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Abstract

Purpose of Review The skin laxity component of facial aging has been traditionally addressed with surgical intervention. How-
ever, demand for alternative treatment options with less associated risk, scarring, downtime, and cost have driven advances in
non-surgical tightening techniques. This article explores the recent advances in these non-surgical technologies for skin tighten-
ing including microcoring, hydroxyapatite fillers, and energy-based devices (lasers, ultrasound, radiofrequency, and plasma).
Recent Findings Advances in non-surgical skin-tightening devices allow for effective skin tightening. Although fully ablative
laser resurfacing devices are often considered the gold standard for non-surgical rejuvenation, important advances in this
technology include fractionated energy delivery to decrease risk and shorten treatment recovery. In addition, studies have
shown that optimal treatment temperatures for skin tightening are lower than those achieved with CO2, favoring radiofre-
quency devices as a more optimal choice for tissue tightening in terms of treatment results, skin types amenable to treatment,
risks, and downtime. Ultrasound technology has the unique advantage of allowing for real-time tissue assessment and tailored
heat delivery. Microcoring and hydroxyapatite treatment stimulate skin tightening without heat production. Advantages and
disadvantages of various non-surgical skin tightening are reviewed and summarized in this article.

Summary A wide array of non-surgical skin-tightening techniques provide an attractive alternative to surgical intervention

for modern cosmetic patients.

Keywords Skin Tightening - Radiofrequency - Ultrasound - Lasers - Plasma - Hydroxyapatite - Microcoring

Introduction

Halting signs of aging has been an elusive goal for gen-
erations. Cutaneous signs of aging such as skin laxity and
rhytids are exacerbated both by intrinsic genetic factors, and
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extrinsic environmental factors including chronic ultraviolet
radiation exposure, smoking, diet, and air pollution [1-3,
4e]. Until recently, non-surgical antiaging interventions were
unable to achieve significant tissue tightening and were lim-
ited to treatment of telangiectasia, mild to moderate rhyt-
ids, dyschromia, and epidermal growths. Although surgical
intervention remains the gold standard for skin tightening,
disadvantages include prolonged downtime, potential sur-
gical complications, cost, and scarring [2, 3, 4e, 5]. Newer
non-invasive or minimally invasive techniques can achieve
mild to moderate laxity improvement and improve the qual-
ity of the skin with less downtime and risk compared to
traditional surgical intervention.

Non-surgical skin-tightening techniques include micro-
coring, hydroxyapatite fillers, and energy-based devices
(lasers, ultrasound, radiofrequency, and plasma) [1, 4e,
6]. These non-invasive or minimally invasive techniques
share the common aim of improving skin laxity by har-
nessing the skin’s natural wound-healing mechanisms to
produce collagen, elastin, and hyaluronic acid [5]. Many


http://crossmark.crossref.org/dialog/?doi=10.1007/s40136-021-00371-5&domain=pdf

Current Otorhinolaryngology Reports (2021) 9:422-435

423

patients are willing to compromise on more dramatic
results achieved with surgery in favor of a more “natural”
approach with lower cost, lower risks, shorter downtime,
and minimal potential for permanent side-effects [2, 4e].
In this review, we will discuss the recent developments in
non-invasive or minimally invasive skin-tightening tech-
niques (Tables 1 and 2).

Energy-Based Tightening Techniques
Lasers

Mechanism Lasers were first employed for skin tightening
and rejuvenation in 1983 [7]. Lasers typically achieve skin
tightening by heating the dermis using water as the target
chromophore [7, 8]. Heat triggers immediate contraction of
collagen fibers and induces delayed biochemical remodeling
and neocollagenesis associated with wound healing in the
following 3 to 6 months [7-9]. Laser therapy for skin reju-
venation can be categorized into ablative and non-ablative
techniques.

Variations Ablative Lasers Ablative CO2 lasers remain
the gold standard in non-surgical skin-tightening of pho-
todamaged skin and are characterized by heating the
skin to 100 °C [8, 10, 11e]. At this high temperature, the
entire epidermis and portions of the underlying dermis
are vaporized. The heat partially denatures collagen fib-
ers, leading to contraction and thickening during healing,
which creates observable tightening of the skin [8, 10].
Dramatic facial rejuvenation and skin tightening can be
achieved with ablative laser resurfacing as seen in Fig. 1.
Ablative lasers can be further subcategorized into full-
field ablation and fractional ablation.

Full-field ablation resurfaces the skin by removing
the entire epidermis and portions of the dermis within
the treatment area, and the depth of its penetration is
determined by the energy level of the laser employed
[7]. While traditional full-field ablation can see benefits
in a single treatment session, it puts patients at risk for
bleeding, infection, pain, scarring, significant downtime
for re-epithelialization, and delayed onset hypopigmenta-
tion in the 6 to 12 months following the procedure [7, 8,
10, 12]. Ablative lasers, such as CO2 lasers and Er:YAG
lasers, must be used with caution in Fitzpatrick skin
types III to VI. Fitzpatrick skin types III and IV have a
significantly higher risk of post-inflammatory hyperpig-
mentation or hypopigmentation, which occurs in 55.5%
of this patient population [3]. The risk of dyspigmenta-
tion is even higher in Fitzpatrick skin types V and VI, so
extreme caution and experience are required [3, 7].

Fractional Ablation

Fractional ablation results in skin tightening by using
thermal energy to remove microscopic channels of the
epidermis and dermis, while leaving adjacent areas of
skin intact [7-10, 11e]. These untreated areas serve as
reservoirs of fibroblasts to help accelerate wound heal-
ing, and to decrease the risk of scarring even with deeper
penetration into the dermis. While fractional ablation
achieves more modest results and often requires multiple
treatments, it also confers a shorter downtime and lower
risk of complications such as scarring when compared
to traditional ablation [7-10]. Fractional ablation also
spares epidermal melanocytes, which prevents delayed-
onset hypopigmentation [8]. Thus, fractional ablation
is preferred over traditional ablation in Fitzpatrick skin
types IV to VL.

Non-Ablative Lasers

Non-ablative lasers, in contrast to ablative lasers, do not
vaporize tissue and only heat the skin to about 70 °C. Non-
ablative lasers create zones of partial collagen injury [7,
10]. Epidermal sparing can be achieved through adjust-
ments to laser pulse duration, use of wavelengths of light
that are poorly absorbed by melanin, and concomitant
application of epidermal cooling with cold air, cryogen,
or contact cooling [7, 10, 13]. Non-ablative lasers require
more treatments and provide minimal (if any) skin laxity
improvement when compared to ablative lasers. However,
non-ablative lasers have less downtime, fewer adverse
effects, and a better safety profile [7, 10].

Combined Approaches

Approaches combining ablative and non-ablative lasers
have also been developed as tools for skin tightening.
Combined ablative and non-ablative fractional laser
treatment allows for more significant skin tightening than
non-ablative lasers alone, while maintaining less down-
time than ablative lasers. This combined method may
require multiple treatments for significant results [7]. In
addition, combination and layered laser treatments also
allow a user to address multiple aspects of skin aging,
including telangiectasia, actinic damage, dyschromia,
rhytids, and skin laxity simultaneously without affecting
overall downtime. Although this is an exciting advance
in the field of cosmetic rejuvenation, a full discussion
of combination laser treatment is outside the scope of
this paper.

@ Springer
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Fig. 1 (Left) Before treatment. (Right) 8 months after full-face treatment with fully ablative Er:YAG and CO2 laser

Another hybrid approach still in development is the
use of ablative conduits for the delivery of non-ablative
lasers. This method allows deeper delivery of thermal
energy into the dermis, largely bypassing the epidermis.
Although similar to fractionated ablation, this new tech-
nique offers the benefit of a nearly uniform distribution
of the thermal energy in the dermis. Although current
results are unimpressive with ablative conduit delivery
for non-ablative laser energy delivery, this technology is
still under development [13]. Of interest, ablative laser
conduits have also been shown to be an effective delivery
mechanism for polylactic acid for skin rejuvenation and
scar treatment [14].

Ultrasound

Mechanism

Ultrasound technology has a long safety record and is
commonly used for medical imaging. Additionally, in
2009, ultrasound technology gained FDA approval for skin
tightening [15]. The difference between its use in imag-
ing and skin tightening is the intensity and focus of the
ultrasound. Ultrasound can penetrate different layers of
the dermis and hypodermis, depending on the length of
the probe. The dermis is located approximately 1.5 mm
below the surface. The collagen-containing dermis and
hypodermis is located between 3 and 4.5 mm below the

surface. At 4.5 mm, the ultrasonic waves can reach the
superficial muscular aponeurotic system [16]. The appli-
cation of focused ultrasound at any of these three layers
(with the goal of heating to 60—70 °C) will cause thermal
injury to the tissue that initiates collagen remodeling and
decreases skin laxity [17e].

Variations

The two major types of ultrasound treatment are micro-
focused ultrasound (MFU) and high-intensity focused
ultrasound (HIFU). MFU is more commonly used for skin
tightening in the face and neck area, while HIFU is used
to contour the body and reduce the appearance of cellulite.
MFU-V delivers low-energy ultrasonic pulses to the der-
mis and hypodermis. HIFU delivers high-energy ultrasonic
pulses to the dermis and subcutaneous adipose layer that
disrupts cell membranes and heats the subcutaneous layer,
causing coagulative necrosis [17e].

There are currently two FDA-approved MFU devices:
Ultherapy (Ultherapy, Ulthera, Inc., Mesa, AZ) and Sofwave
(Sofwave Medical Ltd., Tustin, CA). Ultherapy allows for
variable depths of penetration ranging from the dermis to
the superficial muscular aponeurotic system. In compari-
son, Sofwave only penetrates 1.5 mm below the surface of
the skin. This reduces the chance of damaging underlying
structures but also limits the range of treatment potential.
Sofwave also has a built-in cooling system and a sensor that
provides real-time temperature monitoring [18] (Table 3).

Table 3 Summary of FDA- Device

Mechanism

approved ultrasound devices

Ultherapy by Ulthera (Ultherapy; Ulthera, Inc., Mesa,

AZ, USA)

Sofwave (Tustin, California, Yokneam Illit, Israel)

Ultrasound waves delivered to desired depth
(1.5 mm, 3.0 mm, or 4.5 mm) with visualization
MFU-V

No visualization

HIFU

@ Springer
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Advantages

Ultrasound technology has several advantages including a
wide range of treatment depths, ability to analyze tissue
thickness, and epidermal sparing. A major advantage of
ultrasound energy is the ability to direct heat energy deeper
than other non-invasive skin-tightening procedures. The
ability to deliver energy to the superficial muscular aponeu-
rotic system is unique to ultrasound technology. Most radi-
ofrequency devices can penetrate to a maximum depth of
4 mm and ablative lasers can penetrate to a maximum depth
of 1.5 mm [19]. Percutaneous radiofrequency is a notable
exception and can also target tissue effectively in the sub-
cutaneous space. Ultrasound technology also has the unique
ability to analyze tissue thickness. This allows the clinician
to customize the depth of energy penetration based on an
individual patient’s anatomy and the area being treated [20].
Ultrasound technology has few reported adverse effects, and
the most common side effects include edema and erythema
[20-24, 25¢]. These side effects generally resolve within 2 weeks
[21]. Other less common side effects include paresthesia [23].

Disadvantages

Disadvantages of ultrasound technology include inconsistent
treatment results and pain during the treatment. Results from
ultrasound cosmetic rejuvenation are often user-dependent,
and the learning curve for consistent results can be an issue
for some users. One study found that 48.8% of patients did
not have any improvement with ultrasound therapy [24]
while another noted improvement in 95% of patients [26].
Previous studies evaluating ultrasound technology use dif-
ferent metrics to evaluate results and patient satisfaction
making it challenging to establish the actual efficacy of this
technology (Table 4). Another disadvantage of ultrasound
as a method of skin tightening is the pain level during treat-
ment. While pain level varied depending on the method of
analgesia, pain ratings reached as high as 7.6/10 [27] in one
study and 20% of patients had severe pain in another [20].

Radiofrequency
Mechanism

Radiofrequency (RF) treatment, while first developed in 1920
for electrosurgery, is now a popular non-invasive, non-ablative
alternative to a facelift [12]. Like lasers, RF stimulates tissue
remodeling through the generation of heat in the skin. RF
involves passing electrical current through tissues with vari-
able resistance (impedance), resulting in heat generation. Con-
trolled tissue heat application partially denatures and contracts

collagen in the dermis [1-3, 4e, 6, 12, 28, 29, 30e, 31, 32, 33e,
34, 35]. Partially denatured collagen triggers an inflammatory
response that stimulates dermal remodeling and upregulation
of HSP47 leading to the production of collagen I and III, elas-
tin, and hyaluronic acid [1-3, 4e, 12, 29, 31, 32, 33e, 34-37].

As seen in wound healing literature, continued improve-
ment in rhytids and skin laxity is also seen for up to
12 months after treatment [2, 5, 6, 12, 28, 29, 32, 33e,
34-37, 38e]. There are a variety of RF treatment devices on
the market that can be subcategorized as monopolar, bipolar,
fractionated, and percutaneous modalities. Some RF devices
use concomitant cooling to spare the epidermis from thermal
injury, decreasing the risk for adverse events such as blis-
tering and scarring [2, 5, 6, 12, 29, 30e, 31, 34-37]. Real-
time feedback sensors used in some RF technology allow
for precise control of location, duration, and temperature of
energy delivery and achieve consistent results with minimal
associated risk [2, 5, 12, 29, 31, 32, 33e, 34, 36, 37].

RF devices have a broader safety profile across all skin
types compared to laser technology. Some lasers must be
used with caution in Fitzpatrick skin types IV to VI due to
variable absorption by melanin and higher treatment temper-
atures. In contrast, RF is considered a safer treatment modal-
ity in darker skin types due to decreased risk of temporary
and permanent dyschromia [1, 3, 12, 28, 30e, 31, 33e, 35].

Variations
Monopolar Radiofrequency

Monopolar RF uses one electrode to deliver RF treatment and
can be further divided into monoterminal and biterminal sys-
tems. In the monoterminal system, the environment is used to
disperse the RF energy, creating a high voltage, low current sys-
tem [28]. Biterminal instead uses a grounding pad on a patient’s
back or leg to absorb the RF energy, creating a more powerful
skin-tightening system that operates with a higher current and
lower voltage compared to monoterminal devices [4e, 12, 31].
The main advantage and disadvantage of monopolar RF sys-
tems are the depth of energy penetration [12, 31]. Although sig-
nificant skin tightening can be achieved, monopolar RF systems
are often limited by significant pain during treatment and risk
side effects including burns and scarring [12, 36]. The use of
larger and faster tips accompanied with lower RF energy levels
and multiple passes during treatment has improved treatment-
associated pain [12, 36].

A widely used biterminal monopolar RF therapy, Ther-
mage CPT (Solta Medical, Hayward, CA), obtained FDA
approval in 2005 for treatment of rhytids. The use of feedback
sensors and cryogen cooling spray for before, during, and
after treatment minimizes epidermal complications such as
infection, scarring, and dyspigmentation. Thermage achieves
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significant skin tightening by heating the dermis to 65-75 °C.
Combination treatment with botulinum toxin injections, filler
injections, and lasers can enhance cosmetic results [39].

Bipolar Radiofrequency

Bipolar RF allows for improved control over energy delivery, but
it is limited by depth of energy penetration [4e, 12, 31, 34, 36].
In bipolar RF, two electrodes are placed a short distance apart,
bordering the targeted treatment area [4e, 12, 28, 29, 31]. The
electrical current passes between the two electrodes and pen-
etrates the skin at a depth of about half of the distance between
the two electrodes [4e, 12]. Bipolar RF energy is mainly limited
by the depth it is capable of penetrating in the skin, so bipolar RF
treatment is often coupled with light devices in an effort to over-
come this limitation [12, 31, 36, 37]. One such light system is
electro-optical synergy (ELOS) (Aurora SR, Syneron, Yokneam,
Israel), which preheats the target tissue, subsequently lowering
its impedance and priming it to be selectively targeted with RF
energy [12, 31, 36]. Another strategy to overcome bipolar RF’s
limited penetration is functional aspiration controlled electro-
thermal stimulation (FACES) (Aluma System Lumenis, Inc.,
Santa Clara, CA), which employs a vacuum to fold the skin to a
specific depth, optimizing depth of penetration and enhancing
control of treatment [12, 31, 37]. With both ELOS and FACES,
lower levels of bipolar RF energy are needed to obtain signifi-
cant effects, which also decreases risk of adverse events and
pain associated with treatment [12]. It should be noted that the
FACES system is no longer on the market.

Fractionated Radiofrequency
Fractionated RF has the advantage of precisely controlled energy

delivery but with more variable depth of penetration compared
to bipolar RF. Often referred to as “RF microneedling,” RF

Table 5 Summary of FDA-approved radiofrequency devices

energy is delivered among various combinations of electrodes
or microneedles to a controlled depth [1-3, 5, 6, 12, 28, 30e, 31,
32, 35-37, 38e]. Fractionated RF selectively heats the areas in
contact with or below the microneedles, while leaving adjacent
areas intact [12, 28, 31, 35, 36]. Thermal damage to the target
areas results in collagen contraction, neocollagenesis, hyaluronic
acid formation, and dermal remodeling as seen in other forms of
RF[1-3,5,6, 12,28, 30e, 31, 32, 35-37, 38e]. As with fraction-
ated laser treatments, adjacent, intact areas serve as reservoirs
that accelerate wound healing [12, 28, 35, 36]. Optimal results
are seen in fractionated RF with a temperature of 67 °C and a
pulse duration of 3to 4 s [1, 5, 31, 34, 38e]. One advantage of
fractionated RF is the production of new elastic fibers which has
been confirmed with histologic studies [2, 3, 5, 6, 12, 28, 29, 31,
33e, 34, 37, 38e]. Fractionated RF can be further subdivided
into non-insulated or insulated microneedles. Non-insulated
microneedles deliver RF energy along the entire length of the
needle which generates tissue tightening in addition to superfi-
cial rhytid improvement [3]. Non-insulated microneedles benefit
from a lack of bleeding during treatment and post-procedure
bruising compared with insulated microneedle treatments [3].
However, non-insulated needles pose an increased risk for epi-
dermal burns [5, 29]. Insulated needles protect the epidermis
during RF energy delivery to the dermis or subcutaneous tissue
[1,5, 29, 31, 32, 37]. Increased bruising seen with insulated
fractionated RF can be prevented by simultaneously layering
treatment with an infrared laser that targets water such as CO2,
Er:YAG, or 1927-nm lasers [40e]. Edema generated at the level
of the papillary dermal plexus is thought to tamponade red blood
cell extravasation and prevent bruise formation [40e].

Fractionated RF devices can be categorized as either
long or short pulse treatments. Most fractionated RF prod-
ucts on the market are short pulse devices which require
multiple treatments for significant skin tightening while
producing superior results for acne scar treatment and
more superficial rhytids. FDA-approved RF devices cur-
rently in use are summarized in Table 5.

Devices

Mechanism

Thermage CPT (Solta Medical, Hayward, CA)

Profound (Candela Corp, Wayland, MA)

Secret RF (Cutera, Ilooda, Suwon-si, Korea)

Fraxis Duo (Rohrer Aesthetics, Homewood, AL)
Morpheus8 (InMode Aesthetic Solutions, Lake Forest, CA)
Legend Pro (Lumenis LTD, Yokneam, Israel)

3 DEEP (EndyMed, Caesarea, Israel)

INTRACcel (Jeisys, Korea)

INFINI (Lutronic Corporation, Goyang, South Korea)

Vivace (SHENB Co., Ltd., Seongsui-Ro, Seongdong-Gu, Seoul, Korea)
Scarlet (Viol, Korea) Agnes (Gowoonsesang Cosmetics Co, Seongnam, Gyeonggi,

Korea)

Biterminal monopolar radiofrequency

Bipolar insulated fractionated long pulse radiofrequency
Fractional radiofrequency

Combination CO2 laser and fractional radiofrequency
Insulated fractionated short pulse radiofrequency [28]
Tripollar short pulse radiofrequency

Multisource phase-controlled radiofrequency [58]
Insulated monopolar fractionated radiofrequency [59]
Insulated multipolar fractionated radiofrequency [60]
Insulated or non-insulated fractionated radiofrequency [61]

Insulated fractionated radiofrequency [30°]
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Long-pulsed fractionated RF is one of the most promis-
ing non-surgical skin-tightening technology currently on
the market, with one study showing 37% of the results
of a traditional facelift with a single treatment [2, 5, 32,
35, 38e] (Fig. 2). Currently, there is only one long pulse
fractionated RF device available in the USA (Profound,
Candela Corp, Wayland, MA). Some surgeons combine
a conservative surgical facelift or submental liposuction
with long pulse fractionated RF treatment to achieve more
impressive results. Significant cosmetic improvement in
the midface can also be achieved with long-pulsed frac-
tionated RF (unpublished results). The volumizing effect
of long-pulsed fractionated RF on the midface is thought
to be due to resuspension of superficial facial fat pads.

Fractionated RF has a favorable side effect profile with
a low risk of scarring [1, 12, 32, 33e, 35, 36]. The most
common side effects consist of transient erythema and
edema [1-3, 5, 12, 28, 29, 31, 32, 35-37, 38e]. Rarely,
transient paresthesia in the treatment area is seen [35,
38e]. With appropriate use of topical and injected lido-
caine patient treatment with fractionated RF is well toler-
ated [1, 3, 12, 29, 31, 32, 36, 37].

Percutaneous Radiofrequency

Percutaneous RF skin-tightening results rival those of long-
pulsed RF devices but involves a more invasive treatment
application. Percutaneous RF involves delivery of energy
to hypodermal skin layers via an internal electrode. Deliv-
ery to hypodermal layers results in coagulative necrosis of
subdermal fat and contraction of surrounding connective
tissues [33e]. The adjustable depth of percutaneous RF
coupled with bipolar RF allows for effective treatment of
challenging areas [28]. Percutaneous RF has the additional

advantage of effective adipose tissue removal compared
with other RF devices that have more limiting depths of
penetration.

Plasma
Mechanism

Plasma technology is the final energy-based skin-tightening
technique discussed in this article. RF energy is passed through
nitrogen or helium gas to create plasma. In addition, heat
energy is emitted as a byproduct of ionization and subsequent
neutralization of the nitrogen or helium gas [41, 42e, 43]. As
with other forms of energy-based skin-tightening technology,
percutaneous heat application induces neocollagenesis and
dermal remodeling [41, 43, 44e].

Variations

Nitrogen plasma is a non-ablative, non-fractionated, and
chromophore-independent treatment that delivers thermal
energy in the form of microwaves to the dermis [43, 44e].
Nitrogen gas has a greater ability to store heat than helium
gas, which allows nitrogen plasma treatment to deliver
energy to the dermis in single, short, Gaussian energy
pulses [43]. Nitrogen plasma preserves the upper layers of
skin, which promotes rapid recovery and minimal risk of
infection [44e]. Nitrogen plasma can also be used to treat
all Fitzpatrick skin types with minimal risk of dyspigmen-
tation [43, 44e].

Helium plasma treatment produces more superficial ther-
mal damage and generates a higher degree of skin tight-
ening than nitrogen plasma. RF energy, when applied to
helium gas, produces a small, continuous, and non-Gaussian

Fig.2 (Left) Before treatment. (Right) Four months after one treatment of the mouth and jowls with long pulse fractioned radiofrequency
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stream of helium plasma. The helium plasma, in turn, acts
as a radiofrequency bridge, allowing RF energy to travel
with the helium plasma, continuously creating more helium
plasma along the beam of energy [44e, 45¢]. Renuvion
(Apyx Medical, Clearwater, Florida) is a helium plasma
device that is coupled with concomitant cooling to decrease
the risk of burns [46].

Advantages

Helium plasma treatment has a high level of patient satis-
faction [45¢]. One study found a 90.9% patient-reported
improvement in appearance 3 months post-treatment [45e].
Plasma treatment can also be used to treat a variety of skin
tones due to its chromophore independence [43, 44e].

Disadvantages

A significant disadvantage to nitrogen plasma treatment
is that it produces milder skin-tightening results when
compared to ablative lasers [44e]. Common side effects
of plasma treatments include pain after treatment for
up to 10 days, transient erythema, edema, induration,
pruritus, exacerbation of acne, and post-inflammatory
hyperpigmentation. Less common side effects include
prolonged wound healing and scars [44e, 45¢]. Nitrogen
and helium plasma have similar downtime and risk of
adverse effects [45e].

Non-Energy Based Tightening Techniques
Hyperdilute Radiesse
Mechanism

Dilute calcium hydroxyapatite (CaHA) filler treatment
is currently gaining in popularity as an off-label skin-
tightening solution for the face and body with recently
published consensus guidelines [47]. CaHA filler
(Radiesse, Merz North America, Inc., Raleigh, NC, USA)
is a mixture of CaHA suspended in water, glycerin, and
carboxymethylcellulose. CaHA filler provides an imme-
diate volume increase and delayed volume improvement
from collagen stimulation. CaHA is the main bioactive
ingredient and forms microspheres that simulate collagen
production [48, 49, 50e, 51-53]. Histological analysis has
shown an increase in collagen types I and III, 6 month
after injection [49, 54]. CaHA filler can also be safely
combined with microfocused ultrasound with visualiza-
tion (MFU-V) [50e].

@ Springer

Advantages

CaHA both induces new collagen production and provides
immediate volume improvement. Most other techniques
discussed only promote new collagen formation but do not
achieve volume improvement. The results of CaHA also
appear to be significant and consistent [48, 50e, 51, 52, 54].
One study in which CaHA filler was injected into the arms
of participants reported that 100% of both the subjects and
evaluators were satisfied or very satisfied with treatment [52].

Disadvantages

As with all fillers, CaHA filler potential side effects include
bruising, infection, nodules, skin necrosis from arterial
injection, and blindness [48, 52, 53].

Microcoring

Microcoring is a relatively new concept in the field of skin
tightening. Cytrellis Biosystems (Cytrellis Biosystems Inc.,
Boston, MA) was the first company to begin testing micro-
coring for skin rejuvenation. The lead study author, Roy G.
Geronemus, MD, explained at the American Society for
Laser Medicine and Surgery that the mechanism is some-
thing like taking a “punch biopsy” [55]. This technology
was first tested on pigs. Both studies treated one site with
microcoring needles and another site with a control, standard
hypodermic needle [56, 57]. With microcoring removal of
10% the skin, the treated area shrunk by 9% [56]. Histo-
logical examination showed increased fibroblast activity and
increased collagen at microcoring sites [57]. Three months
after treatment, an 89% increase in collagen was confirmed
using an enzyme-linked immunosorbent assay [57].

Microcoring findings on human patients were presented
at the American Society for Laser Medicine. Twenty-three
women were treated in the mid and lower face area, remov-
ing 5% and 7.5% of skin, respectively [55]. The average
pain reported was 0.36 on the Wong Baker 0—10 Scale [55].
Ninety-three percent of investigators and subjects scored
“improved to very much improved” on the Global Aes-
thetic Improvement Scale [55]. No serious adverse effects
occurred [55].

Conclusion

Non-surgical skin-tightening technology continues to
improve and provides a viable alternative for patients
who are unwilling or medically unsuitable for surgical
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intervention. In addition, demand for non-invasive and
minimally invasive skin-tightening procedures continues
to increase. Patients want natural results and cost-effective
interventions with minimal risk and downtime. Although
surgical intervention remains the gold standard for lax-
ity correction, non-invasive and minimally invasive skin-
tightening procedures are quickly becoming an essential
part of a surgical cosmetic practice.
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