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Feasibility Study of Electromagnetic Muscle Stimulation
and Cryolipolysis for Abdominal Contouring
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BACKGROUND In addition to reducing subcutaneous fat for body contouring, some patients are interested in
toning the underlying muscle layer.

OBJECTIVE This feasibility study evaluated the safety and efficacy of electromagnetic muscle stimulation
(EMMS) alone, cryolipolysis alone, and cryolipolysis with EMMS for noninvasive contouring of abdomen.

METHODS Abdomens of 50 subjects were treated in a study with 3 cohorts: EMMS alone, Cryolipolysis alone, and
Cryolipolysis + EMMS in combination. Electromagnetic muscle stimulation treatments were delivered in 4 sessions
over 2 weeks. Cryolipolysis treatments were delivered in one session. Combination treatments consisted of one
cryolipolysis and 4 EMMS visits. Efficacy was assessed by independent physician Global Aesthetic Improvement
Scale (GAIS), circumferential measurement, Subject GAIS (SGAIS), and Body Satisfaction Questionnaire (BSQ).

RESULTS Safety was demonstrated for all study cohorts with no device- or procedure-related adverse events. Inde-
pendent photo review showed greatest mean GAIS score for the Cryolipolysis + EMMS cohort followed by Cryolipolysis
only, then EMMSonly cohort. BSQ showed greatest average score increase for Cryolipolysis + EMMS cohort followed by
Cryolipolysis only cohort, then EMMS only cohort. Mean circumferential reduction measurements were greatest for
Cryolipolysis + EMMS cohort followed by Cryolipolysis only, and then EMMS only cohort. The mean SGAIS improve-
ment score was equal for the Cryolipolysis only and Cryolipolysis + EMMS cohorts, followed by the EMMS only cohort.

CONCLUSION A multimodal approach using cryolipolysis and EMMS was safe and demonstrated enhanced
body contouring efficacy for this feasibility study.
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grant support from Allergan plc. E.P. Bachelor is a consulting Medical Director and received research grant
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Noninvasive body contouring procedures
continue to grow in popularity as patients seek

treatments without unwanted surgical risks and

down time. Cryolipolysis is a popular noninvasive
fat reduction procedure that uses controlled cooling
to target subcutaneous fat and induce adipocyte

*Laser and Skin Surgery Center of Northern California, Sacramento, California; †Department of Dermatology, University
of California, Davis Medical School, Davis, California; ‡Aesthetic Solutions, Chapel Hill, North Carolina; xDepartment of
Dermatology, University of North Carolina School of Medicine, Chapel Hill, North Carolina; ║Department of
Dermatology, Duke University Medical Center, Durham, North Carolina; ¶Zel Skin and Laser Specialists, Edina,
Minnesota; **Department of Dermatology, University of Minnesota Medical School, Minneapolis,
Minnesota; ††Innovation Research Center, Pleasanton, California; ‡‡Eastbay Aesthetic Surgery, Pleasanton,
California; xxZELTIQ, an Allergan affiliate, Pleasanton, California; ║║Marina Plastic Surgery, Marina del Rey,
California; ¶¶Department of Surgery, Division of Plastic and Reconstructive Surgery, University of Southern California,
Los Angeles, California; ***USC-Marina del Rey Aesthetic Surgery Fellowship, Marina del Rey, California

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No
Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work provided it is properly
cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Society for Dermatologic Surgery,
Inc.
ISSN: 1076-0512 · Dermatol Surg 2020;46:S14–S21 · DOI: 10.1097/DSS.0000000000002420

S14



apoptosis. CoolSculpting is indicated for cold-
assisted lipolysis of the upper arm, bra fat, back fat,
banana roll, thigh, abdomen, and flank, or “love
handles,” in individuals with a body mass index
(BMI) of 30 or less. In addition, the device is
intended for cold-assisted lipolysis of the submental
and submandibular areas in individuals with a BMI
up to 46.2.1 Numerous clinical studies have
demonstrated the safety, efficacy, and tolerability of
cryolipolysis in multiple body areas.2–26

As patients grow increasingly comfortable with aes-
thetic procedures and noninvasive body contouring,
interest has grown to further enhance body contouring
results. In addition to reducingunwanted subcutaneous
fat with a modality such as cryolipolysis, some patients
are interested in toning the underlying muscle layer.

Recently, electromagnetic muscle stimulation (EMMS)
has been used for aesthetic body contouring. Although
EMMShas been used for decades in physical therapy and
urological applications, it is a new energy-based device
technology in aesthetic medicine and uses different treat-
ment parameters. Compared with neuromuscular elec-
trical stimulation, EMMS has the advantage of not
coupling through the patient’s skin, thus minimizing dis-
comfort causedby sensorynerve stimulation.Basedon the
inherent electrical properties of the skin, fat, and muscle,
current flow can be induced directly in the muscle layer
because of its greater electrical conductivity and powerful
contractionscanbestimulatedwithoutdermaldiscomfort.
Clinical studies have been conducted to show safety and
efficacy of EMMS for body contouring in the abdomen
andbuttocks.27–30 Electromagneticmuscle stimulationhas
also been used for toning and strengthening thighs.

Recently, CoolTone, an EMMS device, received clear-
ance by the US FDA for improvement of abdominal
tone, strengthening of the abdominal muscles, and
development of firmer abdomen and for strengthening,
toning, and firming of buttocks and thighs. The Ems-
culpt EMMS device was first FDA-cleared in 2017 and
now has indications to strengthen, firm, and tone the
abdomen, buttocks, thighs, arms, and calves.

To address patient concerns of excess sub-
cutaneous fat and decreased muscle tone, a multi-

modal treatment approach would be required. This
feasibility study was designed to evaluate the safety
and efficacy of EMMS alone, cryolipolysis alone,
and the combination of cryolipolysis and EMMS
for noninvasive contouring of the abdomen.

Materials and Methods

This was a multicenter, prospective, open label, non-
randomized feasibility study. The protocol was
approved by an independent review board (Salus IRB,
Austin, TX). Eligible subjects were men or women,
between 22 and 65 years old, with a desire for sub-
cutaneous fat reduction and firming and toning of the
abdomen. Subjects with BMI#30 kg/m2 and
abdominal skin fold thickness ranging from 2 to 5 cm
asmeasured by caliper were eligible for trial inclusion.

Exclusion criteria included a previous surgical pro-
cedure, invasive fat reduction procedure, a prior
noninvasive fat reduction, body contouring, and/or
skin tightening procedure in or near the treatment
area in the past 12 months, known history of
cryoglobulinemia, cold urticaria, cold agglutinin dis-
ease, paroxysmal cold hemoglobinuria, Raynaud
disease, bleeding disorders or concurrent medications
that could increase the risk of bruising, dermatological
conditions, such as excessive skin laxity or scars that
may interfere with the treatment or evaluation, intra-
uterine contraceptive device inserted or removed
within the past month, cardiac disorder, pulmonary
insufficiency, and metal implant or active implanted
devices such as a pacemaker, defibrillator, or drug
delivery system. Subjects involved in any type of
abdominal muscle training program within the pre-
vious 6 months were also excluded.

For the duration of the study, subjects were instructed
to avoid implementing major diet or exercise changes
to maintain their weight within 65% of baseline
measurement. Subjects also had to agree to refrain
from any new abdominal training exercises during the
course of the study. Before treatment and 12 weeks
after final treatment, 3D and 2D clinical images were
obtained and subject Body Satisfaction Ques-
tionnaires were administered. Subject Global
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Aesthetic Improvement Scale surveys were adminis-
tered at the final follow-up visit.

The subjects were enrolled into 3 study cohorts.
Cohort 1 subjects received EMMS only from a
prototype (CoolTone, ZELTIQ Aesthetics, Pleas-
anton, CA) or commercial (Emsculpt, BTL Indus-
tries, Marlborough, MA) system. Cohort 2 subjects
received a Cryolipolysis treatment and 4 EMMS
treatments. Cohort 3 subjects received Cryolipolysis
only.

For the cohorts receiving EMMS treatment, subjects
had 4 EMMS treatment visits with one applicator

placed on the center of the abdomen. Each EMMS
treatment cycle was delivered at the highest tolerable
intensity for 30 minutes. There were 4 EMMS treat-
ment sessions, all treatments were separated by at least
48 hours, within a 2-week period.

For the cohorts receiving cryolipolysis treatment,
subjects received treatment cycles to the abdomen in a
single session. Noninvasive fat reduction procedures
were performed with the FDA-cleared cryolipolysis
device (CoolSculpting, ZELTIQ Aesthetics, Pleas-
anton, CA). Each cryolipolysis treatment cycle was

delivered by a cooled cup vacuum applicator (211�C
for 35 minutes for CoolAdvantage and Cool-
Advantage Petite applicators or211�C for 45minutes
for CoolAdvantage Plus applicator). A protective gel
pad (CoolAdhesive GelPad) was applied to the skin
and suction was initiated. The vacuum adhered the
applicator to the treatment area and the subject
reclined throughout the cryolipolysis procedure. After
each treatment cycle, vacuum was stopped, the appli-
cator was removed, and a manual massage of the

treatment area was performed for 2 minutes. Based on
the investigator’s assessment of fat presentation, addi-
tional cryolipolysis cycles were delivered to the upper
and lower abdomen (3–6 total cycles per abdomen).

Patient discomfort was monitored throughout the
study procedures, immediately following device
removal, before patient discharge, and at the 1, 4, and
12-week follow-up visits. Safety was monitored by
documentation of adverse events and clinical assess-

ment of the treatment site. Subjects were assessed
throughout the study for adverse events.

The primary study efficacy end point was a blinded,
independent photo review comparing the pre-
treatment and 12-week post-treatment 2D photo-
graphs by a physician board-certified in dermatology.
The independent reviewer evaluated the baseline and
final visit photographs and assessed contour
improvement per the Global Aesthetic Improvement
Scale (GAIS), Table 1.

The primary safety end point was the incidence of
unanticipated adverse device effects. Secondary study
end points were abdominal circumference as assessed
by 3D imaging and assessment of contour changes
using a Subject Global Aesthetic Improvement Scale
(SGAIS). A subject Body Satisfaction Questionnaire
(BSQ), previously used in neuromuscular electrical
stimulation body contouring studies,31,32 was admin-
istered to assess how subjects perceived the shape and
appearance of their abdomens. A set of 10 dichoto-
mous word pairs was presented with a selection of 5
checkboxes to assess how the subject described the
appearance of their stomach at the present time (e.g.,
flat vs rounded,weak vs strong, hard vs soft). The total
score was tabulated to quantify the subject’s current
perception of the abdomen area, with a higher score
indicating greater improvement.

Treatment efficacy was assessed by 2D clinical pho-
tographs (Nikon D800E with 85 mm lens) and cir-
cumferential measurements obtained using a 3D
imaging system (LifeViz Body by QuantifiCare, San

TABLE 1. Global Aesthetic Improvement Scale

to Assess Abdomen Contour Improvements

From Baseline and Final Visit Photographs

Score Description

3 Very much improved

2 Much improved

1 Improved

0 No change

21 Worse

22 Much worse

23 Very much worse
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Francisco, CA). The 3D camera was mounted on a
tripod to capture stereo images. The subject was
positioned on a rotating stage with a fixed footprint
diagram to collect images in 8 positions at 45-degree
increments. Clothing was standardized and carefully
adjusted to avoid affecting the appearance of fat and
muscle in the abdominal area. Subjects held their arms
in a fixed position and relaxed to remove muscular
tension, then images were taken. Circumference
measurements were taken at 3 points on the upper,
middle, and lower abdomen; measurements were
averaged for a mean circumference per study subject.

Statistical analysis was performed based on the nature
of the data. Dichotomous (e.g., gender) and ordinal
(e.g., Fitzpatrick Skin Type) data were tabulated by
category. The mean, SD, maximum and minimum
were tabulated for continuous data (e.g., age, cir-
cumferential reduction). The 0.05 significance level
was calculated from a paired, 2-tailed test.

Results

Fifty subjects were enrolled and completed treatment.
Thirty-eight of the subjects were women and 12 were
men. Ethnicity of subjects comprised Caucasian (n =
43), Asian (n = 3), American Indian or Alaska Native
(n = 1), or Other (n = 3) with Fitzpatrick Skin Type II
(n = 16), Type III (n = 22), Type IV (n = 10), or Type V
(n = 2). The subject ages ranged from 22 to 62 years
(mean 42.2). The average weight was 146.4 lbs (range
110.0–201.0) with mean body mass index 23.5 kg/m2

(range 17.8–28.1).

As shown in Table 2, 20 subjects were enrolled in
Cohort 1 for EMMS only, 20 subjects were enrolled
in Cohort 2 for Cryolipolysis + EMMS, and 10

subjects were enrolled in Cohort 3 for Cryolipolysis
only. For the EMMS treatments, subjects were
evenly divided between the prototype (n = 10) and
commercial (n = 10) EMMS systems for both
Cohorts 1 and 2.

There were 3 cases of data exclusion. One subject had
weight change greater than the 65% weight change
limit andwas excluded fromefficacy analysis. Another
subject underwent a surgical procedure in the
abdominal area and was also excluded from
efficacy analysis. One subject missed the final study
visit for photographs and was not included in the
independent photo review GAIS or circumferential
measurements.

For the independent photo review, 47 photograph
pairs were available for analysis. An independent
reviewer was blinded to the study cohorts but
unblinded to the baseline and final photographic
timepoints. The reviewer assessed each study sub-
ject’s photos from baseline to final visit on a GAIS
with 3 = Very much improved to 0 = No change
to 23 = Very much worse. Figure 1 depicts the
average GAIS scores with the EMMS only cohort
scoring a mean of 1.2, Cryolipolysis only
cohort scoring a mean of 1.4, and combined
Cryolipolysis + EMMS cohort scoring a mean of
1.9. The Cryolipolysis + EMMS cohort improve-
ment was statistically significant relative to the
EMMS only cohort, but not relative to the
Cryolipolysis only cohort. For the EMMS only
cohort, 80% of subjects were scored as an
improvement of 1 or greater, whereas 89% of
subjects were scored as an improvement of 1 or
greater in both the Cryolipolysis + EMMS and
Cryolipolysis only cohorts.

TABLE 2. Study Cohort Enrollment and Treatment Cycles

Study Cohort Description Subjects, n

Average

Cryolipolysis Cycles EMMS Cycles

1 EMMS only 20 n/a 4

2 Cryolipolysis + EMMS 20 4.3 4

3 Cryolipolysis only 10 3.9 n/a

EMMS, electromagnetic muscle stimulation.
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Figures 2–4 show representative subjects from each
study cohort at baseline and 12 weeks after final
treatment and demonstrate visible changes to
abdominal contour.

The Subject Global Aesthetic Improvement Scale
(SGAIS) data showed improvement for all study
cohorts. SGAIS improvement was comparable
between cohorts with a mean score of 1.2 for Cry-
olipolysis only and Cryolipolysis + EMMS cohorts
and a mean of 1.0 for the EMMS only cohort. An
assessment of subjects reporting a SGAIS
improvement of 1 or greater found 100% of sub-
jects reporting improvement for the Cryolipolysis
only cohort, followed by 89% for Cryolipolysis +
EMMS cohort and 70% for EMMS only cohort.

Circumference measurement was performed on the
3D images before treatment and at the 12-week post-
treatment visit. The measured change in abdomen
circumference ranged from a max increase of 33 mm
to a max decrease of 37 mm, with a mean reduction in

circumference of 4mm for the EMMSonly, 10mm for
Cryolipolysis only, and 15 mm for the Cryolipolysis +
EMMS cohorts (Figure 5). Statistically significant
improvement for circumferential reduction was found
between EMMS only and Cryolipolysis + EMMS
cohorts.

The Body Satisfaction Questionnaire (BSQ) was
administered to assess subject perception of the
shape and appearance of their abdomens. Figure 6
shows the mean BSQ improvement scores between
baseline and final visits. All cohorts showed statis-
tically significant improvement from baseline with
the greatest average BSQ score increase of 7.6 for the
Cryolipolysis + EMMS cohort, followed by 5.7 for
Cryolipolysis only cohort, and then 3.6 for EMMS
only cohort. Between cohorts, statistically signifi-
cant difference for BSQ score was only found
between EMMS only and Cryolipolysis + EMMS
treatment groups.

Clinical assessment of the treatment areas was per-
formed immediately post-treatment and at each
follow-up visit. For the Cryolipolysis only cohort, side
effects were typical, including mild-to-moderate
numbness and erythema. At the 12-week final visit, all
cryolipolysis side effects resolved without interven-
tion. For the EMMS only cohort, side effects were
absent in most subjects immediately after treatment
with 3 instances of mild erythema that resolved with-
out intervention by the 2-week follow-up visit. For the
Cryolipolysis + EMMS cohort, immediate post-
treatment side effects were consistent for each treat-
ment modality alone and self-resolved by the 12-week
final visit.

Figure 1. The mean Global Aesthetic Improvement Scale

score assessed by independent reviewer at 12 weeks after

final treatment demonstrates greatest body contour

improvement for the Cryolipolysis + EMMS study cohort.

EMMS, electromagnetic muscle stimulation.

Figure 2. Representative baseline (left) and 12-week post-treatment (right) photographs following EMMS only treatment,

Cohort 1, weight change shown from baseline. (A) 58-year-old man, +5.2 lbs. (B) 43-year-old woman, +6.0 lbs. EMMS,

electromagnetic muscle stimulation.
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There were no reported device- and/or procedure-
related adverse events for all 3 study cohorts.
The EMMS only, Cryolipolysis only, and
Cryolipolysis + EMMS cohorts all demonstrated
procedural safety.

Discussion

This feasibility study is the first to evaluate safety and
efficacy of the cryolipolysis and EMMS non-invasive
body contouring procedures when used separately
and in combination for body contouring. Both tech-
nologies have published clinical studies demonstrat-
ing safety and efficacy alone, whereas here, we
establish safety and enhanced GAIS, BSQ scores, and
circumferential reduction with cryolipolysis and
EMMS used in combination for abdominal
contouring.

For efficacy assessments, the Cryolipolysis + EMMS
cohort showed the greatest improvement 12 weeks
after treatment, except for SGAIS, in which the com-
bination treatment and the Cryolipolysis only cohorts
had the same mean SGAIS scores at week 12. For
GAIS, BSQ, and circumferential reduction, all cohorts

showed improvement, but the Cryolipolysis + EMMS

cohort showed greatest improvement.

For logistical reasons, different clinical sites in the
multicenter study received either the prototype

(CoolTone) or commercially-available (Emsculpt)

EMMS systems. These systems were evenly divided
with n = 10 subjects each in study Cohorts 1 and 2.
Althoughnot prospectively defined, statistical analysis
showed no significant difference between the systems
for efficacy assessments of BSQ, SGAIS, GAIS, and
circumferential reduction. Thus, the data for all sub-
jects treated with EMMS are pooled in this feasibility
study.

EMMS only treatments in Figure 2 seem to show
clinical improvement in contouring and muscle defi-
nition. This presumed muscle hypertrophy may have
detracted from the circumferential reduction meas-
urements. Even for subjects that had weight increase
from baseline, visible improvement in abdominal
contour was shown in Figures 2–4.

Between cohorts, statistically significant difference
was only found between the EMMS only and

Figure 3. Representative baseline (left) and 12-week post-treatment (right) photographs following Cryolipolysis only

treatment, Cohort 3, weight change shown from baseline. (A) 35-year-old male, +1.0 lbs. (B) 57-year-old female, 0.0 lbs.

Figure 4. Representative baseline (left) and 12-week post-treatment (right) photographs following Cryolipolysis + EMMS

treatment, Cohort 2, weight change shown from baseline. (A) 31-year-old male, 28.2 lbs. (B) 46-year-old female, 0.0 lbs.

EMMS, electromagnetic muscle stimulation.
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Cryolipolysis + EMMS cohorts for BSQ, GAIS, and
circumferential reduction. This study is limited, how-
ever, by the small study size which is not powered
sufficiently to establish significant difference between
all study cohorts. Based on the trends observed in these
efficacy assessments, the Cryolipolysis + EMMS
cohort suggests improved abdominal contouring rel-
ative to either cryolipolysis or EMMS alone.

Electromagnetic muscle stimulation is a relatively new
energy-based device treatment for noninvasive body
contouring and needs further study to establish the
optimal treatment protocol. Currently, we are treating
patients with 4 EMMS procedures within approxi-
mately 2 weeks. In clinical practice, our patients typ-
ically choose to return in 1-to-3-month intervals for a
single EMMS treatment tomaintain their firmer, more
toned results.

In addition to studying optimal timing for EMMS
initial and maintenance treatments, combination
treatment protocols should also be studied further to
ensure safety and efficacy while enhancing conve-
nience for the patient and the practice. To ensure the
appropriate assessment of outcomes, the cryolipolysis
and EMMS procedures were delivered on separate
visits during this study. In clinical practice, however,
clinicians have scheduled patients to receive both
cryolipolysis and EMMS treatments on the same day,
alternating which procedure takes place first based on
scheduling and device availability.

In addition to the efficacy data gathered in this clinical
study, future clinical studies can collect data that more
clearly quantifies the patient experience following

EMMS. Anecdotally, patients report not only aes-
thetic improvement, but functional changes that last
months, as well. Patients have reported core
strengthening leading to better posture and ability to
accomplish physical tasks, such as holding a yoga
plank position longer, achieving a stronger golf swing,
and delivering a more powerful tennis serve. Sub-
stantial balance and posture benefits have also been
reported among middle-aged and elderly patients that
were not able to improve core strength through tra-
ditional exercise. Further study of these functional
changes following EMMS treatment to quantify the
changes in strength and endurance, and to objectively
measure the duration of the improvement, are
warranted.

Following subcutaneous fat reduction, muscle
toning further refines body contouring results. This
feasibility study demonstrates the safety and
efficacy of Cryolipolysis and EMMS alone and in
combination for abdominal contouring.

Conclusion

Standalone treatments of EMMS and cryolipolysis
produced improvements in abdominal body contour.
A comprehensive approach using Cryolipolysis +
EMMS, however, produced the greatest changes
overall as assessed by independent photo reviewGAIS,
BSQ, and circumferential reduction. This feasibility
study demonstrates the safety and efficacy of these
noninvasive body contouring procedures alone and in
combination with greater contour improvements
found when the procedures are used together.

Figure 5. Mean change in abdominal circumference at 12

weeks post-final treatment showed greatest reduction for

the Cryolipolysis + EMMS cohort. EMMS, electromagnetic

muscle stimulation.

Figure 6. Body satisfaction questionnaire showed mean

improvement for all study cohorts between baseline and

12 weeks post-final visit. Greatest BSQ score increase was

found in the Cryolipolysis + EMMS cohort. EMMS, elec-

tromagnetic muscle stimulation.
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