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INTRODUCTION
The task group on “Standardized Methods for Measuring Diagnostic X-ray Exposures” was formed by the Diagnostic X-ray Imaging Committee to provide a standardized
method for radiologic physicists to use in complying with Section DR.2.2.10.2 of the
JCAHO Standards. Section DR.2.2.10.2 reads as follows:
DR.2.2.10 Provisions that a qualified physician, qualified medical radiation
physicist or other qualified individual
DR.2.2.10.2 monitor doses from diagnostic radiology procedures.
It should be noted that, for compliance with this standard, radiographic exposure
measurements must be room specific and should he determined for commonly used projections in each room’.
The topics covered in this document include procedures for measuring patient exposure, suggested phantoms for use with automatic exposure control (AEC) systems, recommended common projections for which exposure data should be measured, references to
national average exposure data for these common projections, and a reference bibliography. Measured patient exposures should he compared to national average values. Corrective action should he taken if high patient exposures or room-to-room discrepancies are
noted.
GENERAL CLARIFICATIONS
The procedures described in this document assume that processor and x-ray equipment quality control testing has already been performed and image quality optimized. It is
also assumed that the radiologic physicist using this document is familiar with ionization
chamber response characteristics (i.e. energy and rate dependence) and the optimal ion
chamber of choice for use with the diagnostic x-ray equipment addressed in this document.
Information regarding ionization chamber performance and quality control testing can he
found in other AAPM Reports1 8 , 2 3 and other publications3,4,5,6,11,12,17,20

Part I: RADIOGRAPHIC ENTRANCE SKIN EXPOSURE
I-l. Introduction
This section contains procedures for measuring entrance skin exposure (ESE) in both
manual and automatic exposure control (AEC) radiographic systems. Entrance skin exposure should he measured for the common projections and the results evaluated with
respect to the national average ESE data shown in Table 1.

ENTRANCE SKIN EXPOSURES (FREE-IN-AIR)
Median ESEa (x10 -6 C/kg)

Projection
GRID
Chest (P/A)

15,b

Skull (Lateral)

3.5 (2.5, 4.7)
26

Abdomen (A/P)
LS Spine (A/P)
Extremity

1.7 (1.4, 2.4)
c,d

15,e

26

NON-GRID

15,e

39.2 ± 28.9

N/A

77.7 (56.8, 114.4)

N/A

85.9 (65.0, 125.6)

N/A

f,d

37.7 ± 37.9

N/A

a

Values in parenthesis are 1st and third quartile values.
b
300 speed system 1984 NEXT Hospital data.
c
Lateral skull combined grid and non-grid (pre-1984 NEXT data).
d
± values are standard error of the mean, quartile values not available.
e
400 speed system 1987 NEXT Hospital data only.
f
Foot(DP) combined grid and non-grid (pre-1984 NEXT data)
N/A Not available, none reported for abdomen and spine.
In addition, knowledge of the following parameters is needed to obtain the required
ESE values and to determine specific organ dose:
(a)
(b)
(c)
(d)

Projection, view
Source-skin-distance (SSD)
Source-image receptor distance (SID)
Radiographic technique factors including field size and HVL for selected
projection
Exposure, free-in-air, at a known distance
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The above mentioned parameters must be tube specific and should be those used
clinically for a selected projection. Patient thickness values and the tabletop-image receptor distance are needed to calculate the skin entrance location. The thicknesses for an
average patient (see Table 2) are a good choice since these values are used for the national
average ESE data shown in Table 1. More complete ESE data for various speed systems
are available in Reference 16.
TABLE 2.
EXAM/PROJECTION DESCRIPTIONS AND ANTHROPOMETRIC GUIDELINES
THICKNESS OF PART
INCHES

CENTIMETERS

CHEST (P/A)

9

23

SKULL (LATERAL)

6

15

ABDOMEN (A/P)(KUB)

9

23

LUMBO-SACRAL SPINE (A/P)

9

23

EXTREMITY (FOOT)

3

8

DESCRIPTION

I-2. Measurement Procedure
A.

Manual Mode
(1) Set the clinically used SID. Center the ion chamber in the x-ray field at a
fixed distance from the focal spot and approximately 23 cm above the table
top to minimize hackscatter. Measure and record the distance from the focal
spot to the center of the ion chamber. The above geometry should he
modified as necessary for below table units.
(2) Reduce the x-ray field area so that it is slightly larger than the ion chamber.
(3) Set the x-ray generator at the desired technique factors.
(4) Record the average free-in-air exposure.
(5) Repeat step (4) for other common technique factors.

(6) From the free-in-air exposure values obtained in steps (4) and (5), calculate the ESE for the selected projection using the inverse square correction
for the ion chamber to skin entrance position and the parameters listed in
Section I-1.
B.

Automatic Exposure Control Mode-(AEC)
(1) Select the clinically used SID and density setting.
(2) Position an appropriate patient-equivalent phantom (see Section I-3) in
the x-ray field between the focal spot and the AEC detectors. Adjust the xray field size so that it is large enough to cover the selected AEC detectors.
(3) Position the ion chamber within the x-ray field between the focal spot and
the phantom. The ion chamber should he approximately 23 cm above the
phantom surface to reduce hackscatter and positioned outside the AEC
detector’s sensory area. To minimize the influence of the heel effect, the ion
chamber should he placed as close to the central axis as possible. Measure
and record the distance from the focal spot to the center of the ion chamber.
(4) Set the x-ray generator at the desired projection specific technique factors
and insert a loaded cassette into the bucky tray.
(5) Make an exposure and record the ion chamber reading.
(6) Repeat steps (1) through (5) for other phantoms and projection specific
technique factors.
(7) Using the measured free-in-air exposure values, calculate the ESE for
each of the selected projection by using inverse square corrections for the ion
chamber to skin entrance position.

C.

Fluoroscopic Automatic Brightness Mode-(ABS)
(1) Set the clinically used SID and field of view. Center the ion chamber in
the fluoroscopic x-ray field at the skin entrance position. For undertable xray tubes, the skin entrance position is at the tabletop. For overtable x-ray
tubes, measure at the skin entrance position above the tabletop.
(2) Position a patient equivalent phantom (Section I-3) in the fluoroscopic
x-ray field between the ion chamber and the image intensifier.

(3) Measure and record the skin entrance exposure rate for clinically used
kVp values and field of view sizes on the image intensifier. The machineindicated kVp and mA for each measured ESE rate should be recorded.
I-3. Patient Equivalent Phantoms
For radiographic AEC or fluoroscopic ABS operational modes, use of attenuating
material (phantoms) between the focal spot and AEC or ABS detectors is necessary. As
these detectors are energy dependent, measurement of skin entrance exposures requires
the use of patient-equivalent phantoms for meaningful results.
Commercially available anthropomorphic phantoms may not be patient equivalent in
the diagnostic energy range. Acrylic and aluminum phantoms have been developed by the
American National Standards Institute (ANSI)28 and the Center for Devices and Radiological Health (CDRH)13,14,15 . The AAPM has conducted comparison testing of a modified
ANSI phantom and the CDRH phantoms. Results of this comparative testing are given in
Table 3. It should be noted that the patient equivalency of the CDRH phantoms has been
established clinically. National skin entrance exposure data which can be used for comparative purposes exists for the CDRH phantoms and are given in Table 1. Descriptions of the
modified ANSI and CDRH phantoms which can be used for diagnostic projections follow:
(a) CDRH Chest: The chest phantom consists of 25.4 cm X 25.4 cm pieces of type
1100 alloy aluminum and clear acrylic with a 19 cm air gap. The exact configuration
of aluminum, acrylic and air gap is detailed in Figure 1. Clinical testing of the phantom has shown it to be equivalent to a 23 cm patient for the PA chest projection 1 4.

Figure 1. CDRH patient equivalent lucite and aluminum (LucAl) standard chest phantom.
(All dimensions in cm)

5

(b) ANSI Chest: The chest phantom consists of 30.5 cm X 30.5 cm X 2.54 cm pieces
of clear acrylic, 3 mm of type 1100 alloy aluminum, and a 5.08 cm air gap. The exact
configuration is detailed in Figure 2. Comparison testing found the ESE obtained
with the ANSI phantom to he 33% higher than with the CDRH chest phantom (Table
3).

Figure 2. ANSI sensitometry chest phantom

TABLE 3.
CDRH-ANSI PHANTOM COMPARISON
AND PROTOTYPE DOSIMETRY STUDY a
ENTRANCE EXPOSURE (x10 -6 C/kg)
PROJECTION

CDRH PHANTOM b

ANSI PHANTOM b

PA Chest

6.19±2.84

8.26±4.13

AP Abdomen

98.81±48.5

81.72 ±31.73

AP LS Spine

110.42±54.7

96.23 ±41.02

Lateral Skull

N/A

54.44 ±20.90

Extremity

N/A

5.42 ±4.64

N/A no phantom available.
a
These results are from a survey conducted in 9 instiutions.
b
± values are standard error of mean.
(c) CDRH Abdomen/Lumbar Spine: The abdomen and lumbar spine phantom consists of 25.4 cm X 25.4 cm pieces of clear acrylic 16.95 cm thick in the soft tissue
region and 0.46 cm of aluminum (type 1100 alloy) and 18.95 cm acrylic for the spinal
region. The exact configuration of aluminum and acrylic is detailed in Figure 3. Clinical testing of the phantom has shown it to be equivalent to a 21 cm patient for the AP
abdomen and lumbar spine projections15.

Figure 3. CDRH patient equivalent lucite and aluminum (LucAl) standard abdomen and lumbo-sacral spine
phantom. (All dimensions are in cm)
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(d) Modified ANSI Abdomen/Lumbar Spine: The abdomen and lumbar spine phantom consists of 30.5 cm X 30.5 cm pieces of clear acrylic 17.78 cm thick. The phantom has
been modified to include a 7 cm X 30.5 cm piece of aluminum (type 1100 alloy) 4.5 mm
thick in order to provide additional attenuation in the spinal region. The exact configuration of aluminum and acrylic is shown in Figure 4. Comparison testing found the modified
ANSI phantom ESE results to be 15% lower than the CDRH abdomen and lumbar spine
phantom results (Table 3).

8

(e) ANSI Skull: The skull phantom has the same configuration as the chest phantom,
consisting of four 30.5 cm X 30.5 cm X 2.54 cm pieces of clear acrylic, 3 mm of aluminum
(type 1100 alloy), and a 5.08 cm piece of acrylic as shown in Figure 5. The patient
equivalency of this phantom has not been established at this time.

Figure 5. ANSI sensitometry skull phantom.

9

(f) ANSI Extremity: The extremity phantom consists of a 30.5 cm X 30.5 cm X 2 mm
thick piece of aluminum (type 1100 alloy) sandwiched between two 30.5 cm X 30.5 cm X
2.54 cm thick pieces of clear acrylic. The exact configuration of aluminum and acrylic is
shown in Figure 6. The patient equivalency of this phantom has not been established at this
time.
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I-4. Clarification
(a) The following precautions should be followed in using any of the above phantoms
to determine ESE values:
(1) The phantom must cover the active area of the AEC detectors.
(2) The ion chamber must not mask the active area of the AEC detectors.,
(3) Tine sensitive volume of the probe should be placed so as to minimize
backscatter whenever possible. This can generally be accomplished by placing the probe approximately 23 cm or more from the phantom
b) The ANSI phantom size (length X width) can be reduced to 25 cm X 25 cm without
affecting the ESE results.
Part II: MAMMOGRAPHY EXPOSURE
II-l. Introduction
This section presents a protocol for measurement of mammography dose and recommendations for mammography phantoms. Since glandular tissue in the breast is the
primary tissue at risk for carcinogenesis, average glandular dose is the value of interest
when discussing mammography. Average glandular dose has also been adopted for use by
the ACR in its Mammography Accreditation Program.
Calculation of the average glandular dose requires knowledge of the entrance skin exposure free-in-air for a given compressed breast thickness and the x-ray beam half value
layer (HVL)2. If the HVL is not known from quality control data, procedures for determining HVL can he found in other AAPM publications18,23,27.
II-2. Measurement Procedure for Automatic Exposure Mode-(AEC)
(a) Position a patient-equivalent breast phantom on the image receptor so that the
phantom covers the AEC detectors. Make sure that a loaded cassette is in the image
receptor holder and that the compression device is clinically positioned. If a grid is
used clinically, it should be in place.
(b) Place the ion chamber 4.5 cm above the image receptor holder and approximately
1 cm from the chest wall edge of the image receptor and adjacent to the right side of
the phantom. Make an exposure at the clinically used kVp and record the free-in-air
exposure.
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The ion-chamber is placed to one-side of the phantom in order to minimize backscatter from the phantom and to avoid masking the AEC detector. Since this measurement is necessarily not made on the central axis, care should be taken to verify that no
large exposure gradient exists between the measurement position and the central axis.
II-3. Calculation of Average Glandular Dose
Using the measured free-in-air exposure, calculate the average glandular dose for a
50% adipose, 50% glandular 4.5 cm compressed breast using the following equation:
Dg is the average glandular dose.
DgN is the average glandular dose resulting from an entrance exposure in air of 1
roentgen, (Table 4 and Reference 7 and 9).
Xn is the average free-in-air exposure needed to produce an optimally exposed
image obtained in Section II-?.
II-4. Mammography Phantoms
Mammographic phantoms with a variety of features are available commercially. The
phantom used in the American College of Radiology Mammography Accreditation Program is a clear acrylic phantom 25 that is equivalent to a 4.2 cm compressed breast (50%
adipose, SO% glandular) for film-screen mammography and a 4.7 cm compressed breast for
xeromammography. National data for this phantom are given in Table 5.
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FIRM COMPRESSION-UNIFORM BREAST THICKNESS
CRANIOCAUDAL
VIEW,
UNIFORM
BREAST
THICKNESSES
BETWEEN 3 AND 8 cm, 50 PERCENT (BY WEIGHT)
GLANDULAR TISSUE CONTENT
Glandular tissue dose (mrad) for 1 R a
entrance exposure (free-in-air)

HVL
(mm Al)
0.3

3 cm

4 cm

220(220)*

185(175)*

Compressed
5 cm

breast

150 (140)*

thickness
6 cm

125(115)*

7 cm

8 cm

100(95)*

0.4

235(220)*

190 (175)*

160(145)*

0.6

325

275

235

205

180

335

295

260

230

0.8

470

395

1.0

535

455

395

350

310

275

1.2

595

515

450

400

360

325

1.4

645

570

510

460

415

375

1.6

710

630

565

515

470

425

*Values in parentheses are for molybdenum and molybdenum-tungsten alloy targets; all
other values are for tungsten targets.
'divide table values by 25.8 to convert to tissue dose (mGy) for 3 mC/kg exposure.

TABLE
MEAN
ACR
Screen-Film
Systems

n*

GLANDULAR

Equivalent

DOSE

PER

5
IMAGE

Phantom"

Mean

Mean

Dose(mGy)

ESE(mC/kg)

(NEXT88
RMI

DATA)
model

152C

Mean
n*

Dose(mGy)

Phantom b

Mean
ESE(mC/kg)

All

183

1.32

0.175

158

1.59

Grid

156

1.42

0.187

136

1.68

0.196

27

0.79

0.105

22

1.03

0.095

39

4.02

0.219

33

4.32

0.217

Non-grid

0.148

Xeromammography
All

*n = number of facilities
a
3.83 cm equivalent acrylic
(50% adipose 50% glandular)
tissue for xeromammography.
b
4.34 cm equivalent acrylic
(50% adipose 50% glandular)
for xeromammography.

phantom. Equivalent to a 4.2 cm compressed breast
for screen-film mammography and 4.5 cm compressed

tissue
breast

phantom. Equivalent to a 4.7 cm compressed breast
for screen-film mammography and 5.0 cm compressed

tissue
breast

II-5. Clarification
The following precautions should be followed:
(a) In using any of the above phantoms to determine ESE; the phantom must cover
the active area of the AEC detectors.
(b) The compression device must be in the beam and should be placed as close to the
phantom as possible.
(c)The ion chamber must not mask the AEC detectors.
(d) A loaded cassette must he in the unit when making any AEC measurements.
Part III: COMPUTED TOMOGRAPHY DOSE INDEX-(CTDI)
III-1. Introduction
This section contains protocols for determining the CTDI associated with typical computed tomography (CT) examinations of the head and body. It is assumed that an ion chamber designed for CT measurements will be used with the acrylic CT head and body
dosimetry phantoms described in Section III-3.
III-2. Measurement Procedure
(a) After placing the head phantom on the head holder or the body phantom on the
tabletop, position the phantom so that one of the surface dosimeter holes is located at
the point of maximum exposure as described in the manufacturer’s literature. Acrylic
rods should be placed in all the dosimeter holes with at least four acrylic alignment
rods placed in surface holes.
(b) Using the light localizer or laser alignment lights align and center the dosimetry
phantom axially and in the center of the x-ray slice width. Make sure that the phantom is level and aligned with the central axis of the scanner in all directions (minimal
pitch and yaw). Alignment can be assessed by viewing a lateral scout view of the phantom.
(c) Initiate one scan of the phantom using a typical clinical technique to check centering accuracy.
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(d) Place the cursor in the image of the center hole of the phantom and determine its
location using the CT software. If the center hole of the phantom is within ±5 mm of
the center of the scan field proceed with the following steps. If it is not within this
tolerance, re-center the phantom.
(e) Place the CT ion chamber in the center hole of the phantom. The center of the
ion chamber should be in the center of the x-ray slice.
(f) Select a typical clinical head or body technique and record the kVp, mA or mAs,
filters (both tube filtration and beam shaping filter). scan diameter. nominal slice
thickness, scan time, number of x-ray pulses and pulse length, or notation that the
radiation is continuous.
(g) Initiate a single CT scan and record the results.
Calculate the CTDI:
Xc = Xr · Cc · f · L/T
XC
Xr
Cc
f
L
T

is the calculated CTDI.
is the electrometer reading obtained in this step.
is the calibration correction factor for the ion chamber and
electrometer.
is the conversion factor used to convert dose- in-air to absorbed
dose in other attenuating materials (see Section III-4).
is the effective length of the ion chamber.
is the nominal CT slice thickness.

(h) Relocate the ion chamber to the surface hole located at the point of maximum exposure (see Section III-2a) and repeat step (g) after making sure that an acrylic rod
has been placed in the center hole.
(i) Repeat this procedure using appropriate phantoms for common clinical head and
body techniques.
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III-3. Computed Tomography Phantoms
There are currently two CT dosimetry phantoms in common use. The head phantom
consists of a 16 cm diameter clear acrylic cylinder 15 cm in length. The body phantom consists of a 32 cm diameter clear acrylic cylinder 15 cm in length. Both phantoms have 8 surface dosimeter holes and one central dosimeter hole with removable acrylic rods or
alignment rods. The exact configuration of the head phantom is shown in Figure 7. Both of
these dosimetry phantoms are discussed in more detail in the Code of Federal Regulations,
21 CFR 1020.23, Section (b)(6).III-4. Clarification
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III-4. Clarification
(a) There are two dose descriptors used in CT dosimetry namely, the computed
tomography dose index (CTDI) and the multiple scan average dose (MSAD).
Specification of CT dose in terms of CTDI was selected for this document as it is the
dose descriptor specified in the Federal Performance Standard on Diagnostic X-ray
Equipment. The Code of Federal Regulations, 21 CFR 1020.33, section (h)(l)
defines CTDI as “the integral of the dose profile along a line perpendicular to the
tomographic plane divided by the product of the nominal tomographic section thickness and the number of tomograms produced in a single scan." While carefully
defined, the CTDI is difficult to measure exactly in the field since it is a restricted subset of the more general MSAD. The CTDI is equivalent to the MSAD that results
from a series of 14 scans spaced by the nominal section thickness. Because the active
length of the ion chamber (L) is fixed. the estimate of the MSAD will represent varying numbers of contiguous scans, depending on nominal slice thickness (T). In fact,
the MSAD would correspond to the average dose at the center of L/T contiguous
scans 2 2. For example, slice thicknesses of 10 mm and 8 mm will produce MSADs that
represent the average doses at the center of a series of scans consisting of 10 and 12
scans respectively for a chamber with a active length of 10 cm. In this example, the
MSAD would underestimate the CTDI by about 10 to 15 percent. When used to estimate the CTDI for small slice thicknesses, the ion chamber measurement can correspond to a very large number of contiguous scans. In the latter example, the
resulting MSAD could overestimate the CTDI by as much as a factor of two.
As can be seen from the above discussion, the closeness of the estimate of the CTDI
from the MSAD depends primarily on the slice thickness and the fixed length of the ion
chamber. Since most conventional CT ion chambers are 10 cm long, a series of contiguous
scans with a nominal thickness of 8 mm will meet this CTDI criteria. For simplicity, we
have assumed that the conditions for measurement of CTDI are met. When these conditions cannot be met or if scans are not separated by the slice thickness, MSAD is the
preferred dose descriptor”21,22,23,24 .
(h) It should be noted that exposure in the surface holes will he significantly higher
than the exposure on the surface due to the additional scatter from the overlying
acrylic. However, the doses in the surface holes and the center hole are conventionally used for comparison purposes.
(c)The support material of the head holder or the patient table will reduce the exposures in adjacent surface holes.
(d) Dosimetry in which only a partial volume of the ion chamber is irradiated presents
some significant difficulties. An ion chamber designed for general use has significant
variations in sensitivity, when partially irradiated, over the entire volume. Chambers
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specifically designed for CT dose measurement have been described in the literature21 and are commercially available.
(e) An f factor is used to convert exposure in air to absorbed dose in tissue or other attenuating matter. The f factor for soft tissue is usually used in calculating absorbed
dose for the selected effective photon energy. For muscle at 70 kev the f factor is 0.94
rad/roentgen. In CT, however, the manufacturers usually report the CT dose as the absorbed dose in acrylic, not soft tissue. At an effective energy of 70 kev the f factor is
0.78 rad/roentgen for acrylic. When calculating CTDI in Section III-g, the f factor
used should be specified.
(f) At least one manufacturer’s design does not allow the identification of the point of
maximum exposure on the surface of the phantom for scan rotations which are not
360°. This position depends on the tube location when the exposure button is
depressed. If in doubt, perform several scans and average the results or limit measurements to the center hole of the phantom.
Part IV. Conclusion
The goal of patient dose monitoring should be to identify those projections which give
high patient exposures. Efforts should then be made to reduce these exposures. National
average ESE data” are available for guidance in evaluation of patient exposures. For those
projections not included in the national ESE data, a room-to-room comparison within a
given facility can he used to locate high exposure projections.
High patient exposures may indicate a poorly integrated imaging system, outdated
manual radiographic technique charts, film processing problems, or a problem with the xray equipment. Following identification of high exposure projections, causes should he
identified and appropriate steps should be taken to reduce exposures without adversely affecting image quality.
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