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KEY POINTS

� Facial aging is a continuous process resulting from age-related changes in all structures present in
the face. Such complex anatomy needs to be considered when it comes to noninvasive treatments
for improving facial appearance. The facial muscles especially should be seen within their connec-
tive tissue environment and addressed accordingly.

� Novel HIFES and Synchronized RF technology was developed to target facial layers in synergy. Its
effects show that it is a viable option for noninvasive face lifting and wrinkle reduction.

� It has been documented that HIFES and Synchronized RF does not interfere with the effects of neu-
romodulators or dermal fillers and can be safely and effectively used in patients injected with either
of them, to deliver satisfactory improvement of overall facial appearance.
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INTRODUCTION

Facial aging is a continuous process resulting from
age-related changes in all structures present in the
face: skin, fat, muscle, fascia, and bone.1,2 Age-
related changes of all facial soft tissues start at
different decades and progress at various paces,
which vary between individuals of different gender
and ethnicity. All changes together result in
reduced support for the bone-overlying soft tis-
sues, which then follow the effect of gravity.
Thus, a loss of structural support owing to volume
Refresh Dermatology, 5427 Bissonnet Street #500, Houst
E-mail address: chilukuri@refreshdermatology.com

Facial Plast Surg Clin N Am - (2023) -–-
https://doi.org/10.1016/j.fsc.2023.06.006
1064-7406/23/� 2023 Elsevier Inc. All rights reserved.
depletion and changes to the facial muscles and
their connective tissue framework results in
increased soft tissue laxity.
li
The Role of Facial Muscles and Fascia
Framework in Aesthetic Appearance

Facial muscles have been found to age through
the process of sarcopenia, which manifests as a
loss of muscle mass and volume, similar to skel-
etal muscles.3 Because the facial muscles are
interconnected via the fascial system and the
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overlying skin, weakening of these muscles may
result in a visible descent of the tissue as we age
(Fig. 1). The weaker the facial muscles are, and
the lower the resting muscle tone is, the higher
that muscle effort is needed to avoid sagging
and to hold the overlying tissues in place. When
too weak, they become unable to hold the tissue,
resulting in eyebrow drop or cheek sagging.
When the resting muscle tone is increased, the
muscles are then able to hold the overlying tissue
in place without dropping and without the need to
stay contracted.
Specifically, the muscles in the cheek are inter-

connected by the midfacial superficial musculoa-
poneurotic system (SMAS).4 Weakening of the
cheek muscles, especially the zygomaticus mus-
cles, allows for the hypothesis that as we age,
the resulting facial muscle weakness can promote
midfacial soft tissue descent, resulting in the
increased severity of the nasolabial fold, formation
of jowls, and loss of jawline contour.5 Targeting
these muscles and their surrounding connective
tissue architecture might allow for midfacial soft
tissue repositioning. Also, the same muscle weak-
ening could be expected for the frontalis muscle
owing to aging or long-term use of neurotoxins.
The frontalis muscle is mainly responsible for
eyebrow movements. Its connection with the
skin is ensured via the suprafrontalis fascia
(located superficial to the frontalis muscle) and
the subfrontalis fascia (located deep below the
frontalis muscle). Aging of the forehead structures
may result in eyebrow ptosis6 and heaviness,
Fig. 1. Visualization of the effect caused by weakened
facial muscles on the left in comparison to healthy
muscles on the right.
which along with skin aging, may lead to laxity
and wrinkle formation in the region.
In contrast to skeletal muscles, the facial mus-

cles are embedded in a connective tissue frame-
work that interconnects all tissues from bone to
skin. Interestingly, they are connected directly to
the brain via the cranial nerves and are responsive
to emotional input and the limbic system.
Emotional states affect facial contours via resting
tone of the muscles and the SMAS. Therefore,
the facial muscles need to be seen within their
connective tissue environment and addressed
accordingly. Assuming that facial muscles affect
skin movement alone without the support of a con-
nective tissue environment creates an incomplete
picture of facial muscle anatomy.
Treatment Alternatives

Repositioning and restructuring the facial tissues
and layers is the aim of aesthetic procedures via
surgical and nonsurgical means.1,2 Among nonin-
vasive aesthetic procedures, radiofrequency (RF)
is considered the gold standard for facial skin
treatment. The effect of RF on the skin tissue is
based on dermal heating, which leads to structural
changes within the skin and the overall improve-
ment in skin quality.7 However, these skin heating
procedures focus solely on improving skin quality
and textural improvement, but not the overall facial
appearance, which is also influenced by the facial
volume and density of the underlying structures,
including the fascial system, facial ligaments, and
facial muscles. Therefore, the extent of facial laxity
is a composite effect of all implicated structures of
which the facial muscles and their interconnection
with the skin play a fundamental role.8

The most frequently performed nonsurgical
treatment to date is the administration of soft tis-
sue fillers, which helps to restore facial volume.
However, soft tissue fillers only cover the aging
symptoms and do not affect facial muscles, which
play a crucial role in natural skin mobility.9 When it
comes to muscles, the application of neurotoxins
is yet another popular solution, although its pri-
mary effects are also limited to one tissue only.
Currently, the only way to reliably alter facial mus-
cles is through a surgical lift procedure, where the
skin and fat tissues are separated from themuscle,
and the muscles are then repositioned.10

Overall, the combination of age-related facial
changes results in an alteration of the facial shape,
which cannot be improved by targeting one type of
tissue alone. Therefore, more profound treatment
algorithms need to be applied to address age-
related facial changes.11 This may include
addressing deeper fascial and muscle layers
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together, as they have the ability to promote facial
repositioning.

Recently, HIFES technology synchronized with
RF heating has been introduced with the EMFACE
(BTL Industries Ltd, Boston, MA, USA) device, to
target the facial muscles and their connective tis-
sue frameworks for lifting and tightening of the
facial contours. HIFES technology induces electri-
cal fields to contract facial muscles selectively.
These delicate facial muscles are crucial for sup-
porting the facial soft tissues and play a structural
role in a more youthful appearance. While the
HIFES targets the muscle and overlying fascia tis-
sue, the Synchronized RF heating induces struc-
tural changes to the dermal and subdermal
architecture. This approach can ultimately result
in an improved appearance through changes in
all facial tissue layers.

TARGETING FACIAL TISSUES BY
NONINVASIVE HIFES AND SYNCHRONIZED
RADIOFREQUENCY TECHNOLOGIES
Mechanics of HIFES for Facial Muscle
Stimulation

HIFES technology was specifically designed to
selectively induce supramaximal contractions of
small delicate muscles in the face, namely the
frontalis muscle on the forehead and zygomaticus
major muscles, zygomaticus minor muscles and
risorius muscles on the cheeks (Fig. 2). The tech-
nology generates strong electrical fields, delivered
by its specifically designed applicators, that affect
the underlying neuronal and muscle tissue. These
electrical fields depolarize the membrane of the
motor neurons that innervate the muscle. When
the motor neurons are depolarized, a signal is
Fig. 2. The cheek muscles stimulated by HIFES tech-
nology: zygomaticus major and minor muscles and ri-
sorius muscle.
created that travels along the neuron, all the way
to the neuromuscular junction—the place where
the motor neuron is connected to the muscle.
These signals overcome the barrier of the neuro-
muscular junction and progress to the muscle,
which is thus forced to contract. This process by-
passes the voluntary intention of the brain,
inducing a forced contraction through electrical
stimulation.

The HIFES stimuli repeat with such frequency
that the facial muscles are not allowed to relax
in between the individual signals. As the muscle
cannot relax, with additional stimuli, it is forced
to contract even further, which continuously
builds up the contraction power with every addi-
tional signal. The appropriate selection of these
2 factors (electrical field strength and frequency)
results in the so-called supramaximal contrac-
tion. Although it is poorly understood how and
to what extent the facial muscles adapt to
external stimuli, research studies conducted in
skeletal muscles have revealed that heat shock
proteins (HSP) and satellite cells (SCs) may be
activated by intense muscle exercise as a
response to the applied stimuli.12 HSPs are the
signaling molecules playing a crucial role in mus-
cle remodeling through the promotion of muscle
protein synthesis.13 SCs are muscle-derived
stem cells responsible for myofiber development
and renewal.14 In a resting state, the SCs remain
quiescent, ready to be activated, and provide dif-
ferentiation to create new myonuclei to existing
muscle fibers or generate new muscle fibers.
Together, HSP and SC activation can support
muscle microprotein structure alterations. In a
healthy muscle this may lead to densification of
the muscle tissue and to overall improvement of
the muscle quality. In atrophied muscle, the mus-
cle structure alteration may lead to hypertrophic
response reversing the atrophy. However, it is
not only the muscle reacting to the signaling mol-
ecules. It has also been documented that the
fascial layer remodels itself in response to heat
and mechanical stimuli.15 Nonetheless, the future
studies will need to identify similarities between
skeletal and facial muscles or provide conclusive
evidence that facial muscles behave similarly or
differently when targeted by external stimuli.
The Role of Synchronized Radiofrequency
Heating on Facial Muscles and Framework

Simultaneously with the HIFES stimulation, the
Synchronized RF that heats the facial tissue is
delivered. Such stimuli affect the connective tissue
framework and the facial muscle unit with consec-
utive adaptive changes to the overlying facial soft



Chilukuri4
tissues. According to previous studies on skeletal
muscles,13,16 HSPs can also be activated by heat
within the range of 40�C. Together with the
muscular contractions, the heat thus may further
increase the levels of released HSP,17 although
this effect has been shown in abdominal muscle18

or gluteal muscle.19 A recent study by Kinney and
colleagues20 measured the facial muscle tempera-
ture during the treatment with HIFES and RF and
showed that the temperatures in the targetedmus-
cle tissues reached up to 40�C, indicating that a
similar effect could also be seen in the facial mus-
cles during the simultaneous treatment.
Furthermore, the primary effect of Synchronized

RF heating on the subdermal tissues can be seen
in the fascial framework. The fascial framework
primarily consists of collagen and elastin, which
are known to be heat responsive. Therefore, heat-
ing to adequate temperatures may induce remod-
eling of collagen and elastin within the fascial
framework, leading to increased elasticity and
tightness of the fascial web.15
The Role of Synchronized Radiofrequency
Heating on Skin Tissue Rejuvenation

The same effect for the fascia can also be seen in
the skin tissue. Regarding skin, fine lines and wrin-
kles accompanied by loss of skin volume are usu-
ally the first indicators of skin aging, a normal
physiologic process influenced by genetic and
hormonal changes with contribution of external
factors.21 During the skin aging process, the
dermal blood vessel structure is disrupted, and in
turn, the dermis is not supplied with nutrition and
oxygen, thus slowing cellular regeneration.
The major building blocks of the skin are

collagen and elastin fibers, which are responsible
for skin elasticity and firmness. During the aging
process, collagen and elastin synthesis de-
creases, and collagen bundles lose their exten-
sible configuration and become fragmented. The
elastin fiber network is degraded, leading to the
loss of structural integrity of microfibrils. As the
extracellular matrix is degraded, skin thickness is
also reduced. It is estimated that adult skin loses
1% of overall collagen content annually.22

The EMFACE device uses a novel Synchronized
RF electrode that allows the simultaneous applica-
tion of an RF field together with HIFES. As the RF
current flows through the tissue, a portion of the
RF energy is absorbed, transforming the energy
into heat and the desired thermal effect. During
the 20-minute treatment, the skin tissue is heated
to 40�C to 42�C. This therapeutic temperature
range is reached within the first 2 minutes of the
treatment, as documented by the thermal probe
measurements.23 The level of RF energy absorp-
tion in the tissue depends on the RF frequency
and tissue impedance, among other factors.
Because the skin, muscle, and fat tissues have
different impedances,24 it is possible to selectively
target the energy and achieve the thermal effect in
the desired tissues.
When the therapeutic temperature is reached in

the skin tissue for the desired time period, the
hydrogen bonds tying the collagen fibers together
begin to unwind, and collagen denaturation oc-
curs. However, the above-mentioned tempera-
tures do not lead to permanent damage. As the
thermal effect dissipates, the bonds begin to
renew, and the skin’s architecture is changed to
a more youthful level. After repeating this process
during multiple treatments, the structure of older
collagen and elastin fibers is changed, similar to
newly formed collagen and elastin fibers.25 This
thermal effect is also accompanied by a heat-
induced wound-healing response and increased
fibroblast activity. Fibroblasts are the dermal cells
responsible for producing new collagen and
elastin fibers. As we age, their activity decreases
to a level equivalent to an overall “net loss” of fi-
bers. This means that the amount of newly formed
fibers does not exceed the number of fibers being
degraded, which accelerates the appearance of
skin aging. Nevertheless, studies have shown
that heat stress increases fibroblast activity, lead-
ing to an increased synthesis of collagen and
elastin–neocollagenesis and neoelastinogene-
sis.25 Overall, synchronized RF heating supports
the skin to regain its volume, elasticity, and a
more youthful appearance by restoring the
collagen and elastin fiber structure and enhancing
the synthesis of new collagen fibers.
CLINICAL EFFECTS OF HIFES AND
SYNCHRONIZED RADIOFREQUENCY ON
FACIAL TISSUES

Because of the unique design and energy delivery,
HIFES does not induce the stimulation of the de-
pressors because it could potentially lead to a
worsening of rhytides. The forehead application
targets the frontalis muscle (brow elevator) and
corresponding fascias while avoiding the depres-
sors in the glabella. Restoring the tonus of the fron-
talis muscle and tightening the fascias in
combination with the skin remodeling thus lead
to reduced horizontal forehead lines, brow eleva-
tion, and skin texture improvement. The cheek
application primarily targets the more superficial
muscles of the cheeks (zygomaticus major/minor
and risorius), which are all interconnected
elevating units. In contrast, other deeper muscles,
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such as the masseter muscle, are unaffected.
Stimulation of these superficial muscles leads to
an elevation of the entire cheek, increasing the
midfacial volume and improving the nasolabial
fold. Increasing the pull of these elevators further
leads to a repositioning not only of the midface
but also of the lower facial soft tissues. The result-
ing clinical effect is a reduction in jowls and an in-
crease in jawline contouring. Furthermore, the
combined effect of HIFES with Synchronized RF
manifests as an overall textural improvement of
the skin.

Clinical studies focusing on structural changes
after HIFES and RF demonstrated a prominent
skin remodeling effect. These studies found that
collagen increase ranged between 26% and
27%, and elastin increase ranged between 110%
and 129% 2 to 3 months following the proced-
ure.23,26 Research27 investigating changes in skin
texture and facial appearance reported a 37%
wrinkle reduction and a 25% skin evenness
improvement 3 months after the procedure. The
processes induced in muscle tissue led to struc-
tural remodeling of the targeted muscles, which
has been documented by Kinney and col-
leagues,20 showing a 19% increase in muscle den-
sity and a 21% increase in the number of
myonuclei. These results were coupled with
reduced fibrotic and fat infiltration within the mus-
cle tissue at 2 months after the procedure (Fig. 3).

The structural changes do manifest as
increased resting muscular tone, which is neces-
sary for maintaining the lifted facial appearance.
The weaker the facial muscles are, the higher the
muscle effort that is needed to avoid sagging
and to hold the overlying tissues in place. When
Fig. 3. Histologic images of muscle tissues before (A) and 2
Red represents muscle tissue; green represents interse
adipocytes.
too weak, they become unable to hold the tissue,
resulting in, for example, eyebrow drop or cheek
sagging.2 Recently, HIFES and RF was found to in-
crease the muscle tone by 30%,28 which was then
shown to lead to an overall lifting effect by 23%.29

Aside from multiple clinical studies using various
evaluation methods, the results of the procedure
are supported by a high patient satisfaction rate
of 91%.29
APPLICATION OF HIFES AND SYNCHRONIZED
RADIOFREQUENCY THERAPY WITH
CURRENTLY USED PROCEDURES FOR
IMPROVEMENT OF FACIAL APPEARANCE
HIFES Effects on Neurotoxin-Blocked Muscles

Neuromodulators in aesthetic medicine, such as
Botox, Dysport, Xeomin, or Jeuveau, have
become some of the most frequently sought
nonsurgical aesthetic procedures with type A
botulinum–based neurotoxins having a myriad of
clinical indications. They are most frequently
used to treat dynamic facial rhytides30 involving
the glabella, frontalis, and periocular regions. Bot-
ulinum neurotoxins block neurotransmitter release
(Acetylcholine; Ach) in the synaptic neuromuscular
junction and block voluntary muscle contraction.
With blocked contractions, wrinkle formation is
prevented, as the overlying skin is not being repet-
itively folded during daily activities and thus aids in
maintaining a more youthful skin appearance.

Botulinum-based neurotoxin affects the process
of muscular contraction at the level of neuromus-
cular junction. When applied, it works as a protease
and prevents the fusion of the vesicles with the pre-
synaptic membrane.31 Without this fusion, the Ach
months after (B) the treatment with the HIFES and RF.
cted collagen fibers, and white rounded cells are
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cannot be released into the neuromuscular junction
and trigger the muscle contraction. It is a chemical
denervation that causes partial paralysis of the
innervated muscle. However, such paralysis is not
causing any damage to the nerve or the neuromus-
cular junction and is not permanent.32

Studies have shown it is possible to stimulate
even the botulinum-paralyzed muscles.33,34 How-
ever, it is not entirely clear how such stimulation
overcomes the barrier made by the botulinum
neurotoxin. Upon the application of botulinum
toxin, the membrane of the presynaptic neuron
should be practically impermeable to Ach mole-
cules owing to its size as the fusion of vesicles
and presynaptic membrane (“quantal release”) is
blocked. Nevertheless, clinical trials are showing
that externally it is possible to overcome this bar-
rier, and although the mechanism of how this hap-
pens is not entirely clear, several hypotheses were
proposed to explain such mechanism, particularly
the nonquantal Ach release35 and direct stimula-
tion of postsynaptic membrane.36

Research has shown that a nonquantal release
of small amounts of Ach into the synapse still oc-
curs, even in botulinum toxin denervated muscle.
However, during voluntary contractions, the
amount of the Ach is not sufficient to cause depo-
larization, and the muscles thus remain relaxed. By
applying an external high-frequency electrical field
that surpasses the frequency of brain signals, the
activity of the high-affinity choline transporter
could be elevated, leading to exaggerated non-
quantal release of Ach in amounts sufficient
enough to cause muscle depolarization and
contraction. In addition, an insufficient long-term
concentration of Ach in the synapse, owing to
the application of botulinum toxin, can lead to an
increased expression of n-acetylcholine receptor
on the postsynaptic membrane and, therefore,
also to an increase in the sensitivity of the muscle
to Ach.37 A lower amount of Ach would thus be
needed to induce such depolarization.
On the other hand, the conclusions regarding the

direct muscle stimulation are based on studies per-
formed on skeletal muscles only. Facial muscles
are of significantly different proportions and are
much more superficially located in low depths. All
this may influence the response. As the facial mus-
cles are more delicate, lower intensity of stimulus
may suffice to irritate the muscle membrane.
Because the thickness of some facial muscles
may be as small as 0.5 mm,38 it may be possible
that such stimulation is able to recruit enough mus-
cle fibers to induce contraction of the entiremuscle.
Regardless of the mechanism, HIFES technol-

ogy is seemingly able to stimulate botulinum
neurotoxin–blocked muscles in order to prevent
risk of muscle atrophy. HIFES stimulates blocked
facial muscle even though it is not possible volun-
tarily. Recent findings39 showed that during the
EMFACE treatment the botulinum-denervated
muscles are being contracted, and what is most
important, it does not interfere with the effect of
botulinum toxin itself. No negative effects of the
HIFES and RF procedure on the efficacy of the
botulinum toxin were found.
Synchronized Radiofrequency and Dermal
Fillers Treatment

Injection of dermatologic fillers is one of the most
common procedures that is used in aesthetic med-
icine for rejuvenation of the face. These gellike sub-
stances are used for the treatment of wrinkles by
injecting filler beneath the skin so it restores lost vol-
ume and more contour to the face. Fillers can be
divided into 2 categories. First, the biodegradable
fillers that are not permanent and can last up to
12 months, losing their effectiveness with time
and eventually being metabolized. Fillers that are
currently available stimulate neocollagenesis, so
the effect persists longer to some extent.40 Such
dermal fillers that are currently used and approved
by the Food and Drug Administration (FDA) are hy-
aluronic acid, calcium hydroxylapatite, and poly-L-
lactic acid. The second group of nonbiodegradable
fillers are long-term solutions for wrinkles, but there
is a much bigger risk of complications. There are
only 2 nonbiodegradable fillers approved by the
FDA: polymethylmethacrylate microspheres and
liquid injectable silicone (LIS), but LISwas approved
only for intraocular use.41

Concerns have been voiced among patients and
practitioners regarding RF treatments in that dermal
filler would break down if they underwent RF treat-
ment, or even worse, that the patient’s skin would
get damaged under RF applicators. Nevertheless,
there exists plenty of evidence in the literature
about safety of RF treatment over the area injected
with dermal fillers.42–44 In addition, there even exist
devices that are using RF energy during dermal filler
injection. In study by Kim and colleagues,45 it was
found that using RF during filler injection is a safe
and effective method to treat especially mobile
areas like the nasolabial fold. Overall, the findings
prove that increasing the temperature of the tissue
above normal levels is safe for the filler’s stability.
Depending on the system used, RF devices for
noninvasive skin treatments elevate the tissue tem-
perature nomore than 65�C. On the other hand, the
current dermal fillers are usually autoclaved, and
therefore, bear considerable thermal stability. For
instance, hyaluronic acid fillers are usually sterilized
at a temperature of 120�C before one can observe
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negative effects of heightened temperatures.46

Furthermore, the literature shows that use of RF
with dermal fillers is safe for treated tissue itself if
using RF treatments at normal clinical temperatures
up to 65�C, which is far beyond the temperature
range achieved during EMFACE therapy. Neverthe-
less, more studies are needed to rule out any
possible doubt, especially studies using human
participants treated with different ranges of RF in-
tensity and time exposure as well as using multiple
different commercially available dermal fillers.

SUMMARY

The novel EMFACE device was developed for
noninvasive face lifting andwrinkle reduction by tar-
geting all facial layers, framework, and facial mus-
cles by simultaneously using Synchronized RF
and HIFES technologies. Heating the facial tissue
to effective temperatures and HIFES stimulation of
only specific facial muscles result in a combined ef-
fect that causes textural changes to the skin,
smoothing, wrinkle reduction, facial repositioning,
and an overall lifting effect. The simultaneous and
targetedmanner of both technologies yields unique
benefits by inducing a synergistic effect in the facial
soft tissues that cannot be achieved by using these
technologies consecutively or as a stand-alone
procedure. It poses no risk to patients who under-
went neuromodulator or dermal filler procedures
and can be safely and effectively used in patients
injected with either of them to deliver satisfactory
improvement of overall facial appearance.

CLINICS CARE POINTS
� In a long-time botox using patients, the
visible contractions start at a higher intensity
and after a longer period of time, however in
all the patients, the visible contractions were
always achieved

� It is normal to observe asymmetrical contrac-
tions, when in doubt please palpate the sub-
ject. You can adjust the HIFES intensity for
each applicator separately

� This therapy uses the radiofrequency, there-
fore be aware of patients’ hydration
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