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Abstract

Introduction: Ultrasound used in diathermic therapies 

aims to achieve temperatures between 40 and 45 °C, 

since temperatures above 45 °C are known to cause tissue 

necrosis and burns. Many studies have been conducted 

to investigate the effect of therapeutic ultrasound in 

the presence of metallic implants, using phantoms (test 

samples) and in vivo and ex vivo animal models. In most 

of these studies, the ultrasound probe is fixed in one area, 

while in clinical practice, it is recommended that it be 

moved to avoid possible local overheating. Objective: To 

analyze the thermal field at the muscle-bone interface in 

phantoms in the presence or absence of metallic implants 

after the application of therapeutic ultrasound. Methods: 

Phantoms composed of layers simulating fat and muscle, 

and a layer of beef rib bone, with and without a titanium 

metallic implant, were prepared. The experiment in-

volved different intensities (1.0, 1.5, and 2.0 W/cm2) and 

exposure times (5 and 10 minutes), common in clinics, with 

linear scanning of the probe. Results: The experiments 

indicated that the muscle/implant interface heated less 

than the muscle/bone interface, especially at intensities 

of 1.5 and 2.0 W/cm2, after 5 and 10 minutes of treatment. 

Conclusion: The results suggest the possibility of using 

therapeutic ultrasound in patients with metallic implants, 

encouraging future research to develop evidence-based 

protocols and safe recommendations in physiotherapy.
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Introduction

 Ultrasonic waves are generated from an electric 

current that passes through a piezoelectric ceramic, 

which in turn vibrates, producing mechanical waves with 

frequencies varying according to the thickness of the 

crystal.1 When the frequency exceeds 20 kHz, this wave 

is classified as ultrasound.2 

Therapeutic ultrasound (TUS) exhibits biological ef-

fects classified as thermal and non-thermal.3,4 Thermal 

effects are produced by continuously vibrating mechani-

cal waves5 that aim to reach temperatures between 40 

and 45 °C for about 5 to 10 minutes,6 a sufficient time 

to produce beneficial physiological changes.2 However, 

when the temperature exceeds 45 °C, hyperthermia oc-

curs, whereby tissue necrosis and burns are inherent.7,8 

Non-thermal effects are produced by interval mechani-

cal vibration (ultrasonic pulses), allowing for heat disper-

sion,9 such that the maximum temperature induced in 

the tissue is below 40 °C.10

The effects of TUS on biological tissues can be re-

versible or not. Thus, knowledge about the indications 

and contraindications of this therapy is crucial.6 How-

ever, there is still considerable controversy regarding its 

indications and contraindications for use on mammary 

glands, bone epiphyses, and metallic implants.5

In the specific case of irradiation with TUS in tissues 

containing metallic implants, the most relevant point is 

to identify whether the heating produced by TUS at the 

muscle/implant and implant/bone interfaces is greater 

than at the muscle/bone interface, which is known to 

heat more than the rest of the irradiated tissue.11  

Infrared thermography has recently been used as a

tool to evaluate temperature variations in phantoms 

and/or ex vivo biological tissue.11,12 It provides some ad-

vantages over other thermometry instruments, such as 

higher sensitivity, advanced software and cameras,11,13 

as well as a thermal resolution of 0.1 °C,14 allowing analy-

sis not only of specific points but also of the entire image. 

It has been widely used in the non-invasive study of TUS-

induced heating.12

Phantoms are test samples that mimic the properties 

of biological tissuess.15 Their use in research avoids 

unnecessary risks to animals and humans, eliminating 

excessive exposure to living beings. Additionally, they 

have the advantage of being more easily controlled.                               

As such the aim of this research was to analyze the 

thermal field at the muscle-bone interface in tissue-

mimicking test samples (ultrasonic phantoms) with and 

without the presence of a metallic implant after TUS 

application.

 

Methods

A phantom was constructed to mimic the layer of fat 

and another the layer of muscle with acoustic and thermal 

properties closest to those of biological tissues,16 

both with dimensions of 13 x 8 x 2 cm in the shape of 

a parallelepiped. For the muscle phantom, initially, 3% 

graphite powder was added to a beaker containing 
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110 ml of PVC (polyvinyl chloride), and the mixture was 

then placed in a Pyrex dish with dimensions of 13 x 8 

x 5 cm. Next, the dish was placed in a microwave oven 

for 30 seconds with the power adjusted to 50%. This 

heating procedure was repeated seven times, always 

stirring the liquid manually between intervals in order 

to homogenize the temperature, preventing the mixture 

from exceeding 160 °C.17 For the fat layer, a phantom 

was made using the same process, but without adding 

graphite powder. The phantoms were not placed in a 

vacuum chamber to remove air bubbles. It is important 

to note that the acoustic parameters of the phantoms 

were measured, being compatible with human muscle 

and fat layers. 

The beef rib bone was obtained from a butcher, 

cleaned to remove any attached tissues, and then 

washed with a neutral detergent. Two samples of the 

rib, measuring approximately 13 x 4 cm, were selected, 

one of which had a titanium alloy plate implanted with 

two screws fixed at the ends. The metallic plate and 

screws were donated by the surgical center of the 

Hospital das Clínicas, Rio Branco, Acre state.

The experimental setup was arranged with the sam-

ples in the following sequence: fat, muscle, and bone 

(Figure 1A), with or without the metallic implant. This 

assembly was supported by a copper frame (Figure 1B) 

and secured with a latex cord on the sides. To achieve 

the human body temperature range (36.5 to 37.0 °C), an 

ultrathermostat cryostat water bath (521/D; Nova Ética, 

Vargem Grande Paulista, Brazil) was used. The samples 

were immersed and maintained in the water bath until 

reaching the thermal equilibrium of the temperature set 

on the device.

The therapeutic ultrasound (TUS) equipment used 

in this study was the SONOMED V model (Carci, São 

Paulo, Brazil), previously evaluated with a radiation force 

balance (UPM-DT-1AV; Ohmic Instruments, Easton, MD, 

USA). Thermal images were captured using an E6 ther-

mal camera (Flir Systems Inc., Wilconville, USA), with the 

camera lens positioned 30 cm from the upper surface of 

the phantom or bone to be thermographed. The region 

assessed was the lower surface of the fat and muscle 

phantom and upper surface of the bone. It is important 

to note that images were recorded both before and 

after TUS application, and the experimental apparatus 

was the same for all protocols. The application of TUS 

followed specific nominal parameters commonly 

used in clinical practice: a fre-quency of 1 MHz for all 

applications, intensities of 1.0, 1.5, and 2.0 W/cm2, for 5 

and 10 minutes at each inten-sity, with linear scanning of 

the applicator probe in all protocols.

The copper support with the bone sample, with or 

without the metallic implant attached to it, was sub-

merged for 15 minutes in a water bath. The fat and 

muscle phantoms were added immediately, and another 

15 minutes was required for the entire system to reach 

the pre-selected temperature (thermal equilibrium). Af-

ter 30 minutes, one of the samples was removed from 

the water bath, and the temperature on the sample’s 

surface was measured using an infrared camera. 

Figure 1 - Illustration of the arrangement of fat and muscle phantoms and the bone on a copper support (A) and 

experimental setup (B).
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temperature difference was not statistically significant 

in any of the cases. The bone without a metallic implant 

irradiated for 10 minutes at intensities of 1.5 W/cm2 and 

2.0 W/cm2 heated less than expected when compared 

to those irradiated for 5 minutes. This outcome may 

have occurred due to the device sometimes indicating 

"overheating" and not irradiation until the temperature 

According to Table 1, the muscle phantom experi-

enced greater heating than the bone with and without 

metallic implants in all parameters analyzed. In general, 

comparing the temperature in the muscle phantom 

when the bone was without and with an implant makes 

it possible to observe that the temperature elevation 

was higher in the absence of the implant; however, the

The same procedure was performed before starting 

each protocol. After the first temperature recording 

of the samples, they were repositioned on the copper 

support, submerged again in the water bath, and thera-

peutic ultrasound was applied with the predetermined 

parameters in each protocol. Finally, the second ther-

mal image was recorded immediately after the applica-

tion. Measurements and protocols were repeated on the 

experimental apparatus with and without the metallic 

implant five times for each protocol. For purposes of 

data analysis simplification, the temperature variation in 

the first layer (fat) was not considered.

Statistical analysis was performed using SPSS20 

(JAVA®), with a significance level of 0.05. The Shapiro-

Wilk normality test was used, and the paired t-test was 

applied to compare the temperature means recorded 

before and after ultrasound application in each sample.

 

Results

For data analysis purposes, temperature variations 

between 3.0 and 8.0 °C were considered capable of 

generating a therapeutic effect through heat. Tempera-

ture variations above 8 °C were considered damaging to 

muscle and bone tissue. The analyses were conducted 

at the muscle/bone interface, with the surface of the 

muscle considered the underside in contact with bone 

and/or metallic implant, and for the bone, the upper 

surface was analyzed.

The variation in spatial average temperature was 

calculated from the difference between the average 

temperature of the selected area after and before TSU 

application. Five repetitions were performed for each 

parameter. After thermal images were transferred to 

the Flir® Tools program, the arithmetic mean of the five 

temperatures obtained was calculated.

The results are displayed in Table 1. After the images 

were analyzed using the Flir® Tools program, in the 

phantom experiment without and with metallic implant, 

using parameters of 1 W/cm2, 1.5 W/cm2, and 2 W/cm2, 

at 5 and 10-minute intervals, it was found that the tem-

perature required to generate a therapeutic effect at 

the muscle/bone interface (inferior muscle and superior 

bone) was not reached. The protocol that raised the 

temperature closest to the range recommended in the 

literature was the nominal intensity of 1.5 W/cm², with 

an application time of 10 minutes in the muscle region 

without an implant, resulting in a temperature variation 

in the muscle of 1.78 ± 1.30 oC.

Table 1 - Difference in spatial average temperature at the muscle/bone interface

Application 
time

Intensity
(W/cm2)

Muscle Bone

Without implant With implant p-value Without implant With implant p-value

5 minutes

1.0 0.58 ± 0.36 0.96 ± 0.73 0.456 0.42 ± 0.26 0.60 ± 0.56 0.494

1.5 1.30 ± 0.57 1.18 ± 0.58 0.637 0.98 ± 0.57 0.84 ± 0.85 0.732

2.0 1.72 ± 0.58 1.10 ± 0.46 0.052 1.04 ± 0.80 0.64 ± 0.51 0.116

10 minutes

1.0 0.98 ± 0.24 1.70 ± 1.47 0.289 0.66 ± 0.32 0.94 ± 1.16 0.562

1.5 1.78 ± 1.30 1.44 ± 0.99 0.175 0.74 ± 0.36 0.78 ± 0.97 0.902

2.0 1.78 ± 0.55 1.52 ± 0.51 0.354 0.84 ± 0.42 0.64 ± 0.75 0.686

Note: paired t-test, significant difference for < 0.05.
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normalized. As used in clinical practice, the operator 

continued performing linear scanning movements with 

the probe, and the device continued the countdown 

of the application time, which may have led to cooling 

of the samples. It is suggested that further studies 

use ultrasound equipment that maintains irradiation 

for the entire adjusted period. Another hypothesis is 

the possible presence of tiny air bubbles, since the 

phantoms could not be subjected to a vacuum chamber 

for their removal, which may reduce the propagation of 

the mechanical wave in the material.

In addition, the greater the irradiation intensity and 

time, the higher the temperature levels reached. How-

ever, in the bone with metallic implants, the tempera-

tures decreased with an intensity increase for 10 min.;

once again, this may have been caused by the previ-

ously mentioned factor. For normality analysis using the 

Shapiro-Wilk test, the distributions were normal for all 

variables in the experiment.

Discussion 

When comparing the two subgroups of the experi-

ment, it was observed that in the protocols using inten-

sities of 1.0 W/cm2 and 1.5 W/cm2 and application times 

of 5 and 10 minutes, the bone with a metallic implant 

heated more than that without an implant. By contrast, 

for the protocol related to the nominal intensity of 2.0 

W/cm² and application times of 5 and 10 minutes, the 

implant-free bone heated more than its counterpart with 

an implant. The use of protocols in continuous mode and 

with the three nominal intensities, with and without the 

metallic implant, did not generate a therapeutic effect. 

This is believed to be due to several factors, including 

application time, irradiated area, and linear scanning 

movement.

Application time is usually obtained by dividing the 

area to be treated by the effective radiation area (ERA) 

of the TSU probe.6 In the present study, the area of the 

irradiated phantom was approximately 100 cm2, and the 

ERA of the ultrasound beam used was 7 cm2; thus, the 

time should have been 14 minutes. However, application 

times of 5 and 10 minutes were used in the protocol 

used. This may have impacted the average temperatu-

re at the interface, which did not reach the 40 to 45 °C 

range required for the expected therapeutic effect.

Grey18 conducted research to compare the exposure 

time of tissues irradiated by TSU, using mathematically 

constructed scanning patterns and manual application 

patterns by therapists, as it is unknown whether the total 

treatment time or the planned average local exposure 

time really represent local exposure. During his study, the 

author found a significant difference in how ultrasound 

was applied, and in the manual application by 22 thera-

pists, the average exposure time was shorter than imag-

ined. Thus, the linear scanning application pattern used 

in the present experiment may have also influenced local 

exposure, resulting in the ideal temperature not being 

achieved.

De Sá6 conducted three ultrasound application pro-

tocols, one static, one with circular scanning, and another 

with linear scanning, to determine which could generate 

an optimal heating pattern. The author found that the 

best heating for a frequency of 1 MHz, intensity of 2 W/

cm2, and time of 10 minutes was obtained with circular 

scanning in an area 3.77 times larger than the ERA, using 

a speed of 2 cm/s. The author also stated that the heating 

level is entirely dependent on the parameters used, 

suggesting inadequate heating in clinical treatments.  

This leads us to suppose that another factor that may 

have influenced the temperatures reached in the present 

study was the linear scanning used in the protocols. 

However, what influenced the outcome obtained by 

De Sá6 was not only the type of movement but also the 

speed, time as a function of area, and device parameters. 

In the present study, an attempt was made to use a speed 

of 2 cm/s by counting the time with an analog clock. 

Reis et al.11 assessed the thermal distribution area 

and peak temperature in muscle phantoms and bone 

with metallic implants using a protocol with a fixed probe 

and circular movement, and an application time of 2 

minutes, nominal intensity of 1 W/cm2, and frequency of 

1 and 3 MHz. One of their conclusions was that there was 

greater heating in the muscle than in the bone with an 

implant. Thus, the present study corroborates the data 

found by the authors, given that what they concluded 

was also observed in experiments with and without a 

metallic implant, differing in the type of scanning and 

parameters used (closer to clinical practice).

The aforementioned study also stated that applying 

TSU over regions with metallic implants proved to be 

safe.11 In this experimental research, it was found that 

although the bone with a metallic implant heated more 
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phantoms, the exact moments of overheating should be 

monitored to confirm whether this influences the final 

temperature of the region irradiated by TSU.
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