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As the demand for noninvasive facial rejuvenation continues to grow, therapies that
promote tissue remodeling have gained increasing attention. High-frequency
therapeutic ultrasound and microcurrent electrical stimulation have demonstrated
the potential to stimulate fibroblast activity, enhance cellular metabolism and
promote tissue repair. The objective was evaluating the effects of 5 MHz and 10
MHz therapeutic ultrasound, used alone or combined with microcurrent electrical
stimulation, on facial skin laxity and wrinkles. For this, a case series was conducted
using three therapeutic protocols: 5 MHz therapeutic ultrasound, 10 MHz
therapeutic ultrasound and 5 MHz therapeutic ultrasound combined with
microcurrent stimulation. Clinical outcomes were assessed before and after
treatment using standardized photographs acquired with the three-dimensional
Antera® imaging system. Quantitative analyses included wrinkle depth, skin
texture and pore appearance. All treatment protocols resulted in improvements in
skin quality, with reductions in both superficial and deep wrinkle depth, enhanced
skin texture and visible improvement in facial skin laxity. The combination of 5
MHz therapeutic ultrasound with microcurrent stimulation demonstrated
additional clinical benefits, suggesting a synergistic effect on tissue remodeling.
Therapeutic ultrasound at both 5 MHz and 10 MHz was associated with clinically
relevant improvements in facial skin laxity and signs of cutaneous aging. The
combination of 5 MHz therapeutic ultrasound with microcurrent stimulation also
showed promising results, supporting its potential as a noninvasive approach for

facial skin rejuvenation.
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Introduction

Skin aging is a continuous and multifactorial physiological process that begins at birth and becomes progressively more evident
with advancing age. In the skin, this process is manifested by structural and functional alterations that impair its capacity for
regeneration and maintenance of tissue homeostasis. The main histological changes include epidermal atrophy, flattening of the
dermal-epidermal junction, reduced fibroblast activity and modifications in the composition of the extracellular matrix, resulting
in decreased elasticity, loss of tissue fiftrmness, wrinkle formation and the development of skin laxity [1,2].
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Skin aging can be classified as intrinsic, also referred to as chronological aging and extrinsic aging, which results primarily from
exposure to environmental factors, particularly ultraviolet radiation. Although these processes involve distinct
pathophysiological mechanisms, they act synergistically to promote cumulative structural alterations, including disorganization
of collagen fibers, degeneration of elastic fibers, reduced skin hydration and impairment of the biomechanical properties of the
skin [2,3]. Consequently, there is a progressive loss of tissue support and facial contour, characteristics commonly associated
with aesthetic aging.

Historically, plastic surgery, particularly rhytidectomy (facelift surgery), has been considered the gold standard for the treatment
of skin laxity and advanced signs of facial aging [4]. However, the growing demand for less invasive procedures associated with
lower risks, shorter recovery times and greater patient acceptance has driven the development and application of various
technological approaches for skin rejuvenation [5]. Although ablative techniques often produce significant clinical outcomes,
their use is frequently associated with adverse effects such as edema, prolonged erythema, pigmentary alterations, infections
and extended recovery periods [6,7].

In this context, high-frequency therapeutic ultrasound has been extensively investigated because of its ability to induce
mechanical and biological effects within tissues. Its primary mechanisms of action include increased cellular membrane
permeability, modulation of metabolic activity, stimulation of protein synthesis, facilitation of calcium ion transport and
enhancement of tissue repair processes. Furthermore, therapeutic ultrasound can promote the transdermal delivery of bioactive
substances, a phenomenon known as sonophoresis [8-10]. In parallel, microcurrent electrical stimulation has been used as a
complementary strategy in facial rejuvenation protocols, as it induces collagen synthesis and reorganization of the extracellular
matrix, both essential for maintaining skin firmness and elasticity.

Considering that both high-frequency therapeutic ultrasound and microcurrent stimulation exhibit biological mechanisms
capable of promoting tissue regeneration and remodeling, the combination of these modalities may represent a promising
strategy for the treatment of skin laxity and wrinkles. However, studies investigating the clinical effects of the combined use of
these technologies in skin rejuvenation protocols remain limited. Therefore, the present study aimed to evaluate the effects of 5
MHz and 10 MHz therapeutic ultrasound, either alone or in combination with microcurrent electrical stimulation, on parameters
related to skin laxity and facial wrinkles, thereby contributing to the development of evidence-based therapeutic protocols for
skin rejuvenation.

Materials and Methods

Study Design and Setting

A descriptive and observational clinical study was conducted in which three participants were evaluated before and after the
proposed therapeutic intervention. The study was developed in partnership with IBRAMED, a Brazilian manufacturer of medical
and aesthetic equipment.

Participants

Three female participants presenting facial skin morphological alterations associated with aging, including wrinkles and
expression lines, were recruited.

Exclusion criteria included:

e uncontrolled diabetes mellitus

e coagulation disorders

¢ autoimmune diseases

e active infections or dermatitis

e cancer

e pregnancy or lactation

e refusal to provide written informed consent for participation in the study

Clinical Protocol

The treatment protocol was applied according to the safety recommendations provided by the manufacturer. Facial treatment
areas were selected based on the individual clinical needs identified during the assessment.
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Outcome Assessments

Clinical History Assessment

During the evaluation process, all participants completed a clinical assessment form specifically developed for this study. The
form included personal information, lifestyle habits, medication use, inspection findings of the treatment area, history of
previous aesthetic procedures performed in the treated region, use of injectable products, skin phototype classification and a
patient satisfaction questionnaire regarding the treatment area.

Facial Skin Imaging Analysis

Skin evaluation was performed using photographs obtained with the Antera 3D® digital skin imaging system. Images were
acquired from areas of interest, including the forehead, cheeks, nasolabial folds, décolleté and neck. Participants were instructed
to remain in an upright standing position with their gaze directed toward the horizon. Images were captured from frontal, 45°
and lateral views.

Assessment of Skin Appearance
Improvement in skin photoaging was evaluated using the Global Aesthetic Improvement Scale (GAIS), where 0 = no
improvement, 1 = slight improvement, 2 = moderate improvement, 3 = good improvement and 4 = marked improvement.

Assessment of Treatment Tolerability

Pain and thermal sensation during treatment were assessed using a subjective Visual Analog Scale (VAS) ranging from 0 to 10,
where 0 =no pain or warming sensation, 1-4 = mild pain or warming, 5-7 = moderate pain or warming and 8-10 = severe pain or
warming.

Patient Satisfaction Assessment

Participant satisfaction regarding treatment outcomes and comfort during the procedures was assessed using a 5-point subjective
scale, where 1 = very dissatisfied/very uncomfortable, 2 = dissatisfied/uncomfortable, 3 = neither satisfied nor dissatisfied/no
opinion, 4 = satisfied/comfortable and 5 = very satisfied/very comfortable.

Results

The results obtained in the facial regions demonstrated reductions in wrinkle depth, improvements in skin texture and a decrease
in pore visibility within the treated areas. Fig. 1 illustrates the outcomes achieved following treatment with the combined
application of 5 MHz and 10 MHz therapeutic ultrasound on the face. Improvements in tissue texture can be observed in panels
A, B, C and D. Panels E and F demonstrate a reduction in pore appearance, while panels G and H show a reduction in wrinkle
depth, particularly in deeper wrinkles.

ned 5 MHz and 10 MHz therapeutic
ultrasound protocol. Unfiltered images are shown before (A) and after (B) treatment. Skin texture analysis images are
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presented before (C) and after (D) treatment. Pore analysis images are shown before (E) and after (F) treatment. Wrinkle
analysis images are presented before (G) and after (H) treatment, demonstrating improvements in skin texture, pore
appearance and wrinkle depth following the intervention.

Fig. 2 presents the results obtained with the same treatment protocol, focusing on the frontal region. Improvements in tissue
quality can be observed in panels A, B, C and D. In panels E and F, a reduction in pore visibility can be observed, which also
indicates an improvement in overall skin quality. Furthermore, panels G and H demonstrate a reduction in wrinkle depth and
increased wrinkle superficialization, particularly in deeper wrinkles.

2 254 D
74 = | 2
ned before and after treatment using the protocol combining both therapeutic
ultrasound frequencies (5 MHz and 10 MHz). A - Unfiltered image before treatment; B - Unfiltered image after treatment; C -
Skin texture filter image before treatment; D - Skin texture filter image after treatment; E - Pore analysis filter image before
treatment; F - Pore analysis filter image after treatment; G - Wrinkle analysis filter image before treatment; H - Wrinkle analysis
filter image after treatment.

Fig. 3 demonstrates the results obtained following the application of the 10 MHz ultrasound protocol in the periorbital region.
Improvements in skin quality can be observed in panels A and B. In panels C and D, the enhancement in skin quality is further
confirmed through the use of the texture analysis filter. Panels E and F demonstrate an improvement in local wrinkles, as
evidenced by their assessment using a specific wrinkle analysis filter.

Figure 3: Representative photographs obtained before and after treatment using the 10 MHz therapeutic ultrasound protocol.
A - Unfiltered image before treatment; B - Unfiltered image after treatment; C - Skin texture filter image before treatment; D -
Skin texture filter image after treatment; E - Wrinkle analysis filter image before treatment; F - Wrinkle analysis filter image
after treatment.

Fig. 4 demonstrates the results obtained using the 5 MHz therapeutic ultrasound protocol combined with microcurrent
stimulation for the treatment of inner arm skin laxity. Panel A shows the tissue assessment before treatment, whereas panel B
shows the tissue after treatment. Panels C and D demonstrate improvements in tissue quality following the treatment protocol.
In panels E and F, an improvement in skin laxity can be observed through wrinkle mapping analysis. Furthermore, panels G and
H show a reduction in pore visibility, which also reflects an overall improvement in skin quality.
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Figure 4: Representative photographs obtained before and after treatment using the protocol combining microcurrent
stimulation and 5 MHz therapeutic ultrasound. A - Unfiltered image before treatment; B - Unfiltered image after treatment; C -
Skin texture filter image before treatment; D - Skin texture filter image after treatment; E - Wrinkle analysis filter image before

treatment; F - Wrinkle analysis filter image after treatment; G - Pore analysis filter image before treatment; H - Pore analysis
filter image after treatment.

Discussion

Therapeutic ultrasound is a modality widely used in clinical practice for the treatment of various conditions related to
rehabilitation and aesthetics [8,9,11,12]. The depth of ultrasound penetration is directly related to the frequency employed.
Higher frequencies exhibit greater absorption in superficial tissues, whereas lower frequencies reach deeper structures.
Therefore, 5 MHz and 10 MHz ultrasound frequencies have the potential to act predominantly within the dermis, the region
where the principal structural alterations associated with skin aging occur. Preliminary studies suggest that these frequencies
may contribute to improvements in skin laxity and wrinkle appearance by stimulating tissue remodeling without inducing
significant lipolytic effects.

The basic mechanism of action of ultrasound is described through two distinct pathways. The first involves cavitation induced
by mechanical waves, capable of generating rhythmic oscillations of gas microbubbles present in body fluids, leading to changes
in cell membrane permeability, increased ion transport, fibroblast proliferation and collagen synthesis. The second involves
thermal effects resulting from the absorption of ultrasonic energy and its conversion into heat, promoting vasodilation, increased
cellular metabolic activity and enhanced extensibility of collagen fibers. Cell culture studies have demonstrated that Ultrasound
(US) induces alterations in cell membranes, increasing membrane permeability and modifying intracellular ionic concentrations,
thereby modulating cellular signaling pathways [8,11]. Furthermore, ultrasound has been reported to influence calcium uptake
and increase the expression of IL-1p, IL-8, VEGF, PGE2, COX-2 and FGF, important mediators involved in vasodilation and
cellular differentiation processes [2,11].

These physiological effects are highly relevant for the treatment of several conditions, including inflammation, muscle spasm,
joint stiffness, tissue repair and skin rejuvenation. However, achieving the desired clinical outcomes requires selecting the
appropriate ultrasound frequency according to the target tissue depth. In this context, two relatively new frequencies have
emerged in aesthetic practice: 5 MHz and 10 MHz. These higher frequencies are considered particularly suitable for targeting
superficial tissues such as the dermis. In addition, the biological effects of microcurrents should also be considered, as they
physiologically stimulate cellular bioelectricity. Unlike excitomotor currents, their effects occur predominantly at the cellular
level, promoting increased Adenosine Triphosphate (ATP) synthesis, enhanced transmembrane ion transport, stimulation of
protein synthesis and activation of fibroblast activity [8,13-17]. These mechanisms may further improve tissue quality when
combined with high-frequency ultrasound.
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Although the current literature remains limited regarding clinical studies validating these technologies, several authors have
reported promising clinical benefits of ultrasound for skin tissues, describing this technology as innovative, safe and associated
with a low risk of adverse events [1,9,18]. The present clinical study evaluated three different treatment protocols using 5 MHz
and 10 MHz ultrasound frequencies, either individually or in combination, for facial rejuvenation. Significant improvements
were observed when comparing pre- and post-treatment assessments, particularly regarding skin texture and the reduction of
both superficial and deep wrinkles. In addition, a protocol combining 5 MHz ultrasound with microcurrent stimulation was
evaluated specifically for the treatment of inner arm skin laxity, resulting in substantial improvements in tissue condition
following treatment. To the best of our knowledge, this is the first clinical study to evaluate the combined effects of these two
technologies for skin rejuvenation.

Bani, et al., evaluated tissue changes, particularly those involving collagen fibers, following treatment with 5 MHz ultrasound.
The authors observed compaction of collagen and elastic fibers, especially within the reticular dermis, when a power output of
3.0 W was applied. These changes were not significant when half of this power was used. Such findings suggest that the observed
effects may be related to the thermal mechanisms of ultrasound, which promote significant local heating, improve tissue
circulation and oxygenation and induce collagen remodeling. However, in the present study, significant improvements in skin
texture and wrinkle appearance were achieved using lower power settings. Therefore, we suggest that the observed effects may
result from the combined contribution of both mechanical and thermal mechanisms generated by the ultrasonic wave.

The literature has also reported beneficial clinical effects of ultrasound in the treatment of rosacea when frequencies between 3
and 5 MHz are employed. Park, et al., reported positive outcomes in patients with rosacea using frequencies close to 5 MHz at
an intensity of 2.0 W/cm?. Similarly, Meyer-Rogge, et al., investigated the application of dual-frequency ultrasound (3 MHz and
10 MHZz) for facial rejuvenation and observed significant improvements in skin aging parameters, including skin texture, fine
wrinkles and overall facial appearance, corroborating the findings of the present study. The mechanism proposed by these
authors involved the regulation of Matrix Metalloproteinases (MMPs) and Heat Shock Proteins (HSPs), contributing to dermal
remodeling without the need for invasive procedures. Interestingly, Sontag, et al., in an experimental cell study, demonstrated
that a frequency of 10 MHz was capable of prolonging the activity of HSP72, a protein closely associated with proper collagen
folding and tissue quality.

In the present study, the protocol using 10 MHz ultrasound alone in the periorbital region produced significant improvements
in wrinkle appearance. Based on its mechanism of action, this frequency acts predominantly on superficial tissue layers,
generating both thermal and mechanical effects that are beneficial for improving skin texture and quality. Although direct
comparisons with previous studies remain limited, our findings reinforce that 10 MHz ultrasound is a safe modality capable of
producing the desired clinical outcomes. This characteristic may represent an important advantage for the treatment of facial
regions that cannot be safely treated using microfocused ultrasound.

It is important to emphasize that, although the present study provides clinical evidence supporting the effects of high-frequency
therapeutic ultrasound, it is limited by its non-randomized and uncontrolled design. Nevertheless, the findings confirm the
safety and efficacy of both 5 MHz and 10 MHz ultrasound frequencies, as well as the combination of 5 MHz ultrasound and
microcurrent stimulation, in improving skin texture, wrinkles and tissue laxity.

Conclusion

Based on the results of the present study, it can be concluded that 5 MHz and 10 MHz therapeutic ultrasound are effective for
the treatment of facial wrinkles, particularly in the forehead and periorbital regions, while the combination of 5 MHz ultrasound
and microcurrent stimulation appears effective in restoring dermal structure and improving skin laxity.
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