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INTRODUCTION
Therapeutic interventions in the burned individual aim at reduc-
ing sequelae and disability, involving an increase in the distensi-
bility of he patient and a consequent increase in functionality1. 
The healing process that occurs post-burn is known to cause a 
reduction in tissue flexibility. Even in grafted areas, retractions 
are common in particular regions, resulting in contractures. 
Although burned skin does not exhibit the same biomechani-
cal characteristics as normal skin, therapeutic approaches may 
help to minimize these sequelae, improving the quality of life 
for these patients2.

The rehabilitation of burned patients involves specific 
behaviors in both the prevention and recovery of certain move-
ments, using different therapeutic techniques3,4. Therapeutic 

ultrasound (TU) is used in the rehabilitation of scar tissue when 
there is a high concentration of collagen. There is a thermal 
effect, promoting an increase in the extensibility of the colla-
gen, increasing the distensibility of the skin and the range of 
motion of the affected joints5,6. This effect is also attributed to 
the use of therapeutic paraffin (TP), which increases superficial 
blood flow and the extensibility of collagen fibers, improving 
tissue mobility7. Vacuum massage is a noninvasive mechanical 
massage technique performed with a device that lifts the skin 
using suction. This is thought to promote mobilization of the 
skin, increasing tissue distensibility8,9. This technique produces 
additional stretching of the skin when combined with heating 
using either ultrasound or paraffin. Therapeutic interventions 
with ultrasound often precede other therapeutic modalities 
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SUMMARY
OBJECTIVE: This study aimed to compare the effects of therapeutic ultrasound and paraffin with or without vacuum massage on the biomechanical 

properties of grafted skin after a burn.

METHODS: A total of 44 patients with deep second- and third-degree burns, with a mean age of 35.89 (±11.53) years, who visited the Hospital Burn 

Unity, were included in the study. The therapeutic interventions were randomly defined by drawing lots, with a crossover design (crossover), and a 

minimum interval of 7 days (washout) between interventions. Skin biomechanical parameters such as distensibility (R0) and viscoelasticity (R6) were 

noninvasively evaluated by Cutometer before and after 0, 10, 20, and 30 min of intervention with therapeutic ultrasound and paraffin alone, as well 

as associated with negative pressure therapy of the skin (vacuum therapy). In this study, all groups showed increased distensibility (R0) in the period 

immediately after the application of the resources and a progressive reduction in the effects in the consecutive tests. Participants with skin grafts 

showed a decrease in viscoelasticity (R6) in all groups, except therapeutic paraffin and therapeutic ultrasound and vacuum massage. 

CONCLUSION: The biomechanical properties of grafted skin after a burn are altered after therapeutic intervention with ultrasound alone or associated 

with vacuum massage, such as intervention with paraffin associated with vacuum massage, for both parameters evaluated, skin distensibility (R0) and 

skin viscoelasticity (R6). However, the same did not occur for the intervention with isolated paraffin. There was no significant difference between the 

interventions therapeutic ultrasound and therapeutic paraffin.
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such as kinesiotherapy as well as manual and assisted massage, 
aiming to increase tissue distensibility first. However, the dura-
bility of the effects seen with therapeutic interventions has not 
yet been established.

The importance of mobilization of the burned patients in 
the rehabilitation process is known; however, if performed inap-
propriately, it can produce lesions in the areas affected by the 
burn, which are naturally rigid, increasing the recovery period. 
Thus, it is important to know the effects of those therapeutic 
interventions on tissue distensibility10,11. Therefore, the objec-
tive of this study was to compare the effects of TU and TP with 
or without vacuum massage on the biomechanical properties 
of skin and grafted skin after a burn. 

METHODS

Study design and ethical aspects
A randomized controlled trial was conducted at the Burn Unity of 
the Hospital das Clínicas da Faculdade de Medicina de Ribeirão 
Preto da Universidade de São Paulo, Brazil. The protocol was 
approved by the University’s Institutional Ethic Committee 
for the research (13386/2011) and registered in Clinical Trials 
(NCT02185950). Patients were duly informed about the pro-
cedures used in the study and signed the consent form.

Inclusion criteria were patients aged between 18 and 60 years 
presenting burns in the upper limbs, with at least 3 months of 
postoperative healing of a skin graft (0.2 mm thick), normal 
skin site in the contralateral limb, without signs of infection, and 
with no limitations of upper limb movements. Noninclusion 
criteria were burn patients aged over 60 years and infection 
(fever in the last 24 h) and limitation of upper limb movements.

In this study, the Cutometer 580® (Courage-Khazaka elec-
tronic GmbH, Cologne, Germany) was used to assess the bio-
mechanical characteristics of the skin, such as distensibility 
and viscoelasticity. Participants and their skin graft areas were 
divided into four groups according to the different therapeutic 
interventions applied: Group 1, TU—therapeutic ultrasound; 
Group 2, TP—paraffin therapy; Group 3, TUV—therapeutic 
ultrasound and vacuum massage; and Group 4, TPV—thera-
peutic paraffin and vacuum massage.

The design of this study of therapeutic interventions was a 
crossover, and the evaluated areas were submitted to all thera-
peutic procedures with the application of the resources randomly 
assigned, with an interval of 7 days (washout) to avoid inter-
ference between each intervention. The sample was calculated 
using the software Ene, version 3.0 (Autonomous University 
of Barcelona, Barcelona, Spain). 

Therapeutic methods
Therapeutic interventions with ultrasound (TU) and paraf-
fin (TP) alone or associated with vacuum massage (TUV and 
TPV) were applied in delimited areas with a size of 9×5 cm, 
followed by evaluations immediately after the applications and 
after 10, 20, and 30 min. The TU was applied for 4 min at a 
frequency of 3 MHz, the intensity of 1 W/cm2, in continuous 
mode with the transducer in a circular motion. Paraffin was 
applied in four layers, heated to 38.5°C in specific equipment 
(Carci, São Paulo, Brazil), and remaining for 20 min in the 
place to be evaluated. 

For TUV and TPV, the vacuum massage was performed with the 
Dermotonus Slim® equipment (IBRAMED, Amparo, São Paulo, 
Brazil), with continuous negative pressure of 250 mmHg and a 
1.8-cm diameter glass accessory for 4 min with longitudinal slips.

Biomechanical properties of the skin
The biomechanical properties of the skin were evaluated in 
areas with skin sheet grafting at least 3 months postoperative 
in the upper limbs of the patient. The evaluations were car-
ried out in a controlled environment, in the supine position, 
always in the morning, to avoid chronobiological interference 
in the skin characteristics12.

Biomechanical characteristics of the skin were evaluated 
before the application of the resources in both areas: the area 
of the scar (grafted) and in the control area (contralateral 
intact, normal skin) and after 0 (P0), 10 (P10), 20 (P20), and 
30 (P30) min after intervention. The evaluation of the bio-
mechanical properties of the skin, such as distensibility and 
viscoelasticity, was performed with the Cutometer MPA 580® 
equipment (Courage-Khazaka electronic GmbH, Cologne, 
Germany), calibrated with a 2-mm diameter probe and a 500 
mbar (375 mmHg) vacuum. The probe was attached to the 
area to be evaluated with 1 s of suction and 1 s of relaxation, 
in three cycles, configuring three tissue deformation curves. 
The vertical deformation was evaluated in mm using constant 
negative suction. The parameters R (relative) are automatically 
calculated in mm, where R0 corresponds to distensibility and 
represents the passive behavior of the skin to force, with low 
values representing greater firmness, and R6 to viscoelasticity.

Statistical analyses
The data for the variables, distensibility and viscoelasticity, were 
normalized by the Shapiro-Wilk test. The Friedman test was 
used for intragroup comparisons over time, and the Kruskal-
Wallis test followed by the Dunn post-hoc test was used for 
intergroup comparisons between the different interventions 
and had a significance level of 5% (p<0.05). All processing was 
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performed in the Statistical Package for Social Sciences (SPSS), 
version 17.0 (Chicago, IL, USA).

RESULTS
A total of 44 burned patients participated in the study, with a 
predominance of men (59.1%) and a mean age of 35.8 (±11.5) 
years. We evaluated 140 areas with skin grafts with p<0.05, 
stimulated with different therapeutic interventions: interven-
tion with ultrasound (UT), intervention with paraffin (PT), 
intervention with ultrasound and vacuum (TUV), and inter-
vention with paraffin and vacuum (TPV). 

Although controversial, factors that may interfere in the 
assessment of the biomechanical characteristics of the skin, 
such as color, age, and sex, are pointed out13-16. Skin color 
showed no significant difference for variables R0 (0.31±0.08, 
0.30±0.09, and 0.3±0.1, p=0.44) and R6 (0.5±0.08; 0.4±0.1, 
and 0.4±0.1, p=0.43), considering the control group for black, 
brown, and white, respectively.

A significant increase in total distensibility was observed in 
the normal skin of the TU group immediately after application 
(P0), when compared to the pre-intervention; however, there was 
a reduction in this variable over time (P30) (Table  1). The TPV 
treatment group showed a significant difference between pre-in-
tervention and immediately after application (P0) in normal 
skin, with increased skin distensibility. However, a significant 
decrease in distensibility was found between P10 and P20 when 
compared to the data collected at P0 (Table 1). There was a 
progressive reduction in the values at all times observed for all 
groups, in the area of the skin graft (P0, P10, P20, and P30). 
However, this post-intervention reduction was significant only 
in the TUV treatment group when comparing P30 with that 
immediately after the intervention (Table 1).

The viscoelasticity of the normal skin for the TU and 
TP groups showed a significant increase from pre-treat-
ment to shortly after the application of the intervention 
(P0). Furthermore, a significant increase for the TU treat-
ment group between P20 and P30 compared to P0 was also 
observed. The TUV and P10 treatment groups had a signifi-
cant increase (Table 2). For skin graft areas, there was a signif-
icant decrease between pre-intervention and P0 in viscoelas-
ticity observed in the TU and TPV groups. Furthermore, in 
the TUV and TPV groups, a significant increase in viscoelas-
ticity was observed for P30 and P10, respectively (Table 2). 
In general, it can be observed that for both parameters, skin 
distensibility (R0) and skin viscoelasticity (R6), both for the 
normal area and the skin graft area, there was no significant 
difference between the interventions (Table 3).

DISCUSSION
The rehabilitation of the burned individual is complex and 
challenging, whose main objective is to promote functionality, 
which is often compromised due to biomechanical changes in the 
scar tissue, with consequent movement limitation. The results 
of this study show the effects produced after the application 
of the therapeutic intervention with TU and TP on the bio-
mechanical properties of the skin, such as skin distensibility 
and viscoelasticity.

It is established that the application of TU in a con-
tinuous mode increases the tissue temperature, associated 
with an increase in the distensibility of collagen in scar tis-
sue5. This justifies the use of TU to increase tissue distensi-
bility17. Previously, the effect of TU has been evaluated on 
the scars and skin grafts of burn victims, and although the 
authors did not find a significant increase in distensibility 

Table 1. Comparison of tissue distensibility values in control and skin graft area at different times. 

Area Group Pre P0 P10 P20 P30

Normal skin

TU (n=39) 0.32 (0.27–0.38) 0.36ª (0.31–0.45) 0.35 (0.29–0.40) 0.33 (0.30–0.40) 0.31b (0.29–0.38)

TP (n=38) 0.30 (0.25–0.36) 0.31 (0.27–0.37) 0.34 (0.26–0.39) 0.34 (0.28–0.38) 0.32 (0.26–0.38)

TUV (n=32) 0.35 (0.27–0.42) 0.36 (0.30–0.44) 0.33 (0.30–0.41) 0.34 (0.28–0.40) 0.31b (0.26–0.40)

TPV (n=32) 0.33 (0.25–0.38) 0.35a (0.27–0.40) 0.32b (0.27–0.37) 0.30b (0.26–0.36) 0.32 (0.26–0.37)

Skin graft area

TU (n=39) 0.13 (0.10–0.16) 0.14 (0.10–0.19) 0.13 (0.10–0.18) 0.12 (0.09–0.17) 0.13 (0.09–0.16)

TP (n=38) 0.11 (0.09–0.16) 0.13 (0.10–0.16) 0.12 (0.10–0.16) 0.11 (0.10–0.14) 0.12 (0.10–0.16)

TUV (n=32) 0.13 (0.10–0.16) 0.14 (0.09–0.18) 0.11 (0.08–0.16) 0.12 (0.09–0.16) 0.11b (0.08–0.15)

TPV (n=32) 0.11 (0.09–0.16) 0.13 (0.10–0.17) 0.10 (0.08–0.15) 0.10 (0.08–0.15) 0.11 (0.09–0.16)

TU: ultrasound group; TP: paraffin group; TUV: ultrasound and vacuum massage group; TPV: paraffin and vacuum massage group and vacuum. aIt differs from 
Pre (p<0.05); bIt differs from P0 (p<0.05). Tissue distensibility values (R0, in mm), pre-intervention (Pre), immediately (0 min, P0), 10, 20, and 30 min after 
intervention (P10, P20, and P30). Values presented in median (first quartile-third quartile).
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with TU, they found a significant improvement in the active 
and passive amplitude of the movement7. These results can 
be related to tissue distensibility and therefore support the 
results of this study. 

Despite this, TU is frequently used in therapeutic interven-
tions, the ineffectiveness indicates that the wrong parameters 
are being used, such as the size of the treated area, duration, 
intensity, frequency, tissue type, transducer movement, and the 
“therapeutic window”5,18.

The literature about the use of paraffin therapy and 
vacuum massage, including the specific parameters such as 
temperature, time, or type of application, is scarce6,19. It has 
been found previously that different methods of applying 
paraffin therapy may influence the depth of heating, having 

different responses in different pathologies20,21. Previously, 
it has been observed that an increase in the elasticity of a 
burn scar that was treated with TP could remain for 4 h18. 
In this study, the maintenance of the effect did not remain 
for 30 min. 

The vacuotherapy or vacuum massage applied to the skin 
leads to mechanical stress on the biological structures that make 
them up22. It is thought that the combination of interventions 
with vacuum massage can produce an impact on the collagen 
found in scar tissue and elastic fiber remodeling23. However, 
different from other studies, in this study, with only one appli-
cation of the intervention, no significant increase was noted 
for distensibility of both the normal and skin graft for either 
combination therapy, TUV and TPV8,9. 

Table 2. Comparison of relative values for viscoelasticity, in control and skin graft area at different times. 

TU: ultrasound group; TP: paraffin group; TUV: ultrasound and vacuum massage group; TPV: paraffin and vacuum massage group and vacuum. aIt differs from 
Pre (p<0.05); bIt differs from P0 (p<0.05). Viscoelasticity (R6), pre-intervention (Pre), immediately (0 min, P0), 10, 20, and 30 min after intervention (P10, P20, 
and P30). Values presented in median (first quartile-third quartile).

Area Group Pre 0 10 20 30

Normal skin

TU (n=39) 0.45 (0.40–0.50) 0.36a (0.31–0.42) 0.42 (0.37–0.48) 0.44b (0.38–0.50) 0.45b (0.36–0.50)

TP (n=38) 0.47 (0.43–0.50) 0.42a (0.37–0.47) 0.43 (0.40–0.50) 0.44 (0.39–0.49) 0.46 (0.38–0.53)

TUV (n=32) 0.43 (0.38–0.48) 0.39 (0.32–0.45) 0.43b (0.40–0.51) 0.48b (0.41–0.53) 0.50b (0.39–0.55)

TPV (n=32) 0.45 (0.39–0.49) 0.44 (0.36–0.47) 0.46b (0.42–0.53) 0.47ª,b (0.43–0.52) 0.47 (0.39–0.54)

Skin graft area

TU (n=39) 0.59 (0.53–0.71) 0.53ª (0.45–0.64) 0.59 (0.48–0.69) 0.57 (0.51–0.67) 0.63 (0.48–0.72)

TP (n=38) 0.57 (0.50–0.71) 0.55 (0.50–0.64) 0.55 (0.51–0.63) 0.56 (0.52–0.67) 0.55 (0.49–0.66)

TUV (n=32) 0.60 (0.50–0.73) 0.50 (0.43–0.59) 0.57 (0.50–0.71) 0.59 (0.49–0.65) 0.67b (0.53–0.82)

TPV (n=32) 0.58 (0.55–0.66) 0.52a (0.42–0.59) 0.60b (0.51–0.70) 0.60 (0.52–0.71) 0.58 (0.49–0.63)

Table 3. Comparison of values related to tissue distensibility, control area, and skin graft in the different resources. 

Pre: pre-intervention; 0: immediately after; 10: after 10 min; 20: after 20 min; 30: after 30 min. No significant difference (p>0.05) in the comparisons. Tissue 
distensibility (R0, in mm), TU (ultrasound group); TP (paraffin group); TUV (ultrasound and vacuum massage group); TPV group (paraffin and vacuum massage 
group). Values presented in median (first quartile-third quartile).

Area Time (min) TU TP TUV TPV

Normal skin

Pre 0.32 (0.27–0.38) 0.30 (0.25–0.36) 0.35 (0.27–0.42) 0.33 (0.25–0.38)

0 0.36 (0.31–0.45) 0.31 (0.27–0.37) 0.36 (0.30–0.44) 0.35 (0.27–0.40)

10 0.35 (0.29–0.40) 0.34 (0.26–0.39) 0.33 (0.30–0.41) 0.32 (0.27–0.37)

20 0.33 (0.30–0.40) 0.34 (0.28–0.38) 0.34 (0.28–0.40) 0.30 (0.26–0.36)

30 0.31 (0.29–0.38) 0.32 (0.26–0.38) 0.31 (0.26–0.40) 0.32 (0.26–0.37)

Skin graft area

Pre 0.13 (0.10–0.16) 0.11 (0.09–0.16) 0.13 (0.10–0.16) 0.11 (0.09–0.16)

0 0.14 (0.10–0.19) 0.13 (0.10–0.16) 0.14 (0.09–0.18) 0.13 (0.10–0.17)

10 0.13 (0.10–0.18) 0.12 (0.10–0.16) 0.11 (0.08–0.16) 0.10 (0.08–0.15)

20 0.12 (0.09–0.17) 0.11 (0.10–0.14) 0.12 (0.09–0.16) 0.10 (0.08–0.15)

30 0.13 (0.09–0.16) 0.12 (0.10–0.16) 0.11 (0.08–0.15) 0.11 (0.09–0.16)
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Despite no significant difference being seen in this study 
between normal skin and skin graft after the intervention, it 
should be considered that the distensibility pre-intervention 
of the skin graft was on average 0.12 mm, corresponding to an 
increase of 0.01–0.02 mm post-intervention, which is a 10% 
increase in the total distensibility. With the mean thickness of 
0.20-mm grafts24 and that in the evaluated period, between 3- 
and 6-month postoperative, the complete maturation of this 
scar had not yet occurred25, a distensibility around 0.12 mm 
may in fact correspond to more than 50% of the initial thick-
ness of the graft.

All groups evaluated in this study demonstrated a profile 
of increased distensibility in the period immediately after the 
application of the intervention, with a progressive reduction 
in the effects over time, most likely due to the probable “ther-
apeutic window.” There was no significant difference found 
between normal and skin graft, though, with values approx-
imately 50% lower for scar skin. These results highlight the 
need for a distensibility gain in scar tissue, showing changes 
in the biomechanics properties of scar tissue in relation to 
normal skin.

Additionally, the effect of the interventions can increase the 
elastic properties more than the viscoelastic properties of normal 
skin, considering it was found that the viscoelasticity diminished 
immediately after the intervention. The viscoelasticity changes 
had no durability and did not remain more than 10 min after 
both TUV and TPV. In the skin graft, the viscoelasticity was 
observed to decrease in all the groups, except after interven-
tion with TP, which showed practically no change. These data 
showed that TUV and TPV are more associated with changes 
in the elastic properties of the skin than the viscoelastic prop-
erties of the scar tissue.

In this study, it was observed that intervention with TU 
presented significant results in both normal and skin graft 
(between pre-intervention and P0), with a decrease in visco-
elasticity. The skin graft areas that received the TP did not show 

significant differences at any time (P0, P10, P20, and P30). 
However, 30 min after the application of TUV to the skin 
graft, a return to the pre-intervention state was seen, which is 
characteristic of the elastic property of the tissue. It could be 
hypothesized that the nonsignificant changes in the distensi-
bility and the viscoelasticity of the skin graft studied may be 
due to the intervention being carried out on a tissue type that 
already has greater rigidity.

The nonuniform behavior of the responses found in this 
study may be due to the anisotropic and nonlinear responses 
of the skin in terms of its biomechanical characteristics. 
The skin under stretching stress exhibits a nonlinear behav-
ior26. The skin is complacent and large deformations can 
occur with a relatively low applied load. This is because a 
large portion of the fibers is not aligned, and the stiffness of 
the skin gradually increases as the fibers line up in the direc-
tion of the applied load.

CONCLUSION
Therapeutic intervention with ultrasound or paraffin alone 
or associated with vacuum massage alters the biomechanical 
properties of distensibility and viscoelasticity of the grafted 
skin after burns.
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