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OUTLINE: With an ageing population, dermatologists have observed a rise in the popularity of skin tightening procedures. 
Skin laxity, an inevitable manifestation of the natural ageing process, profoundly affects psychosocial factors, including self-
confidence and even employability. For these reasons, skin laxity has become an important area of research and innovation. 
Several devices have sought to curtail the ageing process by stimulating neocollagenesis through physical, thermal, or 
ultrasound energy. We review the mechanisms and efficacies of non- or minimally-invasive technologies that target skin 
laxity, including radiofrequency, broadband infrared light, high-intensity focused ultrasound and micro-focused ultrasound, 
synchronous ultrasound parallel beam, rapid acoustic pulse™ technology, dermal Micro-Coring® technology, high-intensity 
focused electromagnetic field, and electromagnetic energy. The majority of these devices are safe for the skin of colour, 
especially with the use of test spots to ensure patient satisfaction and insulated probe tips when applicable. Looking ahead, 
elastogenesis is an important area of research in enhancing skin tightening technologies.
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Introduction and background

With an ageing population, dermatologists have 
observed a rise in the popularity of skin tightening 
procedures. Skin laxity, an inevitable manifestation 
of the natural ageing process, profoundly affects 
psychosocial factors, including self-confidence and 
even employability.1 For these reasons, skin laxity has 
become an important area of research and innovation.

Skin laxity and the ageing process are closely associated 
with collagen. As we age, collagen loss accelerates as 
collagen regeneration declines. To understand how 
modern devices target skin laxity, we must review its 
pathology. At the macroscopic level, signs of laxity 
arise from the gradual detachment of the skin and 
adipose tissue from the underlying fascia, bone loss, 
and muscle and adipose atrophy.2 Microscopically, 
as we age: 1) collagen becomes calcified; 2) advanced 

glycation end-products (AGEs) cross-link collagen; 
3) glycosaminoglycans (GAGs), the disaccharides that 
link collagen fibrils together to form strong collagen 
become less sulfated and shortened; and 4) matrix 
metalloproteinases (MMPs), responsible for collagen 
degradation and extracellular matrix (ECM) homeostasis 
during times of skin healing, increase expression 
secondary to chronic oxidative stress.3

Several devices have sought to curtail the ageing 
process by stimulating neocollagenesis through 
physical, thermal, or ultrasound energy. Targeted 
damage by the devices initiates a wound repair 
response that activates fibroblasts and inflammatory 
mediators to promote neocollagenesis and activate 
matrix proteins.4 For example, collagen III, the first 
collagen type to form at the site of traumatised skin, is 
eventually replaced by collagen I. Collagen I provides 
the tensile strength necessary for the mechanical 
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stability of the skin. Collagen III, a thinner and less 
durable collagen type, provides elasticity to the skin and 
plays a crucial role in skin rejuvenation.4 Collectively, 
newly formed collagen I and III synergistically enhance 
the strength and flexibility of the skin, leading to tissue 
tightening and a desired aesthetic outcome.

Skin of colour is often underrepresented in cosmetic 
clinical studies. Though all skin types share similar 
features of ageing patterns, darker skin types may 
require a different treatment approach or device to 
achieve the desired response. Caution is advised in 
devices that may lead to thermal injuries, scarring, or 
hyperpigmentation; providers may want to trial a device 
with a test spot on patients with darker skin types 
before committing to full treatment.

Radiofrequency

Radiofrequency (RF) devices treat skin laxity by using 
heat to initiate a healing cascade.5,6 When the dermal 
tissue is heated, heat-shock proteins (HSPs) trigger 
fibroblasts to remodel collagen by destroying old, 
dysfunctional collagen and facilitating the formation 
of new collagen fibres. Specifically, HSP-47 is a protein 
found in the endoplasmic reticulum that facilitates the 
synthesis of collagen I molecules by tissue fibroblasts.5,6 
Since heating the skin may be uncomfortable for 
patients, many RF devices incorporate cooling 
mechanisms to penetrate the deeper dermal and 
subcutaneous fat layers while safeguarding the 
superficial layers of the skin from excessive heat. The 
cooling mechanisms enhance precision during the 
wound healing process and patient comfort.7 

There are four types of RF devices: monopolar, 
unipolar, bipolar, and multipolar. Each type represents 
its respective number of electrodes and the manner 
in which energy is delivered to the intended target 
tissue (Figure 1).8 Monopolar and unipolar RF devices, 

for instance, utilise a single electrode. Bipolar devices 
employ a single RF generator, allowing current flow 
between two electrodes. Multipolar devices utilise 
several RF generators.6 Though both monopolar 
and unipolar devices incorporate robust epidermal 
cooling measures to safeguard the integrity of the 
skin’s outermost layer, they are associated with 
increased discomfort compared to their counterparts. 
Alternatively, bipolar and multipolar RF devices act 
more superficially and thus require more treatment 
sessions to achieve comparable results, though a 
relatively less painful experience.8

Theoretically, RF is considered safe to use on skin of 
colour because it should only target the dermis, not 
the epidermis.9 However, some RF devices have known 
adverse effects, such as scarring, hyperpigmentation, 
and thermal injuries. Insulated probe tips are safer for 
skin of colour.

Monopolar RF
The first RF tissue tightening device in the United States 
was Thermage ThermaCool®, a monopolar device. 
Unfortunately, numerous patients reported significant 
pain during the procedure and some required sedation. 
Adverse effects such as fat necrosis and atrophic 
scarring were also noted. To enhance patient comfort 
and reduce procedure duration, a newer device model, 
ThermaCool NXT®, was developed. This advancement 
introduced the Comfort Plus Technology (CPT) 
tip, which provided patients with a massage-like 
experience combined with radiofrequency energy.7 In 
one study of 62 participants who used Thermage® to 
treat fine lines of the periorbital area, 83.2% showed 
softer lines, and 64.6% showed one Fitzpatrick point 
improvement at 6-month post-procedure photographs. 
Of the 33 participants who used Thermage® for a 
brow lift, 66.4% had an improved lift greater than the 
detection threshold (0.5 mm) in their 6-month post-
procedure photographs. Notably, 50% of participants 
reported they were “neutral” or “unsatisfied” with their 
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Figure 1. Radiofrequency devices have four unique electrode configurations: monopolar, unipolar, bipolar, or multipolar.  
Figure courtesy of Dr. Michael Gold.
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outcomes, and only 10% were “very satisfied.”10 These 
patient-reported outcomes were similar to those of 
another study of 86 participants, in which 50% and 
46% saw no difference in their skin tightness and 
appearance, respectively.11

Unipolar and bipolar RF
Other RF devices have been developed to address skin 
laxity and the discomfort associated with previous 
monopolar generations. Syneron’s Polaris™ and 
ReFirme™ are bipolar RF devices incorporating light and 
RF energy. The synergistic effect of these two types of 
energies reduces the RF energy required for collagen 
denaturation and remodelling. Some devices utilise a 
vacuum apparatus with a bipolar RF system to deliver 
targeted RF energy to specific areas within the deep 
dermis. This modality necessitates less RF energy, 
resulting in better patient comfort.12 Some devices 
employ both unipolar and bipolar modalities; the bipolar 
RF energy utilises superficial heating, while the unipolar 
energy allows for deeper dermal heating.13

Multipolar RF
The Venus Legacy™ by Venus Concept is a multipolar 
RF device that combines multipolar RF technology with 
pulsed electromagnetic fields. This modality stimulates 

fibroblast proliferation, angiogenesis, and new collagen 
fibres to improve skin laxity. EndyMedPro™ is another 
multipolar device that uses unique RF technology called 
3DEEP™. This device incorporates six independent 
phase-controlled RF generators connected to multiple 
electrodes, each generating its electrical field. The 
individual electric fields repel one another, resulting 
in energy penetrating even deeper into target tissues. 
Consequently, the dermis is effectively targeted all while 
the epidermis remains protected, thereby enhancing 
overall patient comfort during the treatment.14

RF microneedling
Several devices have combined RF with microneedling 
to treat skin laxity and cellulite (Table 1). Rather than 
applying RF energy to the cutaneous surface, RF 
microneedling (RFMN) targets dermal and subcutaneous 
tissue via an electrode needle. Several passes at multiple 
depths should be treated to achieve the best outcomes. 
Because RFMN is a minimally invasive procedure, 
patient comfort is critical; topical anaesthetic or inhaled 
nitrous oxide often enhances patient experience. Before 
initiating treatment, however, all topical anaesthetic 
must be completely removed from the skin to avoid 
the products entering the skin and causing skin 
irritation. One study assessed the optimal temperature 

Table 1. Comparison of radiofrequency microneedling devices. Table courtesy of MRP®.

Specifications
Jeisys 
Intracel

Inmode 
Morpheus 8

Lutronic 
Genius

Cutera 
Secret RF

Cynosure 
Potenza

ShenB 
Vivace Scarlet SRF

Pin Energy (max) (mJ) 5100 Unknown Unknown Unknown 5099 799 Not specified

Power (max) 50W 65W 50W 25W 50W 36W 260 V, 60 Hz

Firing Time 10–50,000 ms Up to 2 pps 10–1,000 ms 50–950 ms 10–50,000 ms 100–800 ms 100–800 ms

Frequency 1 MHz 1 MHz 460 KHz 2 MHz Unknown 1 MHz 2 MHz

Multiple pulses No Yes No No No No No

Monopolar RF Yes No No No Yes No No

Bipolar RF Yes Yes Yes Yes Yes Yes Yes

Impedance Monitor Yes No Yes No No No No

Needle Count 49 12, 24, 40 8, 14, 49 64, 25, 10, 6 1, 16, 25, 49 36 25

Needle Depth (mm) 0.50–2.0 0.5–7.0 0.1–3.5 0.50–3.5 0.50–2.0 0.50–3.5 0.50–3.5

Control Depth 0.5, 0.8, 1.5, 
2.0 mm

0.1 Step 0.1 Step 0.1 Step 0.1 Step 0.1 Step 0.1 Step

Allowed Shot Count 2,000 Unknown Unknown Unknown 1,000 Unlimited N/A

Hz, hertz; KHz, kilohertz; MHz, megahertz; mJ, millijoule; mm, millimeter; ms, millisecond; N/A, not applicable; pps, pulse per second; RF,  
radiofrequency; V, volt; W, watt.
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and duration settings with needle-based fractional 
RF for rhytids and skin laxity at 67°C and 3 seconds.15 
Lower target temperatures yielded less denatured 
collagen and, thus, suboptimal results. Although 
some report that skin of colour requires lower target 
temperatures to prevent dyspigmentation, Teymour 
et al. discuss that RFMN is preferred over lasers due to 
its ability to target specific thermal zones and depths 
and, thus, minimal risk of dyspigmentation.16 Still, 
insulated probe tips may help prevent dyspigmentation 
in skin of colour patients.

Broadband infrared light

Some of the original devices employ broadband infrared 
light (1,100–1,800 nm), specifically targeting water as its 
chromophore, thereby inducing collagen denaturation. 
This denaturation process subsequently triggers 
collagen remodelling and organisation, tightening 
tissue. Several popular devices have emerged within 
this category, including Titan® by Cutera, StarLux IR™ 
by Palomar Medical Technologies (now Cynosure), 
SkinTyte® by Sciton, and Tripollar™ by Pollogen. Several 
of these devices are equipped with cooling mechanisms 
to enhance patient comfort during treatment. For skin 
of colour patients, higher filters are less likely to lead 
to pigmentation. However, more treatments may be 
necessary to achieve the desired outcome.9

High-intensity focused ultrasound and 
micro-focused ultrasound

Though originally used to treat cancerous and 
noncancerous tumours, high-intensity focused 
ultrasound (HIFU) entered the aesthetic arena for 
lipolysis and skin tightening. HIFU uses non-ionizing 
ultrasound waves to 1) induce thermal injury at the 
dermal layer to cause necrosis of dermal adipocytes 
and subsequent collagen fibre retraction and 2) create 
cavitations at the subcutaneous layer, leading to 
coagulation and apoptosis of adipocytes.17 Ultrasound 
therapy does not target melanin because melanin is 
not a chromophore at that wavelength. Thus, patients 
with darker skin types have a much lower risk of 
pigmentation sequelae when compared with other 
techniques such as laser or RF.9,18

From the existence of HIFU, a subclassification called 
micro-focused ultrasound (MFU) was born. Unlike 
HIFU, which utilises thermal and cavitation effects, 
MFU only uses the thermal effects due to its high 
frequency and short pulse duration. MFU technology 
thermally ablates a small area (<1 mm3) of the dermis, 
leaving a small surrounding area of undamaged tissue. 
The array of thermal injury zones alternating with 
untreated skin allows for the bridging of undamaged 
tissue and promotes rapid healing. Ulthera® by Merz 

Aesthetics is a popular MFU device that is approved by 
the FDA for lifting the eyebrow, submental, and neck, 
as well as tightening the skin of the décolleté. Ulthera® 
is particularly unique due to its use of real-time 
ultrasound imaging during the procedure, so the user 
may precisely deliver energy to the target tissue depth. 
A prospective multicentre pilot study tested MFU safety 
and efficacy for the décolleté in which clinicians blindly 
assessed aesthetic improvement at 90- and 180-days 
post-treatment. In the blind clinical assessment, 
66.4% of patients showed “improvement” or “much 
improvement” at 180 days, 82.7% of patients subjectively 
reported noticed improvement; however, 41% of 
patients in total were “neither satisfied nor dissatisfied,” 
“dissatisfied,” or “very dissatisfied.”19

HIFU/MFU devices have several interchangeable hand 
pieces, each providing varying focus depths and/or 
frequencies. The depth needed for proper treatment 
at the level of the dermis or sub-dermis may vary 
depending on the patient’s body habitus or desired 
outcome. Frequency and tissue depth penetrance are 
indirectly related; lower frequency transducers can 
provide deeper treatment depth. Focus depth and 
skin depth are directly related; the 1.5 mm and 3 mm 
handpieces are best suited for the reticular dermis 
(periorbital and perioral regions), whereas the 4.0 mm 
and 4.5 mm hand pieces target the deeper sub-dermal 
tissues (jawline and brow regions).

Synchronous ultrasound parallel beam

Synchronous ultrasound parallel beam (SUPERB) 
generates high-intensity, high-frequency waves that 
exclusively target the mid-dermal layer (depth of 
about 1.5 mm). The single handpiece comprises seven 
transducers and, thus, creates seven cylindrical thermal 
zones in the dermis that are arrayed parallel to the 
collagen fibres. This thermal event partially denatures 
collagen and elastin to stimulate their remodelling. 
The handpiece also has a sophisticated cooling system 
that provides real-time skin temperature feedback to 
protect the epidermal layer. Sofwave™ by Medical Ltd 
has FDA clearance for facial fine lines and lifting the 
brow, submentum, and neck regions. Most recently, 
Sofwave™ was cleared for the treatment of lower body 
cellulite. Sofwave™ is often compared to Ulthera® due 
to their similarities in ultrasound technology (Table 2).18 
Because SUPERB is a newer device to the market, 
efficacy data from trials are limited. One study of 36 
Thai participants (Fitzpatrick skin type II–IV) showed 
improvement in mean depression volume in the 
nasolabial folds and marionette lines at 1 and 3 months. 
Patient satisfaction was not reported. Adverse effects, 
such as skin blistering and hyperpigmentation, were not 
observed.20 Similar to HIFU and MFU modalities using 
ultrasound energy, SUPERB should be safe for skin of 
colour, though data remains limited.
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Table 2. Comparison of Sofwave (SUPERB technology) and Ulthera (HIFU technology) characteristics.

Characteristic SUPERB (Sofwave™) HIFU/MFU (Ulthera®)

Mechanism of stimulating collagen Thermal effect via seven cylindrical 
thermal zones within one depth of dermis

Thermal effect via ultrasound energy  
at varied depths of dermis

Number of unique hand pieces Only 1 Interchangeable, up to 4

Pulse amount 7–8x 1x

Real-time ultrasound imaging No Yes

Target tissue depth Superficial (1.5–2 mm) Varied (1.5–4.5 mm)

Treatment time Shorter: 30–45 minutes for full face  
and neck

Longer: 30–60 minutes for face;  
30–45 minutes for neck

Pain tolerance Slightly less painful due to shallower 
depth of treatment

Slightly more painful due to deeper 
depth of treatment

HIFU, high-intensity focused ultrasound; MFU, micro-focused ultrasound; mm, millimeter; SUPERB, synchronous ultrasound parallel beam.

Rapid acoustic pulse™ technology

Rapid Acoustic Pulse™ (RAP) technology represents 
an innovative approach to addressing skin laxity. 
This non-invasive treatment option utilises acoustic 
waves to achieve long-term improvements. Notably, 
RAP stimulates the production of new collagen III 
and elastin within the dermis even after a single 
session.21 RAP harnesses acoustic waves and 
enhances microcirculation, lymphatic drainage, and 
nucleogenesis. RESONIC™ by Allergan is FDA-approved 
for cellulite treatment and stands out as the first in 
its class.

Dermal micro-coring® technology

Dermal micro-coring® technology (MCT), known as 
Ellacor® by Cytrellis Biosystems, is a novel technology 
that is FDA-approved to address moderate-to-severe 
skin laxity by removing excess skin. Ellacor® is indicated 
for skin laxity of the mid and lower face, though other 
studies have also tested its efficacy in abdominal skin 
tightening. Micro-coring uses hollow, hypodermic 
needles with diameters <0.5 mm (and thus below the 
threshold of scarring) to remove micro-cores of skin. 
MCT is considered superior to RF due to the more 
immediate skin closure along relaxed skin tension lines 
without thermal energy. Clinical trials have shown 
biopsy-proven histologic absence of scarring without 
significant difference in erythema index nor melanin 
index. In addition, trials have shown increased skin 
thickness, decreased skin surface area, and global 
aesthetic improvement on the facial skin.22

Electromagnetic energy

Though electromagnetic energy does not stimulate 
neocollagenesis, it is often used in conjunction with the 
modalities reviewed in this chapter to provide a holistic 
approach to skin tightening. Because these modalities 
do not employ heat or light, electromagnetic energy can 
be used safely on skin of colour. 

High-intensity focused electromagnetic field
The mechanism for high-intensity focused 
electromagnetic field (HIFEM) is not fully understood; 
however, studies have shown that magnetic resonance 
may improve muscle thickness, strength, and tone. 
A possible mechanism of skin tightening is that the 
rapid muscle contractions caused by HIFEM initiate 
three phenomena that work synergistically: apoptosis 
of fat cells, muscle hypertrophy, and decreased 
distance between large abdominal muscles. HIFEM 
may also allow for minimal fat loss. Others propose 
that the adipose tissue is compressed by surrounding 
hypertrophied muscle, allowing for a smoother 
appearance on the surface of the skin and creating a 
more aesthetic result in the target area. Emsculpt® 
and Emsculpt NEO® by BTL Industries use HIFEM or a 
combination of HIFEM and RF to increase muscle tone 
and contour the body.23

Magnetic muscle stimulation
Magnetic muscle stimulation (MMS) uses 
electromagnetic energy to generate a current that 
allows for depolarisation and, thus, initiation of an 
action potential in muscle fibres. The electrically 
stimulated muscle contractions mimic high-powered 



C
O

S
M

EC
EU

T
IC

A
LS

Australasian Society of Cosmetic Dermatologists / Cosmeceuticals	 V O L U M E 0 4 / I S S U E 0 2 / F E B R U A R Y 2 0 2 5 	 65

Neocollagenesis to Reduce Skin Laxity. | Ariel B. Brown, Courtney H. Rawitscher, and Craig F. Teller	 FREE PAPER

strength exercises to target muscle tissue. CoolTone™ 
by Allergan is an FDA-approved device that strengthens 
targeted muscles in the abdominals, thighs, and 
buttocks to provide a more sculpted appearance in the 
region treated. The non-invasive procedure is generally 
well-tolerated and has high satisfaction rates among 
patients. The patient’s BMI should be considered when 
assessing a patient’s candidacy for MMS treatments. 
Patients with lower BMI may notice results sooner 
than those with higher BMIs. One study observed the 
greatest difference from baseline was in participants 
with a BMI range of 25–30.19 MMS is unique in that 
it targets muscle rather than collagen for tightening 
and toning. Because participants see muscle tone in 
a relatively short amount of time, the authors have 
subjectively observed patients stating that the quick 
results and new strength have motivated them to 
exercise more to maintain their results. The secondary 
health benefits from MMS treatments have not been 
heavily explored, though patients’ increased motivation 
is a testament to how treating skin laxity may improve 
patients’ self-confidence. 

Looking ahead: Elastogenesis

An emerging area of research is in elastin regeneration. 
Elastin is an extracellular matrix protein that functions 
to maintain skin elasticity, structure, durability, and, 
consequently, one’s youthful appearance. As the skin 
ages and is exposed to harmful environmental factors, 
elastic fibres become damaged and disorganised. 
Patients with solar elastosis or chronically sun-damaged 
skin have a disrupted elastin fibre network.24 The 
disorganised elastin network allows for skin laxity, 
fragility, and uneven texture. Native elastin exhibits a 
remarkably low turnover rate, making it challenging 
to undergo repair or replacement once damaged. 
Currently, no established treatments stimulate 
elastogenesis, as the process of generating new elastin 
is considerably more intricate than that for collagen. 
Even more difficult, as biologically, elastin production 
ceases in early adulthood.25 However, clinical trials are 
on the horizon. Allergan has initiated clinical trials to 
assess whether a delivery vehicle of tropoelastin can 
replenish elastic fibres. Until then, current treatments, 
such as sunscreen and antioxidants, remain the 
standard of care for preserving elastin.24

Conclusion

The mechanism of neocollagenesis has been applied to 
many cutting-edge devices to combat skin laxity. Major 
limitations to understanding the efficacies of treatment 
devices exist:  most devices lack comprehensive, large-
scale randomised clinical trials, as this is not required 
for FDA approval. In addition, many of the published 
trials lack diversity in skin types. Practitioners must set 

realistic expectations for patients in their treatment 
of choice for skin laxity. Though this review discusses 
non- and minimally invasive procedures, surgical 
intervention should be considered in cases of severe 
laxity. Different devices on various skin types may 
render certain side effects and outcome profiles; RFMN 
is a safe device for skin of colour. Targeting elastin 
production remains an avenue of investigation for 
addressing skin laxity.
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