
J Cosmet Dermatol. 2024;00:1–10.	﻿�   | 1wileyonlinelibrary.com/journal/jocd

1  |  INTRODUC TION

As humans age, there is a predictable change in the structure of 
our skin. Thinning of the epidermal layer is due to atrophic changes 
in keratinocytes, which leads to increased trans-epidermal water 

loss and increased skin dryness. In addition, the two main com-
ponents of the extracellular matrix—collagen and elastin—which 
are responsible for tensile strength and elasticity of the skin, 
respectively, undergo significant changes during aging.1 There 
is a decrease in the amount of collagen due to a reduction of its 
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Abstract
Background: The negative effects of skin aging are primarily related to the destruc-
tion of dermal architectural structure. More specifically, this includes changes in the 
spatial arrangement of collagen, elastin fibers, mucopolysaccharides, proteoglycans, 
and ground substances.
Aims: The purpose of this study is to investigate the histologic effects of dermal 
and subdermal tissue after a controlled single treatment with radiofrequency (RF) 
macroneedling. This therapy provides a controlled, localized, thermal effect on the 
dermis whereby triggering the body's own healing processes of extracellular matrix 
remodeling. Clinically benefits include skin tightening.
Methods: Biopsies were obtained for histologic evaluation from four patients (n = 4), 
4 weeks after completing a single RF macroneedling facial treatment.
Results: Age-related changes of the dermal and subdermal architecture were observed 
at baseline. After treatment, all biopsies demonstrated an increase in epidermal cells, 
collagen, elastin, fibroblasts, vasculature, and a decrease in inflammatory cells.
Conclusions: The results of this histologic study confirm a significant “subsurfacing” 
thermal effect from the noncoagulative ascendant thermal injury. The obtained re-
sults characterize RF macroneedling therapy as an effective method for correcting 
age-related changes in facial skin.
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synthesis. Collagen also becomes less functional due to an in-
crease in structural fragmentation, which is presumably associ-
ated with the increased expression of matrix metalloproteinases 
(MMP) found in aging skin.2

Currently, about 28 distinct types of collagen have been de-
scribed, which are encoded by more than 40 genes. Type I collagen 
(80%–90% of all skin collagen) and type III collagen are predominantly 
found in the skin. The relative amount of type III collagen increases 
significantly during the initial phase of wound healing. This has been 
observed after fractional CO2 or radiofrequency epidermal-dermal 
ablative resurfacing treatments that activate the neo-collagenases 
cellular wound healing pathway. Type IV collagen forms a flat net-
work of collagen fibers at the border of the epidermis and dermis re-
sponsible for maintaining integrity of the basement membrane (basal 
laminae). Collagen type V is combined in fibrils with collagen types I 
and III. It helps to regulate the diameter of the fibers. An important 
function is performed by type VII collagen, the main component of 
anchoring fibrils in order to provide adhesion between the epidermis 
and the underlying dermis.3 Anchoring fibrils protect the skin from 
excessive stretching.

Elastin is an inert protein produced at an early age, so, there is 
virtually no new elastin formation during a human's lifetime. Any 
changes in elastin fibers that occur with aging tend to be perma-
nent,4,5 since the half-life of elastin is approximately 70 years. 
Consequently, only a minimal amount of this protein is synthesized 
during one's lifetime given the slow process of elastin genesis. It is 
estimated that only about 1% of elastin peptides are renewed per 
decade.6 However, the fate of elastin is similar to all other types 
of protein found in humans—with age elastin is damaged and de-
graded.7 Due to the extremely slow innate regeneration process, the 
degradation of elastin fibers is a practically irreversible and irrepa-
rable.8 The increased activity of proteases associated with aging in 
elastin-rich tissues leads to the degradation of elastin and, simulta-
neously the increase of calcium deposits creating calcification of the 
soft tissues.9 Changes in the quality and quantity of elastin fibers 
dramatically affect the skin's function, appearance, and ultrastruc-
ture. This decrease in elasticity accounts for the clinical classic age-
related changes such as wrinkles and laxity.

As a result of ultraviolet (UV) radiation, photodamage of the 
skin is a known consequence. In  vivo and in  vitro studies have 
shown that UV radiation activates the elastin promoter and qual-
itative/quantitative changes in elastin fibers occur with a massive 
deposition of thickened, tangled, and amorphous fibers (solar elas-
tosis). Unfortunately, this phenomenon is also facilitated by the 
formation of free radicals, which stimulate the synthesis and accu-
mulation of abnormal elastin fibers.10 Controlled damage is one of 
the most potent stimuli to remodel the dermal layer, thus, various 
technologies that harness this concept have been developed and 
applied in aesthetic medicine. In recent years, the delivery of ther-
mal energy through high frequency oscillating, electrical current 
(radiofrequency energy) devices has become among one of the 
most popular.

1.1  |  The use of the radiofrequency (RF) current in 
aesthetic medicine

Radiofrequency (RF) electric current was first used for medical pur-
poses in 1926. During an operation, Dr. Harvey Williams Cushing 
used an electrosurgical generator developed by Dr. William Bovie to 
coagulate tissues. Since then, RF electric current has routinely been 
used in all surgical specialties as an ablative instrument. More re-
cently, alternating RF electric current has found broader application 
in aesthetic medicine. When applied, the RF current causes vibra-
tions of tissue molecules with a frequency of 1 000 000 Hz/s. As a 
result of micro-oscillations of tissue molecules, intermolecular, and 
intramolecular motion, kinetic energy is generated. This becomes 
converted into thermal energy. Heating of tissues at high tempera-
tures can be ablative and coagulative, but, at a lower temperature it 
is nonablative. When applied at lower temperatures, thermal stimu-
lation induces inflammation triggering neo-collagenesis and neo-
elastogenesis. The main objective of this approach is to establish 
a dose–response thermal curve to safely heat targeted structures 
while mitigating the risk of irreversible thermal injury.11

Over the past 15 years, RF technology has undergone significant 
evolution. By changing the configuration and size of the electrodes 
and fractionating the delivery, one can control the energy density 
and, as a result can achieve the desired clinical effects while mini-
mizing the risks of thermal injury.

Depending on the configuration of the electrodes, there are sev-
eral main types of RF devices:

•	 Monopolar devices: energy is delivered through one active elec-
trode with a relatively small contact surface, which is superim-
posed on the targeted area. The passive electrode, which is much 
larger than the active one is located at a certain distance from the 
treatment area. Monopolar systems affect the dermis and subcu-
taneous fat almost equally. With such a large radius, it is difficult 
to control the temperature and exposure level, thus, the risk of 
thermal damage is higher.

•	 Bipolar devices: these consist of two electrodes with different po-
larities (“+” and “−”). The advantage of bipolar systems is that the 
thermal effect is limited within the zone between the two elec-
trodes. Therefore, when the electrodes come in contact with the 
skin's surface, the affected layers include the epidermis and par-
tially the dermis, while the subcutaneous layer can be selectively 
targeted as needed.

•	 Multipolar devices: have more than two electrodes in the operating 
handpiece that change their polarity during exposure. At any given 
time, there are two bipolar electrodes activated. The continuous 
modification in trajectory and direction of the electric current be-
tween alternating electrodes reduce the risk of burns and provides 
uniform heating of the soft tissue under the handpiece.12

Most technologies that deliver controlled thermal damage aes-
thetic medicine target the dermal layer. However, if the energy 
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source is applied externally, the epidermal layer receives a signifi-
cant amount of energy also. The epidermis is much more sensitive 
to heat; thus, thermal exposure of the epidermis entails an increased 
risk of complications and requires downtime.

Obstacles often serve as a stimulus to innovation and techno-
logic advancement. In the process of creating a device for precise and 
targeted RF energy delivery, radiofrequency microneedling technol-
ogy was born: the needles were modified to become electrodes. In 
this case, the RF impact depends on the needle electrode length and 
their coating. Furthermore, the concept of Macro-RF needling, or 
using longer, more powerful, monopolar, coated electrode-pins to 
penetrate more deeply to the subdermal adipose tissue was the next 
generation of innovation.

These new technologies made it possible to focus fractional, 
coated electrode-macro-needle RF energy on another target—the 
subcutaneous fat layer. Therefore, in addition to treating the der-
mis, there is a synergistic effect on deeper soft tissue contraction, 
adipolysis, and overall tightening.13 The subcutaneous fat layer is di-
vided into lobules, separated by connective tissue septa forming the 
fibro-septal network (FSN) designed to connect the dermis securely 
to the underlying muscle fascia (Figure 1).

Each of the needle electrodes of the applicator are positively 
charged and emit RF current only from the tip. The operator can 
precisely control depth of penetration into the dermis and/or adi-
pose tissue. Maximum depths on the Morpheus8 device (InMode, 
Lake Forest, CA) are 8 mm for coagulation/heating and 7 mm for 
ablation. At these maximum depths the delivery of energy targets 
the subcutaneous adipose tissue as well the FSN. Importantly, a 
built-in safety mechanism ensures that the tips of each electrode-
pin are positively charged while the negative return electrodes 
remain on the surface. Since the negative electrodes cover a 
much larger surface area, the superficial thermal zone of injury 
is minimized allowing for a greater amount of deeper energy to 
be delivered. For each fractional electrode needle, the RF emis-
sion produces three zones of thermal injury in the nearby deep 
tissues—an ablation zone, a zone of reversible coagulation (when 

introduced into the fat layer, these two zones cause a shortening 
and contraction of the FSN) and finally, a large zone of nonco-
agulative, nonablative tissue heating created by the RF current 
flowing from deep inside the adipose tissue up to the negative 
electrodes on the surface of the skin. (Figure 2).

The ablation zone is created when tissue is heated beyond 
100°C and can range from 100 to 500 microns in diameter, while 
the reversible coagulation zone is created when the temperatures 
reach 60–85°C and can be 600–800 microns in diameter. After 
ablative damage to adipose tissue, the RF current flows back to 
the negative return electrode on the skin surface, gently heat-
ing the dermis and epidermis. This nonablative, coagulative, and 
noncoagulative thermal stimulation is what we term “fractional 
RF sub-surface remodeling.” It should be thought of as an “upside 
down cone” caused by the bipolar RF flowing back to the negative 
electrode from the internal, positively charged ablative positively 
charged electrode to the larger surface area, negatively charged 
plate. This nonablative, coagulative, and noncoagulative heating 
serves as the thermal stimulation for the formation of new col-
lagen and elastin.11,14 The heating of the skin surface does not 
exceed 42°C which has been found to be the threshold for irre-
versible epidermal thermal injury.

After RF exposure, an immediate shortening of the FSN fibers 
occurs. The horizontal, oblique, and vertical connective tissue 
fibers simultaneously contract to achieve a three-dimensional 
shrink-wrap effect. Additionally, soft tissue contraction and skin 
thickening can reach 40%–70% (30%–40% due to FSN + 20%–30% 
secondary to dermal contraction). The thermal energy delivered 
reduces thickness of adipose tissues affecting external contours 
in addition to reducing/eliminating overlying wrinkles, folds, scars 
(including post-acne scaring), uneven skin texture, pores and 
stretch marks.

The purpose of this study is to investigate the histologic effects 
of dermal and subdermal tissue after a controlled single treatment 
with RF microneedling. We anticipate that there will be histologic 

F I G U R E  1  Fibers of the fibro-septal network (FSN) of adipose 
tissue.

F I G U R E  2  Three different thermal zones of injury produced by 
the Morpheus8 device (InMode, Lake Forest, CA).
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evidence that correlates with the clinical observations of skin tight-
ening and skin thickening.

2  |  MATERIAL S/METHODS

Each needle electrode of the Morpheus8 device (InMode, Lake Forest, 
CA) has a gold coating except for the distal 500 microns, where the 
RF energy is emitted. The tip of each electrode-needle is positively 
charged, and the larger, flat, planar designed negative side-rail elec-
trodes stay on the surface of the skin. The RF energy flows from the 
tips of the microneedles to external electrodes set on the skin surface. 
The patented pulse of RF energy ablates and coagulates the subdermal 
adipose tissue and more importantly, shortens the FSN's horizontal, 
oblique, and vertical connective tissue fibers. (Figure 3). The pulse du-
ration has been calibrated by the manufacturer to account for thermal 
relaxation time of the dermis and subcutaneous tissue in order to maxi-
mize energy delivery and minimize risk of irreversible thermal injury.

Ablative and coagulative injury was meticulously delivered to 
soft tissues at the various subcutaneous levels, with noncoagula-
tive, nonablative thermal stimulation of the reticular and papillary 
dermis from the “bottom up”, or “Fractional RF Sub-Surfacing” while 
protecting the epidermis from thermal damage. The settings were 
consistent for all patients in this study to minimize variables and 
maintain consistency of treatment parameters.

2.1  |  Post-treatment reduction of age-related skin 
changes and their morphological characteristics

Patients volunteered for the study and consent was obtained in ac-
cordance with the Declaration of Helsinki. To assess changes in skin 
structure after Morpheus8 (InMode, Lake Forest, CA) RF macronee-
dling therapy, we conducted a clinical study involving subjects of the 
following two age groups:

•	 Group 1: 35–40 years old (subjects 1–3);
•	 Group 2: > 40 years old (subject 4, 69 years old).

The facial area of the participants was treated with the fa-
cial applicator using the following single pass parameters: 2 mm 
depth and 22 mj/pin of energy. This was selected because all pa-
tients were Fitzpatrick type 2 and 3 without excess subcutaneous 
adiposity.

Before and after the procedure, eight biopsies from the 
treated area were obtained from subjects. All biopsies were 
taken 28 days after the procedure at the 4-week follow-up visit. 
During the histological examination, the following parameters 
were evaluated:

	 (i)	The thickness of skin layers;
	(ii)	 Number of fibroblasts and inflammatory cells (lymphocytes and 

macrophages);
	(iii)	 Surface area of vessels in the papillary and outer layers of the 

reticular dermis;
	(iv)	The density of collagen and elastin fibers in the dermis, as well as 

the degree of fragmentation of elastin fibers (analyzed by semi-
quantitative scoring method on a 5-point scale, where 0—none, 
4—maximum intensity).

The pathologist used the following collagen degradation scale 
to determine the “Fiber Score.” Score = 0: Collagen bundles are not 
visualized, they are disintegrated into individual fibers. Score = 1: 
Bundles are loosely arranged, fibers within are moderately loos-
ened. Score = 2: Bundles are arranged with moderate density, 
there are areas of loosening of individual fibers. Score = 3: Bundles 
are arranged closely to each other, there are small areas of loos-
ening of individual fibers. Score = 4: Bundles are densely arranged, 
fibers are tightly packed, parallel to each other. Five visual fields 
were analyzed in each sample, and about 50 measurements were 
made for each parameter.

F I G U R E  3  Multiple passes of 
Morpheus8 (InMode, Lake Forest, CA) at 
different depths results in horizontal and 
vertical fractional remodeling of adipose 
tissue and FSN. This also leads to dermal 
remodeling for optimal skin tightening, 
contouring, and soft tissue contraction.
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3  |  RESULTS

3.1  |  Comparison of the morphological 
characteristics of the skin of subjects before the 
fractionated RF macroneedling procedure

Table  1 presents data as mean values ± standard error of the 
mean or as median values and interquartile range (in the case 
of score evaluation). At baseline, subject 4 (69 years old) had a 

lower epidermal thickness (28.2% less) compared to subjects 
aged 39–40 years, while the thickness of the dermal layers was 
unchanged (Figures 4–9).

The older aged individual demonstrated a decrease in the aver-
age number of epidermal cells (38.4% less), fibroblasts (29.5% less), 
and inflammatory cells (73.7% less). Age-related changes in the vas-
cular area were also observed. A decrease in the density of collagen 
fibers (33.3% less) and an increase in the degree of fragmentation of 
elastin fibers (33.3% more) were visualized on histology.

Morphological signs

Subjects 1–3 (35–40 y.o.) Subject 4 (69 y.o)

Before 
treatment

After 
treatment

Before 
treatment

After 
treatment

Layer thickness (μm)

Epidermis 58.2 ± 2.8 56.9 ± 2.2 41.8 ± 2.5 35.7 ± 1.2

Papillary dermis 87.3 ± 3.2 98.4 ± 3.3 80.9 ± 3.8 61.03 ± 4.5

Reticular layer of the dermis 
(outer part)

302.3 ± 5.6 318.2 ± 9.6 321.4 ± 9.2 314.8 ± 13.5

Cellular composition (pcs)

Epidermal cells 150.4 ± 6.1 162.6 ± 7.8 95.7 ± 2.3 91 ± 5.1

Fibroblasts 117 ± 10.4 141.7 ± 7.6 82.5 ± 3.8 85.8 ± 3.5

Inflammatory cells 67.7 ± 7.6 51.8 ± 6.8 17.8 ± 4.6 10.2 ± 1.5

Vessels (μm2)

Vessels surface area 3064 ± 538.3 5597 ± 1089 2349 ± 680.4 3996 ± 739.1

Fiber (score)

The density of collagen fibers 3 (3; 3) 4 (3; 4) 2 2

The density of elastin fibers 2 (2; 2) 3 (2; 3) 2 4

Fragmentation of elastin fibers 2 (2; 3) 1 (1; 1) 3 1

TA B L E  1  Morphometric analysis of 
morphological features in skin biopsies of 
subjects of different ages before and after 
treatment.

F I G U R E  4  Top Row: Histological structure of the skin biopsy of subject one before treatment, stained with hematoxylin–eosin: (A) 
general view of the epidermis, reticular, and papillary dermis; (B) moderate dystrophic changes in the cells of the epidermis and a slight 
perivascular inflammatory infiltration in the papillary dermis; (C) the structure of the papillary and reticular layers of the dermis; (D) thin and 
loose fibers in the papillary layer and thicker bundles of fibers in the reticular layer. Bottom Row: Histological structure of the skin biopsy of 
subject one after the procedure, stained with hematoxylin–eosin: (A) general view of the epidermis, reticular, and papillary dermis; (B) Weak 
dystrophic changes in the cells of the epidermis and a slight perivascular inflammatory infiltration in the papillary dermis; (C) the structure of 
the papillary and reticular layers of the dermis; (D) a denser arrangement of thin fibers in the papillary layer.
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3.2  |  Comparison of the morphological 
characteristics of the skin of subjects after the 
Morpheus8 procedure

After the procedure, the younger cohort (Group 1) representing 
subjects 1–3, displayed a an increase in the number of epidermal 
cells (by 8.1%) and fibroblasts (by 21.1%) as well as a decrease in 

the number of inflammatory cells (by 23.5%). In cohort 2, subject 
4, after treatment, a decline in the number of inflammatory cells 
(by 42.7%) was observed.

In all subjects, regardless of age, a significant increase in the 
area of the vessels was observed: in the group of subjects 1–3, by 
1.8 times, and in subject 4, by 1.7 times (Graph 1). In the group of 
younger subjects, 1–3, after the procedure, there was an increase 

F I G U R E  5  Top Row: Histological structure of collagen fibers in the skin biopsy of subject one before treatment, stained with picrosirius 
red: (A) collagen fibers of the reticular and papillary dermis are stained red; (B) collagen fibers give yellow anisotropy; (C) thinner and looser 
collagen fibers are located in the papillary dermis, and thicker bundles of collagen fibers are visible in the reticular layer; (D) collagen fibers 
give yellow anisotropy of varying intensity depending on the thickness and density of collagen fibers in different layers of the dermis. 
Bottom Row: Histological structure of collagen fibers in the skin biopsy of subject one after the procedure, stained with picrosirius red: (A) 
collagen fibers of the reticular and papillary dermis are stained red; (B) collagen fibers give yellow anisotropy; (C) thinner and looser collagen 
fibers are located in the papillary dermis, and thicker bundles of collagen fibers are visible in the reticular layer; (D) collagen fibers give 
yellow anisotropy of varying intensity depending on the thickness and density of collagen fibers in different layers of the dermis.

F I G U R E  6  Top Row: Histological 
structure of elastin fibers in the skin 
biopsy of subject one at baseline, 
pretreatment, stained with orcein: (A) 
collagen fibers of the reticular and 
papillary dermis are stained black; (B) 
thinner and shorter elastin fibers are 
seen in the papillary dermis and thicker 
and loosely located elastic fibers are 
seen in the reticular layer. Bottom Row: 
Histological structure of elastin fibers 
in the skin biopsy of subject one after 
the procedure, stained with orcein: 
(A) collagen fibers of the reticular and 
papillary dermis are stained black; (B) an 
increase in the content of elastin fibers in 
the layers of the dermis, their longitudinal 
orientation in the reticular layer.
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in the density of collagen (by 25%), elastin (by 33.3%) fibers and a 
decrease in the degree of fragmentation of elastin fibers (by two 
times) were observed. In subject 4, after treatment, there was an 
increase in the density of elastin fibers (2 times) and a decreasing 
degree of fragmentation (3 times).

4  |  DISCUSSION

Recent research has validated the effects of the Morpheus8 
(InMode, Lake Forest, CA) on the RF-induced FSN tightening and 
adipose-related soft tissue contraction which is significant. This 

F I G U R E  7  Top Row: Histological structure of the skin biopsy of subject four (69 years old) before the treatment, stained with 
hematoxylin–eosin: (A) general view of the epidermis, reticular, and papillary layers of the dermis; (B) thinned epidermis, thickened papillary 
dermis; (C) inadequate vascularization and moderate perivascular inflammatory infiltration in the dermis; (D) the same area with phase-
contrast microscopy. Bottom Row: Histological structure of the skin biopsy of subject four after the procedure, stained with hematoxylin–
eosin; (A) general view of the epidermis, reticular, and papillary layers of the dermis; (B) a thin layer of the epidermis and papillary layer, 
an increase in the content of blood vessels in the papillary layer; (C) the structure of the papillary and reticular layers of the dermis with 
increased range of blood vessels; (D) the same area with phase-contrast microscopy.

F I G U R E  8  Top Row: Histological structure of collagen fibers in the skin biopsy of subject four (69 years old) before the procedure, stained 
with picrosirius red: (A) collagen fibers of the reticular and papillary dermis are stained red; (B) collagen fibers give yellow anisotropy; (C) 
dense arrangement of thin collagen fibers in the papillary dermis, loose structure of bundles of collagen fibers in the reticular layer; (D) 
collagen fibers give yellow anisotropy of varying intensity depending on the thickness and density of collagen fibers in different layers of the 
dermis. Bottom Row: Histological structure of collagen fibers in the skin biopsy of subject four (69 years old) after the procedure, stained 
with picrosirius red; (A) collagen fibers of the reticular and papillary layers of the dermis are stained red; (B) collagen fibers give yellow 
anisotropy; (C) increase in the content of collagen fibers in the papillary dermis; (D) increased anisotropy of collagen fibers in the layers of 
the dermis.
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8  |    FLEGONTOVA et al.

focused on the dermal histologic effects of the novel adipose ther-
mal ablation and coagulation. We found that, at baseline, in the initial 
state, the skin of subjects aged 35–40 was characterized by moder-
ate dystrophic changes in the epidermis cells. In the papillary der-
mis, collagen fibers were primarily thin and loosely arranged, while 
elastin fibers were also light, sparse, and fragmented. Sometimes in 
the papillary layer, there were separate areas of noticeable fibers 
loosening with increased content of lymphocytes and macrophages, 
as well as foci of compaction and tissue homogenization (fibrosis and 
hyalinosis).

In the reticular dermis, collagen fibers formed bundles and were 
denser; elastin fibers were also thicker, often fragmented, and un-
evenly distributed. The cellular composition of the dermis was 
mainly represented by fibroblasts and a few vessels with moderate 
perivascular infiltration from lymphocytes and macrophages.

A month after RF treatment, dystrophic changes in epidermal 
cells were almost not detected. There were no areas of sharp loos-
ening of the fibers, as well as foci of fibrosis and hyalinosis in the der-
mis. In the papillary dermis, the density of collagen fibers increased, 
elastin fibers were located more evenly, and their degree of frag-
mentation decreased. In the reticular layer, there was an increase in 
the content of collagen and elastin fibers with a simultaneous de-
crease in their fragmentation. The number of fibroblasts and vessels 
in the dermis increased, while the amount of lymph-macrophage 
infiltration was minimal.

In a skin biopsy of the older subject (69 years old), a pronounced 
thinning of the epidermis was observed before the procedure. In the 
thickened papillary dermis, thin collagen fibers were very densely 
packed, while significantly fewer elastin fibers (hypoelastosis) and their 
fragmentation were observed. In the reticular dermis, a loose arrange-
ment of bundles of collagen fibers was noted. In the outer areas of 
the reticular layer, hyperelastosis was detected, and in deeper areas, 
the density of elastin fibers decreased, and fragmentation increased. 
The content of fibroblasts and vessels in the layers of the dermis was 
reduced while only few lymphocytes and macrophages were noted.

Most of these histological changes cannot be just attributed to the 
mechanical injury of the single pass microneedling as the increased 
vasculature in the reticular dermis, the notable neo-elastogenesis 
and reorganized and compacted papillary and reticular dermis have 
not been noted in published, nonthermal, microneedling papers. 
Thus, we postulate that the strong noncoagulative heating of the 
return RF traveling from the deep positive ablative and coagulative 
electrode up to the negative electrode created this “subsurfacing” or 
“upside down” thermal remodeling. This subsurfacing effect is not 
present with the typical RF microneedling design where the needles 
penetrating into the deep dermis or superficial adipose are alternat-
ing rows of positive and negatively charged bipolar electrodes. The 

G R A P H  1  Change in the vascular area in subjects of both age 
groups after the Morpheus8 procedure. P<0.05.

F I G U R E  9  Top Row: Histological 
structure of elastin fibers in the skin 
biopsy of subject four (69 years old) in 
the initial state, stained with orcein; 
(A) collagen fibers of the reticular and 
papillary layers of the dermis are stained 
black; (B) hypoelastosis and fragmentation 
in the papillary dermis with evidence 
of hyperelastosis and fragmentation 
in the reticular dermis. Bottom Row: 
Histological structure of elastin fibers in 
the skin biopsy of subject four (69 years 
old) after treatment, stained with orcein; 
(A) collagen fibers of the reticular and 
papillary layers of the dermis are stained 
black; (B) hyperelastosis in the reticular 
layer of the dermis.
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ablative and coagulative index for these RF microneedling bipolar ar-
rays is small compared to the Morpheus8 (InMode, Lake Forest, CA), 
and there is no RF flow up to negative electrodes on the surface of 
the skin, which generates the reticular and papillary thermal effects.

It would be interesting to extend this study with additional sub-
jects to achieve greater power to determine if these trends would 
persist. Additionally, it would be valuable to determine if a depth at 
1 mm, would the “subsurfacing” effect be just as dramatic. It would 
also be of value to compare the subdermal and transdermal effects 
of Radiofrequency-Assisted Liposuction (RFAL) which involves 
AccuTite, FaceTite, and BodyTite (InMode, Lake Forest, CA).

After radiofrequency macroneedling therapy, the structure of 
the epidermis did not fundamentally change; the content of vessels 
and elastin fibers in the papillary layer increased. The most signif-
icant changes occurred in the reticular layer, with a strong pre-
dominance of densely located elastin fibers (hyperelastosis) over 
loosened collagen fibers. Thus, the radiofrequency microneedle 
therapy had a beneficial effect on the skin condition of subjects of 
different ages: a decrease in the severity of age-related changes 
and increased regenerative properties were observed. In order to 
maintain consistency in this case series, all patients were treated 
with a single pass at 2 mm depth and 22 mj/pin of energy. This mit-
igates confounding variables such as stacking pulses and multiple 
passes. Clinically, most patients will receive multiple passes and 
pulses at multiple depths. Thus, these changes are even more im-
pressive when considering it is due to a single shot of RF delivered 
by the macroneedles in a given area.

In skin biopsies after the procedure, an increase in the number of 
epidermal cells, fibroblasts, and blood vessels was noted, the density 
of collagen and elastin fibers in the dermis layers increased, dystro-
phic changes in cells and inflammatory infiltration were minimal. It 
should be noted that in older subjects, the effectiveness of treat-
ment was more pronounced due to the pronounced stimulation of 
elastogenesis in the reticular layer of the dermis.

5  |  CONCLUSION

The Morpheus8 (InMode, Lake Forest, CA) device can deliver a deep 
and profound FSN and adipocyte ablative and coagulative injury re-
sulting in FSN soft issue contraction and adipose destruction and liqui-
fication with the resulting soft tissue tightening and adipose reduction 
and contouring.13 The results of this histologic study confirm a signifi-
cant “subsurfacing” thermal effect from the noncoagulative ascendent 
thermal injury and. The obtained results characterize radiofrequency 
macroneedling (micro electrode) therapy as an effective method for 
correcting age-related changes in facial skin in subjects of different age 
groups. A study with a larger sample size is needed to confirm the sta-
tistical significance of the recorded changes in skin condition.
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