each use.

HA-DMNsNAFL

Post-treatment
immediately

D14

HA-DMNsNAFL

Figure 5: Normal and red area of VISIA images of HA-DMNs side and NAFL side taken immediately after the therapy and after fourteen
days. Te red arrays indicate the erythema.
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2–10minutes every time. Te proportion and the scores of
burning sensation, erythema, and edema were all higher on
the NAFL side. 100% of subjects showed erythema, and
82.14% showed edema in particular, which resolved in
3 days. After NAFL therapy, 7.14% of subjects reported
desquamation and 39.29% of subjects reported crust in the
treated area, while no desquamation or crust was reported
during and after HA-DMNs therapy. Tese fndings are in
line with previous studies [4, 13]. However, it is noteworthy
that three subjects reported sustained pain, erythema, and
edema during the entire HA-DMNs treatment period, de-
spite the mild severity. One of them chose “unsatisfed” for
HA-DMNs because of this “unpleasant experience.”Te side
efects of HA-DMNs were slighter than the NAFL in this
study but seem more prevalent than in existing studies.

Treatment protocols for HA-DMNs vary, lacking
a unifed standard [11, 12, 15]. Te price of a single HA-
DMNs patch varies from 2.22 to 15.55 $ on the market in
China. Tus, the treatment cost of HA-DMNs may vary
considerably. It cost 82.14 to 575.35 $ for 37 HA-DMNs
patches with a session of 61 days in this study. Te cost of
a single NAFL was 148.28 to 593.13 $, which was similar to
the HA-DMNs side.

Individuals who seek aesthetic treatments aspire to
improve their self-esteem and, consequently, their life
quality. HA-DMNs are undoubtedly an attractive option,
especially for those living a modern, fast-paced life. Hya-
luronic acid provides powerful moisture retention capacity,
thus leading to an increase in skin elasticity and volume [16].
Microscopic mechanical stretching of fllers and damage
caused by microneedle penetration stimulate the production
of more hyaluronic acid and collagen synthesis in particular
[17, 18]. On these foundations, the addition of more
components like ascorbic acid or niacinamide brings
broader skin texture and color improvement for HA-DMNs
[19, 20]. Shorter intervals of observation are needed to
further compare treatment velocities between HA-DMNs

and NAFL. More comprehensive assessments of skin barrier
function and skin elasticity, like ultrasonography, warrant
further investigation. Te mechanism of HA-DMNs still
needs exploration.

5. Conclusion

HA-DMNs are efective treatment options for infraorbital
rejuvenation. From the change of wrinkle numbers and
scores, HA-DMNs provided comparable efcacy as NAFL in
an observation period of 12weeks. Meanwhile, HA-DMNs
ofered a more favorable adverse efect profle than NAFL
therapy. However, mild but persistent pain, erythema, and
edema merit further improvement since they may afect the
willingness to use HA-DMNs. Further investigations to
assess more skin physiological indicators and explore the
exact molecular mechanisms of HA-DMNs are warranted.

Data Availability

Te data supporting the fndings of this study available from
the corresponding author upon request.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Acknowledgments

Tis work was supported by grants from the National
Natural Science Foundation of China (grant no. 81872512).

References

[1] M. H. Khan, R. K. Sink, D. Manstein, D. Eimerl, and
R. R. Anderson, “Intradermally focused infrared laser pulses:
thermal efects at defned tissue depths,” Lasers in Surgery and
Medicine, vol. 36, no. 4, pp. 270–280, 2005.

[2] T. Horovitz, M. T. Clementoni, and O. Artzi, “Nonablative
laser skin resurfacing for periorbital wrinkling—a case series
of 16 patients,” Journal of Cosmetic Dermatology, vol. 20, no. 1,
pp. 99–104, 2021.

[3] U. Paasch and T. Said, “Stimulation of collagen and elastin
production in-vivo using 1,540 nm Er:Glass laser: assessment
of safety and efcacy,” Journal of Cosmetic and Laser Terapy,
vol. 22, no. 2, pp. 77–83, 2020.

[4] D. P. Friedmann, J. E. Tzu, A. N. Kauvar, and M. P. Goldman,
“Treatment of facial photodamage and rhytides using a novel
1,565 nm non-ablative fractional erbium-doped fber laser,”
Lasers in Surgery and Medicine, vol. 48, no. 2, pp. 174–180,
2016.

[5] A. Augustyniak and H. Rotsztejn, “Fractional non-ablative
laser treatment at 1410 nmwavelength for periorbital wrinkles
– reviscometrical and clinical evaluation,” Journal of Cosmetic
and Laser Terapy, vol. 18, no. 5, pp. 275–279, 2016.

[6] P. L. Bencini, A. Tourlaki, M. Galimberti, and G. Pellacani,
“Non-ablative fractionated laser skin resurfacing for the
treatment of aged neck skin,” Journal of Dermatological
Treatment, vol. 26, no. 3, pp. 252–256, 2015.

[7] R. A. Weiss, M. A. Weiss, K. L. Beasley, and G. Munavalli,
“Our approach to non-ablative treatment of photoaging,”
Lasers in Surgery and Medicine, vol. 37, no. 1, pp. 2–8, 2005.

HA-DMNs

NAFL

Very satisfied
Mostly satisfied
Somewhat satisfied
Unsatisfied

10 20 300
Number of subjects

Figure 6: Subjects’ satisfaction scores on HA-DMNs side and
NAFL side with no signifcant diference.

6 Dermatologic Terapy



[8] T. Miyano, Y. Tobinaga, T. Kanno et al., “Sugar micro needles
as transdermic drug delivery system,” Biomedical Micro-
devices, vol. 7, no. 3, pp. 185–188, 2005.

[9] T. Pavicic, G. G. Gauglitz, P. Lersch et al., “Efcacy of cream-
based novel formulations of hyaluronic acid of diferent
molecular weights in anti-wrinkle treatment,” Journal of
Drugs in Dermatology, vol. 10, no. 9, pp. 990–1000, 2011.

[10] X. Zhao and F. Xu, “Efcacy of soluble hyaluronic acid
microneedle on removing suborbital wrinkles [J],” Chinese
Journal of Medical Aesthetics and Cosmetology, vol. 25, no. 6,
pp. 478–481, 2019.

[11] M. Jang, S. Baek, G. Kang, H. Yang, S. Kim, and H. Jung,
“Dissolving microneedle with high molecular weight hya-
luronic acid to improve skin wrinkles, dermal density and
elasticity,” International Journal of Cosmetic Science, vol. 42,
no. 3, pp. 302–309, 2020.

[12] S. Y. Choi, H. J. Kwon, G. R. Ahn et al., “Hyaluronic acid
microneedle patch for the improvement of crow’s feet
wrinkles,” Dermatologic Terapy, vol. 30, no. 6, Article ID
e12546, 2017.

[13] J. Jung, S. Cho, H. Chung, J. U. Shin, K. Lee, and K. Chung,
“Treatment of periorbital wrinkles with 1550- and 1565-nm
Er:glass fractional photothermolysis lasers: a simultaneous
split-face trial,” Journal of the European Academy of Der-
matology and Venereology, vol. 25, no. 7, pp. 811–818, 2011.

[14] P. Wattanakrai, S. Pootongkam, and S. Rojhirunsakool,
“Periorbital rejuvenation with fractional 1,550-nm ytterbium/
erbium fber laser and variable square pulse 2,940-nm erbium:
YAG laser in asians: a comparison study,” Dermatologic
Surgery, vol. 38, no. 4, pp. 610–622, 2012.

[15] C. Lee, H. Yang, S. Kim et al., “Evaluation of the anti-wrinkle
efect of an ascorbic acid-loaded dissolving microneedle patch
via a double-blind, placebo-controlled clinical study,” In-
ternational Journal of Cosmetic Science, vol. 38, no. 4,
pp. 375–381, 2016.

[16] G. Franchi, C. Neiva-Vaz, A. Picard, and M. P. Vazquez,
“[Facial injections of hyaluronic acid-based fllers for mal-
formations. Preliminary study regarding scar tissue im-
provement and cosmetic betterment] [J],” Annales de
Chirurgie Plastique Esthetique, vol. 63, no. 3, pp. 197–204,
2018.

[17] F. Wang, L. A. Garza, S. Kang et al., “In vivo stimulation of de
novo collagen production caused by cross-linked hyaluronic
acid dermal fller injections in photodamaged human skin,”
Archives of Dermatology, vol. 143, no. 2, pp. 155–163, 2007.

[18] D. Fernandes, “Minimally invasive percutaneous collagen
induction,” Oral and Maxillofacial Surgery Clinics of North
America, vol. 17, no. 1, pp. 51–63, 2005.

[19] V. Zvezdin, T. Kasatkina, I. Kasatkin, M. Gavrilova, and
O. Kazakova, “Microneedle patch based on dissolving, de-
tachable microneedle technology for improved skin quality of
the periorbital region. Part 2: clinical Evaluation,” In-
ternational Journal of Cosmetic Science, vol. 42, no. 5,
pp. 429–435, 2020.

[20] M. Avcil, G. Akman, J. Klokkers, D. Jeong, and A. Celik,
“Clinical efcacy of dissolvable microneedles armed with anti-
melanogenic compounds to counter hyperpigmentation,”
Journal of Cosmetic Dermatology, vol. 20, no. 2, pp. 605–614,
2021.

Dermatologic Terapy 7




