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Abstract: Microfocused ultrasound (MFU) has been recently developed to meet the ever-
growing public demand for achieving significant, noninvasive skin lifting and tightening.
MFU can be focused on subcutaneous tissue where the temperature briefly reaches greater
than 60°C, producing small (<1 mm?®) thermal coagulation points to a depth of up to 5 mm
within the mid-to-deep reticular layer of the dermis and subdermis. The intervening papillary
dermal and epidermal layers of skin remain unaffected. The application of heat at these discrete
thermal coagulation points causes collagen fibers in the facial planes such as the superficial
musculoaponeurotic system and platysma, as well as the deep reticular dermis, to become
denatured, contracting and stimulating de novo collagen. A commercially available device
combines MFU with high-resolution ultrasound imaging (MFU-V), which enables visualiza-
tion of tissue planes to a depth of 8 mm and allows the user to see where the MFU energy will
be applied (Ultherapy®; Ulthera Inc., Mesa, AZ, USA). Using different transducers, MFU-V
treatment can be customized to meet the unique physical characteristics of each patient by
adjusting energy and focal depth of the emitted ultrasound. By targeting the facial superficial
musculoaponeurotic system, noninvasive tightening and lifting of sagging facial and neck skin
and improvements in the appearance of wrinkles can be achieved. MFU-V can also improve
lines and wrinkles of the décolleté. Treatment protocols for the use of MFU-V continue to be
refined, and its use in combination with other rejuvenation techniques has been demonstrated.
Brief discomfort that often occurs during treatment can be minimized with oral nonsteroidal
anti-inflammatory drugs. Other treatment-related adverse events include transient erythema,
edema, and occasional bruising. MFU-V is best suited for patients with mild-to-moderate skin
and soft tissue laxity. For older patients with severe skin laxity and marked platysmal banding,
surgical treatment should be considered.

Keywords: microfocused ultrasound, skin tightening, skin lifting, facial rejuvenation,
ultherapy

Introduction

To meet the ever-growing public demand for achieving significant, noninvasive skin
lifting and tightening, numerous devices employing a range of energy technologies
have been recently developed including focused ultrasound. In many ways, focused
ultrasound is similar to the ultrasound used in medical imaging; however, it is highly
convergent and uses different frequencies of acoustic energy.' Special transducers
direct the ultrasound energy to a small focal point where elevated temperatures are
capable of causing tissue coagulation. Similar to medical imaging, the focused beam
of ultrasound energy can be made to pass harmlessly through the skin, allowing the
focal point to target subcutaneous tissues, such as the superficial musculoaponeurotic
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system (SMAS), where protein around the focal point will
reach over 65°C and be denatured within milliseconds.>

A distinction must be made between the two primary
types of focused ultrasound used in medicine.’ As its name
implies, high-intensity focused ultrasound (HIFU) uses
high-energy ultrasound and is used primarily for medical
applications, such as nonsurgically ablating tumors.* HIFU
can also be used to ablate adipose tissue for body contouring.
For example, HIFU used for ablating adipose tissue uses
47-59 J/cm? of energy, a frequency of about 2 MHz, and a
focal depth® of 1.1-1.8 cm to ablate subcutaneous fat and
achieve a reduction in body circumference.®’

In contrast, microfocused ultrasound (MFU) uses much
lower ultrasound energy to treat the superficial layers of the
skin. MFU uses 0.4—1.2 J/mm? of energy, a frequency of
4-10 MHz, and a focal depth of only 1.5-4.5 mm.? Despite its
lower energy, MFU is capable of heating tissue to greater than
60°C, producing small (<1 mm?) thermal coagulation points
to a depth of up to 5 mm within the mid-to-deep reticular
layer of the dermis and subdermis while sparing overlying
papillary dermal and epidermal layers of skin.’

The action of HIFU involves thermal as well as cavitation
to cause cell disruption and cell death. The injury that occurs
when HIFU is applied to living tissue is the result of a thermo-
mechanical process. As the name implies, this involves two
distinct but inseparable mechanisms. The ultrasound energy
which is absorbed by tissue causes molecular vibrations
resulting in heat generation and a rapid rise in temperature at
the focal zone. Additionally, the repeated compressions and
rarefactions that occur as waves of ultrasound propagation
through living tissue result in powerful shear forces. On a
cellular level, this microscopic shearing motion results in
frictional heating.'” In living tissue, these repeated compres-
sions and rarefactions cause microscopic bubbles that form
in biological fluids to grow in size, and oscillate until they
eventually implode. High temperatures can occur inside the
bubbles, and the forces caused by collapsing bubbles can
cause cell death through mechanical processes.?

MFU relies only on heat to achieve its effects on tissue.
The goal is to elevate the local temperature to at least 65°C,
the temperature at which collagen contraction begins to
occur.'' By targeting highly focused ultrasound energy in dis-
crete areas within dermal and subdermal tissues, MFU causes
discrete thermal coagulation points while sparing adjacent
nontarget tissues.”'>!* In addition to local coagulation, the
application of heat causes collagen fibers in the subcutaneous
fat layer to become denatured and contract.!* This occurs by
breaking intramolecular hydrogen bonds causing the chains

of collagen to fold and assume a more stable configuration
resulting in shorter, thicker collagen. In addition, de novo
collagen formation occurs within the areas of thermal tissue
coagulation and new viscoelastic collagen forms, resulting
in the lifting and tightening of lax skin. The development
of MFU enables targeting the facial SMAS, a fan-shaped
structure that covers the face'® and connects the facial muscles
with the dermis.'® The net result is noninvasive tightening and
lifting of sagging facial and neck skin and improvements in
the appearance of wrinkles.'” Recently, MFU has also been
applied to improve lines and wrinkles of the décolleté.

Treatment with MFU can be customized to meet the
unique physical characteristics of each patient by adjusting
energy and focal depth of the emitted ultrasound. These
options differ in their geometric focus and wavelength
configurations, whereby the depth and quantity of energy
delivered during treatment can be varied for a desired effect
within the target tissue layer. Currently available transducers
emit frequencies of 10.0 MHz, 7.0 MHz, and 4.0 MHz with
focal depths of 1.5 mm, 3.0 mm, and 4.5 mm, respectively.
Two narrow 10 MHz/1.5 mm and 7.0 MHz/3.0 mm trans-
ducers are also available'® to allow for energy deposition
in smaller anatomical regions that are harder to reach with
larger transducers. Together, these transducers can be used
in combination to target the dermis (1.5 mm), deep dermis
(3.0 mm), or the subdermal tissues (4.5 mm) including the
SMAS layer.

A commercially available MFU device is also capable
of high-resolution ultrasound imaging (MFU-V), which
enables visualization of tissue planes to a depth of 8 mm and
allows the user to see where the MFU energy will be applied
(Ultherapy®; Ulthera Inc., Mesa, AZ, USA).'® Each hand-
piece uses high-resolution ultrasonography that is capable of
clearly imaging the targeted facial anatomy, including skin,
subcutaneous fat, and SMAS, facial musculature, and the
underlying bone. This ensures treatment at the proper depth
and allows avoidance of inadvertent treatment of nontarget
tissue, such as bone and larger blood vessels. The imaging
also allows the operator to ensure proper acoustic coupling
between the transducer and skin before the application of
MFU energy.

Efficacy of MFUS

After preclinical studies demonstrated the ability of MFU to
reach the SMAS®! and cause tissue contraction,'? a clinical
trial assessed the ability of this MFU-V device to tighten
the brow by treating the full face and neck.® Subjects were
medicated with topical anesthetic, and MFU-V was applied
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to the forehead, temples, cheeks, submental region, and side
of neck using three transducers emitting 4 MHz and 7 MHz
at a focal depth of 4.5 mm and 7 MHz at a focal depth of
3.0 mm. Among the evaluable subjects (N=35), 90 days after
treatment, 30 (86%) were judged by blinded observers to
show clinically significant brow-lift with a mean elevation in
eyebrow height of 1.7 mm. In the author’s personal experi-
ence, MFU-V is an ideal treatment in a number of anatomic
regions, as different facial and nonfacial areas have a wide
range of thicknesses, allowing one to target both cutaneous
layers in the skin, such as the reticular dermis, and fibromus-
cular layers, such as the submuscular aponeurotic system
on the face and superficial fibromuscular tissue-encasing
muscles on the body.

Among patients treated on the neck in one study (N=70),
quantitative assessment indicated that 72.9% of subjects
achieved a visible tissue lift of =20.0 mm? of the submental
area.”® A blinded assessment of baseline and 3-month post-
treatment photographs determined that 68.6% of subjects
had improvement in the submental and neck areas, and an
improvement in the appearance of their face and neck was
perceived by 67% of treated subjects.

The beneficial effects of MFU-V are also very durable. To
evaluate the safety and efficacy of MFU-V for noninvasive
treatment of facial and neck skin laxity, women treated with
MFU-V on the face and upper neck were assessed in our
practice.?! Among patients evaluated at 180 days (N=45),
physician Global Aesthetic Improvement Scale (GAIS)
scores revealed that 77.7% patients achieved improvement,
and subject GAIS scores showed that 77.8% of subjects per-
ceived improvement (Figure 1). Based on blinded reviewer
assessments, 67% of subjects showed improvement in
appearance at 180 days.

The efficacy of MFU-V treatment is improved when
multiple treatment passes are used.? In one study, areas of

Figure | XX-year-old female; one MFU-V treatment to full face and full neck; total
treatment lines are XXX; 8 months later.
Abbreviation: MFU, microfocused ultrasound.

the face and neck were treated with a 4 MHz and 4.5 mm
transducer followed by a 7 MHz and 3.0 mm transducer.
Among the evaluable patients (N=10), two blinded clinicians
determined that eight showed clinical improvement 90 days
after treatment, while nine subjects reported improvement.
The beneficial effects of dual-depth treatment passes with
MFU-V for tightening and lifting of cheek tissue, improving
jawline definition, and reducing submental skin laxity were
further demonstrated in a large prospective study.”> Among
evaluable subjects, at 90 days posttreatment (N=93), blinded
reviewers reported improved skin laxity in 58.1%, and quan-
titative assessments revealed improved skin laxity in 63.6%.
At day 90, 65.6% of patients perceived improvement in the
skin laxity of the lower half of their face/neck.

A further refinement is treating patients with MFU-V
at two treatment depths and also varying vector direction
of treatment lines and total applied energy. Using the same
energy output, one study reported that 15 vertically oriented
treatment lines in both 3.0 mm and 4.5 mm tissue depths
produced significantly greater lifting than 15 horizontally
placed treatment lines in the opposing brows and marionette
lines.** Overall, sites receiving treatment lines and higher
energy at dual depths produced significantly greater lifting.
In the author’s experience, dual-depth treatment is always
performed. The number of total lines per treatment are
customized to the patient depending on their baseline lax-
ity (Figure 2), with patients showing mild laxity typically
receiving 500-600 lines for a full face/upper neck treat-
ment, patients with moderate laxity receiving between 600
and 700 lines, and those with severe laxity necessitating the
manufacturer-recommended protocol that calls for approxi-
mately 800 lines. One vector per cheek is typically delivered,
utilizing 15 vertically oriented treatment lines.

MFU-V has also been used off-label as an effective proce-
dure for improving infraorbital skin laxity. Because the skin
around the eye is relatively thin, a 7.0 MHz and 3.0 mm focal
depth transducer was used in one report to deliver a single
pass over the area to generate thermal coagulation points
spaced approximately 3.0-5.0 mm apart® and assessed after
6 months. Based on objective assessments, 13/15 subjects
(86.7%) were Improved or Much Improved, and based on
subjective assessments, all 15 (100%) were Improved or
Much Improved. In a similar study, MFU-V was used to
correct lower eyelid laxity.?® In that report, a 1.5 mm probe
was used to tighten loose eyelid skin and the deep dermis,
and a 3.0 mm probe was used to tighten the orbicularis oculi
muscle and the orbital septum. Using computed tomography,
the mean (standard deviation [SD]) change in the distance
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Figure 2 Customizing treatment depending on laxity severity.

from a line between the most inferior point of the supraor-
bital rim and the most superior point of the infraorbital rim
to the most protruding point of the orbital septum was 0.51
(0.23) for the right eye and 0.54 (0.17) for the left eye. It is
important to always stay on bone when treating periorbitally
as the ultrasound waves will bypass any protective eye shield
and can cause corneal injury.

Aging skin is characterized by several independent
changes including the breakdown of collagen, redistribu-
tion of subcutaneous fat, and resorption and posterior
remodeling of maxillary bone. As no single treatment
can correct these changes, a combination of techniques is
required, such as intense-pulsed light (IPL), poly-L-lactic
acid (PLLA), and MFU-V.?’ IPL treatments are performed
first, followed by MFU-V and finally PLLA implantation.
When IPL and MFU-V are performed on the same day, they
are performed prior to PLLA injections to avoid possible
blood contamination of the IPL crystal or using ultrasound
transducers, which are for multi-patient use. In addition,
we suggest that IPL should be performed prior to MFU-V
because the mild-to-moderate erythema caused by MFU-V
may cause greater IPL energy absorption and possibly a
greater likelihood of adverse events.

The currently available MFU-V device was cleared by the
US Food and Drug Administration in 2009. Since that time,
the use of MFU-V in cosmetic medicine continues to grow.
Numerous studies have reported on the safe and effective
use for tightening and lifting lax skin in other anatomical
regions. These include the neck,?® upper arms,?® thighs,?
and knees.?®®

Recently, the safety and efficacy of MFU-V for treating
décolletage laxity and rhytids were evaluated.’® Using a

validated 5-point photonumeric scale,’' subjects with mod-
erate-to-severe rhytids (N=24) were treated with MFU-V.
The was a significant improvement in rhytids over time,
with 46% and 62% of subjects showing a 1- to 2-point
improvement after 90 days and 180 days, respectively
(for each, P<<0.0001). Mean (SD) midclavicular-to-nipple
distance decreased from 20.9 (1.57) cm to 19.8 (1.50) cm
and 19.5 (1.59) cm, at days 90 and 180, respectively (for
each, P<<0.0001). At day 90, 100% were improved based
on subject GAIS scores, and 96% were improved based on
physician GAIS scores (for each, P<<0.0001). The results
were the same after 180 days. All subjects were Satisfied or
Very Satisfied with the results they achieved. Following the
results of a similarly designed pivotal study of 125 subjects,*
the MFU-V device received Food and Drug Administration
clearance to noninvasively treat the chest to improve lines
and wrinkles of the décolleté in July 2014.

Safety of MFUS

The most commonly reported adverse event associated with
MFU-V is brief discomfort during the treatment session.
In one study, mean procedural pain scores for the cheek,
submental, and submandibular regions were 5.68, 6.09, and
6.53, respectively, based on a visual analog scale from 0 (no
pain) to 10 (maximal pain).® Subjects in one study (N=36)
reported pain scores of 3—4, except for five subjects (13.8%)
reporting scores >7, but all completed the treatment.® In
one small study, the pain reported during MFU-V was not
significantly different than pulsed dye laser or radiofre-
quency skin-tightening devices.** Suggestions for minimizing
treatment-related discomfort include pretreatment with oral
acetaminophen or an oral nonsteroidal anti-inflammatory
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drug (NSAID) such as ibuprofen or ketorolac and applying
treatment using the lowest feasible energy setting.3* Attempts
to decrease treatment discomfort with topical lidocaine® and
narcotic analgesics* proved to be no more effective than
NSAIDs when using the deeper transducers (3.0 mm and
4.5 mm); however, topical anesthetics can be effective when
using the 1.5 mm transducer. In the author’s practice, 10%
of patients typically only receive topical application of 23%
lidocaine/7% tetracaine 60 minutes prior to the procedure,
and 15% also receive an oral diazepam (5—10 mg) 30 minutes
before treatment, but the majority of patients receive a com-
bination of topical anesthesia, oral diazepam (5-10 mg), and
an intramuscular injection of 50—100 mg of meperdine and
50 mg of hydroxyzine 30 minutes prior to treatment.?! Other
reported MFU-V-related adverse events include transient
erythema, edema, and occasional bruising.***?>3” Uncommon
events include post-inflammatory hyperpigmentation 1 month
posttreatment, muscle weakness,** transient numbness,**3%3?
and striated linear skin patterns or wheals.®?3243438 These
wheals appear to be due to poor treatment technique and are
more likely to be associated with the use of the 3 mm and
1.5 mm transducers.** Even when MFU-V is combined with
other treatment modalities, the recent report by Friedmann
et al confirmed the safety and enhanced efficacy of utilizing
all three rejuvenation techniques, often in a single session.”’

Patient selection

There are relatively few absolute contraindications to the use
of MFU-V. These include infections and open skin lesions
at the target treatment area, active severe or cystic acne, and
the presence of active metallic implants such as pacemakers
or defibrillators in the treatment area. Precautions include
treatment directly over keloids, implants, permanent dermal
fillers, and the presence of factors that could alter or impair
wound healing such as smoking.*!

Although not everyone will achieve esthetic benefit from
MFU-V, patient satisfaction will be increased by proper patient
selection and setting realistic expectations. MFU-V is best
suited for patients with mild-to-moderate skin and soft tissue
laxity. An ideal patient is younger with normal wound healing
because the clinical response to MFU-V treatment is partly
dependent on de novo collagen synthesis and the so-called
wound healing response.*' Patients with greater age or wors-
ening photodamaged skin, skin ptosis/laxity, and platysmal
banding skin may require higher energy density during
a single treatment or more than one treatment to achieve
maximum benefit.** Older patients with extensive photoag-
ing, severe skin laxity, marked platysmal banding, and a very

heavy neck are not good candidates for treatment with MFU-V
and should be recommended for surgical treatment.>

There is no apparent association between clinical improve-
ments and age, Fitzpatrick skin type, alcohol intake, or major
illness.?! In one study, outcomes were better in patients with
BMI =30 kg/m?.% No change was detected in more than half
of the patients whose BMI exceeded 30 kg/m?.

Conclusion

MFU has been recently developed to meet the public demand
for achieving significant, noninvasive skin lifting and
tightening. The application of MFU in small discrete thermal
coagulation points within the mid-to-deep reticular layer of the
dermis and subdermis causes collagen fibers to contract and
stimulates de novo collagenesis. Tightening and lifting of sag-
ging facial and neck skin and improvements in the appearance
of wrinkles can be achieved by targeting the facial SMAS and
platysma. Combining MFU with high-resolution ultrasound
imaging (MFU-V) allows the user to visualize where the
MFU energy will be applied. By using transducers with dif-
ferent energy output and focal depth, MFU-V treatment can
be customized to meet the unique physical characteristics of
each patient. MFU-V is best suited for patients with mild-to-
moderate skin and soft tissue laxity.
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