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Abstract

Radiation phobia can be greatly decreased if the simple BERT (Background Equivalent Radiation Time) concept
is used to explain the dose to all diagnostic radiology patients. It converts the radiation dose to an equivalent
period of natural background radiation. It is understandable, it does not mention risk, and it educates the patient
that human-made radiation is the same as the background radiation which gives them most of their annual dose.
Medical physicists should provide each clinical x-ray unit with a table that gives the BERT value for various
procedures and patient sizes and educate the radiologists and radiographers how to use the BERT approach for
relieving radiation anxiety.

1. Introduction

An occasional patient will ask: "Are x-rays safe?" or "How much radiation did I receive from
my chest x-ray?" Medical physicists have a responsibility to instruct radiographers and
radiologists how to give a reasonably honest and understandable answer to the patient. They
can certainly explain that diagnostic x-rays are safe. There are no data to indicate otherwise.
The question about the amount of radiation to the patient is difficult to answer in an
understandable way. First, because it is a rare x-ray unit that has a meter to measure the
radiation delivered to the patient and second, because scientific units for radiation dose are not
understood by the patient.

2. Explain radiation dose to a patient using the BERT concept

Answering the patient's question about the amount of radiation would be easy if you knew the
effective dose. However, it is unlikely the patient would be satisfied if your answer is "Your
x-ray dose is about 1.1 mSv." The patient would understand and be satisfied if you explained
that the dose is about equal to six months of natural background radiation, assuming the
average background rate in the UK is about 2.2 mSv per year. Background radiation varies
greatly over the earth. The explanation need not use the local background value since there is
usually a large uncertainty about the effective dose which depends on biological constants
which cannot be determined. The purpose is not to provide high scientific accuracy but to
relieve anxiety about radiation by giving an understandable and reasonably correct answer.

This concept of explaining radiation is called the Background Equivalent Radiation Time or
BERT. [1,2] The effective dose from an x-ray examination to the patient is converted to the
time (in days, weeks, months or years) to obtain the same effective dose from background
radiation. This method is also recommended by the U.S. National Council for Radiation
Protection and Measurement (NCRP). [3] The BERT method has several advantages: (i). It is
understandable to the patient, (ii). It does not mention radiation risk which is unknown, and
(iii). It educates the patient that he or she lives in a sea of natural or background radiation.
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3. Radiologists and radiographers should educate patients about background
radiation

Patients may mistakenly think that human-made radiation is more dangerous than an equal
amount of natural radiation. Most patients are unaware that most of their background radiation
comes from natural radioactivity in their own body. Radiologists and radiographers should
explain to them that we are all radioactive. A typical adult has over 9 kBq of natural
radioactivity (i.e. 9 000 radioactive disintegrations in our body each second - over a half
million per minute). The resulting radiation strikes billions of our cells each day. In a year,
essentially all of the trillions of cells in our body have been hit by background radiation. The
idea that radiation to one cell can initiate cancer is illogical - it assumes that the body has no
defense or repair mechanisms. The body has several defense mechanisms to protect itself from
doses up to about 200 mGy.[4]

Most patients never see the radiologist. Questions about radiation are often asked of the
radiographer. Radiographers are generally not prepared to answer a patient's question about
radiation dose. However, if tables of effective dose and BERT are available at each x-ray unit,
any radiographer can answer the patient's question about radiation dose. (See Table I.) If the
patient desires further information the radiographer should recommend a basic book, such as
'Understanding Radiation'. [7]

4. The extent of the usage of BERT concept

The BERT concept is used widely in many countries, including Australia, Ireland, UK and
some parts in the USA, to explain and educate doctors, medical students, radiology trainees,
residents, radiographers, nurses, and technologists, about radiation doses received by patients.
This concept has also been published in several publications. For example, the Royal College
of Radiologists (RCR) in the UK has published a guidelines booklet' Making the Best Use of
a Department of Clinical Radiology - Guidelines for Doctors' [5] in which the BERT concept
is used to rank radiographic examinations in order of dose level. Similar information was
presented in an Australian radiology textbook 'Applied Imaging Technology' [8] and
'Guidelines for Clinical Practice in Radiology' published by the Malaysian Radiological
Society [9]. A table listing typical effective doses along with the BERT values is presented in
the home page of the National Radiological Protection Board (NRPB) of the UK [6]

Recently we carried out an online survey via the largest medical physics list
(medphys@lists.wayne.edu) and received many positive responses. Here are some excerpts of
comments and feedback:

• "It empowers patients to make more informed decisions about risk."
• "I think the BERT is a great idea and the relation to natural background is the best thing

about it; my guess is most radiation safety people use this approach, but not the specific
unit."

• "I do not use it specifically but nearly always explain the dose from any procedure which a
patient may receive in terms of a comparison with the ever present background radiation."

• "I've used it when explaining exposure to the families of permanent prostate implant
patients. None have ever found it insulting or patronizing, and most are relieved to finally
have something familiar to which they can equate their radiation exposure."
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• "I have found it to be very useful and very well received and understood. Occupational
and non- occupational workers seem to understand very clearly the concept of BERT. I
think relating radiation exposure received to background is very wise. Haven't many of us
been doing that very thing in an informal way for some time?"

Table I. Typical effective doses and equivalent periods of natural background radiation [5,6]

X-ray examinations

Limbs and joints (except
hip)

Teeth (single bitewing)

(panoramic)

Chest (single PA film)

Skull

Cervical spine (neck)

Hip

Thoracic spine

Pelvis

Abdomen

Lumbar spine

Barium swallow

IVU (kidneys and bladder)

Barium meal

Barium follow

Barium enema

CT head

CT chest

CT abdomen/pelvis

Typical
effective dose
(mSv)

<0.01

<0.01

0.01

0.02

0.07

0.08

0.3

0.7

0.7

0.7

1.3

1.5

2.5

3

3

7

2

8

10

BERT (Background
Equivalent Radiation
Time)1

<1.5days

<1.5 days

1.5 days

3 days

11 days

2 weeks

7 weeks

4 months

4 months

4 months

7 months

8 months

14 months

16 months

16 months

3.2 years

1 year

3.6 years

4.5 years

'Natural background radiation based on UK average = 2.2 mSv per year.

5. Summary and recommendations

Radiation phobia can be greatly reduced by explaining the diagnostic radiation dose to the
patient using the BERT concept. Medical physicists have a responsibility to educate
radiologists and radiographers how to use the BERT concept and to provide them with tables
of BERT values for each clinical x-ray unit. Radiologists and radiographers have a
responsibility to educate patients and others who ask them about radiation.. The BERT
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concept is understandable, it does not suggest any risk and it educates the patient about
background radiation. BERT is not a radiation quantity. It is a method of explaining radiation
to the public. The word BERT is never used in the explanation.
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