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Abstract
Fractional radiofrequency (RF) microneedling is commonly used for 

skin and body rejuvenation by inducing controlled thermal micro-injuries 
that stimulate collagen and elastin production. However, conventional 
techniques often cause discomfort, especially when targeting deeper 
tissues. This case report evaluates the histological effects of the Exion 
Fractional RF device using its Extended Mode, which creates a thermal 
gradient reaching deeper layers without full needle penetration. A 40-year-
old male subject (BMI 22.9) received a single-pass treatment to the face 
and abdomen, with insulated microneedles delivering monopolar RF 
energy at varying depths (1.0–4.0 mm) and intensities (60% and 100%). 
Biopsies were taken immediately post-treatment, and on Days 7 and 
30. Histological analysis using H&E and Masson's trichrome staining 
revealed a consistent 4-mm thermal gradient in abdominal tissue, with 
evidence of collagen coagulation and remodeling extending beyond needle 
depth, while preserving the integrity of the epidermis. By Day 30, early 
neocollagenesis and signs of adipocyte apoptosis, including membrane 
disruption and fibrotic changes, were noted. These findings suggest that 
the Extended Mode enables effective deep tissue remodeling and adipose 
targeting while minimizing epidermal disruption.
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Introduction
Microneedling paired with radiofrequency (RF) effectively rejuvenates the 

face and body [1]. This innovative procedure delivers monopolar RF energy 
through needles that penetrate the skin at specific depths, stimulating collagen 
and elastin production [2]. While highly effective, the treatment's mechanism 
involves creating controlled micro-injuries through needle penetration, which 
can cause pain to varying extents.

Exion Fractional RF technology introduces a solution to address patient 
discomfort during microneedling treatments with its innovative Extended 
Mode feature. This technology combines monopolar RF with AI-controlled 
energy delivery while leveraging the Extended Mode to generate a thermal 
gradient that reaches up to 8 mm in depth, extending 4 mm beyond the 
maximum needle penetration depth of 4 mm [3,4]. By effectively targeting 
subdermal layers without physically piercing those depths, the Extended 
Mode minimizes patient discomfort while achieving optimal results.

The gradient is created by monopolar RF energy, with a neutral electrode 
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positioned on the patient's back. When the Extended Mode 
is engaged, the RF pulse is delivered to the needle tip, and 
the energy flows toward the neutral electrode, creating a 
consistent 4mm thermal gradient beneath the needle [5]. In 
contrast, without Extended Mode, RF energy is confined 
to the tissue directly surrounding the needle tip, limiting 
the effective depth of thermal stimulation to the depth of 
mechanical insertion.

This case report observes the histological changes induced 
by the device's Extended Mode at depths beyond the physical 
needle insertion, while also demonstrating its mechanism of 
action.

Methods
This case report describes histological observations from 

a single subject (n=1, male, 40 years old, BMI 22.9) who 
underwent a single-pass fractional RF treatment using the 
EXION device (BTL Industries Inc., Boston, MA). This case 
was managed by the ethical principles outlined in the 1975 
Declaration of Helsinki. The treatment was applied to the 
facial and abdominal areas.

The subject was required to complete two (2) follow-
up visits scheduled for 7 days and 30 days post- treatment. 
Adverse events were closely monitored throughout the case 
study duration.

The preauricular and abdominal areas were cleansed 
before therapy initiation, and digital photographs with marked 
biopsy sites were taken. Tissue samples were obtained using 
a 3 mm punch biopsy immediately after the treatment, 7 days 
post-treatment, and 30 days post-treatment. The samples 
were sectioned and stained to facilitate visualization and 
microscopic examination. The specimens were stained with 
hematoxylin-eosin (H&E) and Masson's trichrome (MT) 
following standard staining protocols.

In the facial area, the treatment was conducted at 60% 
RF intensity, with a needle penetration depth of 1.0 mm, and 
with Extended Mode disabled. The sample for histological 
evaluation was taken immediately following the treatment. 
In the abdominal area, the treatment was performed with 
Extended Mode enabled, using two RF intensity levels (60% 
and 100%) and four needle penetration depths (1.0 mm, 
1.5 mm, 2.5 mm, and 4.0 mm). Samples for histological 
evaluation were taken immediately following the treatment, 
7 days post-treatment, and 30 days post- treatment.

Results
Histological samples stained with H&E showed 

specific morphological changes in the treated facial area. A 
distinctive, elongated, and cocoon-shaped area was observed, 
indicating the coagulation of tissue proteins, such as collagen 

 
Figure 1: Histological image of facial tissue (H&E stain) at Day 0 
(immediately after the treatment): 1.0 mm needle penetration, 60% 
RF intensity, Extended Mode disabled.

(Figure 1). These localized changes were consistent with 
standard RF microneedling (with Extended Mode disabled), 
as no evidence of a broader thermal gradient or deeper tissue 
remodeling was observed.

Histological images of the abdominal area, stained with 
H&E and MT, demonstrated a 4-mm thermal gradient 
characterized by a localized zone of collagen denaturation 
and dermal coagulation. The epidermis remained unaffected 
by the RF energy due to the insulated needles, confining 
the effect to the targeted tissue depth (Figures 2-4). 
Disorganized, fragmented, and swollen collagen fibers 
characterized the collagen denaturation zone. On Day 0, 
there was no evidence of collagen remodeling. However, 
clear signs of acute inflammation, indicative of the initial 
phase of the healing cascade, were visible. This was 
marked by the presence of interstitial spaces between the 
collagen fibers, representing tissue edema. By Day 30, the 
tissue transitioned into the proliferative phase of healing, 
with early signs of collagen remodeling becoming more 
prominent, marked by a denser and better-organized matrix. 
See Figure 2. Regardless of the needle penetration depth, 
the thermal gradient consistently reached a depth of 4 mm, 
as evidenced by the changes in collagen organization within 
the deeper dermal layers. While the histological sections 
were prepared to a maximum depth of 4 mm, the thermal 
gradient was consistently visible across the full extent of 
the analyzed tissue, indicating its effect throughout the 
examined depth beneath the needle tip.

In addition, the images showed morphological changes in 
adipose tissue, suggesting a potential effect on fat reduction. 
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Figure 2: Histological comparison of abdominal tissue (H&E stain) at Day 0 (left) and Day 30 (right) post-treatment: 2.5mm needle 
penetration, 100% RF intensity, Extended Mode enabled.

 
Figure 3: Histological image of abdominal tissue (MT stain) at Day 7 post-treatment: 1.5 mm needle penetration. 60% RF intensity, 
Extended mode enabled.
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 Figure 4: Histological comparison of abdominal tissue (H&E stain) 
at Day 0 (above) and Day 7 (below) post-treatment: 1.5 mm needle 
penetration, 60% RF intensity, Extended Mode enabled.

Figure 5: Histological image of abdominal tissue (H&E stain) at 
Day 0, immediately post- treatment: 2.5 mm needle penetration, 
100% RF intensity, Extended mode enabled.

At Day 0, adipocytes showed early signs of membrane 
disruption due to RF energy exposure, as illustrated in Figure 
5. By Day 7, there was clear evidence of ruptured adipocytes, 
which appeared as irregularly shaped or fragmented cells, 
indicating a loss of structural integrity. This was accompanied 
by a marked loss of adipocyte architecture, with the typical 
clear, rounded fat cells replaced by disorganized tissue, along 
with fibrotic changes in the fat layer beneath the eccrine coil.

Fibrotic remodeling, characterized by the presence of 
dense connective tissue primarily composed of collagen, was 
observed in areas where adipose tissue structure appeared 
disrupted. The typical vacuolated morphology of adipocytes 
was absent, and collagen fibers were identifiable through 
dense eosinophilic staining.

No treatment-related adverse events or side effects were 
observed, and the punch biopsy sites healed normally.

Discussion
This case report describes histological changes observed 

following microneedling RF treatment using the device's 
Extended Mode with insulated microneedle tips. Histological 
evaluation revealed morphological changes extending up to 4 
mm beyond the set penetration depth of the microneedle tip, 
suggesting that the Extended Mode facilitates tissue effects 
that extend beyond the physical reach of the needle itself.

Previous studies have shown that microneedle penetration 
combined with RF energy delivery activates the body's 
natural healing response, thereby initiating neocollagenesis 
[6]. These studies included histological assessments of 
thermally treated tissue, which demonstrated clear evidence 
of collagen coagulation and denaturation, followed by 
complete replacement with new collagen fibers observed 
90 days post-treatment [7]. RF-induced heat leads to the 
denaturation of existing collagen [8], while the resulting 
mechanical and thermal stimuli activate the three phases of 
neocollagenesis: inflammation, proliferation, and remodeling 
[9,10]. In our case, the observed depth of collagen remodeling 
suggests that the Extended Mode is able to deliver energy to 
the deeper dermal layers. Furthermore, the remodeling phase, 
which involves the maturation of new collagen, can persist 
for several months to over a year post-treatment [11]. Since 
collagen remodeling is a gradual process, the full extent of 
collagen increase cannot be accurately assessed at Day 30. 
Therefore, our focus on early structural changes provides 
a foundation for understanding the long- term benefits of 
Extended Mode treatment. Moreover, we hypothesize that 
if different staining methods had been used to evaluate the 
samples, we might have observed immature type III collagen, 
an early sign of neocollagenesis.

The use of Extended Mode allowed for deeper delivery of 
RF energy, effectively targeting the dermis and subcutaneous 
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fat layers while maintaining the integrity of the epidermis. 
This precise targeting minimizes surface damage, reducing 
downtime and the risk of complications while promoting 
collagen remodeling and tissue regeneration in the deeper 
layers [12].

Previous studies have suggested that RF energy 
induces adipocyte apoptosis [13-15]. Although direct 
apoptotic markers were not assessed in this case report, 
the morphological features were consistent with adipocyte 
disruption, particularly in the subcutaneous fat tissue, where 
early thermal effects were observed. By Day 0, signs of 
thermal injury were evident in the subcutaneous fat layer, 
with adipocytes showing structural changes indicative of 
early damage. However, no significant fibrosis was present at 
this stage. In follow-up evaluations, clear signs of adipocyte 
breakdown and fibrotic tissue replacement were observed. 
This transition may reflect the initiation of a long-term fat 
reduction process, in which damaged adipocytes are gradually 
replaced by fibrotic tissue, contributing to improved structural 
integrity and skin firmness [16].

Fibrosis refers to the formation of excess connective 
tissue, primarily collagen, as part of the body’s healing 
response to injury [17]. Depending on the context, fibrosis 
can be either beneficial or harmful. When induced in a 
controlled manner, such as with microneedling RF, fibrosis 
can be advantageous. In this case, fibrosis contributes to 
tissue remodeling and structural improvement, particularly in 
the dermis and subcutaneous fat. The controlled fibrosis seen 
with RF treatment promotes neocollagenesis and structural 
adipocyte disruption, aiding in skin tightening and body 
contouring [18,19].

A key strength of this case report is the histological 
analysis of human tissue, with multiple samples varying in 
needle penetration depth, RF intensity, and sampling time 
points from a single subject. However, this report also contains 
several limitations. First, the follow-up period was restricted 
to 30 days post-treatment, which may not represent the 
long-term remodeling of collagen. Another limitation is the 
depth of sample collection, as it did not extend far enough to 
capture the full thermal gradient beyond 4 mm. Furthermore, 
only insulated microneedle tips were used, highlighting the 
need for future studies to incorporate both insulated and 
non-insulated tips to provide a broader understanding of 
the procedure’s impact on various tissue depths and thermal 
distributions. Future investigations should also aim to include 
a larger sample size, longer follow- up periods to monitor 
long-term collagen formation, deeper sample collection, 
and varied needle types to provide a more comprehensive 
understanding of the treatment’s efficacy and mechanism of 
action.

Conclusions
Histological analysis confirmed the effectiveness of 

Exion Fractional RF treatment with the Extended Mode in 
promoting deep tissue remodeling. The findings indicate that 
the Extended Mode consistently produces a 4-mm thermal 
gradient, regardless of needle penetration depth. Immediate 
thermal effects, such as collagen coagulation, were evident 
in tissue samples. Over the course of the treatment, early 
signs of active tissue remodeling were observed, including 
neocollagenesis and evidence of structural adipocyte 
disruption in the subcutaneous fat. These histological 
changes were accompanied by reduced inflammation and 
improved structural integrity of the dermis. The observed 
adipose remodeling suggests the initiation of a long-term 
tissue contouring process.
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