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Introduction 

Precision in body sculpting and contouring has recently become 
popular in the aesthetic arena. While liposuction itself does not 
tighten any skin, the use of Ultrasonic Assisted Liposuction (UAL) 
technology has provided skilled surgeons the necessary tools to 
remove excess fat aggressively and uniformly [1]. This is because 
ultrasound assisted liposuction allows surgeons to not be limited 
to the deep fat layer only as observed in traditional liposuction or 
the superficial layer as observed in cryo or heat induced lipolysis 
[2]. With a surgeon’s ability to comprehensively remove fat, the 
concern of skin redundancy has become even more evident. While 
ultrasound-assisted technology may provide for small degrees of  

 
skin tightening, i.e. skin retraction, the need for more aggressive 
skin tightening measures have been established [3]. To date, 
effective skin tightening has only been feasible with a simultaneous 
wedge excision of the skin, such as brachioplasty, mini-tuck, reverse 
tuck, medial thigh tuck, upper body lift, or lateral thigh lift requiring 
an incision line and subsequent seam line. The alternative of leaving 
skin laxity untreated has resulted in unacceptable outcomes 
involving skin roll deformities and/or contour irregularities that 
appear operated looking and unnatural.

The advent of helium activated radiofrequency has resulted in 
a minimally invasive alternative to improving skin firmness while 
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Less invasive procedures that achieve results of traditionally invasive surgical 
techniques are increasingly desired by patients. One technique to increase skin firmness 
previously attained only by more invasive excisional tucking procedures includes the 
use of helium-activated radiofrequency subdermal coagulation. The effectiveness of 
helium activated radiofrequency technology to improve redundant skin firmness over 
the neck, medial thigh, arms, upper and lower back using subdermal coagulation was 
evaluated retrospectively. To confirm increased skin firmness, we measured distraction 
forces intraoperatively to pull the skin off the body 0.5 inches, 1.0 inch, and 1.5 inches 
using a trigger force meter. Distraction force (g) measurements were performed prior to 
ultrasound assisted liposuction, immediately following liposuction, and following each 
of six passes with helium activated radiofrequency. The results demonstrate significant 
increase in skin firmness shown by an increase in distraction force when compared 
to the pre-liposuction baseline. The increase in distraction forces were appreciated 
following 3 to 4 passes and continued to increase through 4 to 6 passes. Helium activated 
radiofrequency provides an effective, minimally invasive means of decreasing skin laxity 
and thus increasing skin firmness intra-operatively. The efficacy of helium-activated 
radiofrequency to perform subdermal coagulation used synchronously following 
ultrasound assisted liposuction has been demonstrated.
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avoiding more invasive excisional surgeries [4]. This advanced 
energy modality combines the unique properties of cold helium 
plasma with the efficiency of Radiofrequency (RF) energy. This 
synergy allows for acute heating of and shrinking of collagen 
molecules in the dermis and fibroseptal network with high 
precision while avoiding thermal damage to any surrounding tissue. 
This has been termed subdermal coagulation [5]. In summary, 
the simultaneous application of helium activated radiofrequency 
above has demonstrated clinical tightening of the skin. When 
applied synchronously following ultrasound assisted liposuction, 
it has resulted in increased firmness of the skin thereby excelling 
efficacy of high definition liposuction contouring results with 
avoidance of skin laxity deformities. At our center, we have been 
measuring skin firmness changes following UAL and synchronous 
helium-activated radiofrequency used during high-definition 
body contouring procedures. Surgical data from prior UAL and 
subdermal coagulation procedures was examined retroactively to 
assess extent of skin tightening. We hypothesized that clinically 
observed skin tightness would correlate with increased skin 
firmness as measured by distraction forces required to displace the 
skin away from the body.

Materials and Methods
Ultrasonic Assisted Liposuction (Vaser®) was performed on 

six different patients. Six passes of helium activated radiofrequency 
(Renuvion®) were then delivered over 9 anatomical locations: left/
right arm, left/right lower back, left/right upper back, left/right 
medial thigh, and neck (n=19). Helium activated radiofrequency 
was delivered at 80% power and a Helium flow rate of 3.0 L/min. 
The above energy was administered using previously created 
liposuction port sites using a long delivery probe and with 
application of six separate passes. The energy was delivered to the 
underlying dermis and fibroseptal network, termed subdermal 
coagulation, of above areas when skin laxity was observed. Change 
in skin firmness was documented intraoperatively using a trigger 
force meter at the center of the anatomical location of maximum 
skin laxity. Displacement force (grams) was measured at skin 
displacements of 0.5 inches, 1.0 inch, and 1.5 inches away from the 
body for the pre-lipo, post-lipo, and immediately following each 
pass of activated helium radiofrequency. Patients were evaluated for 
the change in skin firmness from pre- and post- Vaser liposuction 
through 6 passes of Renuvion Helium Plasma at nine (9) anatomical 
locations, including 1) left/right arm, 2) left/right lower back, 3) 

left/right upper back, 4) left/right medial thigh, and 5) neck. Given 
the limited sample size (n=19), all gross anatomical locations 
were consolidated with regards to the change in skin firmness, 
via displacement force (grams). Consolidation requires evaluating 
the magnitude of change (i.e. the ratio) and the % change from 
preliposuction to post treatments. Above values were statistically 
compared utilizing a repeated measuring model. The threshold of 
determining statistical significance was set at a p-value < 0.05. 

Results
Evaluation of distraction forces demonstrates significant 

changes in distraction forces when pre-liposuction forces were 
compared to post-liposuction and six subsequent subdermal 
coagulation passes. For the 0.5 inches distraction distances 
significant changes included: a decrease in skin firmness following 
liposuction and after a single pass, followed by increase in skin 
firmness after the 3rd, 4th, 5th and 6th passes (Tables 1 and 2). 
Skin firmness reached pre-liposuction levels after the 3rd pass. 
In addition, statistically significant increase in skin firmness was 
observed for each subsequent pass comparing the 3rd to the 4th 
pass, the 4th to the 5th pass, and the 5th to the 6th pass (Table 3). The 
maximum % increase in distraction force, i.e. skin firmness, was 
observed following the 6th pass at 54% firmer than pre-liposuction 
state. For the 1.0-inch distraction distances, significant changes 
included: a decrease in skin firmness following liposuction and 
following a single pass, followed by increase in skin firmness after 
the 3rd, 4th, 5th and 6th passes. Skin firmness reached pre-liposuction 
levels after the 3rd pass. In addition, statistically significant increase 
in skin firmness was observed for each subsequent pass comparing 
the 3rd to the 4th pass, the 4th to the 5th pass, and the 5th to the 6th pass. 
The maximum % increase in distraction force, i.e. skin firmness, was 
observed following the 6th pass at 35% firmer than preliposuction 
state. For the 1.5 inches distraction distances significant changes 
included: a decrease in skin firmness following liposuction and 
after a single pass, followed by increase in skin firmness after the 
5th and 6th passes. Skin firmness did not reach pre-liposuction levels 
until the 4th pass. In addition, statistically significant increase in 
skin firmness was observed for each subsequent pass comparing 
the 4th to 5th and 5th to the 6th pass. The maximum % increase in 
distraction force, i.e. skin firmness, was observed following the 6th 
pass at 20% stronger than preliposuction state (Table 2). Finally, no 
adverse effects were identified in any of the treated areas.
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Table 1: Summary statistics of ratio (magnitude of change) of renuvion pass number versus pre-liposuction.

Displacement Force Pass Number N Mean ± SD [Min; Max] 95% CI P-value*

0.5 inch

Post-Lipo 19 0.74 ± 0.14 [0.46; 0.92] [0.68; 0.81] <.0001

Pass #1 19 0.86 ± 0.16 [0.54; 1.11] [0.78; 0.94] 0.0015

Pass #2 19 1.01 ± 0.19 [0.68; 1.34] [0.91; 1.1] 0.9117

Pass #3 19 1.13 ± 0.21 [0.86; 1.54] [1.03; 1.23] 0.0143

Pass #4 19 1.25 ± 0.2 [0.95; 1.78] [1.15; 1.35] <.0001

Pass #5 19 1.42 ± 0.19 [1.16; 1.95] [1.32; 1.51] <.0001

Pass #6 19 1.54 ± 0.17 [1.34; 1.98] [1.46; 1.62] <.0001

1 inch

Post-Lipo 19 0.77 ± 0.14 [0.52; 0.98] [0.7; 0.84] <.0001

Pass #1 19 0.89 ± 0.14 [0.64; 1.21] [0.82; 0.96] 0.0032

Pass #2 19 0.99 ± 0.14 [0.78; 1.38] [0.93; 1.06] 0.8547

Pass #3 19 1.09 ± 0.14 [0.92; 1.43] [1.02; 1.16] 0.0114

Pass #4 19 1.17 ± 0.18 [1; 1.55] [1.08; 1.25] 0.0007

Pass #5 19 1.27 ± 0.18 [1.03; 1.67] [1.18; 1.35] <.0001

Pass #6 19 1.35 ± 0.19 [1.05; 1.72] [1.26; 1.44] <.0001

1.5 inch

Post-Lipo 19 0.78 ± 0.16 [0.47; 0.99] [0.7; 0.86] <.0001

Pass #1 19 0.86 ± 0.18 [0.57; 1.14] [0.78; 0.94] 0.0026

Pass #2 19 0.92 ± 0.17 [0.64; 1.33] [0.84; 1.01] 0.0680

Pass #3 19 0.98 ± 0.16 [0.71; 1.36] [0.91; 1.06] 0.6588

Pass #4 19 1.04 ± 0.12 [0.84; 1.38] [0.98; 1.1] 0.1490

Pass #5 19 1.12 ± 0.12 [1; 1.46] [1.06; 1.17] 0.0003

Pass #6 19 1.2 ± 0.2 [1.03; 1.91] [1.1; 1.3] 0.0005

P-value from one sample t-test (two-sided) comparing to Ratio = 1.

Table 2: Summary of % Change of Renuvion Pass Number versus Pre-Liposuction.

Displacement Force Pass Number N Mean ± SD [Min; Max] 95% CI P-value*

0.5 inch

Post-Lipo 19 -25.55 ± 14.19 [-53.57; -7.55] [-32.39; -18.71] <.0001

Pass #1 19 -13.9 ± 16.14 [-46.43; 10.77] [-21.67; -6.12] 0.0015

Pass #2 19 0.5 ± 19.49 [-32.14; 34.41] [-8.89; 9.9] 0.9117

Pass #3 19 12.94 ± 20.8 [-14.29; 53.76] [2.91; 22.96] 0.0143

Pass #4 19 24.96 ± 20.46 [-5.26; 78.49] [15.09; 34.82] <.0001

Pass #5 19 41.63 ± 19.28 [16.07; 94.62] [32.34; 50.92] <.0001

Pass #6 19 53.74 ± 17.01 [34.29; 97.85] [45.55; 61.94] <.0001

1 inch

Post-Lipo 19 -22.91 ± 13.96 [-48; -1.8] [-29.64; -16.18] <.0001

Pass #1 19 -11.07 ± 14.21 [-36.36; 20.57] [-17.92; -4.22] 0.0032

Pass #2 19 -0.61 ± 14.25 [-22.03; 37.59] [-7.48; 6.26] 0.8547

Pass #3 19 8.91 ± 13.79 [-8; 43.26] [2.27; 15.56] 0.0114

Pass #4 19 16.56 ± 17.78 [-0.34; 54.61] [8; 25.13] 0.0007

Pass #5 19 26.57 ± 18.22 [3.23; 66.67] [17.79; 35.35] <.0001

Pass #6 19 34.83 ± 19.08 [5.19; 72] [25.63; 44.02] <.0001

1.5 inch

Post-Lipo 19 -21.91 ± 16.01 [-52.94; -0.94] [-29.63; -14.2] <.0001

Pass #1 19 -13.99 ± 17.5 [-43.3; 14.02] [-22.43; -5.56] 0.0026

Pass #2 19 -7.79 ± 17.5 [-36.08; 32.71] [-16.23; 0.64] 0.0680

Pass #3 19 -1.6 ± 15.55 [-28.87; 35.51] [-9.1; 5.89] 0.6588

Pass #4 19 4.26 ± 12.32 [-15.51; 38.32] [-1.68; 10.2] 0.1490

Pass #5 19 11.79 ± 11.55 [0; 46.26] [6.22; 17.35] 0.0003

Pass #6 19 19.78 ± 20.28 [3.03; 91.3] [10; 29.55] 0.0005

P-value from one sample t-test (two-sided) comparing to % Change = 0.

NOTE: % Change from Baseline (either pre- or post-liposuction) = 100*(pass (i) – baseline)/baseline
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Table 3: Summary of change in distraction force after each subsequent renuvion pass.

Displacement Force Pass Number N Mean ± SD [Min; Max] 95% CI P-value

0.5 inch

Post_Lipo - Pre_Lipo 19 -18.26 ± 13.32 [-58; -4] [-24.68; -11.84] <.0001

P1 - Post_Lipo 19 9.42 ± 8.96 [-4; 32] [5.1; 13.74] 0.0002

P2 - P1 19 11.16 ± 12.22 [-1; 49] [5.27; 17.05] 0.0009

P3 - P2 19 9.21 ± 6.58 [3; 25] [6.04; 12.38] <.0001

P4 - P3 19 7.53 ± 5.4 [1; 23] [4.92; 10.13] <.0001

P5 - P4 19 12.16 ± 8.1 [2; 29] [8.25; 16.06] <.0001

P6 - P5 19 8.16 ± 4.82 [2; 16] [5.83; 10.48] <.0001

1 inch Post_Lipo - Pre_Lipo 19 -31.95 ± 20.41 [-77; -4] [-41.79; -22.11] <.0001

P1 - Post_Lipo 19 14.74 ± 9.93 [2; 43] [9.95; 19.52] <.0001

P2 - P1 19 14.42 ± 11.69 [4; 57] [8.79; 20.05] <.0001

P3 - P2 19 11.47 ± 7.08 [-1; 27] [8.06; 14.89] <.0001

P4 - P3 19 9.26 ± 7.95 [-16; 24] [5.43; 13.1] <.0001

P5 - P4 19 14.16 ± 9.85 [4; 41] [9.41; 18.91] <.0001

P6 - P5 19 12.58 ± 13.01 [-4; 50] [6.31; 18.85] 0.0005

1.5 inch Post_Lipo - Pre_Lipo 19 -47.42 ± 29.46 [-99; -2] [-61.62; -33.22] <.0001

P1 - Post_Lipo 19 17.63 ± 15.81 [4; 60] [10.01; 25.25] 0.0001

P2 - P1 19 13.89 ± 8.99 [4; 40] [9.56; 18.23] <.0001

P3 - P2 19 14.11 ± 7.96 [3; 34] [10.27; 17.94] <.0001

P4 - P3 19 13.16 ± 11.11 [-13; 42] [7.8; 18.51] <.0001

P5 - P4 19 15.89 ± 7.66 [7; 38] [12.2; 19.59] <.0001

P6 - P5 19 15.47 ± 22.43 [1; 102] [4.66; 26.29] 0.0076

Figure 1 demonstrates the mean ratio (magnitude of change) 
of forces for post-liposuction and six subsequent subdermal 
coagulation passes when compared to pre-liposuction forces. 
An increasing linear trend in change in displacement force ratio 
from pre-liposuction is evident following a drop in force following 
liposuction for all three 0.5, 1.0, and 1.5 inch displacement 

distances. Figure 2 demonstrates the % change of displacement 
forces from pre-liposuction to post-liposuction and six subsequent 
subdermal coagulation passes. An increase in linear trend in % 
change of displacement forces is observed across 0.5, 1.0, and 
1.5 inch displacement distances, following initial drop in force 
following liposuction.

Figure 1: Ratio (magnitude of change) of displacement forces compared to pre-liposuction forces at various displacement 
distances.
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Figure 2: Percent change of displacement forces compared to pre-liposuction forces at various displacement distances.

Discussion
Body contouring has undergone several significant advances 

over the last few years. Traditionally, body contouring has 
required evaluation of excess fat as well as skin redundancy. When 
considering removal of excess fat, multiple liposuction modalities 
have been introduced following traditional liposuction techniques 
and they include power assisted, tickle liposuction, laser 
liposuction, ultrasound assisted liposuction as well as non-surgical 
modalities including cryo, heat, and injection lipolysis [6-8]. The 
advent of ultrasound assisted liposuction has been revolutionary 
since it has provided the ability to perform high definition 
liposuction by removing fat comprehensively and uniformly while 

maintaining viability of the fat cells for purposes of fat transfer 
[2]. When considering elimination of skin redundancy, until 
recently, plastic surgeons were limited to more invasive excisional 
procedures. While various advanced liposuction modalities such as 
laser-assisted liposuction claim to also correct skin firmness, these 
results are minimal and insignificant, evident by the 1 month post-
operative skin firmness measurements previously published9. 
For patients with minimal to moderate skin redundancy (Figure 
3), options for skin tightening included wedge excisions such as a 
brachioplasty, medial thigh tuck, upper body lift, lateral thigh tuck, 
mini tummy tuck, and reverse tummy tuck. Unfortunately, these 
options are more invasive and requiring excisional surgeries with 
subsequent surgical incision lines and prolonged healing times.

Figure 3: A 29-year old female 3 months before and after Ultrasound assisted liposuction and Helium-activated radiofrequency 
subdermal coagulation.
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https://dx.doi.org/10.26717/BJSTR.2021.38.006090


Copyright@ Arian Mowlavi | Biomed J Sci & Tech Res | BJSTR. MS.ID.006090.

Volume 38- Issue 1 DOI: 10.26717/BJSTR.2021.38.006090

29987

Most recently, helium activated radiofrequency subdermal 
coagulation has proven clinically to possess the capacity to effectively 
reduce skin laxity intraoperatively. Subdermal coagulation is 
believed to increase skin firmness by acting on collagen molecules 
present in the skin dermis and underlying fibroseptal network. Skin 
tightening through the shortening of collagen molecules via heat 
has previously shown to be a viable non-invasive modality [9,10]. 
When a region of skin laxity is treated by subdermal coagulation, 
the skin is observed to shrivel up much like a shrink wrap. We 
hypothesized whether this observation of increased skin firmness 
would be confirmed by data collected intraoperatively using a 
non-invasive trigger meter maneuver to document increased skin 
tightness. When we evaluated cases of UAL combined with helium-
activated radiofrequency subdermal coagulation retrospectively, 
we found statistically significant displacement forces, i.e. increased 
skin firmness, for all distraction distances occurring at 3rd pass 
(0.5 and 1.0 inch distraction) and 5th pass (1.5 inch distraction). 
Furthermore, this study has demonstrated continued significant 
increase in distraction force, i.e. skin firmness, at 6th pass over 
the 5th pass. The conclusion from this finding is that we may not 
have reached maximal skin firmness capacity. Since no adverse 
effects of skin compromise were observed following six passes, it 
is conceivable that even firmer skin may be achieved with more 
passes. This conclusion will require future studies to determine 
a maximal tightening effect while ensuring that skin compromise 
does not occur. 

More recently, minimally invasive skin tightening procedures 
called Bodytite have been exhausted. However, unlike the present 
study, no objective measurements in terms of skin firmness have 
been presented introperatively [11-13]. There is no doubt Bodytite 
may provide an effective ancillary service in the office setting. 
This is because the length of procedure time required for this 

modality forbids its use in the operating room; treatment times 
have ranged from 40 to 45 minutes per area in comparison to 
helium activated radiofrequency procedure times of 5-10 minutes 
per area [12]. Longer procedure times are due to the low power 
wattage of Bodytite that takes longer to heat up the tissues. In 
contrast, Renuvion® heats the dermis and fibroseptal network to 
85 °C within 0.04 to 0.08 seconds which speeds up the shrinking 
of collagen (occurs at 62-65 °C) while also keeping the epidermis 
well below 45 °C [14]. As such, injury to the epidermis is prevented. 
Another limitation of Bodytite involves the fact that this technology 
must be administered prior to liposuction. This is because the 
tumescent solution is required to ensure that overheating of the 
skin layer does not occur. However, as demonstrated in the findings 
above, skin firmness is significantly reduced following liposuction. 
As such, it is difficult to gauge degree of skin firmness required prior 
to having completed the liposuction stage. This would result in a 
theoretical under treatment of skin tightening. The final limitation 
of Bodytite is that the fat from the treated areas cannot be used for 
fat transfer as the fat gets injured. Since most 360° body contouring 
cases require fat transfer (i.e. Brazilian Buttock Lift), this modality is 
not considered a viable alternative. High-definition liposuction has 
changed the way surgeons contour the human body (Figure 4). With 
the ability to remove both superficial and deep fat comprehensively, 
surgeons are now going beyond traditional outcomes and sculpting 
patients’ muscular anatomy [8]. With this degree of fat removal 
and contouring ability, skin laxity and redundancy has become 
an even greater concern. Ability to increase skin firmness now 
plays a key role in a surgeon’s armamentarium. The present study 
demonstrates the effectiveness of coupling ultrasound assisted 
liposuction with a novel helium-activated radiofrequency modality 
to provide superior outcomes when performing high-definition 
liposuction body contouring. 

Figure 4: For 60% and 80% power, the internal tissue is heated above 85 °C for between 0.040 seconds and 0.080 seconds – 
adequate time period for maximum collagen contraction to occur [14].
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Conclusion
This study has demonstrated the effectiveness of increasing 

skin firmness intraoperatively with a minimally invasive subdermal 
coagulation modality using helium activated radiofrequency. Across 
all distraction distances, the trend of increasing displacement 
forces has been documented with no adverse effects. Based on the 
observations that maximal skin firmness had not peaked following 
six passes, future studies will be required to determine the limits 
of increasing skin firmness against potential side effects and safety 
risks.
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