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DESCRIPTION OF THE HANDBOOK

Purpose

This handbook contains data from which absorbed dose to selected tissues of
a reference aduilt can be estimated for projections common in diagnostic

radiology.

It replaces the previous publication, FDA 76-8031, on the same

topic (1). The Handbook permits the user to evaluate the effect on tissue dose
of changes in technical parameters used in or among facilities. Variations due
to anthropometric characteristics of the human body and its internal organs are
not considered. Therefore, assignment of tissue doses to individual patients
using the Handbook is not recommended.

View3, Projection

AP Skuli

PA Skull

LAT Skull

PA Facial Bonesb

PA TMJ, Zygomes

PA Mandible, Mastoid

LAT Selia Volume, TMJ

AP Cervical Spine (8" x 10")
AP Cervical Spine (10" x 12"}
LAT Cervical Spine (8" x 10"}
LAT Cervical Spine (10" x 12")
AP Shoulder (one)

LAT Shoulder (one)

AP Shoulders (both)

AP Scapula (one)

LAT Scaputa {one)

AP Scapuiae (both)

AP Humerus (one)

LAT Sternum

AP Ribs, Barium Swallow

PA Ribs, Barium Swallow
LAT Ribs, Barium Swallow
AP Chest

PA Chest

LAT Chest

AP Thoracic Spine (7" x 177)
AP Thoracic Spine (14" x 17")

Index of Tables 1 to 54

Page &
Table # Viewa, Projection
1,1A LAT Thoracic Spine
2 AP Full Spine
3 LAT Full Spine
4 PA Cholecystography
5 AP Lithotripsy {3.5" x 3.5")
6 AP Lithotripsy (4" x ")
7 AP Upper Gi
8 PA Upper Gi
9 LAT Upper Gi
10 AP Upright Abdomen
1 AP Lumbar Spine (7" x 17")
12 AP Lumbar Spine (14" x 17")
13 LAT Lumbar Spine
14 AP Abdominal¢
15 PA Abdominal¢
16 LAT Abdominaic
17 AP Sacrum, Coccyx, Sacroiliac Joint
18 LAT Sacrum, Coccyx
19 AP Pelvis, Lumbopelvic
20 LAT Pelvis, Lumbopelvic
21 AP Urethrogram
22 AP Cystography
23 AP Hip (one)
24,24A AP Hips (both)
25 LAT Hip (one)
26 AP Femur (one)
27 LAT Femur (one)

Note: Tables 55 through 58 and their use are discussed on page v.

a AP, anteroposterior - radiation incident on the anterior skin surface
PA, postercanterior - radiation incident on the posterior skin surface
LAT, lateral - radiation incident on the right or left lateral skin surface
bIncludes the projections: nasal bones, optic foramen, orbits, and sinuses.
¢ Includes the projections: retrograde pyelogram, KUB, barium enema, lumbosacral spine, IVP, and

renal arteriogram.

Page &
Table #

28
29
30
31
32
33

35
36
37
38
39
40
41,41A
a2
43
a4
45
46
a7
48
49
50
51
52
53
54




Tissues

The tissues for which data are tabulated are: lungs, active bone marrow, thy-
roid, female breasts, testes, ovaries, uterus (embryo), and total trunk. The
values tabulated are the average absorbed dose in the tissue (weighted over its
entire mass) for 1-roentgen (0.258 mC/kg) entrance exposure (free-in-air).
The user must take into consideration the actual entrance exposures at a given
facility to estimate absorbed doses for that facility. The average absorbed
dose in the uterus is used as the absorbed dose in the embryo, and is strictly
applicable only in the first two months of pregnancy. The average absorbed
dose in the total trunk tissue is used as an indicator for other tissues in the
trunk of the body not specifically named. Total trunk tissue excludes the lungs
and skeletal tissues in the trunk.

Beam Quality

The beam qualities (HVL, mm Al) listed in Tables 1 to 54 for conventional
aluminum filtration can be produced in common practice with a variety of kVp,
total filtration and waveform combinations. When the same beam quality is
obtained using low kVp and high total filtration, versus high kVp and low total
filtration, the tissue dose for the deeper tissues can differ (in the extreme) up to
30 percent. For the usual range of kVp and conventional aluminum filtration
combinations used in diagnostic radiology, the extreme difference is not
encountered, and use of the data in Tables 1 to 54 should have uncertainties
of less than 10 percent when HVL alone is used to describe beam quality.

Therefore, in Tables 1 to 54, the data are presented as a function only of HVL
(from 1.0 to 6.5 mm Al) without identification of a specific kVp. In preparing
Tables 1 to 54, 27 diagnostic x-ray spectra for conventional aluminum filtra-
tion were used (2), as shown below:

Number of x-ray Range of Range of
spectra kVp HVL (mm Al)

9 45to0 70 1.0t0 3.6

9 80 to 90 1.7t0 5.5

9 98 to 120 3.1t06.0

The author has additional tabulations for each of the three separate ranges of
kilovoltages, should the reader require these more detailed data. The number
of tables prohibits inclusion of all the data in the Handbook, but the author can
make all or part of the expanded tabulations available, upon request.




In addition to conventional aluminum filtration, filters of higher atomic number,
such as erbium composites and foils, are also used for some applications in
diagnostic radiology. Therefore, some representative data are presented for
such applications, using the 5 x-ray spectra for an erbium composite filter (3.2
mm erbium composite plus 2.0 mm Al) shown below:

kVp HVL (mm Al)
70 6.0
80 6.5
90 7.0 .
100 7.5
120 8.5

These data are presented in Tables 1A, 24A, and 41A for the AP Skull, PA
Chest and AP Abdominal projections. Similar data (not given) for an erbium foil
filter (0.25 mm erbium foil plus 2.0 mm Al) are only from 1 to 3 percent higher.
The author has data for other projections, and can make selected tabulations
available, upon request.

The increase observed in all the tables for absorbed dose per 1-roentgen
(0.258 mC kg) entrance exposure as a function of increasing HVL can be
misleading, since the entrance exposure required to achieve a desired
radiographic image is usually lower at the higher HVLs. Therefore, exposure
conditions at the facility of interest must be applied.

Table Organization

Each tabulation presents separate values for males and females. The main
difference is inclusion of tissues unique to the male or female. Differences
also occur for the projections where the female breasts are in the x-ray field
and therefore modify the transport of radiation to other tissues through shield-
ing or backscattering. In some cases, the values for the female breasts were
not obtained directly; in these instances the information given is more
qualitative.

Cancer Detriment Index

The Handbook table for each projection includes an indicator of cancer
detriment from the aggregate of the tissue doses, based on current risk
coefficients (for a reference adult) for various cancers induced by radiation and
the severity of those cancers (3,4,5).

i




A Cancer Detriment Index (CDI) has been formulated as follows:

COl= Y [rif) + s; rifc)] D
1=1

where ri(f) is the lifetime risk coefficient for fatal cancer i (per unit absorbed
dose)
ri(c) is the lifetime risk coefficient for “curable” cancer i (per unit
absorbed dose)
s; is the relative severity associated with successful treatment of
cancer i, and

D; is the average absorbed dose in the appropriate tissue for cancer i.

The risk coefficients and relative severities used in the Cancer Detriment Index
are given below. These values can be readily modified when new expert
conclusions are available.

Lifetime Risk Coefficients2 for Induction of Fatal and
"Curable” Cancers and the Relative Severities for
Treatment of "Curable™ Cancers

ri(f)a ri(c)@
Cancer (i) Male Female Male Female S;
Lung 2.0 2.0 0.1 0.1 0.95
Leukemia 2.4 1.6 0.12 0.08 0.95
Thyroid 0.33 0.67 6.3 12.7 0.05
Breast 5.0 3.0 0.60
Other 5.0 5.0 1.5 15 0.75

aMultiply entries for ri(f) and ri(c) by 1075 to obtain
risk coefficients per rad, or by 106 to obtain risk
coefficients per mGy.

The Cancer Detriment Index reflects both the detriment from fatal cancers and
the detriment from cancers that can be treated successfully; the latter being
given a weight equal to the ratio of fatal to fatal plus "curable” cancers (4).
The values of CDI in Tables 1 to 54 are read as the "table entry" x 10-5. For
example, the value of CD! for AP Skull, male, HVL=3.0 mm Al (Table 1} is
0.24 x 10-5.

Complete discussions of the methodology used to obtain the data tabulated in
the Handbook are given in the references (1,2,3,8).
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INSTRUCTIONS FOR USE OF HANDBOOK

Select the radiographic view and projection (e.g., PA Chest). The field
centers that were used in locating each of the radiographic projections are
given in Appendix A.

Determine the actual beam quality (HVL, mm Al) and entrance exposure,
free-in-air, at the facility. If not determined by direct measurement,
beam quality and radiation output can be estimated from reference data
(6,7) when the kVp, total filtration, and waveform of the x-ray machine are
known.

Look up the tissue dose (or CDI) for 1-roentgen (0.258 mC/kg) entrance
exposure in Tables 1 to 54 (including 1A, 24A and 41A). Linear inter-
polation between listed HVLs is recommended. Source-to-image
receptor distances (SID) within 10 inches (25 cm) of the listed SID will not
result in vanations in these values larger than 10 percent.

a. For active bone marrow only. If the field size is not equal to the refer-
ence film size listed, determine the field area/reference field area ratio.
Select the relative dose factor from Table 55 for the appropriate field
area ratio, view and anatomical segment of the body. Linear inter-
polation between listed field area/reference field area ratios is
recommended. Multiply the active bone marrow value selected from
Tables 1 to 54 for the reference film size by the relative dose factor.

b. For the testes in AP view only. If the distance (cm) between the testes
center and nearest edge of the entrance field is known, select the value
from Table 56 rather than from Tables 1 to 54.

c. For testicular shielding in AP _view only. If the distance {cm) between
the testes center and the nearest edge of the entrance field is known,
select the testes value from Table 56 and multiply by the relative dose
factor for testicular shielding from Table 57. The relative dose factors
are applicable to both contact and shadow shields.

d. For_ovarian _or uterine shielding in AP _or PA view. If the vertical
separation (cm) between the nearest point of the ovaries or uterus and
the nearest edge of the entrance field can be estimated, select the
ovaries/uterus value from Tables 1 to 54 and multiply by the relative
dose factor for ovarian or uterine shieiding from Table 58.

Multiply the tissue dose (or CDI) for 1-roentgen (0.258 mC/kg) entrance
exposure obtained in instruction 3 by the actual entrance exposure, free-
in-air, to obtain the tissue dose (or CDI) for the projection and view.
These values are for the reference patient described in FDA 76-8030,
"Organ Doses in Diagnostic Radiology” (8). The overall anthropometric
characteristics of the reference patient are listed in Appendix B.

To obtain a tissue dose (or CDI) for an examination consisting of multiple
projections and/or views, repeat instructions 1 through 4 for each set of
conditions and sum the resultant values.
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TABLE 57. EFFECT OF TESTICULAR SHIELDING ON ABSORBED DOSE TO THE TESTES

AP View
14" x 17" (35.6 cm x 43.2 cm) field size at film
SID = 40" (102 cm)

Testes center and
x-ray field edge Relative absorbed dose to
separation® (cm) the testes after shielding
-15 0.17
-10 0.5
-5 0.13
-4 0.12
-3 0.11
-2 0.10
-1 0.10
0 0.13
1 0.14
2 0.21
3 0.26
4 0.33
5 0.36
10 0.80
15 0.90

* This separation is measured between the testes center and the
nearest edge of the entrance x-ray field on the patient surface.

For -15 cm: testes are centered in field.

For -3 to -15 cm: testes are completely in field.
For -2 to 2 cm: testes are partially in field.
For 3 to 15 cm: testes are out of field.
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TABLE 58. BPFECT OF OVARIAN OR UTERINE SHIELDING ON ABSORBED DOSE

TO THE OVARIES OR UTERUS"

AP or PA View

14" x 17" (35.6 cm x 43.2 cm) field size at film

SID = 40" (102 cm)

Separation (cm) betwveen the ovaries
or uterus and the x-ray field

Relative absorbed dose to
the ovaries or uterus
after shielding

Completely or partially in the
field, or separated by less
than 3 cm from field edge

Separated by 3 cm to 6 cm
from field edge

Separated by more than 6 cm
from field edge

0.65

0.80

1.00

The relative absorbed doses were computed directly for shielding of

the ovaries in the AP view. It is assumed that the same values would
apply nominally for shielding of the ovaries in the PA viev and the

uterus in the AP and PA views.

This separation is taken as the estimated vertical separation betveen

the nearest point of the ovaries or uterus and the nearest edge of
the entrance x-ray field on the patient surface.
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APPENDIX A. FIELD CENTERS FOR X-RAY PROJECTIONS
(REFERENCE ADULT PATIENT)

Distance Distance from Nearest Distance
from Anatomical Landmark from
Vertex Midline®
Projection (cm) Landmark (cm) (cm)
AP,PA,LAT Skull; PA Facial 8.5 nasion 0 0
Bones, Nasal Bones, Optic
Foramen, Orbits, Sinuses
PA TMJ, Zygomes, Mandible, 14.0 nasion 5.5 below 0
Mastoid; LAT Sella Volume,
TMJ
AP Cervical Spine 17.4 exterior auditory canal 3.4 below 0
LAT Cervical Spine 22.5 exterior auditory canal 8.5 below 5.0
AP Shoulder (one) 31.0 sternal notch 0 $15.3
LAT Shoulder (one); AP 31.0 sternal notch 0 0
Shoulders (both)
AP Scapula (one) 35.8 sternal notch 4.8 below +13.6
LAT Scapula (one); AP 35.8 sternal notch 4.8 below 0
Scapulae (both)
AP Humerus (one) 35.8 sternal notch 4.8 below +16.8
LAT Sternum 37.0 sternal notch 6.0 below 0
AP,PA,LAT Ribs, Barium 40.5 sternal notch 9.5 below 0
Swallow
AP,PA,LAT Chest; AP Thoracic 42.4 xiphoid process 7.6 above 0
Spine
LAT Thoracic Spine 42.4 xiphoid process 7.6 above 5.0
AP,LAT Full Spine 50.0 xiphoid process 0 0
PA Cholecystography 55.5 xiphoid process 5.5 below -8.5
AP Lithotripsy 56.0 xiphoid process 6.0 below +10.0
* AP,PA Upper GI 56.6 xiphoid process 6.6 below 4.3
LAT Upper GI 56.6 xiphoid process 6.6 below -3.0
AP Upright Abdomen 60.0 xiphoid process 10.0 below 0
AP Lumbar Spine 66.5 bi-iljac crest 5.5 above o]
LAT Lumbar Spine 66.5 bi-iliac crest 5.5 above 5.0
AP,PA,LAT Retrograde Pyelo- 72.0 bi-iliac crest 0 o]
gram, KUB, Barium Enema,
Lumbosacral Spine, IVP,
Renal Arteriogram
AP,LAT Sacrum, Coccyx, 80.0 bi-iliac crest 8.0 below 0
Sacroiliac Joint; AP,LAT
Pelvis, Lumbopelvic
AP Urethrogram, Cystography 84.0 pubic symphysis 4.0 above 0
AP Hip (one) 88.0 pubic symphysis 0 +8.5
AP Hips (both); LAT Hip (one) 88.0 pubic symphysis 0 0
AP Femur (one) 107.0 pubic symphysis 19.0 below +8.5
LAT Femur (one) 107.0 pubic symphysis 19.0 below 0

Midline of AP,PA or right lateral surface.
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APPENDIX B. ANTHROPOMORPHIC CHARACTERISTICS
OF REFERENCE ADULT PATIENT

Height - 174 cm
Veight - 70 kg

Distance from vertex to:

Nasion - 8.5 cm
Exterior auditory canal - 14 cm
Thyroid (center) - 21.5 cm
Sternal notch - 31 cm
Breasts (region) - from 30.8 cm to 50.5 cm
Xiphoid process - 50 cm
Bi-iliac crest - 72 cm
Ovaries (center) - 79 cm
Uterus (center) - 80 cm
Pubic symphysis - 88 cm
Testes (center) - 96.3 cm

Phantom dimensions:

Head, Thickness - 20 cm
Vidth - 14 cm
Thorax, Thickness - 20 cm
Vidth - 34.4 cm
Abdomen, Thickness - 20 cm
Vidth - 34.4 cm
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