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EQUIPMENT AND TECHNIQUES IN MEDICAL X-RAY DOSIMETRY STUDIES AT ABCC
ABCC L S 2 ERMAMMNBENETRO XK EH &

BACKGROUND

In the medical X-ray dosimetry program at ABCC, a
number of studies have been performed!™® since 1959
using a variety of dosimetry equipment and phantom
material. Descriptions of the materials and apparatus
used are too detailed for inclusion in the pertinent reports
but are useful as a separate document for reference.

EQUIPMENT

Human Phantom For the preliminary studies, a
phantom simulating an average size adult Japanese(162cm
in height) was constructed in the Department of Radiology.
This phantom consists of Mix-D material® for soft tissue
as follows: paraffin 60.8%, beeswax 30.4 %, magnesium
oxide 6.4%, titanium oxide 2.4 %, and a trace of pine resin.

A complete skeleton is contained within this phantom
with beeswax-impregnated cellulose to represent lung
tissue. The densities of all components closely approxi-
mate that of a human, and this is readily verified
on radiography.

Reconstruction of parts of this phantom was necessary
for portability and because of a later decision to insert
small ionization chambers within the phantom according
to the method of Laughlin et al.®

These ionization chambers were especially constructed
by the Division of Biophysics, Sloan-Kettering Institute,®
and are described later. Bone and Mix-D material were
removed to permit insertion of the ionization chambers
at 13 positions in the region of the bone marrow and at
3 positions for the gonads. The margins of the defects
were smoothed, and the aperture sizes and configurations
were reproduced with dental impression material which
was then placed into forms made from orthopedic cast
material. When the forms hardened, the impressions
were removed, and Mix-D material was then poured into
the molds. The central or marrow portion of bone was
bored to accommodate the ionization chamber, and the
bone was replaced in Mix-D material. When this hardened,
the cast material was chipped away, leaving a Mix-D
block, containing bone (Figures 1-6).
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The blocks thus formed drawers which fit exactly into
their receptacles in the phantom, allowing easy removal
and replacement of ionization chambers before and after
dose measurements (Figures 7-10). These provisions
were made at the following locations: Skull vertex;
C-4, T-6, T-12, L-5 vertebrae; body of sternum; lateral
portions of both 6th ribs; both iliac crests; trochanter
regions of both femurs; symphysis pubis; and in the
regions of the male and female gonads.

The phantom was sectioned for easier handling and
portability into head and neck; chest and upper abdomen;
lower abdomen, pelvis, and proximal portions of lower
extremities; distal portions of lower extremities; and the
upper extremities. This facilitated its use not only at
ABCC, but also in community hospitals and clinics in
Hiroshima and Nagasaki. Figure 11 shows the entire
phantom.

This phantom was further altered for a study of bone
marrow and gonadal dose by fluoroscopy. The lower
portion of the thorax and the upper portion of the abdomen
and pelvis sections were removed to accommodate anéther
Mix-D block containing a simulated stomach and duodenum
created from a mixture of dental impression material and
barium following density tests of various materials. After
hardening, it was embedded in liquid Mix-D in a block
form. The thoracic and abdominal sections were also
reconstructed in a similar manner so that they would
exactly accommodate this block containing the stomach
and duodenum. This reconstructed phantom was used to
evaluate basic procedures for assessment of bone marrow
and gonadal dose, and also allowed appraisal of techniques
of radiologists, using their own equipment.> The phantom
and radiographs with and without the stomach and
duodenum are shown in Figures 12 and 13.

Skeleton Phantom To facilitate dose -calculations,
a skeleton was described by a lattice system to show
distribution of active bone marrow by three dimensions
in the manner of other investigators (Figure 14).7+8

By methodology described elsewhere,” marrow quantities
for individual bones'” were applied to specific locations
in this lattice system. This facilitated determination of
dose to active bone marrow according to the body site
examined and in conformity with the size of the X-ray
beam used in each examination.' *''?

Plain Phantom Materials To evaluate response
of the ionization chambers, Mix-D phantom plates were
made with excavations for the Memorial ionization chambers
between them. Four excavations, one at each level,
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were arranged at 90° to one another by each depth,
between the sections (Figures 15, 16).

A second set of Mix-D phantom sections accommodated
the Electronic Instruments Limited (EIL)35 ce Model A37A
chamber. These sections were 2, 5, and 10cm in
thickness with excavations to accommodate the 3bcc
chambers at 0, 5, 7, 10, and 12cm below the surface
(Figures 17, 18). With these phantom materials, initial
estimates of radiation quality and output of apparatus in
community hospitals and clinics and ABCC? were de-
termined, but data so obtained were not considered
sufficiently reliable.

For better accuracy in assessing radiation output and
qualit},',z an enclosure was constructed to accommodate
35 cc ionization chambers, and remotely controlled revolving
disks of aluminum sheet of 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0
and 5.0mm varying thicknesses. This portable unit could be
set up easily and rapidly in hospitals and clinics, to
provide uniform exposure situations (Figure 19). Output
was readily determined with the EIL 35cc ionization
chamber in this enclosure. Half-value layer approximation
and radiation quality were assessed by readings using
different filter thicknesses. Its primary advantage was
its rapid provision of uniform exposure situations for

2,14 .

estimating quality of radiation in the many institutions

surveyed.

To obtain depth-dose measurements, and measurements
of scattered radiation near the margin of the direct
beam of X-ray, a two-section, large Mix-D block phantom
was constructed. At three depths, 5, 10, and 15em
from the superior surface, Memorial ionization chambers
were housed in receptacles of Mix-D material. These
lathe-turned receptacles exactly fit 2.8 cm diameter holes
drilled in the sides of the large block phantoms at
these depths.

To determine attenuation of dose to bone marrow at
varying depths, the opposite ends of each of these Mix-D
receptacles were fitted with additional receptacles con-
structed of material approximating bone density as follows:
paraffin 54 %, calcium phosphate 38 %, and carbon 8 %.
This material was also lathe-turned to fit exactly into the
holes drilled in the phantom blocks. These bone equiva-
lent receptacles, 2, 4, and 7 mm in thickness represented
varying thicknesses of bone cortex.

Easy insertion and removal of ionization chambers,
with a minimum of space between the chambers and
bone equivalent material was thus provided. The Mix-D
block phantoms, receptacles for soft tissue and bone

FOBEMEFNFNOESTELEIZEIZ0 O/ ETH
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equivalent material, and the ionization chambers are
shown in Figures 20-23.

Three field sizes; 10x10, 20x20, and 30 x30cm were
inscribed on the top surface of the large block phantom
with distances from each field margin indicated by 2 em
increments (Figure 20). Dose measurements were made
at three depths inside the direct beam of X-ray, and
outside the direct beam of X-ray at specified distances
from the field margin.'

Ionization Chambers The small Memorial ioni-
zation chambers used (Figure 24) have been described
previously.® Their relatively small size permits insertion
into marrow cavities or approximate region thereof.
These are constructed of conducting polystyrene and
are for use with the Baldwin-Farmer electrometer(Figure 25).

The measurable dose range of this equipment is from 30
to 500 milliroentgens with a sensitivity of approximately
0.3 volts per mR. In the diagnostic energy range, these
chambers are relatively free of energy dependence.
Figure 26 compares the response of this chamber’with
others in the diagnostic energy range. The chambers
are also relatively free of directional dependence, and
this is illustrated in Figure 27.

Also used in these studies was an EIL Model 37A
electrometer, and EIL ionization chambers of 35ce
112 Their measuring range is 0.1 to 1.5 x10° mR
(Figure 28). They were used to estimate radiation quality,
and were found to be superior to the Memorial chambers

capacity.

and Baldwin-Farmer electrometer under conditions of
relatively high humidity.' This pertained mainly in the
community hospitals and clinics where humidity could
not be controlled, as opposed to conditions at ABCC.
They were also used to determine surface or skin dose
with the phantom. They are capable of registering dose
rate and accumulated dose and are therefore very useful
in dosimetry of fluoroscopy as well as radiography.

SUMMARY

In medical X-ray dosimetry studies various equipment
has been used, descriptions of which are too detailed for
inclusion in reports of the studies themselves. The
equipment is described here for reference purposes.
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Figure 1 Removal of Miz-D material and portion of bone.
M1 Mix ~DHHLUEO—HOBERE

Figure 3 Filling mold with Mix-D material, reserving a place for
ionization chamber in the bone.
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Figure 4 Miz-D drawer contuining bone and a place for ionization
chamber,

M4 HBMEEHELLZHED Mix —DHOFIEHL. Zohizf
EEnTHEN; FLERELHDLIBTL S 5.

Figure 5 Thorax of phaniom with receptacles for drawers accommo-
dating ionization chambers.

ES5 ZrrhioBMgslrElEs Ahaglatla

Figure 6 Abdomen and pelvis section of phantom with receptacles for
drawers accommodating ionization chambers.
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Figure 7 Skull of phantom with receplacle and inser! accommodating
ionization chember.

H7 2 v rioBERHELLCERBLEANIIEMLEZD
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Figure 8 Skull base and upper portion of cervicel spine with receptacle
Jor insert accommodaling ionization chamber.
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Figure 8 Pelvis and hip of phanlom with insert accommodating ioni-
zation chamber,
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Figure 10 Pelvis and hip of phantom with insert accommodating
ionization chamber removed,
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Figure 11 Entire Miz-D phantom containing skeleton. Figure 12 Skull, thorax, and abdomen of phantom with insert containing

g i St
Bl BREH4S Mix -D 7. v b Adek. simulated stomach and duodenum.
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Figure 13 Roentgenograms, abdomen of phantom. Antero-posterior without simulated
stomach (left) and left anterior oblique with simulated stomach and duodenum (right).

E13 7> bolifoXBER. BiAnzvlHSowBn{k) L UE
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Figure 14  Laitice system to describe aclive bone marrow distribution.
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Figure 15 Plain Mix-D material to accommodate Memorial ionization
chambers.

15 Memorial TEEER % Af 5 %20 O EH Mix - DR,

Figure 16 Plain Miz-D) material showing position of Memorial chambers.

E16 Memorial MR O & & 70+ B8 Mix - D .

Figure 17 Plain Mix-D material accommodating EIL chamber at
surface.
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Figure 18 Plain Mix-D material accommodating EIL chamber al
5cm depth.

18 FExS5mndIACEILBER* AhsER Mix -Dif.

Figure 19 Wooden box containing remotely controlled disk of varying
thickness of aluminum for assessment of output and quality of radiation.
H19 BM@oEhERERET s 0, AEEBECE, THERT
EEHLZOTL IEEHN A EHE.

Figure 20 Plain Mix-D phantom with inscriptions on superior surface
of varying field sizes.
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Figure 21 Mix-D phantom and Miz-I' receplacles for Memorial
ionization chambers,

F21 Mix —=D 77 > F& & Memorial WHEH# AN 5 Mix - D#e.

Figure 22 Mix-D phantom and bone equivalent receptacles for Memorial
chambers.

[E22 Mix —D 7.2 b L& Memorial WBEH & A 40 5 FF T lf 62,

Figure 23 Receptacles inserted into Miz-D phantom.
X23 Mix -Di& 7. v LI LIAAR EZ A,
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Figure 24 Memorial ionization chamber.
24 Memorial % MEFE.

Figure 25 Baldwin-Farmer electrometer.
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Figure 28 EIL electrometer with 35 ce chamber connected.
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Chamber Response
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FIGURE 26 IONIZATION CHAMBER RESPONSE AS A FUNCTION OF HVL
X 26 HVLOME & LT odsEso ks
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The response of several chambers relative to the roentgen is shown for qualilies of raediation extending
from 0.3mm Al half value layer to 2mm Cu half value layer. The plots above are for specific individual chambers
and are not necessarily applicable to other chambers of the same manufacture. In fact, it is necessary to make such
determinations for every chamber employed. All of the chambers identified are made for a specific purpose and this

plot is in ne way a reflection on their merits.
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Figure 27 Directional response of the miniature cylindrical ionization
chamber. The arrow indicates the direction of the long axis of the
chamber. The relative vesponse in a given direction is proportional to
the radial distance of the curve from the center.  Garrelt, Laughlin®
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