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Introduction
The importance of hormones, including growth hormone, in the 

control of body metabolism is well documented.1,2 Experimental 
evidence demonstrates that GH helps in the mobilization of free 
fatty acids from adipose tissue for energy generation, increasing fat 
oxidation capacity as well as energy expenditure.3 Growth hormone 
replacement therapy is presented as a subcutaneously injectable 
solution.4,5

The treatment adverse effects are usually mild and transient. 
Depending on the administered GH dose, fluid retention, muscle 
pain and joint stiffness are most commonly seen.6 Less frequently, 
localized reactions such as lipodystrophy may occur. This may 
present as lipohypertrophy (LH) or lipoatrophy (LA).7,8 These 
changes, otherwise, result from the redistribution of body fat, 
under the influence of GH, and loss (lipoatrophy) or accumulation 
(lipohypertrophy) of adipose tissue can occur in different areas.9

Treatment of patients with GH results in a relative loss of body fat 
and displaces the number of adipose cells and the volume of adipose 
cells to normal, indicating an adipogenic effect of GH, however, their 
use on the skin can also cause accumulation of fat on the arms, legs or 
face when used in injectable form. Therefore, GH stimulates lipolysis, 
but it seems to regulate the deposition of lipids in adipose tissue.10

Lipodystrophy may be treated conservatively or surgically through 
liposuction.11 In case of conservative treatments, physiotherapy may 
help in lipolysis. Among the currently used treatments, shock waves 
therapy that aids in lipolysis is commonly used. Shock waves consist 
of mechanical acoustic waves produced and administered through a 
pneumatic applicator. They may lead to many biological effects on 
different types of cells and tissues. Since it is mechanical in nature, 
its actions result in unstable cavitation, which causes the adipose cell 
membrane rupture.12‒15 In view of the presence of lipodystrophy after 
the application of GH, this study aims to investigate the possible 
effects of shock waves as a lipodystrophy treatment modality.

Material and methods
An 18-year-old female, whose main complaint was the 

permanence of localized abdominal adiposity caused by GH 
application in this area presented to our clinic in Brazil in the city of 
Natal/RN between April and July 2017. The patient reported having 
started treatment with growth hormone at the age of nine, in 2007, 
for stunted growth. Subcutaneous hormone therapy was prescribed 
with upper limb and lower abdomen receiving the greatest number 
of subcutaneous injections. The treatment was interrupted due to the 
changes in the injected area with the appearance of a greater amount 
of fat observed in the right abdomen. This was further corroborated 
with ultrasonography revealing an accumulation of adipose cells in 
the area. The patient was instructed to perform warm compresses on 
the area with no benefit. In 2009, she underwent 10 physiotherapy 
sessions with high power ultrasound applications to decrease the fat, 
but did not obtain results. Shock wave treatment was presented as 
another possible treatment modality.

There were no appointed contraindications, such as pregnancy, 
pacemaker or the use of anti-coagulants, to receiving the treatment. 
Among the exclusion criteria are the lack of agreement with the 
Free and Informed Consent Term, as well as withdrawal during data 
collection.

The D-ACTORTM 200 shock wave device (STORZ MEDICAL 
AG, Switzerland) with the D20 tip was used. To evaluate the results, 
a high-frequency ultrasonography device MOBISSOM (12MHZ), a 
NIKONTM D5000 camera, a FiberTM tape measure and a GlicomedTM 
balance was applied.

Procedures
The project was approved by the Ethics and Research Committee of 

the Potiguar University and the volunteer patient signed the Informed 
Consent Term (ICT) prior to treatment. The present study was based 
on the evaluation of the PAFAL protocol, validated by Meyer et al 
(2008), which includes the anthropometric data. 
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Summary

One of the most common local side effects of subcutaneous injection of human 
growth hormone (GH) replacement therapy is lipodystrophy caused by adipocyte 
changes in specific areas. Shock waves have been shown to cause biological effects 
on cells and tissues, stimulating lipolysis. This study aims to investigate the efficacy 
of shock waves in reducing localized adiposity caused by injectable GH in its area of 
application. 

An 18-year-old female patient with a complaint of abdominal adiposity caused by 
repeated GH in the region presented to clinic between April and July 2017. The patient 
was submitted to shock wave treatment under the following parameters: intensity 
of 3bars, 16Hz, and 4000pulses for 12sessions. Ultrasonography, photogrammetry 
and perimetry images were used before treatment to measure baseline, then 15 and 
30days after treatment. The results showed an average decrease of 1.5cm in abdominal 
circumference with a decrease in adipose layer thickness. This was also apparent 
through clinical images. It was concluded that both the patient’s anthropometric data 
and ultrasonography images analyses showed consequent fat layer reduction and the 
integrity maintenance of the treatment adjacent areas.
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Subsequently, the patient underwent ultrasound examination 
performed by an ultrasonographer. The exam was performed in the 
infra-abdominal region, in an area of 10cm² that was delimited with a 
pen, just below the umbilical scar, with the participant in the upright 
position, with the device set in S. Linear Multi-Frequency mode, 5 to 
13MHZ, 5.0cm of penetration, coupling the transducer longitudinally 
and transversely without pressure and providing inflammation data, 
fat layer thickness in cm, density and fibrosis. The ultrasonography 
was performed in 3steps: before the application, 15days and 30days 
after the procedure and bilaterally, aiming to analyze the difference 
between the sides. Photos were recorded in an upright position, 
frontal, and lateral view (right and left) and the patient was asked to 
perform a 90º shoulder flexion. The camera was fixed on a tripod at 
a height of 76cm from the ground and placed at a distance of 44cm 
from the volunteer. The circumference perimetry was measured using 
a tape measure positioned 5cm below the umbilical scar and parallel 
to the floor.

To perform the treatment, the area was initially delimited in the 
infraumbilical region, 5cm below the umbilicus downwards. The 
left side area was delimited with the same size for control. The 
participant was submitted to shock wave application performed in 
dorsal decubitus position in the same area the ultrasonography was 
performed. The set parameters were: intensity f 3 to 4bars, 16Hz and 
4000 pulses with treatment time being

10minutes. The treatment consisted of 2 weekly sessions, totaling 
12sessions, and the reassessment was done at the end in relation to 
PAFAL before the application, 15days, and 30days after the procedure. 
The treated area was named A and the control area was named B as 
shown in Figure 1.

Figure 1 (A) Right side-treated area and (B) left side-control area.

Results
During the shock wave application period, the patient did not make 

any changes to her diet. The weight and perimetry variables evaluated 
before treatment and up to 30days later are described in Table 1. There 
was an average decrease of 1.5cm in her waist circumference. With 
regard to overall weight, 51kg pre-treatment and 50kg post-treatment 
were registered, with a small decrease of 1kg of body weight by end 
of treatment.

Table 1 Patient anthropometric data

Evaluation of 
measurements and 
weight

Before 
(cm)

15days after 
(cm)

30days 
after (cm)

Abdominal circumference 
5cm below the umbilical 
scar

75cm 74cm 73,5cm

Weight (kg) 51kg 50kg 50kg

Ultrasonography results
Ultrasonography data were recorded in Table 2 and obtained 

before Figures 2A & 2B, during and after the shock waves sessions 
(before, 15 and 30days later). The adipose layer average thickness 
was obtained through simple arithmetic mean. 

Table 2 Ultrasonography data with measures of thickness of the adipose layer 
referring to the treated side and the control side

Measures Before 15days after 30days 
after

Abdominal 
region

Thickness of the 
adipose layer 
(mean)

1.24cm 1.19cm 0.89cm (Right)

 0.75cm 0.62cm 0.60cm (Left)

Figure 2 Ultrasonography images before the applications of shock waves, (A) 
Right side-treated area and (B) left side-control area.

The ultrasonography results revealed a reduction in the thickness 
of the adipose layer at the end of the treatment, with a mean of 
0.35cm on the right periumbilical side and 0.15cm on the control side. 
Fifteen days after the first session, there was a decrease of 0.05cm 
in the adipose layer thickness on the treated side and of 0.13 on the 
control side, as shown in Figures 3A & 3B. A significant reduction in 
local tissue adiposity was observed 30days after treatment in the right 
infraumbilical region (Figures 4A & 4B). At this stage, the decrease in 
the thickness of the adipose layer had an average of 0.30cm.

Figure 3 Ultrasonography images 15days after shock wave applications, (A) 
Right side-treated area and (B) left side-control area.

Figure 4 Ultrasonography images 30days after the first session of shock wave 
applications, (A) Right side-treated area and (B) left side-control area.

The first ultrasound scan of the patient’s abdominal wall revealed 
a solid hyperechogenic, oval, heterogeneous structure and coarse 
images, suggestive of a lipoma with diameters measuring 0.9 x 1.3 
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x 1.5cm adjacent to the right rectus abdominis muscle Figures 2A 
& 2B. In the last ultrasonography Figures 4A & 4B the presence of 
six structures was evidenced, suggestive of adipose cluster to the 
umbilical region, to the right on the abdominal wall, which largest 
diameters corresponding to 0.6 x 1.0 x 1.1cm.

Photo analysis 
The analysis of the photos was recorded in frontal and lateral views, 
obtained before Figures 5A & 5B, during Figures 6A & 6B and after 
the shock wave application Figures 7A &7B. There was a decrease 
in mean abdominal circumference, comparing pre-treatment and 
post-treatment photos, showing difference in the patient’s abdominal 
adiposity in a perceptible way, better observed from the lateral 
perspective.

Figure 5 Photographic images before shock wave applications, (A) frontal and 
(B) lateral perspectives.

Figure 6 Photographic images 15days after the start of shock wave 
applications, (A) frontal and (B) lateral perspectives.

Figure 7 Photographic images 30days after the first of 12sessions of shock 
wave application, (A) frontal and (B) lateral perspectives.

Discussion
Lipodystrophy is a common localized reaction to GH hormone 

replacement therapy. While surgical treatment is an option, 
conservative methods are more attractive to most patients. Shock 
wave therapy is a method that uses shock waves to break down 

adipocyte cell membrane and cause lipolysis in the area treated. This 
treatment does not change a person’s weight as described by Ferraro 
et al.13 This suggests that the reduction of fat thickness was due to the 
treatment of shock waves and cryolipolysis.

The presence of asymmetric changes in subcutaneous adipose 
tissues, suggestive of lipomatous agglomerate in the right 
paraumbilical area was observed in the study of the patient’s 
abdominal wall ultrasonography.13,16 Only one medical report, 
among several, described the adipose tissue alteration found in the 
patient as a lipoma. Zanini16 described the lipoma as a more common 
mesenchymal neoplasm, being a benign tumor of mature adipocytes 
of variable size, single or multiple, preferentially located in the 
limbs and trunk, clinically manifested as a nodule or subcutaneous 
tumor, more palpable than visible. Conventional surgical treatment is 
suggested in literature as more effective, especially in the presence of 
muscular or tissue infiltration.17 Conservative treatments are not cited 
as successful therapeutic possibilities in these cases.18

In other reports, this was defined as an adipose cluster. Heid 
et al.,19 defined the difference between lipoma, lipomatosis and 
lipodystrophy. Lipomas being consistent with fat cells that constitute 
hypodermic nodular formations. They can be simple or multiple 
(lipomatosis). Lipodystrophies are a heterogeneous group or family of 
acquired conditions, and sometimes associated to metabolic diseases. 
In this case, two ultrasound medical reports pointed to the description 
of lipodystrophy induced by GH replacement therapy. Due to the 
absence of conservative treatment response of a lipoma, as described 
in the literature, this further proves that the cause is an acquired 
lipodystrophy that responded well to shock wave therapy.20

Gomes et al.,21 carried out a case study with a 43-year-old female 
volunteer with abdominal lipodystrophy who did not undergo any 
type of diet, but practiced some physical activity (light walking) once 
a week and was submitted to ten sessions of high power ultrasound. 
During the treatment, the patient did not make any changes to her diet, 
did not use medication and did physical exercise only on the day of 
the session, maintaining the usual frequency and intensity. The results 
revealed significant reduction in measurements and body weight, so it 
was then concluded that high-power ultrasound presented satisfactory 
results in localized lipodystrophy. The photographic images recorded 
before and after the treatment demonstrated significant fat reduction 
in the treated areas, similar to this study’s findings. The patient, in 
that case, did not present a drug-induced lipodystrophy as in this 
case. It is important to emphasize that their patient underwent high-
power ultrasound treatment in the same physiotherapy service in 2009 
and did not obtain results cited by these authors, probably due to a 
different lipodystrophy cause.

Liang et al.,22 compared shock wave therapy to ultrasound. The 
number of waves required for lipolysis was lower in the shock wave 
treatment, resulting in a shorter treatment time compared to the time 
for treatment with the ultrasound. In the present study, perimetry and 
ultrasonography results demonstrated significant reduction of local 
tissue adiposity in the first 15days after treatment, as shown in Figures 
6A & 6B.

Studies with humans and animals have verified the effectiveness 
of shock waves in adipose tissue.22,23 The pilot study of shock wave 
lipolysis performed by Liang et al.,22 used two different species of 
animals, a rabbit and a pig of approximately 3.5 and 2.5kg respectively. 
On microscopic tissue test samples examination, the fat cell region 
with its membranes were destroyed after shock wave treatment. This 
was clearly observed and no damage to neighboring tissues such as 
skin, blood vessels and peripheral nerves were observed.22,23

Liang et al.,24 when testing tissue withdrawn from an euthanized 
animal and also withdrawn from living fat tissues obtained results that 
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evidenced that the largest lesion occurred to living fat tissue rather 
than fat tissue removed from the euthanized animal. No new fat cells 
generation was found within one week after the shock wave treatment. 
What happens to fat cells destroyed through shock wave treatment 
in clinical application is that they are transported through a series of 
routes to the liver or other tissues, being absorbed in phagocytosis 
processes.22,24 The observation of sliced fat tissues suggests that fat 
cells were possibly destroyed by two mechanisms - compression and 
cavitation. It was assumed that the area of injury might have actually 
increased due to the post-treatment dissolution of the affected fat 
cells.24

In the study conducted by Adatto et al.,25 the treatment was 
performed with shock waves in 14 female patients during 4weeks, 
with eight treatment sessions using two applicators. Measurements 
with the ultrasound system clearly demonstrated significant 
decrease in the subcutaneous fat layer thickness and reduction in the 
mean circumference of the thighs, as well as decrease in the waist 
circumference measurement. These studies demonstrated the non-
invasive treatment safety and efficacy of localized fat areas, not only 
by providing volume reduction in but also by improving skin texture.25

The study carried out by Adatto et al.,25 used electromagnetic 
shock waves, whereas the present study was carried out with 
pneumatic shock waves. A relationship between this study and 
the other mentioned studies is observed due to the proven efficacy 
between conservative treatments in localized lipodystrophies. It is 
possible to conclude that these effects are due to the treatments. These 
parametric studies related to shock wave administration have been 
conducted in skin/fat tissues of humans and animals confirm lipolysis. 
Clinical studies are key and challenging tasks to verify the success 
and viability of shock waves in lipolysis.

These initial results are promising, but a more in-depth study is 
suggested for possible clinical application of this therapy.22‒25 In this 
research, great difficulty in finding bibliographical references must be 
mentioned, especially in regard to intervention with scientific proof. 
The lack of sufficient studies demonstrates that shock waves have 
been used with little scientific basis in relation to their application in 
lipodystrophies. Additional studies with larger number of volunteers 
are recommended.
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