WHITE PAPER
Mechanism of Action (MOA)
INTRODUCTION AND OVERVIEW
The Ulthera® System was cleared by the FDA in late 2009
for a non-invasive eyebrow lift indication following a full
face treatment and is currently marketed worldwide in over
50 countries. In late 2012, the FDA cleared the Ulthera
System to be safe and effective for the lifting of lax submental
(beneath the chin) and neck tissue. This white paper
describes how Ultherapy lifts the skin based on the known
physiologic processes of collagen denaturation, wound
healing, and neocollagenesis. This document will also
discuss the effects of certain medications such as nonsteroidal anti-inﬂammatory medications (NSAIDs) on
inﬂammation and how this could potentially impact the
wound healing process essential to Ultherapy’s Mechanism
of Action (MOA).

Figure 1
Approximately 16,000 discrete coagulation points are placed at multiple depths,
causing immediate tissue contraction and initiating neocollagenesis.

The Ulthera System uses microfocused ultrasound with
visualization (MFU-V) to lift and tighten the skin through
speciﬁc mechanisms. The initial lift seen immediately after
an Ultherapy treatment arises from thermally induced
collagen coagulation, denaturation and contraction within
precise, well-deﬁned lesions. The creation of these lesions
leads to an inﬂammatory wound-healing response which
stimulates long-term tissue remodeling and leads to further
lifting and tightening. Both stages of lift that occur following
Ultherapy are described in further detail below.

HEAT 60°-70°C

First Stage: Collagen Denaturation
Ultherapy focuses ultrasound waves to precise, well-deﬁned
areas in dermal and subcutaneous tissue which causes the
creation of distinct Thermal Coagulation Points (TCPs) 1-3
Current treatment guidelines call for the creation of ~16,000
of these TCPs at various depths in the tissue during a full
face and neck treatment (Figure 1).

Figure 2
The application of heat at specific temperatures to tissue disrupts and breaks the hydrogen bonds holding the collagen fibrils together, resulting in contraction of the collagen
structure.

subdermal
layers
(including
the
superﬁcial
musculoaponeurotic system (SMAS)), begins to lose its
organized structure and eventually denatures at these
temperatures. Studies indicate that collagen ﬁbrils, when
heated to a speciﬁc temperature over a period of time, will
contract because the intramolecular hydrogen bonds in the
collagen structure are broken (Figure 2). Using microthermal
analysis, Bozec and Odlyhan (2011) demonstrated that the
internal cross-links holding the collagen ﬁbrils together

In a publication by White and colleagues, they state that
ultrasound waves induce a vibration in molecules within
the targeted tissues, and the resulting molecular friction
generates heat1. This heat, generated by Ultherapy’s
ultrasound waves, generally reaches temperatures of
~60-70°C at the focus of the TCP 1-3. This is important
because collagen, a protein within skin dermal and
1

synthesis. As stated above, this initial shrinkage in collagen
ﬁbrils results in the initial lift observed after Ultherapy. It
should also be noted that some of the immediate cosmetic
improvements that the patient and clinician observe after
Ultherapy treatment can be attributed to mild edema. Edema,
or swelling due to the accumulation of ﬂuid in the tissue, is
the body’s response to acute “injury”, i.e. creation of TCPs in
the skin. This mild swelling can serve to temporarily “plump”
the skin, contributing to possible aesthetically-pleasing, albeit
transient, effects.
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Following the initial thermal-induced collagen contraction
and denaturation, the next phase of Ultherapy’s MOA occurs:
that being neocollagenesis and collagen remodeling.
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Figure 3

Second Stage: Neocollagenesis and Collagen
Remodeling
The TCPs created by Ulthera’s MFU-V technology are
recognized by the body as an “injury”, thereby initiating the
wound healing response. This response involves tissue
repair and synthesis of new collagen which undergoes
organization and cross-linking, enabling it to have more
viscoelastic properties and better resist mechanical stresses 6.
Over time, this leads to tissue lifting and tightening. There
are three overlapping stages associated with this stage of
lifting (Figure 4).

To understand the effect of an increase of temperature on collagen, localized thermomechanical analysis (L-TMA) was performed on a collagen fibril. The onset temperature at ~58° C is explained by conformational changes occurring within the fibrils such
as partial shrinkage of the fibrils. The main transition event at ~65°C corresponds to the
process of breaking of the internal cross-links and collagen denaturation 4.

begins to break at a threshold temperature of ~58°C, with
the main transition to denaturation occurring at ~65°C
(Figure 3) 4. This phenomenon explains the contraction
of collagen that leads to the observed initial lift in the
tissue immediately following an Ultherapy treatment.
Additionally, other studies have demonstrated that shrinkage
in collagen ﬁbrils is evident at ~57°C, with further disruption
and more complete denaturation of the collagen ﬁbril at
60°C 5. Hayashi et al., demonstrated that the tissue shrinkage
or lift that results as a result of the collagen denaturation
ranges from 11% at 65°C to a maximum of 59% at 80°C and
generally occurs within less than 2 minutes of heat application.
Reaching these threshold temperatures during an Ultherapy
treatment are important in order to optimize the effect on
collagen denaturation, which ultimately leads to collagen

Inflammation

Inﬂammation
During this phase, cells called macrophages play an important
role in breaking down and phagocytizing (engulﬁng)
“injured” tissue and releasing cytokines (signaling molecules)
that attract ﬁbroblasts (a type of cell that synthesizes
collagen). Other factors released during this phase also
contribute to the breakdown of denatured collagen and the
synthesis of new collagen 7. A study in which tissue was
heated to the collagen denaturation range (~60-70°C)
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Mean±Standard Deviation

Before Ultherapy

Before
Ultherapy

After
Ultherapy

Papillary dermis

54.38 ± 10.89

55.58 ± 8.22

2.2

0.26

Reticular dermis

52.70 ± 7.79

65.18 ± 7.89

23.7

0.001

1.32 ± 0.18

1.63 ± 0.31

65.9

0.001

Change (%)

P-value

UPPER DERMIS

LOWER DERMIS

Average area fraction of collagen (%)

Dermal thickness (mm)

Table 1
Average fraction of collagen and dermal thickness before and after Ultherapy treatment 15.

After Ultherapy
A

B

UPPER DERMIS

LOWER DERMIS

ELASTIN FIBER

Figure 6
In skin biopsy samples taken from the lateral side of the cheek 2 months after
Ultherapy treatment, the elastin fibers of the upper and lower reticular dermis were
more parallel and straighter in appearance than samples taken before treatment 15.
Figure 5

collagen in the reticular dermis signiﬁcantly increased by
23.7% over baseline and overall dermal thickness was greater
(Table 1, Figure 5). Furthermore, the elastin ﬁbers of the
upper and lower reticular dermis were more parallel and
straighter in appearance than samples taken before treatment
(Figure 6).

Histology of skin biospies from lateral cheek showed that dermal thickness was
greater after Ultherapy treatment (B) compared to baseline (A) 15.

demonstrated a signiﬁcant inﬂammatory response at the site
of “injury” from day 2 for up to 10 weeks post treatment 8.
The inﬁltration of macrophages into the “injured” site is
crucial to the inﬂammatory response and the healthy
intervening tissue between TCPs plays an important role in
this 1,9. The extent of thermal induced dermal injury is a
limiting factor for the wound healing response and areas
with necrosis would not heal as efﬁciently as TCPs surrounded
by “islands” of tissue that promote inﬁltration of inﬂammatory
cells and efﬁcient healing 8,10-12. Upon exposure to certain
molecules, such as heat-shock protein (HSP), macrophages
become activated and inﬂuence wound healing by stimulating
the proliferation of cells such as ﬁbroblasts that promote the
repair and remodeling of the TCPs 13,14.

Maturation and Remodeling
This phase generally starts at 3 weeks and can last for up to
a year. This phase mainly represents the period during which
type III collagen is replaced by type I collagen, which forms
tight cross-links with itself and other proteins. Studies have
demonstrated the increased production of type I collagen
during the wound healing response to thermal injury 16.
Meshkinpour and colleagues found increased collagen
production in skin biopsies even 12 months after thermal
heat treatment 17. The remodeling process, driven by the
collagen chaperone HSP47, leads to complete replacement
of thermal injury zones with new collagen by 10 weeks posttreatment 8. Generally, the duration of this phase is
dependent upon factors such as patient age and racial
differences in skin tissue. In general, increased patient age
can be associated with delayed onset of healing, protraction
of phases and an inability to reach the same level of healing.
Advanced age may also be associated with decreased tensile
strength of the ‘wound’ after repair.

Proliferation
This phase can overlap with inﬂammation and is generally
characterized by ﬁbroblasts synthesizing new collagen
(mainly Type III) and other mediators important to
rebuilding the collagen matrix such as elastin, ﬁbronectin,
glycosaminoglycans, and proteases. Studies with thermal
heat treatment of human skin demonstrate that ﬁbroblasts
are seen within the focal injury zone by day 28, suggesting
that active dermal remodeling has begun 8. A signiﬁcant
increase in the amount of elastin is also evident. Suh et al.,
(2011) 15 performed histological analysis on facial skin treated
with Ultherapy and noted that the average area fraction of

The collagen remodeling process is a crucial step in facial
skin tightening and lifting by Ultherapy. To assess the effect
of Ultherapy on the collagen remodeling post-treatment, a
3

Figure 7
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KineMed’s Dynamic Proteomics platform quantifies fractional protein synthesis using stable isotope labeling & LC/MS.5
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small study using a stable-isotope labeling method was
performed in collaboration with Kinemed, Inc. (data on
ﬁ le). To label newly-synthesized proteins (Figure 7), two
subjects scheduled to undergo a rhytidectomy ingested
“heavy water” containing deuterium (2H; a safe, non-toxic
and non-radioactive isotope) for 6 weeks prior to surgery. At
Week 2 after starting the heavy water, the subjects underwent
dual density MFU-V treatment (30 lines using the 7 MHz,
3.0 mm transducer and 30 lines using the 4 MHz, 4.5mm
transducer) in the preauricular region on only one side of
the face. Subjects continued to drink heavy water each day
for 4 more weeks. At Week 6, treated and control tissues
were resected, and the samples (n=2-5 per side of face) were
analyzed to look for newly-synthesized extracellular matrix
(ECM) proteins such as collagen I and collagen III. In both
subjects, the induction of remodeling following Ultherapy
increased the proportion of recently-synthesized collagen
(Figure 8).

S  
Untreated Skin
Treated Skin

60%

40%

20%

0%
Collagen type I Collagen type III

S  

• New Type I collagen synthesis increased 1.4-fold to 21%
in subject 1 and 1.6-fold to 30% in subject 2.
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• New Type III collagen synthesis increased 1.3-fold to
48% in subject 1 and 1.4-fold to 68% in subject 2.
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While only two subjects were assessed due to the extremely
high cost of this study, the data suggests that Ultherapy
initiates remodeling in treated tissues, including deposition
of Type I and Type III collagen.
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Effect of Medications on Inﬂammation and
Wound Healing
A wide variety of pharmacologic and non-pharmacologic
approaches are used for pain management during Ultherapy;
however, as some medications have the potential to interfere
with the wound healing response, clinicians may wish to

Collagen type I Collagen type III

Figure 8
Stimulation of Collagen Synthesis after MFU-V Treatment in the guanidine-extractable collagen pool (Data are mean±SD of 2-5 skin punches from each subject per
side of face; * t-test p<0.05)
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Initial Lift

have also been shown to interfere with one or more phases
of this process, thus causing improper or impaired wound
healing 27.

Delayed/Sustained Lift
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Cytokines
Proliferation of Fibroblasts, Collagen
production, ECM synthesis (elastin,
fibronectin, glycosaminoglycans)

CONCLUSION
Ultherapy ® is currently the only technology that precisely
and consistently heats tissues to 60-70°C, the optimal
temperatures for collagen contraction and denaturation at
speciﬁc depths. The initial post-treatment lift occurs due to
the contraction and denaturation of collagen within the
TCPs. The second stage of lifting occurs when the body’s
wound healing response repairs the “injury” caused by the
heat and builds new collagen with enhanced viscoelastic
properties (neocollagenesis) over a period of time (Figure 9).
This white paper outlines Ultherapy’s MOA based on
evidence from studies that use ultrasound and other thermal
energy to heat human tissue to the collagen denaturation
temperature range. Data from these studies explains the
molecular background for Ultherapy’s unique “lift”
indication. Finally, we also discuss the possible effects of
NSAIDs and other factors on the wound healing process
and how consideration should be taken when certain
medications are prescribed for chronic use after an Ultherapy
treatment.

Tissue remodelling phase

Type III collagen replaced with Type I collagen,
crosslinking, and dermal remodeling
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know how to treat potential pain and swelling associated
with treatment without affecting outcome. Antiinﬂammatory medications such as NSAIDs (e.g. ibuprofen,
celecoxib) non-selectively inhibit both cyclooxygenase
(COX-1 and COX-2) enzymes, resulting in the decreased
production of prostaglandins. Prostaglandins are important
players in the wound healing response because they are
involved in the production of hyaluronic acid, a carbohydrate
found in connective tissue and needed during the
proliferative phase of wound healing 18,19. Prostaglandins
also act as both inﬂammatory mediators and ﬁbroblast
modulators, which as we discussed, are involved in the
synthesis of collagen 20. In animal models, systemic chronic
use of ibuprofen has demonstrated an anti-proliferative
effect on wound healing, resulting in decreased numbers of
ﬁbroblasts and reduced wound contraction 21-23. As stated in
our Comfort Management White Paper, we generally
recommend one 800 mg dose of ibuprofen one hour before
treatment - as this had comparable analgesic effect as that of
narcotics in a double-blind controlled study. The half-life of
ibuprofen is only 4 hours so it’s highly unlikely this single
dose will impact the inﬂammatory process in an appreciable
manner given that inﬂammatory mediators will be present
long after the Ultherapy treatment ends and tissue
remodeling continues for up to a year after treatment, as
previously mentioned. However, it is important to consider
the mechanism of action of anti-inﬂammatory agents during
chronic use and how this may potentially interfere/interact
with the desired inﬂammation that arises after Ultherapy
treatment. As noted above, the inﬂammatory process is
crucial to lifting and treatment efﬁcacy with Ultherapy.
Other Factors Affecting Wound Healing
Certain diseases such as diabetes can also affect wound
healing in numerous ways. Studies of injured tissue suggest
a delayed response to injury and impaired functioning of
immune cells, such as ﬁbroblasts 24-26. Other systemic factors
such as obesity, nutritional status of the individual and stress
5
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