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ABSTRACT

To date, there have been no objective measurements of subcutaneous volume loss following treatments
with a noninvasive radiofrequency (RF)-based device. Twenty female patients were treated with a suction-
coupled bipolar RF device using external RF energy combined with pulsed electromagnetic RF energy for
subcutaneous fat reduction. Parameters followed included weight, Vectra measurements of abdominal
circumference and torso volume, and high-definition ultrasound measurements of fat thickness.
Measurements were taken before treatment and three times following treatment. Analysis of the measured
parameters showed that mean circumference reduction of 2.30 cm was noted at three months post-
treatment. Independent volumetric analysis showed a mean subcutaneous volume reduction of 428 cc
three months following RF treatment. High-resolution ultrasound fat thickness was reduced by a mean of
39.6% three months following the final BodyFX treatment. Independent and paired-sample t-tests showed
a p value of <0.05. Repeated measures of analysis of covariance (ANCOVA) adjusted for differences in age,
as well as height and weight (proxy for body mass index) to minimize individual differences and control for
extraneous variables that may affect the pre- and post-treatment results were analyzed. No confounding
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variables were found. All analyses were conducted using IBM SPSS 21.0.

Introduction

While many noninvasive devices using varied energy sources
claim to cause permanent subcutaneous fat loss, few have
peer-reviewed studies substantiating objectively measured
volumetric loss combined with serial observation of the adi-
polytic mechanism. This study was designed to follow multiple
non-human-generated measurement parameters during the
course of treatment and for three months following cessation
of treatment. The limitations of a handheld measuring tape,
especially without postural or breathing control, are obvious.
There are difficulties in reproducibly measuring subcutaneous
fat thickness, even with a high-resolution ultrasound device
and a stencil created for each patient and re-used at each time
point. A computerized volumetric 3D measurement of subcu-
taneous fat changes was developed for this study, using serial
measurements taken with the Canfield Vectra system prior
to study inception, and again at four weeks and eight weeks
into the study. These posture and breathing cycle controlled
measurements were taken again one month and three months
following cessation of bipolar abdominal radiofrequency (RF)
treatments. Patient weight was tightly controlled; two patients
were discontinued from the study for weight variances of
over 5 pounds. One patient failed to show up for her final
evaluation.

Materials and methods

Twenty consecutive female patients ranging in age from 19
to 66 were recruited for this noninvasive study after meeting
inclusion criteria. These included a previously untreated region
of localized periumbilical fat, a BMI ranging from 18 to 31, a
nonpregnant and nonlactating status, the ability and willing-
ness to receive eight weekly treatments, and a stable weight, not
deviating more than five pounds from their initial unclothed
weight. Exclusion criteria included a sore in the treatment
region, serious ongoing medical illness or infection, unrealistic
expectations, and a chronic disease such as diabetes that might
impair the ability to heal. Mean patient age was 41.71. Average
height was 166.47 cm, and mean weight pre-treatment was
151.53. At one-month post-treatment, the average weight was
150.2 Ib, and at 3 months following treatment it was 152.54 Ib.
Average BMI before treatment was 24.62. Our cohort’s mean
BMI was 3.48 points lower than the average American woman’s
at 28.1. Three months following the final treatment, mean BMI
was 24.67. Patients were counseled not to change any cur-
rent diet or exercise plans in an effort to eliminate these as
variables.

The treatment device used was the InMode BodyFX, which
combines two forms of bipolar RF energy in order to generate
irreversible electroporation-based adipocytolysis. First, the
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patient was marked in an upright position so that serially pro-
tuberant regions of the lower abdomen could be demarcated in
an area measuring 10 X 15 centimeters. The patient was then
placed upon a stable surface in the supine position. No topical
anesthetic or conducting gel was used. The handpiece was placed
perpendicular to the recipient’s skin, and initial settings used
are 40 watts of energy, a maximum temperature of 41°C, and a
pulse width of 2-5. The suction coupled vacuum was initiated
by a footswitch. During this study, the device was programmed
to only heat tissue initially, so a 50% overlap was patterned in
order to generate subcutaneous heating in the demarcated seg-
ment. Once the tissue reached target temperature as measured
by the external thermistor, the electromagnetic pulses were ini-
tiated. A rotating pattern of treatment pulses was performed
within the diagrammed segment. Once the target temperature
was initiated and high-voltage pulses were begun, the treatment
continued in the demarcated area for a period of ten minutes.
In addition to time, the clinical treatment conclusion param-
eters included palpable warmth and erythema throughout the
treated tissue and a change in palpable resistance to a soft pinch.
Once the lower abdominal region, including the periumbilical
area, was treated, a second treatment region covering the epi-
gastrium was initiated. Since the periumbilical region is tradi-
tionally a “trouble spot,” 50% overlap over the initial treatment
area was utilized. Following treatment, no dressings or topical
agents were used. Expected sequelae included palpable warmth
and erythema lasting up to an hour, mild bruising, and mild
swelling. Complications could have included arc burns, pain
or discomfort requiring analgesic medication, peripheral mar-
gins of demarcation, and less than hoped for subcutaneous fat
reduction. None of these were experienced in the treatment
population.

The patient’s unclothed weight was taken on a calibrated dig-
ital scale immediately prior to each treatment. Other monitored
variables included Canfield Vectra 3D photograph generated
circumference and volumetric measurements of the epigas-
trium, mid, and lower abdomen utilizing a breathing cycle and
postural control. A Phillips ultrasound device using a 15/2-mm
high-resolution linear array was used to measure subcutaneous
fat thickness at the 12 oclock, 3 oclock, 6 oclock and 9 oclock
position 1 cm from the umbilical verge. These measurements
were taken before treatment initiation, immediately following
the fourth and eighth/final treatment, and again one month and
three months following treatment cessation.

Results

Seventeen out of twenty patients completed the study during
a five-month period. One excluded patient gained over five
pounds, and one lost over five pounds. One patient failed to
appear for her final evaluation.

Instead of measuring only periumbilical circumference, the
Canfield Vectra system (Figure 1) measures torso circumfer-
ence at the umbilical reference point, and each 20 millimeters
above and below the umbilical reference point. Table 1 shows
the mean change in torso circumference per zone, with “0”
being the umbilical reference point, “+ 20” being 20 mm above
the umbilicus, and “—40” being 40 mm below the umbilicus.

Figure 1. The Canfield scientific photographic station.

Table 2 shows mean ultrasound thickness change by location, as
measured by a single technician at one centimeter distal to the
umbilical verge at 12 oclock, 3 oclock, 6 oclock, and 9 oclock
using a stencil pattern.

Volumetric change (Table 3) was calculated by an uninvolved
Canfield technician. Each 20-mm segment of the patients
measured torso (Figure 2)—for example, 0 to —20 mm—was
subjected to a computer-based algorithm which calculated
volume based on circumference and the measured cross section
surface area. Table 3 shows the mean change in volume at each
segment.

Figures 5-8 show the progression of cellular change over
time under scanning electron microscopy performed at Colo-
rado State University.

Statistical analysis

Frequencies, means, and standard deviations for each charac-
teristic were reported. A paired-sample t-test was computed
for pre- and post-treatment effects. BMI group differences in
pre-treatment volumetric fat measurement, post-treatment
volumetric fat measurement, and total volumetric fat loss
were analyzed using independent ¢-test. A repeated-measures
ANCOVA was computed for pre- and post-treatment effects
at five different time points adjusting for the following
covariates: age and BMI at baseline. Two-tail significance
level of 0.05 was used. All analyses were conducted using IBM
SPSS 21.0.
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Table 1. Overall group mean change of circumference measurement of the abdomen at each plane—before treatment and after treatment at 1 month and at 3 months

(N = 17 females).

Before treatment After 1 month After 3 months ACHANGE
Plane Mean *+ SD Mean *+ SD Mean * SD ACHANGE 1 month 3 months
+60 85.53+12.21 84.86+11.86 81.18 = 11.04* 0.67 1.42
+50 86.91+ 1236 85.90 = 12.40 82.07 = 11.60* 1.01 1.89
+ 40 88.53 +12.26 87.24 + 12.64* 83.40 + 12.02* 130 232
+30 90.25 +12.06 88.83+12.71* 85.08 + 12.26* 143 2.61
+20 91.95+11.79 90.56 + 12.65* 86.90 + 12.37* 1.38 2.73
+10 93.53+11.44 92.28 + 12.50* 88.78 + 12.36" 1.25 2.71
+0 95.24 +11.21 94,17 £12.45 90.94 = 12.43* 1.07 2.52
-10 96.47 +10.93 95.56 = 12.26 92.36 + 12.30* 0.90 2.39
—20 97.55+10.93 96.73 £12.28 93.51 + 12.30" 0.82 227
-30 98.69 + 11.01 97.91+12.29 94,66 +12.31* 0.77 2.16
—40 99.69 = 11.07 98.99 = 12.31 95.66 +12.33 0.70 2.08
—-50 101.02*+12.14 100.43 = 13.51 97.24 = 14.15 0.60 134
- 60 99.46 + 12.62 98.75 + 14.35 97.43 +15.20 0.71 1.81
—-70 97.92 +10.26 97.16 1213 94,07 +£11.52 0.76 2.23
Sum of change 14.76 cm at 14 sites 32.30 cm at 14 sites

The average means of N = 17 patients who underwent noninvasive fat reduction procedure is shown. The numbers were derived from Canfield Vectra M4-360 Body
Imaging System, which measures circumference (mm) of abdomen at different planes. The change scores are derived from three time points: before treatment, after
treatment at 1 month, and after treatment at 3 months. The overall group mean indicates that on average, there was a total of 14.76-mm circumference reduction at
1 month and 32.30-mm circumference reduction at 3 months following the final BodyFX treatment. Mean change per measurement site was 1.05 cm at 1 month and

2.36 cm per site at 3 months post-treatment.
“p < 0.05.

Complications

Expected sequelae included temporary erythema or dis-
comfort, bruising, or minor swelling. Three patients noted
the sensation of uncomfortable heat in the treatment region,
which was immediately improved with the application of cool
compresses.

An unexpected sequela—a temporary problem which would
resolve without further treatment—was experienced by one
patient. She had mild petechiae in the treatment region lasting
48 hours after one treatment session.

Complications—unexpected side effects that might require
further intervention—were not noted. Risks of treatment
reviewed with each patient prior to treatment included little to
no improvement in fat thickness, asymmetry or unevenness,

Table 2. Overall study participants’ fat reduction treatment results: Vectra 3D
ultrasound abdomen thickness measurement (cm).

Before treatment  After 1 month  After 3 months

Bivariate analysis Mean = SD Mean = SD Mean = SD
US at 12 o'clock 2.72 = 892 1.84 + 667" 1.73 + .714*
US at 3 o'clock 2.90 = .563 1.64 = .533**  1.56 * .658"*
US at 6 o'clock 2.68 = .853 1.83 = .661** 1.84 = .779**
US at 9 o'clock 281 *.727 1.55 = .503**  1.58 = .702**
Before treatment  After 1 month  After 3 months
Repeated-measures ANCOVA Mean = SE Mean = SD Mean = SD
US at 12 o'clock 2.63 = .283 1.74 = 202" 1.68 = .218**
US at 3 o'clock 2.83 £.160 1.57 =.164**  1.55 + .188"*
US at 6 o'clock 2.60 = .249 1.71 £ .184™  1.76 = .204™
US at 9 o'clock 2.82 = .237 149 = 150"  1.57 £ .179**

The repeated-measures ANCOVA has been adjusted for the following variables: age
(years) and height (cm). Overall group means of abdominal subcutaneous thick-
ness as measured from the basal dermis to Scarpa’s fascia at the same locations,
measured at 1 cm from the umbilical verge at 12 o'clock, 3 o'clock, 6 o'clock, and
9 o'clock, after adjusting for age (in years) and height (in cm) are shown.

*p <.05; *p <.001.

prolonged bruising or swelling, prolonged erythema, a burn,
skin discoloration, less than hoped for fat loss, or a pattern
ledge. Three patients noted they would like to have lost more fat
volume. No patients had any other complications.

Histology was performed by evaluating serial biopsies
from four volunteers over time using scanning electron
microscopy at Colorado State University, due to the known
variables in performing traditional histologic evaluation
of adipose tissue unattached to any stabilizing structures.
Fractional adipose tissue death over time was described
as poroptosis, generated by progressive poration and lipid
droplet egress over time.

Discussion

Many noninvasive devices claim subcutaneous fat reduction
(1-8), but few studies show totally objective measurements of
outcome. Accurate quantification of volumetric fat reduction is
difficult (9,10). Auh and Alum (11) note that while magnetic
resonance imaging (MRI) is the current “gold standard,” it is
costly and may not be readily available. Two dimensional pho-
tographs are commonly used as “proof” of outcome, but patient
position, lighting, change in patient weight, clothing, and a dif-
ference in camera operator personnel are noted confounding
variables. Image editing is fairly easy to do and may be difficult
to detect.

The authors note that handheld circumference measure-
ments are the most common basis of claims for fat reduction
(12-15). Variables in taking waist circumference measure-
ments include more than one person taking the measurements,
the use of a tension-controlled versus handheld measuring
tape, the location at which the measuring tape is placed, the
subjective tightness or looseness of the tape due to chosen out-
come bias, lack of postural controls, and lack of breathing cycle
controls.
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Table 3. Overall group mean change of sectional volume measurement of the abdomen at each plane—Dbefore treatment, after treatment at 1 month and at 3 months

(N = 17 females).

Before treatment After 1 month After 3 months ACHANGE ACHANGE

Plane Mean =+ SD Mean *+ SD Mean =+ SD 1 month 3 months
+ 60 563.11 £ 161.51 551.83 = 159.85 501.91 = 144.51* 11.29 20.21
+50 582.24 = 165.26 567.47 = 166.26 515.27 = 151.47* 14.77 24.96
40 603.55 *+ 166.63 586.77 =170.48 533.35 + 157.22* 16.78 29.37
+30 625.74 = 167.00 608.45 = 173.68* 554.57 = 162.09* 17.29 32.65
+20 646.98 = 165.09 629.95 = 175.47* 576.84 = 165.78* 17.03 35.14
+10 665.90 = 162.95 649.73 + 175.24* 598.35 + 168.41* 16.17 36.45
+0 684.28 £ 161.13 669.86 = 176.28 619.70 = 171.11% 14.42 36.01
=10 705.69 = 162.52 693.06 = 179.71 642.68 = 174.41* 12.63 34,99
—20 726.46 = 165.19 714.89 +183.12 663.56 + 177.50* 11.57 34.05
—30 744.74 = 168.27 733.99 £ 186.84 680.95 = 180.13* 10.75 33.10
—40 767.52 = 187.38 757.12 £ 208.38 705.36 = 206.90 10.41 20.01
—50 74494 +198.47 733.58 £225.93 710.90 + 225.38 11.36 26.21
—60 720.53 £162.29 707.74 £ 192.07 655.52 = 155.35 12.79 33.88
—-70 727.03£126.12 701.93 £ 147.65 687.93 = 160.39 25.10 31.43

Sum of change 202.36 cc 428.46 cc

The average means of N = 17 patients who underwent noninvasive fat reduction procedure are shown. The numbers were derived from Canfield Vectra M4-360 Body
Imaging System, which measures sectional volume (cc) of abdomen at different planes. The change scores are derived from three time points: before treatment, after
treatment at 1 month, and after treatment at 3 months. The overall group mean indicates that on average, there was a total of 202.36-cc volume reduction at 1 month, and
428.46-cc volume reduction from abdomen at 3 months following the final BodyFX treatment.

“p < 0.05.

The Likert patient satisfaction scale is another commonly
used method of rating procedure outcomes (16-18). This scale
assumes a linear progression of “strongly agree” to “strongly
disagree” Some studies quote a percentage of patient satisfac-
tion; these are frequently quite subjective and are often assessed
directly by involved study members (19).

Skinfold caliper measurements are also noted as an index of
fat reduction or gain (20-22). Variables of this method include
a lack of consistent positioning of the measured location, a
change in the amount of skin and fat grasped, and variation in

PRE (Green rings) vs.
POST 8 Weeks

the pressure of the pinch, as well as inconsistent device types.
Different people performing the measurement will certainly use
different techniques.

Ultrasound fat thickness has become more common as a
measurement of localized fat reduction (23-27), especially
when a noninvasive device is used. However, AA notes that
outcome is highly dependent on operator expertise. Variables
in measuring fat thickness include the level of tissue hydration
(28), the pressure with which the operator places the trans-
ducer, the variations in actual location of the transducer from

Post 8 Week

Plane Circumference Volume Plane Circumference Volume

60 75.51 cm 868.0cc 60 72.35 cm 798.2cc

40 79.78 cm 956.2cc 40 74.96 cm 861.2cc

20 84.67 cm 1077.7cc 20 79.41cm 961.7cc
0 90.57 cm 0 85.65 cm

20 93.16 cm 1200.1cc -20 88.82 cm 1070.5cc

-40 96.22 cm 1310.8cc -40 91.81cm 1170.7cc
60 98.72 cm 1408.4cc -60 94.38 cm 1258.3cc

Sum volume: 6821.2cc Sum Volume: 6120.1cc

A= -701.1cc

Figure 2. Vectra 3D measurements taken at intervals were evaluated by a computer technician using an algorithm based on serial circumference measurements taken
20 mm apart, as measured above and below the center of the umbilicus. The cylindrical segmental volumes were used to calculate the volume of the total as measured
from + 60 to —60 mm. This patient had an abdominal adipose volume reduction of 701 cc.
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Figure 3. A 23-year-old woman 3 months following eight BodyFX treatments
combining suction coupled external radiofrequency heating with a train of
electrical impulses to induce adipocyte poration. Her BMI was 21.2.

Figure 4. A 52-year-old overweight woman 3 months following eight BodyFX
treatments. Her weight before treatment was 152 Ib; weight after treatment was
153 Ib. BMI was 28.5. Estimated volumetric loss was 701 cc.

one time interval to the next, and the posture and position of
the patient.

MRI and computerized axial tomography scans are heavily
utilized by other specialties in the accurate assessment of fat
volume (29-37). However, with aesthetic procedures, medical
insurance will not cover the cost of these studies, so the rare
aesthetic study utilizing this measurement modality is likely to
be funded by a grant (38).

An emerging objective measurement method is 3D imaging
(39). In the past, multiple studies have used this method to mea-
sure skin surface area contraction (40-42), but few have used
the device to measure soft tissue volumetric change (42,43).
Variables with this modality include breathing cycle and pos-
ture. Patient clothing, and weight gain or loss during treatment
intervals can also affect the measurements.

Advantages to the use of 3D photographic analysis include
the ability to eliminate the clothing and patient weight vari-
able by incorporating guidelines for this into the study. Both

SEI 5.0kV X600 WD S.1mm 10pm

Figure 5. Control adipocyte prior to treatment with BodyFX noninvasive radiofre-
quency body contouring device.
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EM Center SEI 50kV X1,100 10um WD 12.0mm

Figure 6. Adipocyte treated with BodyFX immediately following eighth and final
treatment: hundreds of lipid droplets egress through pores created by irreversible
electroporation.

postural and breathing cycle controls can be tightly controlled.
While variability with all measurement modalities is unavoid-
able, objective measurements best reflect the true outcome of
a certain treatment type, especially when the data is analyzed
oft-site by a disinterested third party (44).

This study utilized both high-resolution ultrasound and
Canfield Vectra 3D photography with serial circumference
measurements and algorithmically derived volumetric change
measurements by an oft-site third party in an effort to show real
and reproducible outcomes.

Conclusions

Application of temperature-controlled RF bulk heating plus
trains of high-voltage, ultrashort pulse duration RF with the
BodyFX once weekly for 8 weeks resulted in the following
changes to the adipose tissue:

1. As measured by ultrasound, mean subcutaneous fat
thickness before treatment was 2.78 cm. The mean

SEI 5.0kV

X900 WD6.0mm  10pm

Figure 7. Adipocyte showing giant lipid droplet egress through a large membrane
pore 1 month following final radiofrequency treatment with BodyFX. Poration
response varies from cell to cell; the process is fractional.
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SEI 5.0kV X230 WD 19.6mm 100pm

Figure 8. Adipocyte “strawberry” response pattern 3 months following final treat-
ment. This pattern is marked by large pores in the adipocyte which the adipocyte
has tried to repair. Some cells survive, and some have completely lost their lipid
content.

subcutaneous thickness reduction was 1.10 cm at three
months following the final BodyFX treatment. The mean
reduction in adipose thickness was 39.6% three months fol-
lowing the final treatment.

. Vectra 3D measurements showed a mean abdominal cir-

cumferential reduction of 2.30 cm three months following
the final treatment.

. Vectra 3D measurements documented a 428.46-cc mean

volume loss of fat at the 3-month timepoint.

. RF-induced fat loss caused by electroporation-induced

cell death generated a fractional tissue response with what
appears to be a combination of fat loss and soft tissue
tightening. However, obese patients and those with severe
skin laxity are best treated with more traditional methods.

. 2D photographs taken before treatment and 3 months

post-treatment showed excellent results in thinner patients
(Figure 3), and significant improvement in overweight
patients (Figure 4).
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