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Article info Abstract
Article history: These days, there are different techniques for skin rejuvenation. One of them
Received 2025-09-13 is microneedling, which can improve skin health with minimal side effects
Received in revised form and good results. Microneedling is an effective skincare method for facial
2026-05-02 rejuvenation. It is a good source of growth factors, cytokines, and other
Accepted 2025-09-17 biologically active substances that can enhance rejuvenation and wound
healing processes. During the microneedling method, all these substances are
Keywords: obtained from the patient’s blood without any pain and have the advantage
Skin of reducing the immune response, making the procedure safer and better
Rejuvenation tolerated, with minimal side effects and lower cost. Therefore, it is a useful
Microneedling approach for skin anti-aging. It is currently being used extensively for
Skincare facial rejuvenation. In this process, using a combination of microneedling,
mesotherapy techniques, and facial skincare for treating acne scars, melasma,
Melasma and facial scars is more powerful. So, in this article, the microneedling method
and its remarkable effects on skin anti-aging and reducing skin problems will
be studied.
1. Introduction collagen induction therapy for facial scars and skin re-

juvenation more than before. It is now also commonly
used as a transdermal delivery system for therapeu-
tics and vaccines instead of some injections that have
a lot of side effects for the skin in the near future. The
emergence of the concept of microneedling dates back
to 1995, when Orentreich described dermal needling in
a subcision format for scar treatment, and then, when
a plastic surgeon used a tattoo gun in 1997 and inde-
pendently described it by Kamiland (Buzalaf and Levy,
2022; Orentreich and Orentreich, 1995; Camirand and
Doucet, 1997). In 2006, Fernandez, as a surgeon, de-
signed his drum-shaped device with several thin pro-
truding needles and used it for transcutaneous collagen
induction for skin (Amit, 2013; Fernandes, 2005).

Skin aging includes some skin problems like pigment
changes, wrinkles, thinning, and loss of elasticity due
to both genetic and environmental factors. A variety of
medical procedures and topical cosmetics are used to
treat different signs of aging. Microneedling is a rela-
tively new, minimally invasive procedure that can cre-
ate tiny holes in the surface of the skin in a controlled
manner and depth, by rolling and penetrating different
layers of skin with its tiny needles. It quickly became
widely popular and accepted because it requires min-
imal training and is a simple, inexpensive, safe, and
effective technique for all types of skin and most skin
issues. These days, microneedling is being used as a
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2. Skin Aging

Skin aging is a visible sign of physical aging (Yaar et
al., 2002). As collagen and elastic fibers decrease in the
skin, wrinkles appear gradually over time (Gilchrest,
1989), and with the loss of fat and skin moisture, the
process of skin aging accelerates (Yaar and Gilchrest,
2001). Therefore, there is a growing demand for surgi-
cal treatments and skin rejuvenation. So, it is better
to have some useful non-surgical treatments to reduce
the percentage of unnecessary surgeries and their side
effects. Its usefulness is determined by minimal in-
vasiveness and downtime. Currently, different types
of non-invasive cosmetics are available on the market.
However, limited efficacy is often due to low skin pen-
etration of active compounds, as the stratum corneum
acts as an external barrier. This protocol is within the
principles of good clinical practice and applicable reg-
ulatory requirements. The Institutional Review Board
of the Human Research Ethics Committee of Tham-
masat University (Medicine) approved all study proto-
cols (number: MTU-EC-O0-0-078/64, November).

Extrinsic Skin Aging
Phenotypes

Fig. 1. Different external factors can affect skin cells
and cause skin aging, and in some conditions, can in-
crease the speed of skin aging (Krutmann et al., 2021).

According to one of the references that showed good
results, the microneedle patch and HA were applied
to the right side of the patients, and the microneedle
patch only was applied to the left side. Each treatment
was applied to the nasolabial folds for 8 weeks. The
density of the microneedle array in this study was 265
needles/cm, and the shape of the microneedle patch
was designed to cover the nasolabial fold area. Based
on these specifications, the total area of the micronee-
dle array within the patch was 7.5 cm. The fins of
each four-pronged star-shaped microneedle formed a
gap or channel between the groove of the micronee-
dle and the tissue when penetrated into the skin. The

.0 11-30 12

reservoir was applied only to the contralateral side ev-
ery 2 weeks for a total of 8 weeks. All applications
were performed after washing the face, and no local
anesthetic was administered during the clinical trial.
Participants were instructed to massage both sides of
the patch for 5 minutes before removing it. Moistur-
izer was provided to each participant. The drug or
solution delivery mechanism of the four-pronged star
microneedle array was fabricated on a tissue substrate.
In this method, the image shows hyaluronic acid so-
lution being forced through a syringe connected to a
microneedle patch. According to the patient charac-
teristics, the participants in this study had a mean age
of 50.78 £ 6.41 years. Of the total respondents, 9 were
40 years old and below, constituting 39.13%; 12 were
50 years old and below, constituting 52.17%; and 2
were 60 years old and below, constituting 8.69%. All
participants were female.

3. Intrinsic and Extrinsic Skin Aging
Processes

The aging of the skin involves gradual deterioration.
This is because of both intrinsic and extrinsic skin ag-
ing processes. Intrinsic aging is a natural function,
a progressive physiological process, and can cause the
formation of fine lines, thinning, and dryness in the
skin structure. In addition to all these, gradual skin
atrophy can be seen. Extrinsic aging is caused by the
influence of external environmental factors such as ul-
traviolet (UV) light, infrared radiation, environmen-
tal pollution, smoking, malnutrition, and psychologi-
cal stress. These items can lead the skin to a loss of
skin elasticity, which increases sagging and the forma-
tion of coarse wrinkles (Wadstein et al., 2022; Zhang
and Duan, 2018). External factors also appear to re-
duce the levels of antioxidants in the skin texture and
can increase the levels of reactive oxygen species (ROS)
in the skin. A middle-aged woman whose skin shows
signs of aging most of the time may present with hyper-
pigmentation, erythema, telangiectasia, wrinkles, and
localized dryness (Kammeyer and Luiten, 2015).

4. Skin Microenvironment

Currently, the evidence suggests that changes in the
skin microenvironment can significantly improve wrin-
kles, pores, and elasticity in the combination group
compared to MN alone. A recent study concluded that
skin structural remodeling in skin biopsy pathology
can be observed primarily at the junctional side (El-
Domyati et al., 2020). Additionally, epidermal histol-
ogy shows a significant increase in epidermal thickness
on both the skin needling side and the combined side
(i.e., skin needling and mesenchymal stem cell-derived
amniotic fluid). It became clear that this is consis-
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tent with current results, showing that improvement
in skin rejuvenation was greater on the combined side
than on the MN-alone side. This difference may be
due to differences in microneedle length (0.25 mm in
the Korean study and 0.5 mm in another target study)
(Cassiano et al., 2019). According to references and
previous studies, MN single treatment of melasma with
a needle length of 0.5 mm significantly reduced melanin
density, pendulous melanocytes, and pathological base-
ment membrane (Cassiano et al., 2019). These stud-
ies provide strong evidence for effective treatments.
Therefore, this method will be used successfully for
facial anti-aging. Data from papers show that com-
bination therapy with MN and MSC derivatives can
have significant improvement over MN alone. In sum-
mary, the combination of MN and hUC-MSCs-CM is a
safe and effective treatment for facial rejuvenation and
may be used as a new method for anti-aging therapy
in recent years (Cassiano et al., 2019).

5. Physiological Parameters of Skin Wa-
ter Content and TEWL

Maybe it raises a question: What are the water con-
tent and TEWL in the skin? They are indicators of
skin barrier function. After treatment, there were no
significant changes in hydration content between the
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MN with hUC-MSCs-CM side (P=0.06) and the MN-
alone side (P = 0.12). There was no comparison with
the baseline, and skin elasticity was significantly im-
proved in both groups (P=0.00). There were no side
effects during the study period. Cell therapy is a kind
of skin rejuvenation method using extracellular vesi-
cles and stem cells such as MSCs and BMMSCs due
to their ability to repair and regenerate tissues and
organs in cosmetic and reconstructive surgery (Zarei
and Abbaszadeh, 2019; Suh et al., 2019). Effects of
conditioned media derived from BMMSCs or adipose
tissue and the impacts of derived stem cells on skin re-
juvenation have been demonstrated (Kim et al., 2021;
Li et al., 2019). Skin brightness and texture are more
closely related to skin rejuvenation (the less pigment in
the skin and the lighter the color). Therefore, vascular
permeability is needed to improve tissue nutrition.

6. Skin Moisture and Elasticity

Skin moisture and elasticity were assessed using a Cu-
tometer (Ahn et al., 2007), which represents the over-
all elasticity of the skin, including viscous deforma-
tion. It showed no statistically significant improve-
ment (p=0.098). Furthermore, the water content of
the skin, called skin viscoelasticity, did not show sta-
tistically significant improvement throughout the main
study (p=0.205).

MACROMOLECULAR
FIBROBLASTS DAMAGE ECM
miDNA } I
truncated collagen uv
1 oxidized proteins l
s = A
Celluar Dysfunction/ G ROS
Senescence PGs
e MPs TGFp Signaling
| | !
collage
bf::::::n synthesi
epidermis i
dermis \
subeutis collagzcnntent
truncated collagen
SKIN AGING TRAITS 1
FIBROBLAST

Fig. 2. According to all skin aging conditions, external factors can penetrate into the skin layers and cells (like
UV) and affect the core and its DNA. These factors can cause changes in cells like fibroblasts, and subsequently,
problems can be seen in the levels of ROS, MMPs, and TGFB (Krutmann et al., 2021).
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According to references, some skin features like
wrinkles, roughness, and pore volume improved af-
ter the first treatment session. Wrinkles improved by
9.12% positive changes, according to data measured
with the Antera 3D Image Capture System. The de-
gree of improvement in wrinkles was clearly significant
after the first and second treatments and continued
with positive changes without additional treatment ses-
sions. Overall, wrinkles improved by 11.72% positive
changes. Wrinkle improvement was statistically signif-
icant (p < 0.001) throughout the study (Akhtar et al.,
2011).

7. Factors for Improving Skin Rejuvena-
tion

7.1. Endothelial Progenitor Cells
tokines

and Cy-

Endothelial progenitor cells (EPCs) differentiated from
human embryonic stem cells (hESCs) showed improved
blood perfusion of injured tissues and secreted high
levels of growth factors and cytokines to the main sec-
tions (Cho et al., 2007; Lee et al., 2011b). Conditioned
medium (CM) of hESC-derived EPCs (hESC-EPCs),
containing multiple growth factors and cytokines, sig-
nificantly enhanced the proliferation and migration of
Mal-fibroblasts and epidermal keratinocytes, as well as
increased collagen synthesis in fibroblasts (Lee et al.,
2011b). In this regard, growth factors help reduce the
signs of aging (Fitzpatrick and Rostan, 2003). Some
growth factors exhibit skin whitening effects by in-
hibiting melanin production (Kim et al., 2008). How-
ever, recently, the beneficial roles of growth factors
in skin rejuvenation have only been investigated (Vel-
ugotla et al., 2017; Kim et al., 2009a; Park et al.,
2008), and no controlled clinical trials have been con-
ducted. Hydrophilic molecules larger than 500 Da have
poor penetration into the stratum corneum (Bos and
Meinardi, 2000; Jakasa et al., 2007). Most growth fac-
tors are large hydrophilic molecules larger than 20 kDa.
Therefore, they are unlikely to penetrate the epidermis
in measurable amounts and cause pharmacological ef-
fects. Microneedling was used to improve skin penetra-
tion of hESC-EPC CM, and it was successful. Triplex
cytokine analysis is a useful method for analyzing CM,
and it showed that hESC-EPCs highly expressed sev-
eral growth factors including fibroblast growth factor 2
(FGF-2), epidermal growth factor (EGF), fractalkine,
and granulocyte-macrophage colony-stimulating fac-
tor. It has become clear that this is truly occurring.
Of course, it stimulates factors like interleukin-6 (IL-6),
GM-CSF, vascular endothelial growth factor (VEGF),
platelet-derived growth factor AA (PDGF-AA), and
PDGF-BB, which is involved in fibroblast proliferation
and regulates cell growth. VEGF promotes skin an-
giogenesis and can increase vascular permeability and
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improve tissue nutrition (Fabi and Sundaram, 2014).

8. Recent Treatments for Rejuvenation

Combating signs of aging such as wrinkles, enlarged
pores, decreased resistance, and irregular pigmenta-
tion, and rejuvenating the skin is one of the biggest
challenges of the 21st century (Boismal et al., 2020).
Recently, mesenchymal stem cells (MSCs) and mi-
croneedling (MNs) have been widely used for anti-aging
treatments. The purpose of this study is to evaluate
the efficacy of the combination of MN and conditioned
medium (hUC-MSCs-CM) and human umbilical cord-
derived mesenchymal stem cells in skin brightening and
rejuvenation, which are the most important factors in
the anti-aging process. Skin aging can be influenced
by both intrinsic (chronological) and extrinsic (envi-
ronmental) factors, leading to deterioration in appear-
ance and loss of function (Choy and Prausnitz, 2011).
Skin aging not only affects the physiological functions
of the skin but also impacts people’s psychology and
social life. As a result, several non-surgical treatments
have been developed in recent years to combat skin ag-
ing, including oral treatments, ointments, dermabra-
sion, chemical peels, and laser treatments. However,
these may be associated with prolonged recovery, hy-
perpigmentation, and scarring. Microneedling (MN) is
widely used Microneedling (MN) is widely used as a
treatment for skin diseases and skin rejuvenation be-
cause of its safety and effectiveness. There are two
main reasons for its medicinal use: (a) MN can promote
the skin’s natural healing process more than alone, and
it is exciting and hopeful. It can penetrate the epi-
dermis and papillary dermis layer (Yang et al., 2021)
and form pores, so it can start the skin’s repair mech-
anisms better than other processes (Soliman et al.,
2018). Also, this can lead to short-term aggregation of
inflammatory cells, fibroblast proliferation, long-term
remodeling, and collagen and elastin synthesis (Yang
et al., 2021). (b) MN can improve drug penetration;
this is due to penetrating the stratum corneum bar-
rier (Choy and Prausnitz, 2011). Therefore, it is diffi-
cult for drugs to be absorbed through the skin layers.
MNs create small temporary holes that penetrate the
stratum corneum barrier over a short period of time
(Gupta et al., 2011). According to the reference, be-
fore the treatment in the MN method, all participants’
faces had to be cleaned with facial cleanser. MN treat-
ment was performed in eight rows using a total of 192
needles with a length of 0.5 mm (Gupta et al., 2011).

9. Microneedling Devices

e Dermaroller

e Dermapen
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9.1. Dermaroller

A standard medical dermaroller has a 12 cm long han-
dle with a 2 x 2 cm wide drum-shaped cylinder at one
end, which consists of 192 thin microneedles (usually
0.5 to 3 mm) arranged in 8 rows and 24 circular arrays.
The length and diameter are 0.1 to 0.25 mm, and it is
not an automatic device (Amit, 2013).

9.2. Dermapen

Dermapen is an automatic microneedling device that
looks like a pen. This ergonomic device uses disposable
and sterile needles and guides to adjust the length of
partial mechanical resurfacing needles. Nine to twelve
needles are arranged in a row at the tip. It uses a
rechargeable battery and operates in two modes: fast
mode (700 cycles/minute) and slow mode (412 cy-
cles/minute), which vibrates like a stamp on the skin
in each mode (Arora and Gupta, 2012). The needle
tip is hidden in a guide, making this process safe and
comfortable in tight areas such as the nose. In this
method, eyes and lips can be treated without damag-
ing adjacent skin, and this is a really positive point for
this method. This makes the procedure less painful and
more economical, as there is no need to purchase new
instruments each time. This technique was developed
to overcome the problems of pressure application and
resulting penetration depth. So, all the pressure and
depth depend on the part of the skin that is selected
for treatment and repair.

10. Microneedling

Microneedling, also known as percutaneous collagen in-
duction (PCI), is a minimally invasive technique that
was first described in principle by Orentreich (Oren-
treich and Orentreich, 1995). It is a subcutaneous ex-
cisional procedure that removes the skin beneath re-
cessed scars and wrinkles and stimulates collagen in
the body. Fernandes used a similar technique of in-
serting a 15-gauge needle into the skin beneath the
wrinkle (Fernandes and Signorini, 2008; Fernandes,
2005). Fernandez’s technique was developed at that
time and then followed by the dermal roller (Fernan-
des and Signorini, 2008). The dermal roller is a ster-
ile plastic cylinder with stainless steel needles protrud-
ing 1 to 3 mm from the surface of the cylinder. The
skin roller is forcefully rolled over the skin, creating
numerous needle pricks and resulting in the forma-
tion of thousands of microscopic wounds in the der-
mis, which triggers the natural inflammatory response
after trauma (i.e., growth factor release). As a re-
sult, formation of collagen and elastin occurs (Fernan-
des and Signorini, 2008; Fernandes, 2005). The latest
automated microneedling devices are replacing dermal
rollers. The needle barrel is typically replaced with a

sterile disposable needle cartridge with a variety of dif-
ferent needle configurations for different parts of the
skin with different conditions. The automated device
allows the operator to define the puncture depth and
frequency of needle punctures and control the treat-
ment area and coverage, rather than relying on the
operator physically rolling the device over the skin.
Currently, needles of automated microneedling devices
consist of several thin sterile needles, typically 0.5 to
1.5 mm in length. In addition to age-related skin con-
ditions (wrinkles, laxity, etc.), there is a growing list
of skin conditions that respond to PCI therapy. This
list includes skin issues like acne scarring, hyperpig-
mentation, alopecia, hyperhidrosis, and PCI. It has
also been reported that it is being used in transder-
mal drug delivery systems. However, most studies on
microneedling are case series or small randomized con-
trolled trials (Hou et al., 2017). In this paper, the
research objective was to assess the effectiveness and
outcome of best practices such as microneedling for
repairing or treating various skin afflictions and dis-
eases and to establish safety precautions for facial skin
renewal and rejuvenation with percutaneous collagen
injection. Volunteers who were on anticoagulant ther-
apy or taking aspirin or high-dose non-steroidal anti-
inflammatory drugs (NSAIDs) in the previous 14 days
were excluded. Further exclusion criteria were: hepati-
tis, active acne vulgaris on the face, inflammatory skin
disease, uncontrolled diabetes, keloid scars, human pa-
pilloma virus (HPV), birthmarks, eczema, known ma-
lignancy, chemotherapy, radiation therapy or high-dose
corticosteroid treatment, known allergy to local anes-
thetics, and past treatment with filler injections or neu-
romodulators within 3 months (Hou et al., 2017).

11. Microneedling Delivery Systems

Microneedle delivery systems provide a minimally in-
vasive and painless transdermal drug delivery method
that is particularly useful for vaccines. An insulated
needle is used to penetrate the skin and emit high-
frequency current from the tip of the needle, without
damaging the overlying epidermis (Cohen and Elbu-
luk, 2016). The needle depth can be adjusted from 0.5
mm to 3.5 mm, allowing careful targeting of different
layers of the dermis (Chandrashekar et al., 2014). Mi-
croneedling Radio Frequency Technology (MNRF) is
safe for all skin types because it does not damage the
epidermis. So, it is a good method for treating scars,
hyperhidrosis, skin tightening, and rejuvenation.

12. Effects of Microneedling on Skin

When a dermaroller is applied to the skin with its 192
needles, 2 mm long and 0.07 mm in diameter, and ap-
plied 15 times to that section of the skin, various pro-
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teins, potassium, and growth factors are released from
the cells. As a result, fibroblasts migrate to the injury
site and collagen is induced. Keratinocyte hyperprolif-
eration is downregulated by microneedle treatment in
acne patients to balance overall cellular activity (Liebl
and Kloth, 2012). Microneedling improves the delivery
of various drugs across the skin barrier by bypassing
the stratum corneum and delivering drugs directly to
the vascularized dermis.

It was also shown that the follicular infundibulum
was significantly dilated by 47%, which may partially
explain the increased drug penetration. Additionally,
it removes scale and sebum residue around the in-
fundibulum area (Serrano et al., 2015). Micropunc-
ture is performed using microneedling, and depending
on the applied pressure, holes per square centimeter
reach the papillary dermis layer (Serrano et al., 2015).
Each pass creates 16 micropunctures per square cen-
timeter in the stratum corneum without major damage
to the epidermis (Nair and Arora, 2014). These micro-
injuries result in minimal superficial bleeding and trig-
ger a wound healing cascade, releasing various growth
factors including connective tissue activation protein,
connective tissue growth factor, and fibroblast growth
factor (FGF) (Freinkel and Woodley, 2001). Addition-
ally, needles dissolve old and hardened scar strands
and allow the texture to undergo revascularization, an-
giogenesis, and collagenogenesis. These are initiated
by fibroblast migration, proliferation, and intercellu-
lar matrix deposition (Fabbrocini et al., 2009). A fi-
bronectin matrix is formed after 5 days of injury, which
determines collagen deposition and results in skin for-
mation. The tightening effect lasts for 5 days, and
collagen IIT forms for 7 years. The depth of neocol-
lagen with a 1.5 mm needle was found to be 5-600
pm. Histological examination of skin treated with 4
microneedling sessions, spaced 1 month apart, showed
up to a 400% increase in collagen and elastin deposi-

Microneedle insertion
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tion at 6 months postoperatively and an increase in the
stratum spinosum at 1 year postoperatively. A thick,
normal rete-canthus was observed (Aust et al., 2008a).
The collagen fiber bundles appear to have a regular
lattice pattern rather than parallel bundles like in scar
tissue (Nair and Arora, 2014). Libre et al. proposed
an alternative hypothesis to explain how microneedling
works (Liebl and Kloth, 2012). The resting potential
of the cell is approximately -70 mV, but as the nee-
dle approaches the membrane, the internal potential
increases rapidly to -100 mV. This function increases
cellular activity and releases various proteins, growth
factors, and potassium from the cells, leading to fi-
broblast migration and collagen induction (Majid et
al., 2014; Liebl and Kloth, 2012; Kloth, 2005). Ker-
atinocyte hyperproliferation is downregulated by mi-
croneedle treatment in acne patients to balance the
overall cellular activity (Liebl and Kloth, 2012). As
a result of using microneedling, it improves the deliv-
ery of various drugs across the skin layers by bypassing
the stratum corneum and delivering drugs directly to
the vascularized dermis. Additionally, it also removes
scale and sebum residue around the infundibulum (Ser-
rano et al., 2015). Microneedling is a simple in-office
procedure that takes 10 to 20 minutes, and the process
depends on the area being treated. Before the pro-
cedure, patients must receive counseling that explains
the expected results, delayed response, and the need for
multiple sessions for optimal outcomes. At this time,
for maximizing collagen formation in the skin, it is ad-
visable to prepare the skin preoperatively with vitamin
A and vitamin C preparations twice a day for at least
one month. According to references, it is important
to know that vitamin A affects 400-1000 genes that
control the proliferation and differentiation of all ma-
jor cells in the epidermis and dermis, and vitamin C is
essential for normal collagen production (Aust et al.,
2008a).

Dissolution drug release

Fig. 3. After performing microneedling on skin tissue, the needles create pores in the skin, allowing drugs to
be released more easily into deeper layers. Blood vessels can absorb the drug effectively. So, it is a good method
for drug delivery systems (Dave et al., 2024).
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13. Microneedling Function

During the procedure, by driving microneedling into
the skin, microscopic wounds are formed within the
papillary dermis, causing the normal chemical cascade
that follows trauma. This includes an inflammatory
phase with the release of cell growth factors, followed
by a proliferative phase, and finally a remodeling phase
with stimulation of collagenogenesis and the formation
of a stronger collagen matrix for repairing the skin tex-
ture. References showed improvement in facial wrin-
kles and skin texture at the end of its 90-day treatment
with microneedling, but the largest (statistically signif-
icant) effect was observed on day 150. This improve-
ment in facial wrinkles demonstrates the cumulative
effects of transdermal collagen induction and ongoing
dermal collagen remodeling (Fernandes and Signorini,
2008; Fernandes, 2005). Improved skin laxity is pri-
marily a result of collagen III and collagen I quantity.
One of the most important changes in this process is
skin tightening. This process takes up to 12 months,
so it is not surprising that statistically significant re-
sults were not obtained until day 150 of the study. Fu-
ture studies would benefit from a preliminary follow-
up of 120 days and an extended follow-up of 6 to 12
months to fully exploit the potential of this technol-
ogy. On the other hand, statistically significant im-
provements in skin texture were observed at the end
of treatment on day 90, due to the conversion of col-
lagen III to collagen I and subsequent skin tightening.
Additionally, epidermal remodeling is expected to be
more measurable in the early stages of PCI treatment
than in the later stages. Wrinkle evaluation results
and skin texture improvement were confirmed by 3D
shape measurement in the reference. As expected, the
observed improvement in the common roughness in-
dex appeared to be greater than the observer rating
measurements (Fernandes and Signorini, 2008; Fernan-
des, 2005). This is consistent with data previously re-
ported by Friedman and Fujiwara. However, the re-
sults provide evidence of the feasibility and usefulness
of 3D profilometry in obtaining a skin topography with
higher resolution than clinical examination alone, sup-
porting the use of 3D profilometry in clinical evalu-
ation. It is argued that this measurement indicates
adaptive improvements that may not be detected by
expert evaluators. According to the reference, the epi-
dermis was structurally relatively healthy and the base-
ment membrane was not damaged during PCI treat-
ment with the study device (Aust et al., 2008b). Side
effects associated with the use of this technique were
well managed. As a result, the treatment effect was
adequate and well tolerated by patients. No serious
adverse events were reported. No abnormal skin ob-
servations were recorded by physicians after treatment
or during the treatment session, and the subjects them-
selves did not report any such issues. Of these, no cases

of hyperpigmentation, transient or otherwise, were re-
ported. That is, only in some references, the number
of melanocytes remained constant in subjects who re-
ceived microneedle treatment. Studies on skin condi-
tion after microneedling treatment were conducted by
Aust (Aust et al., 2008b) and Bonati (Bonati et al.,
2017).

14. Microneedling and Growth Factors

The use of growth factors in microneedling, accord-
ing to skin texture functions, has shown certain results
regarding collagen remodeling. In a case series, the
use of topical growth factors on photodamaged skin
was reported in 8 patients who received a total of 3
treatments with microneedling, spaced 10 days apart.
The growth factor gel contained epidermal growth fac-
tor, fibroblast growth factor, hepatocyte growth factor,
and insulin-like growth factor. An independent physi-
cian clinical evaluation using the Fitzpatrick Wrin-
kle Scale showed significant improvement in skin tex-
ture, fine lines, and wrinkles (Pamela, 2018). Another
study examined 25 patients in a split-face random-
ized controlled trial and concluded that dermaroller mi-
croneedling was associated with growth factors (Lee et
al., 2014). In a split-face study involving 10 patients,
El-Domyati et al. (El-Domyati et al, 2020) investi-
gated the use of their manual dermaroller using amni-
otic fluid-derived stem cells on acne scars. Although
serum itself does not contain growth factors, stem cell
therapy stimulates paracrine secretion of growth fac-
tors, extracellular matrix molecules, and interleukins.
After performing five sessions spaced one month apart,
the authors observed improvement in the histological
structure of collagen and elastin, as well as statisti-
cally significant histological and clinical improvement.
Another study using 12 human embryonic stem cells
with flat microneedling (0.25 mm roller) showed im-
proved pigmentation and wrinkles by physician and
software analysis after five sessions at 2-week inter-
vals. This study showed statistically significant im-
provement in 13 dermatological evaluation parameters,
including uniformity of skin tone, melanin index, tex-
ture, and firmness. After that, clarity evaluation by
subjects was observed in control subjects. Some stud-
ies have shown that microneedling and growth factors
significantly improve skin texture, fine lines, wrinkles,
pigmentation, and acne scarring, as well as histological
changes in epidermal thickness and scar appearance.
Clinical improvement has been shown in the results.
Further studies are needed to characterize the effects
of topical growth factors as adjuvants in dermatological
procedures.
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15. Microneedling and Skin Aging

Topical application of growth factors via microneedling
has the potential to ameliorate signs of aging. Clinical
symptoms of intrinsic and extrinsic skin aging include
changes in pigment, thinning of the skin, formation of
wrinkles and fine lines, loss of moisture and elasticity.
Growth factors act as chemical messengers that medi-
ate cell proliferation, repair processes, and ECM forma-
tion. Microneedling creates controlled micropunctures
in the skin that induce collagen formation, angiogene-
sis, and wound healing. Thus, anti-skin aging functions
of microneedling can help the skin texture increase its
ability to remain healthy and youthful (Schaefer and
Lademann, 2001).

16. Microneedling and Collagen

Microneedling, also known as collagen induction ther-
apy, is a common skin therapy that uses a device to
penetrate the dermis to an even depth and create con-
trolled skin damage (Sun et al., 2024). This injury
induces rapid healing, which then stimulates the pro-
duction of collagen and elastin fibers, resulting in skin
remodeling and rejuvenation (Iriarte et al., 2017; Wu et
al., 2020). However, in recent years, the microneedling
device has been combined with the delivery of radio-
frequency energy to heat the underlying skin layers,
improving skin remodeling and clinical outcomes (Kim
et al., 2013). Microneedling is generally considered a
safe and inexpensive alternative to other forms of skin
rejuvenation. Local anesthetic is usually used before
the procedure to minimize discomfort. In a recent re-
view, the most common side effects associated with this
treatment include temporary pain or discomfort, ery-
thema, and edema (Juhasz and Cohen, 2020). These
effects are mild and self-limiting but can cause con-
cern about the patient’s appearance. Therefore, this
method can increase healthy collagen levels, and due
to its minimal side effects, it is a highly effective way
to help the skin maintain optimal collagen levels and
remain in a healthy state.

17. Combination of Microneedling and
Chemical Peels

In recent years, a combination of chemical peels and an-
tioxidants has become an option to rejuvenate the skin
without any damage. Microneedle mesotherapy can in-
crease the penetration of active ingredients. According
to the reference (Wadstein et al., 2022), the entire face
was first treated with azelaic acid, and next, a 40%
vitamin C solution was administered to the right side
and 10% vitamin C to the left side using microneedling.
Some skin characteristics like skin hydration and elas-
ticity were significantly improved, and better results
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were observed with microneedling. Melanin and ery-
thema index decreased with treatment. No serious side
effects were observed. The combination of active ingre-
dients and delivery technologies has great potential to
enhance the efficacy of cosmetic formulations, possi-
bly through multidirectional mechanisms of action. In
that study, both 20% azelaic acid + 40% vitamin C
treatment and 20% azelaic acid + 10% vitamin C +
microneedle mesotherapy treatment were effective in
improving skin aging parameter evaluation. They have
proven that the use of microneedling and mesother-
apy techniques serves as a means of delivering active
ingredients directly to the dermis and improves the
efficacy of the studied formulations. Skin aging is a
complex and multifactorial process that appears grad-
ually from the third decade of life and accelerates with
age (Wadstein et al., 2022). As aging occurs earlier
than in other tissues, likely due to environmental stres-
sors and exposure to hazards, the main characteristics
of skin aging commonly include loss of elasticity, ap-
pearance of wrinkles, and a rough texture (Zhang and
Duan, 2018). These changes are associated with phe-
notypic changes in skin cells and structural and func-
tional changes in extracellular matrix components such
as elastin, collagen, and proteoglycans. These compo-
nents are necessary for skin elasticity, tensile strength,
and hydration (Huertas et al,, 2016). Skin aging is
reflected by a decrease in collagen I content, fragmen-
tation of collagen fibrils, and accumulation of amor-
phous elastin material (elastosis) (Aldag et al., 2016).
Age-related changes in skin appearance can negatively
impact self-esteem and lead to significant psychoso-
cial stress (Wadstein et al., 2022). Therefore, prod-
ucts that help slow down this ongoing process are very
important in daily life. A wide range of cosmetic and
medical anti-aging products have been developed and
introduced into the market. However, their efficiency
varies. Despite manufacturers’ guarantees, only a few
topical anti-aging ingredients can effectively penetrate
the dermis. Thus, various resurfacing techniques such
as chemical peels, mesotherapy, filler injections, and
laser /radio-frequency tightening are used to improve
the delivery of active substances. The results show
that all skin parameters evaluated were significantly
improved after both treatment types. Both 20% azelaic
acid + 40% vitamin C treatment and 20% azelaic acid
+ 10% vitamin C + microneedling mesotherapy effec-
tively improved skin hyperpigmentation and erythema.
Other related studies have also shown that azelaic acid
has a positive impact on hyperpigmentation by inhibit-
ing tyrosinase and exerting antiproliferative effects on
the melanin production pathway (Bergman and Luke,
2017; Nautiyal and Wairkar, 2021). So, a combination
of 5-20% azelaic acid and phytic acid, ferulic acid, 4N-
butylresorcinol, or mandelic acid is most effective in
reducing hyperpigmentation. Additionally, the use of
vitamin C has been found to successfully reduce pig-
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mentation (Mazurek and Pierzchala, 2016). A clinical
trial evaluating the efficacy of a formulation contain-
ing 25% L-ascorbic acid and a chemical penetration
enhancer demonstrated a significant reduction in pig-
mentation severity in patients with melasma (Hwang
et al., 2009). Vitamin C has been shown to affect blood
microcirculation and reduce skin redness. Further-
more, the addition of ferulic acid not only increases the
stability of vitamin C supplements but also improves
whitening properties, as ferulic acid inhibits tyrosinase
activity. Kameyama et al. (Oresajo et al., 2008; Mur-
ray et al., 2008) noticed that when MAP was used as
a topical application to the skin, it actually bleached
the skin in patients with hyperpigmentation diseases
such as melasma and solar lentigines (Kameyama et
al., 1996). In this study, formal treatment provided pa-
tients with significant benefits in enhancing skin hydra-
tion, as well as in self-administered treatment (Algiert-
Zielinska et al., 2019). However, according to recent
suggestions, this procedure may make the skin more
moisturized (Matthews-Brzozowska et al, 2017). In
another study, azelaic acid was shown to balance sebum
excretion and minimize aging effects, particularly dry-
ness. Most conditions promote the skin to synthesize
more collagen and elastin (Jung et al., 2018; Tedeschi
et al., 2015). Fibroblasts synthesize various substances
that help retain youthful skin condition (Jung et al.,
2018). The reason for this result is the use of ac-
tive ingredient microinjection, which has been shown
to stimulate the production of elastic/tendon and col-
lagen fibers, promoting skin regeneration and repair
during the healing process (Matthews-Brzozowska et
al., 2017). So, it seems that the enhanced skin elastic-
ity achieved by the treatments—especially mesother-
apy with microneedling—is not only due to vitamins
but also the method of administration (Wdjcik et al.,
2013).

18. Microneedling and Scar Treatment

The benefits of needles in scar treatment were first de-
scribed over 20 years ago. Microneedling (MN), or
percutaneous collagen induction therapy (PCI), has
recently gained popularity due to its effectiveness in
skin rejuvenation, retardation reduction, acne vulgaris,
alopecia, scar remodeling, melasma, and other pigmen-
tary diseases. Minimally invasive procedures use in-
struments with up to 540 needles that penetrate the
epidermis and/or dermis to create microscopic chan-
nels (Yadav and Dogra, 2016). These needles have a
diameter of 0.1 to 0.25 mm and a length of 0.5 to 3
mm. The small size of the needle allows drugs to pene-
trate into the dermis, and this controlled skin damage
allows for the release of growth factors such as trans-
forming growth factors alpha and beta (TGF«a, TGF/)
and fibroblast growth factor (FGF) (Yadav and Dogra,
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2016). Ultimately, the microtrauma promotes the for-
mation of new components like collagen, elastin, cap-
illaries, and other skin substances. MN is a highly
effective method that is usually used with various top-
ical agents or other techniques to enhance the thera-
peutic efficacy of the topical agent or procedure itself.
Generally, MN is a safe procedure, but sometimes un-
expected side effects and reactions may occur. The
literature used for this study was selected through a
PubMed database search and matched with other top-
ical reviews. The search terms included combinations
of the following words: ”Microneedling”, ”transder-
mal collagen induction”, ” collagen induction”, ”dermal
roller”, ”dermal needling”, ”ring”, ”dermal rolling”,
”skin needling”, "side effects”, and "reaction”. Ad-
verse events were categorized based on the modality of
MN studied: roller MN device (RMN), derma-stamp,
pen MN device (PNM), and fractional radio-frequency
MN device (RFMN). All reactions that occurred af-
ter combined treatment with MN were divided into
appropriate sessions (Garg and Baveja, 2014; Majid,
2009; Sharad, 2011b; Leheta et al., 2011; Khater et
al., 2016; Pahwa et al., 2012). However, in one case
with RMN, ecchymosis developed and resolved spon-
taneously within a few days (Park et al., 2012). Ec-
chymosis may also be seen in RMN in patients with-
out a history of bleeding disorders (Fabbrocini et al.,
2014; Dogra et al., 2014). In referenced studies, 3 of 60
patients with subsequent 3 monthly RMN sessions—
who did not have bleeding or collagen disease or were
not receiving anticoagulant therapy—developed bony
prominences. A mild ecchymotic lesion developed with
no residual pigmentation. Other side effects have also
been reported. Although rare, RMN use has been asso-
ciated with these side effects (Fabbrocini et al., 2014).
It also caused scars (Dogra et al., 2014; Pahwa et al.,
2012), milia (Sharad, 2011a; Asif et al., 2016), Pruritus
and eschar formations were recognized by RMN (Ma-
jid, 2009; Asif et al., 2016; Cachafeiro et al., 2016). In
the case of acne scars in patients treated with RMN,
there is a possibility of recurrence of acne scars (Leheta
et al., 2011; Asif et al., 2016).

19. Effects of Microneedling on Acne
and Melasma

In treating acne and melasma, due to its strong
antibacterial and anti-inflammatory properties, mi-
croneedling has been successfully used in anti-acne
treatments, melasma, and rosacea (Wdjcik et al.,
2013). Before the treatment, the entire face was gener-
ally cleansed, and the skin was carefully cleaned with
a pre-peel product containing 2% salicylic acid. Next,
20% azelaic acid (pH 2.7) was applied to the entire face
for 10 minutes, and then the first steps of the main
treatment were completed.
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Fig. 4. This figure presents a representative case with
multiple skin scars before treatment by the author us-
ing the microneedling method as part of a personalized
skin rejuvenation protocol.

20. Microneedling Results

Microneedling results in the reorganization of old col-
lagen fibers and the formation of new collagen, elastin,
and capillaries, resulting in skin tightening. In this
process, El-Domyati et al. showed that after six mi-
croneedling sessions every two weeks, levels of colla-
gen types I, III, VII, newly synthesized collagen, and
tropoelastin were significantly increased from baseline.
According to references, this transdermal collagen in-
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duction reduces fine lines and wrinkles, decreases pore
size, and makes the skin more elastic and supple. As a
result, it makes the skin more youthful and is a power-
ful function for skin rejuvenation. Combining this pro-
cedure with topical anti-aging vitamin C serum and
tretinoin will further increase its effectiveness. Mi-

croneedling also demonstrated a significant reduction
in wrinkles and pigmentation when combined with en-
dothelial progenitor cells derived from human embry-
onic stem cells (Lee et al., 2014; Seo et al., 2013). In ad-
dition, radio-frequency fractionated microneedling was
evaluated in a large multi-center study and found to be
effective in reducing wrinkles (Calderhead et al., 2013).

Fig. 5. This figure presents a representative case
treated by the author after one session of microneedling
as part of a personalized skin rejuvenation protocol.
The intervention was conducted under clinical super-
vision, and the image demonstrates the observed ther-
apeutic response.

Fig. 6. In pictures (A, B), on day 3, excess melanin pigments migrate toward the superficial part of the skin
tissue. Damaged cells with excess pigments separate from the skin by day 4. On days 30, 60, and 90, the skin

appears brighter, and rejuvenation is visible.
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Dav0

Day120

Fig. 7. Compared to before, the picture of the case on day 0 and after microneedling on day 120 shows visible
effects on scars and melasma, skin lifting, stratum corneum debris removal, and overall skin rejuvenation.

21. After Facial Microneedling

A skin care protocol was developed for use after facial
radio-frequency microneedling procedures. When used
immediately after the procedure, it improves normal
activity, comfort, perceived age, overall treatment sat-
isfaction, and the need for re-treatment, while provid-
ing essential mineral sun protection factor, HEV pro-
tection, and defense against environmental pollution.
This skin care protocol is also suitable for use after
other minimally invasive facial treatments (Juhasz and
Cohen, 2020). Most subjects (90%) were very likely
to undergo another microneedling procedure after re-
ceiving the skin care protocol, and all subjects (100%)
said their protocol was radio-frequency based and re-
ported that microneedling influenced their perception
of improvement. After this experience, 86% of par-
ticipants felt very comfortable scheduling their next
microneedling treatment on any day or time. Over-
all, 96% of subjects were very satisfied with their ex-
perience, making it a positive report (Iriarte et al.,
2017; Wu et al., 2020). After the procedure, self-
confidence and social life may be negatively affected.
After applying post-procedure skin care products, sub-
jects were shown before-and-after photos and asked to
answer several questions. 50% of subjects felt very un-
comfortable immediately after the procedure, whereas
94% would have otherwise felt very or extremely self-
conscious in public. Additionally, 88% said their skin
felt more comfortable after using skincare products,
95% felt less self-conscious in public, and 94% felt bet-

ter about their appearance after using the products.
97% said they intended to continue treatment and were
more likely to recommend it to others. 87% felt their
overall impression of the treatment process had im-
proved. After 4 weeks, most participants felt their skin
looked younger and healthier (94%). They were confi-
dent in repeating the treatment (94%) and continued
using skin care products as part of their daily routine
(94%). In these studies, the average age of subjects
was 42.7 years (range: 23-63 years). Subjects were
Caucasian, Fitzpatrick skin types I, II, III, and IV.
Before applying the skin care protocol on day 1 post-
treatment, a third group used a non-drug barrier oint-
ment without any injection. Before treatment, more
than half (59%) of participants reported being very
concerned about their appearance. After all processes,
52% of subjects seemed unsure of their appearance fol-
lowing radio-frequency microneedling treatment (Iri-
arte et al., 2017, Wu et al., 2020; Kim et al., 2013).

22. Lifestyle and Rejuvenation

In recent years, life expectancy and demand for youth-
ful skin have increased, creating a demand for effective
cosmetic facial treatments—especially non-invasive,
non-surgical, and low-risk skin rejuvenation methods.
Aging is associated with morphological changes in the
skin, caused by a decrease in the number of fibroblasts
and levels of collagen, elastin, and glycosaminoglycan
(GAG) biosynthesis.
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Fig. 8. A comparative evaluation of the patient’s skin condition between the first session on day 3 and the fourth
session on day 120 after microneedling revealed substantial improvements in dermal texture, pigmentation uni-
formity, and overall skin vitality. The observed changes suggest that microneedling induces not only superficial
enhancement but also deep-level rejuvenation through stimulation of neocollagenesis and dermal remodeling.
The degree of transformation—evident in both clinical photographs and tactile assessment—highlights mi-
croneedling as a highly effective and non-invasive modality for skin rejuvenation. The progressive reduction in
hyperpigmentation, smoothing of fine lines, and restoration of epidermal tone collectively support its role as a

superior therapeutic approach in aesthetic dermatology.

These changes can cause skin laxity, structural al-
terations, and wrinkles (Uitto, 2008). According to
the aim of treatments, insulated or non-insulated mi-
croneedles are used to penetrate the skin, resulting in
partial destruction of the epidermis and subsequent re-
generation. The RF energy produced by the micronee-
dle heats the superficial and deep dermis, creating
zones of clinically imperceptible thermal micro-wounds
between areas of normal, healthy skin, which trigger a
wound healing cascade (Arnoczky and Aksan, 2000;
Dierickx, 2006). Zones of normal and untreated skin
improve skin texture, reduce wrinkles, and tighten the
skin due to the formation of new collagen, elastin, and
GAGs in response to treatment (Hantash et al., 2009b;
Hantash et al., 2009a; Hruza et al., 2009; Seo et al.,
2012; Lee et al., 2011a; Gold et al., 2016; Tanaka, 2015;
Alexiades-Armenakas et al., 2010; Shapiro, 2015). Ac-
cording to the results, the primary endpoint was met,
and improvements in skin texture and wrinkles were
clearly detected. The researchers assessed and showed
statistically significant improvements one month after
the sixth treatment session and three months after the

third session (p<0.005 at both time points).

23. Clinical Study

According to references, in one clinical study, twenty-
five participants were recruited for a prospective, ran-
domized, controlled, observer-blinded, split-face study.
Most participants were between 41 and 64 years old
(mean: 51.6 years) and had Fitzpatrick skin type III or
IV. Extrinsic senescence affects cellular and extracellu-
lar components. As an alternative treatment strategy
for repairing damaged tissues, cell-based treatments us-
ing the body’s own stem cells and growth factors have
recently been applied to skin rejuvenation. In addition
to their direct cellular effects, stem cells exert bene-
ficial effects on tissue regeneration through complex
paracrine mechanisms (Cha and Falanga, 2007). Pre-
vious studies found that hESC-EPC conditioned media
(CMs) promoted wound healing and increased wound
tensile strength after topical treatment and subcuta-
neous injection. In vitro, hESC-EPC CM significantly
improved mechanisms such as proliferation and migra-
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tion of dermal fibroblasts, epidermal keratinocytes, and
collagen synthesis (Lee et al., 2011b). Additionally,
conditioned medium from adipose tissue-derived stem
cells (ADSC CM) inhibited melanogenesis by down-
regulating the expression of tyrosinase and tyrosinase-
related protein 1 in B16 melanoma cells and ADSCs
(Kim et al., 2009b). It was hypothesized that hESC-
EPC CM can improve signs of skin aging such as wrin-
kles and pigmentation. This result highlights the im-
portance of transdermal penetration and epidermal-
dermal communication for the application of growth
factors in skin rejuvenation. In another study, 48 sub-
jects were selected and all completed treatment. No
subjects discontinued due to protocol-related problems
or adverse events. The mean age was 55.1 years (range:
39-67 years), and the subjects were primarily female.
Fitzpatrick phototype ranged from I to V, with an av-
erage of 2.2. Baseline scores for wrinkles, skin laxity,
and skin texture were 3.2 (range: 2.2-4), 2.8 (2-3.5),
and 2.7 (1.5-3.5), respectively. Changes were summa-
rized at days 90 and 150. At day 90, four facial areas
improved at least one level: glabellar wrinkles, perior-
bital wrinkles, cheek wrinkles, and lip wrinkles. The
mean improvement in total score was 0.93 (99%). By
day 150, six of nine facial areas improved at least one
level: horizontal forehead lines, glabellar lines, perior-
bital lines, cheek lines, upper lip lines, and lip lines.
The mean global score improvement was 1.23 (99%)
with p = 2.5 x 106 (i.e., highly significant). Average
improvements were observed in all roughness parame-
ters in the periorbital and mid-labial regions at both 90
and 150 days. Overall, microneedling or PCI appears
to be effective and successful in treating facial wrinkles,
sagging skin, and skin texture issues. Previous stud-
ies lacked sufficient sample sizes. In the present study,
a microneedle system was evaluated for treating facial
aging in a moderately sized patient sample (Cha and
Falanga, 2007; Lee et al., 2011b; Kim et al., 2009b).

24. Discussion

The recent microneedling method is one of the most
effective treatments for achieving healthy and youth-
ful skin texture and rejuvenation. This method is es-
pecially beneficial for patients with Fitzpatrick skin
types IV and V. It is a powerful technique that can
resolve scar problems and hyperpigmentation success-
fully. Unlike other methods that may have side effects,
microneedling is safer and has numerous applications
with a growing number of modifications. This method
is considered a valuable technology. We do not recom-
mend self-use of dermapen or microneedling devices. It
is best to receive treatment from a specialized doctor.
The results of endogenous aging include clinical symp-
toms such as genetic mutations, hormonal changes, and
metabolic shifts, while extrinsic factors include pol-

lutants, ultraviolet radiation, and ionizing radiation
(Makrantonaki and Zouboulis, 2007). Over time, ag-
ing and photoaging due to environmental factors lead
to changes in pigmentation, loss of elasticity, fine lines
and wrinkles, moisture loss, and telangiectasia—thus
increasing the risk of skin cancer (Mukherjee et al.,
2011). Additionally, aged skin undergoes extracellular
matrix atrophy and destruction of collagen and elastic
fibers, manifesting as epidermal thinning and flatten-
ing of the dermal-epidermal junction (Makrantonaki
and Zouboulis, 2007). Microneedling is one of the best
ways to prevent these negative changes in skin texture.
Photoaged skin is characterized by the accumulation
of abnormal elastic tissue called solar elastosis. This
abnormal tissue can replace the normal matrix, which
is primarily composed of collagen. Glycosaminogly-
cans are usually distributed between collagen bundles
and have the ability to bind water, increasing skin hy-
dration. Although they increase in photoaged skin,
their function is altered due to association with abnor-
mal elastic fibers (Makrantonaki and Zouboulis, 2007).
Collagen is the most important component of human
skin, synthesized from procollagen derived from der-
mal fibroblasts. Transforming growth factor 5 (TGF-
B) is a cytokine that regulates dermal fibroblasts and
may promote collagen degradation via upregulation of
matrix metalloproteinases (MMPs). Extrinsic factors
can promote reactive oxygen species (ROS), increas-
ing MMP-mediated collagen degradation and inflam-
mation through the NF-xB pathway. Ultraviolet (UV)
light can directly cause DNA cross-linking and modi-
fication of structural proteins (Mukherjee et al., 2011;
Aldag et al., 2016).

Therefore, the effects of the topical application of
growth factors have been studied for skin remodel-
ing and wound healing. In this process, there are
other proteins in the skin which are considered of
great importance—these are growth factors. These
are proteins produced by cells such as keratinocytes,
fibrocytes, and melanocytes, and they affect collagen
synthesis. These cytokines include platelet-derived
growth factor, epidermal growth factor (EGF), gran-
ulocyte colony-stimulating factor, vascular endothe-
lial growth factor (VEGF), keratinocyte growth fac-
tor, and hepatocyte growth factor. Since growth fac-
tors cannot pass through skin layers, their molecular
weights restrict them—most are greater than 15,000
kDa. In fact, molecules greater than 500 kDa can-
not penetrate the stratum corneum. However, when
microneedles are used to pierce the skin at differ-
ent layers, large molecules may penetrate more eas-
ily. These molecules include cytokines, platelet-derived
growth factor, EGF, granulocyte colony-stimulating
factor, VEGF, keratinocyte growth factor, and hep-
atocyte growth factor (Aldag et al., 2016; Sproul and
Argraves, 2013; Uitto and Kouba, 2000; Verrecchia and
Mauviel, 2007). Due to their molecular size, growth
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factors cannot enter the stratum corneum unless an
entry route such as microneedling is provided. Stem
cell biology and its applications in tissue engineering
and regeneration involve three primary properties, in-
cluding cell migration. Migration produces intercellu-
lar matrix, and fibroblast proliferation leads to colla-
gen fiber deposition (Aldag et al., 2016). The effect of
skin tightening and collagen augmentation remains for
5 to 7 years after the procedure (Schaefer and Lade-
mann, 2001). In the current research, the outcomes
of microneedling in combination were compared with
a recently introduced topically applied growth factor.
These variables are believed to reduce inflammation
recovery time and progressively enhance textural char-
acter by stimulating collagen synthesis induced by mi-
croneedling.

As the Future Perspective, in a split-face clinical
study, the effectiveness of the microneedle patch in im-
proving nasolabial folds was investigated. As evaluated
by dermatologists, both the microneedle patch with
HA solution and the microneedle patch alone signifi-
cantly improved the Mertz aesthetic score of the na-
solabial folds. Both patient groups showed significant
improvement from week 4 to the end of the study, but
no significant difference was observed between the two
groups. Possibly, the low concentration (1.8%) of the
HA solution was the reason for this result. In theory,
both the microneedle patch and the 1.8% HA solution
can improve wrinkles. However, the effect of the mi-
croneedle patch may be greater than applying 1.8%
HA. According to data, there was no significant differ-
ence between the two groups in wrinkle improvement.
Nonetheless, the satisfaction score for the micronee-
dle patch with HA solution group was higher than the
microneedle patch alone group, based on self-ratings
by participants (Yaar et al, 2002). This improve-
ment may be due to the percutaneous microtrauma
caused by the microneedle patch and increased per-
meability of the drug across the channels created by
microneedles (Gilchrest, 1989). Many previous stud-
ies have suggested the utility of microneedle devices
for delivering substances through the skin (Tammi et
al., 2005). Tammi et al. showed that skin microtrauma
itself can stimulate epidermal HA synthesis via upregu-
lation of hyaluronan synthase expression. In dermatol-
ogy, medical needling causes skin color normalization
and healthy skin adaptation after repeated treatments
of hypertrophic burn scars (Kay-Hendrik et al., 2018).
Kim et al. showed that in cosmetics, due to their
patient-friendliness, safety, and effectiveness in improv-
ing wrinkles, microneedle patches can be efficiently
and confidently used in various conditions (Kim et al.,
2014). Microtrauma with small needles and subsequent
tissue regeneration can induce collagen synthesis and
deposition, resulting in skin rejuvenation and improve-
ment. Furthermore, the needle-stick device itself has
been shown to influence angiogenesis by stimulating
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it in the post-needle wound healing cascade. Specifi-
cally, epidermal penetration causes microtrauma and
intradermal hemorrhage through parenchymal chan-
nels without affecting the basal layer’s regenerative
ability of stem cells. In this way, transdermal colla-
gen induction enhances the endogenous potential for
regeneration, and a modified wound healing cascade in-
creases the expression of growth factors such as VEGF
(Bao et al., 2009) and TGF-g (Faler et al., 2006), both
of which are important in angiogenesis and cell dif-
ferentiation. Medical needles stimulate both gene ex-
pression and skin cell proliferation, which are essen-
tial for skin remodeling. Transdermal collagen induc-
tion can alter the TGF-3 signaling pathway, as TGF-
B3 reaches high expression levels during early wound
healing stages. This factor allows scar-free collagen
synthesis and wound healing (Bandyopadhyay et al.,
2006; Ferguson and O’Kane, 2004). Moreover, the
post-needling cascade leads to the formation of a phys-
iological lattice-like collagen matrix of type I rather
than type III collagen, which is parallel-oriented and
less strong and stable (Aust et al., 2008a). Over the
past decade, radio-frequency microneedling (MRF) has
been widely used to combat skin aging and is a useful
method for treating various skin problems (Tan et al.,
2021; Dayan et al., 2019; Alessa and Bloom, 2020).

25. Conclusion

Microneedle patch alone has the same effect as adding
1.8% HA solution to the microneedle patch for improv-
ing nasolabial folds. Using the microneedle patch alone
is expected to improve wrinkles due to its favorable
safety profile. Because the current study focused only
on female participants and a low concentration of non-
cross-linked HA solution, it is possible to apply this to
a larger population, a wider range of skin types, and
higher concentrations—or perhaps a cross-linked HA
solution. A clinical trial is scheduled to be conducted.
Linked HA solutions are beneficial in extending these
results. Additionally, long-term follow-up is needed to
examine the persistence of the observed effects. Fu-
ture clinical evaluation of the technology may support
previous authors’ suggestions that microneedling is the
most reliable alternative to more ablative therapies,
particularly in skin phototypes IV to V. Such stud-
ies would benefit from research groups that include
more ethnically diverse populations. This technique
does not cause thermal or excessive epidermal dam-
age. Microneedling is a simple procedure that can be
performed in-office. The device is cost-effective, and
the only recurring cost is the disposable microneedle
cartridge. The treatment appears to be well tolerated,
with minimal pain, discomfort, and downtime. Com-
pared to other invasive techniques such as laser abla-
tion and radio-frequency, side effects appear to be mi-
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nor and easily managed. Therefore, we suggest choos-
ing this method to guarantee skin health and restore
youthful skin.
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