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Abstract
Background: A novel dual‐length microneedle radiofrequency (DLMR) device
has been developed to achieve full‐thickness skin rejuvenation by stimulating the
papillary and reticular dermis simultaneously. This device's dual‐level targeting
concept need to be validated on human skin, although its clinical efficacy has been
demonstrated in a previous study.
Objectives: This study evaluated the dual‐depth targeting capability and the
ability to induce rejuvenation in each layer of vertical skin anatomy, that is, the
epidermis, papillary dermis, and reticular dermis, using full‐thickness human
facial skin samples.
Methods: Human facial skin samples were obtained from 13 Asian patients who
had facelift surgery. To validate the dual‐depth targeting concept, DMLR‐treated
skin samples were analyzed using a digital microscope, thermal imaging, and
hematoloxylin and eosin (H&E) staining immediately after DLMR application.
On samples stained with H&E, Masson's tricrome, and Verhoeff−Van Gieson,
histological observation and morphometric analysis were performed. Total
collagen assay (TCA) and quantitative real‐time polymerase chain reaction
(qPCR) were used to assess changes in total collagen content and mRNA
expression levels of collagen types I/III and vimentin, respectively.
Results: The DLMR device successfully induced thermal stimulation in the
papillary and reticular dermis. The thickness, stacks, and dermal−epidermal
junction convolution of the epidermis treated with DLMR were significantly
increased. Collagen bundles in the dermis treated with DLMR exhibited a notable
increase in thickness, density, and horizontal alignment. Dermal collagen levels
were significantly higher in the morphometric and TCA data, as well as in the
qPCR data for dermal matrix proteins.
Conclusions: Our DLMR device independently and precisely targeted the
papillary and reticular dermis, and it appears to be an effective modality for
implementing full‐thickness rejuvenation.
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INTRODUCTION

Each compartment of the dermis, that is, the papillary and
reticular dermis, undergoes distinct histological and
mechanistic changes as humans age.1–4 Recent studies
have advanced the understanding of the different contri-
butions to skin aging by subpopulations of dermal
fibroblasts, that is, the papillary and reticular fibro-
blasts.5–7 Each subpopulation of fibroblasts in these two
layers has distinct proliferative and synthetic activities, as
well as morphological and immunostaining profiles.5 In
particular, the papillary fibroblast has higher proliferative
and synthetic activity, which helps to form a stratified and
differentiated epidermis with epidermal ridges. The
reticular fibroblast, on the other hand, is associated with
an ordered network of collagen fibers and elastin strands
and has lower proliferative and synthetic activity.5

In light of this growing body of evidence, a novel
dual‐length microneedle radiofrequency (DLMR) device
to stimulate both compartments of the dermis has been
developed. The DLMR device utilizes microneedles of
two lengths determined by the vertical dimensions of the
epidermis and dermis.8 The longer (1000 µm) micronee-
dles are for the reticular dermis, whereas the shorter
(400 µm) ones are for the papillary dermis.

Recently, a split‐face designed clinical study of 24 Asian
patients investigated the clinical efficacy of this device.9 The
study reported that lateral canthal lines, skin elasticity,
wrinkles, roughness, and pore volume improved signifi-
cantly after 8 weeks of treatment, with no serious adverse
events. However, whether the clinical result was due to the
correct implementation of the dual‐level targeting concept
has yet to be determined. For the missing link, the concept
of the device should be validated in human skin.

Therefore, this study assessed the dual‐depth target-
ing capability of the DLMR treatment as well as its effect
on histological features of each layer of skin and dermal
matrix expression using full‐thickness live human facial
skin samples obtained from bilateral rhytidectomy (also
known as facelift surgery).

MATERIALS AND METHODS

Study device

The DLMR device DoubleTite™ (AGNES Medical Co.)
was used for the study. The body of the device generates
1MHz radiofrequency (RF) energy. The bundle of dispos-
able microneedles on the tip of its handpiece consists of five
long (1000 μm) and eight short (400 μm) microneedles.

Study design and ethics

Each pair of human skin samples, both right and left sides
of the lateral cheek to the preauricular area, was obtained

from face‐lifting surgery (FLS, bilateral rhytidectomy of
the lateral face) of 13 Asian patients with a mean age of
56.3 ± 8.23 years (range 42−71) and Fitzpatrick skin types
III and IV (Supporting Information: 1). The study was
conducted in compliance with the Declaration of Helsinki
and Good Clinical Practice guidelines and received ethical
approval from the Ethics Committee of Chung‐Ang
University Gwangmyeong Hospital (No. 2301‐052‐002).

For the validation of the dual‐depth effect of DLMR,
five patients (no's. 1−5) provided a pair of skin samples from
both the right and left sides without prior DLMR treatment.
Refer to the following section for the validation process.

For the histological analysis and total collagen assay
(TCA), another five patients (no's. 6−10) underwent an
asymmetrical DLMR treatment 4 weeks before the
surgery (Figure 1). The treatment was applied on their
whole face except one area, one of the two areas that
were planned to be excised during the FLS, as the
negative control. As a result, one of the two excised skin
samples obtained in the FLS became a negative control
(untreated skin) whereas the other became a test sample
(DLMR‐treated skin). The prior DLMR procedure was
performed one pass under local topical anesthesia. Each
shot included 8W and 100 ms RF.

For the evaluation of mRNA expression level, the
skin samples were obtained from the other three patients
(no's. 11−13), with the same process as in the histological
analysis and TCA except that they received the DLMR
treatment 3 days before the FLS.

Validation of the dual‐depth effect of DLMR

A digital microscope system (AM3113T Dino‐Lite
Premier®; Dino‐Lite Korea Co.) and a thermal imaging
system (FLIR A600; Teledyne FLIR Co.) were utilized
for imaging. To visualize the thermal foci, the thermal
image was taken while the test device induced RF
coagulation (8W, 300ms) on the ex vivo skin.

To evaluate the spatial distribution of the effects of the
injection and RF coagulation in human skin, the test
device was applied to the ex vivo specimens and the
immediate tissue reaction was observed. The RF parame-
ter was set as 8W and 100ms. After the application, the
specimens were vertically sliced to obtain the gross
magnified image. Histological analysis was also performed
on the RF‐coagulated sample. The tissue sections were
stained with hematoxylin and eosin (H&E).

Histological analysis

For the histological analysis, the tissue samples were
fixed in 10% formalin, processed, and embedded in
paraffin. Five μm sections were cut and placed on glass
slides. H&E staining, Masson's trichrome staining stain-
ing, and Verhoeff−Van Gieson staining were performed
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under each standard protocol to evaluate general tissue
morphology, collagen fibers, and elastic fibers, respec-
tively. The images were captured using slide‐imaging
software (Slideviewer™; 3DHISTECH Ltd) and a digital
slide scanner (PANNORAMIC™; 3DHISTECH Ltd).

An image analysis software (ImageJ; National Insti-
tutes of Health) was used for morphometric analysis. The
collagen density was quantified according to previously
established protocols.10,11 For the dermal collagen inten-
sity, the arbitrary unit was defined as the ratio of the
integrated threshold value of the sample to that of the
average value in the untreated control (Supporting
Information: 2). For the morphometric quantification of
the epidermis, the epidermal thickness was measured at
only the interrete ridge regions of the epidermis, from the
basement membrane to the top of the granular layer at 10
randomly selected points across each section. The number
of cell layers of the epidermis was also counted and the
results were expressed as mean± SD according to the
method of Langton et al.3 The dermal−epidermal junction
(DEJ) convolution index was measured using the method
of Girardeau et al.12 (Supporting Information: 3).

TCA

Total collagen content in human skin samples was verified
by using PicoSens™ total collagen assay kit (Biomax)
following the manufacturer's instructions. Briefly, both
DLMR‐untreated and ‐treated sides of each sample were
hydrolyzed in concentrated hydrochloric acid at 120°C for
3 h and evaporated under 70°C oven. Chloramine T
reagent was added (at room temperature for 5min), and
then reacted with p‐dimethylaminobenzaldehyde
(DMAB) reagent (for 90min at 60°C). Absorbance was
measured at 560 nm using a microplate spectrophotometer

(SpectraMax 340; Molecular Devices, Inc.), and the
results were calculated based on a standard curve
generated using known concentrations of collagen type I
standards included in the kit.

Quantitative polymerase chain reaction (qPCR)

Total RNA was extracted from the human skin samples
using TRIzol reagent (Invitrogen). The expression levels
of dermal matrix proteins were measured by fluorescence‐
based RT‐qPCR in accordance with the MIQE précis, a
practical implementation of minimum standard guidelines
for fluorescence‐based qPCR experiments.13 Single‐strand
cDNA synthesis from whole RNA templates was
performed using Prime Script TM RT Master Mix
(Takara). The primer sequence information is provided
in the Supporting Information: 4. The analysis was
performed using qPCR 2X PreMIX SYBR (Enzynomics)
and a CFX96 Touch Real‐Time PCR Detection System
(Bio‐Rad). The PCR amplifications were conducted under
the following conditions: initial denaturation at 95°C for
10min, followed by 30 cycles of 95°C for 10 s, 60°C for
15 s, and 72°C for 20 s. The samples were run in triplicate
and normalized to a reference (glyceraldehyde 3‐
phosphate dehydrogenase; GAPDH). The results of the
qPCR were analyzed using the −ΔΔ2 Ctmethod to determine
the relative expression levels of the target genes.

Statistics

The Student's t‐test was used to determine significant
differences between each treatment group and the
untreated control (GraphPad Prism 7.0). For the t‐test,
the Shapiro−Wilk test was used to confirm whether the

FIGURE 1 Design for human facial skin samples for evaluation of histological changes. Participants were scheduled to undergo bilateral
rhytidectomy (facelift surgery) 4 weeks after receiving DLMR treatment on their full face excluding one of the preauricular regions. The DLMR
treatment was administered on the full face, as indicated by the blue shading, while one of the preauricular regions was left untreated, as indicated by
the yellow shading. Four weeks after DLMR treatment, both preauricular regions were excised, as indicated by the red dotted line. DLMR,
dual‐length microneedle radiofrequency.
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sample populations were normally distributed. All
numeric measurements were performed in triplicate. All
data are expressed as mean ± SD. Each mean difference
was considered significant when the p‐value was <0.05.

RESULTS

Validation of the dual‐length microneedles for
dual‐depth effect

Initially, the specifications and performance of the
DLMR device (Figure 2A) were evaluated in an
inorganic setting. The length of the five longer

microneedles, for the reticular dermis, was measured as
1000 μm, whereas that of the eight shorter ones, for the
papillary dermis, was 400 μm (Figure 2B,C). The thermal
image of RF‐discharging microneedles revealed the
formation of dual‐depth thermal foci (Figure 2D).

The dual‐depth treatment reached each target depth,
the papillary and reticular dermis in human skin
(Figure 3). Clear spatial distribution of injection and
coagulation effect was evident in the vertical sections of
fresh samples treated with DLMR. The depth of the
coagulated area on the gross section was 1025 ± 12.8 μm
along the longer microneedles and 412.7 ± 12.8 μm along
the shorter ones (Figure 3A). Histological analysis of
DLMR‐treated ex vivo human skin revealed the

FIGURE 2 Validation of the concept of the dual‐length microneedles. (A) Exterior of the handpiece (B) Oblique view of the dual‐length
microneedles showing its arrangement that consists of five long, hollow needles for RF and injection and eight short, solid ones for RF. (C) Side view of
the microneedles. The longer (1000 μm) microneedles are designed to target the reticular dermis whereas the shorter (400 μm) ones are for the papillary
dermis. (D) Thermal image of RF stimulation (8W, 300ms). Independent dual‐depth thermal foci were formed along the dual‐length microneedles. (E)
Injection tracks in 7% gelatin gel. The tracks were formed along the length of the longer needles. Methylene blue dye mixed with non‐crosslinked
hyaluronic acid (Lufla®, Joonghun Pharmaceutical, Co., Seoul, Korea) was used for injection track visualization14–16 RF, radiofrequency.
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FIGURE 3 (See caption on next page).
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separated dual‐depth effects located at each target layer
of the papillary and reticular dermis, as intended. The
length of each track was 1007 ± 13.59 and
405.9 ± 12.9 μm, respectively (Figure 3B,C). Each mea-
sured length is presented in Figure 3D.

Change in quality and density of dermal matrix
at weeks post‐DLMR treatment

Skin samples from the DLMR‐treated side of subjects
who received the treatment 4 weeks before the analysis
showed a marked increase in collagen bundle thickness,
resulting in a decrease in interstitial spaces between these
bundles, and improved alignment of the horizontal
orientation of the collagen bundles as compared to that
from the untreated side (Figure 4A−D). The differences
in collagen density at 4 weeks post‐DLMR treatment
were significant in both results of morphometrical
analysis (6.29%, p< 0.0001) and TCA (51.3%,
p< 0.0001) (Figure 4E,F) (Table 1). The qPCR data
from samples of 3 days post‐DLMR treatment were
consistent with the observations above (Figure 4G). The
treated samples presented significantly higher mRNA
expression levels of collagen type I, collagen type III, and
vimentin than the untreated control (41.9%, 92.9%, and
69.1% higher, respectively).

The elastin staining revealed distinct elastin fiber
characteristics on the symmetrically opposite sides of the
same patient (Figure 5). The treated dermis exhibited a
more prominent configuration of elastin fibers, charac-
terized by increased thickness, improved linearity, and
elongation, in comparison to the untreated region
(Figure 5A,C). Especially in the treated papillary dermis,
the elastin fibers coalesced into candelabra‐like structures
with short fibers extending perpendicular to the DEJ,
whereas the untreated region displayed an absence of
elastin fibers immediately below the DEJ (Figure 5B,D).

Epidermal structure change after DLMR
treatment

The DLMR‐treated sides exhibited notable histological
characteristics of the epidermis, including increased
thickness, more defined stratification, and a more
convoluted DEJ as compared to the untreated ones

(Figure 6A,B). In the treated area, the keratinocytes were
more organized and displayed fewer size and shape
variations. In contrast, the keratinocytes in the untreated
area demonstrated more characteristics of photo‐aged
skin,1 including a disorganized arrangement, visible
variations in size, shape, and staining properties, and
prominent intracellular vacuoles that deformed the cells
in the basal and spinous layers. The nuclei of these cells
were frequently misshapen, peripherally deviated, and
stained irregularly.

The morphometric analysis results provided quanti-
tative evidence to support the histological observations
(Figure 6C−E). Compared to the untreated area, the
treated area demonstrated a 13.1% improvement in
thickness (49.6 ± 12.1 μm) as compared to the untreated
area (43.9 ± 8.71 μm) with a significant difference
(p< 0.01) (Figure 6C). In addition, the treated area had
7.01% more live keratinocytes with nuclei per stack than
the untreated side (4.27 vs. 3.99 stacks per point), a
difference that was statistically significant (p< 0.05)
(Figure 6D). The DEJ convolution index, which repre-
sents the degree of rete ridge digitation, was also 17.7%
higher in the treated area than in the untreated area
(p< 0.05; 1.32 ± 3.15 × 10−1 vs. 1.12 ± 2.24 × 10−1,
respectively) (Figure 6E). A summary of the overall
results of the morphometric analysis is presented in
Table 1.

DISCUSSION

The data from our study demonstrated that the dual‐
length microneedles successfully induced distinct effects
in the papillary and reticular dermis, proving the dual‐
depth targeting concept of the DMLR device. The
lengths of the microneedles were determined based on
the vertical anatomy of human skin. The reported
distances between the surface and the lower margins of
the epidermis and dermis are 84.0 ± 23.3 and
1076.6 ± 225.0 μm, respectively.8 After accounting for
the safety gap, such as incomplete insertion, stratum
corneum, and dermal papilla height, the actual lengths
were finalized as 400 and 1000 μm. To achieve this
vertical separation of the coagulation effect, RF energy
had to be delivered simultaneously through needles
of different lengths rather than sequentially through
length‐modulating needles already inserted into the skin.

FIGURE 3 Validation of dual‐length microneedles. Representative cases of vertical sections of fresh samples (A) and histological samples (B and
C). The coagulated tracks (A) were demonstrated at different depths for the two types of microneedles: 1025 ± 6.86 μm for the longer (1000 µm) ones
and 415.5 ± 3.50 µm for the shorter (400 µm) ones. Histological analysis further revealed that the coagulation zones (yellow lines) by each type of
microneedle were induced in the different compartments of the dermis, that is, the reticular (B) and papillary dermis (C), respectively. The longer
tracks were vertically located along the reticular dermis and the shorter ones were mainly located in the papillary dermis. The length of each track
was 1007 ± 13.59 and 405.9 ± 12.9 μm, respectively. Each length was measured in triplicate and presented in graph (E). The histological samples were
stained with H&E. Note the scale bar for the magnification. All data are expressed as mean ± SD. H&E, hematoloxylin and eosin.
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The previous shot in the sequential system changes the
properties of the target tissue (e.g., temperature, protein
structure, and water content), making it difficult to
predict the effect of the subsequent RF shot.17

Our findings seem to support the clinical efficacy
recently reported in a split‐face clinical study by Lim
et al.9 Their study revealed that both subjective and
objective evaluations of 24 Asian participants' lateral
canthus wrinkles revealed significant improvement. The
quantitative measurements showed an 11.7% improve-
ment in 3D wrinkle analysis, a 13.0% reduction in skin

roughness, and a 52.9% reduction in pore volume, which
supported the clinical assessment data. These visible
changes might be the result of the histological and
biological effects of DLMR on human skin demon-
strated in this study.

The dual‐depth targeting treatment demonstrated its
ability to rejuvenate multiple components and layers of
human skin, as intended. The treatment enhanced the
collagen fiber, a representative component of the
reticular dermis, in terms of expression, quantity,
density, and alignment. Elastin fibers in the papillary

FIGURE 4 Dermal collagen changes after DLMR treatment. The representative histological samples were compared between untreated (A and
B) and treated (C and D) areas. Masson's trichrome staining images of the treated area displayed denser bundles with increased thickness, reduced
inter‐bundle spaces, and distinct horizontal parallel alignment than that of the untreated area. These features were quantified by morphometric
analysis (E) and total collagen assay (F). The collagen density significantly increased in the treated area and the differences in each analysis were 6.
29% and 51.3%, respectively, 4 weeks after DLMR treatment. The mRNA expression level of collagen type I, collagen type III, and vimentin (G) also
were significantly increased by 41.9%, 92.9%, and 69.1%, respectively, 3 days after the DLMR treatment. The symmetrically opposite areas of each
patient were compared. Note the scale bar for the magnification. The arbitrary unit was defined as the ratio of the sample's integrated threshold value
to the mean of the untreated control. (p‐value: *<0.05, **<0.01, ***<0.001, and ****<0.0001). DLMR, dual‐length microneedle radiofrequency.

TABLE 1 A summary of the overall results of the morphometric analysis and total collagen assay.

4 weeks post‐DLMR
(mean ± SD)

Untreated control
(mean ± SD) p Value (95% CI)

Epidermal thickness (μm) 49.6 ± 12.1 43.9 ± 8.71 4.80 × 10−3 (−7.06 to −4.45)

# of cell layers 4.27 ± 9.33 × 10−1 3.99 ± 8.23 × 10−1 1.62 × 10−2 (−5.06 × 10−2 to −5.37 × 10−2)

DEJ convolution index 1.32 ± 3.15 × 10−1 1.12 ± 2.24 × 10−1 4.69 × 10−2 (−3.92 × 10−1 to −4.42 × 10−3)

Collagen density (arbitrary unit) 1.10 ± 1.06 × 10−1 1.00 ± 1.16 × 10−1 <1.00 × 10−4 (−7.90 × 10−2 to −4.67 × 10−2)

Total collagen assay (μg/μL) 0.965 ± 0.478 0.638 ± 0.480 <1.00 × 10−4 (2.99 × 10−1 to 3.55 × 10−1)

Abbreviations: DEJ, dermal−epidermal junction; DLMR, dual‐length microneedle radiofrequency.
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dermis regained the candelabra‐like structures character-
istic of young, healthy skin.1,18 Lastly, the DLMR‐
treated epidermis exhibited thicker, more stacked, and
more convoluted DEJ than the untreated control,
consistent with previously reported literature that exam-
ined histological change after RF‐induced skin
rejuvenation.19–21

The long‐known phenomenon of dermal remodeling
and rejuvenation after RF stimulation20–25 has recently
been understood to be the clearance of stacked senescent
fibroblasts, which are more heat‐sensitive than younger
ones.26,27 Accumulation of these nonfunctional but still‐
living fibroblasts disrupts the production of dermal
matrix and the stability of the epidermal structure,
resulting in the histological characteristics of aged skin.
Many RF‐based devices that mediate dermal heat
transfer have been proposed to have a dermal rejuvena-
tion effect by eliminating heat‐sensitive senescent
fibroblasts.28–30

The precise separation of targets, namely the papil-
lary and reticular dermis, is an effective strategy for the
implementation of full‐thickness rejuvenation. Papillary
and reticular fibroblasts, subpopulations of dermal
fibroblasts, have distinct contributions to the aging of
the skin.5–7 Considering the significance of the papillary
fibroblast in photo‐aging, it was included as a target for

the 400 μm microneedles. Papillary fibroblasts have
greater proliferative and synthetic activities than reticular
fibroblasts, which validates their role in the formation of
a stratified and differentiated epidermis.5 Mine et al.
discovered that aged papillary fibroblasts have a
diminished keratinopoietic effect as compared to their
younger counterparts, whereas reticular fibroblasts ex-
hibited no age‐related differences.6 It is pertinent to the
findings of Janson et al. that, after repeated sequential
cultivation, papillary fibroblasts differentiate into reticu-
lar fibroblasts, which have lower synthetic activity.7 On
the other hand, coagulating the level of the reticular
dermis with the 1000 μm microneedle could not be
missed. When the temperature of the reticular dermis
locally exceeds 65°C, the horizontally arranged collagen
bundles31 shrink, causing immediate skin tightening,32–34

and as a result, it induces remodeling of the dermal fibers
by reticular fibroblasts in lower temperature surround-
ings.9,35–40 The long hollow needle of this device enables
no only RF conduction but also automated intradermal
drug injection with a consistent amount and depth.
Although there have been previous devices that emit
bipolar RF through a canular for filler injection,41–44 this
vertically inserting multi‐needle auto‐injector combined
with monopolar RF is a novel development. Through
this needle, it is expected that a variety of substances can

FIGURE 5 Dermal elastin changes 4 weeks post‐DLMR treatment. The representative histological samples were collected 4 weeks post‐DLMR
treatment and compared between untreated (A and B) and treated (C and D) areas. The papillary dermis in the treated area exhibited elastin fibers
coalesced into a candelabra formation with short fibers extending from the DEJ whereas the reticular dermis presented a more pronounced
configuration of elastin fibers with increased thickness, improved linearity, and elongation compared to the untreated dermis. Verhoeff−Van Gieson
staining was used to visualize the elastin fibers. Note the scale bar for the magnification. DEJ, dermal−epidermal junction; DLMR, dual‐length
microneedle radiofrequency.
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be attemped such as hyaluronic acid, poly‐D,L‐lactic
acid,45 and polydeoxyribonucleotide46 to assist in the
skin rejuvenation effect.

Despite these interesting results and the significance
of the outcomes, our study has some limitations. The
small sample size and lack of racial, age, and gender
diversity may have affected the generalizability of the
study's findings. In addition, the follow‐up period was
only 4 weeks because most patients do not schedule
appointments for FLS beyond that time frame, making it
difficult to design longer‐term follow‐up studies.

In conclusion, our findings provide evidence for the full‐
thickness skin rejuvenating effect of the DLMR and
suggest that it is a potential modality for skin rejuvenation
therapy. Further research with larger sample sizes, diversity
in age, gender, ethnicity, skin types, and with longer follow‐
up periods is expected to confirm the efficacy and safety of
the DLMR for skin rejuvenation therapy.
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