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 ABSTRACT

Objective: This study investigates the effects of high-intensity focused electromagnetic technology for induction of changes in abdomi-
nal muscles and abdominal subcutaneous fat.
Methods: 22 male and female subjects (aged 34 to 64, mean BMI, 23.5kg/m2) underwent 8 treatments of the abdomen (2 per week) 
with a high-intensity focused electromagnetic field device. Subjects were scanned by computed tomography (CT) at baseline and 1 
month after the eighth treatment. Sub-umbilical and epi-umbilical slices were used to measure the thickness of subcutaneous fat and 
abdominal muscles and the abdominal separation. In addition, standardized photographs, weight, and circumference measurements 
were collected.
Results: While comparing baseline to follow-up measurements, CT data showed on average 17.5% (-3.1±1.9mm) reduction in subcu-
taneous fat and simultaneous 14.8% (+1.5±0.8mm) thickening of the rectus abdominis muscle. Subjects lost on average 3.9±3.1cm in 
the waist circumference. Most of the waist reduction effect was achieved after the fourth treatment. The width of abdominal separation 
decreased by 9.5% (-2.0±1.7mm). All results were highly significant (P<0.01) while weight change was insignificant (P<0.05). Digital 
photographs showed aesthetic improvement in most subjects. The treatments were painless and without adverse events.
Conclusion: Results suggest that the investigated device is effective for abdominal body sculpting. This technology produced rectus 
muscle hypertrophy and a reduction in subcutaneous abdominal fat. Data suggests 4 treatments as the ideal protocol delivering 86% 
of the observed improvement.
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 INTRODUCTION

Long-term intensive resistance training programs are 
known to improve isometric strength1,2 and result in 
muscle hypertrophy,3,4 with accepted hypotheses that 

the hypertrophic effects are primarily caused by induced mus-
cular micro injury.5,6 Yet studies demonstrate that approximately 
50% of people attempting to follow some kind of exercise pro-
gram drop out due to lack of motivation after several months.7,8 
Magnetic stimulation was investigated as an alternative to re-
sistance training and  results showed improvement in muscle 
strength.9,10

Recent studies11–14 reported that intense muscle contractions 
induced by application of high-intensity focused electromag-
netic (HIFEM) technology increased anterior abdominal muscle 
mass, reduced subcutaneous fat thickness, and reduced the 
distance between the rectus abdominis muscles. The net result 
was a reduction in abdominal waist circumference and an im-
provement in the overall appearance of the abdomen. HIFEM 
technology is based on a rapidly changing magnetic field gen-

erated with a wire coil that, as described by the Faraday’s law of 
electromagnetic induction, induces a secondary electric current 
in the underlying tissue.15 The current triggers action potentials 
in motor neurons which consequently lead to muscle contrac-
tions in the area of application.15

Initial HIFEM studies that reported changes in both muscle and 
fat tissues applied four-treatments. It has been proposed that 
a higher number of induced muscle contractions will result 
in more muscle micro injury with resultant increased muscle 
hypertrophy and fat reduction. However, studies that have in-
vestigated this hypothesis are lacking. 

This study investigated an extended treatment protocol of a 
novel device (EMSCULPT, BTL Industries Inc., Boston, MA) uti-
lizing a high-intensity focused electromagnetic (HIFEM) field. 
The goal of this study is to evaluate the safety and effects of 
adipose and muscle tissues in the abdomen using computed 
tomography (CT) and an extended treatment protocol. 
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rectus abdominis muscle, and the width of abdominal muscle 
separation. Measurements were taken at both epi-umbilical and 
sub-umbilical slices, and their average was recorded.

Waist circumference was measured at baseline and after each 
treatment by anthropometric tape. The measurements were 
performed at the upper edge of the umbilicus which served as 
a standardized point throughout the measurements. Further, 
standardized photographs and weight measures were taken 
throughout the study to monitor the subjects’ progress. All 
data were statistically tested for significance using two-sample 
paired t-test with the significance level α set to 5%.

 RESULTS
All 22 subjects completed the full set of treatments and un-
derwent CT imaging at baseline and 1 month after the last 
treatment. The weight of all subjects was maintained within 5 lbs 
of the baseline with an average weight change of 1.0 lb (P>0.05). 
Fat thickness and abdominal separation were reduced, while 
muscle thickness increased significantly at the 1-month mea-
surements. Waist circumference was gradually decreasing over 
the course of the treatments. The result summary can be seen 
in Table 1.

Evaluation of the CT scans showed a statistically significant in-
crease (P<0.001) of rectus abdominis muscle thickness by an 
average of 14.8% (1.5±0.8mm). All subjects demonstrated an 
increase in muscle thickness except subject ID15 who did not 
show any muscle thickening despite a 14.6% abdominal fat 
reduction.  In 15 subjects the measured muscle thickening ex-
ceeded 10%. 

Analysis of the subcutaneous adipose tissue revealed a notice-
able decrease (P<0.001) in the average fat thickness by 17.5% 
(-3.1±1.9mm). In 18 out of the 22 subjects, the measured reduc-
tion in subcutaneous fat exceeded 10%, and 12 out of the 22 
subjects showed fat reduction higher than 16%. Subject ID10 did 
not show any fat reduction while her abdominal muscle thick-
ened by 8%. Subject ID8 had an extremely thin fat layer and it 

 MATERIALS AND METHODS
Study Design
Eligible candidates for this study were men or women aged 21-65 
years with no weight changes exceeding 5 lbs in the preceding 
month. For the duration of the study, subjects were instructed to 
avoid major diet and lifestyle changes. Exclusion criteria for this 
study ruled out candidates with pregnancy, implanted electronic 
devices, metal implants (in near proximity to the treatment area, 
such as hip replacements; shoulder replacements, and/or knee 
replacements were not considered as exclusion criteria), heart 
disorders, treatment for active malignancy, and any medical 
conditions contraindicating the application of an electromag-
netic field. 

In total, 3 male and 19 female subjects were recruited for the 
study. The subjects aged from 34 to 65 years (mean age, 47.3±8.5 
years) and had a mean BMI of 23.5±3.5 kg/m2. Before the 
treatments, all subjects received informed consent about the 
treatment procedure and signed written consent. The treatment 
was applied to the abdomen using the EMSCULPT device (BTL 
Industries Inc., Boston, MA) based on HIFEM technology. The 
device consists of a control unit and a cable connecting the unit 
to a coil applicator, which is applied over the treatment area. 
The circular coil located in the applicator induces a magnetic 
field with intensities reaching up to 1.8 T and an active depth of 
approximately 7cm.

The treatment protocol consisted of 8 sessions kept 2-3 days 
apart. The protocol was approved by IRB and conformed to 
the ethical guidelines of the 1975 Declaration of Helsinki. The 
duration of a single treatment was 30 minutes. Subjects were 
positioned in a supine position, and the treatment was per-
formed by placing the applicator centred over their umbilicus. 
The applicator was secured by a Velcro belt. During the first 
session, the intensity of the magnetic stimulation was initially 
set to low levels of around 10% of the device’s maximum out-
put to allow the subjects experience the sensation felt during 
the treatment. The intensity was then gradually increased to in-
duce challenging but not painful muscle contractions just below 
subjects’ tolerance threshold. All subjects reached 100% inten-
sity and were able to maintain this level of stimulation during 
treatment sessions. During each session and follow up visit the 
subjects were screened for any adverse events related to the 
treatment.

Data Collection
Computed tomography (CT) imaging was used to evaluate the 
outcome of the treatments. Subjects were scanned by a General 
Electric VCT 64 Slice Lightspeed CT scanner (the body section 
defined by the T2 and S1 vertebrae) at baseline and 1 month af-
ter the last treatment. The sub-umbilical and epi-umbilical slices 
were extracted from the acquired CT scans and analyzed and 
measured for the thickness of subcutaneous fat, the thickness of 

TABLE 1.

Result Summary

Measurement Baseline 1 month FU Difference

Rectus abdominis 
thickness [mm] 

11.0±2.1 12.5±2.0
1.5±0.8 

(P<0.001)

Subcutaneous fat 
thickness [mm]

18.3±7.1 15.2±6.5
-3.1±1.9

(P<0.001)

Abdominal separation 
[mm]

20.1±9.2 18.1±8.8
-2.0±1.7

(P<0.001)

Waist circumference 
[cm]

81.1±7.9 77.2±7.4 
-3.9±3.1

(P<0.001)

Weight [lb] 143.8±23.6 142.8±23.5 
-1.0±2.8
(P>0.05)
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measurements, however, the main descent was observed dur-
ing the first four sessions (average 3.0±2.52 cm). Additional 
treatments lead to further circumferential reduction (0.93±1.78 
cm) but not to such extent as during the first four treatments.
The course of the waist circumference throughout the proce-
dure is documented in Figure 2, where a polynomial curve of a
3rd order was fitted into the data.

The subjects, who experienced muscle contractions induced by 
the electromagnetic field for the first time, described the initial 
pulses of the treatment as intense, but quickly adapted to the 
feeling and further on found the treatments comfortable. Most 
of them reported intense and strong muscle contractions but 
no discomfort. None of the subjects reported any pain associ-
ated with the treatment. Several subjects reported soreness and 
muscle fatigue on the day after the treatment, which was com-
parable to post-workout fatigue. Besides that, no adverse events 
were observed.

 DISCUSSION
The results of this study demonstrate that the HIFEM technology 
effectively induced a dual effect in abdominal fat and skeletal 
muscles. Increased muscle thickening was accompanied by re-
duction of the abdominal fat layer and waist circumference in 
almost all patients. One subject did not show fat reduction and 
one subject did not show any muscle thickening yet each sub-
ject showed improvement in at least 2 out of the 3 conducted 
measurements. There were no non-responding patients. The de-
gree of fat reduction appears to be independent of the degree of 
muscle thickening.

The increase in muscle thickness by 14.8% correlates with a 
study done by Kinney et al11 who used MRI evaluations of mus-
cle thickness 2 months after the protocol of 4 treatments and 
found an average reduction of 15.4% (Difference was statistically 
insignificant P<0.05). Because CT scans were obtained 1 month 
post-treatment, transient muscle swelling can be ruled out as 
a reason for the observed hypertrophy, as it typically resolves 
within 7 to 11 days after muscle micro injury.16 Comparison of 

was not possible to measure any change in thickness. No signifi-
cant correlation was found between the muscle thickening and 
reduced fat thickness (r=0.07, n=21, P=0.77). 

The width of abdominal rectus muscle separation showed a 
decrease on average by 9.5% (-2.0±1.7mm) (P<0.001)). No corre-
lation was found between the muscle thickening and reduction 
of abdominal separation of the right and left rectus muscles 
(r=0.35, n=20, p=0.13). Baseline and 1-month CT scans of three 
subjects are displayed as an example in Figure 1. Rectus ab-
dominis separation was not measurable in subject ID1 who had 
undergone abdominoplasty some time before this study.

Waist circumference measurements showed an average de-
crease 3.9±3.1 cm (P<0.001) when compared to post-treatment 
measurements. The decreasing trend was seen throughout all 

FIGURE 1. CT scans of three subjects taken at baseline (left) and 1 month 
post-treatment (right). (A) Subject ID 9, reduction of subcutaneous fat 
by -30.3% (-5.38mm), thickening of rectus abdominis muscle by +8.4% 
(+1.5mm). Reduction in waist circumference by -2.0cm and abdominal 
separation by 3.1mm. (B) Subject ID11, reduction of subcutaneous fat 
by -32.4% (-6.8mm) with simultaneous thickening of rectus abdominis 
muscle by +28.0% (+2.5mm) and reduction in abdominal separation by 
2.9mm. The subject lost 2.5 cm in waist circumference. (C) Subject ID 
5, reduction of subcutaneous fat by -7.7% (-1.0mm) and thickening of 
rectus abdominis muscle by +21.4% (+2.4mm). Reduction in abdominal 
separation by 0.84mm and 9cm in waist circumference.

FIGURE 2. Chart displaying the average waist circumference after 
each session.

(A)

(B)

(C)
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our results with the Kinney et al data is seen in Table 2. 
Subjects maintained their regular diet and activity level without 
any modifications. In the absence of other mechanisms of fat 
reduction, it is likely the observed fat reduction resulted from 
lipolytic and/or apoptotic actions induced by the intense muscle 
contractions during the treatment. Intensive resistance training 
is known to induce lipolysis.17,18 The study by Weiss et al14 found 
an increased apoptotic index in the porcine model after single 
HIFEM treatment. They hypothesized that local supramaximal 
sustained muscle contractions may cause high levels of lipoly-
sis which can induce stress of endoplasmic reticulum and fat 
cell apoptosis.

Our fat thickness measurements when compared to previous 
studies of Kinney et al and  Katz et al13 (Table 2) had similar fat 
reduction. Their data demonstrated 18.6% and 19% reduction 
one month post four treatments, respectively. While not entire-
ly certain, the slightly higher average improvement of Kinney 
et al might be attributed to the difference in time of the after 
measurements. Measures performed by Kinney et al were ob-
tained 2 months post-treatment, which were twice as long as 
our study. Theoretically, skeletal muscles thus had more time 
to adapt to contractions by muscle growth, and more fat cells 
could be flushed out of the system when compared to our mea-
surements 1 month post-treatment. The age of the subjects 
could also play a role. The subject group in the study by Kinney 
et al was approximately 8 years younger, and younger subjects 
could, therefore, yield more prominent changes. Similarly, for 
muscle thickness, the comparison indicates that protocol with 
more than 4 treatments may not necessarily produce any ad-
ditional fat reduction.

No changes were observed in the BMI, which can be explained 
by the fact that the increased volume of the muscles compen-
sated for the weight of the reduced fat. The waist circumference 
was reduced during the first 4 treatments (-3.0±2.52cm), then, 

the circumference reduced in a slower pace by additional 
0.93±1.78cm. This suggests that 4 treatments may be sufficient 
for inducing substantial changes in the abdominal skeletal mus-
cle.  The reduction of the waist circumference can be caused not 
only by the fat reduction but also by firmer abdominal muscu-
lature. The waist circumference reduction observed in our study 
conforms to study by Jacob et al.12 who found a reduction of 
3.29±1.9cm after the fourth treatment with HIFEM device and 
even 4.37±2.63cm reduction during 3-month follow-up.

One of the limitations of the present study is the patient popula-
tion as the study included 22 subjects. A bigger patient group 
would provide higher reliability of the statistical analysis and 
would bring a broader insight on how different patient group 
react to the treatments and whether the same result would have 
been seen. Another limitation of the study is that the present 
study evaluated the subjects 1-month post-treatment. Future 
studies focusing on longer-term evaluation and follow up regard-
ing the durability of results would be beneficial. Additionally, 
studies designed to evaluate the role of potential maintenance 
treatments for sustained improvement would be insightful. 
Functional parameters that measure isometric strength19 and 
dynamic endurance19 of abdominal muscles might provide in-
sight into actual physical conditioning.

 CONCLUSION
Results show that a HIFEM device is successful for abdominal 
body sculpting. CT scans documented improvement in both 
subcutaneous adipose tissue reduction and abdominal skeletal 
muscle hypertrophy. These results provided pleasing aesthetic 
improvement. This device also has a very low-risk profile with 
no thermal effects. Comparison with other studies suggests 
that treatment protocol including eight sessions does not nec-
essarily bring a significant increment in results compared to 4 
treatment protocol results.
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