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ABSTRACT

In this case study of a unique 
instance, the effects of 
non-invasive generated 
shockwaves onto the skin and the 
underlying fat tissue of a 
cellulite-afflicted, 52-year-old 

woman were investigated. The 
treatment was applied at the 
lateral thighs once per week for a 
period of 10 weeks. Diagnostic 
high-resolution ultrasound (Esaote 
25 Gold® device with 15–18 MHz 
linear probe), thermography 

(Thermo-Cell) and photography 
(Canon® camera) were performed 
before and after treatment. 
Changes to the subcutaneous fat 
were demonstrated using 
ultrasonography and 
thermography. 

“Cellulite 
represents the 

most 
widespread 

and least 
tolerated 
aesthetic 
complaint 

among 
women.”

C
EllulITE Is a 
c o m m o n 
t o p o g r a p h i c a l 
alteration in which 
the skin acquires an 
orange-peel or 

mattress appearance. In this 
condition, alterations occur to the 
adipose tissue and microcirculation 
that result from blood and 
lymphatic disturbances causing 
fibrosclerosis of the connective 
tissue. It is considered a 
non-inflammatory, degenerative 
phenomenon that provokes 
alterations to the hypodermis 
producing irregular undulations on 
the skin overlying affected areas. 

Cellulite is certainly not a serious 
condition from the medical point of 
view, but it does represent the most 
widespread and least tolerated 
aesthetic complaint among women. 
The condition is well-known as a 
result of intense publicity campaigns 
in the mass media and cosmetics 
industry, targeted at increasing the 
market for cosmetic creams, 
electro-medical equipment, and 
therapeutic fantasies that often lack 
a scientific basis, although they do 
sometimes improve the aesthetic 

aspect of the problem. A few 
treatments supported by some 
evidence are available today, such as 
mechanical therapy with suction, 
bipolar radiofrequency, 
carboxytherapy, mesotherapy, and 
recommendation of exercise and 
weight-loss, for example. Shockwaves 
applied locally to the skin with 
cellulite may be an effective 
non-invasive therapy combined with 
any of the other treatments.

High Energy Radial 
Shockwave Therapy 
(HERST)
Shockwaves transmit mechanical 
energy from the place of generation 
to distant areas. They display a 
single, mainly positive pressure pulse 
of large amplitude that is followed by 
comparatively small tensile wave 
components1. When using 
shockwaves for therapy, effects that 
make the pressure pulse even 
steeper as a result of non-linearities 
in the propagation medium, as well 
as phenomena such as refraction 
and diffraction at acoustic interfaces, 
must be taken into consideration. 
The fact that shockwaves selectively 
effect acoustical interfaces 
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in medicine the suffix ‘itis’ refers to 
an inflammation or infection. 
Therefore, ‘cellulitis’ might refer to 
any inflammation of the cells 
involved. In cellulite, there is no 
inflammation or infection, but 
perhaps an alteration of interstitial 
tissues. There was a time when 
cellulite was thought to be a mere 
increase of fat in subcutaneous 
tissues associated with an altered 

(connecting two media, each with a 
different density; e.g. oil/water) and 
pass through homogenous elastic 
tissue without damage to the 
majority of the area is medically 
important. Unfocused extracorporeal 
shockwaves radially spread with an 
energy flow density per pulse smaller 
than 0.1 mJ/mm2 2,3, which decrease 
the power by one third for every 
centimeter that penetrates into the 
tissue. 

Biological effects  
of HERST
The stimulating effect of defocused 
e x t r a c o r p o r e a l - g e n e r a t e d 
shockwaves on biological processes 
within the tissues reached has 
increasingly become the centre of 
interest over the last few years. The 
biological mechanism of action after 
a shockwave is still unknown to a 
large extent. Biological reactions of 
liberation of different agents 
(measured by 
immunohistochemistry) such as 
vascular endothelial growth factor 
(VEGF), endothelial nitric oxide 
synthase (ENOS), and proliferating 
cell nuclear antigen (PCNA) have 
been reported4,5. 

On the subcellular level, the 
damages are the increase of 
permeability of the cell membrane6, 
lesions of the cytoskeleton7, and 
changes to the mitochondria, 
endoplasmatic reticulum, and 
nuclear membrane of the cell that 
may lead to apoptosis8. Shockwaves 
are also effective as a means of 
increasing local blood circulation 
and metabolism, as well as having a 
high antibacterial effect.

Pathophysiology  
of cellulite
Nobody can deny that the term 
‘cellulitis’ has been misused, because 

lymphatic and venous flow, and 
lymphatic stasis. Furthermore, there 
was a deeply rooted notion that 
cellulite was closely related to the 
specific stasis subsequent to 
hypotonia or venous and lymphatic 
disease. It was therefore assumed 
that a previous varicose disease 
should exist for cellulite to appear. 

In fact, this is infrequently true. 
Most often, the interstitial 

Figure 1 Treatment of 
the left thigh with 

shockwave therapy 
(ZWave®)

Figure 2 Shockwave 
therapy from Zimmer 

MedizinSysteme (ZWave®)
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alterations of cellulite disease 
appear first and the varicose or 
lymphatic pathology manifests itself 
only later. Regardless, the 
characteristic ‘peau d’orange’ 
appearance of cellulite is either 
caused by an increase in the fat or 
interstitial liquid content, or to the 
alteration and retraction of 
connective tissue layers occurring 
at different times and in different 
manners. 

Venous-lymphatic stasis is the 
outward expression of malfunction-
ing in the endocrine-metabolic 
regulation of the interstitium. 
However, this definition does not 
include alI stages of the disease as 
far as their evolution in time is 
concerned and furthermore, it does 
not consider its aetiological and 
physiopathological variants.

There are clearly three stages of 
development — oedema, fibrosis, 
and sclerosis. However, the initial 
oedema is not always the first 
pathological manifestation as an 
alteration to the interstitial matrix, 
the connective structure, or the 
adipose tissue often precedes its 
appearance. In some cases, such as 
lipoedema and lipo-lymphoedema, 
the oedema (characterised by the 
presence of free water rather than 
lymph) results from an alteration of 
the interstitial or adipocytic 
metabolic mechanisms. Based on 
inspection of the skin, Nürnberger 
and Müller9,10 formulated a simple 
grading-score of cellulite. Up to the 
7th or 8th foetal month in both 
sexes, the upper part of the 
subcutaneous tissue just below the 
corium consists of standing fat-cell 
chambers and septa running radially 
similar to those of the adult woman. 
At birth, gender-typical differences 
are clearly manifest: in male 
newborns, small, polygonal fat-cell 
chambers and septa of netted, 
angled and parallel to the surface, 
criss-crossing connective tissue are 
distinctly those of adult males in 
addition to the corium being thicker 
and coarser in fibrous structure. 
These gender-typical structural 
differences possibly the result of the 
proliferative effect of androgens on 
the mesenchyme (fibroblast activity) 
during the last third of foetal life. 

Incipient cellulite, recognised by 
an orange peel appearance, 
represents focally enlarged 
fibro-sclerotic strands partitioning 
the hypodermis and limiting the 
out-pouching of fat lobules. In 
contrast, fully developed cellulite 
recognised by a dimpled skin 
surface represents subjugation of 
the hypertrophic response of the 
hypodermal connective tissue 
strands when the resistance is 
overcome by progressive fat 
accumulation (in subjects with high 
body mass indices) forming papillae 
adiposae that protrude into the 
lower reticular dermis11. 

Materials and methods
A healthy woman, aged 52 years 
with Fitzpatrick skin type III and 
cellulite degree III agreed to have 
the skin at her right thigh treated 
with HERST over 10 sessions 

(Figure 1), and with no treatment at 
the contra-lateral thigh. The giving 
of informed consent was required to 
perform the treatment. The patient 
was asked to continue with her 
usual daily routine, without 
undergoing a specific exercise 
regimen. Changes in subcutaneous 
fat where evaluated using diagnostic 
high-resolution ultrasound (Esaote 
25 Gold® device with 15–18 MHz 
linear probe) and liquid crystal 
contact thermography  (LCCT) 
(Thermo-Cell). 

Exclusion criteria related to health 
status included:

 ■ Disease of the skin

Figure 3 High-frequency high-resolution ultrasound of right thigh before first 
HERST treatment, corresponding to cellulite degree III

Figure 4 High-frequency high-resolution ultrasound of right thigh after 10th 
HERST treatment, corresponding to cellulite degree 0–I.

“Incipient cellulite, 
recognised by an 

orange peel 
appearance, represents 

focally enlarged 
fibro-sclerotic strands 

partitioning the 
hypodermis and 

limiting the 
out-pouching of fat 

lobules.”
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 ■ Thrombosis or post-thrombosis 
syndrome
 ■ Known melanoma or 
chemotherapy
 ■ Anti-coagulation therapy
 ■ Cortisone-therapy
 ■ Known metabolic disorder (e.g. 
diabetes mellitus, 
hypercholesterolaemia)
 ■ Inflammation within treatment 
area
 ■ Other simultaneous treatment of 
cellulite.

High-resolution ultrasound
The high-resolution ultrasound was 
carried out at the beginning and at 
the end of the study. It is an 
image-producing and non-invasive 
diagnostic tool12, which is able to 
give an exact representation of the 
structure and quality of the subcutis, 
and therefore the result of cellulite 
therapy can be evaluated precisely13. 

Liquid crystal contact 
thermography
LCCT measures minor differences in 
skin temperature14. In this study, 
LCCT was used to detect a change 
in micro-perfusion of the 
surrounding tissue treated with 
HERST. 

Application technique 
and device parameters
The low-energy defocused HERST 
was produced by electromagnetic 
means with the ZWave® device 
(Figure 2), with the energy flow 
density per shot set at 0.02 mJ/mm2. 
The treatment was applied to the 
right lateral thigh, once per week for 
a period of 10 weeks. Over a surface 
area of 120 cm2 of skin, 3700 shots 
where applied homogeneously at 
16 Hz and 120 mJ. The control area 
was the left thigh. At the end of the 
treatment period (equivalent to 
37 000 shots), a questionnaire was 
completed with regard to tolerance 
(pain and side-effects) and the 
subjective outcomes of cellulite.

Results and discussion
Impact of HERST on 
remodelling subcutaneous fat
In addition to tightening the skin 
and improving its quality, an ideal 
therapy of cellulite should ensure a 

reduction to the subcutaneous fat. 
In one study15, the hypothesis was 
stated that low-energy defocused 
HERST treatment (12 sessions) is 
effective in treating cellulite through 
the remodelling of subcutaneous 
adipose tissue. This effect can be 
corroborated by the subjective 
comments of the patient (in which 
improvement as a result of treatment 
may have a latent period of 
2–6 months), as well as studying the 
superficial adipose tissue using 
high-frequency ultrasound (indirect 
signs of subcutaneous remodelling) 
and LCCT (indirect signs of increased 
perfusion). The present prospective 
design study (low-energy, HERST, 10 

therapy sessions) supports this 
hypothesis.

A remodelling in the subcutis can 
be seen using high-resolution 
ultrasound. In the pre-treatment 
echography it is possible to see 
typical macro-nodules of cellulite 
degree III, in both the areolar and 
lamellar layers of the subcutaneous 
adipose tissue (Figure 3). The 
superficial fascia is unfolded and 
hyperechogenicity of the subcutis is 
shown. In the post-treatment 
echography, an improvement to the 
area (without nodules), increased 
homogenisation of the echogenicity 
and linear superficial fascia can be 
seen, all of which are typical of 

Figure 5 Liquid crystal 
contact thermography 

(LCCT), RW28ST with 
colours corresponding to 

temperature steps of 0.50 
Celsius) of right lateral thigh, 

before first HERST 
treatment

Figure 6 Liquid crystal 
contact thermography 

(LCCT), RW27ST with 
colours corresponding to 

temperature steps of 0.50 
Celsius) of right lateral thigh, 
after 10th HERST treatment
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cellulite degree I (Figure 4).
Hyperaemia was clearly visible 

with LCCT at the site of HERST 
treatment, starting immediately 
thereafter and lasting for a number 
of days. In the pre-treated thigh, it is 
possible to see areas with a low 

perfusion (black in colour) typical of 
macro-nodular cellulite degree III 
(Figure 5). In the post-treated thigh, 
one can clearly see an improvement 
to the area without nodules and 
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Further reading

increased homogenisation of light 
colours corresponding with 
well-perfused areas, all typical proof 
of cellulite degree I (Figure 6).

Conclusions
The encouraging results obtained in 
this study reveal that HERST is an 
interesting non-invasive therapy for 
cellulite, not only by strengthening 
the skin’s scaffolding fabric16, but also 
by remodelling the subcutaneous 
fat tissue. Further studies should 
investigate whether parameters 
such as the patient’s age (adolescent, 
adult or elderly females), body-
composition (obesity), and the stage 
of cellulite have an influence on the 
outcomes of HERST. 
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“In the pre-treated 
thigh, it is possible to 
see areas with a low 
perfusion (black in 
colour) typical of 

macro-nodular cellulite 
degree III.”

Before (left) and after (right) treatment with HERST therapy




