
D 
osimetry for Ultrasound Therapy (DUTy) is a large internation-
al project which aims to develop the metrological infrastruc-
ture for the determination of ultrasound exposure and dose to 
tissue. In order to seek the views of the wider therapy ultra-

sound community and to review dose and in situ exposure quantities that 
have been suggested or used previously, we have created a web-based 
questionnaire (www.surveymonkey.com/s/duty-dose) with a range of 
questions covering the type of ultrasound equipment that is used and the 
range of applications for which it has been developed.  

This questionnaire covers all therapeutic ultrasound applications 
(including physiotherapy, lithotripsy, drug delivery, etc...) and also asks 
specific questions about quantifying in situ exposure and dose: especially 
with a view to eventual treatment planning, standardisation and/or regu-
lation. 

The answers to this questionnaire will be made available online and will 
be important in formulating future International Standards. This poster 
discusses some of the issues around defining quantities for ultrasound 
dose and in situ exposure, and summarizes answers submitted up to the 
end of March 2014. 

The questionnaire will remain open until at least the end of June 2014 
and we encourage further submissions to build up the fullest possible pic-
ture of the development and use of therapeutic ultrasound.  
 

The project 

This work forms part of a project titled Dosimetry for Ultrasound Therapy (DUTy) 
which is supported in part by the European Metrology Research Programme, jointly 

funded by the EMRP participating countries within EURAMET and the European Un-
ion. The project is being coordinated by the National Physical Laboratory (UK) in 
partnership with eight other institutes (www.duty-project.eu). The aim of the pro-
ject is to develop the metrological infrastructure for the determination of ultra-
sound exposure and dose to tissue. Part of the project (Work Package 1: Quantities 
and definitions) is to review in situ exposure and dose quantities that have been 
suggested, or previously used, and to seek the views of the wider therapy ultra-
sound community.   

 

The need 

Reliable and appropriate definitions of dose parameters, and traceable methods for 
determining these quantities, are vital to ensure treatments can be planned in de-
tail and therapeutic benefit maximised.  

 The number of potentially valuable uses of ultrasound for therapy is increasing, 
some using very high pressures (>10 MPa) and energy densities (>1 kW/cm2).  

 There are no standardized and traceable dose quantities for medical ultrasound 
(either therapeutic or diagnostic), meaning that treatment parameters cannot 
be translated from one patient to another or from one type of equipment to 
another.  

 The ‘amount’ of ultrasound required cannot be calculated and the ‘amount’ de-
livered cannot be measured making it impossible to determine dose-response 
curves and to arrive at robust, personalized treatment plans.  

 Without harmonized standards, manufacturers do not have a clear and unified 
regulatory route to market in EU or globally.  

 Non-medical human exposure (eg in the context of cosmetic surgery) is increas-
ing and is unregulated.  

 

The survey 

The set of questions at www.surveymonkey.com/s/duty-dose will help us build up 
a picture of the R&D currently going into therapeutic ultrasound. It covers equip-
ment and measurements relating to all therapeutic ultrasound applications 
(including physiotherapy, lithotripsy, drug delivery, etc.) and also asks specific ques-
tions about your opinions on quantifying in situ exposure and dose, especially with 
a view to eventual treatment planning, standardisation and/or regulation.  
The survey is divided into four main sections:  

 Your therapeutic ultrasound application—which asks about the applications of 
therapeutic ultrasound with which you have a significant involvement  and 
about the transducers and acoustic fields that you work with; 

 Measurements you currently perform—which is primarily related to the trans-
ducer input/output characteristics and the acoustic field generated in water;  

 Your measurement needs—which asks about your perception of the shortcom-
ings of the acoustic field measurements you currently make and what your pri-
orities are for future improvements;  and 

 Your opinion about dose—which is about the application of the concept of 
‘dose’ to therapeutic ultrasound . 

 

What is dose and what is it not? 

The word ‘dose’ is widely used but not always in exactly the same way, which 
makes it difficult to decide what is most suitable for ultrasound therapy. According 
to Wikipedia:  

 In biochemistry, "dose is the quantity of something (chemical, physical, or bio-
logical) that may impact an organism biologically; the greater the quantity, the 
larger the dose.  

 In medicine, the term is usually applied to the quantity of a drug or other agent 

administered for therapeutic purposes.  

 In toxicology dose may refer to the amount of a harmful agent (such as a poi-
son, carcinogen, mutagen, or teratogen), to which an organism is exposed".  

 For ionising radiation "absorbed dose is a measure of the energy deposited in a 
medium by ionizing radiation per unit mass of the medium".  

A dose quantity for ultrasound should ideally be suitable for at least the following 
purposes: 

 To compare the ‘therapeutic power’ of different equipment or different output 
settings in reference media (ie where all properties are known exactly); and 

 To describe what actually has happened (or is planned)  in a particular medium 
(eg in your liver!) where the properties are not precisely known . 

It is helpful to consider four types of ‘quantities’ which describe different aspects of 
an ultrasound treatment. To oversimplify: for a successful treatment, we want to 
predict the final effect - as measured by an appropriate ‘effect quantity’ (D) - but 
we generally can only measure accurately the ‘freefield quantities’ (A) - and often 
not even those. The DUTy project addresses the intermediate types (B and C). 

A. Freefield quantities—depend on the source and the acoustic properties of 
water.  
Freefield quantities (eg pressure , intensity , beamshape and others defined 
in IEC62127, IEC61157, etc….) 

B. Exposure quantities—these describe the ultrasound field inside the tissue. 
The exposure level depends on the source and the acoustic properties of 
the tissue. Essentially these quantities are similar to those used for  
freefield quantities (eg local pressures, local intensities, beamshape quanti-
ties) except that the medium is not water.  

C. Dose quantities—these quantify the interaction of the ultrasound field 
with the tissue.  
The magnitude of the dose depends  on the exposure level and the  acous-

tic and other physical properties of the tissue. They may be instantaneous 
(eg:  rate of energy absorbed per unit mass; cavitation index; or rate of 
change of temperature) or cumulative (eg total energy absorbed per unit 
mass; total energy emitted by the transducer;  temperature rise; thermal 
dose; number of cavitation events). 

D. Effect quantities— these quantify the change in the behaviour or proper-
ties of the tissue. 
The size of the effect depends on the dose and the dose-response of the tis-
sue. (eg lesion volume rate; cell surviving fraction; the rate of production of 
a specified marker). 

It is not necessary for there to be a single dose quantity which is suitable for all 
therapeutic ultrasound applications. For instance, dose for lithotripsy may be very 
different to dose for physiotherapy. In the survey we ask specifically about  several 
quantities which are sometimes used in ultrasound but which are dimensionally 
very different:  

 total acoustic energy output  (SI unit: joule); 

 absorbed energy per unit mass  (SI unit: joule/kg); 

 intensity-time-integral  (SI unit: joule/m2); 

 local cavitation index  (SI unit: dimensionless or MPa/ Hz); and 

 thermal dose (or cumulative equivalent minutes at  43 °C)  (SI unit: sec ). 

 

The answers 

Responses to selected questions are given below. The full survey contains a much 
wider set of questions (including detailed questions on dose) and respondents 
will be able to access the full set of anonymous answers.  

Please take the time to visit the website and give us your answers too.  

DOSE FOR ULTRASOUND THERAPY - WHAT DOES IT MEAN TO YOU?   
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In which area is your current role in Therapeutic Ultrasound? Please select 
the option that most closely describes your area of work. 

Clinical user 5.2% 

Biological effects research 29.9% 

System development 31.2% 

Measurement and/or quality assurance 10.4% 

Standards and/or regulation 5.2% 

Modelling and/or treatment planning 3.9% 

Others 14.3% 

How long have you been working in therapeutic ultrasound (including any 
post-graduate training such as Masters or PhD)? 

Less than 2 years 7.8% 

2 to 5 years 23.4% 

6 to 10 years 27.3% 

11 to 15 years 23.4% 

16 to 20 years 10.4% 

More than 20 years 7.8% 

Which physical mechanisms are most relevant to your work? Please tick all 
that apply. 

Thermal effects leading to tissue or cell destruction 67.6% 

Thermal effects leading to non lethal functional modification 31.5% 

Cavitation leading to tissue or cell destruction 53.7% 

Cavitation leading non lethal functional modification 38.9% 

Non cavitational mechanical effects leading to cell or tissue 
destruction 

26.9% 

Non cavitational mechanical effects leading to non lethal 
functional modification 

25.9% 

Other (please specify) 1.9% 

Do you think there is a generally understood meaning of the term ‘dose’ 
when applied to ultrasound? Please select the option that most closely 
describes your opinion. 

Yes – most people in the field have the same understand-
14.5% 

There are some variations but many people have a broad-
24.1% 

There are several different views none of which predomi-
34.9% 

No - views are radically different between individuals and 
15.7% 

I have no opinion 10.8% 

How relevant do you think dose (according to your meaning) is to effects 
mediated by the following mechanisms? 

 
Is very  

relevant 
Has some 
relevance 

Almost 
irrelevant 

By thermal mechanisms 89% 11% 0% 

By cavitation 36% 51% 13% 

By other mechanical mechanisms 20% 54% 25% 

How do you use the word ‘dose’ when applied to ultrasound? Please se-
lect the option that most closely describes your opinion. 

I rarely use the word 24.1% 

It means something quantifiable about the amount of en-
ergy produced by the source 

6.0% 

It means something quantifiable about the amount of en-
ergy absorbed by the target tissue 

33.7% 

It means something quantifiable about a physical change 
in the target tissue 

6.0% 

It means something related to quantification (or scoring) 
of treatment results or biological effects 

12.0% 

Other interpretations  (answers <5% are merged) 18.2% 

Which aspects of ultrasound therapy are most likely to benefit from a better devel-
oped and more widespread common understanding of dose?  

 
Benefit 
greatly 

Benefit a 
little 

Make no 
difference 

Become 
worse 

More effective treatment 61% 31% 6% 1% 

Better planning of treatment  65% 28% 6% 1% 

More patient specific treatments 42% 35% 19% 4% 

Safer treatment 58% 29% 12% 1% 

More consistent treatment 58% 31% 8% 2% 

Easier comparison of equipment  49% 35% 14% 1% 

Greater acceptability for new treat-
ments (easier route to market) 

40% 47% 8% 5% 

Better education of patient  25% 33% 37% 5% 

Thinking about the development of future standards for exposure and 
dose, which mechanism do you think should be highest priority? 

 Highest Medium Lowest 

Thermal mechanisms 66% 20% 13% 

Cavitation 29% 67% 4% 

Other mechanical mechanisms 5% 12% 83% 

What characteristics of the ultrasound exposure do you think are im-
portant for effective therapy in your application?  

Frequency and/or spectrum 79.2% 

Transducer dimensions 49.4% 

Beam shape 72.7% 

Acoustic power 81.8% 

Exposure time 81.8% 

Pulse parameters (burst length, pulse repetition rate, etc...) 71.4% 

Acoustic pressure parameters 58.4% 

Acoustic intensity parameters 53.2% 

Maximum temperature rise produced 61.0% 

Variation of temperature rise over time 46.8% 

Amount of stable cavitation 42.9% 

Amount of collapse cavitation 51.9% 

Other (please specify) 3.9% 

If your work is directly related to treating patients, what type of tissue are 
you intending to treat? Please tick all that apply. 

General work not directly related to a specific treatment 
site (e.g. modelling, bioeffects studies) 

38.0% 

Metrology/QA rather than direct treatment 20.4% 

Specific tissue types        —            Liver 27.8% 

Prostate 22.2% 

Bones 21.3% 

Kidney 15.7% 

Uterus 14.8% 

Breast 14.8% 

Brain 13.9% 

Heart 9.3% 

Pancreas 9.3% 

Skin 9.3% 

Bladder/urinary tract 7.4% 

Muscle 7.4% 

Other internal organs 6.5% 

Adipose tissue 5.6% 

Nerves 4.6% 

Tendons/ligaments 4.6% 

Eye 2.8% 

Others 20.5% 

Respondents 

There have been  108 responses so far with 77 completing the questionnaire fully 

including the questions on dose which were at the end. The respondents covered 

most roles with highest percentage being in system development and in biologi-

cal effects. There was wide range of experience—mostly between 2 and 20 years. 

Applications 

The most common areas of work were generic and not related to a specific treat-

ments. Within those that do work on specific treatments, many tissue types were 

represented. The major mechanism was cell destruction by heat or cavitation but 

non-lethal cell modification was also substantial. 

Patients and patient substitutes 

As might be expected, fresh animal tissue is the most common biological model 

used followed equally by small and large animal models and cell cultures . One in  

six respondents were involved with human studies. Ex vivo tissue also tops the 

non-biological models ahead of agar, polyacrylamide and gelatin gels. 

What do they think about ‘dose’? 

As to whether there is a consensus on the meaning of ‘dose’ for ultrasound, re-

spondents most commonly thought that there is no predominant understanding. 

Nearly one quarter said they rarely use the word themselves but about one third 

said it was related to the amount of energy absorbed by the target tissue.  

Dose was seen as most relevant for thermal effects and much less relevant for 

other mechanisms. This was echoed in the view that dose standards for thermal  

mechanisms were higher priority than for other mechanisms. Around 80% of re-

spondents thought that  a wide range of aspects would benefit from  a better de-

veloped and common understanding of dose. 

How do you currently determine the effectiveness of the therapy in your 
application? Please tick all that apply. 

Post-treatment imaging (ultrasound, MR, CT, PET) 42.7% 

Post-treatment histology 40.6% 

Ultrasound imaging during treatment 31.3% 

MR imaging during treatment 30.2% 

Post-treatment macroscopic visual examination 28.1% 

Post-treatment clinical examination (incl questionnaires) 28.1% 

Implanted thermocouple during treatment 20.8% 

Other (please specify) 5.2% 

I am not directly involved with treatments 29.2% 

Which of the following phantom materials or tissue models or mimics do 
you use for your work? Please tick all that apply. 

Ex vivo tissue 62.5% 

Agar gels 46.9% 

Polyacrylamide gels 43.8% 

Gelatin based gels 31.3% 

Silicones 13.5% 

Cryogels 10.4% 

Other (please specify) 9.4% 

Kidneystone/gallstone model 8.3% 

Urethanes 4.2% 

Acrylic/perspex or other plastics 3.1% 

Which of the following biological models do you use for your work? 
Please tick all that apply. 

Fresh ex vivo animal tissue 58.3% 

Small animal model 43.8% 

Large animal model 39.6% 

Cells in culture 38.5% 

Packaged/butchered meat 30.2% 

Ex vivo human tissue 29.2% 

Live human studies 17.7% 

None of these 9.4% 

Whole organ model 6.3% 

Cadaver studies 5.2% 

add your own answers at  www.surveymonkey.com/s/duty-dose 

In which country do you mainly work or study at present? 

United States of America 33.7% 

United Kingdom 13.3% 

Germany 9.6% 

China 7.2% 

Canada 4.8% 

France 4.8% 

Italy 4.8% 

Russia 3.6% 

Spain 3.6% 

The Netherlands 3.6% 

Finland 2.4% 

South Korea, Singapore, Switzerland, Turkey 1.2% each 

http://www.duty-project.eu
HTTP://www.duty-project.eu

