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Background: Cellulite affects 80-90% of post-pubertal females and, although cosmetic, has proven

adverse psychological effects. A new compression garment with patented “vari-pad” technology has been

developed, aiming to stimulate lymphatic return from the buttocks and thighs. The primary aim of this small pilot study was to assess
participant satisfaction after using this garment in the short term and secondarily, to look for any objective improvements.
Methods: Eighteen female participants (mean 47.5y, range 26—60) completed the study. There were 2 weeks of “stabilisation”, 4
weeks of wearing the garment, and 2 weeks of further assessment. With the initial assessment, there were 9 visits for each participant.
At each visit, weight, participant satisfaction (0-10), 3D images (Canfield, USA) and transcutaneous water content (LymphScanner,
Delfin Technologies, Finland) and comfort (0-10) were recorded.

Results: There was no significant weight change in any of the participants during the trial period. After 4 weeks of wearing the
garment, there was a significant improvement in participant satisfaction of their cellulite (n = 15, p = 0.0036) with a mean
improvement of 18.5%. 3D image analysis of dimple volume showed no significant change in buttock cellulite, a significant decrease
in left thigh cellulite (n = 17, p = 0.0123), but not on the right (n = 14, p = 0.6890). There was a significant decrease of localised water
(n =36, p =0.0041). Comfort was 86% (range 40-100%) and there were no adverse reactions to the garment.

Conclusion: The vari-padded compression garment produced a significant improvement in participant satisfaction after just 4 weeks
of treatment. Objective measurements failed to show a significant difference in cellulite on the buttocks but showed a significant
improvement in the thighs by analysis of both dimple volumes and reduced transcutaneous water measurements. Further study is
suggested to demonstrate if longer timeframes for use of the apparel will lead to further significant improvement in the appearance of
cellulite.

NCT Number: NCT05748678.
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Introduction

Cellulite is a multifactorial condition, which has been described as “aesthetically disturbing”,'

and “one of the most
intolerable aesthetic imperfections” due to the skin phenotype closely resembling an orange peel with dimpling and
denting of the skin.>® Although present in 80-90% of post pubertal women, predominantly the subcutaneous tissue
around the thighs, buttocks, and hips, a previous study has showed that up to 98% of females are concerned about
cellulite, and that it decreases their self-esteem.*>

Whilst the pathophysiology of cellulite remains unknown due to its complex nature, it is thought the dermis and
subcutaneous tissue are implicated.” However, it has not yet been determined if the effects of these are independent or

mutually exclusive. It is thought to be due to an amalgamation of genetics, hormones, diet, and lifestyle, with numerous
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other factors that trigger or intensify the appearance of cellulite. It has also been identified that cellulite formation
accelerates during adolescence, pregnancy and in women around the menopausal age.'

There have been many interventions proposed to treat cellulite such as the topical agents methylxanthines and
retinoids, lasers, radiofrequency heating, acoustic waves, subcision of the dimpled areas, collagenase clostridium
histolyticum injection, dermal fillers, cryolipolysis, shockwave therapy and high-intensity focused ultrasound.>**

A study by Augusto et al used a garment made with synthetic fibres embedded with ceramic nanoparticles and
identified a reduction in body measurements with this protocol.® They suggested that this product produced a progressive
drainage effect, and therefore may suggest compression therapy could reduce the appearance of cellulite due to it’s
a stimulating of effective lymph drainage.

The vari-pad apparel has been designed to reduce the appearance of cellulite and has two main components. The first
and simpler of the two, is a compression garment worn as a pair of shorts over the buttocks and upper thighs. The second
component, which is unique, is the incorporation of patented variable height ink-polymer pads on the inner surface of the
garments (Figures 1 and 2). It is suggested that these cause local areas of variable increased pressure when the garment is
worn, with the aim to stimulate lymphatic and tissue fluid movement locally as the participant moves. These pads are of
varying sizes and have been arranged so as to stimulate the movement of lymph and tissue fluid towards the major lymph
nodes in the groin.

Figure | Picture of the garment turned inside out, showing the distribution of the vari-pads on the buttocks and backs of thighs.

Figure 2 Picture of the garment turned inside out so that the raised vari-pads can be seen raised from the surface of the garment.
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In view of the very high levels of concern that women have with regard to cellulite, this study was performed to
assess participant satisfaction and experience in a small group of women with cellulite wearing this novel, padded
apparel. In addition, we sought to assess any objective improvements that might be found in the short term.

Participants and Methods
Participants were recruited into the study via social media. A total of 23 female participants were selected, based on the
inclusion criteria, and written informed consent was obtained from each participant. As per the HRA decision tool

(https://www.hra-decisiontools.org.uk/ethics/), ethical consideration was not required. However, this trial was registered

as a clinical study (https://clinicaltrials.gov/) - NCT05748678. This study and consenting process complied with the

Declaration of Helsinki.

One participant was excluded from the study due to pregnancy, with 4 others lost to follow up. Eighteen females
completed the study, mean age 47.5 years (range 26—60 years).

Participants were graded on their cellulite from week 1 on the study according to Table 1. Using this scale, there were
3 participants with grade 1 cellulite, 7 with grade 2, and 8 with grade 3.

Participants visited weekly over a period of 9 weeks:

e Weeks 1 and 2 — Stabilisation period. Participant wore their regular undergarments.
e Weeks 3 to 7 — Participants wearing the padded compression underwear.
e Weeks 8 and 9 — participants resumed wearing their regular undergarments.

At the initial assessment, participants were weighed, their height measured, BMI calculated, and they were asked to
complete a visual analogue score from 0 to 10, signifying how they regarded their cellulite from 0 to 10 each week. The
VAS used was a 10 cm line with 0 being the worst (“So bad I don’t want to go out”) to 10 being the best (“I can hardly
tell it is there”). The participant makes a cross on the line and the cross is measured from the end giving a score in from 0
to 10.”

In addition, participants were asked about the comfort of wearing the garments, again using the same VAS from 0 to
10 as above (0 = very uncomfortable and 10 = very comfortable). This was scored by simple measurement of the
response as above.

Each participant then had 3-dimensional photographs taken using the Vectra H2 imaging system (Canfield, New
Jersey, USA) of 4 specific areas: left and right buttocks and left and right thighs. These photos were then independently
analysed at weeks 1, 3, 5, 7 and 9 to calculate the total volume of dimpling in each location.

Each week, a weight measurement was repeated alongside a localised transcutaneous water content measurement
using LymphScanner (Delfin Technologies, Finland) in each of the 4 areas.

Due to position changes in images or incomplete data, some participants’ data had to be excluded for a specific
location, and therefore “n” will be stated for each due to its variation.

Table | Clinical Grading Scale for Cellulite

Grading Description
Scale
0 No alteration to the skin surface

| Skin is smooth whilst subject is standing/lying, but alterations can be seen by pinching the skin or by muscle contraction

2 “Orange-peel” or mattress appearance is evident upon standing without the use of any manipulation (pinching or muscle contraction)
3 Alterations seen in grade two presented together with raised areas and nodules
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Statistical analysis of data produced was performed using GraphPad Prism 9.4.1 for Windows (San Diego, California,
USA). A Repeated Measures One-way ANOVA followed by post-hoc Tukey’s multiple comparisons test was used, with
statistical significance being recognised with a p value below 0.05.

Results

Participant Satisfaction
Three participants failed to mark their VAS score clearly, making the analysis of these 3 records impossible and these
were excluded. Of the remaining participants, there was a significant improvement in participant satisfaction as to their
own assessment of their cellulite after 4 weeks of wearing the trial garment (n = 15, p = 0.0036) — see Figure 3. This was
maintained at the second post-compression visit. The mean improvement in satisfaction rate using the visual analogue
scale was 18.5%.

Furthermore, when the individual scores are mapped (Figure 4) it can be observed that almost all participants saw an
improvement in the week following removal of the garment.

Weight

To ensure that any improvement was not due to weight loss, the participant’s weight was measured at each appointment.
One participant did not wish to be weighed each time and her data was excluded from this analysis. There was no
significant weight change in the participants throughout the study period (n = 17, p = 0.3154) — see Figure 5.

Satisfaction
100~ -

Subjective opinion of cellulite

50+ .
0 1 | I I I | | | |
1 2 3 4 5 6 7 8 9
Week

Figure 3 Participant satisfaction with their assessment of their own cellulite.
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Figure 4 “Spaghetti plot” showing how each participant’s satisfaction with their assessment of their own cellulite varied between visits (assessments at end of treatment
weeks = weeks 3-7).

Volume of Dimpling on Skin’s Surface by 3D Imaging

All images were transmitted to Canfield (USA) for independent analysis of volume. Unfortunately, many of the images
were unsuitable for analysis, most commonly because the participants had indentations on the skin from underwear or
clothing. In both the left and right buttock, participants showed no statistical change in volume (left: n =12, p = 0.6162,
right: n = 11, p = 0.6644) over the 9 weeks. When the data from both were combined, there was also no significance (n =
23, p = 0.9323).

In the left thigh, there was a significant decrease in the volume of dimpling observed over time (n= 17, p=0.0123) —
see Figure 6, with Tukey’s multiple comparison showing a significant decrease between weeks 1 and 7 (p = 0.0023), the
last week of wearing the garment. It is interesting, however, that the right thigh showed no similar significant change in
dimple volume throughout the study (n = 14, p = 0.6890) - see Figure 7.
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Figure 5 Mean weight showing no change in weight of the participants over the time of the study.

Left Thigh
5-
% %k
%
2 —_
__. ________________________________________________
& ® & A
8 ®
[
£
2
(]
> =L £
2= £
1-
0 I I 1 ] |
1 3 5 7 9
Week

Figure 6 Graph showing the change in volume of dimples of the left thigh as measured by 3D photographic assessment (*and ** = significant difference at P < 0.05).
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Figure 7 Graph showing the change in volume of dimples of the right thigh as measured by 3D photographic assessment.

When the data for both thighs are combined, they also show no significance with Tukey’s multiple comparison,
although it is very close to significance (n = 31, p = 0.0514) — see Figure 8. However, there was a significant difference
between the first week where the participant was wearing their own underwear, and the final week of wearing the
compression apparel (week 7, n = 31, p = 0.0214) see Figure 8.

Percentage of Water Content

In the left and right buttock, there was no significant change in the percentage of water content over the 9 weeks (Left:
n =18, p =0.3725; Right: n = 18, p = 0.7411). Combining the data for both buttocks also showed no significant change
(n =36, p=0.1903) — see Figure 9.

The left thigh showed a tendency to reduced water content, but failed to reach significance (n = 18, p = 0.3452), but
the right thigh showed a significant decrease in the percentage of localised water content between weeks 1 and 6, and
weeks 1 and 7 (n = 18, p = 0.0070), the final two weeks of wearing the apparel. Combining the data from both thighs,
there was a significant decrease of localised water throughout the study (n = 36, p = 0.0041) — see Figure 10.

Comfort and Adverse Reactions

The final response from each participant on the VAS was taken and showed a mean of 8.6/10 (86% Range 40—100%).
There were no adverse reactions — no skin rashes, irritation or itching. Most participants commented on the ease of
putting on and taking off the garment and no participant withdrew due to garment issues or comfort.
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Figure 8 Graph showing the change in volume of dimples of the both thighs as measured by 3D photographic assessment (* = significant difference at P < 0.05).

Discussion

Although cellulite is an aesthetic condition with no known adverse impact on health, it does have a profound
psychological impact on those women suffering from it, many of whom go to extraordinary lengths to try to improve
it.% As the majority of post-pubertal females have cellulite to a greater of lesser extent, it would seem sensible to prioritise
the subjective feelings of the participants undergoing the treatment rather than rely on whether any objective test is
capable of noting an improvement.

Hence, in this study, we concentrated on the participant satisfaction as the primary outcome, with objective
assessments as secondary outcome.

It should be noted that many of the participants had indentations from both the treatment garments as well as other
underwear of tight clothes when they came in for reviews. Although they were asked to remove the treatment garments 2
hours before the appointment, this was not always done. Even when it was, tight underwear or clothes could still cause
indentations on the skin. As such, although the most obvious cases were discarded before analysis with 3D photography,
such indentations might explain why there was no significant improvement in participant satisfaction at the assessment
for each of the 4 weeks of wearing the garment. However, we found a significant improvement in participant satisfaction
at the assessment one week after completion of wearing the apparel that was maintained until the second post-treatment

week assessment in most subjects.
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Figure 9 Assessment of transcutaneous water content of both buttocks over the course of the study.

Participant comments were not collected as part of the protocol and so have not been presented in this report.
However, most of the comments that were made spontaneously were centred around the comfort of wearing the garment
and the smoothness of the skin by the end of the 4 weeks of wearing it.

Objectively, the 3D camera system was able to identify a reduction in the volume of the dimples in the cellulite on the
thighs, although no change could be noted on the buttocks. Simplistically this might suggest that the garment does not
improve cellulite on the buttocks. However, the garment was only worn for 4 weeks in this short study, and, generally, the
subcutaneous fat is a thinner layer on the thigh than the buttocks. In addition, the quadriceps muscles in the thigh have
a more rigid tone throughout the day than the gluteus muscles of the buttock, giving a better “base” for the compression
garment to compress the subcutaneous tissue against, especially during movement.

The difference of objective results by 3D imaging was also mirrored by the difference found in water content of the
tissues as measured using a transcutaneous method by the Lymphscanner. The buttocks showed no decrease in
transcutaneous water content which fits in with the hypothesis above. Both thighs, right and left, showed a reduction
in water content — but we cannot explain why this is significant on the right but not on the left except to point out that
there was a reduction on both sides. With the variability and errors of clinical measurements, it is likely that this shows
that there was a true decrease in water content on both sides but the difference in statistical significance between the sides
is likely to be due to measurements and statistical calculation methods rather that any physiological or anatomical
difference between the sides.

Although participant satisfaction is subjective and hence could be a possible “placebo effect”, the “spaghetti plot” of
individual responses shows that 11 out of the 15 (73%) reported an improvement one week after wearing the garment
with 3 reporting a minor decrease and one no difference.

The main limitations of this study are the relatively small number of participants, and the very short time of wearing
the trial garment. As this was a “first use” pilot study for this new garment, the numbers of participants were kept low as
if there was no advantage found in this small number, then further study or development would need to be questioned.
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Figure 10 Assessment of transcutaneous water content of both thighs over the course of the study (* and ** = significant difference at P < 0.05).

Furthermore, the short time of treatment was chosen as although we would expect a more significant improvement with
longer treatment, an early improvement would help those using the product see an advantage within a reasonable time of
starting to use it.

However, the small number of participants did prevent sub-group analysis, such as the response of treatment to
participants with different grades of cellulite, and the effect of HRT or other medications on the outcome.

Having found these positive findings in a small group of participants in the short term, we aim to perform larger
studies, involving more participants and using the garment for longer, to assess the maximum benefit that can be
obtained, and which sort of participants would see the best improvements.

In conclusion, in a “first use” pilot study of the vari-padded compression garment in a small number of participants,
we found a significant improvement in participant satisfaction after 4 weeks of using the garment for 8 hours in every 24.
Objective measurements showed a significant difference in cellulite on the thighs by 3D photographic image analysis of
dimple volumes and reduced transcutaneous water measurements in both. Participants found the garment comfortable
and there were no adverse events. Larger studies with more participants and usage of the apparel are warranted.

Data Sharing Statement
Individual de-identified data are not available for this study.
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Professor Mark Whiteley reports subsequent to this research project and encouraged by the results, Mark Whiteley has
been offered a directorship of a new company formed by the inventor of the Vari-pad compression system, to advise on
clinical research. The authors report no other conflicts of interest in this work.
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