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ABSTRACT

Background: Lymphedema is a chronic, disabling condition that results from a dysfunctional lymphatic system.
The Mobiderm® Autofit device is designed to apply pressure and mobilize lymph to reduce edema and prevent
worsening. This study aimed to identify the mechanisms that underlie the limb volume improvements and skin
changes that are seen when using the device.

Methods: In this single-center exploratory study, patients who had lower limb lymphedema (stage II/I11) wore
a thigh-high Mobiderm® Autofit device for 48 hours of intensive treatment. Measurements were obtained on
Day 1 (D1) and Day 3 (D3) using lymphoscintigraphy, high-frequency ultrasound, a cutometer, and volume
calculations.

Results: Nine patients (aged 28-72 years) were included. The mean volume of the treated limb fell from 9664.8 +
2766.2 mL on D1 down to 9097.6 + 2394.1 mL on D3 (p=0.0039). Lymphoscintigraphy showed that the number
of visible lymph nodes increased slightly when the device was put on, which suggests that it facilitated the flow
of lymph along the vessels towards the nodes. The radiotracer migrated up the leg more quickly on D3 than on
D1, indicating improved lymph flow (although p>0.1). Ultrasound images showed that fewer patients had edema
within the hypodermis on D3, which indicates lymphatic drainage from this tissue. The overall skin elasticity was
lower on D3 (p=0.039); the net elasticity and viscoelasticity did not change significantly.

Conclusion: The Mobiderm® Autofit device can effectively reduce lymphedema over 48 hours. We provide
preliminary evidence that the device induces changes in the lymphatic pathway.

Keywords: Edema distribution; High-frequency ultrasound; Intensive phase treatment; Lymphedema treatment;
Limb volume; Lower limb lymphedema; Lymphoscintigraphy; Lymphatic vessels; Skin echogenicity; Mobilizing

device

INTRODUCTION

Lymphedema is a chronic, disabling condition characterized by
swelling that usually affects the limbs. It is caused by impaired
lymphatic drainage, which leads to the accumulation of protein-
rich fluid in the interstitial space. The disease has been estimated
to affect 140-200 million people worldwide, and it affects more
women than men [1,2].

Lymphatic system dysfunction usually results from an obstruction
or damage to the lymphatic vessels and/or nodes (secondary
lymphedema) this can be caused by a tumor, surgery, trauma,
or inflammation. A particularly common cause is surgery for

cancer, as lymph nodes are often removed. Lymphatic system
dysfunction can also be caused by a hereditary genetic mutation
(primary lymphedema). In both cases, the dysfunction leads to the
accumulation of protein-rich fluid in the interstitial space. This
results in a cycle of T-cell mediated inflammation and fibroadipose
tissue deposition [3].

Lymphedema has a detrimental impact on people’s quality of life.
Patients may experience discomfort, reduced mobility, and a poor
body image [4]. Patients may also have skin changes, such as dermal
thickening and induration, and develop psychological problems,
such as depression and anxiety [5,6]. Several complications can
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occur, including recurrent bacterial skin infections (e.g., cellulitis)
and in rare cases, angiosarcoma [7,8].

There is no cure for lymphoedema, but treatment can alleviate the
condition and prevent worsening. Complex Decongestive Therapy
(CDT) is the standard treatment, which includes compression
therapy using multi-layer bandaging or compression garments,
a massage technique known as Manual Lymphatic Drainage
(MLD), therapeutic education, physical exercise, and skin care
[9]. This treatment is conducted over several days, known as the
intensive phase, and it aims to stimulate lymphatic circulation to
reduce the volume of the affected body part. This is then followed
by a maintenance phase, which aims to prevent another volume
increase. Compression plays a key role in both phases, and it is
believed to improve lymphatic flow by preventing backflow and
enhancing the efficiency of the lymphatic vessel contractions; it
may also encourage the movement of lymph through alternative,
collateral pathways [10].

Multi-layer bandaging using low-stretch bandages has long been
considered an essential element of the intensive phase treatment,
and this is recommended in the French national health authority
guidelines [11]. However, applying the bandages is time-consuming
and the pressure applied to the limb may not be maintained [12].
To overcome these limitations, garments have been developed that
can maintain a constant level of pressure and are easy to put on
[12]. The Mobiderm® Autofit is one such garment, and studies
have shown that it can effectively reduce limb volume during the
intensive phase of treatment and prevent worsening during the
maintenance phase [13,14]. As a result, it is now widely used to
treat lymphedema.

An important feature of the Mobiderm® Autofit device is that the
material contains small foam blocks. This creates zones of variable
pressure on the underlying skin. It is thought that this displaces
the edema and facilitates its removal. However, to date, no studies
have formally assessed the mechanisms that underlie the device’s
effectiveness in reducing limb volume.

In this study, patients with lymphedema were treated using the
Mobiderm® Autofit device for the first 48 hours of their intensive
phase treatment. The primary aim was to determine the effects
of the device on the lymphatic system in order to understand
how the reductions in limb volume occur. For this, we used
lymphoscintigraphy, which is often regarded as the gold standard
for evaluating the lymphatic system in lymphedema [15]. This
technique can be used to show lymphatic drainage and dermal
backflow, and it can also provide images of the lymph nodes and
vessels. Our study also investigated the effects of the treatment
on the patients’ skin, as we hypothesized that there would be
softening and other changes to the skin resulting from the reduced
lymphedema. This was assessed using high-frequency ultrasound,
which produces images of the skin at a high resolution and can
be used to determine dermal thickness, tissue echogenicity, and
edema distribution [16]. We also used a cutometer to assess the skin
elasticity and viscoelasticity, as previous studies have shown that
these measures can be affected by lymphedema [17].

MATERIALS AND METHODS
Study design

This study was an exploratory, open-label, single-arm, single-center
clinical study. It was approved by the local Committee for the
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Protection of Persons (‘East III’, Nancy, France; December 6, 2019),
and authorization was obtained from the French national drug
safety agency (ANSM; January 8, 2020). The study was registered
on ClinicalTrials.gov (ID: NCT04252690), and it was conducted
in accordance with the Declaration of Helsinki, the International
Conference on Harmonization Good Clinical Practice guidelines
(ICH-GCP), and French law. All participants provided informed
consent prior to taking part in the study.

Participants

Patients were recruited between June 2020 and June 2022 at the
University Hospital of Tours, France. Patients were included who
were about to begin five days of intensive phase treatment for lower
limb lymphedema at the hospital. Eligible patients were at least 18
years of age and had been diagnosed with primary or secondary
lymphedema of the lower limb, which was at stage II or stage
III according to the International Society of Lymphology (ISL)
classification; they also had leg measurements that were within
the range of the Mobiderm® Autofit garments [4]. Patients were
excluded if they had a skin infection, acute inflammation, or an
oozing dermatological disease that affected the lower limb. They
were also excluded if they had advanced diabetic microangiopathy,
stage III/IV limb arteritis, decompensated heart failure, an allergy
or intolerance to components of the Mobiderm® Autofit device, or
another medical condition that could interfere with the conduct
of the trial. Patients were also excluded if they were pregnant,
breastfeeding, participating in another clinical trial, incapable of
understanding the information provided, or if they were women of
childbearing age not using contraception.

Treatment

For the first 48 hours of the intensive phase treatment, the patients
wore a Mobiderm® Autofit garment, a class I medical device
designed to treat lymphedema. These garments are inelastic with
adjustable hook-and-loop fasteners that can alter the amount
of pressure applied to the limb. The garments incorporate the
patented MOBIDERM® technology, which consists of foam blocks
(15 x 15 mm on the leg; 5 x 5 mm on the foot) that are encased
between two layers of non-woven material; this gives rise to adjacent
zones of uneven pressure, which may mobilize the lymph fluid. For
this study, thigh-high garments were used that cover the entire leg.
The patients wore the device both day and night. The patients did
not receive any other lymphedema treatment over the 48 hours.

Outcome measures

We assessed the limb volume, lymphatic system, and skin at
inclusion, which was the first day of hospitalization (D1), and again
on Day three (D3). All measures were obtained with the patients in
the supine position.

Lower limb volume: The volume of the lower limb was calculated
using the mathematical formula for the volume of a truncated
cone. The calculation used the circumference of the limb at the
level of the ankle, the patella tip, below the patella (10, 20, and 30
cm), and above the patella (10 and 20 cm).

Lymphoscintigraphy: The lymphatic system was examined using
lymphoscintigraphy. This involved injecting a radioactive tracer
(technetium-labeled nanocolloid) into the first interdigital space of
each foot at a depth of around 2 mm-3 mm. As this was carried
out on both D1 and D3, we reduced the dosage to 100 MBq
(compared to the standard 185 MBq) to limit the patients’ exposure
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to radioactivity; this was not expected to affect the image quality.
Dynamic acquisition began from the time of the injection and lasted
for 40 minutes. For the first 20 minutes, the patients refrained from
moving (to analyze the spontaneous lymphatic activity), and for the
remaining 20 minutes, they were asked to regularly flex their feet
as if they were walking. Static planar acquisition was performed at
the end of the dynamic acquisition (40 minutes post-injection; TO).
The Mobiderm® Autofit device was then placed on the limb and
further acquisitions were performed at 2 hours (T1) and 4 hours
(T2) post-injection with the patients wearing the device.

For the dynamic images, the radiotracer propagation speed was
calculated using syngo. via software (Siemens) based on five regions
of interest, and the images were inspected visually. The spontaneous
lymphatic vascular activity (first 20 minutes) was categorized as
normal, almost normal, abnormal, or absent. ‘Normal’ indicated
that the tracer migrated through the lymphatic vessels at a normal
speed (determined by comparison with the contralateral limb),
‘abnormal’ indicated slow tracer migration through lymphatic
collaterals or without passing through the lymphatic vessels, and
‘absent’ indicated that there was no tracer migration. For the total
duration of the dynamic acquisition (40 minutes), the velocity of the
lymphatic vascular flow was categorized as normal, slow, or almost
absent. We also recorded the time taken for the marker to reach
the ankle, the middle/lower third of the lower limb, the middle/
upper third of the lower limb, and the knee. This was determined
by analyzing the propagation speed of the radiotracer bolus as well
as the amplitude and timing of the peak flow rate. Activity at the
dermis was also analyzed, based on regions of interest at the limb
surface, in order to detect dermal reflux.

For the static planar acquisitions, the images were inspected visually
and the following were recorded: The number of lymph nodes, the
intensity of the visualized lymph nodes (weak/average/strong), the
presence of tortuous deep lymphatic vessels (yes/no), the presence
of lymphatic collaterals (yes/no), the presence of dermal backflow
(yes/no), and the presence of popliteal lymph nodes (yes/no).

High-frequency ultrasonography: High frequency ultrasonography
(2020 Dermcup®, Atys Medical, Soucieu en Jarrest, France;
center frequency: 25 MHz; axial resolution: 70 microns; lateral
resolution: 200 microns) was used to examine the patients’ skin at
the anterior ankle, lower leg, and thigh to a depth of 8 mm. The
following measures were obtained: The echogenicity (hypoechoic,
isoechoic, or hyperechoic), which was determined by comparison
with the contralateral limb (assessed by a dermatologist); the
dermal thickness, which was calculated using the ultrasonography
software; and the distribution of edema, which was again
determined by comparison with the contralateral limb (assessed
by a dermatologist). For each patient, the D3 ultrasonography was
carried out by a different dermatologist to on D1, and they were
blinded with respect to the results of the first examination.

Cutometer: A Cutometer SEM 474 (Courage and Khazaka
Electronic GmbH, Koln, Germany) was used to measure the
firmness and elasticity of the patients’ skin at the anterior lower leg,
20 cm below the patella. This device generates negative pressure
to draw the skin up into a probe before releasing it again. The
penetration depth of the skin within the probe is assessed over
time and presented as a curve. From this, several parameters are
obtained that have been widely used in previous studies [18]. We
focused on the overall skin elasticity (R2), which is calculated by
dividing the delayed skin relaxation by the total skin extensibility
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(Ua/Uf); the net elasticity (R5), which is calculated by dividing the
immediate skin retraction by the immediate skin deformation (Ur/
Ue); and the viscoelasticity (R6), which is calculated by dividing
the delayed skin deformation by the immediate skin deformation

(Uv/Ue).
Device safety and patient satisfaction

All adverse events were recorded for the 48 hours of treatment.
Patient satisfaction was assessed using a self-report questionnaire,
which was administered before the final examination on D3.

Statistical analysis

As this was an exploratory study, a sample size calculation was not
required. We estimated that 10 patients would be sufficient for this
initial trial.

For the quantitative data, we calculated the means, Standard
Deviations (SD), medians, and inter-quartile ranges. For the
qualitative data, we calculated the frequencies and percentages.
Differences between D1 and D3 were analyzed using Wilcoxon
tests.

RESULTS

Patient characteristics

Twelve patients were recruited between June 8, 2020, and June 20,
2022. Of these, two were unable to participate in the study because
of the COVID-19 pandemic, and one did not meet the eligibility
criteria, leaving a total of nine patients. Data collection for the

study ended on June 22, 2022.

There were seven female and two male patients with a mean (SD)
age of 57.6 (16.1) years (range: 28-72) and a mean BMI of 28.7 (3.5)
kg/m? (Table 1). The lymphedema had been diagnosed at the mean
age of 46.1 (14.1) years (0.5-29 years beforehand), and the disease
was at stage I for six patients and stage I1I for three patients. Three
patients had secondary lymphedema, which was caused by cancer
of the uterus (endometrium or cervix); the remaining patients had
primary lymphedema. The lymphedema affected the left leg for
five patients, the right leg for three patients, and both legs for one
patient (note that the patient’s left leg was treated in this study).
Four patients had previously undergone CDT (3-31 times).

Treatment compliance and device pressure

All patients complied with wearing the device over the 48 hours.
The pressure applied by the device was assessed at the ankle, and
the mean (SD) values were 40 (15.8; n=5), 55 (22.9; n=6) and 34.9
(21.7; n=6) mmHg for D1, D2, and D3, respectively.

Outcome measures

Limb volume: On D1, the mean (SD) volume of the treated limb
(with lymphedema) was 9664.8 (2766.2) mL, while that of the
untreated limb was 6349.0 (671.3) mL, with the latter measure
excluding the patient with bilateral lymphedema. The mean excess
volume on DI was 3664.4 (2567.3) mL (57.7%), ranging from
546.3 mL up to 9315.74 mL. On D3, the mean volume of the
treated limb was 9097.6 (2394.1) mL, which was significantly lower
than on D1 (mean decrease: 567.2 (499.5) mL; p=0.0039), with
individual decreases ranging from -28.0 to -1729.1 mL. Overall,
there was a mean 5.4% reduction in the volume of the affected
limb and a 15.8% reduction in the excess volume (Figure 1).
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Characteristic

At inclusion (n=9)

Age (years), mean + SD (range)

57.6 + 16.1 (28-72)

Sex, female, n (%)

7(71.8)

Body mass index (kg/m?), mean + SD (range)

28.7 +3.5(22.6-32.9)

Lymphedema type, n (%)

Primary 6 (66.7)
Secondary 3(33.3)
Lymphedema stage, n (%)

Stage 11 6 (66.7)
Stage II1 3(33.3)
Affected lower limb, n (%)

Right 3(33.3)
Left 5(55.6)
Bilateral 1(11.1)

Affected leg volume (mL), mean + SD (range)

9664.8 * 2766.2 (6412.4-15736.2)

12,000

10,000

8,000

6,000

4,000

Limb Volume (ml)

2,000

0
Day 1

(™) Day 3.

Figure 1: Limb volume on day 1 and day 3. Note: The mean volumes are shown; the error bars show the standard deviation. Note: (Il ) Day 1;

Day 3

Lymphatic system activity: The lymphoscintigraphy images showed
spontaneous movement of lymph for five patients (55.6%) on D1
and four patients (44.4%) on D3. This activity was categorized as
abnormal, except for one patient who had almost normal activity
on DI; note that this latter patient showed no spontaneous activity
on D3, but dermal reflux was observed, which indicates that
lymph had passed into the dermis. Data concerning the velocity
of the lymphatic flow were available for seven patients. Of these,
two displayed a normal flow velocity on D1 and one on D3; the
remaining results were rated as ‘slow’ or ‘almost absent’.

We analyzed the time taken for the radiotracer to appear along the
limb. However, data were not available for several patients (5 or 6
on DI, and 4 or 6 on D3, depending on the limb location). The
results that were available showed an increase in the time taken,
from the ankle up to the knee (Figure 2). The mean times were
consistently shorter on D3, but this was not statistically significant
for any of the four limb locations (difference at ankle: -2.8 (7.2)
min, -18.5%; middle/lower third: -5.5 (4.7) min, -14.0%; middle/
upper third: 4.7 (6.4) min, -16.2%; knee: -5.7 (6.4) min, -18.6%;

p>0.1 for all comparisons).

Visible features of the lymphatic system: For the planar
acquisitions, there were just two patients with visible lymph nodes
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at TO. This was found on D1 and again on D3. When the device
was put on (T1 and T2), this increased to four patients on D1,
but not on D3. For those with visible nodes at TO, the number of
nodes was seen to increase from TO to T1/T2, both on D1 and D3
(from 3 to 5 for one patient; from 5 to 6 for the other patient, on
both days). The overall mean number of visible nodes increased
both on D1 (0.89, 1.67, and 1.67 for TO, T1, and T2, respectively)
and on D3 (0.89, 1.11, and 1.22 for TO, T1, and T2, respectively).
However, these differences were not statistically significant (p>0.1
for all comparisons with TO). The intensity of the visible nodes
was not found change for any of the patients. At TO, the nodes
for one patient were rated to have a weak intensity, while those for
the other patient were rated to have a strong intensity. For the two
patients who had visible nodes for the first time at T1 (D1), the
nodes were rated to have a weak intensity. Popliteal nodes were
only seen for one patient, and this was only at T2 on DI.

Concerning the other visible features, tortuous deep lymphatic
vessels and collaterals were seen for over half of the patients who
had available data (Table 2). These features did not change for any
of the patients. Dermal backflow was seen for over a third of the
patients. There were two patients for whom this changed: one had
backflow on D1 at TO only; the other had backflow only for T1 and
T2 (on both days).
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Figure 2: Time taken for the tracer to be seen along the limb using lymphoscintigraphy. Note: The mean times are shown; the error bars show the
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Table 2: Lymphatic system features visualized using lymphoscintigraphy.

Day 1 Day 3
TO T1 T2 ToO T1 T2
Lymph nodes, N/
otal (%) 2/9(22.2) 4/9 (44.4) 4/9 (44.4) 2/9(22.2) 2/9(22.2) 2/9(22.2)
Popliteal lymph
nodes, N/total (%) 0/9 () 0/9 (0 1/9 (11.1) 0/9 (0) 0/9 (0) 0/9(0)
Delr\]“}al badf,ﬂow’ 4/9 (44.4) 4/9 (44.4) 4/9 (44.4) 3/9 (33.3) 4/9 (44.4) 4/9 (44.4)
total (%)
Tortuous deep
lymphatic vessels, 5/6(83.3) 5/6 (83.3) 5/6(83.3) 5/6 (83.3) 5/6 (83.3) 5/6 (83.3)
N/total (%)
CO“““E}/Z’) N/toral -y 0 (571 4/7(57.1) 4/7 (57.1) 4/7(57.0) 4/7 (51.1) 4/7 (57.1)

Note: The number and percentage of patients with each feature is shown. TO is 40 minutes after the tracer injection (no device); T1 is 2 hours after
the injection (wearing the Mobiderm® Autofit device); T2 is 4 hours after the injection (wearing the Mobiderm® Autofit device).

Dermal thickness: On D1, the mean (SD) dermal thickness at
the ankle, lower leg, and thigh was 2.45 (1.09), 2.61 (0.91), and
2.08 (0.63) mm, respectively. On D3, the mean dermal thickness
decreased at the ankle to 2.21 (0.71) mm, but it increased slightly
at the lower leg to 2.90 (1.58) mm and remained unchanged at the
thigh (2.06 (0.66) mm; p values: 0.32, 0.55, and 1.0, respectively).

Scatter plots were created to show the percentage change in dermal
thickness against the limb volume decrease Figure 3. These showed
that the patients who had a limb volume reduction of 5% or more
had reduced dermal thickness at the ankle; however, this was not
the case at the lower leg or the thigh.

Dermal echogenicity: On DI, the ultrasound scans were
hypoechoic for most patients at the ankle (7 patients; 77.8%),
lower leg (9 patients; 100%), and thigh (6 patients; 66.7%). The
remaining scans were isoechoic, apart from one hyperechoic scan
of a patient’s thigh, which could be attributed to the absence of
edema at this location. On D3, the echogenicity increased for two
patients (22.2%) at the ankle, five patients (55.6%) at the lower leg,
and three patients (33.3%) at the thigh; a decrease was only seen
for two patients (from isoechoic image at ankle and hyperechoic
image at thigh). As a result, there was a smaller proportion of
patients with hypoechoic images on D3 see Figure 4. Note that the
remaining images on D3 were all isoechoic, with one exception at
the thigh (hyperechoic).
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Edema distribution: On D1, the edema was seen in both the
hypodermis and dermis for most patients (ankle: 6/9; lower leg:
6/9; thigh: 4/8). For the remaining images, the edema was seen
within the dermis, mainly in both the superficial dermis (papillary
layer) and the deep dermis (reticular layer) (ankle: 2/9, lower leg:
2/9, thigh: 4/8), but occasionally in the superficial dermis alone
(ankle: 1/9, lower leg: 1/9). On D3, this distribution did not
change for most of the patients, but the changes that did occur
mainly involved less edema in the hypodermis. This was found for
two patients at the ankle, two patients at the lower leg, and two
patients at the thigh, although there was one patient (11.1%) who
developed edema in the hypodermis of the lower leg (in addition
to the superficial and deep dermis; (Figure 4). The remaining
changes involved the dermal layers that were affected (superficial
dermis+deep dermis to superficial dermis alone: thigh: 2/8, lower
leg: 1/9; superficial dermis alone to deep dermis+superficial
dermis: lower leg: 1/9).

Skin firmness and elasticity: The mean (SD) overall skin
elasticity decreased significantly from D1 to D3 (from 0.92 (0.06)
to 0.86 (0.08), p=0.039), but there was no significant change in
the net elasticity (from 1.10 (0.32) to 1.02 (0.51), p=0.46) or the
viscoelasticity (from 1.36 (0.42) to 1.37 (0.52), p=0.95). These

results are shown in Figure 5.
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Patient satisfaction

All patients reported that the device was either comfortable (8
patients) or very comfortable (1 patient) both day and night. The
patients also all reported that the pressure was bearable (rather
bearable: 1 patient; totally bearable: 8 patients), which is in line
with their full compliance over the 48 hours. Most of the patients
put on and took off the device themselves (N=5), and three of the
remaining four patients felt that they would be able to do so. The
patients all felt that their lymphedema had improved following the
treatment (strong improvement: 2 patients; slight improvement:
7 patients) and that their skin had become more supple (strong
improvement: 1 patient; moderate improvement: 4 patients;
slight improvement: 4 patients). Most patients also reported
that the discomfort caused by the lymphedema (e.g., heaviness,
numbness) had improved (strong improvement: 1 patient;
moderate improvement: 5 patients). At the end of the study, all
patients decided to keep the device for the maintenance phase of
their treatment, and five of the patients used it for the rest of the
intensive phase (the others used classical bandages).

Safety results

No adverse events were reported, and the device was found to be
well tolerated by all patients.

DISCUSSION

This study showed that the Mobiderm® Autofit device successfully
reduced limb volume in patients with lymphedema over the first 48
hours of their treatment. As this intensive phase usually includes
various interventions, such as MLD and physical exercise, it is
striking that improvements were still seen in our patients who were
treated using the Mobiderm® Autofit device alone. The significant
reduction in limb volume can therefore be attributed to the device
as there were no other interventions. Although previous studies
have shown limb volume reductions when using Mobiderm®
garments and bandages, this is the first time that improvements
have shown for a Mobiderm® garment without any other treatment
[13,19,20]. The effectiveness is likely to result from the continual
pressure applied by the device and may be enhanced by the foam
blocks, which could facilitate the flow of lymph by creating a
‘massage effect’. We explored the underlying mechanisms by
obtaining various measures of the patients’ lymphatic system and
skin.

We first the patients’ lymphatic system using
lymphoscintigraphy. The dynamic images showed that spontaneous
activity could be seen in the lymphatic vessels for around half of the
patients, but that this was mostly abnormal. This is in line with the
patients’ dysfunctional lymphatic system. After 48 hours of wearing
the Mobiderm® Autofit device, we found that the tracer migrated
up the leg to the knee in a shorter space of time. Although this
difference was not statistically significant, the pattern of results
indicates that the device led to an improved flow of lymph through
the lymphatic vascular system. We hypothesize that the pressure
applied by the device and the presence of foam blocks leads to
an increase in the speed of the radiotracer propagation and its
movement through the lymphatic vascular system, thus improving
the circulation of lymph. The seemingly contradictory results
for certain patients who no longer showed normal spontaneous
activity or flow speed on D3 may relate to the fact that the device
had just been taken off for the measurements (this was not the case
on D1). For instance, it is possible that dermal backflow may occur

examined
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when the device is taken off, as was seen in one such patient.

The lymphoscintigraphy images enabled us to examine the features
of the lymphatic system that became visible through the tracer. The
lymph nodes, which collect lymph from multiple afferent vessels,
are one of the most distinctive features. When they are visible, this
indicates that the radiotracer has been successfully transported
along the lymphatic vessels as far as the node. We found that there
were two patients with visible lymph nodes prior to wearing the
device, and that this number increased to four when the device was
put on (D1 only). In addition, the mean number of visible lymph
nodes increased when the patients wore the device. These results
therefore indicate that the Mobiderm® Autofit device facilitates
the flow of lymph along the vessels towards the lymph nodes. It is
possible that this is particularly effective for patients who initially
have some lymphatic vascular activity. In support of this, a previous
study found that visible lymph nodes (through lymphoscintigraphy)
could predict the effectiveness of CDT for patients with breast-
cancer related lymphedema [21]. However, many of our patients
did not have any visible lymph nodes, and yet they showed
improvement in terms of their limb volume. We argue that this
may be because only a small amount of radiotracer was injected,
which had served to limit the patients’ exposure to radioactivity
(as lymphoscintigraphy was carried out twice within three days),
and so this may have reduced the visibility of the lymph nodes. In
support of this possibility, a previous study found that additional
injections of a radiotracer greatly increased the number of patients
(with lower limb lymphedema) who had visible lymph nodes [22].
Specifically, it was found that lymph nodes became visible for 40
patients out of a total of 43 who initially had no visible lymph
nodes. It is therefore possible that an additional injection would
have increased the number of patients with visible lymph nodes in
our study.

Other important features of the lymphatic system were also seen
in the lymphoscintigraphy images. These included tortuous
vessels, which were seen for most of the patients (83%) and are
in line with the dysfunctional lymphatic system. Collaterals were
also seen for over half of the patients (57%), which indicate that
alternative lymphatic pathways were being used. These features did
not change for any of the patients over the course of the study,
which suggests that the device did not affect these features over the
short term. Another feature was the presence of dermal backflow,
which has been described as a diagnostic finding in patients with
lymphedema [23]. This feature indicates that the lymphatic valves
are dysfunctional or that there is an obstruction, which leads to
the lymph flowing backwards along the normally unidirectional
vessels. This feature was seen for four of the patients (44%) on D1;
we speculate that for the remaining patients this feature may have
become visible with an additional tracer injection, as described
above for the lymph nodes. When the device was put on, we found
that the backflow was no longer apparent for just one patient,
which may indicate that the device improved dermal lymphatic
flow for this patient.

We examined the patients’ skin using high-frequency ultrasound,
which provides high resolution images. It has previously been
shown that patients with lymphedema have increased dermal
thickness and that this can improve following treatment [17,24].
It has also been found that the decrease in limb volume correlates
significantly with the reduction in dermal thickness, although
this association is not strong (r=0.37) [17]. In our study, we did
not find a significant reduction in the dermal thickness, which
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could potentially be attributed to the timescale of our study, over
just 48 hours. However, we did find that the patients with a larger
reduction in limb volume all showed decreased dermal thickness
at the ankle. This therefore suggests that improvements in dermal
thickness may begin at the level of the ankle when patients are
treated for lower limb lymphedema.

Ultrasound images were also used to examine the echogenicity of
the skin, which has previously been shown to be low (hypoechoic)
in patients with lymphedema [16,25,26]. In line with this, we
found that all of the patients had hypoechoic images at the lower
leg, and most also had hypoechoic images at the thigh and ankle.
Following the 48 hours of treatment, we found fewer hypoechoic
images at all tested locations, particularly the lower leg, where
the proportion of hypoechoic images fell from 100% down to
just 44%. These findings can be attributed to a reduction in the
patients’ edema, which relates to the tissue echogenicity, and is in
line with the reduction in limb volume following the Mobiderm®
Autofit treatment [25]. However, it is important to note that
these echogenicity results are limited to the patients’ dermis and
the upper part of the hypodermis, because the depth of our high-
frequency ultrasound scans was limited to 8 mm.

We examined the distribution of the edema at the skin for each
patient using the ultrasound scans. We found that most patients
had edema within the hypodermis as well as the dermis on DI.
This is line with previous work, which has shown that most excess
lymph is located within the subcutaneous tissues (hypodermis)
[27]. However, for several patients, we found that the edema was
mainly located within the dermis rather than the hypodermis,
although this may be due to the depth of our scans; specifically,
deeper scans are likely to have revealed edema within the deeper
subcutaneous layers. On D3, we found that the distribution of
edema remained largely unchanged, although for several patients
the edema was no longer seen within the hypodermis. This result
indicates that the excess fluid had been drained away from these
tissues in these patients. This would imply that the device can
improve the drainage of lymph from the hypodermis, at least in
certain patients. Concerning the dermis, we found that the edema
occasionally shifted between the dermal layers, although there was
no consistent pattern. This result is in accordance with the dermal
thickness remaining largely unchanged. However, it is possible that
differences would have emerged over a longer period.

We used a cutometer to assess the patients’ skin elasticity and
viscoelasticity. Previous studies have shown that patients with
lymphedema have low skin elasticity [5,28], and that this worsens
with the progression of the disease [5]. There is evidence that this
is due to a decrease in the elastic fibers within the dermis and
hypodermis [5]. Measures of viscoelasticity, which relate to the
displacement of interstitial fluid within the dermis, have also been
found to be poorer in patients with grade III lymphedema, but this
can improve following treatment [17,29]. In our study, we found
that the measures of net elasticity (R5) and viscoelasticity (R6)
did not change significantly from D1 to D3, thus indicating that
short-term treatment using the Mobiderm® Autofit device did not
affect these skin parameters. We also found that the overall skin
elasticity (R2) decreased slightly. This was previously found in a
study on patients with lymphedema who underwent five days of
intensive CDT; although an increase in the final deformation was
also found, resulting from the reduced edema [17]. The authors
argued that the elasticity did not improve because the patients had
severe lymphedema with ‘irreversible destruction of elastic fibers’.
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It is possible that this may also be the case for the patients in our
study, and it could account for our findings. However, it is also
possible that the results relate to the short duration of our study.

Although the Mobiderm® Autofit device was originally designed for
the maintenance phase of lymphedema treatment, our results show
that it can also be effective for the intensive phase. This involves
adjusting the garment to tighten it, so that it applies the pressure
required for the intensive phase. In our study, this was about 40
mmHg, which contrasts with the maintenance phase pressure of
around 20 mmHg. Despite the increased pressure, the patients
nevertheless reported that the garment was comfortable and that
the pressure was tolerable. They were also able to wear the device

for the full 24 hours, both day and night.

An advantage of the Mobiderm® Autofit device is that most
patients felt able to put the device on and take it off by themselves.
This translates into substantial time savings for hospital staff,
who typically apply multilayer bandaging for the intensive phase
of treatment [30]. The patients also all chose to keep the device
for the maintenance phase of their treatment, thus highlighting
their willingness to use the device; five of the patients also chose
to continue using the garment for the rest of their intensive phase
treatment, instead of changing to bandages. A further advantage
relates to the adjustable straps, which means that patients can
tighten and loosen the device when required.

The main limitation of this study is that the patients were only
followed up for 48 hours, and so any changes beyond this would
have been missed. Another limitation relates to the heterogeneity
of the patients as they differed greatly in terms of their age (28-72
years) and the duration of the disease (0.5-29 years); there were also
patients who were at stage II of the disease while others were at stage
III. These factors may have affected the measurements and whether
they changed from D1 to D3. For example, skin elasticity is known
to be poorer in older adults and so it may change less following
treatment for lymphedema [5]. There may also be less improvement
for patients with more advanced (stage III) lymphedema. Finally,
there were multiple statistical comparisons, which would have
increased the risk of a type [ error.

Despite these limitations and our small sample size, the results
show that the Mobiderm® Autofit device can reduce limb volume
within just two days, even without any other treatment (e.g.,
bandages, stockings, pressotherapy, MLD). The results also indicate
that certain mechanisms may underlie the device’s effectiveness,
which can be examined further in future studies. For example, the
lymphoscintigraphy results indicate that the device may increase
the speed of the lymphatic flow and improve movement towards the
lymph nodes. In addition, the ultrasound measurements indicate
that certain improvements may begin at the level of the ankle, where
the edema may be greater due to gravity. We hypothesize that the
reduction of edema within the dermis and hypodermis (reflected
by less hypoechogenicity) mainly results from the passage of lymph
through the superficial (cutaneous) lymphatic system rather than
the deep lymphatic system. If confirmed, this would indicate that
the Mobiderm device promotes the movement of lymph through
the usual lymphatic pathways.

In the future, it would be helpful to run randomized controlled
studies with larger sample sizes to confirm and expand upon these
findings. It would also be helpful to examine the role of the deep
lymphatic vessels, which were not the focus of the present study.
In addition, it would be of interest to compare treatment using
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the Mobiderm® Autofit device with another device, such as multi-
layer bandaging, and to determine how the presence of foam blocks
affects the results

CONCLUSION

This study shows that the Mobiderm® Autofit device is effective
for reducing limb volume in patients with lymphedema after 48
hours of treatment. The imaging results indicate that the device
improves the drainage of edema from the subcutaneous tissue and
facilitates the flow of lymph towards the lymph nodes. Although
skin improvements were not seen, this could be attributed to the
short time span of the study.
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