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Abstract
Background: The body shaping market has long been at the forefront of the aesthetic industry. With technological advanc
es, patient demand for body sculpting in terms of reduction in subcutaneous tissue and enhancement of muscle has seen 
continual growth. Several devices have emerged in the space; however, few achieve both subcutaneous tissue reduction 
(SQR) and voluntary muscle increase (VMI) as measured by thickness, during the same treatment session.
Objectives: This article presents the results of a pilot study on a unique approach to subcutaneous tissue reduction and 
increasing muscle thickness using a dual-modality, energy-based device.
Methods: Twelve compliant patients (8 females and 4 males with an average age of 40 years) were enrolled in this single 
center, prospective study. All patients were treated with the dual-modality device (850 nm superluminescent diode matrix 
and electrical muscle stimulation), with external applicators being placed over the lower abdomen. The patients received 5 
weekly treatments. Ultrasound measurements, photographs, weight, and waist measurements were taken at baseline, pri
or to the start of the fifth treatment, and at the 2-week and 2-month follow-up visits.
Results: At the 2-month follow-up visit, the average SQR was 34.03% and the VMI measured 22.97% in all patients who 
completed the study. All patient and physician evaluations rated the results as satisfactory or better. There were no 
complications.
Conclusions: Preliminary data show this dual-modality, electrical muscle stimulation/superluminescent diode matrix sys
tem provides both a safe and effective treatment for the reduction of subcutaneous tissue thickness and an increase in 
muscle definition and thickness. Objective and subjective evaluations demonstrated high levels of efficacy and satisfaction 
in all patients.
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The body shaping market has long been at the forefront of 
the aesthetic industry. With technological advances, pa
tient demand for body sculpting in terms of reduction in 
subcutaneous tissue and enhancement of muscle has 
seen continual growth.1 Historically, patients had to make 
a choice between voluntary muscle increase (VMI) and sub
cutaneous tissue reduction (SQR), which are both essential 
components of body contouring treatments.2,3 When look
ing at this 2-factor approach in this highly competitive and 
in-demand market, there are many devices that offer each 
modality, independently. However, with those devices, 
both components are not addressed during the same treat
ment session. These types of energy-based systems are 
outlined in the following paragraphs.

Muscle stimulation offers 3 popular methods including 
electrical muscle stimulation (EMS), electromagnetic stimu
lation (EMGS/high-intensity focused electromagnetic field 
[HIFEM]/magnetic stimulation [MS]), and transcutaneous 
electrical nerve stimulation (TENS). In order to promote 
growth and enhance external definition, these treatments 
target striated musculature (somatic nervous system), which 
will stimulate movement in the 3 types of muscle fibers that 
make up skeletal muscle—slow twitch oxidative (Type I) 
muscle fibers, fast-twitch oxidative-glycolytic (Type IIA) mus
cle fibers, and fast-twitch glycolytic (Type IIX) fibers.4

TENS therapy involves the use of low-voltage electrical 
currents. A TENS device delivers the current through the 
skin at or near nerves to cause them to involuntarily twitch. 
Nerves around the muscle fiber may cause small, involun
tary muscle spasms. It was traditionally used for the pur
pose of relieving pain, but it can stimulate muscles for the 
purposes of strengthening and rehabilitating them. 
Efficacy for treating pain and/or muscle rehabilitation is still 
unconfirmed.5-7

MS, EMGS, functional magnetic stimulation,8 or HIFEM de
livers magnetic waves to stimulate the muscles of the body. 
The electromagnetic field is sent transdermally through the 
body, inducing a current of sufficient amplitude and duration 
to stimulate a multitude of highly dense and involuntary mus
cle contractions.9 It is not selective for specific muscle types. 
When looking at other modalities for stimulation, magnetic 
stimulation has become an increasingly popular method. 
Although this is an effective method, issues arise with specific 
targeting of tissue and energy confinement. Magnetic stimu
lation does not specifically illicit a response from only the de
sired target tissues and may, in fact, nonselectively treat all 
muscle types in the wave path, inadvertently delivering ener
gy to surrounding anatomical structures.10-12

EMS utilizes external electrodes in order to selectively 
deliver electrical currents to the targeted tissue. These cur
rents are transferred into an ion flow at the point of the 
electrode-tissue interaction. These ions flow to the axons 
of nerve fibers, in order to trigger firing, causing focused 
muscle contractions. These replicated stimuli over a 

designated period of time will yield the desired effect of 
muscle growth.13 EMS has been studied and seems to be 
a promising alternative to traditional strength training and 
muscle conditioning.13-15

In addition to increasing muscle thickness and improving 
muscle definition, subcutaneous tissue heating is a neces
sary component of body sculpting. Three popular methods 
for subcutaneous tissue heating include radiofrequency 
(RF), infrared lasers, and diode arrays.

RF systems operate on Ohm’s Law and create a thermal 
effect by utilizing the resistance created by an electromag
netic field.16 Although effective, this technology can have 
issues with selectivity and/or thermal energy adversely af
fecting adjacent areas, leading to over and under treatment 
of nontargeted tissue.17 RF works well for external treat
ments of the skin and superficial tissue; however, there 
are limits to the depth of penetration, which inhibits the abil
ity to treat subcutaneous tissue and musculature.18

Infrared lasers can be selectively filtered to target specif
ic tissue in a more controllable manner than RF and have 
been successfully utilized in this manner. The drawback 
of laser deep heating is the limited size of the area that 
can be effectively treated, increasing treatment time.19

Highly focused laser light must be precisely titrated in order 
to be effective while maintaining a safe application. In addi
tion, the utilization of laser energies necessitates a higher 
degree of safety precautions.20

Diode arrays or a superluminescent diode matrix (SDM) 
combine the selectivity of a laser with the ability to treat 
larger areas by utilizing a series of diodes filtered to a spe
cific wavelength. This allows for the targeting of specific 
and deeper tissue structures with minimal thermal wake af
fecting the superficial tissue.21 Larger applicators, covering 
greater surface areas, are available using SDM compared 
with other modalities, potentially decreasing treatment 
time. The absorption coefficient of water at the wavelength 
used with SDM is ideal for transdermal penetration to the 
proper depth for SQR.22

A recently introduced system incorporates both EMS for 
increasing muscle thickness and enhancing definition and 
a SDM for heating and reducing the subcutaneous tissue 
layer in a single, noninvasive procedure. Although employ
ing both energies sequentially, the total treatment time is 
under 46 min per session. This “STEP” program, or 
Sequential Thermal and Electrical Pulse, is used to effec
tively and safely deliver the proper energy to the intended 
tissue, inducing muscle hypertrophy and subcutaneous tis
sue reduction. Thus, in this pilot study, the results of chang
es in voluntary muscle thickness and subcutaneous tissue 
reduction using both the EMS and the SDM, sequentially, in 
a single treatment utilizing proprietary treatment protocols 
will be evaluated (Video).

The goal of the study was to evaluate the safety, efficacy, 
and overall clinical performance of the device in sequentially 
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administering thermal and electrical pulses to warm the sub
cutaneous layer and induce muscle contractions.

METHODS

Patient Selection

Fourteen patients were enrolled in this study at a single site 
(the author’s private practice, New York, NY) and went 
through treatment and follow-up visits from February 9 to 
September 9, 2022. Two patients were noncompliant and re
moved from the study before completion. Patients enrolled in 
the study underwent medical clearance and had no prior his
tory of treatment with noninvasive body sculpting devices, ab
dominal liposuction, or prior surgery or scars in the treated 
area. Interested patients who were pregnant or planned on 
becoming pregnant during the treatment series did not qual
ify for participation. Patients carrying out any weight loss pro
cedures, the presence of metal implants in the treatment 
area, a pacemaker or internal defibrillator, diabetes, cardiac 
issues, uncontrolled thyroid disease, uncontrolled high blood 

pressure, active infection in the treatment area, open wounds, 
photosensitivity/photosensitizing medication, auto-immune 
skin diseases, mental illness, tattoos in treatment area, skin ir
ritation/skin cancer in the treatment area, or any other under
lying medical conditions that could interfere with wound 
healing were also excluded from the study. The study was ap
proved by Allendale IRB.

Measurements were performed at the same documented 
anatomic location by the 2 primary investigators at all visits. 
This measurement was taken at a point 1 cm below the um
bilicus. Consistency at this point was individually deter
mined for each patient. The measurements were taken 
with the patients standing on their stocking feet. This dis
tance was determined for each patient by dropping a verti
cal and measuring the distance from the predetermined 
point below the umbilicus to the floor. This distance was 
then marked at 3 other points circumferentially around the 
patient. These 4 points were then used to measure the waist 
circumference using a self-closing tape measure. This tech
nique was repeated multiple times per waist measurement 
and proved to be reliable and reproducible. This predeter
mined point was also used by all patients as their individual 
point for ultrasound measurements. The ultrasound device 
was positioned at this level perpendicular to the long axis of 
the rectus abdominis muscle and centered directly in the 
middle of the muscle, equidistant from the medial and later
al muscle edges. Patients were instructed not to change 
their usual and customary diet and exercise routines 
throughout the treatment series. Patients did not adjust, 
add to, or limit their food intake during the study. If active, 
patients were instructed to maintain their daily exercise rou
tine without any adjustments in frequency, duration, or in
tensity. If they did not exercise prior to enrolling in the 
study, they were instructed not to add any exercise routines 
during the study. Patients were weighed at each visit, and a 
history was taken as far as their diet and exercise. Medical 

Video. Watch now at http://academic.oup.com/asjopenforum/ 
article-lookup/doi/10.1093/asjof/ojae024

Table 1. Device Specification and Features

Manufacturer El.En. Group

Device type SDM/EMS

Wavelength 850 nm diode ± 5 nm

No. of applicators 4 with EMS

Power density Up to 1.15 W/cm2

Spot size 6 × 6 cm (36 cm2)

Attachment to the patient Flexible band with Velcro

Skin cooling Sapphire window with continuous flow  
parallel contact cooling

Safety Patient safety/pause button

SDM, Superluminescent diode matrix; EMS, electrical muscle stimulation.
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events or significant changes to lifestyle would be reported 
to Rothaus Plastic Surgery. All patients signed treatment 
and photograph release consent forms and reviewed their 
medical history with the medical director. They acknowl
edged the risks and expectations of the treatment, through 
these consent forms, and any contraindications/exclusion
ary criteria for treatment were ruled out. All patients re
ceived treatment in the same area, the abdomen, and 
agreed to a 5 weekly (±5 days) treatment series with se
quential EMS and SDM. Follow-up visits were scheduled 
for 2 weeks and 2 months after the final treatment visit. 
Measurements (weight, waist, ultrasound, and photo
graphs) were taken before the first and fifth treatments 
and during the 2 follow-up visits.

Protocol

Subcutaneous tissue and muscle thickness were mea
sured using the Clarius L7 HD Linear Handheld 
Ultrasound Scanner (Clarius, Vancouver, British Columbia, 
Canada).23 All patient ultrasound measurements were tak
en 1 cm below umbilical. The protocol followed to maintain 
consistency at this point has previously been described 
above. Measurements were taken by the same 2 investiga
tors throughout the study process.

The device employed was the Physiq (El.EN./Deka Lasers 
Inc., Florence, Italy) which has 4 infrared applicators each 
with a 6 × 6 cm spot size (36 cm2) and 300 infrared diodes 
(SDM) internally (Table 1). Each applicator emits an 850 nm 
wavelength with a maximum power density of 1.15 W/cm2. 
Each of the 4 applicators has 2 electrodes for EMS and an 
internal cooling system complete with a sapphire glass win
dow and continuous flow parallel contact cooling in order to 
maintain safe skin surface temperatures of 25 to 30°C. Clear 

Figure 1. Two-month postsubcutaneous tissue reduction 
(SQR): measurement of SQR through ultrasound before 
treatment series and 2 months after final treatment in 
millimeters. Patients: KR002, 31, F; KR003, 65, F; KR004, 34, M; 
KR005, 30, M; KR006, 69, F; KR007, 26, F; KR009, 26, M; 
KR010, 27, F; KR011, 28, F; KR012, 50, F; KR013, 43, M; KR014, 
45, F. X-axis: pre-TX—measurement of SQR through 
ultrasound before treatment series; 2 months 
postmeasurement of SQR through ultrasound 2 months after 
final treatment. Y-axis: measurement of subcutaneous tissue in 
millimeters from 0 to 35 mm.

Figure 2. Average voluntary muscle increase (VMI) %: 
measurement of VMI as a percentage through ultrasound at 2 
weeks post and 2 months after final treatment. Patients: KR002, 
31, F; KR003, 65, F; KR004, 34, M; KR005, 30, M; KR006, 69, F; 
KR007, 26, F; KR009, 26, M; KR010, 27, F; KR011, 28, F; KR012, 
50, F; KR013, 43, M; KR014, 45, F. X-axis: baseline—ultrasound 
measurement of muscle thickness, through ultrasound, before 
treatment series. Two-week postultrasound measurement of 
muscle thickness, through ultrasound, 2-week postfinal 
treatment. Two-month postultrasound measurement of muscle 
thickness, through ultrasound, 2-month postfinal treatment. 
Y-axis: percentage of increase or decrease in muscle thickness.
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conductive gel pads are placed on each applicator before 
use and secured to the patient with a soft, flexible band. 
Proper placement is confirmed by visual muscle stimulation 
and inspection of each applicator being flushed on the tis
sue. Sequential thermal and electrical pulses (STEP) were 
used in all patients. This consists of a timed sequence of al
ternating EMS and SDM. Patients were instructed to manu
ally massage the treated area twice a day between 
treatment visits using a provided lotion.

RESULTS

Of the 14 patients enrolled, 6 were males and 8 were fe
males. The age range was 26 to 69 with an average age 
of 39.5. Both males and females were enrolled and had 
weights ranging from 123 to 203 lbs. The average waist cir
cumference was 35.07 inches. The average BMI for all pa
tients was 23.38. Patients experienced mild warming and 
visible muscle contraction throughout the STEP treatment 
cycles. Although little-to-no discomfort was reported dur
ing the SDM cycles, if mild discomfort (heat) was reported 
during the SDM cycle, parameters were slightly reduced, 
maintaining clinically effective levels, with zero discomfort. 
There was no discomfort reported during the EMS cycles. 
Immediately before the fifth treatment session, the ob
served SQR, as measured by ultrasound, was 22.75% 

(2.94 mm). At the 2-week and 2-month follow-up visits, pa
tients demonstrated an average SQR of 30.71% and 
29.60%, respectively (Figure 1). Before the fifth treatment, 
the average increase in voluntary muscle thickness (VMI) 
was 18.74%. At the 2-week and 2-month follow-up visits, pa
tients demonstrated an average VMI of 13.17% and 16.98%, 
respectively (Figure 2). Representative ultrasound results 
and accompanying data can be seen in Figure 3A, B and 
Table 2 as well as Figure 4A, B and Table 3. Pretreatment 
and 2-month follow-up treatment photographs are shown 
in Figures 5A-D and 6A, B. The continued decline in SQR 
and loss of VMI posttreatment are acknowledged in the dis
cussion section. The average follow-up was 2 months (for all 
patients). Patient satisfaction averaged 4.4, on the 5-point 
Likert Scale.24 The satisfaction surveys were conducted be
fore subsequent treatment sessions upon arrival at the clin
ic. The surveys were included with the intake forms, without 
any bias or direction from staff. Patients did not have access 
to their measured results, photographs, or providers prior to 
completing the surveys. All of the study patients rated the 
treatment results and experience as “Satisfied” or “Very 
Satisfied” with none of the patients grading the treatment 
as “Very Dissatisfied,” “Dissatisfied,” or “Neutral.”

Physician grading was performed using the Global 
Aesthetic Improvement Scale (GAIS). The GAIS ranges 
from “1—Very Much Improved” down to “5—Worse.”

A B

Figure 3. (A) Pretreatment image for a 28-year-old female patient, presenting a complaint for body contouring, underwent Physiq 
procedure. D1: Pretreatment subcutaneous tissue thickness measurement in millimeters. D2: Pretreatment muscle thickness 
measurement in millimeters. (B) Two-month posttreatment image for same 28-year-old female patient. D2: 2-month posttreatment 
subcutaneous tissue thickness measurement in millimeters. D3: 2-month posttreatment muscle thickness measurement in 
millimeters.
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None of the study patients experienced significant pain, 
burns, or other adverse events. There were no complica
tions in this study. No patients required or requested early 
exit from the study. Physician satisfaction, as evaluated by 
the 2 investigators, averaged 2.16 on the GAIS.25 All study 
patients had marked improvement with the majority having 
“2—Much Improved” and “1—Very Much Improved” scores. 
SQR and VMI remained stable throughout the 2-month 
follow-up period. At the final follow-up visit, ultrasound 
measurements of muscle thickness increase and subcuta
neous tissue decrease had not significantly changed. Thus, 
results were maintained throughout the study period in 
spite of the absence of further treatment with this device 
or any other treatment.

DISCUSSION

Twelve patients completed the study. Two patients were re
moved for noncompliance (weight gain, failure to attend 
treatment sessions, and follow-up visits per the study guide
lines). This dual-modality device incorporating the STEP 
treatment protocol enables the treatment of the 2 main tis
sues targeted in body sculpting, muscle, and subcutaneous 
tissue. In order to achieve efficacy, each tissue is simultane
ously targeted during a single session with 2 sequentially 
delivered energy modalities. The average measured per
centage of decrease in the subcutaneous tissue (SQR) and 
the measured percentage of VMI in the 12 compliant patients 
were 32.94% and 23.50%, respectively, at the 2-week follow- 
up and 34.03% and 22.97%, respectively, at the 2-month 
follow-up visit. The minimal change observed from the 
2-week follow-up and 2-month follow-up visits demonstrates 
that positive clinical outcomes were maintained. The 

decrease in VMI beginning at the 2-week follow-up visit 
was expected with no maintenance treatments being incor
porated. This was discussed pretreatment with all patients 
who were subsequently offered maintenance treatments 
with EMS alone if desired at the study conclusion. Studies 
show muscle atrophy is likely to occur as soon as after 2 
weeks of inactivity or disuse.26,27 The results were main
tained as patients continued to demonstrate a decrease in 
the subcutaneous tissue throughout the follow-up period. 
Although patient tissue histologies were beyond the scope 
of the IRB approval for this study, the mechanism of apopto
sis in adipose tissue subject to extremes in temperature is 
well documented and as is the increase in adipose tempera
ture with the 850 nm diode energy employed in this device.

All patients exhibited the desired improvement: a de
crease in the measured thickness of the subcutaneous tis
sue (SQR) and an increase in the measured voluntary 
muscle thickness (VMI); thus, documenting the efficacy of 
this simultaneous, dual-modality approach. Patient compli
ance dramatically enhanced the results of this device.

In comparison with other energies, such as RF, ultra
sound, and laser, the relatively lower affinity of the SDM 
for water is better suited for this application. It penetrates 
the skin to the targeted tissue needed for SQR without ex
cessive superficial cutaneous heating due to its lower wa
ter absorption than competing energies. This minimizes 
unnecessary overheating of the surface tissue, reducing 
the potential for discomfort and burns, while allowing a 
greater percentage of the effective energy to penetrate 
the skin surface layers and reach the target tissues.28

The EMS portion of the STEP program induces muscle 
movement. Muscle movements promoted by this type of 
system allow for the direct replication of neuroreceptor 
stimulation in the brain. This differs from twitch muscle 

Table 2. Pretreatment and 2-Month Follow-up Data for KR011, 
a 28-Year-Old Female Patient

TX # (KR011) Pre Tx 2-Month F/U Visit

Weight 138.8 lbs 135.8 lbs

Subcutaneous 11.19 mm 3.776 mm

Muscle 11.9 mm 14.33 mm

SQR 7.414 mm

SQR% 66.26%

VMI 2.43 mm

VMI% 20.42%

KR011, patient identification; 2-Month F/U Visit, 2 months postfinal treatment of 
series photograph; Pre Tx, pretreatment visit; SQR, subcutaneous tissue 
thickness measurement in millimeters; SQR%, subcutaneous tissue thickness 
percentage change; TX#, treatment visit header; VMI, voluntary muscle thickness 
measurement; VMI %, voluntary muscle thickness measurement percentage 
change.

Table 3. Pretreatment and 2-Month Follow-up Data for KR012, 
a 50-Year-Old Female Patient

TX # (KR012) Pre Tx 2-Month F/U Visit

Weight 132 lbs 131 lbs

Subcutaneous 5.475 mm 3.545 mm

Muscle 7.245 mm 12.74 mm

SQR 1.93 mm

SQR% 35.25%

VMI 5.495

VMI% 75.85%

KR012, patient identification; 2-Month F/U Visit, 2 months postfinal treatment of 
series photograph; Pre Tx, pretreatment visit; SQR, subcutaneous tissue 
thickness measurement in millimeters; SQR%, subcutaneous tissue thickness 
percentage change; TX#, treatment visit header; VMI, voluntary muscle 
thickness measurement; VMI %, voluntary muscle thickness measurement 
percentage change.
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stimulation, TENS, and other types of external EMS which 
only affect the end nervous response.

Other devices on the market require separate and inde
pendent treatments to induce muscle stimulation or ade
quately heat subcutaneous tissue. STEP allows for both 

tissues to be addressed in a single treatment session. This 
involves a continuous cycle of sequential thermal pulsing 
and muscle stimulation, allowing effective temperatures to 
be reached rapidly and maintained throughout the treat
ment without compromising patient comfort and safety.

Although this study was a success in terms of results, we 
acknowledge that a larger sample size and longer follow- 
up would be of interest to reinforce these results and deter
mine whether treatments would need to be repeated peri
odically. A 2-month, as opposed to a longer, follow-up after 
the last treatment was chosen as the final data point of the 

A B

Figure 4. (A) Pretreatment image for a 50-year-old female patient, presenting a complaint for body contouring, underwent Physiq 
procedure. D1: pretreatment subcutaneous tissue thickness measurement in millimeters. D2: Pretreatment muscle thickness 
measurement in millimeters. (B) Two-month posttreatment image for same 50-year-old female patient. D4: Two-month 
posttreatment subcutaneous tissue thickness measurement in millimeters. D5: 2-month posttreatment muscle thickness 
measurement in millimeters.

A

C D

B

Figure 5. (A) and (B) are pretreatment images for a 
26-year-old female patient, presenting a complaint for body 
contouring, underwent Physiq procedure. (C) and (D) are 
2-month posttreatment images for same 26-year-old female 
patient.

A B

Figure 6. (A) Pretreatment and (B) 2-month posttreatment 
images for a 34-year-old male patient, presenting a complaint 
for body contouring, underwent Physiq procedure.
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study, as this represented a point that was in excess of 3 
months from the initial treatment and consistent with the 
time frame seen in results reported with competing energy 
devices. In addition, no treatments were provided during 
the 2-month interval. Although, perhaps, one might have 
theoretically seen a further improvement in the SQR, the 
VMI could be expected to reverse without ongoing treat
ments.28 Future studies involving larger numbers of pa
tients followed over varying intervals might provide more 
information as to the ideal protocol for combining SDM 
and EMS for maximal patient results.

CONCLUSIONS

This preliminary report demonstrates how this dual modality, 
EMS/SDM system provides both a safe and effective treat
ment for the reduction of subcutaneous tissue using SDM 
and an increase in muscle thickness using EMS. High levels 
of satisfaction were noted in patients and physicians alike. 
Objective measurements (ultrasound, waist measurement, 
and photography) showed marked improvement.

Disclosures
Clarius L7 HD Linear Handheld Ultrasound Scanner (Clarius, 
Vancouver, British Columbia, Canada) was loaned for use in 
this study by Cartessa Aesthetics, LLC (Melville, NY). The au
thors declared no potential conflicts of interest with respect 
to the research, authorship, and publication of this article.

Funding
The authors received no financial support for the research, 
authorship, and publication of this article, including payment 
of the article processing charge.

REFERENCES

1. Ugalmugle S, Swain R. Body fat reduction market size by 
procedure (Surgical Liposuction, Abdominoplasty, non- 
surgical Cryolipolysis, Ultrasound, Laser Lipolysis), by gen
der (Female, Male), by service provider (Hospitals, Clinics, 
Medical Spas), industry analysis report, regional outlook, 
growth potential, price trends, Covid-19 impact analysis, 
competitive market share & forecast, 2022–2028 Global 
Market Insights Published March 2022. No DOI—Polaris 
Market Research—Report ID: PM2266/Global Market 
Insights Report ID: GMI3141.

2. Avci P, Nyame TT, Gupta GK, Sadasivam M, Hamblin MR. 
Low-level laser therapy for fat layer reduction: a compre
hensive review. Lasers Surg Med. 2013;45(6):349-357. 
doi: 10.1002/lsm.22153

3. Porcari JP, Miller J, Cornwell K, et al. The effects of neuro
muscular stimulation training on abdominal strength, en
durance and selected anthropometric measure. J Sports 
Sci Med. 2005;4:66-75.

4. Saltin B, Henriksson J, Nygaard E, Andersen P, Jansson E. 
Fiber types and metabolic potentials of skeletal muscles in 
sedentary man and endurance runners. Ann N Y Acad Sci. 
1977;301(1):3-29. doi: 10.1111/j.1749-6632.1977.tb38182.x

5. Gibson W, Wand BM, Meads C, Catley MJ, O’Connell NE. 
Transcutaneous electrical nerve stimulation (TENS) for 
chronic pain—an overview of Cochrane Reviews. 
Cochrane Database Syst Rev. 2019;4(4):CD011890. doi: 10. 
1002/14651858.cd011890.pub2

6. DeSantana JM, Walsh DM, Vance C, Rakel BA, Sluka KA. 
Effectiveness of transcutaneous electrical nerve stimulation 
for treatment of hyperalgesia and pain. Curr Rheumatol Rep. 
2008;10(6):492-499. doi: 10.1007/s11926-008-0080-z

7. Vance CG, Dailey DL, Rakel BA, Sluka KA. Using TENS for 
pain control: the state of the evidence. Pain Manag. 
2014;4(3):197-209. doi: 10.2217/pmt.14.13

8. Polkey MI, Luo Y, Guleria R, Hamnegård CH, Green M, 
Moxham J. Function magnetic stimulation of the abdomini
al muscles in humans. Am J Respir Crit Care Med. 
1999;160(2):513-522. doi: 10.1164/ajrccm.160.2.9808067

9. Kinney BM, Lozanova P. High intensity focused electro
magnetic therapy evaluated by magnetic resonance imag
ing: safety and efficacy study of a dual tissue effect based 
non-invasive abdominal body shaping. Lasers Surg Med. 
2019;51(1):40-46. doi: 10.1002/lsm.23024

10. Ellaway PH, Davey NJ, Maskill DW, Rawlinson SR, Lewis 
HS, Anissimova NP. Variability in the amplitude of skeletal 
muscle responses to magnetic stimulation of the motor 
cortex in man. Electroencephalogr Clin Neurophysiol. 
1998;109(2):104-113. doi: 10.1016/s0924-980x(98)00007-1

11. Estenne M, Pinet C, De Troyer A. Abdominal muscle 
strength in patients with tetraplegia. Am J Respir Crit 
Care Med. 2000;161(3Pt 1):707-712. doi: 10.1164/ajrccm. 
161.3.9906020

12. Kyroussis D, Polkey MI, Mills GH, Hughes PD, Moxham J, 
Green M. Simulation of cough in man by magnetic stimula
tion of the thoracic nerve roots. Am J Respir Crit Care Med. 
1997;156(5):1696-1699. doi: 10.1164/ajrccm.156.5.9702008

13. Porcari JP, McLean KP, Foster C, Kernozek T, Crenshaw B, 
Swenson C. Effects of electrical muscle stimulation on 
body composition, muscle strength, and physical appear
ance. J Strength Cond Res. 2002;16(2):165-172. doi: 10. 
1519/1533-4287(2002)016%3C0165:eoemso%3E2.0.co;2

14. Filipovic A, Kleinöder H, Dörmann U, Mester J. 
Electromyostimulation—a systematic review of the effects 
of different electromyostimulation methods on selected 
strength parameters in trained and elite athletes. J 
Strength Cond Res. 2012;26(9):2600-2614. doi: 10.1519/jsc. 
0b013e31823f2cd1

15. Adams V. Electromyostimulation to fight atrophy and to 
build muscle: facts and numbers. J Cachexia Sarcopenia 
Muscle. 2018;9(4):631-634. doi: 10.1002/jcsm.12332

16. Sadick N, Rothaus KO. Aesthetic applications of radiofre
quency devices. Clin Plast Surg. 2016;43(3):557-565. doi: 
10.1016/j.cps.2016.03.014

17. Huffman SD, Huffman NP, Lewandowski RJ, Brown DB. 
Radiofrequency ablation complicated by skin burn. 

8                                                                                                                                       Aesthetic Surgery Journal Open Forum

https://doi.org/10.1002/lsm.22153
https://doi.org/10.1111/j.1749-6632.1977.tb38182.x
https://doi.org/10.1002/14651858.cd011890.pub2
https://doi.org/10.1002/14651858.cd011890.pub2
https://doi.org/10.1007/s11926-008-0080-z
https://doi.org/10.2217/pmt.14.13
https://doi.org/10.1164/ajrccm.160.2.9808067
https://doi.org/10.1002/lsm.23024
https://doi.org/10.1016/s0924-980x(98)00007-1
https://doi.org/10.1164/ajrccm.161.3.9906020
https://doi.org/10.1164/ajrccm.161.3.9906020
https://doi.org/10.1164/ajrccm.156.5.9702008
https://doi.org/10.1519/1533-4287(2002)016%3C0165:eoemso%3E2.0.co;2
https://doi.org/10.1519/1533-4287(2002)016%3C0165:eoemso%3E2.0.co;2
https://doi.org/10.1519/jsc.0b013e31823f2cd1
https://doi.org/10.1519/jsc.0b013e31823f2cd1
https://doi.org/10.1002/jcsm.12332
https://doi.org/10.1016/j.cps.2016.03.014


Semin Intervent Radiol. 2011;28(02|2):179-182. doi: 10. 
1055%2Fs-0031-1280660

18. Elsaie ML. Cutaneous remodeling and photorejuvenation 
using radiofrequency devices. Indian J Dermatol. 
2009;54(3):201-205. doi: 10.4103/0019-5154.55625

19. Saleh BEA, Teich MC. Fundamentals of Photonics. John 
Wiley; 1991.

20. Willey A, Anderson RR, Azpiazu JL, et al. Complications of 
laser dermatologic surgery. Lasers Surg Med. 2006;38(1): 
1-15. doi: 10.1002/lsm.20286

21. Katz B, Doherty S. Safety and efficacy of a noninvasive 
1,060-nm diode laser for fat reduction of the flanks. 
Dermatol Surg. 2018;44(3):388-396. doi: 10.1097/dss.00 
00000000001298

22. Mezzana P, Antonucci MG, Fusco I. Preclinical and clinical 
evaluation of the performance and safety of a novel energy- 
based device for body shaping: a pilot study. J Cosmet 
Dermatol. 2021;20(8):2486-2492. doi: 10.1111/jocd.14206

23. K192107 Trade/Device Name: Clarius Ultrasound Scanner 
Regulation Number: 21 CFR 892.1550 Regulation Name: 
Ultrasonic pulsed Doppler imaging system Regulatory 
Class: Class II Product Code: IYN, IYO, ITX Dated: 

August 2, 2019. Accessed August 5, 2019. https://www. 
accessdata.fda.gov/cdrh_docs/pdf19/K192107.pdf

24. Sullivan GM, Artino AR. Analyzing and interpreting data 
from Likert-type scales. J Grad Med Educ. 2013;5(4): 
541-542. doi: 10.4300/jgme-5-4-18

25. Dibernardo G, Dibernardo B. Prediction of treatment out
comes for neck rejuvenation utilizing a unique classification 
system of treatment approach using a 1440-nm side-firing la
ser. Aesthet Surg J. 2018;38(Suppl_2):S43-S51. doi: 10.1093/ 
asj/sjy066

26. Suetta C. Plasticity and function of human skeletal muscle 
in relation to disuse and rehabilitation: influence of ageing 
and surgery. Dan Med J. 2017;64(8):B5377.

27. Marusic U, Narici M, Simunic B, Pisot R, Ritzmann R. 
Nonuniform loss of muscle strength and atrophy during 
bed rest: a systematic review. J Appl Physiol (1985). 
2021;131(1):194-206. doi: 10.1152/japplphysiol.00363.2020

28. Roth F, Abbadi A, Herman O, Pavelek M, Prenosil V. 
Compact hybrid real-time hyperspectral imaging system 
with high effective spatial, spectral, and temporal resolu
tion. Proceedings of the SPIE 10024, Optics in Health 
Care and Biomedical Optics VII, 100243B. October 31, 
2016, Beijing, China.

Rothaus and Brown                                                                                                                                                                      9

https://doi.org/10.1055%2Fs-0031-1280660
https://doi.org/10.1055%2Fs-0031-1280660
https://doi.org/10.4103/0019-5154.55625
https://doi.org/10.1002/lsm.20286
https://doi.org/10.1097/dss.0000000000001298
https://doi.org/10.1097/dss.0000000000001298
https://doi.org/10.1111/jocd.14206
https://www.accessdata.fda.gov/cdrh_docs/pdf19/K192107.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf19/K192107.pdf
https://doi.org/10.4300/jgme-5-4-18
https://doi.org/10.1093/asj/sjy066
https://doi.org/10.1093/asj/sjy066
https://doi.org/10.1152/japplphysiol.00363.2020

	Evaluation of a Combination Approach �to Improving Muscle Tone and Decreasing Subcutaneous Tissue Thickness Using �a Sequential, Dual-Modality, Energy-Based Device
	METHODS
	Patient Selection
	Protocol

	RESULTS
	DISCUSSION
	CONCLUSIONS
	Disclosures
	Funding
	REFERENCES




