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ABSTRACT

ARTICLE HISTORY

Introduction: A new temperature-controlled device has been used as a percutaneous radio frequency
probe to treat lax submental and other facial areas. It has significant advantages over other esthetic
devices as it provides the dual benefit of fat lipolysis and skin tightening. Our goal here is to present
consensus recommendations for treating the aging neck. Methods: A panel of 11 expert physicians
convened in Dallas, Texas, on October 15, 2016 to arrive at a consensus on the best current practice for
submental skin tightening and contour improvement. Prior to the meeting, a comprehensive review of
the literature was performed and a survey was sent to esthetic dermatologists and plastic surgeons who
were queried about various aspects of neck rejuvenation. Results: The literature search revealed 10
different technologies for neck rejuvenation evaluated in double-blind (n = 2) and single-blind (n = 1)
clinical trials and other clinical evaluations (n = 21). The survey was sent via an email to 1248 individuals
and was completed by 92 respondents. Review of the data and discussion by meeting attendees
generated eight consensus recommendations. Discussion: Subdermal monopolar radio frequency
represents an effective means for disrupting fat volume and skin tightening of the face, neck, and
jawline. For suitable patients, this treatment can be used to achieve significant esthetic improvements.
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Introduction
Facial aging is the result of intrinsic factors including hormonal
changes and free radical-induced damage, and extrinsic factors
such as the effects of gravity, sun exposure, and smoking (1).
Common features of the aging neck include increased submental fat, platysmal banding, and redundant dyspigmented skin
(2). Since the contour of the neck is a significant aspect in facial
esthetics, creating a more acute cervicomental angle, distinct
mandibular border, mobile, supple and tight muscle, and fibroseptal subcutaneous tissues, homogeneous skin tone, and
smoother texture are important factors for achieving a more
youthful appearance. Historically, these unwanted changes in
neck appearance were treated using surgery and liposuction (3–
7); however, numerous non- and minimally invasive procedures have been developed to provide non-surgical approaches
for cervicomental rejuvenation and fatty recontouring.
As the combination of different intrinsic and extrinsic
factors can result in a wide range of clinical presentations
(2), esthetic treatments need to be customized accordingly.
Selecting the right procedure for appropriate patients that will
effectively meet the esthetic goals and expectations of each
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patient is the core of successful neck rejuvenation. In addition
to tightening lax submental skin, these procedures involve in
the removal of unwanted submental fat, requiring a thorough
understanding of neck anatomy. Supraplatysmal fat is found
deep in the skin and superficial to the platysma muscle, and
distributed between suprahyoid and infrahyoid compartments
(8). Subplatysmal fat is found in three compartments, central,
medial, and lateral, which border one another to form the
subplatysmal fat layer (9). It is also important to know the
location of nerves and to perform nerve mapping prior to
performing esthetic procedures to avoid injuries (10,11).
Among the various minimally invasive therapies which
are now available for treating the aging neck, a novel temperature-controlled device uses a percutaneous radio frequency probe to achieve submental skin tightening
(THERMItight®; Thermi™, Irving, TX) (12,13). This device
appears to have significant advantages over other esthetic
devices used to improve submental areas as it provides the
dual benefit of fat lipolysis and foreshortening of the platysma, fascia, and skin, which lifts the area. The objective of
this paper is to gain a better understanding of the available
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procedures used for skin tightening and contour improvement of the submental area.
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Literature search
A systematic literature search was performed on August 1–3,
2016 (PubMed.gov; US National Library of Medicine,
National Institutes of Health). Searches were prospectively
limited to English language articles published between
January, 2005 and August, 2016. Review articles were
excluded. Medical subject heading terms used in various
combinations included tissue tightening, skin tightening,
skin laxity, neck tightening, neck, submental, contour
improvement, under-chin, jowls, radio frequency, dermal
heating, radio frequency, ultrasound, deoxycholic acid, laser,
infrared, cryolipolysis, and non-ablative.
Identified publications that met the selection criteria were
reviewed based on clinical relevance and level of evidence
using a consensus process and pre-established criteria. The quality of evidence used for clinical recommendations was graded
using a three-point scale (14): (I) good-quality patient-oriented
evidence, (II) limited-quality patient-oriented evidence, and (III)
other evidence including consensus guidelines, opinion, case
studies, or disease-oriented evidence. Clinical recommendations
(14) were based on (A) consistent and good-quality patientoriented evidence, (B) inconsistent or limited-quality patientoriented evidence, and (C) consensus, opinion, case studies, or
disease-oriented evidence. A summary of the literature search
results is provided in Table 1 and an overview of treatment
options and available devices is provided in Table 2.
For all the reviewed treatments, there was only limitedquality patient-oriented evidence (Level II-B) available, except
for deoxycholic acid injections which were supported with
two randomized double-blind, placebo-controlled studies
(Evidence Level I-A) (15,16); however, this type of treatment
showed moderate adverse events at the injection site and
marginal mandibular nerve paresis which was resolved without sequelae (16).
Temperature-controlled subdermal skin tightening treatment efficacy and safety was supported by two small studies
(12,13). Subdermal monopolar radio frequency skin tightening
efficacy and safety was supported by three single-treatment
studies, one study using six treatments and two open-label
studies using two radio frequency treatments (17–21). The
use of bipolar radio frequency was supported by one small
open-label study (22), which reported mild adverse events.
Super-pulsed radio frequency was tested in a cohort study (N
= 100) with a six-month follow-up. Most subjects in this study
(94%) showed a marked improvement with this safe treatment
(23). An open-label study on safety and efficacy of pulsed 1440nm Nd:YAG wavelength and side-firing fiber for subcutaneous
fat and skin laxity of the neck in 24 subjects showed a significant improvement in the cervicomental angle and physician
global esthetic improvement scores (24). Four small studies
using infrared light (1100–1800 nm) demonstrated facial contour and neck improvements in most treated subjects with only
mild or no adverse events reported (25–28). Micro-focused
ultrasound treatment efficacy and safety on the submental,
submandibular, lower neck, and platysmal areas was evaluated

445

in six studies (29–34). Although most treated subjects demonstrated improvements, moderate adverse events such as prolonged erythema and mild scabbing were reported.
Cryolipolysis was evaluated in a pivotal investigational device
exemption study (N = 60) (35). A single-treatment cycle was
delivered at −10°C for 60 minutes and an optional second
treatment was delivered at six weeks. Independent photo
review and ultrasound data indicated marked improvements
in the cervicomental angle.

Pre-meeting survey
A pre-meeting survey was conducted to gain an understanding of the procedures being used for subdermal skin
tightening and contour improvement of the under-chin
and jowl areas in medical esthetic practice, and their
associated challenges and benefits. An additional goal of
the survey was to establish the clinical positioning of
treatment using the temperature-controlled device (12,13)
based on the experience of current users with respect to its
efficacy, optimal dose, frequency of administration, and
other procedural details. Other clinical considerations
were specific factors that could influence clinical outcomes, contraindications, adverse events, and optimal
risk–benefit ratio.
The survey questionnaire was sent via an email to 1248
physicians on August 27, 2016 of whom 415 who opened the
email and 92 who completed the questionnaire were included
in the analysis. The survey respondents described themselves
as primarily plastic surgeons (39.13%) and esthetic plastic
surgeons (21.74%) working in private practice (71.74%)
(Figure 1). Among patients seeking treatment, most
(52.17%) were between 45 and 55 years and the majority
(59.9%) were considered suitable candidates for treatment
with the temperature-controlled device. When physicians
were asked to indicate the type of radio frequency technology
used for the treatment of fat reduction and skin laxity of the
submentum (and jowls) in their practice, the majority (85.9%)
used the temperature-controlled subdermal monopolar radio
frequency device (Figure 2). Before treatment, surveyed physicians gathered the following patient information: patient age
(89–96.7%), degree of skin laxity (96.7%), previous treatment
(93.5%), full medical history (88.0%), physical exam (80.4%),
history of smoking (79.4%), ethnicity (45.7%), body mass
index (41.3%), and other information (13.0%).
Although the respondents had mixed opinions regarding
contraindications (Table 3), probe temperature (Table 4), and
clinical endpoints, they were generally in agreement that
treatment with monopolar temperature-controlled device
can safely and effectively achieve skin tightening and fat
reduction of submental tissue and jowls (89.1%) and gliding
planes (78.3%). The lack of downtime makes this procedure
very interesting for esthetic surgeons (83.70%). Temperaturecontrolled treatment delivers comprehensive skin tightening,
which takes place over time and involves submuscular apeneurotic system (SMAS), dermal and hypodermal collagen
remodeling (95.65%), and skin tightening, which continues
to be evident six months after a single treatment (85.87%).

Micro-focused ultrasound

Infrared light

Super-pulsed radio frequency
1440-nm Nd:YAG device

Bipolar radio frequency

Subsurface monopolar radio
frequency (SMRF) skin
tightening

Treatment/device
Thermistor-controlled subdermal
skin tightening

45
103
52
12

Prospective, non-randomized clinical trial (32)

Open-label, non-randomized trial on safety (33).

Open-label study treating face and neck with two
transducers with focal depths of 3.0 and 4.5 mm (34).

20

71

21

13

10

22

100
24

14

66

49

None

Mild
Mild

Mild

None

None

Mild erythema, edema and
dysesthesia.
Mild

None

Evaluation at 90 days, 180 days, and one year (GAIS) showed that
90–100% of the subjects had improvements at 90 and 180 days and
95% at one year.
Evaluation (GAIS) at 90 and 180 days showed that 81.3 and
77.8% of the subjects achieved improvements, respectively.
Blinded reviewers observed improvement in skin laxity in 58.1%
of the subjects and overall improvement in skin laxity in 63.6%.
Three moderately severe prolonged cases of erythema with mild
scabbing (n = 1) resolved after 90 days without sequelae.
At 90 days, 80% of the 10 evaluable subjects showed improvements.

None
(Continued )

Mild-moderate erythema

Moderate pain

Mild

After three months, physicians noted 10% improvement and
None
patient reported 32% improvement for the cheeks and 20% for
the neck.
Subjects reported mild (23%), moderate (15%), and significant
Blistering (n = 1)
(54%) improvements at three months. By objective assessment,
41% of the subjects had some degree of improvement of the
treated side.
At six months, 57% showed market improvements and 28% mild. Mild pain and edema,
episodes of blistering (n = 7)
At six months, all patients showed improvements.
None

Significant improvement in cheek and neck skin laxity was
observed in most patients.
At four weeks post-treatment, patient-reported mean
improvement of 25–30% was noted and prior to the last
treatment, the mean improvement was 48–50%, decreasing to
46 and 30% at six months after the final treatment.
Noted improvements: overall, 74% of the subjects; skin
condition, 85%; skin laxity, 81%.
At six months, improvement in overall appearance was noted in
92% of the subjects using the Leal Laxity Classification system
and 84% with independent photographic assessment.
At six weeks, 71% noted improvement and 29% showed mild
improvement.
At six months, improvement was noted in 94% of the subjects.
At six months post-treatment, 79% of the subjects had significant
improvement in the Cervicomental Angle Score (p < 0.001) and
79% demonstrated an improvement on the GAIS.
After a mean (SD) of 2.1 (0.9) treatments and mean follow-up
interval of 1.9 (1) months, the mean baseline laxity grade of 2.9
(0.5) decreased to 2.5 (0.6) (p < 0.0001).

50
17

At 180 days post-treatment, 77% of the subjects reported
improvement, and 64% reported satisfaction.

Using a 4.0-point skin laxity scale, the combined mean change in None
baseline skin laxity scores was −0.78 (p < 0.0001).

Results
Adverse events
Two infrared thermometers recorded mean temperatures of 43.6 None
and 38.2°C supporting its use for skin tightening.

35

35

Subjects (N)
18

Retrospective clinical evaluation (31).

Open label study. Subjects underwent a series of four to six
weekly treatments (22).
Cohort study face and neck laxity (23).
Open label study on safety and efficacy of pulsed 1440-nm
Nd:YAG wavelength and side-firing fiber for subcutaneous fat
and skin laxity of the neck in subjects 40–65 years old (24).
Prospective study on three treatments with incoherent
infrared (1100–1800 nm) light at two- to four-week intervals,
evaluating safety, efficacy, and tolerability for treating facial
and neck skin laxity (25).
Evaluation on efficacy of 1100–1800 nm infrared given as
two treatments one month apart for facial and cervical skin
tightening (26).
Prospective, split-face, single-blinded study on safety and efficacy
using the device for skin tightening (27). The untreated side
served as a control. Treatment was performed twice with a fourweek interval between the treatments.
Prospective, open-label study assessed the clinical efficacy and
safety of three treatment sessions four weeks apart (28).
Evaluation of treatment at two focal depths on the submental,
submandibular, lower neck, and platysmal areas (29).
Prospective, open-label pilot using a dual depth treatment
with a vectored pattern (30).

Open label study on two radio frequency treatments to the
face and neck one month apart (20).
Evaluation of multiple pass, low fluence treatment algorithm
for lower face laxity (21).

Study design
Retrospective review of subjects undergoing thermistorcontrolled subdermal skin tightening via percutaneous radio
frequency (13).
Retrospective study on the device used for submental skin
tightening of under-chin and jowls (12). The thermistor
probe was used to treat 3.0 cm2 every 2 minutes. The clinical
endpoint was an epidermal temperature of 42°C.
Retrospective study assessed the overall efficacy and satisfaction
of subjects who underwent a single SMRF treatment to the face,
neck, jawline, alone or in combination (17).
Cohort study treating mild-to-moderate cheek (n = 30) or
neck laxity (n = 20) with one SMRF treatment (18).
Evaluation of six radio frequency treatments every 15 days,
every month, and every two months, all for two consecutive
sessions (19).

Table 1. Summary of the literature search results.
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A consensus panel of 11 physicians who are experts in
esthetic medicine was convened in Dallas, Texas, on
October 15, 2016. This evidence-based approach (14)
included a review of the researched literature and the
results of the pre-meeting survey on submental skin tightening and contour improvement of the aging neck.
Consensus of the panel on best current practice and clinical
recommendations for rejuvenating the appearance of the
aging neck was defined as two-thirds of the majority,
obtained via a blinded Delphi process. The recommendations and their clinical interpretation were outlined in a
clinical treatment algorithm for the temperature-controlled
device.

Clinical treatment algorithm

GAIS, global aesthetic improvement scale.

Cryolipolysis

60

–

Post hoc study assessed the efficacy and safety of deoxycholic
acid for submental fat reduction by a pooled analysis of two
large phase 3 studies (36).
Pivotal investigational device exemption study. A single
treatment cycle was delivered at −10°C for 60 minutes. An
optional second treatment was delivered at six weeks (35).
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Expert panel composition

Moderate at the injection site
in both groups. Marginal
mandibular nerve paresis
(4.3%). All resolved without
sequelae.
Clinician-reported ≥1-point improvement in SMF: 58.8 and 63.8% Moderate at the injection site
of the patients who received deoxycholic acid, and 28.6% of the in both groups
placebo recipients (p < 0.001).
Independent photo review from three blinded physicians
None
identified 91% of the baseline photographs. Ultrasound data
indicated mean fat layer reduction of 2.0 mm.

Adverse events

Moderate at the injection site
in both groups

Results

At week 12, one or more grades of improvement were achieved
by 66.5% study group subjects vs. 22.2% in the placebo group (p
< 0.001).
At week 12, one or more grades of improvement were achieved
by 70% study group subjects vs. 18.6% in the placebo group (p <
0.001).

Subjects (N)

Study treatment
(n = 258), placebo
(n = 258)
Study treatment
(n = 256), placebo
(n = 250).

Study design

Phase 3, randomized, placebo-controlled study on efficacy
and safety for moderate-to-severe submental fat reduction
(15).
Phase 3, randomized, double-blind, placebo-controlled study
assessed the efficacy and safety for moderate or severe
submental fat treatment (16).
Deoxycholic acid injections

Treatment/device

Table 1. (Continued).
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A review of available literature, survey responses, and group
discussions reaching consensus resulted in a clinical algorithm for the use of temperature-controlled subdermal
monopolar radio frequency treatment for skin laxity and
fat reduction of the face, neck, and jawline (Figure 3). The
subdermal monopolar radio frequency device is a precise
and controlled subdermal skin- and connective-tissue-tightening device that uses a percutaneous radio frequency treatment probe (12,13). When treating fat, lipolysis may occur
when specific temperatures are achieved. Similarly, when
treating lax skin, and the fibro-septal network, the delivery
of thermal energy causes denaturation and contraction of
collagen within seconds with subsequent de novo regeneration of collagen and tissue remodeling over weeks to months.
Thus, subdermal monopolar radio frequency represents an
effective modality for disrupting fat volume and achieving
skin tightening of the face, neck, and jawline. It improves
contours by tightening the skin, fibro-septal network, and
fascia and treating unwanted fat accumulation in the neck
and jowl. The mean treatment time with the device is 19
minutes (range: 8–38 minutes) for the submentum and the
bilateral neck anterior to the sternocleidomastoid. Treatment
times for 25–38 minutes yield optimal results. Survey results
suggest that there is an energy delivery threshold, above
which a higher percentage of subjects report satisfaction.
Adverse events may include pain during or after treatment,
edema, bruising, burns, numbness, nerve impairment,
nodules or induration and scarring. Burns usually resolve
without sequelae.

Limitations
Limitations of this work include a small number of randomized, controlled studies of non- and minimally invasive techniques for the treatment of lax submental areas
upon which comparisons were made. In addition, there
may have been a bias among the survey respondents
toward those physicians using the temperature-controlled
subdermal monopolar radio frequency device.
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Table 2. Treatment of the aging neck.
Technology
Thermistor-controlled subdermal skin tightening via
percutaneous radio frequency (THERMItight®)
Subsurface monopolar radio frequency skin tightening
(Thermage®/ThermaCool®)
Monopolar radio frequency for skin tightening (Pellevé®)

Treatment
One session. The thermistor probe was used to treat 3.0 cm2 every 2 minutes. The clinical
endpoint was an epidermal temperature of 42°C.
One session as a stand alone or in combination with other treatments.

Six radio frequency treatments administered every 15 days for two consecutive sessions, every
month for two consecutive sessions, and every two months for two consecutive sessions.
Bipolar radio frequency for skin tightening (Aluma™)
Series of four to six weekly treatments.
Super-pulsed radio frequency for skin tightening (Dermalift®)
Non-ablative super-pulsed radio frequency in one session.
1440nm Nd:YAG device with the side-firing fiber (Cellulaze™)
Laser lipolysis of the submental and anterior cervical areas using a mean of 1205 J per 5 × 5 cm2
area with a maximum internal temperature setting of 47°C.
Infrared light for skin tightening (Titan®)
One to three treatments with incoherent infrared (1100–1800 nm) light at two- to four-week intervals.
Micro-focused ultrasound for skin tightening (Ulthera®)
Micro-focused ultrasound at two focal depths.
Deoxycholic acid for submental fat reduction (Kybella®)
One session of injections.
Cryolipolysis for reduction of submental fat (CoolSculpting® System) A single treatment cycle was delivered at −10°C for 60 minutes.
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Medical specialty of the respondents
40
35
plastic surgery

30

aesthetic plast. surg
25

aesthetic physician

20

aesthetic derm.

15

medical aesthetic derm.

10

other

5
0
percentage respondents
Figure 1. Medical specialty of survey respondents.

Type of RF used for fat reduction and skin laxity
of the submentum and jowls
90
80

temperature-controlled

70

monopolar RF

60

microfocused ultrasound

50

bipolar RF

40

fractional RF

30

IF ultrasound

20

IR light

10

combined IR/BRF

0
percentage used
Figure 2. Type of radio frequency used by survey respondents. Radio frequency (RF); intense focused ultrasound (IF ultrasound); infrared light (IR); bipolar radio
frequency (BRF).

Table 3. Survey results: contraindications.
Contraindications
Pregnancy
External or internal pacemakers
Implantable defibrillators
Cochlear implants

Strongly disagree
4 (4.4)
1 (1.1)
1 (1.1)
1 (1.1)

Disagree
6 (6.5)
9 (9.8)
7 (7.6)
7 (7.6)

Neutral
13 (14.1)
14 (15.2)
10 (10.9)
33 (29.4)

Agree
37 (40.2)
29 (31.5)
33 (35.9)
27 (29.4)

Strongly agree
32 (34.8)
39 (42.4)
41 (44.6)
24 (26.1)
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Table 4. Survey results: probe, epidermis, and fat layer temperatures.
Probe temperature in the
superficial skin layer is
°C
n (%)
30–40
1 (1.1)
40–45
12 (13.0)
45–50
6 (6.5)
50–60
31 (33.7)
60–65
27 (29.4)
65–70
8 (8.7)
70–75
0
>75
0
Other
7 (7.6)

Epidermis temperature is
kept between
°C
n (%)
40–41
5 (5.4)
42–43
29 (31.5)
43–44
35 (38.0)
45–46
18 19.6)
>45
5 (5.4)
0
0
0
0
0
0
0
0

Candidate for thermistor controlled SMRF:
Mild-to-moderate skin laxity and fat reduction of the submentum,
lateral neck, mandibular border and jowl lateral to the nasolabial fold.

The temperature to treat the fat layer
in a deeper plane is between
°C
n (%)
30–40
0
40–45
2 (2.2)
45–50
10 (10.9)
70–75
52 (56.5)
>75
0
Other
28 (30.4)
0
0
0
0
0
0

Exclude patients:
• With risk factors
• Who may not benefit from
the procedure1
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Assess :
• Type and severity: skin laxity, skin excess, facial volume, and volume distribution.
• Comorbid conditions that could make the patient unsuitable for the procedure.
• Take photographs of the area to be treated.

Preparation:
• Cleansing of the insertion area:
4% Chlorhexidine gluconate solution
or betadine.
• Anesthesia: Diluted lidocaine solution is
administered via subdermal cannula
using a double Klein Solution,
i.e. 0.2% concentration.
• Map marginal mandibular nerve: Use a
peripheral nerve stimulator to map
nerves in the area of treatment, e.g.
Stimpod.

Avoid complications:
Avoid tenting the skin, catching the dermis
with the cannula, and end-hitting distal skin
with the tip of the cannula. Monitor skin
temperature and cool with saline-soaked
swabs for skin >46°C.
To prevent nerve injuries:
• Cutaneously map and mark with ink the
path of the marginal mandibular nerve.
• Infuse infiltrate over and around the
nerve area to create a physical distance
between the heat source and the nerve.
• In patients with thinner tissue, consider
using lower temperatures (e.g. 55°C)
• Consider staying >5 mm away from the
mapped nerve.

Procedure:
• Divide the neck into three zones, perimedian,
right and left lateral.
• Insert the electrode fully.
• Avoid skin contact with the hub.
• Wait for the actual temperature to reach the set
temperature. Subsurface temperature target
is set between 55-65° C and epidermal
temperature is not to exceed 46° C.
• Monitor the epidermal temperature with an
external infrared camera (e.g. FLiR)
throughout the procedure.
• Slowly withdraw electrode approximately
0.5 to 1 cm per second.
• Keep the actual temperature within
3-5 degrees of set temperature.
• Repeat linear stroke in a fanning manner until
the area has been treated, reaching the clinical
endpoints with each stroke.

Clinical endpoint:
• The skin temperature should reach between
42-46° C over the entire area treated
• The entire area must be a uniform color (yellow –
white color on the infrared monitor). Use FLiR
default color scheme.
• The actual temperature and set temperature
remained within 3 degrees of each other for the
entire procedure.

Figure 3. Algorithm for temperature-controlled subdermal monopolar radio frequency. Subsurface monopolar radio frequency (SMRF). 1Women during pregnancy,
collagen vascular diseases, autoimmune diseases, acute infections, patients with cochlear and neurostimulator implants, and patients with morbid conditions that
could make them unsuitable for the procedure. For patients with an external pacemaker, implantable defibrillator, or monitoring equipment, the attending
cardiologist should be consulted prior to the procedure. All implanted devices should be evaluated for contraindications from the manufacturer. When indicated,
consult primary care physician. 2Higher temperatures may be targeted in individual circumstances.

Conclusion
The use of subdermal monopolar radio frequency has
emerged as a safe and effective means for treating the
aging neck. It has significant advantages over other esthetic

devices as it provides the triad benefit of disrupting fat
volume and SMAS, and skin tightening of the face, neck,
and jawline. For suitable patients, this treatment can be used
to achieve significant esthetic improvements of the aging
neck.
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Collagen remodeling 42-46 ° C

17.

Septal tightening 55-65 ° C

18.
Lipolysis, Sculpting 65-70 ° C

19.
Nerve 85° C

20.
Figure 4. Temperature and treatment effect on various tissue types.
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