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Nordic guidance levels for patient doses
in diagnostic radiology.

Summary
The Nordic radiation protection authorities recommend guidance levels for patient doses to be
used in medical radiology. The guidance level is related to the concept dose constraints , or
investigation level as stated in ICRP 60. When used in a constructive manner, guidance levels
can be an efficient tool in improving the radiation protection in medical exposure. Guidance
levels are given for six specific examinations. These are common conventional examinations
performed in radiological departments involving both radiography and fluoroscopy.
Compliance with the guidance levels for the specified examinations should normally be an
indication of good medical practise for other examinations as well. The Nordic radiation
protection authorities recommend that measurements or assessments of patient doses are
performed regularly and that the relevant information is recorded and filed in order to check
compliance with the recommended levels and follow the trends with respect to patient doses.
Adequate measures should be taken if substantial deviations are demonstrated compared to the
guidance levels. More detailed information with respect to measurements, background data for
the selected examinations and discussion of technical parameters influencing the patient doses
is given in the appendixes.

INTRODUCTION
1. The medical diagnostic progress made in this century can to a great extent be linked to the
use of radiation sources. Particularly, the application of x-rays for diagnostic purposes has been
fundamental in the development of modern medicine, but also the use of radioactive substances
play an important role in the diagnostic field.
2. The need for radiation protection measures was first realised by the radiologists themselves
and British radiological pioneers already in 1915 made recommendation concerning radiation
protection 1. The motives were first of all to protect the physicians and their assistants, but
radiation damages were observed in patients as well. More systematic radiation protection
efforts were initiated in 1928 with the establishment of an international committee, now known
as International Commission on Radiological Protection, ICRP.
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3. ICRP has through several decades developed a radiation protection philosophy based on a
broad scientific basis, and formulated some fundamental principles given by the key words
justification, optimisation and dose limitation 2. The dose limits, which have changed several
times, apply to radiation workers and members of the public. For medical exposures of patients
as part of their own investigation or treatment, dose limits have not been specified by the
ICRP, since such exposures are usually intended to provide a direct benefit to the exposed
individual. However, the principles of justification and optimisation apply, and are important
for the radiation protection in this case. Optimisation will in practice be a task of making the
best possible balance between necessary doses and adequate image quality, as well as
economical, practical and social factors.
4. For diagnostic medical exposures the optimisation principle has two major aspects. First, the
optimisation of protection for the medical staff and member of the public. Secondly, the
optimisation of the medical examinations, taking into account the clinical requirements of the
examination and the patient doses involved. Done properly, optimisation can contribute to the
achievement of «good medical practice». ICRP has given supplementary recommendations
and information with respect to radiation protection in medical exposure 3, 4.

PATIENT DOSES IN MEDICAL DIAGNOSTIC RADIOLOGY
5. The collective population doses from artificial radiation sources have, since their
introduction in different practices, been dominated by medical radiology due to the high
frequency of examinations and the patient doses involved. Certainly, this situation will
continue also for the decades to come. New diagnostic imaging technologies not involving
ionising radiation, such as ultrasound and magnetic resonance, are to day applied in addition to
X-rays, and are not expected to replace the use of X-rays for diagnostic purposes in the near
future.
6. Medical diagnostic radiology has since its introduction a century ago, developed towards
lower patient doses and more medical information for the benefit of the patients. This medical
discipline has been fundamental in the development of modern health care in our societies.
Every day, approximately 50 000 radiological examinations are performed in the Nordic
countries, excluding dental examinations.
7. New radiological modalities and procedures have resulted in higher medical quality with
respect to diagnosis and treatment. The detriment associated with these medical advances, has
in some cases been increased patient doses. Especially the computed tomography
examinations, which now are quite frequent, contribute significantly to the collective
population dose. For the individual patient, interventional radiological procedures might also
involve doses causing deterministic effects such as radiation erythema.

4

8. Through the last two decades, several surveys have been performed studying the patient
doses in a number of countries 5, 6, 7, 8. The lessons learned are first of all the recognition of the
significant variations in patient doses between different radiological departments for the same
type of examinations. An important object of this document is to introduce methods for
demonstrating these variations and to promote actions which decrease unreasonably high
patient doses.
9. There are several causes for these variations and the factors involved contribute in a
complex manner. Differences in equipment performance, competence, skills, working habits
and examination procedures are important factors which influence the patient dose. In order to
optimise and improve the radiological protection, knowledge and information about the patient
doses at the local level is necessary.
10. The Nordic radiation protection authorities stress the importance of being aware of patient
doses in medical X-ray diagnostics. Having the dose variations in mind, the potential for dose
reduction is significant compared to many other applications of radiation. The reduction of
unnecessary high patient doses is considered to be cost-effective and can be done without
impairing the diagnostic quality of the medical examinations. Generally, the reduction of
patient doses will also be beneficial to the radiation protection of the staff.

GUIDANCE LEVELS FOR PATIENT DOSES
11. In its revision of the basic recommendations 1990, ICRP introduced the source related
«dose constraint» as a conceptual tool with regard to the optimisation of the radiation
protection. As recommended by the ICRP, dose constraints or investigation levels should be
specified for some common diagnostic procedures. The constraints must be applied with
flexibility to allow higher doses in special situations or if indicated by sound clinical
judgement.
12. The Nordic radiation protection authorities consider the concept of dose constraint or
investigation level useful and will use the term guidance level for it in the field of medical
radiology, as also used by the IAEA 9 . In some countries, the term reference level have been
used in the same conceptual meaning. It is assumed that specified guidance levels for some
typical X-ray examinations will be helpful for radiological departments in the evaluation of
their own patient dose situation. Compliance with the levels should not discourage efforts
towards even lower patient doses in radiological departments.
13. The guidance levels have the following meaning and interpretation :
•

They represent specified «dose» values for certain complete X-ray examinations, or single
projections.

•

They are not intended to be used as investigation levels for individual patients, but are to
be compared with representative measured or assessed mean values for a sample of
patients.
5

•

They should be used by the responsible medical practitioner in order to improve the
radiation protection in medical radiology such that:
a) If doses are systematically higher than the guidance levels, reviews shall be
performed and corrective measures shall be considered in order to ensure optimised
protection of the patient and good medical practice.
b) If doses are much lower than the guidance levels, reviews related to the obtained
diagnostic information may reveal that the expected medical benefit to the patients is
not adequate.

14. The chosen examinations are procedures with either high frequency, or of significance with
respect to individual or collective dose aspects. It is assumed that if the guidance levels are met
for the specified examinations, other examinations will probably also be performed reasonably
optimised with respect to patient doses.
15. Ideally, the guidance levels should be given as radiation risk or effective dose. However, in
practice this cannot be obtained by direct measurements. For operative reasons it is considered
more appropriate to use other quantities for assessing patient doses. The Nordic radiation
protection authorities have evaluated this question and concluded that guidance levels are to be
specified as kerma-area product, KAP, or entrance surface dose, ESD. Measuring
methodology, dosimetric approaches and a description of the relevant information are
discussed in Appendix A.

RECOMMENDED EXAMINATIONS AND GUIDANCE LEVELS
16. The guidance levels are to be interpreted as mean values for adult patients. The KAP values
apply for complete examinations, while the ESD values are for single projections. The
examinations selected for monitoring patient doses are :
Chest
Pelvis
Lumbar spine
Urography
Barium meal
Barium enema
Preferably all these examinations should be monitored, as far as they are regularly performed at
the hospital.
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17. The guidance levels recommended for the patient doses in diagnostic radiology are
presented in Table 1. Basic information concerning the selected examinations are presented in
Appendix B.
Table 1

Nordic guidance levels for six diagnostic procedures
i) KAP is the kerma-area product, ESD is the entrance surface dose in terms of
air kerma including backscatter from the patient (or phantom)

Examination type
Chest, PA and Lat
Pelvis
Lumbar spine
Urography
Barium meal
Barium enema

Guidance levels i)
ESD (mGy)
KAP (Gy⋅cm2)
1
0,2 PA
0,5 Lat
4
5 AP
10
6 AP
20
25
50

18. In order to investigate and compare local patient doses with the guidance levels it will be
necessary to make measurements on a regular basis. It is suggested that a set of measurements
are carried out every 3-5 years, or at other intervals if circumstances so indicate. Whenever
major changes in equipment or radiological procedures are done which might influence the
patient doses, measurements should be carried out.
19. For each examination a sufficient number of patient measurements should be made and all
relevant exposure parameters should be recorded in order to detect trends. Other methods may
be used, substituting direct patient dose measurements, provided such methods give results that
can be compared with the guidance levels for the examination in question. It is recommended
that the kerma-area product is measured in such a way that data concerning radiography and
fluoroscopy can be separated.

MEASURES
20. If the average patient doses substantially exceed the guidance levels without obvious
clinical reasons, the reasons for this should be analysed, and appropriate measures should be
considered. The measures might be to alter the examination procedures or to update the
equipment performance. It might also include education, training or other aspects related to
competence, in order to improve the working techniques. If the patient doses are considerably
lower than the guidance levels, the diagnostic quality might be questioned, and it should be
confirmed that the clinical demands are met. Some important technical factors affecting the
patient doses are discussed in Appendix C, and typical radiological procedures for the six types
of examinations are suggested.
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Appendix A

Measurement methodology

The kerma-area product
The kerma-area product (KAP) is defined as the air kerma, Kair 1, integrated over the x-ray
beam cross-sectional area, A :
KAP = ∫AKair dA
The KAP can be measured with a large plane-parallel ionisation chamber intercepting the
entire x-ray beam. The response of the ionisation chamber is approximately independent of the
distance from the x-ray tube focus and the chamber can conveniently be mounted on the tube
diaphragm housing, not interfering with the examination procedure or patient. The kerma-area
product can be expressed in units of Gy⋅m2, but usually Gy⋅cm2, mGy⋅cm2 or cGy⋅cm2 are
used.
A favourable characteristic of the kerma-area product is the possibility of a simple estimation
of the energy imparted to the patient 2−6, the latter being connected to the mean patient dose
and risk. By providing a single measurement even for complex x-ray examinations, different
examination procedures can easily be compared with respect to dose saving techniques.
The performance of the measuring equipment in indicating the kerma-area product as defined
above, is first of all dependent on a careful calibration of the equipment. The standard
calibration procedure is to compare the kerma-area product meter response with the response
from an air kerma reference standard at a point in the x-ray field multiplied with the
corresponding exposed area as measured on an x-ray film 7. This procedure is both sensitive to
the lateral positioning of the reference dosimeter, since the x-ray field is usually highly
inhomogeneous, and to the accuracy in the measurement of the beam area. If not carried out
correctly, calibration according to the above method may therefore introduce large errors into
the measurements, and is not recommended on a routine basis in a x-ray department. Another
method is to have one chamber fully calibrated under laboratory conditions, and use it as a
standard for intercomparison with other chambers.
Commercially available kerma-area product meters are calibrated at the factory. When the
intended use of the kerma-area product meter is to check compliance with the guidance levels,
the factory calibration is regarded sufficient. The traceability of the calibration to a primary
standard should be documented, and the calibration must be checked when receiving the
equipment. A laboratory calibration is recommended at regular intervals, i.e. every fifth year.
In addition to the error associated with the calibration of the equipment, the following sources
of errors can be identified:
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1) The position of the ionisation chamber with respect to the patient couch. The basic
calibration at the factory is normally performed with an absorber simulating a mean
value between undercouch and overcouch x-ray tube installation, which without
correction will lead to an under-reading when used on an overcouch tube and an
over-reading on an undercouch tube.
2) Scattered radiation from x-ray tube diaphragm, patient or patient couch reaching
the ionisation chamber.
3) The equipment is used with an x-ray quality, exposure rate or field size dissimilar
to the one used with the calibration.
4) Other deviations related to performance of the equipment, such as temperature and
humidity, changes in main voltage or leakage current.
Taking all these errors into account, the overall measurement uncertainty should be within
20%.
The entrance surface dose
The entrance surface dose (ESD) is defined as the air kerma at the patient entrance in the centre
of the beam, including backscattered radiation. If the air kerma is measured free in air at a
distance l from the tube focus, the entrance surface dose can be expressed as :
ESD = Kair⋅( l/FSD)2⋅BSF
where FSD is the focus skin distance and BSF is the back scatter factor. The latter is a
slowly varying function of x-ray energy, beam area and patient thickness, with values between
1.2 and 1.4 in the diagnostic x-ray energy range and field sizes normally encountered in
examinations of the trunk. The entrance surface dose can be expressed in Gy, but usually mGy
is used. It can be converted to patient effective dose by applying published conversion factors,
6
.
The following two methods for assessing the entrance surface dose are especially convenient
and do only to a little extent interfere with the diagnostic procedure:
1) Measurements with thermoluminescence dosemeters, TLD, attached to the patient or
phantom. If correctly calibrated to measure air kerma free in air, the TLDs should
give a direct reading of the entrance dose, and no correction is needed for back
scattered radiation or distance from the tube focus.
2) The relationship between x-ray unit current time product (mAs) and the air kerma
free in air is established at a reference point in the x-ray field for the range of tube
potentials encountered. Subsequent estimate of the entrance dose can be done by
recording the relevant parameters (tube potential, filtration, mAs and FSD) and
correcting for distances and back scattered radiation as implied in the formula above.
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The measurements must be done with care, and corrected for sources of error such as energy
dependence, atmospheric pressure and temperature. For accurate dosimetry the dosemeters
require careful calibration, and a regular calibration against a national standard is
recommended.
Significance of average values
An evaluation of an x-ray department's compliance with the guidance levels can be based on
the average value from several patients. The sample of patients must however be selected with
some care. The guidance levels represent a standard for specific examinations of adult patients,
and the patient sample must reflect this, especially with respect to patient thickness and weight.
The overall uncertainties in the values must be estimated and accounted for when analysing the
results.
The fractional uncertainty of the average values can be estimated at the 95% significance level
with the following expression:
1.96⋅(cv/√n) + ∆k
where cv is the coefficient of variance of the measurements (standard deviation divided by
average value) and n is the number of measurements constituting the average value. The factor
k is the instrument reading uncertainty, see above, which is here treated as an independent,
systematic error.
Record keeping
Monitoring the patient radiation doses and comparing them with reference values, also means
that together with the actual measurements, some kind of record keeping, to keep track of
examinations and other relevant quantities is needed. Information which needs to be recorded
is on the one hand the diagnostic examination type, which is essential, but other variables may
also be of interest such as tube voltage, filtration, film-screen combination, manual or
automatic exposure control and patient weight, age and sex. The radiation dose information
may be complemented by the number of radiographs and fluoroscopy time. This information
will both enable the radiographic procedure to be analysed further with emphasise on radiation
dose, and may be used to explain deviations from previous surveys and detect trends in the
radiological procedure.
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Appendix B

Information concerning the guidance levels and
the selected x-ray examination types

Introduction
In a radiological department, normally a large number of different and specialised x-ray
examinations are performed. Often, certain examinations are performed in dedicated
laboratories or with specialised equipment. In order to monitor the patient doses, ideally all
types of examinations should be regularly evaluated, but this will be time-consuming and
probably not cost-effective. Experience has shown that patient dose information, from a few
and well chosen examinations, can serve as indicators for the general situation in a
radiological department with respect to patient doses.
The examinations pinpointed in this document are typical examinations in a radiological
department, representing simple radiographic examinations and more complex examinations
which might include radiography as well as fluoroscopy, and examinations with small and
relatively large patient doses. Relevant data are described in the following.
Chest
The conventional chest examination is the most frequent in medical x-ray diagnostics. The
frequency of chest examinations in the Nordic countries is presented in Table 2. Chest
examinations can be performed with procedures involving radiography or photofluoroscopy
(massminiature). In this document the guideline for the chest examination is the radiographic
procedure including both PA and LAT projections.
Table 2

Frequency of chest examinations per 1000 inhabitants in the Nordic countries.
Country
Denmark
Finland
Iceland
Norway
Sweden

No. of chest exam.
per 1000 inhab.per year
120
180
150
120
120

Since the total frequency of x-ray examinations in the Nordic countries is in the range 500-800
per 1000 inhabitants, it can be concluded that the chest accounts for about 20% of all
examinations. However, the dose contribution for the chest is quite small. Based on Monte
Carlo calculations it is estimated that chest contributes approximately 2% of the collective
effective dose due to x-ray diagnostics.
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The patient dose for the chest examinations is normally low. However, as for all other
examinations it varies due to the equipment available, the chosen exposure parameters, the
patient size etc. Patient dose measurements on adult patients (i.e. weight > 40 kg) performed in
Norway, expressed as the kerma-area product (KAP) are presented in Figure 1. Based on this
material, obtained through a 10-year period with more than 1100 measurements of the chest
examinations from approximately 50 hospitals, the chosen guidance level of 1 Gy cm2 is close
to the calculated mean value. The patient doses for chest have declined the last years. The dose
from the lateral projection is approximately twice the dose from the PA projection. It is an
observation made during the measurements, that several hospitals had considerably lower local
mean doses than the mean values obtained in the national survey. This indicates that it should
not be very difficult to meet the guidance level.
Patient doses from norwegian survey.
400

No. of observations.

350

CHEST

300

Total number of obs.: 1185
Mean KA-product : 0,94 Gycm 2 .
Mean Pas. weight :70 kg.
Mean no. of films :2,1

250
200
15 0
10 0
50
0
00 ,2 5

0 ,50 0 ,75

1,0 0 1,2 5

1,50 1,75

2 ,0 0 2 ,2 5

2 ,50 2 ,75

3 ,0 0 3 ,2 5

3 ,50 3 ,75

>
4 ,0 0

Kerma-area product, [Gy cm 2 ]

Figure 1

Distribution of the patient dose for the chest x-ray examination obtained from
the Norwegian national survey

Urography
Intravenous urography is an old and classic radiographic examination with roots to the early
1930’ ies. The examination will normally be performed with several successive radiographs in
the abdominal and pelvic region. The procedures used, vary somewhat from one department to
the other, but nevertheless it is a standard examination suitable for monitoring. The frequency
of this examination has decreased during the last decade, mainly due to ultrasound diagnostics
as an alternative examination method. Data, based on complete registrations in Norway 1983,
1988 and 1993 shows a reduction in frequency from 19 to 9 per 1000 inhabitants in this 10years period. At present the frequency in some of the Nordic countries is in the range 7-14 per
1000 inhabitants, or roughly 1 % of all examinations.
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The doses involved in urography is typically in the medium patient dose range. Based on more
than 500 observations in the Norwegian patient dose survey for adult patients, the observed
average KA-product was 20.7 Gy cm2 . The distribution of the measured KAP -values for
urographies are given in Figure 2. The most frequent patient dose is in the range 7.5-15 Gy
cm2. Thus the guidance level of 20 Gy cm2 should not be difficult to meet in normal
radiological circumstances. With respect to other relevant mean values it can be mentioned that
the number of films used were 8.7 and the average patient weight was 70 kg. The diagnostic
collective effective dose, due to urographic examinations, contribute in the range 5-7 %.

Patient doses from norwegian survey.
18 0
16 0

UROGRAPHY

No. of observations.

14 0

Total number of obs.:515
Mean KA-product : 20,7 Gycm2 .
Mean Pas. weight : 70 kg.
Mean no. of films. : 8,7

12 0
10 0
80
60
40
20
0
0 <7,5

2 2 ,5- 3 0 ,0

4 5,0 - 52 ,5

6 7,5- 75,0

9 0 ,0 - 9 7,5

112 ,5- 12 0 ,0

2

Kerma-area product, [Gy cm ]

Figure 2

Distribution of the patient dose for the urography x-ray examination obtained
from the Norwegian national survey.

Pelvis
Pelvis is a typical examination in the lower abdominal region. The frequency surveys have
shown a stable occurrence through a ten year period. Pelvis is often combined with special
projections of the hip joints (Lauenstein projections), however in this context with the pelvis as
a monitoring examination these special projections is not to be included. Thus, pelvis
examinations to be compared with the guidance level should only be procedures with the APprojection. This examination is similar to other examinations in the abdominal region and for
this reason suitable for monitoring purposes.
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The mean values from the Norwegian survey (101 observations) were 4.0 Gy cm2 , 1.1 films
and the patient average weight was 68 kg. It was observed that fluoroscopy was used in a
number of hospitals for this examination. For observations including fluoroscopy, the mean
fluoroscopy time was 0.1 minute and the dose from fluoroscopy was 12 % of the total patient
dose . The KAP distribution for pelvis is principally similar to the other patient dose
distributions. The chosen guidance level of 4 Gy cm2 is as the observed mean value, and in
similarity with the other distributions , practical experience from measurements shows that the
most probable KA-product value for pelvis is far below the guidance level, that is in the range
1.5-2.25 Gy cm2. The collective effective dose from the pelvis examination is in the same
range as chest, that is 2-3 %.
Lumbar spine
The guidance level recommended for the examination of the lumbar spine (LS) is
10 Gy cm2 . The frequency of LS-examinations have not changed dramatically and is in the
range 25-35 per 1000 inhabitants in some of the Nordic countries. The contribution from LSexaminations is estimated to be in the order 10 % of the collective effective dose. Average
parameters and other relevant information from the Norwegian survey is presented in Figure 3.
Compared with the chosen guidance level and the fact that it is quite common to have KAP
results lower than the level of 10 Gy cm2 , the recommended guidance level should be
reasonably achievable.

Patient doses from norwegian survey.
14 0

No. of observations

12 0

LUMBAR SPINE

10 0

Total number of obs.: 527
Mean KA-product : 10,5 Gycm2 .
Mean Pas. weight : 70 kg.
Mean no. of films. : 4,1

80

60

40

20

0
0
<2 ,5

5,0 7,5

10 ,0 12 ,5

15,0 17,5

2 0 ,0 2 2 ,5

2 5,0 2 7,5

3 0 ,0 3 2 ,5

3 5,0 3 7,5

> 40

2

Kerma-area product, [Gy cm ]

Figure 3

Distribution of the patient dose for the lumbar spine x-ray examination
obtained from the Norwegian national survey.
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Barium meal and Barium enema
Barium meal, another classical examination introduced in the early radiological practice, seems
now to have lost much of its diagnostic status. From the frequency surveys in can be deduced
that barium meal, including both single and doublecontrast technique, have decreased
approximately from 30 to 5 examinations per 1000 inhabitants during the last decade. The
main reason for this development is that alternative endoscopic techniques have been favoured
as diagnostic methods. Nevertheless , barium meal is still performed in several hospitals and is
a typical examination involving both radiography and fluoroscopy. As such this examination is
suitable for monitoring. If barium meal is not regularly performed, the barium enema can serve
as monitor for this kind of examination. The enema examination has had a rather stable
occurrence of 10 per 1000 inhabitants in the last decade. The majority of examinations are
performed with doublecontrast technique for both the barium enema and the barium meal. The
selected guidance levels for these two gastrointestinal examinations are based on
measurements and observations with doublecontrast technique.
Mean values for parameters relevant for the barium meal and barium enema observations from
the Norwegian patient dose project are shown in Table 3. Based on observed frequencies and
patient doses, these gastrointestinal examinations accounts for approximately 20-30 % of the
collective diagnostic doses. This might change significantly if alternative endoscopic methods
(rectoscopy) will replace barium enema even more in the future.
Table 3

Mean values and parameters of interest for the barium meal and barium enema
examinations from the Norwegian patient dose survey obtained in the period
1983-1994.
i)

ii)

kerma-area product (KAP) in units of Gy⋅cm2
kV is the x-ray tube potential in kilovolts used for radiographs

Examination/Parameter
No. of observations
KAP, mean value i)
% of KAP due to radiographs
% of KAP due to fluoroscopy
No. of radiographs
Fluoroscopy time
Fluoroscopy KAP- rate
Mean patient weight
Mean kV-settingii)

Guidance level

Barium meal

Barium enema

379
28.3 Gy⋅cm2
46 %
54 %
10.9
3.4 min
4.6 Gy⋅cm2/min
67 kg
105 kV

277
56.0 Gy⋅cm2
46 %
54 %
12.8
4.1 min
7.4 Gy⋅cm2/min
68 kg
106 kV

25 Gy⋅cm2

50 Gy⋅cm2

The Kerma-area product and effective doses
Kerma-area products or entrance surface doses are convenient for patient dose monitoring
purposes. However, for further risk assessments, it is also of interest to obtain information
concerning the patient effective dose associated with the different examinations. Conversion
17

coefficients for the deviation of effective dose from measurements of entrance surface dose or
kerma-area product have been published from the National Radiological Protection Board in
England based on Monte Carlo methods 1. The effective dose values corresponding to the
Nordic KAP guidance level values are shown in Table 4.
Table 4

The Nordic guidance levels, conversion factors between effective dose and
kerma-area products 1, and the corresponding effective dose (mSv)
i)

Examination

Chest
Pelvis
Lumbar spine
Urography
Barium meal
Barium Enema
1.

In the Nordic countries Chest examinations are normally performed with the
tube voltages above 120 kV, and the conversion factor was adjusted
accordingly

Guidance level
Gy⋅cm2

Conversion factor
mSv/Gy⋅cm2

Effective dose
[mSv]

1
4
10
20
25
50

0.18i)
0.29
0.21
0.18
0.20
0.28

0.2
1.2
2.1
3.6
5.0
14

Hart, D., Jones, D.G. and Wall, B.F. Estimation of Effective Dose in Diagnostic
radiology from Entrance Surface dose and Dose-Area product Measurements.
NRPB-R262. Chilton: National Radiological Protection Board (1995)
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Appendix C

Factors affecting the patient dose

The kerma-area product to a patient undergoing a radiological examination depends on several
technical and physical factors, how the examination is carried out, on special diagnostic
requests, and on the patient's anatomy. Some of these factors are discussed in the following,
and guidance is given on how to deal with them in the context of this document.
Technical and physical factors in radiography
The patient's anatomy has a large influence on the dose, especially when expressed as kerma
area product. An increase from 20 to 25 cm thickness will lead to an increase in dose by a
factor of approximately 3 due to the higher attenuation, and provided the size of anatomical
region of interest is proportional to the thickness, a 50 percent larger field size. An indication
on various technical factors and their influence on the patient dose, expressed as kerma-area
product, is given in the Table 5. The figures are valid for 20 cm tissue and are calculated for
equal air kerma at the image receptor plane.
Table 5

Example of the influence of technical parameters on the kerma-area product

Parameter
Tube voltage
Filtration
Waveform
Field size in the image plane
Table top absorption
Grid type
AEC setting (film density)
Film-screen speed class
Developer temperature
Focal spot to film distance
For fluoroscopy :
Image intensifier field of view
(zoom)
Automatic brightness control
(air kerma in the receptor plane)

Standard
settings

Changed
setting

Change in kermaarea product (%)

75 kV
3 mm Al
DC
24 x 30 cm2
1 mm Al
ratio 8
l.2
320
35 oC
140 cm

66 kV
2 mm Al
AC (single phase)
26 x 32 cm2
2 mm Al
ratio 12
l.7
160
33 oC
100 cm

+50
+25
+10
+15
+20
+30
+40
+100
+20
0

23 cm Ø

17 cm Ø

0

0.4 µGy/s

0.8 µGy/s

+100

19

Typical radiological procedures
Typical radiological procedures for the six examination types are presented in Table 6. These
figures may be largely influenced by the particular diagnostic demands for the patient in
question, leading to deviations from the standard protocol. This fact must be taken into
consideration when judging measured patient doses. However, the procedures in Table 6
should normally give dose values in compliance with the guidance levels.
Table 6

Typical radiological procedures for six conventional x-ray examinations
i)

Chest

Pelvis

Lumbar spine

Urography

Barium meal

Stated as the mean number of views in the Nordic countries

Tube voltage :

120 - 150 kV

Film-screen speed class :

200-400

Number of views :

1 PA and 1 Lat

Miscellaneous :

Total filtration ≥ 2.5 mm Al + 0.1 - 0.2 mm Cu

Tube voltage :

70 - 90 kV

Film-screen speed class :

400

Number of views :

1 AP

Tube voltage :

70 - 110 kV

Film-screen speed class :

400-800

Number of views :

3-4

Miscellaneous :

lower kV for AP views, higher kV for lat views

Tube voltage :

70 - 90 kV

Film-screen speed class :

400

Number of views i) :

9

Tube voltage :

100 - 140 kV

Film-screen speed class :
i)

Barium enema

400

Number of views :

9

Miscellaneous :

fluoroscopy time < 5 min

Tube voltage :

100 - 140 kV

Film-screen speed class :

400

Number of views i) :

12

Miscellaneous :

fluoroscopy time < 5 min
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