
Introduction

Therapeutic ultrasound (US) is frequently incorporated

into treatment regimens used by physiotherapists [1].

In fact, survey data demonstrates that US is now the

most frequently used electrophysical agent worldwide,

used at least daily for patient treatment by the majority

of physiotherapists [2–6]. This high frequency of usage

makes the need for equipment accuracy imperative.

Equipment accuracy ensures that patients receive

correct therapeutic dosages and underpins patient safety.

In cases in which equipment fails to be accurate, two

potential scenarios exist. The first is that a higher, harm-

ful dosage may be received by the patient, potentially

compromising patient safety [2,7,8]. For example, tissue

destruction and blood cell stasis may occur with high

doses of US therapy [1]. In the second scenario, the

patient may receive a lower dosage than the therapist

intended, potentially compromising treatment efficacy

[9]. To ensure consistent, safe and efficacious outcomes

with US therapy, machine accuracy is of the utmost

importance.

The importance of US accuracy was first identified in

1956 when the United States established standards for

calibration [10]. The current International Electrotechnical

Commission standard for US power output is ± 15%

[11], with the current Australian/New Zealand standard

at ± 20% [12,13]. This means that the output produced

by an US machine should not deviate by 20% from the

value indicated on the meter [7,14]. A similar standard

applies to the accuracy of the US timing device, with a

± 5% difference considered acceptable [15].

Previous literature has reported startlingly high levels

of inaccuracy [10,16–19]. In fact, on average, 65% of

US machines have been demonstrated to be inaccurate

[8,10,14,16]. However, the majority of available research

was conducted more than 20 years ago, and US machines

have since become digital in nature and are often 
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multifunctional [1]. Thus, there is a paucity of published

research on the accuracy of such machines. In addition,

US accuracy is dependent upon several machine vari-

ables, including the intensity setting, US wave frequency

(commonly 1 or 3 MHz), and whether US therapy is

delivered in a continuous or pulsed mode [1]. To date, no

study has examined US accuracy at the complete range

of settings available for patient treatment.

Currently, routine calibration of US equipment is

recommended only every 2 years [20]. Thus, there is the

potential for machines producing inadequate or unsafe

doses to be used in clinical practice. Therefore, the aims of

this study were: (1) to examine the accuracy of clinically

used US machines with respect to both power output

and timing function; and (2) to investigate the features

of US machines that might contribute to the degree of

accuracy, such as age, brand, common intensities used

and frequency of machine use.

Methods

Study design
An observational design was used to measure the accuracy

of US machines in terms of power output and timing

function, while an observational correlational design was

used to establish the presence of any associations between

US accuracy and machine age, time since calibration,

frequency of use, and common intensities used for treat-

ment. Ethical approval was granted by the University of

South Australia’s Divisional Ethics Committee (Health

Sciences).

Machines
A power calculation (beta error, 0.8) revealed that a

sample size of 64 machines was required to produce an

adequate level of power. US machines from a range of

physiotherapy practice environments, including major

metropolitan hospitals (public and private) and private

practices were sampled.

US machines were included if they had been used

clinically in the last 6 months. Thus, those machines

which were unlikely to have been involved with the

routine calibration procedures of the sampled practice

were removed. Conversely, machines were excluded if

they had not been used in the previous 6 months or if

they had been identified as defective with a faulty tag

attached.

Materials
The power output of all US machines was tested using a

portable, battery operated, digital wattmeter (Model UW-

11; BioTek Instruments, Winooski, VT, USA) [21], with a

resolution of 0.1 W and an accuracy of ± 5% (Figure 1).

The wattmeter was calibrated by Domo Technica (New

South Wales), in accordance with the ISO 90001 Quality

Management Standard. The device was certified accurate

for a period of 1 year, under normal use. A digital stop-

watch was used to test the accuracy of the US machine

timers.

Reliability testing
Prior to the commencement of data collection, the prin-

cipal investigator received training in the use of the

wattmeter from a biomedical engineer. Both inter- and

intrareliability testing was performed. Interreliability

involved both the principal investigator and the bio-

medical engineer to ensure that the principle investiga-

tor was well trained and competent in the use of the

equipment. The study method was found to have excel-

lent inter- and intrareliability with intraclass correlation

coefficients (ICCs) of 0.99 and 0.96, respectively. Thus,

only a single measurement of power output was taken

for each setting throughout data collection.

Procedure
Data collection took place at the individual physiother-

apy practices. Initially, a short survey was administered

verbally. The survey included information about machine

age, brand and model, date of last calibration, and fre-

quency of use. During this time, the wattmeter was

“rested” for 15 minutes prior to use, to stabilize it follow-

ing transportation.

Following this, testing commenced. Fifty-five millilitres

of degassed deionized water was added to the transducer

well in the wattmeter. The water acts as a coupling agent

to allow ultrasonic energy to pass from the US head to

the target (cone) of the wattmeter unimpeded. To min-

imize effects associated with oxygenation and tempera-

ture increase, degassed water was used for no more than

60 minutes after opening, and water in the transducer

well was replaced every 15 minutes [22,23].

A retort stand was used to secure the US head in

position, to prevent movement and ensure repeatable
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Figure 1. The testing set-up for ultrasound machine
power output. A = ultrasound machine; B = retort stand;
C = wattmeter; D = ultrasound head in degassed water.



results [21]. Particular care was taken as incorrect place-

ment can reduce accuracy [10]. The US head’s surface

was submerged in the water and, for consistency, posi-

tioned 5 mm from the cone of the wattmeter. The dis-

tance from the cone was kept small in order to minimize

absorption of US energy as it passed through the water

[15]. The wattmeter was then turned on, and the LCD

display was adjusted to read 0 W. A 10-minute warm-up

period was given prior to testing to ensure that readings

obtained from the wattmeter were stable.

Power output testing
The power output of US machines was tested on a com-

bination of 12 different settings, but as machines vary

in their possible dosage options, not all machines were

able to be tested on all 12 combinations. No warm-up

stabilization period was given for the US units as the

intent was to replicate how US units are used in clinical

practice. A range of clinically used power outputs were

tested (2, 5 and 8 W) as well as two frequencies (1 or

3 MHz) and continuous or pulsed options [1]. Testing

order was randomly allocated for each machine.

During testing, it was important to minimize the accu-

mulated amount of US energy entering the wattmeter.

US energy (and heat) are known to accumulate on the

target, resulting in a greater power reading and an in-

accurate result [21,23]. If testing took longer than an

hour in duration, the wattmeter was allowed 20 min-

utes to “rest” before testing continued, enabling the

accumulated US energy and heat to be dispersed from

the wattmeter [21].

Timer testing
The accuracy of the US timing device was determined

for 5 and 10 minutes using a digital stopwatch (Technos

Sports Timer, Technos, Brazil).

Calculating percentage error
The accuracy of machine output was assessed in terms

of power output (watts). A small number of machines

(four) displayed machine output only in terms of in-

tensity (W/cm2). Therefore, the intensities were con-

verted to power output prior to analysis, using the

formula: intensity (W/cm2)=power output (W)/effective

radiating area, where the effective radiating area is the

manufacturer’s reported value for the area of the US

beam.

Percentage output error
The difference between the power output measured 

by the wattmeter (true power output) and the power

output displayed on the US dial (indicated output) was

calculated and expressed as a percentage, known as the

percentage output error, using the formula: [(true power

output − indicated power output)/indicated power 

output] × 100.

If the percentage error was greater than ± 20%, then

for that particular set of dosage parameters, the power

output was classified as inaccurate [13]. A similar calcu-

lation was performed for the timer accuracy, with a

± 5% standard used [13].

Statistical analysis
Descriptive statistics were used to determine the num-

ber and percentage of machine settings that produced

power outputs outside the ± 20% standard error range

(SPSS version 14; SPSS Inc., Chicago, IL, USA). The

number and percentage of timers outside the standard

error range (± 5%) at both 5- and 10-minute durations

were also determined [13]. Descriptive statistics (e.g.

mean, range and frequency) were obtained for each sur-

vey question. A regression analysis was performed using

general linear modelling with a cluster log-binomial ver-

sion to assess the effect of a number of variables on US

accuracy. Significance was set at p < 0.05.

Results

A total of 64 machines were sampled from 31 physio-

therapy practices. The majority of machines were used

in private musculoskeletal physiotherapy practices (47

machines) with 11 machines drawn from the public

hospital setting. The mean age of the machines tested

was 10 years (standard deviation, 7.8; range, 0–30

years). The majority (90.6%) of US machines sampled

were calibrated annually. The average time since cali-

bration was 11 months (standard deviation, 11; range,

3–60 months).

Power accuracy
As multiple settings were tested on each machine, a total

of 492 power tests were performed. Fifty-nine percent

(291/492) of all tests were outside the recommended

± 20% standard (confidence interval, 54.76–63.43) and

were thus deemed inaccurate. A total of 13 US machines

(20.3%) were found to produce inaccurate power out-

puts on all settings tested. In contrast, three machines

(4.7%) produced accurate power outputs on all tested

settings.

The percentage error in machine power output

ranged from −100% to + 210%. Of those tests found to

be inaccurate, 79% (230/291) were within the standard,

delivering an accurate US output, and 11% of tests

(32/291) had a percentage error that was exactly on the

± 20% standard.

Potentially, each machine could have 12 different

power output tests performed if the full range of machine

settings were available. The Table presents the results of

machine inaccuracy for the 12 different settings tested.

For tests 1–3, 68 tests were performed, as one US machine

had two sound heads.
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Data were divided into subgroups: continuous or

pulsed US, frequencies (1 or 3MHz), and the three power

settings (2, 5 or 8 W). A χ2 test demonstrated a statisti-

cally significant difference between the two frequency

settings, demonstrating that machines were more accu-

rate at 1 MHz than at 3 MHz (χ2 = 3.3677, p < 0.001). No

statistical difference was found between continuous or

pulsed modes or the three power settings. These findings

are depicted in Figure 2.

Timer accuracy
Of the 64 machines, 62 timers were assessed for 5 min-

utes and 57 machines for 10 minutes. The remaining

machines were unable to be tested because of inade-

quate dial markings or because they were unable to be

set for 10 minutes. Overall, 37% of timers were found to

be inaccurate (range, 26.6% undertime to 93.4% over-

time). Sixty-six percent (37/56) of mechanical timers

were inaccurate, compared with 11% of digital timers

(6/62). A χ2 test revealed a statistically significant dif-

ference in accuracy between the two types of timers,

with digital timers being significantly more accurate

than analogue timers (χ2 = 38.42, p < 0.05) (Figure 3).

Factors including machine age, time since calibration,

frequency of use and common intensities used were

assessed to determine their effect on machine accuracy.

A statistically significant association was found between

frequency (1 MHz and 3 MHz) and machine age (p =
0.026). For a frequency of 1 MHz, the association was

found to have an incident rate ratio of 1.025, indicating

that each year added to a machine age increases the risk of

inaccuracy by 1.025 times. Furthermore, at a frequency

of 3 MHz, a statistically significant association was found

between machine accuracy and the time since calibration

(p = 0.045). Hence, the longer the time since calibration,

the greater the risk of US machine inaccuracy.

Discussion

For patients to receive an effective and safe US treatment,

it is critical that the total amount of power delivered to

the tissues and the overall time of exposure are accurate

[8,10]. Yet, the results of the present study demonstrate

high and widespread levels of machine inaccuracy. In

fact, 59% of all power output tests and 37% of timers

were inaccurate. This suggests that approximately one

in every two patients will receive an inaccurate dose

than the one intended by the physiotherapist.
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Table. Summary of findings from the 12 individual tests of power output

Test no.
Frequency 

Waveform
Power Total no. Inaccurate Inaccurate 

95% CI
(MHz) (W) of tests machines (n) machines (%)

1 1 CUS 2 68 40 58.8 46.9–70.0
2 5 68 33 48.5 36.8–60.3
3 8 68 33 48.5 36.8–60.3
4 PUS 2 60 37 61.7 48.9–73.3
5 5 60 30 50.0 37.5–62.5
6 8 59 28 47.5 35.0–60.2

7 3 CUS 2 15 12 80.0 54.7–94.6
8 5 15 11 73.3 47.5–90.9
9 8 15 11 73.3 47.5–90.9

10 PUS 2 21 18 85.0 65.9–96.2
11 5 21 19 90.5 72.0–98.4
12 8 21 19 90.5 72.0–98.4

CI = confidence interval; CUS = continuous US; PUS = pulsed US.
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Figure 3. Percentage of timers found to be inaccurate.



The majority of US machines in clinical use appear

to be emitting a power output that does not accurately

correspond to the value depicted on the dial. Interestingly,

the majority of inaccurate US machines (79%) in this

study were found to provide a lower power output than

that indicated on the machine’s dial. This finding has a

number of ramifications for the treatment received by

patients. Physiotherapists prescribe US dosage parame-

ters based on a variety of considerations, including the

depth of the tissue, the nature of the presenting complaint

and the stage of tissue healing. An US machine that pro-

duces a power output lower than that intended by the

therapist may produce an ineffective treatment, which

may fail to penetrate to the target tissue or has insufficient

acoustic energy for the healing process. Furthermore,

21% of the inaccurate machines were found to be above

the standard, providing the tissues with more US energy

than intended. This suggests that some patients were

receiving an US dose which could at best counteract the

beneficial healing effects of US therapy and at worst

cause harmful tissue effects such as blood cell stasis

[7,8,24].

The findings of this study were surprisingly similar

to previous research in which, on average, 65% of

machines were found to produce inaccurate power out-

puts. Furthermore, previous research reported that the

majority of US machines produced less power output

than intended and machines set at 3 MHz were less

accurate than those set at 1 MHz [7,10,18,25–28]. This

suggests that regardless of the change in machine technol-

ogy over the last 20 years or potential differences in US

usage and calibration practices internationally, two out

of every three US machines produce an inaccurate dose.

If two-thirds of US machines produce inaccurate

power outputs, the results of US clinical trials must also

be questioned. The current evidence from randomized

clinical trials for US therapy is inconclusive, with studies

finding it difficult to establish evidence of a treatment

effect and an appropriate dose-response relationship

[1,29]. If an US machine is emitting less energy than

anticipated, the treatment is likely to be ineffective. This

finding may explain the lack of conclusive evidence

found in clinical trials, which often report no greater

treatment effect than placebo [28,30,31]. Thus, there is

a need for US machines to be thoroughly calibrated prior

to clinical trials and to be reported upon if the results of

clinical trials are to be of value.

This study found a significant association between

the time since calibration and machine accuracy [8,10].

This suggests that the longer the duration since the US

machine has been calibrated, the greater the chance

that the US machine will produce an inaccurate power

output. However, this association was only found at a

frequency of 3 MHz, and it must be noted that a smaller

number of machines were tested at the 3 MHz setting

(19 machines). Therefore, it is unclear if this association

can be generalized to the whole US population. However,

US machine age was also found to be significantly asso-

ciated with machine inaccuracy. The older the machine,

the more likely it was to be inaccurate. It is, therefore,

possible that US units have a shelf-life and may need

replacing if dosage parameters remain inaccurate despite

regular calibration.

The accuracy of the US timer function was slightly

better than that obtained for power output. However,

over one-third of timers still returned an inaccurate

result with 35% and 38.6% of timers inaccurate at 5

and 10 minutes, respectively. The majority of timers ran

over the set time (62%). The use of inaccurate timers 

in clinical practice impacts directly on the amount of 

US energy delivered to the tissues. As a result, greater

amounts of energy may be delivered during treatment,

which could potentially cause tissue harm, compound-

ing the effects of inaccurate power outputs [7,8,24].

Conversely, an inaccurate timer that provides less time

may reduce the US dose and jeopardize the efficacy of

the treatment. It is noteworthy that inaccuracy among

timers was found to be significantly reduced when a digi-

tal rather than an analogue timer was used. This finding

suggests that machines with inbuilt analogue timers may

require more regular calibration of their timing function

than those with inbuilt digital timers. This finding also

supports a shift to digital timers in all new US machines

available for purchase, which will ameliorate this aspect

of dose inaccuracy.

Implications
This study found that US machines currently being

used for physiotherapy treatment display high levels of

inaccuracy and should be cause for concern. Based on

these results, patients are more likely to receive a treat-

ment dose lower than the one intended by the thera-

pist. Failure to ensure regular calibrations and machine

accuracy could have serious consequences, potentially

jeopardizing patient safety and treatment efficacy.

In light of the current study’s findings, it is imperative

that therapists are aware of the potential for machine

inaccuracy. It is recommended that therapists perform

daily power output checks to ensure that US energy 

is being emitted from the head and also that US machines

are calibrated more regularly than current guidelines

suggest. The present study also found age to be associated

with machine inaccuracy, suggesting that US machines

may have a shelf-life and should be replaced when they

no longer respond to calibration practices and repeatedly

produce inaccurate power outputs.

The exact reasons for such high levels of machine

inaccuracy remain unclear. Further research to exam-

ine the relationship between US machine design and

the high levels of inaccuracy is necessary. In addition,

future research should evaluate how often US machines

require calibration to order to ensure machine accuracy.
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The provision of guidelines regarding the time period

after which US machines no longer respond to calibra-

tion and require replacement is also warranted.
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