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Lifting Patient
Effect Satisfaction

Methodology

e 24 patients recruited at two sites
¢ Four 20-minute full face treatments
¢ Lifting effect assessed as:

* Brow lift: Distance of eyebrow from
the pupils’ line at several points

¢ Cheek lift: Distance between left and
right nasolabial fold

e Patient satisfaction & Treatment comfort

Measurement locations of the lifting effect

Example of eyebrow lift results

44 year old patient
Eyebrow lift +2 mm on average
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Increase in
Collagen

Methodology

7 patients allocated to Active (N=6) and
Control (N=1) groups

Active group: Four 20-minute RF+HIFES
full face treatments (Control group - no

treatments)

Punch biopsies of skin tissue collected at

baseline, 1-month and 3-month follow-ups

Evaluation of digital photographs,
satisfaction, comfort and safety

Collagen - Trichrome Stain

+129%
Increase in
Elastin

Preliminary Results

Increased levels of elastin and collagen
at 1-month and 3-month follow-ups

Visible improved facial appearance

Patients report high rates of satisfaction
with the treatment

No adverse events

Elastin - Orcein Stain
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Increase in Muscle Increased nr. of Increased nr. of
Density Myonuclei Muscle Fibers

Methodology Results

¢ 8 Large white pigs (60-80 kg) divided ¢ All results in active group were
into 2 groups significant
e Active group (6 sows): Four 20-minute ¢ Control group showed insignificant
treatments of forehead changes
e Control group (2 sows): No treatment ¢ Muscle temperature during treatment
* Punch biopsies of muscle tissue collected up to 39.5°C
at baseline, 1 and 2 months after last
treatment

Example of muscle tissue samples

2 Months After

Baseline
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+30%
Muscle Tone

Methodology Results

¢ 10 enrolled patients ¢ Interim findings suggest:

¢ Four 20-minute simultaneous treatments ¢ Enhanced muscle structure and quality
on the forehead and the cheeks « Enhancement of facial visual

¢ Ultrasound scans of m. frontalis and m. appearance
zygomaticus major taken at baseline, o

High patient satisfaction
immediately after last treatment, 1 month

after last treatment, and 3 mont

Ultrasound scans of the frontalis muscle

Darker representation of the muscle at the after scan indicates densification
of the muscle and increased muscle tone.
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Increase in

Collagen

Methodology

8 Large White female pigs, 60-80 kg

Active (N=6): Four 20-minute treatments
on belly

Control (N=2): Untreated

Three biopsy explants obtained at
baseline, 1 and 2 months post-reatment

Collagen - Trichrome Stain

Baseline

+110%

Increase in
Elastin

Results

Active group showed highly significant
changes

Elastin and collagen did not change in
control group

Skin temperature was maintained at 40 -
42°C throughout the treatment.

No adverse events observed

Elastin - Orcein Stain

2 Months After
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u Skin evenness 1 Wrinkles

Methodology

¢ 24 subjects (23 females, 1 male) 0
¢ Four 20-minute full face treatments
e Evaluation of

¢ Wrinkle severity via automated 3D
photo assessment

3D analysis score
improvement [point]

After

Sixty-two year old patient
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Abstract

EMFACE is a unique device specifically developed for non-invasive face lifting and wrinkle
reduction by targeting all facial layers; skin, connective tissue framework, and facial muscles. It
utilizes both Synchronized RF and HIFES technologies simultaneously. Heating the facial tissue to
effective temperatures and HIFES stimulation of only specific facial muscles results in a combined
effect that causes textural changes to the skin, smoothing, wrinkle reduction, facial repositioning,
and an overall lifting effect. The simultaneous and targeted manner 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 standalone procedure.

Keywords: HIFES, Radiofrequency, Simultaneous, Application, Supramaximal, Contraction, Muscle,

Fat, Reduction, Hypertrophy, Face, Lift

Introduction

Facial aging is a continuous and unstoppable process
resulting from age-related changes in all structures
present in the face: skin, fat, muscle, fascia, and
bone.'? Age-related changes of all facial soft tissues
start at different decades and progress at different
speeds, which vary between individuals of different
gender and ethnicity. All changes together result in
reduced support for the bone-overlying soft tissues,
which then follow the effect of gravity. Repositioning
and restructuring the affected tissues and layers is the

aim of aesthetic procedures via surgical and
non-surgical procedures.'?
Amongst  non-invasive  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
improvement in skin quality.* However, these skin
heating procedures focus solely on improving skin

quality and textural improvement, but not the overall
facial appearance.

The overall facial appearance is not only influenced by
skin quality but also 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.’

The most frequently performed non-surgical treatment
to date is the administration of soft tissue fillers, which
help to restore facial volume.® However, soft tissue
fillers only attempt to cover the aging symptoms and
do not affect facial muscles, which play a crucial role
in natural skin mobility.” Currently, the only way to
alter facial muscles is through a surgical lift procedure,
where the skin and fat tissues are separated from the
muscle, and the muscles are then repositioned.®


https://www.zotero.org/google-docs/?7UJvEt
https://www.zotero.org/google-docs/?18EAaH
https://www.zotero.org/google-docs/?vnDIYG
https://www.zotero.org/google-docs/?6njfO5
https://www.zotero.org/google-docs/?XqDJ2y
https://www.zotero.org/google-docs/?syhuit
https://www.zotero.org/google-docs/?30bpen
https://www.zotero.org/google-docs/?ZiOn6z

Sebastian Cotofana M.D., Ph.D., Ph.D.

Recently, HIFES technology has been introduced to the
market to target the facial muscles and their connective
tissue frameworks for lifting and tightening of the
This novel technology
electrical fields to contract facial muscles selectively.
These delicate facial muscles are crucial for supporting
the facial soft tissues and play a structural role in a

facial contours. induces

more youthful appearance.

EMFACE is the first device on the market utilizing the
simultaneous application of both the synchronized RF
and HIFES technologies for non-invasive facial lifting
and wrinkle reduction. While the HIFES technology
targets the muscle and overlying fascial tissue, the
synchronized RF heating induces structural changes to
the dermal and subdermal architecture. This approach
ultimately results in an improved appearance through
changes in all facial tissue layers.

The Role of Facial Muscles and Fascial
Framework in Aesthetic Appearance

It is widely accepted that facial skin changes over time,
with facial wrinkles being only the tip of the iceberg.
Loss of structural support due to volume depletion and
changes to the facial muscles and their connective
tissue framework results in an increased soft tissue
laxity which is additionally influenced by the effects of
gravity. Facial muscles have been found to age through
the process of sarcopenia, which manifests as a loss of
and volume, skeletal
muscles.”!® Since the facial muscles are interconnected
system and the overlying skin,
weakening of these muscles may result in a visible

muscle mass similar to

via the fascial

descent of the tissue sagging as we age. The weaker
the facial muscles are and the lower is the resting
muscle tone, the higher muscle effort is needed to
avoid sagging and to hold the overlying tissues in
place. When being too weak, they become unable to
hold the tissue, resulting in e.g. eyebrow drop or cheek
sagging. When the resting muscle tone is increased, the
muscles have the strength large enough to hold the
overlying tissue in place without dropping and without
the need to stay contracted.

Specifically, the muscles in the cheeks are
interconnected by  the superficial

musculoaponeurotic system (SMAS)."" Weakening of

midfacial
the cheek muscles, especially the zygomaticus
muscles, allows for the hypothesis that as we age, the
muscle weakness

resulting facial can promote

midfacial soft tissue descent, resulting in the increased

severity of the nasolabial fold, formation of jowls, and
loss of jawline contour.'? Targeting these muscles and
its surrounding connective tissue architecture might
allow for midfacial soft tissue repositioning.

Also, the same muscle weakening could be expected
for the frontalis muscles due to aging or long-term use
of neurotoxins. The frontalis muscles are largely
Their
ensured via the

responsible  for eyebrow movements".

connection with the skin is
supra-frontalis fascia (located superficial to the
frontalis muscle) and the sub-frontalis fascia (located
deep below the frontalis muscle). Aging of the
forehead structures may result in eyebrow ptosis'* and
heaviness, which along with skin aging, may lead to

laxity and wrinkle formation in the region.

—

DROOPING
EYE

FACIAL
WEAKNESS

DROOPING
MOUTH

Figure 1: Visualization of the effect caused by weakened facial
muscles on the left in comparison to healthy muscles on the right.

In contrast to skeletal muscles, the facial muscles are
embedded in a connective tissue framework that
interconnects all tissues from bone to skin.
Interestingly, in addition, 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 connective tissue environment creates an

incomplete picture of facial muscle anatomy.

The combination of age-related facial changes results
in an alteration of the facial shape which cannot be
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improved by targeting the skin alone. Therefore, more
profound treatment algorithms need to be applied
to address age-related facial changes."”'® This may
include addressing deeper fascial and muscle layers
together, as they have the ability to promote facial
repositioning; treating the skin alone will not have
such comparable effects.

How EMFACE Targets
Fascial Tissues?

Facial Muscle and

The Mechanism of HIFES Stimulation

Increased laxity of the overlying skin and the
connective tissue framework increases the disconnect
between muscular contraction and skin movement; this
is more prevalent as we age. Therefore, inducing
positive changes to the connective tissue and facial
muscle unit will restore the connection between the
layers, rejuvenating all layers, including the skin.

The EMFACE utilizes HIFES technology, specifically

designed to selectively induce supramaximal
contractions of small delicate muscles in the face. The
technology generates strong electrical fields 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 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 neuromuscular junction and progress to
the muscle, which is thus forced to contract. This
process bypasses the voluntary intention of the brain,
inducing a forced -contraction through electrical

stimulation.

During each treatment, energy is applied to the facial
soft tissues, and muscular contractions are induced.
The HIFES technology induces up to 250 energy
impulses per second (= 250 Hz), which does not allow
any time for the facial muscles to relax in between the
individual signals. As the muscle is unable to relax,
with additional stimuli it is forced to contract even
further which continuously builds up the contraction
power with every additional signal. The appropriate
selection of these two factors (electrical field strength
and frequency) results in the so-called “supramaximal
contraction”.

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 (SC) may be activated by intense muscle exercise
as a response to the applied stimuli.'”-'® HSP are the
signaling molecules playing a crucial role in muscle
remodeling through the promotion of muscle protein

1920 SCs are muscle-derived stem cells

synthesis.
responsible for myofiber development and renewal.”!
In a resting state, the SCs remain quiescent, ready to be
activated, and provide differentiation to create new
myonuclei to existing muscle fibers or generate new
muscle fibers. Together, HSP and SC activation can
support muscle micro-protein 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 muscle
structure alteration may lead to hypertrophic response
reversing the atrophy. However, it is not only the
muscle reacting to the signaling molecules. It has also
been documented that the fascial layer remodels itself
in response to heat and mechanical stimuli.*

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 RF Heating on Facial
Muscles and Fascial Framework

Simultaneously with the HIFES stimulation, the
EMFACE delivers Synchronized Radiofrequency that
affect the
connective tissue framework and the facial muscle unit

heats the facial tissue. Such stimuli
with consecutive adaptive changes to the overlying
facial soft tissues.

According to previous studies on skeletal
muscles'?*#2 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?*%%, this effect has been shown

in abdominal muscle 2% 30,31

, gluteal muscle , or in the
muscles of the upper extremity.”*° A recent study by
Kinney et al.** measured the facial muscle temperature
during the treatment with the EMFACE device and
showed that the temperatures in the targeted muscle

tissues reached up to 40°C, indicating that a similar
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effect could also be seen in the facial muscles during
the EMFACE treatment.

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, heating to adequate temperatures may
induce remodeling of collagen and elastin within the
fascial framework, leading to increased elasticity and
tightness of the fascial web.”

Clinical Effect of EMFACE on Facial Muscles
and Fascial Tissues

Forehead application

The EMFACE applicators are designed to target
specific muscles of the face. The forehead applicator
has been designed to specifically target the frontalis
muscle and its surrounding connective tissue
environment, composed of the supra-frontalis fascia
(located superficial to frontalis muscle) and of the
sub-frontalis fascia (deep to frontalis muscle),
enveloping the only eyebrow elevator like a sleeping
bag. The applied stimulus during the treatment with the
EMFACE device affects the

framework and the facial muscle unit simultaneously,

connective tissue
which have a soft tissue thickness in the range of 3 — 7
mm* for the forehead. The applied energy induces
changes to the entire unit, which results in its structural
alteration. A tighter fascia (sleeping bag) allows for the
relaxation of the enveloped muscle, which in turn most
likely reduces its baseline contractile tonus. The latter
effect is clinically visible in the form of reduced
horizontal forehead lines. Since the frontalis muscle is
an eyebrow elevator, strengthening formerly atrophied
frontalis muscle may aid with eyebrow ptosis and lead
to brow elevation.

Figure 2: The frontalis muscles is enveloped by the supra-frontalis
and sub-frontalis fascias. The condition of both the muscle and the
fascias affects the overall appearance of forehead.

Affecting the connective tissue framework and the
facial muscle unit of the forehead indirectly influences
the glabellar muscles. All upper facial muscles
(consisting of frontalis, procerus, corrugator supercilii,
and orbicularis oculi) connect with the skin at the level
of the upper margin of the eyebrow both in the midline
and laterally. Affecting the frontalis m. will indirectly
influence the eyebrow depressors and cause, most
likely, a change in their position (relative to the
underlying bone) by being pulled upward. Muscular
contractions of the glabellar muscles are not observed
during the treatment. The effect is thus indirect, only
due to the supporting fascial framework, which
stabilizes and guides muscular actions.

Cheek application

The cheek applicators are designed to stimulate the
zygomaticus major and minor muscles and the risorius
muscle.

Figure 3: The cheek muscles stimulated by EMFACE cheek
applicators: Zygomaticus major & minor muscles and risorius
muscle.

The zygomaticus minor muscle is attached to the skin
at the nasolabial fold. The zygomaticus major muscle
is connected to the underlying maxilla by a connective
tissue sheet termed the transverse facial septum.* This
septum forms the inferior boundary of the midfacial fat
compartment and forms a biomechanical unit with the
overlying muscle. Stimulating this unit allows for
conformational change of the septum, elevating the
entire cheek, increasing the midfacial volume®, and
improving the nasolabial fold.*
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Figure 4: Cadaveric dissection of the left side of the face showing
the transverse facial septum connecting the zygomaticus major
muscle to the maxilla. Image taken from Cotofana et al.**

Repositioning the midfacial soft tissues, especially the
superficial fat compartments, influences the balance
between total facial elevators and depressors. The
platysma is the strongest facial depressor, due to its
extent and fascial connection to the SMAS, the
superficial temporal fascia, and the orbicularis oculi
muscle. Decreasing the caudally oriented vector of the
midface will shift the balance toward the zygomatic
facial elevators, allowing for repositioning not only
midfacial but lower facial soft tissues. The resulting
clinical effect is a reduction in jowls and an increase in
jawline contouring. In addition, the masseter muscle,
deeper muscles of facial expression like the buccinator
or levator anguli oris do not display muscular
contractions during the treatment.

It is important to note, facial muscles are not expected
to increase in their thickness as compared to the
structural changes observed in skeletal
following strength training. However, these delicate

muscle

muscles do keep their genetically predisposed
thickness:  frontalis muscle approx. 3 mm’,
zygomaticus major approx. 3.6 mm?’, and approx. 0.5
mm for the zygomaticus minor’® and risorius
muscles.”” Future studies will need to identify
similarities or differences between these muscle
groups.

The effect of EMFACE on muscle structure has been
investigated in a study by Kinney et al.*?, who found a
19.2% increase in muscle density and a 21.2% increase
in the number of myonuclei after four EMFACE
Structural ~ changes  post-EMFACE
treatments were also suggested in a study by Halaas et
al.*, who used ultrasound echogenicity to evaluate

treatments.

muscle quality, also called muscle tone. In this study,

the muscle quality increased by 30%.

Figure 5: Histologic images of muscle tissues before (left panel)
and 2 months after (right panel) the treatment with the EMFACE
device®.

Additionally, clinical studies on the EMFACE device
further support the proposed mechanism of action. A
clinical study by Kinney and Boyd et al.*! investigating
EMFACE found a brow lifting effect of 23.1% coupled
with 91.2% patient satisfaction. In addition, a study by
Halaas and Gentile et al.** reported a 36.8% wrinkle
reduction. These studies additionally revealed that
clinical changes peak at approximately 2 to 3 months
post-treatment, which is in line with the time frame
needed for structural changes to be implemented into
the connective tissue framework and the facial muscle
unit.

Figure 6: Example of patient results in wrinkle reduction as
evaluated by automated software. Baseline on the left and 1 month
after on the right. Taken from Halaas et al.*

The effect of EMFACE on facial skin tissue

Regarding skin, fine lines and wrinkles accompanied
by loss of skin volume are usually the first indicators
of skin aging, a normal physiological process

influenced by genetic and hormonal changes.

However, external factors also influence aging, e.g.,
exposure to UV radiation, skin®*, smoking®, diet, air
pollution*’, or chemicals and toxins.”*® During the
skin aging process, the dermal blood vessel structure is

disrupted, and in turn, the dermis is not supplied with
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nutrition and oxygen, thus slowing cellular

regeneration.

The major building blocks of the skin are collagen and
elastin fibers, responsible for skin elasticity and
firmness. These components are also affected by aging.
During the aging process, collagen and elastin
synthesis decreases, collagen bundles lose their
extensible configuration and become fragmented*, and
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.’®!

As a result of aging, collagen and elastin deficiencies
are the main cause of wrinkle formation. Amount of
skin collagen and elastin is deacreasing every year due
to aging process. It is estimated that adult skin loses
1% of overal collagen content annualy.

Effect of RF heating

RF heating is known to address aging factors within
the skin effectively. EMFACE utilizes a novel
Synchronized RF electrode that allows the
simultaneous application of an RF field together with
HIFES, which is impossible with any other RF
technology. During the 20-minute treatment, the skin
heated to 40-42°C. This therapeutic
temperature range is reached within the first 2 minutes
of the treatment, as documented by the thermal probe
measurements and by thermal camera by Kent et al.™

tissue is

Radiofrequency current flow achieves the heating
through the dermal and subcutaneous tissues. As the
RF current flows through the tissue, a portion of the
RF energy is absorbed by the tissue, transforming the
energy into heat and the desired thermal effect. The
level of RF energy absorption in the tissue depends on
the RF frequency™ and tissue impedance™, among
other factors. Since the skin, muscle, and fat tissues
have different impedances™, it is possible to selectively
target the energy and achieve the thermal effect only in
the desired tissue(s).

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 occurs. However,
these temperatures do not lead to permanent damage.”’
As the tissue dissipates the mentioned thermal effect,
the bonds begin to renature, 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. It begins
to take on the structure similar to newly formed

collagen and elastin fibers.

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 fibers. 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, leading to an increased synthesis of collagen
and elastin - neocollagenesis & neoelastogenesis.*®

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 studies on EMFACE, which focused on
structural changes, demonstrated a prominent skin
remodeling effect. The outcomes of a study performed

1.3 correlated with the

on a porcine model by Kent et a
human histology study by Goldberg et al*., as both
found that collagen increased by 27% and 26%,
respectively. In addition, elastin was found to have
doubled in the study by Kent et al.®, while in the
Goldberg study®, the elastin levels increased by 129%.

Figure 7: Densification of the collagen fiber network at 2 months
post EMFACE treatment (right) in comparison to baseline (left)
documented in Kent et al.

The effect on skin has also been documented in
additional studies. For example, a study by Halaas and

Gentile et al.** reported 36.8% wrinkle reduction and
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25.3% Wrinkle
improvement was also reported in a study by Cohen et

skin evenness improvement.
al.% Similar to the muscle studies, the skin results also

peaked at 2 to 3 months post-treatment.
The Effect of EMFACE on Fat Tissue

During the treatment with EMFACE, the temperature
in the fat tissue does not exceed the 43°C® needed for
induction of an apoptotic process. Any direct effects in
the fat tissue thus have not been observed.

Summary

EMFACE is a unique device specifically developed for
non-invasive face lifting and wrinkle reduction by
targeting all facial layers; skin, connective tissue
and facial muscles. It utilizes both

RF HIFES
simultaneously. Heating the facial tissue to effective

framework,

Synchronized and technologies

temperatures and HIFES stimulation of only specific
facial muscles results in a combined effect that causes
textural changes to the skin, smoothing, wrinkle
reduction, facial repositioning, and an overall lifting
effect. The simultaneous and targeted manner 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 standalone procedure.
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EMFACE"

Simultaneous Emission of Synchronized
Radiofrequency and HIFES™ for Non-invasive

Facial Rejuvenation

A unique combination of RF and HIFES

Facialagingisacomplex process resulting not only from skinaging
but also from changes in the volume and density of the underlying
structures, including the fascial system, facial ligaments, and
facial muscles.! EMFACE is the first device in the non-invasive
facial aesthetic segment that utilizes the simultaneous application
of Synchronized RF and HIFES technology to treat multiple facial
layers simultaneously.

EMFACE effect on facial skin

The loss of the amount of elastin and collagen and quality
impairment of the remaining fibers contribute to the worsening of
skin quality and skin aging.? EMFACE uses unique Synchronized
RF along with the real-time impedance-based system to quickly
heat the skin tissue to 40-42°C3, the temperature needed to
stimulate an increase in fibroblast activity, leading to an increased
synthesis of new collagen and elastin fibers.* In addition, the old
collagen and elastin fibers decompose and denature and are
rebuilt again.*

Clinical studies on EMFACE focusing on structural changes
demonstrated a prominent skin remodeling effect. These studies
found that collagen increase ranged between 26 - 27% and elastin
increase ranged between 110-129% two to three months following
the procedure.®> Additional study® investigating changes in skin
texture and facial appearance reported a 36.8% wrinkle reduction
and 25.3% skin evennessimprovement three months post procedure.
Although Synchronized RF heating ensures skin texture
improvement, treating only textural concerns is not enough. As
we age, facial tissue becomes saggy due to changes in the facial
musculature and laxity in the connective tissue. Therefore, it is
necessary to target the underlying structures to achieve a more
youthful appearance.

EMFACE effect on facial muscles

To achieve a complete and more targeted approach to treating all
facial layers, the EMFACE utilizes HIFES technology, specifically

EMFACE.COM | INFO@BTLNET.COM

designed to target the small delicate facial muscles. Facial
muscles undergo atrophy and loss of muscular tone due to aging,
similarly to the skeletal muscle, and also due to the long-term use

of neurotoxins.”®

HIFES technology selectively induces supramaximal contractions
in the facial elevator muscles. The intense contractions are strong
stimuli that trigger a tissue response leading to promotion of
muscle protein synthesis®© and to myofiber renewal”. Such
processes lead to structural remodeling of the targeted muscles,
which has been seen in EMFACE study®™ showing 19.2% increase in
muscle density and 21.2% increase in number of myonuclei, which
provide the muscle with nutrition. These results were coupled
with reduced fibrotic and fat infiltration within the muscle tissue

at two months post-procedure.

Figure 1: Histologic images of muscle tissues before (left panel) and
2 months after (right panel) the treatment with the EMFACE device.

The structural changes do manifest as increased resting
muscular tone, which is necessary for maintaining the lifted facial
appearance. The weaker the facial muscles are, the higher muscle
effort is needed to avoid sagging and to hold the overlying
tissues in place.”” When being too weak, they become unable to
hold the tissue, resulting in e.g. eyebrow drop or cheek sagging.
When the resting muscle tone is increased, the muscles have
the strength large enough to hold the overlying tissue in place
without dropping and without the need to stay contracted.”™
EMFACE was found to increase the muscle tone by 30%' which

was then shown to lead to an overall lifting effect by 23.1%.°

EMFACE"
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Figure 2: Visualization of the effect caused by weakened facial muscles on

the left in comparison to healthy muscles on the right.
The synergy of RF and HIFES

The expression of HSP or SC is higher when the muscle is
exposed to the simultaneous delivery of heating of around
40°C and supramaximal contractions compared to individual or
consecutive energy applications.’>® This simultaneous delivery
induces a strong signal, which is followed by a stronger response
in the skin, muscle and fascial tissue, leading to more pronounced
structural remodeling. 1017719

Aside from the muscle and skin tissues, the EMFACE also affects the
subdermal connective tissue. The facial fascial framework is largely
composed of elastin, collagen, and connective tissue, and their
degradation is part of the aging process. Synchronized RF heating
with EMFACE may support the fascial framework via collagen
and elastin remodeling, similar to what has been documented
in previous skin tissue studies. In addition, the fascial support
structures have also been found responsive to mechanical stimuli,
which in case of EMFACE is delivered with HIFES stimulation.?®
The combination of both the heating and mechanical stress on the
fascial support structures may lead to fascial remodeling, leading
to increased fascial tightness and elasticity.?°

Clinical effects

Dueto the unique design and energy delivery, EMFACE applicators do
not induce the stimulation of the depressors since the stimulation of
the depressors could potentially lead to a worsening of rhytides. The
forehead application targets the frontalis muscle (brow elevator) and
corresponding fascias while avoiding the depressors in the glabella.
Restoring the tonus of the frontalis muscle and tightening the fascias
in combination with the skin remodeling leads to reduced horizontal
forehead lines, brow elevation, and skin texture improvement.

The cheek application primarily targets the more superficial
muscles of the cheeks (zygomaticus major/minor & risorius),
which are all interconnected elevating units. In contrast, other
deeper muscles, such as masseter m. 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 of the lower
facial soft tissues. The resulting clinical effect is a reduction in
jowls and an increase in jawline contouring. The combined effect
of HIFES with Synchronized RF manifests as an overall textural

improvement of the skin.
Concluding comments

EMFACE HIFES
simultaneously to target all facial layers; skin, fascia, connective

uses Synchronized RF and energies

tissue framework, and facial muscles to achieve full-face aesthetic
remodeling. Affecting all these layers in a noninvasive manner
leads to a textural improvement of the skin, wrinkle reduction,
and an overall lifting effect visible in the cheeks and the forehead.
Aside from multiple clinical studies using various evaluation
methods, the results of the procedure are supported by a high
patient satisfaction rate of 91.2%?'.
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The mechanism of EMFACE stimulation of
muscle after the application of botulinum
based neurotoxin
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Abstract — EMFACE is a new device that induces
supramaximal muscle contractions of delicate facial muscles
while heating the skin and underlying tissues. However, many
EMFACE patients are users of botulinum based neurotoxins
that are used to immobilize facial muscles in order to prevent
repetitive skin folding. As such, facial muscles of these patients
should not be contrated during EMFACE treatments.
However, clinical studies have shown that it is possible to
induce contractions of these muscles by external stimulation
such as during EMAFCE. However, the mechanism of how it is
possible is not entirely known.

Keywords—Botulinum toxin, BOTOX, HIFES, EMFACE,

Stimulation, Facial, Muscle

I. INTRODUCTION

Neuromodulators in aesthetic medicine, such as Botox,
Dysport, Xeomin or Jeuveau have become the most
frequently sought nonsurgical aesthetic procedure'. Type A
botulinum-based neurotoxins have a myriad of clinical
indications?. They are most frequently utilized to treat
dynamic facial rhytides® involving the glabella, frontalis and
periocular  regions. Botulinum  neurotoxins  block
neurotransmitter release in the synaptic neuromuscular
junction to block voluntary muscle contraction. With
blocked contractions, wrinkle formation is prevented as the
overlying skin is not being repetitively folded during daily
activities and thus aids in maintaining a more youthful skin
appearance.*> By decreasing the contraction strength of
some facial depressor muscles, there is temporary increased
tone of elevating facial muscles. There are also secondary
effects such as reduction in erythema which may allow
greater light reflection.

Recently, a novel device EMFACE was introduced to
stimulate botulinum neurotoxin-blocked muscles to prevent
muscle atrophy. EMFACE is able to stimulate the blocked
facial muscle even though it is not possible voluntarily. In
fact, the use of external stimulation on neurotoxin-blocked
muscles has already been documented in multiple studies *”,
however, the mechanism of how it is possible is not exactly
known.

Although it is not entirely clear, all these suggest that
external stimulation has the ability to bypass the effect of
botulinum neurotoxins. The goal of this paper is to
summarize existing knowledge on the topic and provide a

2" Yael Halaas M.D., FACS
Yael Halaas, MD, New York, NY, USA

4" Sebastian Cotofana M.D., Ph.D., Ph.D.

Department of Clinical Anatomy, Mayo Clinic College of
Medicine and Science, Rochester, MN, USA

viable hypothesis that could explain why such an effect is
demonstrated during an EMFACE treatment.

1I1. THE PHYSIOLOGY OF MUSCLE CONTRACTION

To better understand the effect of botulinum neurotoxin,
it is necessary to first explain the standard function of the
neuromuscular junction and muscle contraction. The
neuromuscular junction is responsible for the chemical
transmission of an electrical impulse from the nerve to the
muscle, to produce a muscle contraction. When a nerve
impulse in the form of action potential reaches a nerve
ending, voltage-gated calcium (Ca2+) channels are
activated, which causes an influx of Ca2+ ions into the
presynaptic neuron from the extracellular space. In the
presynaptic neuron, the calcium cations interact with
synaptic vesicles and enable their association with the
presynaptic membrane. After the fusion of synaptic vesicles
with presynaptic membrane, the content of the vesicles —
neurotransmitter acetylcholine (Ach) is released into the
synaptic cleft - quantal release.®

Under normal conditions, the released Ach transmits the
electrical signal to the muscle fiber by depolarizing the
muscle fiber membrane. Depolarized muscle membrane
activates sarcoplasmic reticulum where Ca+ ions are stored
and releases them.® The presence of the Ca+ ions in the
muscle fiber results in a sliding process between actin and
myosin filaments which slide alongside each other resulting
in muscle contraction. The muscle contraction lasts as long
as the Ca+ ions are present in the muscle fiber, however,
Ca+ ions are quickly (fraction of second) returned into the
sarcoplasmic reticulum unless there is another action
potential that again increases the level of Ca+ ions or keeps
it at the same level.® The collective shortening of the
sarcomeres is the molecular mechanism behind a muscular
contraction.’

II1. THE EFFECT OF BOTULINUM NEUROTOXIN

Botulinum based neurotoxin is affecting the process of
muscular contraction at the level of neuromuscular junction.
When applied, it works as a protease and prevents the fusion
of the vesicles with the presynaptic membrane'®. Without
this fusion, the Ach cannot be released into the
neuromuscular junction and trigger the muscle contraction
as described above. It is a chemical denervation that causes
partial paralysis of the innervated muscle. However, such
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paralysis is not causing any damage to the nerve or the
neuromuscular junction and is not permanent''.

Botulinum Toxin Poisoning

Neuromuscular Junction
with Botulinum Poisoning

Healthy Neuromuscular
Junction

Myelin sheath Myelin sheath

Axon

Botulinum
toxin

Acetylcholine Less acetylcholine
released

Nicotinic R Nicotinic .
receptors receptors
Muscle Muscle

Figure 1: Botulinum toxin blocks the release of acetylcholine to
which does not allow the signal

neuromuscular junction,
transmission into the muscle and thus blocks the muscle
contraction.

Iv. EXTERNAL STIMULATION OF BOTULINUM-PARALYSED
MUSCLE

There are two approaches to induce muscle contraction
externally. First, muscles can be stimulated by applying an
external electrical field to the muscle innervating neuron,
where it induces an action potential, which is then carried to
the neuromuscular junction.'” Muscle can also be stimulated
directly, as the muscle itself is an electrically excitable
tissue."* If the muscle is stimulated through the neuron and,
the whole muscle or all muscles innervated by this neuron
are stimulated and contracted. With direct stimulation of the
muscle tissue, only those muscle fibers in the electrical field
are affected and a high stimulation intensity is needed to
induce such contraction.'"* To contract the entire muscle by
direct stimulation of the muscular tissue, a critical number
of muscle fibers must be recruited.'

Multiple studies have shown it is possible to stimulate
even the botulinum-paralysed muscles ™', However, 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 molecule due to
its size as the the fusion of vesicles and presynaptic
membrane (“quantal release”) is blocked. Yet, the clinical
trials are showing that externally it is possible to overcome
this barrier and although the mechanism of how this
happens is not entirely clear, several hypotheses were
proposed to explain such mechanism:

Non-quantal Ach release

One of the possible explanations could be the
non-quantal Ach release. It has been shown that aside from
the above-described quantal release of Ach, also a
non-quantal release occurs at the neuromuscular junction'®.

Non-quantal Ach release was proposed to be caused by
the high-affinity choline transporter, which under normal
physiological conditions returns the inactivated Ach
(choline) from the synaptic cleft back to the nerve ending.
Experimental findings indicate that this transporter may also
transport the Ach to the neuromuscular junction. Its activity
appears to be dependent on the concentration of calcium in
the cytoplasm, which correlates with the firing rate of the
neuron (number of induced action potentials)'¢ ',
Considering that maximum firing rate of a neuron during
voluntary muscle contractions reaches up to 25 Hz', while
with external stimulation it is possible to induce firing rates
in the order of hundreds of Hz, it could be assumed, that
with an increased firing rate frequency, also the cytoplasmic
calcium concentration increases, thus also increasing the
level non-quantal Ach release.

Based on such findings, it could be hypothesized that
such a non-quantal release of small amounts of Ach into the
synapse still occurs, even in botulinum toxin denervated
muscle. However, during voluntary contractions, the amount
of the Ach is not sufficient to cause depolarization 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.

Additionally, a long-term insufficient concentration of
Ach in the synapse, due to the application of botulinum
toxin can lead to an increased expression of n-acetylcholine
receptor (nAChR) on the postsynaptic membrane and
therefore also to increase in the sensitivity of the muscle to
Ach **'. A lower amount of Ach would thus be needed to
induce such depolarization.

Direct stimulation of the muscle fiber membrane

A) Motor Nerve
Stimulation

Motor unit 1

Motor unit 2

B) Direct Muscle
Stimulation

A: Activation of all fibres within MU1
B: Non-selective, and possibly partial activation of
combination of MU1 and MU?2 fibres

Figure 2: The principle of direct muscle stimulation vs. motor
nerve stimulation. With nerve stimulation, the nerve is stimulated
and signal propagates towards the muscle, while with direct
stimulation the muscle fiber is stimulated directly. Image adopted
from Guo et al.?2

Another possible explanation for the externally induced
contraction of botulinum-denervated muscles could be via
the direct stimulation of the postsynaptic membrane. The
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external electrical field could possibly induce action
potential directly on the muscle fiber membrane and thus
trigger the influx of Ca+ ions into the muscle fiber to
contract the muscle.

Nevertheless, multiple studies contradict such
hypothesis. Studies investigating the use of external
stimulation of muscles fully denervated by physical
transection showed that very high intensity (pulses in ms) is
needed to depolarize the muscle fiber membrane and induce
contractions of these muscles directly, while EMFACE uses
lower energy pulses in ps.”*?* Furthermore, with direct
muscle fiber membrane stimulation it is difficult to
stimulate the entire muscle, rather it has been shown to
stimulate only a portion of the muscle, while with EMFACE
the entire muscles are contracted.

However, all these conclusions regarding the direct
muscle stimulation are based on studies performed on
skeletal muscles only. Facial muscles are of significantly
different proportion and are much more superficial located
in low depths of 3-8 mm?®. All this may influence the
response. As the facial muscles are more delicate, lower
intensity may suffice to irritate the muscle membrane. Since
the thickness of some facial muscles may be as small as
0.5mm?, it may be possible that such stimulation is able to
recruit enough muscle fibers to induce contraction of the
entire muscle. In addition, this could actually explain the
non-stimulation of the masseter muscle during the EMFACE
treatment. In the vast majority of patients the masseter is not
stimulated and it could be explained by the fact that the
neuronal branch innervating the muscle is not in the
application field, but also by the fact that masseter muscle is
one of the largest facial muscles with thickness of up to
3.5mm?” and during the treatment not enough muscle fibers
are recruited to induce full masseter activation.

V. SUMMARY & CONCLUSION

It is clear that it's possible to externally stimulate
botulinum-denervated muscles, yet, the underlying
mechanism is not. Current paper proposes a possible
explanation of this phenomenon based on the existing
knowledge of the processes on the neuromuscular junction
and muscle contraction. However, multiple different factors
may play a role in the mechanism. More experimental
studies are needed to fully understand why it is possible to
externally stimulate the botulinum-paralysed muscles.

In regard to EMFACE specifically, a study by Chilukuri
et al.®® showed that during the EMFACE treatment the
botulinum-denervated muscles are being contracted and
what is most important, the EMFACE treatment does not
interfere with the effect of botulinum toxin itself. No
negative effects of the EMFACE stimulation on the efficacy
of the botulinum toxin were found.
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