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Radiofrequency (RF) technologies are increasingly employed in dermatology to achieve skin

rejuvenation with minimal adverse effects and downtime. Radiofrequency enables physicians to

augment targeted tissue layers while sparing melanocytes and the cutaneous surface, thereby pre-

venting dyspigmentation and prolonged wound healing. Recent advances in RF have expanded

the array/of treatmént indications and improved cosmetic outcomes. Future developments

are likely to further enhance the therapeutic index of| RF. This review will shed light on the

technical aspects and clinical outcomes of themmost recent.developments in RF technologies.
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adiofrequency (RF) [technology \was first

applied to cosmetic dermatology “at the

beginning of the 21st century after having

been employed in medicine and surgery for

numerous indications for years. After RF
was found to induce collagen contraction and a wound-
healing response, it began to be used for tissue tighten-
ing and subsequently was adapted for a variety of other
indications, including rhytides, scar revision, vascular
lesions, and acne vulgaris.! Advances in the understand-
ing of the biophysics of RF have led to adaptations of this
technology for a variety of dermatologic indications and
dramatic recent improvements in RF devices and treat-
ment techniques.

Dr: Hollmig is from the Department of Dermatology, Stanford University
Medical Center; California. Dr. Hantash is from Elixir Institute of
Regenerative Medicine, San Jose, California.

The authors report no conflicts of interest in relation to this article.
Cortespondence:  Basil M. Hantash, MD, PhD, Elixir Institute
of Regenerative Medicine, 5941 Optical Ct, San Jose, CA 95138
(basil@elixirinstitute.org).

www.cosderm.com

PRINCIPLES'OF RF

A'basic understanding of the biophysics of RE technol-
ogy facilitates an informed discussion of expanding
target indications and innovative treatment techniques
as well as an appreciation for the vast potential of RF
in cosmetic dermatology. Radiofrequency devices utilize
electrical energy to transfer heat energy to the dermis at
relatively low temperatures. These devices typically are
not intended to resurface the skin but rather to induce
thermal damage to dermal collagen while sparing the
epidermis. Resistance and the resultant degree of thermal
damage is determined by the depth and composition of
the treated tissue. When applied over a period of time,
thermal energy contracts and thickens collagen fibers,
disrupts hydrogen bonds, and alters the conformation
of the collagen triple helix. It also induces a more pro-
longed wound-healing effect that is associated with sus-
tained remodeling, reorientation, and formation of new
collagen bundles over subsequent months.%” Because
RF energy uses an electrical current rather than a light
source, it does not affect epidermal melanin; therefore,
patients of all skin types, including darker skin types and
those with a predisposition to develop postinflammatory
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hyperpigmentation may be treated with RE When applied
properly, RF denatures dermal collagen and induces a
healthy wound-healing response, resulting in effective
skin rejuvenation with minimal recovery time.

Radiofrequency devices can be classified into several
configurations based on the method by which the elec-
trical current passes through the tissue. The first type to
be introduced was monopolar RE which applies energy
to tissue via a single electrode tip and a grounding plate.
Bipolar RF applies energy to tissue via 2 points on the
tip of a single probe, and penetration depth is estimated
at half the distance between the electrodes. Tripolar RF
devices recently were introduced; this technology utilizes
a multiple electrode configuration to heat superficial and
deep skin layers simultaneously. Fractional RF also is a
novel technology in which bipolar RF energy is delivered
via a minimally invasive approach using a microneedle
electrode assembly. This technology generates discrete
thermal zones of treated tissue to the depth of the reticu-
lar dermis withofractional sparing of the-epidermis and
adnexa, thefeby inducing a rapid and vigorous wound-
healing response along with sustained dermal'remodeling
and profound neoelastogenesis (Figure'1).5°

MONOPOLAR RF
One of the first monopolar RF devices (ThermaCool TC,
Solta Medieal, Inc) demonstrated tosbe safe and efficacious

in the treatment of periorbital rhytides in an early
landmark study achieved its first US Food and Drug
Administration approval in 2002.'° Unfortunately, early
results with this device were somewhat inconsistent
and often were statistically insignificant after photo-
graphic analysis.!!

Monopolar RF is hardly an antiquated technology, as
physicians continue to explore and expand its use in der-
matology (Table 1). A recent study utilized a new 2.2-MHz
monopolar device (RF-ReFacing, Meyer-Haake Medical
Innovations) to treat facial laxity and fine wrinkles affecting
the lower eyelid, crow’s-feet, and jowl line, and reported
safe, convenient, and effective therapy for a wide array of
patient age groups.'? Another group helped expand the
use of the ThermaCool TC System to the trunk, treating
patients with abdominal skin laxity using the Thermage
Multiplex Tip, with waist circumference and skin laxity
scores decreased at follow-up.!?

Monopolar RF technology also has been applied to
other indications, besides.skin laxity and.rhytides; one
report described the successful treatment of steatocys-
toma multiplex involving the scrotum without infection,
scarring, or dyspigmentation:'* Our understanding of the
clinical and histologic changes induced by monopolar RF
recently was advanced through the work of el-Domyati
and colleagues.!® They treated participants with Glogau
classificationdsto.ll facial wrinkles and reported increases

Figure 1.Long-term dermal remodeling and neocollagenesis following fractional radiofrequency treatment at baseline (A) and 10 weeks post-
treatment (B)(H&E, original magnification X4 for both). At 10 weeks, dermal thickness was increased over baseline and subcutaneous interstitial
collagen also was thickened with no evidence of fat necrosis. Both observations can be attributed to dermal remodeling and ongoing neocol-
lagenesis following fractional radiofrequency treatment. Higher magnification revealed the presence of a wispy blue-gray staining substance
(indicative of de novo hyaluronic acid deposition) in the midst of a high-density field of nucleated cells (C)(H&E, original magnification X 10).
This image also indicates 3 distinct zones that typically were observed:an old collagen zone, a mixed transition zone, and a new collagen zone.

Reprinted with permission from Hantash et al.’
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Novel Uses of Monopolar RF

R
_

Reference No. of Study Side
(Year) Participants Type RF Type Parameters Indication Outcome Effects
Wollina' 20 PCS 2.2 MHz 3 sessions; Facial laxity 75% (15/20)  None
(2011) 2 passes/ and fine rated good reported

session; wrinkles or better

8-12W posttreatment
Anolik 12 PCS 6 MHz 1 session; Abdominal Improved Transient
etal mean,42 min;  skin laxity waist erythema
(2009) 28-46 J/cm? circumference

and skin laxity

Choudhary 2 (@ 2.4 MHz 1 session; Steatocystoma Resolution None
etal ablation multiplex reported
(2010)
el-Domyati 6 PCHS 6,MHz 6 sessions; Facial 35%-40% sKin"Transient
etal® 2 passes whole  wrinkles tightening erythema
(2011) face; subsequent immediately

periorbital, and 70%-

nasolabial, and 75% skin

forehead passes

tightening at
3 mo; 0%-45%
immediate
improvement
in rhytides
and 90%-95%
improvement
in rhytides
at 3 mo;
increased
collagen
(types land IIl)

Abbreviations: RF, radiofrequency; PCS, prospective clinical study; CS, clinical study; PCHS, prospective clinical and histologic study.

in mean collagen types I and III as well as newly synthe-
sized collagen. They also observed higher levels of mean
collagen and a lower level of mean elastin at 3 months post-
treatment compared to immediately posttreatment, which
they attributed to continued dermal remodeling. Partici-
pants demonstrated statistically significant improvements
in skin tightening (P=.02), skin texture (P=.04), rhytides
(P=.01), and participant satisfaction (P=.001)."

BIPOLAR RF

Bipolar RF devices obviate the need for a grounding pad
and provide a controlled distribution of thermal energy

www.cosderm.com

within treated tissue by passing current between 2 elec-
trodes applied to the skin. The effect on tissue is other-
wise essentially the same as monopolar RE but bipolar
systems typically do not penetrate as deep and are more
comfortable than monopolar RF devices. Bipolar RF has
been employed for a lengthy and continually expanding
list of indications, including skin laxity, wrinkles, vascu-
lar lesions, dyschromia, cellulite, and body tightening.!®
Bipolar technologies continue to expand the reach and
effectiveness of novel RF devices (Table 2).

Functional aspiration controlled electrothermal stim-
ulation is a recently developed technology that uses a
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Novel Uses of Bipolar RF

Reference No. of Study Side
(Year) Participants Type RF Type Parameters Indication Outcome Effects
Alexiades- 28 PCS Combined  Mean, Photoaging 10% N/A
Armenakas'’ 2.4 sessions; improvement/
(2006) IR/RF/IPL treatment;

26% mean

overall

improvement
Dincer 15 PCS 1.7 MHz Electro- Xanthelasma 9 patients None
etal'® coagulation palpebrarum  excellent; reported
(2010) 5 patients

good;

1 patient

moderate
Foster 29 PCS 2Hz 0.5-10.0 mA; Glabellar 90% (26/29) None
etal™ pulse width, furrows abrogation; reported
(2009) 0.2 ms 69% (26/29)

with

treatment

response

>4 mo
Reich- 20 HS N/A Varied Varicose Necrosis.of N/A
Schupke application; veins intima and
etal® 5-25W media at
(2011) 20=25Wand

application

time to 400 ()

impedance

Abbreviations: RF, radiofrequency; PCS, prospective clinical study; IR, infrared; IPL, intense pulsed light; N/A, not available; HS, histologic study.

vacuum to fold target tissue between the 2 bipolar elec-
trodes. This technique allows lower energy levels to be
employed while achieving the ideal density at superficial
and deep target layers, creating a safe, effective, and virtu-
ally painless technique for treating wrinkles and elastosis.*!

Bipolar RF also has been increasingly combined with
other technologies, typically light based, to achieve a syn-
ergistic effect between energy types. One such combination
employs a 900-nm infrared laser, bipolar RE and intense
pulsed light (500-1200 nm), which has been reported to
diminish photoaging.'” A major drawback of this therapy,
however, is that it requires numerous treatments at 2- to
3-week intervals, which may ultimately achieve only
mild to moderate improvement. Because lower energies
are required in combination therapy, patient discomfort

568 Cosmetic Dermatology® « DECEMBER 2011 « VOL. 24 NO. 12

and the risk for complications are reduced, and treatment
of a wide variety of indications is possible.?**>

The list of dermatologic indications for which bipolar
RF may be effective continues to expand. This technology
recently was described for the treatment of xanthelasma
palpebrarum, including the effective treatment of lesions
close to the eyes.!® Another novel use of bipolar RF is to
eliminate glabellar furrows via the percutaneous ablation
of efferent nerves innervating the corrugator and procerus
muscles. A 2009 study reported 29 participants undergo-
ing bilateral ablation with this technique, with abrogation
of glabellar furrowing achieved in 26 participants (90%)
and no major adverse events. The therapeutic effect per-
sisted for 4 months or more in 20 participants (69%)."
There also have been advances in the treatment of
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unwanted veins utilizing bipolar RE A recent ex vivo
study found circumferential necrosis of intima and media
was reached by a power of 20 to 25 W and an applica-
tion time up to an impedance of 400 Q; only heteroge-
neous necrosis was reached with lower power and long
application time.?° Finally, RF also has been reported to be
efficacious in providing a minimally invasive method for
treating chronic plantar fasciitis.?® Bipolar RF continues
to be employed in new and effectual methods while also
inspiring future generations of RF devices.

FRACTIONAL RF

The recent development of fractional radiofre-
quency (FRF), or minimally invasive RE represents an
important advancement in the field of RF technology.
Using a minimally invasive approach, FRF devices such
as Renesis (Primaeva Medical, Inc) and eMatrix (Syneron
Medical Ltd) generate RF thermal zones with fractional

RADIOFREQUENCY TECHNOLOGIES

sparing of the epidermis and adnexa. The Renesis device
delivers a bipolar current via a microneedle electrode
assembly and produces controlled zones of collagen coag-
ulation in the reticular dermis while sparing key struc-
tures that promote rapid healing.® An intelligent feedback
system offers real-time feedback of skin temperature
within the developing lesion. Wound-healing response
after FRF therapy was evaluated histologically and using
reverse transcriptase—polymerase chain reaction, and
neoelastogenesis and heat shock protein response were
analyzed using immunohistochemistry (Table 3).° Ten
weeks after treatment, histology revealed neocollage-
nesis, neoelastogenesis, increased dermal cellularity, and
deposition of hyaluronic acid. Radiofrequency thermal
zones were completely replaced with new collagen via
an active dermal remodeling process driven by the col-
lagen chaperone HSP47 (Figure 2).° A model that can
accurately predict the thermal response of human skin

_

Response to FRF Treatment of Wound-Healing
Genes Affected by Dermal Remodeling*

0 Days 2 Days 14 Days 28 Days
Gene Mean SEM Mean SEM Mean SEM Mean SEM
TNF-a 435 15.7 46.8 18.7 17.7 247 62.9 9.9
IL-1B 41.7 20.5 50 5.6 583 21.1 1125 19.6
TGF-B1 0 268 58.5 185 68.3 10.1 85.4 132
MMP-1 -3.03 156 303 209 424 12.8 7838 1.9
MMP-3 -75 135 -75 16.2 7.5 186 62.5 108
MMP-9 1.8 15.7 69.1 20 1147 17.1 194.1 8.5
MMP-13 486 154 914 194 117.1 237 1829 152
HSP72 145 36.8 65.1 212 47 189 73.5 6.9
HSP47 1.9 19.1 145.2 6.8 259.5 13 345.2 37
Fibrillin 10 283 64.4 54 733 16 95.6 6.3
Tropoelastin ~ 17.6 7.5 188.2 5.1 338.2 2 391.2 1.8
Procollagen|  55.1 223 577 252 89.7 25 2026 13.1
Procollagen Ill 9.9 42 7.7 194 22 252 113.2 144

Abbreviations: FRF, fractional radiofrequency; SEM, standard error of the mean; TNF-a, tumor necrosis factor o; TGF-B 1, transforming growth

factor B1; MMP, matrix metalloproteinase; HSP, heat shock protein.

3Values are shown as percentage control at the relevant time point. Zero days corresponds to immediately posttreatment.

Modified and reprinted with permission from Hantash et al.
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in vivo during treatment with a bipolar FRF system also
has been developed, which may be employed to aid
physicians in parameter selection to achieve improved
efficacy and safety profiles, particularly because no con-
sensus recommendations for treatment of patients with
minimally invasive bipolar RF currently exist.?”

The relationship between subjective clinical improve-
ment and changes in objective measures of mechanical
skin properties was investigated by Willey and colleagues.?®
They compared elastometry measurements with clinical
results after treatment of the lower face with bipolar FRE At

3 months after therapy, elastometry measurements showed
statistically significant improvement for pressure measure-
ments (P<<.05) but not retraction times (P>.05). Physician
grading revealed statistically significant improvements of
wrinkles and laxity (P<<.001 for both)(Figure 3). Approxi-
mately 90% of treated patients were satisfied or very satis-
fied with the procedure at 3- and 6-month follow-up.*®
Fractional RF technology was compared with a sur-
gical face-lift, which is considered the gold standard
for treatment of skin laxity, in a blinded randomized
study®® Participants who were treated with minimally

Figure 2. HSP47 (heat shock protein 47) response to fractional radiofrequency treatment. Human abdominal skin'was stained with antihuman
HSP47 antibody. At baseline (A)(original magnification X4) and immediately posttreatment (B)(original magnification X4), there was minimal
HSP47 expression in the dermis. Increased HSP47 expression was first detected at day 2 (C)(original magnification X4), but unlike HSP72,
remained elevated from day 14 onward (D-F)(original magnification X4 for all). At day 28 and 10 weeks posttreatment, HSP47 staining became
diffuse throughout the dermis and was not restricted only to the peri-radiofrequency thermal zone regions. Reprinted with permission from

Hantash et al.’

Figure 3. A patient at baseline (A) and 3 months following fractional radiofrequency treatment (B). The patient received bilateral treatment of
the lower face with 25% to 30% skin coverage and lesion temperature of 68°C for 5 seconds. Reprinted with permission from Willey et al.2®
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invasive bipolar FRF showed 16% improvement in skin
laxity over baseline as compared to 49% improvement in
participants treated with a surgical face-lift. Participants
treated with FRF returned to normal activities within
24 hours, while participants in the surgical face-lift

group returned to normal activities in 7 to 10 days. Par-
ticipant satisfaction in the FRF treatment group was high,
with 93% (14/15) of participants reporting they were
satisfied or very satisfied and no participants dissatisfied
with FRE?

_

Reference
(Year)

No. of
Participants

Novel Uses of Tripolar RF

Study
Type

RF
Type

Parameters

Indication

Outcome

Side
Effects

Kaplan and
Gat*?
(2009)

12

PCHS

1 MHz

Mean,
7 treatments

Skin tightening
and body
shaping

49% increase
in dermal
thickness; focal
thickening of
collagen fibers

None
reported

Manuskiatti
etal®
(2009)

17

PCS

1 MHz

6 weekly
treatments

Striae
distensae

50% (17/34)
of participants
with >25%
improvement

None
reported

Manuskiatti
etal*
(2009)

37

PES

1 MHz

8 weekly
treatments

Skin tightening
and cellulite

3.5-cm mean
abdominal
circumference
reduction;
1.7-cm

mean thigh
circumference
reduction

None
reported

Levenberg®
(2010)

37

PCS

1 MHz

Multiple
treatments

Localized fat
and facial skin
tightening

3.6-cmmean
circumferencé
reduction
(abdomen,
buttocks,
thighs);
improvement
of perioral and
periorbital
wrinkles

None
reported

Boisnic
etal®*
(2010)

20

PCHS

1 MHz

Home treatment;

2-3 sessions
weekly;
2-3 months

Skin laxity and
fat reduction

24-cm

mean thigh
circumference
reduction;

no significant
reduction in
abdomen;
31% increased
collagen
synthesis

None
reported

Abbreviations: RF, radiofrequency; PCHS, prospective clinical and histologic study; PCS, prospective clinical study.
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The eMatrix device delivers nonhomogeneous frac-
tional ablative energy using an array of multielectrode
pins. Fractional RF has been demonstrated to induce
improvement in skin texture and reduced wrinkles in
both abdominal and facial skin, with greater than 40%
improvement in skin texture achieved in approximately
49% (17/35) of participants. Other than pain and tran-
sient erythema, no adverse events were reported.® This
FRF technology also appears to provide a safe and effec-
tive treatment option for acne scars.* Table 4 summarizes
studies on FRE

TRIPOLAR RF

Tripolar RF expands on the bipolar configuration, employ-
ing 3 or more electrodes to deliver current to skin tissue.
The TriPollar RF device (Regen, Pollogen Ltd) is able to
simultaneously heat superficial and deep skin layers by
delivering a focused current to the skin, delivering energy
at a frequency of 1 MHz and a maximum power of 30 W,
with no active ceoling systemsneeded. Several small trials
have evaluated this technology, reporting clinical efficacy
and a favorable side-effect profile (Table'5). Imyone study,
12 patients underwent an average of 7'weekly treatment
sessions on various body areas, with subsequent histo-
logic analysis revealing an increase in dermal thickness in
treated areas due to collagen regeneration and remodeling
and agfecalsshrinkage of fat cells.?

The safety and efficacy of using the TriPollar RE device
for the treatment of striae\distensae was evaluated by a
pilot study in‘'which 50% (17/34) of participants reported
greater than 25% improvement in"their striae at 1-week
follow-up, and a higher percentage were found to have
improvement at 6 weeks posttreatment. No significant
adverse events were reported.” TriPollar RF technology
also has been applied to circumference reduction, cellulite
treatment, and localized fat with some success.***

OTHER DEVELOPMENTS
A novel RF device based on tripolar technology recently
has been produced for at-home use (Pose, Ultragen) with
a built-in automatic temperature sensor and relatively
slow rate of heating to serve as guards against adverse
events. An ex vivo study utilizing this device reported
lipolytic activity and increased collagen synthesis in
treated abdominal skin. Additionally, 20 participants
completed a clinical protocol of at-home treatment,
achieving significant circumference reduction of treated
thighs (P=.021) and improved overall abdominal
skin laxity.*

Limitations in current RF methods, including the
somewhat uncontrolled nature of monopolar RF and the
somewhat superficial treatment level of some bipolar and

www.cosderm.com
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tripolar configurations, have been attributed to a lack
of adaptation of delivered energy to differences in indi-
vidual skin impedance. These perceived shortcomings
recently were addressed by the development of a method
for real-time impedance measurement during skin tight-
ening treatments. The EndyMed Pro system (Eclipse
Aesthetics, LLC) allows continuous measurement of skin
impedance and delivery of continuous target energy to
skin independent of changes in impedance. Harth and
Lischinsky?” reported that the real-time customization of
energy according to skin impedance allows a more accu-
rate and safe method of skin tightening with consistent
and predictable outcomes. Thirty patients with facial skin
aging were treated with this device with results that were
reported as good or better in 86.7% (26/30) of cases at the
3-month follow-up.?

CONCLUSION

Radiofrequency technology continues to advance rapidly,
providing,dermatologists.with an expandingarray of skin
rejuvenation techniques that result in few adverse effects
and minimal "downtime for patients.’ Radiofrequency
treatments allow physicians\to augment targeted tissue
layers while also sparing melanocytes'and the cutaneous
surface, thereby preventing dyspigmentation and delayed
wound healing. Most recent studies that evaluate novel
implementations,of RF technology are noncomparative
clinical trials with' subjective outcome measures, and
should be viewed with a healthy skepticism. Neverthe-
less, RF technology is an exciting and /expanding sector
of' cosmetic “dermatology Future developments likely
will continue to enhance the therapeutic index of RF by
tailoring treatment to the individual patient, combining
RF with other treatment modalities, and exploring and
expanding indications for therapy.
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